
 

REPORT OF THE SUPERINTENDENT 

OF THE 

U. S. COAST AND GEODETIC SURVEY 

SHOWING 

THE PROGRESS OF THE WORK 

DURING THE 

FISCAL YEAR ENDING WITH 

W .A.SJIINGTON: 
GOTBBNKli:!fT PlUNTING OPFICIB. 

18 8 5. 

I 
J ,,..I-/ I 

_/ )( \.( .::...., 
I t,.; (, I 



 

National Oceanic and Atmospheric Administration 

Annual Report of the Superintendent of the 
Coast Survey 

ERRATA NOTICE 

One or more conditions of the original document may affect the quality of the image, 
such as: 

Discolored pages 
Faded or light ink 
Binding intrudes into the text 

This has been a co-operative project between the NOAA Central Library. the Office of 
Coast Survey and the National Geodetic Survey. To view the original document, please 
contact the NOAA Central Library in Silver Spring, MD at (301) 713-2607 x124 or 
www.reference(W,nodc.noaa.gov. 

Please Note: 
This project currently includes the imaging of the full text of each volume up to the ''List 
of Sketches" (maps) at the end. Future online links, by the National Ocean Service, 
located on the Historical Map and Chart Project webpage 
(http://historicals.ncd.noaa.gov/historicals/histmap.asp) will includes these images. 

LASON 
Imaging Contractor 
12200 Kiln Court 
Beltsville, MD 20704-1387 
January 10, 2003 



 

Blank page retained for pagination 



 

LETTER 
FROM 

THE SECRETARY O}-, THE TREASURY, 
TRANSMITTING 

A report by J. E. Hilgard, Superintendent, <>f the progress of the Ooast and Gooddic Survey for tke 
.fiscal year ending Ju-M 30, 1884. 

DECEMBER 17, 1884.-Laid on the table and ordered to be printed. 

TREASURY DEPARTMENT, 
December 16, 1884. 

Sm: In compliance with section 4690, Revised Statutes of the United States, I have the honor 
to transmit herewith, for the information of Congress, a report addressed to this Department 
by J, E. Hilgard, Superintendent of the Coast and Geodetic Survey, showing the progress made in 
that work during the fl.seal year ending June 30, 1884, and aooompanied by a map illustrating 
the general advance in the operations of the Survey. 

Very respectfully, 

Hon. JoHN G. 0ARJ.ISLE, 

8peakw of tu HOUBe of ReprMtativu. 

H. MoCULLOCH, 
Secretary. 
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insufficient, p. l ; explanation of estimates, p. 10. 

ARAGO (111"amer), Use of in Section II, p. 39; Section III, p. 44. 
Section IV, pp. 47, 48, 128; .Appendix No. 5, p. 124; repairs on, p. 
125; oost of repairs, p. 126. 

ARAGO PLATINUM KILOGRAM OF U. S. WEIGHTS AND 
MEASURES BURE.AU, pp.81, 82. 

ARCHIVES OF COAST AND GEODETIC SURVEY OFFICE. 
Reference to certain papers preserved in, p. 83; rep-0rt from :Mr. 
Harvey, custodian, Appendix No. 4, ·pp. 103, 119, 12&. 

ASHEPOO RIVER, S. C., p. 49. 
ASHLAND, V .A. Bench mark for line of levels at, p. 45. 
ASHLEY .AND COOPER RIVER, p. 49. 
ASSISTANT IN CHARGE OF Ol''FICE AND '.l'OPOGRAPHY 

FOR YEAR ENDING JUNE so, 1884. ASBistant C. O. 1loutelle, 
rep~rtfrom, Appendix No. ;l, pp.103-121; rel&ti-vet-0 the report, p.17. 

.ASTRONO.MIC.A.L WORK. Appendix No. 2, p. 95; Appendix No. 
4, p. 119. 

ASSISTANT IN CHARGE OF EXHIBIT AT SOUTHERN EX· 
l'OSITloN LOUISVILLE, KY., pp. 4, 80; see Appendix No. 
18, pp. •89-493. 

.ASTRONOMICAL STATION .AT S'£R.ASBURG, VA., pp.45,46. 

.A.THENS, OHIO, p. 74. 
ATHERTON, GEORGE W., PRESIDENT PENNSYLVANIA 

STATE COLLEGE. Data furnished t.o, AppendixNo. 3, p. 100. 
ATKINS, J, W. G. ACTING AID. Sernces in Section XJII,p. 72 ; 

BOO, &loo, .Append.ix No. 1, pp. 90, 92. 
ATLANTA, GA. Primary triangulation from, towards :Mobile, 

referred to in estimates, p. 11. 
ATLilTIC BA.SIN. Yodel of, p. 5; referenoo to, Appendix No. 

4, p. 109. 
ATLANTIC CO.A.BT. Progress of work on, pp. 2-4.; tidal observa· 

tioll8 on, p. 21; reference to, in estimates, p. 11; m8"111lrement of 
areas of salt and fresh marsh on, .P· 82; -. also, .Appendix No. 
4, p. lQ4. 

A.TL.ANTIC COAST. Section I, pp. 18-21'>; ~n n, PP· 25-40; 
Section III, pp. 40-4'1; Section IV, pp. 4!1, '8; Section V, pp • .U, 

50; Se<ltion VI, PP. ~. 
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ATLANTIC AND PACIFIC COASTS. Progress of triangulation 
conneeting, p. 2; reference to, in estimates, p. 12 ; field work in 
localities between, p. 4; estimate for work on, pp. 10-13; trans
continental line of levels between referred to in estimates, pp. 11, 
12. 

. ATLANTIC AND GULF COASTS. Magnetic observations on, 
reference to, in estimate&, p. 11. 

ATLANTIC COAST PILOT. Verification of hydrography for, 
pp. 3, 4S1 40 ; reference to, in estimates 1 p. 11; preparation of rnanu. 
•cript of part of, p. 17; reference to, p. 38. 

ATTENDANCE OF A DELEGATE ON THE PART OF THE 
COAST AND GEODETIC SURVEY AT INTERNATIONAL 
GEODETIC CONFERENCE AT ROME, ITALY, p. 81. 

AUCKLAND, NEW ZEALAND. Pendnlnm operations at, p. 7. 

AURORA, ALA., p. 50. 
AUSTIN, E. P. Computer on American Nautical Almanac, Salt 

Lake City, Utah. Data furnished, .Appendix No. 3, p. 102. 
AUSTRALIA. Pendulum operations in, p. 41. 
A VERY, R. S. In charge of Tidal Division of Coast and Geo· 

detic Survey Office. Refe,.ence to, appendix No. 4, p.103, report 
of, pp. 107, 108. 

.AZIMUTH. New edition of formul:e and factors for computa
tion of, p. 7; observations for, in Pennsylvania, pp. 34, 35; in Cali· 
fornia, p. 58; in Illinois, p. 75. 

B, 

BACHE (steamel"i. u.., of, in Section IT, p. 32; Section VI, pp. 52. 
53; 1!6e, also, Appendix No. 5, pp.123--126. 

BACHE (schooner). Not used during the year, see Appendix No. 
5, p. 127. 

BACHE, J,ATE PROF . .A. D., FORMERLY SUPERINTEND
ENT. Reference to, p. 63. 

BACHE, C. M., ASSISTANT. Topographic snl"Vey of New Jersey 
coast from Cape May Court-Houl!6northward, p. 36; see, also, Ap
pendix No. 1, p. 89, 

BACHE FUND MAGNETOMETER, p. 46. 
llACHE, R. M., ASSISTANT. Topographic re-suryey of the New 

,J erlllly shore of Delaware Bay con tinned, p. 3i; see, all!o, Appendix 
No. I, p. 89. 

BACK BAY, VA., p.44. 
Il.ACON, HENRY, ASSISTANT ENGINEER OFFICER IN 

CHARG.E OF WORK ON CAPE FEAR RIVER. Courtesies 
extended by. p. 48. 

llAHA:'tfA RANKS, p. 51. 
JI.A.KER, Lt:CIUS, AID. Set"<'ices in Sect.ion X, p. 58. 
BAKER, MARCUS, ACTING ASSISTANT. Sel"Vices in Section 

X, p. 58; .Appendix No. 1, p. 91. 
BAKER STATION, MO., p. 77. 
llALD HILL, N. J., PRIMARY STATION, pp.23,31,33. 
BALD PEAK, p. 23. 
BALTIMQRE, MD. GraYity observations at, P· 3. 
BALTIMORE .A.ND OHIO RA.ILROAD. Lines of leveling near 

track, p. 45. 
BANGS STATION. Border oflndlana, pp. 73, 74. 

BANTAM ROOK. Shoal south and east of, p. 22. 
BA.RATARIA (steamer). U&e of, in Section VIII, pp. 54, 65; &ee 

Appendix No. 5, pp. 124, 126. 
BARA.TARI.A. BAY, p. 55. 
BARBOUR, PROF. V. G. Geodetic op<'ratlons In Vermont, p. 22; 

Appendix No. 1, p. 87. 
BARK.ER, JOHN R., LATE OF COAST PILOT DIVISION, 

COAST .AND GEODETIC SURVEY OFFICE. Obituary, p.18. 
llARKEli, J, ll. l~ference to, .Appendix Xo. 4, p.109. 
BARN ARD, A. l'., AID. Servic-es in Section XV, p. 77; Appendix 

No. 1, p. D2. 
llARNARD, PROF. L. L., OF STATE COLLEGE OF PENN· 

SYLVANIA. Latitude and azimuth observatioDB, p. 31. 
BARNEGAT n.AY, N. J. Survey near, p. aa. 
BARR, J. C. Drawing Division, Coast and Geodetic Survey Office, 

.Appendix No. 4, p.110. 
BARREL SIGNAL. '.ride-gauge on, carried away in storm, p. 39. 
IlARTLA.M'S LANDING, JONES'S CREEK, DEL., p. 88. 
BARTLE, R. F. Engraving Division, Coast and Geodetic Survey 

Office, Appendix No. 4, p. 112. 
BARTLETT'S REEF, LONG ISLAND SOUND. Examination 

of, p. 29. 
BABE LINES. Number, lengl,h, &.c., .Appendix No. 2, p.115. 

BASSETT, R. T. Miscellaneous Division, Coa•t and Geodetic Snr
vey Office, Appendix No. 4, p, 117. 

BAYLOR, J.B., SUBASSISTANT. Services in Section II. p. 31. 
BAY OF NORTH AMERICA. Model of depth• of set1 in, p. 9; 

see Appendix No. 17; name suggested hy Superintendent of Coa•t 
and Geodetic Snl"Vey, p. 83. • 

BEACH-CHAP .A.RRAL. Line of triangles, p. 59. 
BEAR FORT STATION, N. ;J., p.33. 
BEAR RIDGE STATION, CAL., p. 57. 
BEAUTY (barge). Replaced by new one, Appendix No. 5, p.127. 
BEA VER STATION, UTAH, p. 78. 
BERING STR.HT, p. 64. 
BELlL'IAP PEAK, TUSHAR MOD'NTAINS, p. 78. 
BELOIT, WIS., p. 76. 
BENNER, F. W., LATE OF ENG RA YING DIVISION, CO.AST 

AND GEODETIC SURVEY OFFICE. Death noticed, Ap
pendix No. 4, pp. 103, 112. 

BENSINGER, S., OF WASHING TON, D. C. Purchaser of 
schooner Fathomer, .Appendix No. 5, p. 127. 

BIBB, P. B., ENSIGN, U. S. N. Services in Section X, pp. 61, 60; 
Appendix No. 1, p. 91. 

BIG MOUND, MO., p. 77 • 
BIG NESTUCCA. RIVER, OREG., p. 67. 
BIG PASS, ST. JOSEPH'S BAY, FLA., p.52. 
BIRD, G. F., AID. Services in Section VTIT, J'- 56; in 8ection XVI, 

p. 79; Appendix No. 1, pp. 91, 92. 
'BL.A.CK BAY, VA. Hydrographic survey, p. 3. 

BLACKHALL POINT, p. 25. 
BLACKISTONE ISL.AND, POTOMAC RIVER. Dangeroue 

sunken wreck near, repor'tet:l, p. 5. 
BLACK POINT, LONG ISLAND. Shoal near, p. 29. 
BLACK ROCK HARBOR. Re-survey of, pp. 3, 27; Appendix No. 

5, p.124. 
BLAGDEN'S MILL, D. C., p. 42. 
BLAIR, H. W., ASSISTANT. In January, 1884, executive officer in 

office of Assistant in charg" of Coast and Geodetic Snrvey OffiN', 
l'· 82; manuscript of edition of Catalogue of Charts by, p. 83; in 
charge of exhibit of the Coast and Geodetic Survey at the South
ern Exposition, Louisville, Ky., p. 80, see also App.,ndix No. 18, 

pp.489-493; mention of, Appendix No. I, p. 92; Appendix No.4, p, 
104. 

BLAIR, HON. MONTGOMERY. Relative to examination of tri· 
angnlation points near house of, p. 42. 

BLAKE (steamer). Use of in section 1, p. 231 24, 27; reference to 
work in, p, 32, Appendix No. 5, pp.123-127. 

BLOCK ISLAND. Tidal observation• on Breakwater at, pp. 3, 26. 
BLOCK ISL.AND SOUND. Re-survey of parfa of, pp. 3, 26, ?:1. 
BLUE MOUND STATION, WIS., p. 76. 
BLUE RIDGE, VA., p.45. 
BLUNT, EDMUND, LATE ASSIST.ANT. Reference to work in 

1866, p. 31. 
BO.A.RD OF HARBOR AND LAND COMMISRIONERS OJ' M.A8-

S.A.CHUSETTS, p. 25. 
BODIES' ISL.A.ND, N. C., p. 48. 
BOLD ISLAND, AJ,ASKA, p. 71. 

BOLLES, T. DIX, LIEUTENANT, U.S. N. Hydrographlc sur
veys of Gray's Harbor, and in the vicinity of Seabeck, W. T., p. 
68; Appendl:rNo.1, p. 91; .Appendix No. 5, p. l.M. 

BOMBAY HOOK LIGHT, DELAWARE BAY, p. 37. 
BOOTH BAY ENTRANCE, p. 22. 
BORDEN, T. P., AID. Services in section 1, p. 18; in seetion VI, 

pp. 50, 51; ApJ><mdix No. I, pp. 00, 91. 
BOSTWICK, F. H., ENSIGN, U. S. N. Senfoes in Section XI, 

pp. 70, 71; Appendix No. l, p. 91. 
BOUTELLE. CHARLES 0., A!!8istant in charge of Coast and Geo

detic Survey Office, pp. 17, 82; reconna.!Mauee fut the l:ntrodu«tion 
of additional lines in the triangulation betwlll!n the Fire !eland, 
MassachnS('ttH, and Epping bSl!6 lines. p. 23; 0011>pletion of the pri
mary triangulation across the State of :New York for connecting 
the triangulation of the Hudson River and Lake Champlain with 
that of the U. 8. Lake Survey, p. Sl, ll2i -· also, Appendix 
No. 9, pp. 387-390; report of oftl.ceop6rati<tnl, Appendix No. 4, pp. 
103-121; appendix No. 1, pp. fr7, 88. 

BOUTELLE, ;r, B., EXTRA OBSB'VER. Se'l'Viee8 in Section I, 
p. 23; in Section II, pp. 31, la; "1ait to Xhtgeton, Canada, In the 
interests of the SnrvQY, p. 32; .!Jtpeild!X lTo.1, p. 81. 

BOWSER, PROF. E. A.., .ACT'INGASSIST.!.NT. Geodeticopera
tlone in New Jeney, pp. 38, 8'1 .Appendix :No.1, P. 89. 
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BOYD, C. H., ASSISTANT. Triangulation and topogl'llphy of 
Machias Bay and vfoinity, p. 18; Appendix: No. l, p. 87. 

BRADFORD, GERSHOM, ASSISTANT. Location of Pinnacle 
Rock, off Shagwong Point, Montauk, p. 27 ; supplementary trian · 
i:ulaf.ion between Eaton's Point and Sand's Point, north coast of 
Long Island, and of the opposite shore, for the re.survey of Long. 
Island Sound, pp. 30, 31; Appendix: No. 1, p. 88; also Appendix No. 
4, p.105. 

BRAID, ANDREW, ASSIST.A.NT. Executive officer in office of 
Assistant in charge; in January, 1884, transferred to office of the 
Superintendent, p. 82. 

BRAIN.A.RD, F. R., ENSIGN, U.S. N. Services in Section U, P. 
33; in Section VI, p. 52; see Appendix: No. 1, pp. 89, 90. 

BRANDYWINE SHOAL, p. 39, 
BRAZOS SANTIAGO, TEX., p. 5ll. 
BREEZE ROCK, LONG ISLAND SOUND. Search for, uusuceess

fnl, p. 27. 
BRETEUIL, NEAR PARIS, FRANCE. Reference to bureau of 

weights and mea.aures at, p. 81. 
BRIDGEPORT, LONG ISLAND SOUND, p. 30. 
BRJGH'l', W. T. Clerk of Drawing Division, Coast and Geodetic 

Survey Office, reference to, Appendix No. 4, p. 103 i ior report soe 
pp. 108 to 112. 

BRIGHTWOOD, D. C., p. 42. 
BRISK (schooner). Sale of, reported, Appendix No. 5, p. 127. 
BRITISH INDIA. Reference to pendulum experiments in, p. 7. 
B8ITISH STANDARD'S OFFICE, LONDON. References to, pp. 

4, 6, 40, 81. 
BROAD BRANCH, D. C., p. 42. 
BROKEN-PART-POLLOCK RIP, p. 23. 

BRONAUGH, W. V., ENSIGN, U.S. N. Services in Section XI, 
pp. 70, 71; Appendix No. 1, p. 91. 

BROOKFIELD, CARROLL COUNTY, N. H., p. 22. 

BROWNSON, W. H., LIEUTENANT-COMMA.NDER, U.S. N. 
Hydrographie examinations in Vineyard Sound, and re·survey of 
.Monomoy Passage, Nantucket Shoals, p. 23 ; dangerous shooJ.s 
developed, p. 24; hydrograpbic work off Shagwong Point, Montauk ; 
re-survey of Black Rock Harbor, Coun.; t!lXa~ination for rocks and 
ledges in East River, N. Y., p. 27; reference to work of, in the Blake, 
p.32; Appendix No. I, pp. 87, ~8; also .Appendix No. 5,p.123. 

BROWNSVILLE, TEX., pp. 4, 56, 57. 

BRUMBY, T. Jd., ENSIGN, U.S. N. Services in, Section I, p. 20; 
Appendix No. 1, p. 87. 

BRUS!IY POINT, CAL., pp. 4, 65; also .Appendix No. 5, 125. 
BRUSHY SIGNAL, TENN., p. 73. 
BRUSSELS. Officer of Coast and Geodetic Survey sent on special 

duty to, p. 2. 
BUCHAN.AN, PROF. A. H., ACTING ASSISTANT. Continua-

tion of triangalation of Tennell8ee, p. 73; Appendix No. 1, p. 92. 
BULKHEAD SHOAL, HATTERAS INLET, N. C., p. 48. 
BULL RUN, VA., BASE LINE, Pit- 45, 46. 
BULL'S BAY, S. C., p. 4.9. 

BURDICK, W. L., ENSIGN, U. S. N. Services in, Section X, p. 
61; Appendix No. 1, p. 91. 

BUREAU OF EDUCA.TION' AND BUREAU OF ENGRAVING 
AND PRINTING. Mention made of, as represented at Southern 
.Exposition, Louisville, Ky., p. 80; see, also, Appendix No. 18, 
pp. 489-493. 

BUREAU OF WEIGHTS .A.ND MEASURES, BRETEUIL, 
FRANCE. Reference to, p. 81. 

BUREAU OF WEIGHTS AND MEASURES, WASHINGTON, 
D. C., p. 82. 

BURKETT STATION, KY., p. 73. 
BURLINGTON, VT. Hy1lrographio examinations near, p. 23. 
BUTTERMILK HlLL STATION, N. J., p. 33. 
BUZZARD'S B.A.Y. Tidal survey of, p. 25. 

v. 

CALCASIEU PA.SS, LA., pp. 4, 55, 56. 
CALDWELL STATION, :HO., p. '17. 
CALIFORNIA. Survey of~ of, pp. 2, 4, li7, Ml, GO, 65; rt1t'erenoo 

to, in estinu•tes. p. 11; height. of part& of triangulation of, p. 8. 
CALVJllS '.ISLAND, p. 25. 
CA'H.BlUA, C4L., p. 119. 
CAMERON 8UTI()N, TEX., p. 00. 

CAMPBELL, PROB'. J. L. Reoonuaiosance for coutiun~tion of tl'i 
angulation of State of Indiana, p. 7t; Appendix No. 1, p. 92. 

CAN A DA. Inqniry respecting possible use of astronomical station 
in grounds of Queen's College, Kingston, p. 32. 

CAPE COD CANAL. Proposed construction of, p. 24. 
CAPE FEAR RIVER, N. C .. p. 48. 
CAPE FOX, ALA.SKA, p. 71. 
CAPE HENLOPEN, DEL. D<>velopment of daog<>rous shoal oil', 

pp. 2. 5; topo~rnphic resurvey nea.r, pp. 3, 39; import.ant changes 
from inroads of the sea at, pp. 6, 39. 

CA.PE HENRY, pp. 17, 48, 
CA.PE MAY (COURT HOUSE), pp. 3, 36; topographic re·sun·cr 

north ward from, p. 36. 
CAPE MAY LANDING. Comparison of tides at, with those Rt 

Breakwater, p. 39. 
CAPE MAY POINT. Topographic survey near, p. 37. 

CAPERTON, W. B., ENSIGN, U. S. N. Services in Section U, p. 
32; see Appendix No. 1, p. 88. 

C.A.PE THOMPSON. AL.A.SKA, p. 64. 
CAPITOL HILL OBSEl!.VATORY. Annual magnetk observa. 

tions at, pp. 3, 41. 
CASTLE MOUNTAIN, CAL., p. 59. 

CATALOGUE OF CHARTS. Manuscript of new and enlarged 
edition, prepared by Assistant H. W. Blair, reference to, p. 83. 

CA VITT, N. Y. Misoollaneous Division, Coast and Goodetic Sur -
vey Office, Appendix No. 4, p. 117. 

CAYUCOS, CAL., pp. 59, 61. 

CENTRAL UTAH, p. 78. 
CHAMPION ROCK, LAKECHAMPLA.IN. De"<elopmentof, p. 23. 
CHANDLER'S RIVER, p. 20. 
CHANDLER'S RIVER BAY, ME. Topographic survey of, pp. 

2, 20. 
CHAPEL HILL STATION, MO., p. 77. 
CHARGE OF THE COAST AND GEODETIC SUIWEY EX

HIBIT AT THE SOUTHERN .EXPOSITION, LOUISVILLI,, 
KY., ASSIGNED TO ASSISTANT H. W. BLA.rn, p. 80; for 
report, """ Appendix No. 18, pp. 489-493; see, ah!o, A ppeudix No. 
1, p. 92. 

CHARGE OF THE CONSTRUCTION OF THE COAST ANll 
GEODETIC SURVEY STEAMER CA.ftLILE P. PA. TTER 
SON, ASSIGNED TO COMMANDER U. :M. CHESTEit, llY
DROGRA.PHIC INSPECTOR, AND LIEUT. RICHARDSON 
CLOVER, U.S. N., pp. 79, 80; see, also, Appendix No. l, Jl· 92. 

CHARLESTON BAR, S. <J. Report on condition of channe.l of, 
p. 49. 

CHARLESTON, W. VA. Determination of longitude of, pp. 3, 
46, 72. 

CHARTS. Number distributed, p. l\; see, also, Appendix No. 4, Pl'· 
110-112; completed statistics of work on, Appendix No. 4, p. 113; 
received and issued from chart-room, p.118. 

CHEHALIS RIVER, WASH. T., p.68. 
CHERRITON CITY, VA., p. 43. 
CHERRY GROVE STATION, OHESAPEA.KE BAY, VA., p.43. 
CHERRY ISLA.ND FLA.TS, DELA WA RE RIVER, pp. 36, 37. 
CBERRYSTONE, VA., EA.STERN SHORE OF CHESAPEAKE 

BAY, p.43 . 
CHERRYSTONE INLET, VA., pp. 3, 43. 
CHEltRYSTONE ISLAND, CHES.APE.A.KE BAY. Mark~d 

change in, p. 43. 
CHESAPEAKE AND ALBEMARLE CANAL. Pass for the 

Ar&go through the, by courtesy of Marshall Pa.rks, esq., presi-
dent of company, p. 48. · 

CHESAPEAKE B.AY. Leveling operations between Gulf of Mex· 
ico and, p. 2; survey of, refeITed to in estimates, p.11. 

CHEST.ER, C. M., COMMANDER, U. S. N., HYDROGRAl'HIC 
INSPECTOR COAST AND GEODETIC SURVEY. Reference 
to work of, p.17; for report from, see .Appendix No. 5, pp. 123-134; 
ln1pection of building of steamer C. P. PBtterson, pp. 17, 18, 79, 
80; .Appendix No. I, p. 02 . 

. CHESTERFmLD, N. H., p. 22. 
CfilCAGO, ILL. Propoeitlon to est&bli.8b a. primary astronomical 

station in, p. 72; determina.tl.on of geographical position of. p. 76. 
CHICAGO UNIVEllSITY, ILL. CouI1eeiea extended oflieers of 

the Cout and Geodetic Sarvey hy Pnlllident of, Dr. G. Anderson, 

p. 72. 
CHILTON, w. B. Clerk in otllce of Superintendent CoBBt and 

Geo<letlo Survey, 'p. 8'. 
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CHOLER.A. BANK. Euminatiou of, in re-survey of approaehe~ 
to New York, p. 32. 

CHRISTIE, .ALEXANDER S. Computing DiYision, Coast am1 
Geodetic Survey Office, .Appendix No. 4, p.106. 

CHURCH FLATS, STONE INLET, p.40. 
CITRONELLE, ALA., p.54. 
CITY OF COL U:MBUS (steamer). Jw-survey in Yicinity of wreck 

of, off Gay Head Cliffs, p. 24. 
CITY REEF, LAKE CHAMPLAIN. DeYelopmcnt of. p. 23. 
CLARK, JOHN. Instrument Division, Coast and Geodetic Survey 

Offioe, .Appendix No. 4, p. 121; on duty with .Assistant H. ·w. 
Blair at Southern Exposition, Louisville, Ky., Appendix No. 1, 
1'· 92. 

CLARKE SPHEROID. Use of, pp. 5, 7, 8; see, also, Appendix No 
6, pp. 135 to -

CLARK'S STATION (2), DEL.AW .ARE BAY, p. 37. 
CL.ARV OE, G. W. Miscellaneous Division, Coast and Geodetic Sur-

vey Office, Appendix No. 4, p. 117. 
CLINTON, LONG ISLAND, p. 28. 
CLINTON STATION, WIS., p. 76. , 
CLINTON (OR KILLINGWORTH) HARBOR, LONG ISLAND, 

p. 29. 

CLOVER, RICHARDSON, LIEUTENANT, U.S. N., ASSIST.A.NT 
TO HYDROGRAPillC INSPECTOR IN SUPERINTE:NDING 
CONSTRUCTION OF STEAMER C. P. PATTERSON, pp. 
18, 80; eommand of steamer after completion, p. 18; see, also, A p. 
pendix No. 1, p. 92, and Appendix No. 5, p.129. 

CLYDE STATION, W .A.YNE COUNTY, N. Y., p. 31. 

COAST .AND GEODETIC SURVEY. Remarks on progress and 
condition of, for year ending June 30, 1884, pp. 1-4; abstracts of 
proitress of work, J,rp. 17-82; offioors of, and offioo work, pp. 82-84; 
see, also, Appendices Nos. 1, 4, 5, pp. 87-13!; estimates for field 
and oflioe work, pp. 11, 12; general estimates for repair• and main· 
tenance of vessels, p. 13; statistics of field and offic"e work for the 
year ending June 30, 1884, Appendix No. 2, pp. 95, 96; ec<:hibit of 
the, at the Southern Exposition, Louis'"ille, Ky., pp. 4, 9; also Ap
pendix No. 18, pp. 489-493. 

COAST .AND GEODETIC SURVEY OFFICE. Progress of work 
in the, pp. 5-9; officers and employee of, pp. 82-84; see, :Uso, Ap
pendices Nos. l, 4, pp. 87-93, 103-121; estimates for pay of officers 
of, p.,12; action ta.ken at, on death of Gen. R. D. Cutts, Assistant 
in charge of office and topography, pp. 14, 15; information far. 
nillhed from the, in reply to special calls during the year ending 
June 30, 1884, .Appendix No. 3, pp. 97-102. 

CO.AST CHARTS. List of, Appendix No. 4, p. 110. 

COAST PlLOl'. Estimates for, pp. 10, 11 ; verification of hydrogra. 
phy for the Atlantic, pp. 48, il9; additional information for the Pa
cilio, p. 60; of Southern. coast, cx&mmations for, .Appendix No. 5' 
pp. 124, 128. 

CO.AST PILOT OF ALAaKA. Referenee tc, p. 83. 
COAST PILOT OF C.A.Llll'ORNIA, OREGON, .A.ND W ASRING

TON TERRITORY, FOURTH EDITION OF, IN PREPARA
TION, BY A.8SISTA:NT GEORGE DAVIDSON, p. 63; valnable 
additions to material for, by Lieutenant Taussig, p. 65. 

OOCKSPUR S'.rATION, BLOUNT COUNTY, TENN., p. 73. 
COLBY, H. G. 0., LIEUTENANT, U. s. N. Reference to survey 

by, o1f ooaat of llaiae, in 1882, p. 20. 
COLLEGE POINT, EAST RIVER, N. Y., pp. 27, 28. 
COLONNA, :B. A .. ASSISTANT. Complotion of the survey of the 

east ooaat of Florid&, between Lake Worth and New Ri'..,.er, pp. 
50, l>l; triangulation and topography of the Strait of Jo'uce., l'- 70; 
Appendix No. 1, pp. llO, 91 ; eoo, alllo, Appendix No. 5, p. 125. 

COLUM:BIA RIVER, OREG. Topography of, p. 67; reference to, 
In eetlmatea, p. 11. 

COMMISSIONER OF .AGRICULTURE. Measurement of areas 
of ol~ and fresh marsh on Atlantic ooast at requ11t1t of, p. 8'2. 

COMPARATIVE DETERMINATIONS OF GRAVITY WITH 
THE KATER PENDULUMS .AT W ASRINGTON, D. C., pp. 
40, 41. 

COMPARISONS OF STANDARDS OF WEIGHT .AND MEAR· 
URE, AND INVESTIGATIONS RELATING TO DETER
MINATIONB OF GRAVITY, pp. 80,81; .Appendix No. l, p. 93. 

COMPLETION OF THE HYDROGRAPHIC SUUVEYS OF 
NA.RRAGUAGUS BAY .AND BIVER, AND 01'' PIGEON 
HILL BAY, COAST OF :M.AINE, pp. 20, 21. 

COMPLETION OF OBSERVATIONS WITH SELF-REGISTER· 
ING TIDE-GAUGE A.T J<'OR'.r TRUMBULL, NEW LONDON, 
CONN., p. 28. 

COMPLETION OF PRIMARY TRIANGULATION .ACROSS 
STATE OF NEW YORK FOR CO.l<NECTING THE TRIAN
GULATION 01'' THE HUDSON RIVER AND LAKE CHAM· 
PLAIN WITH THAT OF THE U.S. LAKE SURVEY, pp. 
31, 32; see, also, Appendix No. 9, pp. 387-390. 

COMPLETION OF THE SURVEY OF '.fHE EAST COAST OF 
FLORID.A., BE'l'WEEN LA.KE WORTH AND NEW RIVER, 
pp. 50, 51. 

COMPUTING DIVISION, COAST .A.ND GEODETIC SURVEY 
OFFICE. Reference to, p. 7 ; referred to in estimates, p. 12; for 
report from, see Appendix No. 4, pp.104-106. 

CONLEY, J.M. Tidal observations at Block Tuland by, p. 25; .Ap· 
pendix No. l, p. 88. 

CONNECTICUT. Survey of coast of, pp. 3, 25; triangulation in, p. 
23. 

CONNECTICUT RIVER. Re-survey of mouth of, p. 25; shoals de
veloped off mouth of, p. 29. 

CONNECTION AT LAKE ONT.A.RIO OF THE PRIM.ARY 
TRIA.NGULATION OF THE COAST AND GEODETIC SUR 
VEY WITH THAT OF THE LA.KE SURVEY, JJ, 8; and .A.p· 
pendix No. 9, pp. 387-390. 

CONNECTION OF THE .ASTll.ONOMlCAL STATION AT 
STRASBURG, VA., WITH THE TRIANGULATION. Mag 
netic observations at Strasburg, pp. 45, 46. 

CONNECTION OF THE MAIN TRIANGULATION NORTH Ol!' 
POINT CONCEPCION WITH THE TRANSCONTINENTAL 
TRIANGULATION NEAR THE THIRTY·NINTH l'ARAL· 
LEL, p. 61. --

CONSTELLATION :ROCK. Found, p. 27. 
C<iNSTRUCTION OF VESSELS. .Appendix No. 5, p.128. 
CONTINUATION OF 'l'HE TRIANGULATION OF THE 

STATE OF NEW RAMPSIIIRE. p. 22. 
CONTINUATION OF THE TRIANGULATION OF THE 

ST.ATE OF VERMONT, p. 22. 
CONTINUATION OF SERIES OF TIDAL OBSERV .ATIONS 

WITH SELF-REGISTERING TIDE·GAUGE AT SANDY 
ROOK, N.J., p.33. 

CONTINUATION OF TlU.ANGUL.A.TION AND RECONNAIS
SANCE OF THE STATE OF PENNSYLVANIA, p. 34. 

CONTINUATION OF THE TOl'OGRAPHIC RE-SURVEY OF 
THE WESTERN SHOJ!.E OF DELAWARE B.AY, p. 37. 

CONTINU.ATIO.l\" OF THE DETAILED TOPOGltAPHlCAL 
SURVEY OF THE DISTRICT OF COLUMBIA,pp.42,43. 

CONTINIJ.A.TION OF THE SURVEY OF TRE GULF COAST 
OF LOUISIANA, WESTWARD OF THE MISSISSIPI'I 
DELTA, p. 54. ]from Calcasieu l'asa eastward, p. 55. 

CONTINUATION Ol' THI<; SE.RIES OF OBSERVATIONS AT 
THE :MAGNETIC SELF-REGISTERING RECORD STATION 
AT LOS ANGELES, CAL., pp. 57, 58. 

CONTINUATION OJ<' THE PRIMARY TRI.ANGULATlON OF 
THE CO.AST OF CALIFORNIA NORTH OF POINT CON· 
CEPCION, pp. 58, 59. 

CONTINUATION O}' THE TOPOGRAPHICAL SUBVEY OF 
HOOD'S CANAL, WASH. T., p.69. 

CONTINUATION OF THE TRI.ANGUL.ATION .AND TOPOG 
RA.PHY OF POSSESSION SOUND, WASH. T., pp. 611, 70. 

CONTINUATION OF THE TRUNGULATION OF THE 
STATE OF TEYNESSEE, p. '13. 

CONTINUATION 'l'O THE EASTWARD OF THE PRIMA.RY 
TRJANGULA'.fION IN ILLINOIS NE.AB TJlE THIRTY
NINTR P AR.A.LLEL, pp. 74-76. 

CONTINUATION OF THE TRIA.NGULA.TION OF THE 
STATE OF WlS:JONSIN, p. 76. 

COOSA RIVER, ALA.,pp.411,50. 
COPPER RIDGE ST.A. TION, MEIGS COUN'l'Y, TENN., p. 73. 
CORBIN, M. AUSTIN, Owner of land on iirhioh Shlnneooek Hilla 

Station is located and muked, p. 80. 
CORE SOUND, N. C., p. 4$. 
CORNFIELD POINT, CONN., pp. fi,:118. 
COURTENAY, BOWARD JL Computlag DivlsiDD, Coast and 

Geodetic Survey Ofllce, Appeallh l!l"o. i, P. 10&. 
COURTENAY, F. Bngra"Vin( ~c.ataadGeodeU.cSurvey 

08!.oe, Appendb: No. 4, »• lJ.?· 
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COVINGTON, VA. Determination of geographical position of, pp. 
3,41. 

COW POINT, MASON'S BAY, ME., p. 18. 
COX, G. F. Miscellaneous Division, Coast and Geodetic Survey 

Office, .!..ppendix No. 4, p.117. 
CRANE REEF, CONN., p. 29. 
CRAVEN, J.E., ENSIGN, U.S. N. Services in Section VI, p. 

53; Appendix No.1, p. 90. 

CROSBY, F. H., LlEUTEN ANT, U. S. N. Temporary charge of 
party in Section I, p. 24; services in Section II, p. 27; Appendix 
No. 1, pp. 87, 88. 

CROSS ISLA.ND, :ME., pp. 2, 18, 19. 
CROSS.LEDGE LIGHT, DELA WARE BAY, p. 38. 
CROYDON, N. H., p. 22. 
CURRENT OBSERV A'l.'IONS, pp. 33, 40, 51; Appendix No. 5, p. 

124. 
CURRITUCK SOUND, VA., pp. 44, 47. 
CUTLER, ME., p. 18. 
CUTLER, W. G., LIEUTENANT, U. S. N. Services in Section II, 

pp. 27, 40; Appendix No.1, pp. 88, 89. 
CUTTS, ltICHABD D. Obituary, p.14; Assistant, in chaq:(e ofoffice 

at time of his death, December 13, 1883, pp. 17, 82; see, al.ao, Appeu· 
dix No. 4, p. 104; delegate to annual conferenc11 of the Internatio113l 
Geodesic .Association at Rome, Italy, p. 81; reference to former 
work, p. 61; see, also, Appendix No.1, p. 93. 

CUTTYHUNK ISLA.ND, ENT.RANCE TO VINEY.A.RD SOUND, 
p.23. 

D. 

DALOP BAY, WASH.T., p. 69. 

DA.LL, W. H., ASSISTANT. Preparation for publication of new 
edition of Coast Pilot of Alaska, p. 83. 

DAMISCOVE ISLANDS. Development of dangerous ledge off, p. 
22. 

DANGERS TO NAVIGATION. Mention of certain, pp. 2, 5, 6, 19, 
20, 22-24, 26, 27, 29. 

DANIELS, DA. VID, LlEUTENANT, U. S. N. Services in Section 
I, p. 21; Appendix No. I, p. 87. 

DA. VIDSON, GEORGE, ASSISTANT. In charge of enb·ofiice at 
San Francisco, Cal., p. 63 ; the run of the micrometer, p. 7, see 
Appendix No. 8, pp. 377~~85; connection of the main tria.ngulation 
north of Point Concepcion with the transcontlnmtal triangulation 
near the thirty.n;nth parallel, pp. 61, 62; special magnetic obser· 
vations, pp. 62, 63; observations of solar eclipse of October 30, 1883, 
at San l!'rancisco, I: al., p. 63 ; Coast Pilot of California, Oregon, and 
Waehing't<m Territory, p. 63; tidal observations at Saucelito nn· 
der the supervision of, p. 64; .Appendix No.1, p. 91. 

DAVIDSON OBSERV .A TORY, SAN FRANCISCO, CAL., p. 63. 
DAVIDSON POSITION CIRCLE. Use of, in Section X, p. 62. 
DAVIDSON QU A.DRILATERALS. Trigonometrical determina. 

tions of heights of the stations of the, results of, by C. A.. Schott, 
Assistant, .Appendix No. 10, pp. 301-405; see, also, in present report, 
pp. 8, 9. 

DA VIES, PROF. J, E., ACTING ASSISTANT. Stations occupied 
. in continuation of triangulation of the State of Wisconsin, p. 76; 

Appendix No. 1, p. 92. 
DAVIS STATION, W. VA., p. 47. 
DA VIS, W. H. Engraving Division, Coast and Geodetic Survey 

Office, Appendix No. 4, p.112. 
DEAN, G. W., ASSISTANT. Occupation of the longitude otation 

at Louisville, Ky., for the determination of the longitudes of eta· 
ttons in Tenn"""6e, Kentucky, West 'Virginia, Indiana, and Illi· 
noill by exchanges of telegraphic signals ; obl!ervationa for latitude 
at stations not before determined, pp. 46, 71, 72; determination of 
the longUndea of Logansport, Ind,, and of Chicago, Ill., by ex· 
changes of telegraphic aignals with Loul81'11le, Ky.; obeerv&tion11 
also foi: the latitudes of Logansport and Chioago, p. 76 ; .Appendix 
No. l, pp. 90, 112. 

DEARBORN OBSERV .A.TORY, CHICA.GO, ILL., p. 72. 
DECLINATION .MAGNETIC. Observations for, pp. 41, 50, 51, 58, 

62, 63, 71, 79. • 
DEEI'-WATER POINT, DELA WA.BE RIVER, p. 36. 
DXLANO PJl:A.K OF TUSR.AR '.MOUNTAINS, p. 78. 
DEL.AW A.lUI:. Progree of work on cout ol; p. 3. 
DELAWABE BAY. Topographic rHnrvey of the New Jeraey 

shlJN ot, oontiaaed, pp. 87, 38; hydrogra.ph!o sarvey of Lower, 
p. 89. 

DELA. WARE BA.YI.AND RIVER. Physical 11.nlrogra.phyof, eom· 
parieon of recent with former snrV"eys, pp. 9, 36, 37; Appendix No. 
12, pp. 431-434; progress of work on resurveys of, pp. 2, 3; refer. 
ence in estimates, p. l l. 

DELAWARE BREA.KW ATER Shoal reported inside of. p. 5; 

tidal observations at, pp. 39, 40. 

DELTA OF THE .MISSISSIPPI. Progress of survey on Gulf 
coast west of. p. 4; refe1·ence to, in estimateM1 p. 11. 

DENNIS. W. II .. ASSISTANT. Topographical survey of Har. 
rington River and of Chandler'• RiYer Bay, Me,. p. 2-0; top<>· 
graphic re.survey of the north shore of Long Islalhl Sound he. 
tween New London and Four Mile River, and between Saybrook 
and Clinton, p. 28; Appendix Nu. 1, p. 88. 

DENVER STATION, ILL., p. 75. 
DEPARTMENTS OF THE GOVERNMENT. Information fur. 

nished to, and to individuals in reply to rm1ncsta, p. 5: see Appen. 
dix No. 3, pp. 97-102. 

DEPARTURE BAY, p. 70. 
DEPTHS OF THE SEA JN BAY OF NORTH A.MERICA A.NJ) 

THE GUL}' OF MEXICO. Reference to model of, pp. 9, 83. ::lee. 
also, description of model of, Appendix 17, p[>. - -. 

DESCRIPTION OF A. METHOD O}' SKETCHING JN SHORE
LINE WHEN MA.KING PREf,IllIINA.RY OU RUNNIX(} 
SURVEYS, AVOIDING THE NECESSITY OF ESTHIAT· 
ING DISTANCES OR OF DEPENDING ON THE EYE TO 
GET THE CONFIGURATION OF THE SlIORE·LINE, BY 
ENSIGN J. R. FILLMORE, U.S. K., attacbod to party of Lieut. 
Com. H. E. Nichols, U. S. N. See A.ppendi:< No. 5, pp. 13a, 134. 

DESCRIPTION OF A RELIE~' MODEL OF 'l.'llE BAY 01<' 
NORTH AMERICA AND THE GULF OF MEXICO. BY,J. E. 
HlLGARD, SUPERINTENDE'.l.<'£. Appendix No. 17, pp. - -. 

DETERMINATION OF LONGITUDE Of' CHARLESTON, W. 
VA., BY EXCHANGES OF TELEGRAPJJIC SIGNALS WITH 
THE STATION A.T LOUISV1LLE, KY., p. 46. 

DETERMINA.TIOXS OF GRAVITY BY PENDULT:M EX
PERIMENTS, AND COMPARISONS OF STANDARDS ni 
ECROPE AND IN THE uxrn;n STATES, BY ASSISTANT 
CHARLES S. PEIRCE. Mention of, pp. 6, 7, 40; det<muinationo 
of gravity with the Kater pendulums, h;v Assistant Edwiu Smith, 
Appendix No. 14. pp. 430-473; referr.nc<i t-0, pp. 2, :i, 4U, 41. 

DETERMINATION (TRIGONOMETRICAL) OF HEIGHTS OF 
THE STATIONS 01<' THE DAVIDSOK QUADRILA.TERAL8. 
Report upon, by Assistant C. A. Schott, ApJJemlix No. 10, l'P· 391-

405. 
DETERMINATIONS BY MEANS OF THE ELECTRIC TEL· 

EGRAPR BETW'EEN THE YEARS 1846 and 188;"\. L?ngi· 
tudes deduced in the Coast and Geodetic Survey from, b;v As· 
siRtant C. A.. Schott. Appendix No.11, PI•· 407-430; reference to, iu 
present report, p. 8. 

DETERMINATION OF THE BOUND.A.RY LINE IlETWEEN 
THE STATES OF PENN8l'.LVANIA AND WEST VIR· 
GINIA, p. 47. 

DETERMINATIONS m' THE FORCE OF GRAVITY IN SAN 
FRANCISCO, IN CONNECTION WITH SIMILAR OBSER· 
V .A TIO NS IN .A LA.SKA., p. 64. 

DETERMINATIONS OF LONGI'l.'UDES OF STATIONS IN 
TENNESSEE, KENTUCKY, WEST VlRGllTIA, INDIA.NA, 
AND ILLINOIS, BY EXCHANGE OF TELEGRAPHIC SIG· 
NALS,p. 71. 

DETERMINATIONS 01'' J,ONGITUDES OF LOGANSPORT, 
IND., A'ND OF CHICAGO, ILL., BY EXCHANGE OF TELE
GRAPHIC SIGNALS WITH LOUISVILLE, KY. Ob•erva· 
tions also for latitudes of above places, p. 7~. 

DETROIT, :MICH. Longitnde of, included in diacns•ion of t.eJe· 
graphic longitudes, p. 8. 

DEVIL'S BRIDGE. Dangerous reef oft' Gay Head :cuff, p. 24; 
relative to formation of, pp. 24, 25. 

DEVOL PROF. R. S •• ACTING .ASSIST.ANT. Occupation of 
'statio~s for the extension of the triangulation of the State of 
Ohio, p. 74; .Appendix No. 1, p. 92. 

' DEWEY, T. C .. ENSIGN, U. S. N. Servioee in Section II, p. 29; in 
Section VI, p. 50; detached, p. 51; see Appendix No. 1, pp. 88, 90. 

DIABLO STATION, CAL., p. 62. 
DICKINS, E. F., ASSISTANT. Servicea in Section X, pp. 61, 62; 

.Appendix No. 1, p. 91. 
DICTION.A.RY OF .ALTITUDES. Loaned by ollioera of the Geo· 

logical Survey, p. 83. 
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DIPLOMATIC CONFERENCE IN WASHINGTON FOR ES- ELDRIDGE'S CHART. Reference t-0, p. 23. 
TABLISHMENT OF UNIVERSAL PRIME MERIDIAN. Ref- ELECTROTYPING AND PHOTOGRAl'HY. Appendix No. 4, 

erencA to, pp. 6, 81. pp. 103-113. 
DISBt'RSING AGENT, COAST AND GEODETIC SURVEY, ELLlCOTT, EUGENE, ASSISTANT. Topographical surveys of 

W. B. MORi:lAK, p. 83. Harringt-0n River, and of Chandler's River Bay, Me., p. 20; to-
IHSCOVERIES AND DEVELOPMENTS. Progress of work on, pographical survey in the v:icimty of the headwaters of Lynnha-

p. l; special mention of, pp. 2, 5, 6, 19, 20, 22-24, 26, 27, 29. ven Bay, Va., p. 43; Appendix No. 1, pp. 87, 89. 

DISCOVERY AND EXPLORATION ON THE COASTS OF U. S. . ELISHA'S LEDGE, OFF WARREN'S POIXT, R. I., pp. 5, 24. 
History of, by J. G. Kohl, Ph.D., .Appendix No. 19, pp. 495-617. 1 ELIZABETH RIVER, VA. Survey of shores of, Plt· 3, 44. 

lH>lTRTBFTION OF THE PARTIES OF THE COAST AND ELLIOTT, E. P., LIBUTEN.ANT, U.S. N. Services in SectionX, 
GEODETIC SURVEY UPON THE ATLANTIC, GULF OF p. 66; also Appendix No. 1, p. 91. 
MEXICO, AND PACIFIC COASTS, A ND THE INTERIOR 

1 
EL P .A.SO, TEX. Magnetic observations at, p. 62. 

OF THE UNITED STATES DURING THE FISCAL YEAR ELSINGBO:itOUGH POINT, DEL.AWARE BAY, p. 3i. 
1883-'M, Appendix No.1, pp. 87-93. 1• ENDEAVOR (St.earner). Use, of in Section II, pp. 26, 27; see Ap· 

DISTRICT O~' COLUMBIA. Progress of topographical survey ! pendix No. 5, pp. 124, 125, 126. 
of, pp. 2, 3, 42, 43; occupation of stations for connectiDg with the ENGLISHMAN'S BAY, ME. Dangerous ledge devel~ped off, pp. 
trian~ulation tho corner stones a.n<-1 boundary monument.a of the, 2, 6; reference to, iu e~timates, p. 11. 
pp. 41, 42. ENGR.A VING AND PRINTING OI•' PUBLIC CHARTS, COAST 

DIVISION OF INSTRUMENTS AND REP .AIRS. See Appendix PILOT CHARTS, ETC., Appendix No. 2, p. 96. 
No. 4, pp. 120, 121. ENGRAVING, ELECTROTYPING, AND PRINTING DIVISION 

DIVISION OF TIDES. See Appendix No. 4, pp. 107, 108. OF CO.A.ST .A.ND GEODETIC SURVEY OFFICE. Reference 
DODGE, 0. G .. ENSIGN, U. S. N. Services in Section I, p. 21; to, Appendix No. 4, p. 103; for report see pp. 112-116. 

Appendix No.1, p. 87. ENTHOFFER, J. Engraving Division, Coast and Geodetic Survey 
DOMINGUEZ STATION, CAL., p. 57. Office, .Appendix No. 4, p. 112. 
DONA CREEK AND LANDING, DELAWARE BAY, p. 38. EPPING BASE LINE. Triangulation near, pp. 3, 23. 
DONN, J. W., ASSISTANT. Continuation of the detailed l-Opo- ERICHSEN, P. Drawing Division, Coast and Geodetic Survey 

graphical survey of the District of Columbia, pp. 42, 43; see, also, Offictl, Appendix No. 4, p. l-09. 
Appendix No. I, p. 89. ESHLEMAN, E. Instrument Division, Coast and Goodet-icSurvey 

DOOLI'l'TLE, MYRICK H. Compntiug Division, Coaat and Geo- Office, Appendix No. 4, p.121. 
<letic Survey Office, Appendix No.4, p.105. ESQUIM.A.ULT, llRITISH COLUMBIA, p. 70. 

IJOVJrn, DEL., p. 38. ESTERO BAY, CAL. Hydrography in, p. 60. 
DR.A WING DIVISION, COAST AND GEODETIC SURVEY ESTERO POINT, CAL. Triangulation near, p. 59. 

OFFICE. Reference to work of, p. 5; reference to, in estimat~s. ESTERO BAY, FLA. Reference to, in estimates, p. 11. 
p.12; see, also, Appendix No. 4, p. 103; report from, p. 108-112; list EST IM.A TES. Explanation of, p.10; in detail, pp. I, 10. 
of chart• completerl or in progress June 30, 1884, pp. 110-112. EUROPE A ND UNITED STATES. Determination of gravity by 

DRIFT (schooner). u.., of, in, Section II, p. aa; in Section VI, I'- pendulum experiments and comparisons of standards in, by As-
51; sec, al.o, .AJJpendix No. 5, pp. JU, 125, 127. sistant C. S. Peirce, p. 40. 

DRIFT STATION, HOOD'S CANAL, WA.SH. T.,p.69. EVANS, H. C. Engmving Division, Cm16t and Geodetic SurveJ 
DUCK ISLAND HARBOR. Tidal observations at, p. 29. Office, Appendix No. 4, p.112. 
lWMPLINC'r LIGHT, p. 26. EXECUTIVE DEPARTMENTS. Referencu to large number of 
Jll'NCAN MEMORIAI, CIIAPJ<:L, AT RANDOLPH-MACON charts furnished the, p. 5; see, also, Appendix No. 3, pp. 97-I02. 

COLLEGE, ASHLA.ND, VA. Bench-mark establi•hed at, p.45. EXPEDITION TO POINT BARROW, ALASKA, TO DETER-
DCTNEDIN POST.OFFICE. HILLSBOROUGH COUNTY, FLA., MINE GRAVITY AND THE M.l..GNETIC ELEMENTS, p. 71. 

p.53. 

E. 
EAGLE ISLAND, CAPE FEAR RIVER, p. 48. 
EAGLE (•chooner). Use of, in Section I, p. 20; see Appendix No. 

5, pp. 124, 125; repairs and oost of, Jlp.126. l27. 
EARNEST (schooner). Use of, in Se<'tion XI, pp. 68, 69; see, also, 

Appendix No. 5, pp. 124, 125 ; repairs and expenaos of, p. 127. 
EAST CAPE, SIBERIA, p. 64. 
I•;.AST COAST OF FLORIDA. Survey and current observations 

off. pp. 4, 51 ; completion of snrvey of, between Lake Worth and 
New River, p. 50. 

};A.STERN ASIA. Determinations of gravity at stations in, p. 41. 
EASTERN BAY, GREAT WASS ISLAND, ME., p.19. 
EAST RIVER, N. Y. Discoveries of rocks in, pp. 2, 5, 6, 29; survey 

of, pp. 27, 28; reference to, in estimates, p. 12. 
EATON'S POINT, L. I., p. 3; triangulation near, pp. 3Q, 31. 
ECLIPSE (SOLAR) OF OCTOBER 30, 18113. Oboerv~tions by As· 

sistant Davidson, p. 63. 
EDENTON, N. C., p. 48. 
EDGEWOOD, E~'FINGHAM COUNTY, ILL., p. 75. 
:EFFECT OF FLEXURE OF A PENDULUM ON ITS PERIOD 

OF OSCILLATION, BY C. S. PEIRCE, ASSISTANT. .Appen
dix No. 16, pp. 483-485. 

EFJ!'INGllAM, EFFINGHAM COUNTY, ILL., p. 75. 
EFFINGHAM, CARROLL COUNTY, N. H., p. 22. 
EGGE.MOGG IN UEACR, '.ME. Reef discovered in, p. 5. 

EGG ROCKS, NE.AR FISHERMAN'S ISL.AND, p. 19. 
EICHHOLTZ, HUGO G. Miscellaneous Division, Coast and Geo-

detic Survey Office, Appendix No. 4, p. 117. 
EIMBECK, WILLIAM, .ASSIST.A.NT. Occupation of station in 

Nevada, and reconnaissance In Utah for extension eastwardoftbe 
primary trlangnlation near the thirty-ninth parallel, pp. 78, 79; 
Appendix No. I, p. 92. 

EXPLORATION ON THE CO.A.ST OF THE UNITED STATES. 
History of Discovery and, by J. G. Kohl, Ph. D., .Appendix No. 
19, pp. 495--017. 

EXPOSITION (SOUTHERN) AT LOUISVILLE, KY. Account 
of the exhibit wade by the Coast and Geodetic Survey at the, by • 
H. W. Jllair, AsAistant; Appendix No. 18, pp. 489, 493; reference 
to, pp. 4, 9, 80. • 

EXTENSIONWESTW.A.RD OF THE Pl!.IMARYTRIANGULA
'.l'ION NEAR THE THIRTY-NINTH P .A.R.ALLEL IN WEST 
VIRGINIA AND OHIO, p. 46. 

F. 

FAGIN, V. J. Clerk in office of disbursing agent of Coast and 
Geodetic Survey, p. 83. 

FAIRFIELD, W. B., EXTRA OBSERVER. Services in Seciion 
III, p. 47 ; in Section V, p. 50; Appendix No. I, p. 90. 

FAIRFIELD, G. A.., ASSISTANT. Reference to triangnlation in 
Kentncky, by, in 1E79, p. 73; continuation to the eastward of the 
primary triangulation in Illinols near the thirty·ninth parallel, pp. 
74, 75, 76: Appendix No. l, p.92. 

FALKNER'S ISLAND, p. 27. 
F ARALLONES. Viewsof;~or Coast Pilot of California, Oregon, and 

• Washington Territory, p. 63. 
FARINA, FAYETTE COUNTY, ILL., p. 75. 
FARMS (OR FROST'S) POINT. LONG ISL.A.ND SOUli'D, p. 3-0. 
F .ARQURAR, HENRY. Computing Divisi-0n, Coast and Geodetic 

Survey Office, Appendix No. 4, p.106. • 
FATHOMER (eteamer). Sale of, reported, Appendix No. 5, p.127. 
FAYETTE STATION, ILL., p. 76. 
FECHT.ELER, A. F., ENSIGN, u. s. N. Servioe& in Section II, p. 

33; In Seeti-On VI, p.5!!; aae, alao,AppendlxNo.l, pp.89, 90. 
FENWICK WHARF, LONG ISLAND SOUND, p. 29, 
FERNANDINA, FLA. Tidal observationll at, referred to in eat!· 

mates, p. 11 ; inspection of Inland pa.uage.s near, p. "9. 
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FERRIELL STATION, KY., p. 73. 
FERRY POINT, CONNECTICUT RIVER, p. 25. 
FIELD AND OFFICE WORK OF THE COAST AND GEODETIC 

SURVEY FOR THE YEAR ENDING JUNE 30, 1884. Statistics 
of, .Appendix No. 2, ·pp. 95, !16. 

FIELD AND OFFICE WORK REL.A.TING TO THE TIDESl<'OR 
THE YEAR ENDING JUNE 30, 1884. Report of, Appendix No. 
4, pp. 107, 108. 

FII,LMORE, .J. !I., ENSIGN, U.S. N. Services in Section XII, p. 
71; Appendix No. 5, p. 125; see, also, description of rough plane table 
designed by, used in making bydrographfo reconnaissance, pp. 133, 
134. 

FIRE ISLAND BASE LINE, MASS., pp. 3, 23. 
FISCHER, LOUIS. Instrnment Division, Coast and Geodetic Sur· 

vey Office, Appendix No. 4, p.121. 
FISH BAY, SOUTHEASTERN ALASKA. Dangers in anchor. 

ages of, p. 6. 
FISH COMMISSION, U.S. Reference to, at Southern Exposition, 

Louisville, Ky., p. 80; reference to use of soundings made by. p. 
83. 

FISHER, E. N., ENSIGN, U. S. N. Services in Section II, p. 27; 
Appendix No.], p. 88. 

FISHER, W. J., TIDAL OBSERVER AT ST. PAUL, KADUK 
ISL.A.ND, .ALASKA, p. 71; Appendix No. 1, p. 92. 

FISHERMAN'S ISL.A.ND. Soundings near, p.19. 
FISHER'S ISLAND SOUND. Location of dangerous ledges In, p. 

26; re-survey of, pp. 3, 26; Appendix No. 5, p.124. 
FIVE-MILE BE.ACH, CO.A.ST OF NEW JERSEY, p. 36. 
FLORENCE, OREG., p. 66. 

]'LORIDA. Survey of coasts of, pp. 4, 50, 52, 53; referred to in esti
mates, p. 11; current observations o:ff, pp. 4, 33, 51 ; see, also, A. ppen· 
dix No. 5, p.124. 

FORMUL2E .AND FACTORS FOR THE COMPUTATION OF 
LATITUDES, LONGITUDES, AND AZIMUTHS. (Third Edi
tion.) .Appendix No. 7, pp. 323-375 ; see p. 7 of Report. 

FORNEY, STERMAN, .ASSISTANT. Survey of the coast of 
California, between Moro Bay and San Simeon Bay, pp. 59, 60; .A.p
pendix No. l, p. 91. 

FURSE, CHARLES T., LIEUTENANT, U. 8. N. Appendix No. 5, 
p.125. 

FORT LAUDERDALE, FL.A.., p. 50. 
FORTRESS MONROE, V .A.. Lines of levels run towards, pp. 3, 

44. 

FORT TRUMBULT,, NEW LONllON, CONN. Tidal obser\"ations 
at, pp. 3, 28. 

FORT YUMA, ARIZ., p. 63. 
FOUNDRY BRANCH, D. C., p. 42. 
FOUR-MILE RIVER. Re-survey near, pp. 3, 25, 28. 
FOWLER, E. H. Drawing Division, Coaat an1l Geodetic Survey 

Office, Appendix No. 4, p.109. 
FOXHALL ROAD, D. C., p. 42. 
FOX'S WHARF, WEST ff.ARBOR, FISHER'S ISLA.ND, p. 26. 
FREDERICKSBURG, VA., p. 45. 
FREMONT, J.C., LIEUTENANT, U.S.N. Observations of cur

rent<! and other hydrographic work otf New York entrance, p. 38; 
current observations off ea.st cOlll!t of Florida continued, p. 51 ; Ap· 
pendix No. 1, pp. 89, 90; Appendix No. 5, p. 124. 

FRENCH, G. R., ENSIGN, U.S. N. Services in Section II, p 40; 
In Section IV, p.48; Appendix No. l, pp. 89, 90. 

FRENCH, H. O. Miscellaneous 1Jivislo11, Coast and Geodetic Sur
vey Office, .A.ppendix No. 4, p.117. 

FRENCH, W. B. In office of .Assistant in charge of office, A pp<n-
dix No.~ p.104. 

FRENCHMAN'S BAY, ME. Topographic survey near, pp. 3, 21. 
FRONTIER, TEX. Old triangulation station, p. 56. 
FROST POINT, LONG ISLAND SOUND, p. 3. 
FROTHINGHAM, MR., DRAUGHTSM:.AN IN OFFICE 01<' NA-

VAL COlitSTB.UCTOR AT NA.VY YARD, W.A.SIDNGTON. 
Reference to aervicea. rendered by, p. 79; soo, also, Appendix No, 
G, p. 12&, drawings Mid model of &teamer C. P. Patter&<>n pre· 
pared by. 

Jl'UCA (at.eam launch). Uae of, in Section XI, p. 611. 
PUCA. STBAIT, WA.SH. T. Progn>S11 of aurvey of, .PP· 89, 70. 
FULTON, llO., p. '1'1. 
Jl'UUISJUlfG-POIN'rS FO:&STATESURVEYS. Refonmeeto, 

on ,.....1, ...a in Htlmaiea, pp.10, 12. 

G, 

GALVESTON, TEX., p. 56. 

GALVESTON ENTRANCE. Hydroe;raphic survey of, pp. 4, 56. 

GANNETT, HENRY. of Geological Survey. AcknowlPAj!ment for 
loan of " Dictionary of .Altitude•," p. 83. 

GARDINER'S BAY, L. I., p. 3; topographic a11d hydrograpbi~ rP
survey in vicinity of, p. 27. 

GARDINER'S ISLAND. Re-survey of, p. 28. 

GAUTIER PENDULUMS. Use of, in Paris, by Assistant C. S. 
Peirce, p. 40. 

G .A Y RE AD CLIFFS. Survey to fix position of wreck of steamer 
off, pp. 3, 24, 25. 

GEBHART STATION, W. VA., p. 47. 
GEDNEY, C. D., CLERK IN OFFICE OF SUPERINTENDENT, 

p.84. 
GEDNEY (steamer). Use of, in Section 1. pp. 18-21; in f'ection 

IX, p. 56; Appendix No. 5, pp.123-125; repairs needed, p.126. 
GEDNEY'S CHANNEL, NEW YORK ENTRANCE. Sounding• 

off, p. 33. 
GENER.AL CO.A.ST CHART (Atlantic coast). Appendix No. 4. 

pp. 110, 111. 
GENERAL ST.A.TEMEN'.f OF PROGRESS OF SGRVEY, pp. 

2-4. 
GENEVA, SWITZERLAND. Officers of Snrvey sent to make cer

tain pendu.lum experiments at, pp. 2, 40, 80. 
GEODESIC .A.SSOCI.A.TION (INTERNATIONAL) CONFER

ENCE A.T ROME. Officer of Survey sent as delegate, pp. 2, 4, 6, 
17, SJ. 

GEODESIC Ll<:VELING. For connect.ion of tidal le•Pls of Chesa
peake Bay and Gulf of Mexico with transrontinental line of, p. 2. 

Gl<:ODETIC OPERATIONS. General remarks on proj!res•of, p. 2; 
continued in New Hampshire anti Vermont., pp. 3, 22; in New 
Jersey, pp. 3, 33; in Pennsylvania, pp. 3, 34, 35; in Kenturky and 
Tennessee, pp. 72, 73i in Ohio and Indiana, p. 74: in WisconR.ln, 
p. 76. 

GEODETIC RECORDS, COMPlTT.ATIOXS, ETC., IN ARCH
IVES OF CO.A.ST .A.ND GEODETIC SURVEY OFFICE. Ap
pendix No. 4, p. 119. 

GEOGRAPHICAL SOCIETY OF THE PACIFIC. Paper fur
nished to, by Assistant Davidson, on alleged shoaling of the hnr of 
San Francisco Bay, p. 63. 

GEOLOGICAL SURVEY. Reference to Exhibit of, at Southern 
Exposition at Louisville, Ky., p. AA. 

GEOLOGY OF THE SE.A. BOTTOM IN THE APPROACHES 
TO NEW YORK BAY, BY A. LINDENKOHL, p. 9: Ap1>endix 
No. 13, pp. 435-438. 

GEORG IA. Progress of work on coast of. p. 4; reconnaissance in 
Northern, pp. 4, 49, .50, 54; examinations of coast of, pp. 48, 49. 

GERDES, FERDINAND R., LA.TE ASSISTANT. Notice of 
death of, pp.15, 16; surface marks placed on stat.ion at Sbinuerock 
Hill, N. J., in 1879, by, p. 30. 

GILBERT, J. J., ASSISTANT. Continuation of the topographi
cal snrvey of Hood's Canal, Wash. T., p. 69; Appendix No. l. 
p. 91. 

GILPATRICK, W.W., LIEUTENANT, U. S .• N. Examination 
and location of a rocky ledge reported by, p. 24. 

GILROY CHURCH, STATION, CAL., p. 62. 
GOODFELLOW, EDW .A.RD, ASSIST.A.NT. Notice of as~stanre 

rendered in preparation of Report, p. 84. 
GOOSE ISLAND, p. 27. 
GORGAS, M. «.::.,ENSIGN, U. S. N. Services in &-c.t.ion I. p. ~4 

in Section II, p. 27; Appendix No. 1, pp. 87, 88. 
GOSHEN CREEK, DEL.A.W.ARE BAY, p. 37. 
GOSHEN POINT, LONG ISL.A.ND SOUND, pp. 3, 211. 
60ULD ST.A TION, omo, p. 47. 
G-OULDSBOROUGH, ME., p. 21. 
GOULDSBOROUGH BAY. 1'opoirraphlc survey in, pp. 3, 21. 
GOVERNMENT PRINTING OFFICE. .Ackuowled~ent for oo-

operation In bringing the pn blioation ()f the annual reports np to 
.to date. Appendix No. 4, p.116. 

GOVERNOR DICK. Triangulation st.ation in Pennsylvania, p. 34. 
GRAHAM, A... B., Drawing Division, Coast a.ncl Geodetic Survey 

Oftlce, Appendix No. 4, p. 109. 
GRANGER, F. D., .ASSIST.A.NT. Occnpation of stations for con

tinuing t.o westward the primary triangulation In Missouri and 
Xanaas near the tbirty·nintb parallel, pp. 77, 78; .Appendix No. 1, 
p. 112. 
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GRAVITY CONFERENCE. :Reference tn, p. 6. 
GRAVITY DETERMINATIONS. By Assistant C. S. Peirce in 

Etll'ope. pp. 4, 6, 80; reference to, in estimates, p. 11; see, also, 
Appendices Nos. 15 and 16, by Assistant Peirce, pp. 475-485; 
wit)l the Kater pcndulmue, by Assistant Edwin Smith, Appendix 
No. 14, pp.".439-473. 

GRAY, E. Tidal observations at Saueelito, Cal., p. 64; see, also, ap· 
penilix No. I, p. 91. 

GRAY, J. HOW ARD, ACTING AID. Services in Section III, p. 
42; Appendix No. 1, p. 89. 

GRAY'S HARBOR, WASH. '.I'. Completion ofhydrographlcsurvey 
of, pp. 4, 68. 

GREAT GULL ISLAND, p. 27. 
GREAT LAKES. Completion of the primary triangulation across 

the State of New York for connecting triangulation of Hudson 
River and Lake Champlain with that of tl1e ~urvey of the, pp. 
31, 32. 

GREAT POINT, VINEYARD SOUND, p. 24. 
GREAT WASS ISLAND, ME., p.19. 

GREENBUSH, HUDSON RIVER, N. Y., l'· 31. 
GREEN :MOUNT.A.IN, IN EFFINGHAM, CARROLL COUNTY, 

N.H., p. 22. 
GlrnENPORT, J,ONG ISJ,AND, p. 27. 
GRJ.;ENWICH, ENGLAND. Use of Kater pendulums at, p. 41. 
GREENWICH, N. J., p. 37. 
GREYLOCK MOUNTAIN, MASS., p. 23. 
GRH"FIN. T. D .. ENSIGN, U.S. N. ServicesinSeciionII, p.26; 

Appenuix No. 1. p. 88. 
GULF COAST. Line of levels carried from the, near Mobile 

towards point in tranA-continental line of leveling, pp. 4, 54: con. 
tinuation of suITey of, p. 4; reference to in estimat~s, p. 11 i re
connaissance for the extension of the primary triangulation in 
Nortb"rn Goor¢n and .AJ .. bam" towards the, pp. 49, 50: eontinu. 
.. tion of survey of, of Louisiana westward of the delta of the Mis. 
sissippi, pp. 54, 55; of Louisiana from Calcasieu Pass eastward, pp. 
55, 56. 

GULF Ol!' MEXICO. Ileginning of lines of level connecting tidal 
level of Chesapeake Bay and, with tra11RContin•ntal line of geo· 
desic leveling, pp. 2, 4; reference to relief model of the Ilay of 
North America and the, pp. 5, 9, 80, 82, 83; Appenilix No. 4, p. 109; 
for description .see Appendix No. 17, pp. - - ; depths of the 863 

in tile Bay of North .Amcrka aml, ll· 9; re1·onnaissance for exten· 
~ion of prin.ut.~~· trian~lation in ;Nortlwrn Georgia antl A.lab&ma 
towards tlH\ pp. 491 50, 54 ; distribution of the partieR of the Coast 
anil fieodetic flHrV•'Y upon the Atlantic,-, and Pacilic rn1astsand 
t1w interior of the United Stat.es durin~ the fiscal yuar 1883-'84; 
.Appentlix No. 1, pp. 87, 93. 

GULF STREAM. Dtep-sea soundings, temperature, and current 
observations throughout, pp.10, 33, 51; reference to, in estimatea, 
p. 11. 

GULL ISL.AND. Re-suM•ey of, p. 28. 

n. 
HAGERSTOWN, YD. Lines of leveling from, towards Fort. Mon

roe. Va., pp. 3, 44, 45. 
HALL, A. L., ENSIGN, U.S. N. ServiClls in Sootion I, p. 20; in 

Section II, p. 26; Appendix No. l, p. 88. 
HALTER, R. E .. ASSIST.A.1'"T. Reconnaissance for oonnecting 

the trlaugula.tlun in tbe vicinity of Point Isabel and the month 
of the Rio Grande with Brownsville, Tex., pp. 56, 51; .Appendh: 
No.1, p. 91. 

HAMMONASSETT POINT, LONG ISLAND SOUND, p. 3; by. 
drogmphie re-survey near, p .29. 

RAMPTON ROADS, VA., p. 48. 
HANUS, G. C., LIEUTENANT, U.S. N. Hydrogmphic ro-•nrv~y 

of Lower Delaware Bay, pp. 39, 40; hydrographic s1nvey in the 
south hmncb of Elizabeth River and in North Landing River and 
Back Day, Va.., p. 44; tiiangulation, topography, and hy<lrogra.pby 
of North River, N. C., pp. 47, 48; teo:rporary charge of work of 
Lieutenant He&ld, U.S. N., in Seotlon IX, p. 5<l; Appendix No. 
1, pp. 811, 00, 111; Appendix No. 5, p.124; reference to water signal 
de,.i8ed by, p. 12~. 

HARBOR CHAR1.'S.. Soo Report of Drawing Division, Coast and 
GeO<letic Survey Office, A ppendlx No. 4, pp. llO, 111. 

HARDIN,COlJNTY, KY. Triangnlation in, p. 73. 
HARPER, J. L., RECORDER. Services in Section :XIV, p. 75. 

HARRINGTON, WASHINGTON COUN'rY, :ME., p. 20. 
HARRINGTON RIVER, ME. Topographic survey of, pp. 2, 20. 
HARRISBURG, PENN. Triangulation near, p. 34. 
HARRISONVILLE, CASS COUNTY, MO. Triangulation near. 

p. 77. 

HARWICK PORT, MASS., p. 23. 
HARVEY, R. M., CUSTODIAN OF ARCHIVES OF CO.AST AND 

GEODETIC SURVEY OFFICE, .Appendix No. 4, p. 103; for re· 
port see pp. 119, 120. 

HASSLER (steamer). Use of in, Section XI, pp. 70, 71; .Appendix 
No. 5, pp. 124, 125; nooessity for new boilers for, p. 126. 

HATCHETT'S POINT, LONG ISLAND. Small shoal off. exam· 
ined, p. 29. 

HATTERAS INLET, p. 48. 
HAULOVER llE.A.D, FL.A., p. 50. 
HAYSTACK ROCK, OREG .. p. &'l'. 
HEAD HARBOR, p. 19. 
READ HARBOR ISLAND, :ME., p. 19. 
lIE.A.LD, E. D. F., LIEUTENANT, U. S. N. Completion of the 

hydrop-aphic surveys of Narraguagns Bay and River, ancl of 
Pigeon Hill Bay, coast of Maine, pp. 20, 21; hydrographic survey 
of the coa•ts of Texas and Louisiana between Galveston entrance 
and Calcasien l'Ms continued, p. 56; Appendix No. l, pp. 87, 91; 
Appendix No. 5, p. 124. 

HENLOPEN LIGHT-HOUSE. Notice of cutting away of sea face 
of dune of, p. 39. 

HERGESIIEIMER, E., ASSISTANT. Topogrnphiore-surveyoftbe 
north shore of Loni: Island Sound from Bridgeport to Farm• (or 
Frost's) Point. p. 30; t-0pographic re-survey in the vicinity of Cape 
Henlopen, p. 39; topographic re-survey of the sq.ores of Cherry· 
stone Inlet, Va., p. 43; Appendix No. l, pp. 88, 89. 

HERGESHEIMER, JOSEPH, ASSISTANT. Triangulation of 
west eoast of Florida in the vicinity of Punta Raaa, p. 52; Ap· 
pendix No. 1, p. 90; Appendix No. 5, p. 124. 

HERSCHEL, LIEUT··COL. R. E. Reference to pendulum opera· 
tio11s by, p. 41. 

HETHERINGTON, J. H., ENSIGN, U. S. N. Service• in Section 
I, p. 20; Appendix No. 1, p. S7. 

HIGH KNOB STATION ON THE BLUE RrDGE, V .A.., pp. 45, 46. 
HIGH MOUNT, N. J., STATION, p. 33. 
HIGH SCHOOL, LOGANSPORT, IND. Station established R.t, 

p. 72. 
HIGH TORNE, N. J., SIGNAL STATION, p. 33. 

HILGARD, J. E., SUPERINTENDENT t:NITED ST.A.TES 
COAST AND GEODETIC SURVEY. Report for yoor ending 
June 30, J81l4, submitted to Hon. Hugh McCulloch, Secretary of 
Treasury, pp. 1-84. Reference to model, in relief, of basin of Gnlf 
of :Mexico and of Bay of North America, constructed by, pp. 82, 
83; for desL-ription of, see Appendix No. 17, pp.-; name of 
"Bay of North America" suggested hy, note to page 83. 

HILL, C. B. Services in Section X, p. 63 ;Appendix No. I, p. 91. 
IDLLSBOROUGH INLE'l' .AND RIVER, FLA., p.50. 
HISTORY OF DISCOVERY AND EXPLORATION ON THE 

COASTS OJ<' THE 17NITED STATES. Prepared byJ. G. Kohl, 
Ph.D.; Appendix No. 19, pp. 495-1117. 

BITCH COCK (steamer). Not used during tbe year; .Appendix No. 
5, p.127. 

HOBOKEN, N. J. Pendnltllll experiments at, p. 41. 
HODGKINS, W. C., SUB.ASSISTANT. Topographic re-sun·eya of 

Stonington, Conn., and vicinity; also of the .,._t of C-OJJnectiont 
in the vicinity of Saybrook and Lyme, pp. 25, 26; services in Boo 
tion VIII, p. 56; .Appendix :No. l, pp. 88, 91. 

HOLMES B.A.Y, ME., p. 18. 
HOLTZH.A.USEN S1.'ATION, ILL., p. 75. 
HOOD'S CANAL, W .ASH. T •. Topographic 11\ll'Vey of, pp. 9., 1111. 
HOQUIAM RIV.ER, GRAY'S HARBOR, WA.SH. T. Tidal Ob· 

. aervations at, p. 63. 
! HORSESHOE (THE), SANDY HOOK.BAY, p.33. 

HORTON'S POINT, WNG ISL.L'liD. Old stations near, recov. 
ered, p. 00. 

1 HOSMER, CH.ABLES, ASSIST.ANT. Topographic and hydro· 
graphic re-enrveye ill the tlclllity of lloDtauk Point, Gardiner's 
Bay, and Orlllnt Barbor, Lollg ltllmd; al8o completion of hydrog· 
raphy betweel1 Sllopplng StoDfi t;lght-hon110 and College Point, 
Eai;t River, pp. 2'1, 28; C01ltmut.ion of the mrvey of the Gulf 
ooaat of Louiai&11a weetward O'f the Delta or f.be lUtlll881ppl, pp. 
5t, 55; .A.ppenclislfo.1, pp. 88, llD; .A.ppendls: No. I>, p.124. 
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HOUGH, PROF. G. W., DIRECTOR OF DEARBORN UNIVER
SITY, CHICAGO, ILL. Official acknowledgments t-0, p. 72. 

HUDSON RIVER. Triangulation of, pp. 8, 31. 

HUGHES, E., M. LIEUTENANT, U.S. N. Hydrol[l"aphic •nrnys 
between Cross Island and Nash Island, in the vicinity of Moos· 
D.-bec R<"1Ch and Museongns Bay, coast of Maine, pp. 18, 19, 20: 
Appendix No. 1, p. 87; in .Appendix No. 5, p. 123; relieved from 
dnty on survey, p. 124. 

HUMMOCKS (THE). Topographic re-survey of Delaware Bay 
completed to, p. 37. 

HUNTINGTON llA Y, LONG ISLAND SOUND, p. 30, 
HUTTON MOUND, MO., p. 77. 
HYANNISPORT, MASS., p.23. 
HYDROGRAPHIC DIVISION, COAST .AND GEODETIC SUlt· 

VEY OFFICE. Reference to, in estimates, p. 12; report of, Ap· 
pendix No. a, pp. 123-134. 

HYDROG RAPHIC Ex.A.MIN A TIO NS, pp. 22, 23 ; of' bays and bar. 
bor• of Southeastern Alaska continued, p. 70. 

HYDROGRAPHIC INSPECTOR. Report of, Appendix No. 5, pp. 
1~3-134. 

HYDROGRAPHIC OFFICE Ol!' THE NAVY DEPARTJllENT. 
Plates furnished for; see report of Engraving Division, .A ppcndix 
No. 4, p. 113. 

HYDROGRAPHIC RE-SURVEYS. Progress of, pp, 2-4, lS-20, 26, 
!13, 44, 52, 53, 56, 60, 61, 65, 68, 70. 

HYDROG RAPHIC RECORDS. See report from archives of Coaiit 
and Geodetic Surt'ey Olliee, Appendix No. 4, pp. 119, 120. 

HYDROGRA'PHY. General statement of progress, pp. 2-4; Ile· 
tween Stepping Stcnes Light-house ILDd College Point, East River, 
pp. 271 28; oJf New York entrance, p. 33; Appendix No. 2, pp. 
U5,96. 

HYDROGRAPHY (PHYSICAL) OF DELAWARE RIVER i 
AND BAY, pp.o,ar,; see, also, AppendixNo.12,pp.431-4il4. 

I. 

!ARDELLA, C. T., ASSISTANT. Continuation of topographic 
re-survey of tlie weswrn shore of Delaware Bay, p. 37; Appendix 
No. 1, p. 89. 

n_:y CAPE, ALASKA, p. 64. 

JAPAN. Determination of gravity at stations In, p. 7. 
JAPAN STREAM. Current observations in, explanation of e•ti· 

rnnte~ for, p. 10. 

JAVA. Earthqnake waves from, recorded at Sance lite tide-gauge, 
pp. 64; also on title-gauge at Saiilt Paul, Kadiak Island, Alaska, 
p. 71. 

JEFF. DA VItl PEAK, pp. 78, 79. 
JEFFRIES, ALFRED, ENSIGN, U.S. N. Services in Sootion I, 

p. 21; in Section VIII, p. 55; Appendix No. 1, pp. 87, 90. 
JELLICO STATION, TENN., p. 71. 
JEPTHA STATION, KY., p. 73. 

JEWELL, LIEUTENA:NT-COMMANDER, U. S. N. Referenc-e 
to surve~· of Pigeon Hill Bay, Me., in 1878, by, p. 20. 

JOI!: FLOGGER SHOAL. Soundings across, p. 38. 
JOINT COMMISSION UPON PENNSYLVANIA AND WEST 

VIRGIN1A BOUNDARY. Survey made at Nqnest of, pp. 2, 7, 
8, 34, 35, 47. 
.TONESBOROUGII, ME., p. 18. 
JONES POINT. Initial point of southern wrner of District of Co

lumbia, pp. 41, 42. 
.JONESPORT, ME. Old bench-mark at, not found, p. 20. 

JONES ROCK, OR CHAMPION ROCK, LAKE CHAMPLAIN. 
Recommended to be buoyed, p. 23. 

JONES, W . .A.., ~[AJOR, U. H. J<;NGlNEER CORPS. Longitude 
determinations in co.operation with AssiKtant Dav-idson, p. 63. 

JONES, W. 0., RECORDER. S.rvices in Section Ill, p. 47. 
JORDAN, J. N., ENSIGN, U.S. N. Services in Section XI, pp. 68, 

69; Appendix No. 1, p. 91 ; Appendix No. 5, p. 125. 
,JORDAN'S DELIGHT LEDGE. Examination of, prevented by 

sea, tide, and weather, p. 21. 
JOSEPH'S HARBOR BAYOlJ, LA., p. 55. 
JffAB, SAT,T LAKE VALLEY, p. 79. 
JrYP (THE). .An outlet of Mississippi River At Red Paos, p. 55. 
JUXGEN, C. W., ENSIGN, U.S. N. Services in Section II, p. 29; 

Appendix No. I. p.llS. 
JUNKEN, CHARLES, ACTING ASSISTANT. Examination of 

ledges in Lake Champlain, p. 23; Appem\ix No.1, p. 87; Appen· 
dix No. 4, p. 109. 

JT::-PITER INLET, FLA., pp. 50, 51. 

K. ILLINOIS. Determination of latitude and longitude of stations, pp. 
4, 76 i continuat.ion of triangulation in, pp. 4, 74-, 75, i6. 

INDIAN A. Progress of triangulation in, pp. 73, 74. Determination 
of latitude and longitude of stations in, pp. 4, 76. 

i KADIAK ISLAND . .A.LASK.A. Tidal observation• at, pp.4, 71; 
Appendix No. 4, p.107. 

INDIAN RIVER, FLA. Completion of smvey of, p. 50; Appendix 
No. 5, p. 125. 

INFORMATION FURb'"ISHED TO DEPARTMENTS OF THE 
GOVERNMENT JN REPLY TO OFFICIAL REQUESTS, AND 
TO lNDIVIDUA.LS UPON APPLICATION DURING THE 
YEAR ENDING JUNE ao, 1884, Appendix No. 3, pp. 97-102. 

INLET POINT, LONG ISLAND SOUNJJ, p. 26. 
INSTRUMENT DIVISION, COAST AND GEODETIC SURVEY 

OFFICE, Appendix No. 4, pp. 120, 121. 
INTE.RIOR STATES. Progress of work in, p. 4, 71-79. 
INTERNATIONAL BUREAU OF WEIGHTS AND MEAS· 

URES OF FRANCE. Reference to, pp. 4, 81, 82. 
INTERNATIONAL FISHERIES EXHIBITION IN LONDON 

P· 83. 
INTERNATION.A.L GEODESIC CONFERENCE AT ROME, pp. 

4, 6, 81, 82. • 
INTE.RNA.TIONAL STANDARDS BUREAU .AT BRETEUIL, 

FRANCE, pp. 7, 81. 
IPSWICH, :MASS., p. 22. 
IPSWICH HARBOR ENTRANCE, OOAST OF M.ASSAClIU

SETTS. Examination of, p. 22. 
ISLA.ND CREEK (ILL.l STATION, p. 7a. 
ISOOONIC CHAR'l'S OF .MAGNETIC VARIATION IN UNITED 

STATES (report of 1882). .Attention ealled to frequency of calls 
for, Appendb: No. •· p. 103. 

IVY RILL, CONN., p. 23. 

~. 

JACllllOl!r ST.A.Tiolr, ICY., p. '11.. 
JAOOBB CRICEX, llT. J., p. 3'1; description of aomeleading featnrea 

or, p.1111, 
J A.HE8 JtlVllR, VA... . Smllrey of 111aoree:ot, p. 3. 

a EL 43---;.m 

KANSAS. Primary triangulation in, pp.4, 77. 
KARCHER, L. Drawing Division, Coast and Geodetic Survey 

Office, Appendix No. 4, p.109. 
KATER INV .ARr.ABLE PENDULUMS. Opera.tions with, pp. 3, 

7, 40, 41; determination• of graYity with the, discussed by Edwin 
Smitli, ARSistant, Appendix No.14, pp. 439-473. 

KEARNEY, G.H., PASSED .ASSISTANT ENGINEER, U.S.N. 
Repairs on Steamer Blake planned by, .Appendix No. 5, p.125. 

KEARNEY, S. Instrument Di.-iaion, Coast and Geodetic Survey 
Office, Appendix No. 4, p. 121. 

KEELER, JORN D., LIEUTENANT., U.S. N. Hydrographle re· 
•urvey along the north shore of Long Island Sonnd between Goshen 
Point and Hammonassett Point, p. 29; Appendix No. I, p. 88; Ap· 
pendix No. 5, p. 124.. 

KELLER STATION, VA., p. 46. 
KELLOGG, F. W .. ENSIGN, U.S. N. Services in Section II, p. 33; 

in Section VI, p. 52; Appendix No. l, pp. 89, 90. 
KELLOGG, MR. GLOVER, OF SAN FRANCISCO. Voluntary 

aseistanoe in magnetic observations from, p. 63. 
KELSEY'S POINT, LONG ISLAND SOUND, p. 28. 
KENTUCKY. Determinations of longitndes of stations by ex

change of tel<1gntphie signals at Louisville, pp. 4, 71; extension of 
rooonnaiB8!lDOO and triangulation in the State of, pp. 72, 14. 

KENTUCKY AGRICULTURAL AND MECHANICAL COL· 
LEGE, LEXINGTON, p. 72. 

KENTUCKY CENTRAL COLLEGE. Station established at, p. 
71. 

KEW, ENGLAND. Pendulum experiment.a at, pp. 8, 40, Bl. 
KEW OBSERVATORY. Reference to conatrnction on ruins of 

ancient monut.ery, p. 40. 
KEY BISCAYNE BAY, FLA., p. 60. 
KEY WEST. Coaling ot Coast Survey Steamer at, p. 52. 
XILLINGWOR'.l'H HARBOR, LONG ISLA.ND SOUND, pp. 28, 29. 
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KING'S CREEK, VA., p. (3. 
KINGSTON, CAN.A.DA, p. 32. 
KINGSVILLE. JOHNSON COUNTY, MO •• p. 77. 
KNAPP, H. S., ENSIGN, U.,S. N. Services in Section I, pp. 24,27; 

.A.ppendix No. 1, p. 87. 
KNIGHT, H. M. Engraving Division, Coast and Geodetic Survey 

Office, Appendix No. 4, p.112. 
KNOPF, G. W., PIUV ATE, U.S. A. Special duty in Computing 

Divi•ion, Coast and Geodetic Survey Office, .A.ppendix No. 4, p. 
105. 

KNOTT'S LANDING, VA., p.44. 
KNOXVILLE, MO., p. 77. 
KOCH, E., SERGEAN'l.', U.S. A. Tidal observer at Fort Trum

bull, New London, Conn., p. 28; Appendix No. l. p. 88. 
KOHL, DR. ,J. G. Preparation of paper, "History of Discovery and 

Exploration on the Coasts of the United States," App~ndlx No. 
19, pp. 495-617. 

KR.A.KA TO.A., OJ<'F COAST OF .J A.VA. Earthquake waves from, 
recorcled at, Saucelito tide-gauge, also at tide-gauge s.t Xadiak, 
Alaska, pp. 64, 71. 

KU.MMELL, CHARLES H. Computing Division, Coast and Geo
detic Survey Office, Appendix No.4, p.106. 

L. 

LAFAYETTE PARK, S.AN FRANCISCO, CAL. Use of instrn
nrnnts at l.ong'itude ObserYatory, p. 63. 

J,AKE CHAMPLAIN. Examination of ledges in, pp. 3, 23; refer· 
ence to former work in triangulation of. 8; completion of the 
primary triani:ulation across the State of New York for connect.. 
lng the triangulation of the Hudson Rh er and, with that of the 
U.S. Lake Survey, p. 31. 

LAKE OXTA RIO. ltelotirn to completion of connection at, of 
tria.ng:nlatiun of CoaMt aml Goodt"tic Sun·t\V with thu.t of the Lake 
Survey, pp, 2, 38, 31; st e, al1-10, App~ndix No. 9, pp, 387-:390, by 
A8sistnnts C. 0. Boutrlle and C. A. ~clwtt. 

LAKE SURVEY. See Lake Ontario. Fuudamontal longitude •ta· 
tion of, at Detroit, Mich., p. 8. 

LAKE WORTH, FLA. Completion of survey near, pp. 4, 5-0. 
J,.ANGHAM, EXGLXND. Use of Kater in1'ariable pendulums 

at, p. 41. 

LATITUDE, I.O.NGITCDE, AND AZIMUTH COMPUTATIONS. 
ReforMce to fornrnl"' am! fart-0rs for, bn•eil on tho Clarke sphe
roid. p. 7; see. also, Appendix No. 7, pp. 323-375. Determination of 
latitude..:- of places in Pennsylvania and West Virginia, p. 36; at 
Co.-ington, Va., p. 41; at Charleston, W. Va., p. 46. 

LAWSON, JAMES S., ASSISTANT. Continuation of primary 
triangulation of the coo.st of California north of Point Concepcion, 
pp. 58, 59 ; reconnaissance by, p. 61 ; Appendix No. 1, p. 9L 

LEA.MING'S BE,\CH, N . .J., p.36. 
LEAlHNG'S sor :"<D, N . .J., p. 36. 
LEARY, MR, .J. D., OF BROOKLYN, N. Y. Contractor for con-

Btrnction of steamer Carlile P. Patterson, pp. 79, 80. 
LEBANON, KY. Triangulation near, p. 73. 

LEH.A.NON, PA., p. 34. 
LEDGES AND SHOALS DEVELOPED, General reference to, 

pp. 2, 3, 5, 6; in Lower Delaware Bay, p. 6; inside of Delaware 
Breakwater, p. 6; in ;Little Kennebec and M""bias Bays, Me., p. 
18; off coast of Maine, p. 19; otf Muscongus Bay, p. 20; In Narra;. 
guagm1 Bay, p. 20; Pemaquid and Outer Heron Ledges, p. 22; in 
Lake Cllam1•laiu, p. 23; L'Humme Dien Shoal, Vineya1·d Sound, 
p. 23; Shoaling off Vineyard Souud (Channel, p. 24; off Warren's 
Point, R. I., p. 24; survey of Gay Bead Cliffs, pp. 24, 26; in Fish
er'• Island Sound, p. 26; soundings of ledges in Block Island 
Sound, pp. ~6, 27; in El\8t. River, N. Y., p. 'l:l; reference to Joe 
Flogger Shoal, p. 38; in Bull's Bay, p. 49. 

LEFA VOR, ]'. JI., LIEU TEN ANT, U. S. Y. Servicea In Section 
X, p. 61; Appendix No. 1, p. 91. 

LEGGET'S POINT, EAST RIVER, N. Y. Shoal in channel near, 
p.27. 

LEHMAN'S RANCH, NEV., pp. 78, 79. 
LEil'ER, E. F., ENSIGN, U.S. N. Services in Section II, p. 40; 

in Section IV, p. 48; Appendix No.1, pp. 89, 90. 
LEIPSIC CREEK, DELAWARE 1lAY, p. 38. 
LEIPSIC VILLAGE, p. as. 
f.,l$lf9~ ~4 l:• R1'drop-apblQ ~urvey ill vic4»ty of, PP· 52, 53, 

LEVELING, GEODESIC. Reference to lines of. connecting tidal 
levels of Chesapeake Bay and Gulf of Mexfoo, p. 2 ; lines of, from 
HagArst.own, Md., towards FortresR Monroe, Va., pp. 3, U. 45: 
lines of, carried to Gulf coast near :Mobile, towards a point on the 
line of, pp. 4, 54 ; reference to, in estimates, pp.11, 12 • 

LEWES, DEL. Tidal observations at, pp. 38, 39. 
LEWES LIF¥-S.A. VING STATION, p. 39. 
L'HOMME DIEU SHOAL, VINEYARD SOUND. ExamwaUoa 

of, p. 23. 
LICK OllSERV ATORY, MOUNT HAMILTON. C.A.L., p. 42. 
LIFE-SAVING SERVICE, Refere11ce to e::<hiblt of the, r.t South· 

ern Exposition at Louisville, Ky., p. 80. 
LIGHT-HOUSE BOARD. Special surveys for, referred to In eati· 

mates, p.11; ofledges in Lake Clllamplain, p. 23; buoy placed by, 
on a pinnacle rock developed in East River, pp. 29, 30; notice of 
changes in characteristics of lights of Cape Henlopen issued by, · 
p. 39; advising t1Stablishment of night aignala on Gulf Coast of 
Louisiana, pp. 55, 56. 

LIME POINT STEAM FOG-HORN. Position of, determined, 
p.62. 

LINDENKOHL, A. Conetrnctlon of model in relief of deptha of 
the sea in Gulf of Mexico and Bay of North America devioed by 
SuperintendentJ. E. Hilgard, p. 83; see, 11180. Appendix No.17, pp. 
- -;Drawing Division Coast and Geodetic SurveyOfl!oe, Appen. 
dix No. 4, p.109. 

LINDENKOHL, H. .A•sieta.noe rendered in constrnctlon of a 
modd ln relief of depths of the aea iu Gulf of M1'xfoo and Bay ot 
North America, p. 83; Drawing Division, Co8"t and Geodetio 
Survey Office, .Appendix No. 4, p. 109. 

LIST OF PUBLICATIONS OF THE CO.A.ST AND GEODETIC 
SURVEY, received from the Public Printer during the ftaoal 
year ending .J nne 3ll, 18B4; report of Miacellaneoue Division, Ap. 
pendix No. 4, 118. 

LISTO~"S POINT, DEL.A. W .A.RE RIVER, p. 36. 
LITTLE BOMBA.Y ISL.A.ND. Dlsappearanceof,noted,p.38. 
LITTLE CREEK, DEL.A.WA.RE B.AY,p.38. 
LITTLE GULL ISLAND. Tide gauge established at. p. 26. 
LITTLE KE1'."NEBEC BAY. Survey of ialaoda and ledgeoof, p. 18. 
LITTLE NARRAGANSETT BAY. Sorveyofshoresof,pp.25,20. 
LITTLE NESTUCC.A. RIVER, OREG., p. 67. 
LITTLE RIVER, CAL. Tidal obeervations at. p. 65. 
"LOCALITIES OF WORK" OF PARTIES OF COAST AND 

GEODETI0 SURVEY, Appendix No. 1, pp. 87-93. 
LOCKWOOD, Mr. JOHN, HELL-GATE PILOT. Reports shoal 

water lo East River, N. Y., p. 27. 
LOGAN, PRESIDENT OF THE KENTUCKY CENTRAL COL

LEGE AT RICHMOND, KY. Acknowledgment of conrteaiea 
received from, p. 72. 

LOGANSPORT, ILL., p. 72. Determination of longitnde and lati· 
tude of, p. 76. 

LOMA PRIETA (or MOUNT BACHE), CAL., pp. 41, 62. 
LONDON, ENGL.A.ND. Pendulum experiment.a at, p. 2; relatl.ve 

to transportation of valuable standards of weights and meaanree 
from office, pp. 4, 40, 81. 

LONGFELLOW. A.. W., ASSIST.A.NT. Topographical 8t1rvey1 
between Gonldsborough and Frenchman's Ba78, coast of Haine, 
p. 21; Appendix No. I, p. 87. 

LONG ISLAND. Re-surveys off', p. 3. 
LONG ISLAND SOUND. :Ra-aurvey of, pp. 2, 3, 27, 28; reference 

to, in estimates, p. 11. Tidal observations In, pp. 25, 26, 27. Topo
graphical re-survey, pp. 25, 28; hydrographlcaurvey of east part of, 
p. 26; north shore of, p. 29; topographic re-anrvey of north shore 
of, p. 30. Triangulation point& eatabliahed on aouth •bore of, p. 
30; of north coast of, pp. 30, SI. 

LONGITUDES IN KENTUCKY AND WEST VIRGINIA, p.3; 
formulm and factora for the eomputatlon ol latitudes, longltudee, 
and azimuths, reference to, p. '1,-, alao, Appendix No. 7, pp. 323-
375; longitudes dednced in ibe OOllft and Geodetic Slll'Tey from 
determinations by me&na of the eleotrlo telegraph between the 
years 1846 and 1885, eoooml mij~ by Aealstant C. A. 
Schott; mention of, p. 8; -Appendis No. 11, PP· 407-430. Of De· 
trait, Mlob .. p. 8; for 4etetmlnatian o( ot plaoea in Pennsylvania 
and Weat Virginia, p.8$; of~, Va., determined, p.t1; 
of Cbarl"8ton, W. \fa.; p.46; o~iona tor, at Lafayette Park, 
S&u Franoieoo, Cal.. ·p.ta; ,... .dlltermlution of, of stations iJl. 
TllllDM8ee, XentaOkf, w.-vJqSDla, llldla1!•~ ll4i\ola, ff· 11, ~ i 
llf~M,·~lll.,p.'10., ' 
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LOOMIS STATION. N. Y., p. 92. 
LOS ANGELES, CAL., Magnetic observations at station, pp. 4, 

57,58. 
LOS CERRITOS STATION, p. 57. 
LOUISIANA. Survey of Gulf coast of, pp. 4, 54, M, 56 ; refenmce 

to, in estimates, p. 11. 
LOUISVILLE, KY. Observations for determinatiouA of longitude 

by el<change of telegraphic eignalo with etation at, pp. 3, 4, 35, 46, 

71, 72, 73, 76. A88ignment of an Assistant to duty in charge of ex. 
hibit of the Cosst and Geodetic Survey at the Southern Exposition 
at, pp. 4, 80. Reference to exhibit, p. 9; Appendix No. 4, 121; ac
count of the exhibit, &o.; Appendix No.18, pp. 4sil-493. 

LOWER DELAWARE BAY. Hydrographio re-survey of, p. 39. 
LOWER MISSISSIPPL Surveys of bays, pao8tl8, and bayous of, 

pp. 54, 55. 
LUCAS STATION, ILL., p. 75. 
LUPER STATION, TENN., p. 73. 
LYME, CO!l--:N. Topographical re·surveys in vicinity of, pp. 3, 25. 
LYNNRAVEN BAY, VA. Topographic survey in the vicinityof 

the hll&dwaters of, p. 43. 

•• 
MACHIAS, ME., p. 18. 
MACHIAS BAY. Triangulation and t.opography of, pp. 2, 18, 19, 20. 
MACHIASPORT, ME., pp. 18, 19. 
MACHIAS RIVER, p. 18. 
MADISON, LONG ISLAND SOUND, p. 28. 
MA.EDEL, E. A. Engraving Division, Coast and Geodetic Survey 

Office, Appendix No. 4, p. 112. 
MAFFITT, LIEUTENANT, U.S. N. Relative to early survey of 

Bull's Bay, S. C., by, and changes not.Id, p. 49. 
MAGNETIC DECLINATION. Annual determination of, at Cap

itol Hill, pp. 3, 41; for continuing observations on, see eatimates,-p. 
11 ; in California, p. 62 ; in Alaska, pp. 64, 65. 

MAGNETIC MAP OF NORTH AMERICA. Explanation of es
timate• p. 10. 

MAGNETIC OBSERVATIONS. Special, by Assiato.nt Davidson 
at El Pa.au, in ~11ex:ae, and o.t national observatory at Tacuba.yo; 
City of Mexico, pp. 62, 63; by Acting Assistant Marr at Point 
Barrow, Ala•k•, pp. 64 and 71. 

MAGNETIC WORK. See Appendix No. 2, p. 95; and Appendix 
No. 4, pp. 105, 119. 

HA.HON'S DITCH, DELAWARE peclal description of, 
p. 38. 

HA.HON'S RIVER, DELAWARE BAY, p. 38. 
HAINE. Opuratione on co&St of, pp. 2, 3, 17, 18, 201 21, 2..! i refer~ 

ence to, in estimates, p. U; triangulation of coast of, p. 18. 
¥A.NA.TEE, FLA., p. 52. 
14.A.NCHESTER, BENNINGTON COUNTY, VT. Station estab-

lished at, p. 22. 
HANGROV.E-M:UD LA.KE, LA. Triangulation line, p. 55. 
MANNSVILLE, N. Y. Lake Survey Station, p. 32. 
HANSFIELD, R. B., LIEUTENANT, U. S. N. Hydrographic 

re-survey of the approaches to New York, p. 32; bydrographic 
llUrVeys in vicinity of the A.nclote Keys, in Lemon Bay, and near 
San Carlos llay, we&t coaet of Florida, pp. 52, 53; Appendix No. 
1, pp. 88, 90; Appendix No. 5, pp. 128, 126. 

HAP OF THli: UNITED STATES. l'rogresa on, p. 5; reference 
t.o, in estimates, p.11; Appendix No. 4, p. 109. 

KAP MOUNTING AND CHART ROOMS. Appendil No. 4, p. 
104. 

MAPS AND CH.A.RTS. Appendix No. 2, p. 96. 
.HA.PE!j, W. B., ACTING A.ID. Ser•ioes in Section II, p. 96; Ap 

pendh: No. 1, p. 89. 
KA.RE ISLAND NA VY-YARD, CAL. Schooner Yukon laid np 

at, p. 86; the Haaaler laid up for repairs at, p. 70. 
llARINDIN, n. L., ASSISTANT. Comparioon of recent eurveya 

of Delaware River and Bay with former ones, pp. 36, 37 ; report 
on thla oompa.rlaon, Appendix No. 1~ pp. 431-434; 888ign<l(i to 
duty a. coDAultbig engineer of the U. S. Advisory Commission for 
tho port .. r l'hiladelphla, p. 87. 

lU..RIPOSA.. PEAK., CA..L., p. 41. 
Jl.4lm, R . .A.., ACTING AID. Services in Section X, pp. 61, 02, 64, 

llS; Aet!ag A.uiatant in expedition to Point Barro•, AJaaka, for 
oDWalag tie~ of i.:ravitJ and the magnetie element., p. 
711 ;&.""'4iJ.: lio. l, pp. ti, •• 

MARTINEZ EAST, STATION, CAL., p. 9; Appendix No.4, p. 
105. 

MARYLAND. Work on coast and boundary or, pp. 3, 8, 47. 
MASON'S BAY, ME., pp.18, 20. 
MASSACHUSETTS. Examination of ledges on coaot or, p. 22 ; 

reference to, Mass. and Epping base lines, p. 23. 
MASSANUTTEN RANGE, v A., p. 45. 
MASSENA STATION, TEX., p.M. 
MAXFIELD, SERGEANT J.E., U.S. SIGNAL OFFICE. On 

special duty in Computing Division, Coast and Geodetic Survey 
Office, Appendix No. 4. p. 105. 

MAY ISLAND, .ALASKA, p. 71. 
MAYVILLE, N. J. Appendix: No. 5, p. 127. 
McARTHUR (steamer). Use of. in Sertion X, p. 61; see Appendix 

No. 5, pp. 124, 125; relative to repair; on, p. 126. 
McCLAIN, C. S., ENSIGN, U. S. N. Services in Section II, p. 32; 

Appesdix No. 1, p. 88. 
McCORKLE, S. C., ASSISTANT. Re-estoblishment of points of 

the old triangub.tion1 and determination of additional ones on the 
south shore of Long Ioland Sound between Hort<m's Point and Old 
Field Point, p. 30; Appendix No. 1, p. 88; Appendix No. 4, p . 
105. 

:McCULLOCH, HON. HUGH, SECRETARY OF THE TREAS
URY. Report of Superintendent of Coast and Geodetic Survey 
transmitted to Congress by, iii; a<!dre•sed to, p. 84. 

McDANIEL STATION, HOGKING COUNTY, ORIO, p. U. 
McGRATH, ;r, E., AID. Services in Section XV, p. 77; .Appendix 

No.1, p. 92. 
MEASUREMENTS OF FORCE OF GRAVITY, pp. 4, 6, 7, 64, 05• 

71, 80. 
MEMORY ROCK, BAHAMA BAJl."KS, p. 51. 
MENDOCINO COUNTY, CAL. Ilydrographic work oft" ooast of, 

p. 61. 
MEJl."DOCINO HARBOR. p. 65. 
MENEFEE, D. P., ENSIGN, U. S. N. Services in Section II, p. 

28; Appendix No. 1, p. 88. 
MERIDIAN, MIS,;., p. 54. 
MERRIMAN, PROFESSOR .MANSFIELD, ACTING .ASSIST· 

.ANT. Continuat.ion of tht' tr1augulation arnl Tt"comrnh18ance of 
the State of l'eunsJ!Vania, J>. 34; AppMidix Xo. 1, p. 89. 

METEOROLOGICAL OBSERVATIONS AT PULPIT COYE, 
NORTH HA VEN ISLAND, PEKOBSCOT BAY, p. 21. 

METHOD OE' SKETCHING IN SHORE-LI:XE, WHEN MAK· 
ING PRELIMINARY OR RUNNING SURVEYS, AVOIDING 
THE NECESSlTY OF ESTIMATING DIRTAKCES, OR DE· 
PENDING ON THE EYE TO GEl' THE CONFIGURATION 
OF THE SHORE-LINE. Devisetl by Ensign J. H. Fillmore, U. 
S. N., .Appendix No. 5, pp. 133, 134. 

MEXICO, GULF OF. Connection of tidal le'l"els of Cbeoapeake Bay 
and, with transcontinental line of geodesic leveling, pp. 2, 54; r"f. 
erence to, in estimates, p. 11; model in relief of basin of, and Weot. 
ern Atl.,ntic, pp. 5, 82, 83, Appendix No. 4, p.109; Appendix No. 
17, pp. - ; depths of the sea in the Bay of North America and 
pp. 9, 83 ; rec.onnaissanoe for extending primary triangulation in 
Northern Georgia and Alabama towards coast of, "tor near Mobile, 
pp. 49, 54. 

MICROMETER. The runQf the, p. 7; see Appendix No. 8, pp. 377-

385, by Aosistont G. Davidson. 
:MIDDLE CLUMP, FISHER'S ISLAND SOUND. Dangerous 

ledges north of, p. 26. 
:MIDDLE GROUND, N:j!:W YORK ENTRANCE. Examination 

of, p. 33 . 

:MIDDLE POINT, FLA. Recovery of former AW.tions. p. 52. 
:MILITARY ROAD. Survey of District of Columbia as far as the, 

p. 42. 
:MILL POINT, CHERRYSTONE INLET, VA., p. 43. 
ld..ILLBRIDGE, NARRAGUAGUS RIVER, ME., p. 21. 
MILLBIUDGE STEAMBOAT WHARF. Tidal oboerv&tions at, 

p. 21. 
. MILLSTONE POINT, LONG ISLAND SOU:N'D. Tidal oboerva· 

tiona at, p. 29. 
'ldILTON, J.B., LIEUTENANT, U.S. N. Services in Section X, 

p. 66 ; Appendil l, p. 91. 
},{.ILTON, W. VA., p. 46. 
MINOT'S LEDGE LIGHT-HOUSE, MASSACHUSETTS BAY. 

Development of ledges 01!; pp. 2, •· 
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MISCELLANEOUS DIVISION, COAST AND GEODETIC SUR
VEY OFFICE. Reference to, in estimates, p. 12; Appendix No. 
4, p. 104; report of, p. ll6. 

MISCELLANEOUS MAPS. See report of Drawin~ Division, Coast 
and Geodetic Survey Office, Appendix No. 4, pp. 111, 112. 

MISHAW AKA, SAINT JOSEPH'S COUNTY, IND., p. 74. 
MISPILLION CREEK LIGHT-HOUSE, pp. 37, 38. 
MISSISSIPPI. Survey weat of delta of, pp. 4, 54; reference to, in 

estimates, p. 11. 
MISSOURI. Primary triangulation in, pp. 4, 77. 
MITCHELL, HENRY, ASSISTANT. Physical hy<lrography of 

Delaware River and Bay, and location of port-warden lines in the 
harbor of Philadelphia, p. 36; review of progress report of .Assist· 
ant H. L. :Marindin on surveys of Delaware River and Bay, pp. 
36, 37; service as a member of tbe :Mississippi River Commission, 
p. 36. 

MOBILE, A LA. Primary trillllgulation near, p. 4; reference to, in 
estimates, p. 11 ; lines of levels near, pp. 41 54; reconnaissance for 
extenaion of primary triangulation in North Geor~ria and .Alabama 
towards coast of Gulf of Mexico at or near, pp. 49, 54. 

MOBILE BAY. Re.survey of, reference to, in estimate•, p.11. 
MOCHO, CAI,. Triangulation station, p. 61. 

MODEL (IN RELIEF) OF THE BAY OF ~ORTH .AMERICA, 
AND THE GUL1'' OF MEXICO. Description of, by J.E. Hilgard, 
Superintendent, .Appendix No. 17, pp.-; Appendix No. 4,p. 109. 

MOLKOW, E. Drawing Division, Coastlllld Geocletic Survey Office, 
Appentlix No. 4, p.109. 

MONADNOCK, VT. Station established at, p. 22. 
MONHEGAN LIGHT-HOUSE. Dangerous rocks ne"r, p. 5. 
MONOMOY PASSAGE. Discovery of daJJgerous shoals in, pp. 2, 1 

6 ; re-snrvey of, pp. 3, 23. 
MONT AUK POINT. Re-survey of, pp. 3, 27, 28, 33. 
MONTEREY, CAL., p.61. 
MOORE, F. Engraving Division, Coast and Geodetic Sun·e_y Of· 

ftce, Appendix No. 4, pp. 103, 113. 
MOORE MOUNTAIN (STATION), ·n. BIWOKFIELD, CAR· 

ROLL COUNTY, N. H., p. 22. 
.MOOS-A-BEC REACH. Hydrol(raµhic survey in vi<:init:; of, pp.~. 

6. 18, 19; dangerous ledge developed near ent1·ance fo, p. 20. 
:MORGAN, W. B .. DISBURSING AGE:NT, COAST ANll GEO. 

DETJC SlTR"VEY, p. 83. 

MORO .BAY, CAL. Snrvc•y of California coast near, pp. 4, 50, 60. 
MORO ROCK, CAL., p. 60. 
MORSE, FREMONT, .AID. Observation of solo.r eclipse in San 

Francisco, October 30, 1883, p. 63; servioee in Section :XIT. p. 71. 
MOSER, JEFF . .I!'., LIEUTENANl', U. 8. N., ASSISTANT HY· 

DROGRAPHIC INSPECTOR, p. 17; Appendix No. 5, pp.127, 128. 
MOSMAN, A. T., ASSISTANT. Extension westward of the pri· 

marytriangulation ncar the thirty-ninth parallel in West Vir~inia 
and Ohio, pp.46, 47; Appendix No. 1, p. 90. 

MOSQUITO CREEK, p. 49. 
:MOUND STATION, NEAR ALTAMON'.l', EFFINGHAM 

COUNTY, ILL., p. 75. 

MOUNT BACHE (LOMA PRIETA), CAL., pi>. 61, 6'2. 
MOUNT BELKNAP, UTAH, p. 78. 
MOUNT BUCHON, CAL., p. 60. 
MOUNT DESERT ISLAND, ME., p. 21; Views of, Appendix No. 

'· p.115. 
MOUNT DIABLO (CAL.) STATION, p. 9; Appendix NoA, p.105. 
MOUNT ELLEN, UTAH, p.78. 
MOUNT EQUINOX (S'.l'ATION), MA.N"CHESTER, .BENNING· 

TON COUNTY, VT., p. 22. 
MOUNT HA.HILTON (LICK OBSER~ ATORY), CAL., p. 62. 
MOUNT HOREB, N. J., p. 33. 
MOUNT MARSHALL. VA., pp. 45, 46. 
MOUNT NE:BO, UTAlI, pp. 78, 79. 
MOUNT OLIVE, N. J., p. 33. 
MOUNT PLEASANT (STATION), GREEN COUNTY, WIS., 

p. '16. 
MOUNT TOP, KY. Tri&DgulatiOll station., p. 78. 
.MOUNT TORO, CAL., FORJi:l..ERLY SALINAS MOUNTAIN, 

p.fll. 
MUD-HOLE CHANNEL, MACHIAS BAY, lttE., p. 19. 
MULDRA.UGH'S HILL, X:Y., p. 73. 
MURDERKlLL ClU!:EK, DELA.WARE .B.A Y, p. 38. 
MUSCO:NGUS .BAY, COAST OF lLUNE. Hydrographic survey 

in, pp. 2, 18; da.ngerous Wge reported m, p. 20. 

NAMES Ol<' VESSEJ,S, THEIR TONNAGE, ETC., IN THE 
SERVICE OF THE COAST AND GEODETIC SURVEY 
DURING THE FISCAL YEAR ENDING JUNE 30, 1884, 
Appemlix NO. 5, p. 131. 

NANTUCKET SHOALS. Development of dangerowo shoals near, 
p. 5, 6, 23 ; reference to; in estimates, p. 11. 

NANTUCKET SOUl<J). Re-survey of, referred to in estimates, 
p. 11 

NAPATREl!: POINT, CONN., pp. 25, 26. 
NARJLl.GA~SETT BAY. Tidal ooservations in, p. 25. 
NARRAGUAGUS BAY AND RIVER, ME. Hydrographic &Ill" 

veys of, pp. 3, 20, 21. 
NASH ISLAND, ME. Hydrographic survey near, pp. 2, 18, 19. 
NATION AL ACADEMY OF SCIE~CES. Reference (pp. 82, 83) 

to model in relief of basin of Gulf of Mexico exhibiteil by Super
intendent J. E. Rilgard at meeting of, in 1880; also, o.senlarged to 
include Ila,- of North America and shown at meeting in April, 1884. 

NATIONAL MUSEUM. Exhibit of, at Sonthern Exposition at 

Louisville, Ky., p. 80. 
NATIONAL OBSERVATORY, AT TA.CUB.AYO, ON EDGEOl!' 

CITY O~' :MEXICO, pp. 62, 113. 
NATTITUCK INLET, LONG ISL.A.ND. Tide-gauge established 

near, pp. 26, 27. 
NAVAL CONSTRUCTOR S. H. l'OOK, WASHINGTON NAVY· 

YARD. Assistance rendered by, in preparing drawings and 
model of steamer C. P. Patterson, p. 79; see, also, Appendix No. 5, 
p.128. 

NAVAL OBSERVATORY, WASHINGTON, D. C. Longitude 
signals from, p. 41. 

NA. V .AL O.F.lt'ICERS ON COAST SURVEY SERVICE. Hydro. 
. graphir. ~xaroinations and suneys which developed dangers_ to 

navigation made by, pp. 5, 6; explnnation of estimates for sub818t· 
.... a.nee of, p. 10; traveling expenses of, reference to, in eatims.tes. 

p. 11. ]for names and number of, see AppendiJ< No. 5, PP· 129-

131, 132. 
NJ.:A.:l"lE AND LEVY. Uontractoraat Philadelphia for machinery 

of steamer C. P. Patterson, p. 80; .Appendix No. 5, p. 129. 
NEBO. NEV. Triangulation station, p. 78. 
NEE DI.ES, A HlZ. Lon/.!;itude dt•lerminoo, p. 63. 
:l\EJAiOX, ,JOHN", .AUTll\G AID. Serdces in Section III, p. 45; 

in Section V 111, l'- 54 ; Appendix No. 1, p. 90. 
NEPIII. UTAH, p. 79. 
::::rns :ROCK, :EAST RIVER, N. Y. Discovery of dangerous rock 

near, pp. 2, 29. 
NESTUUC.A. BAY AND RIVER, OREG:. Surveys of, PP· 4, 67. 
NETTLE ISLA.ND, SOUTH BAY, WASH. T. Bench-mark ""tab· 

li•hed at, p. 68. 
NEV A STRAIT, .AL.ASK.A.. Dang11TS d11veloped in, p. 6. 
NEY ADA. Stations ooeupled in, near tbh·ty·ninth parallel, pp. 4, 

78; State bollllda.ry between, and Utah, connected with the geo
detic work, p. 79. 

NEW .ARK STATION, NEW ARK COUNTY, WIS., p. 76. 
NEW CUT ROAD, WEST WASHING TON, D. C., p. t2. 
KEW EDITIONS, 1884, OF PLATES COMPLETED IN EN· 

GRAYING DlVll'lON, COAST AND GEODETIC SURVEY 
OFFICE. See Appendix No. 4, p. lU. 

NEW ENGLAND ST.A.TES. Progress of fteld work on bard.era 
and withi11, pp. 2, 17. 

NEW HA MP SHIRE. Geodetic operations in State of, PP• 3, 22. 
NEW INLET, FLA., l'· f>O. 
NEW JERSEY. Work on coast and within limit.II of State of, pp. 

3, 32, 33; reference to, in estimates, p. 11; geodetio operations iu, 
pp. a, 33; topographic sni-vey of coast of, from Cat"' llay Con.rt· 
Honse, northward, p. M; topographic re-aurvey of tho New Joraey 
shore of Delawam Bay continued, p. 37. 

NEW LONDON, CONN. Topographic re-llW'VBY nOllr, pp. 8, 28, 211; 
tidal obser\'ations at, pp.27, 28. 

NEW LONDON LIGHT, p. 29. 
NEWPOR'f, CAL., pp. 4, 57. 

NEW RIVER, }'LA., pp.4,bO. 
NEWTON, J. T., ENSIGN, U.S. N. 8errk1U ill Section I, p. 2'; Ill 

Section II, p. 27; Appendix :No. l, pp.111. 88. 
NEWTON STATION, JASPER OOtJ'lllTY, ILL., p. 75. 
NEW YORK (State). Work on ~ 11114 lbal.m of, PP· 8, 81; tri. 

angulation acroes, p. 8. , 
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NEW YORK :BAY. Geology of the sea-bottom in the approaches, 
to, p. 9; see, also, A.ppendixNo.13, pp. 435-438; explanation of esti
mates for re-surve.v of, p. 10; estimates, p. 12; trial trip of steamer 
C.P. Patterson down, Appclndix No. 5, p.1~9; observations of cur· 
rents at stations oft', pp. 3, 33; Appendix No. 5, p.124. 

NEW YORK (city). Re-suney of approaches to, pp. 3, 32, 33; ref. 
erence to, in estimates, p. 12; constrnction of the steamer C. P; 

- Patterson at, p. 18, 80; pendulam observations in, 1881, 18821 ref
erence oo, p. 41. 

NEW YORK NA VY-YARD. Work on Coast Survey steamer 
Endeavor at, Appendix No. 5, p. 126. 

NEW ZEALAND. Determinations of gravity at Auckland, pp. 7, 
41. 

NIANTIC BAY, LONG ISLAND SOUND, p. 28. 
NICHOLS, II. E., LIEUTENANT COMMANDER, U.S. N. Hy

drographio reconnaissance of the bayo and harbors of Southeast
ern Al3'!ka. con tinned, pp. 70, 71 ; Appendix No. 1, p. 92; detached 
from command of steamer Hassler, Appendix No. 5, p. 124; at
tention called to report of, Appendix No. 5, p.124; relativetopbme 
table devised by Ensign J, H. Fillmore, u. s. N., pp.133, 134. 

NOANK, CONN., p.25. 
NORFOLK, VA. Surveys in vicinity of, p. 43. 
NORMAL, JOIINSON COUNTY, MO., p. 77. 
NORTH AMERICA. Magnetic map of, reference to, in estimates. 

p.10. 
NORTH AMERICA, BAY OF. Model in relief of depth of the sea 

in the, and the Gulf of Mexico, p. 9 ; see Appendix No. 4, p. 109; 
also Appendix No. 17, pp.-. 

NORTH .ANCLOTE KEY, FLA., p. 52. 
NORTH 'ATLANTIC. Levels run for connection of tidal level of 

Gulf of Mexico with, p. 51. 
NORTH BASE, ILL. Monuments placed by authoritie• of Fayette 

County to m1:1_rk, p. 76. 

NORTH BAY, WASll. T., p.68. 
NORTH BROTHER. Rocks in East River, N. Y., near, pp. 2, 5. 
NORTH CAROLIN A. Progress of work on coasts and within, p. 3; 

reference to, in estimlltes
1 

p. 11. 
NORTH DUMPLING LIGHT-HOUSE. Tidal observations nt, 

p. 26. 

NORTH EDISTO RIVER, S. C., p. 49. 
NORTHERN ALABAMA. Extension of triangulation across, pp. 

49,54. 

NORTHERN GEORGIA.. Reconnaissance for extension of primary 
triangulation in, pp. 4, 49, 54. 

NORTH HA VEN ISLAND, PENOBSCOT BAY, ME. Meteoro. 
logical aud tidal observations at, pp. 3, 21. 

NORTH LANDING, N. C. Hydrographlc survey at, p. 3; Ap. 
pendix No. 5, p. 124, 

NORTH LANDING RIVER, VA., p. 44; head of river in Virginia, 
entrance in North Carolina, p. 47. 

NORTHPORT, LONG ISLAND, p. 30. 
NORTHPOR1' BAY, LONG ISLAND, p. ao. 
NORTH RIVER, N. C. Topographic survey in, pp. 3, 47; Ap· 

pendix No. 5, p. IU. 
NORTHWESTERN RAILWAY FREIGHT STATION. Door

wa.y on boundary line between Wisconsin a.nd Illinois, p. 76. 
NOTICES TO MARINERS. Dlacoveries a.nd developments of 

dangers to naviga.tors, p. '2; list of, and dates, pp. 5, 6; No. 40, p. 24; 
No. 41, pp. 20, 22; No. 42, p. 27; No. 45, p. 24; No. 47, p. 26; No. 48, p. 
29; No. 49, p. 20; No. IH, p. 39; number of copies printed of, Ap
pendix No. 4, pp. 117, 118. 

NUMBER OF llEN ATTACHED TO COAST SURVEY VES
SELS FOR FISCAL YEAR ENDIN& JUNE 30, 1884, Ap
pendix No. 5, p. 132. 

NUMBER OF NAVAL OFFICERS ATTACHED TO COAST 
AND GEODETIC SURVEY VESSELS FOR FISCAL YEA.R 
ENDING JUNE 30, 181*, Appendix No. 5, p. 132. 

o. 

OAKLA.Nl>, XY. Signal &talion, p. U. 
OAX NEOK"l'OINT, LONG ISLA.ND SRORE, pp. 30, 31. 
OBITUilIKS, JIJl •. l.t-16. 
OBSBRV ATlONS J!'OR LATITUDE AND LONGITUD:&, pp. 4, 8, 

'1,411,11,'l\ll,'lll. 

OBSERV A. TIONS OF CURRENTS. Reference to, in estimates, p. 
10; in New York entrance, pp. 3, 33; o:tf Delaware lls.y, referred 
to in estimates, p. 11; off east coai\t of Flol'ida, p. 51. 

OBSERVATIONS OF SOLAR ECLIPSE OE' OCTOBER 30, 1883, 
BY ASSISTANT G. DA. VIDSON, p. 63. 

OBSERVATORY .AT GENEVA, SWITZERLAND. Determina
tions of gravity at, pp. 6, 4-0. 

OBSERVATORY AT KEW, ENGLAND. Determinations of 
gravity at, pp. 6, 40. 

OBSERVATORY AT SAN FRANCISCO, CAL. Observations of 
solar eclipse of October 3-0, 1883, by Assistant G. Davidson, at the, 
pp. 62,63. 

OBSERVATORY AT TA.CUB.A.YO, NEAR CITY OF MEXICO. 
Special magnetic observations at, l'P· 6~, 63. 

OCCUPATION OF STATIONS. In continuation of the triangn
lationof the State of Vermont, p_ 22; for connecting with thetri· 
angulation the corner atones and boundary monuments of the 
District of Columbia, p. 41; at Louhwille, Ky., for dot1._•rmination 
of longitude of stations in Tennessee, Kentucky. West Virginia, 
Indiana, and Illinois, by exchanges of telegraphic si~nals, pp,71, 
72; for extension of' the triangulation of the State of Ohio, p. 74; 

for continuing to westward the primary triangulation in Missouri 
and Kansas, near the thirty-ninth parallel. p. 7i; in Nevada and 
reconnaissance in Utah for the externiliOn ea!itwar'1 oftbe primary 
triangulation near the thirty-ninth parallel, p. 78. 

OFFICE EXPENSES. Explanation of estimates for, p.10; refer
ence ro, in estimates, p. 12. 

OFFICE REPORTS FOR THE YEAR ENDING JUNE 30, 
1884. See report of Assistant in charge of Office and Topogra
phy, Appendix No. 4, pp. 103, 121; of Hydrogmphic Inspector, 
Appendix :!fo. 5, pp. 123-134. 

OFFICERS OF THE U.S. NA VY ON COAST A.Kl> GEODETIC 
SURVEY SEHVICE DUIUXG FISCAL Y.EAR ENDING 
JUNE 30, 188i, Appendix :Ko. 5, pp. 1~9, 130. 

OFFICE WORK. p. 5. See A ppRndb.: Nu. 4, relating to tides, pp. 
JOi, 108; of the Hydrographic Inspector·s office, Appendix No. 5, 
pp, 127, 1~8. 

OGDEN. H. G., ASSISTANT. Reference to base established at 
Anna Mari" Key, Tampa Bay, by, p. 52; in charge of Engra¥ing 
Division, electrotJping ant! printing, p. 82; Appeudix No. 4, p. 
103; for report see pp. 112-116. 

OGDEN, UTAH. Longitude of, principal point of reference for 
the longitutlcs obtained in the U.S. Geographical Surveys west of 
the one hundredth meridian, pp. 8, 79. 

OlIIO. Extension we•tward of trianp;ulation in, pp. 3, 4, 46, 47, 74; 
marking of boundary line between States of Pennsylvania and, 
pp. 7, 34, 35, 47. 

OIL SPOT. Special examination in and arnund the, p. 33. 
OKA.LONA, MISS. Leveling near, p. 54. 
OLD COLONY STEAMBOAT COMPANY REPORTS EXIST· 

ENCE OF DANGEROUS ROCK IN EAST RIVER, p.29. 
OLD DUCK CREEK, DELAWARE B.AY, p. 38. 
OLD FIELDS POINT, LONG ISLAND, pp. 3, 30. 
OLD LA.NDTNG, LONG ISLAND, p. 26. 

OLD MA.N AND OLD WOMAN LEDGES. COAST OF MAINE. 
Dangerous rocks discovered between, pp. 5, 20. 

OLD MAN'S POINT, DEL.A.WARE RlVER, p. 36. 
OLNEY, RICHLAND COUNTY, ILL, p. 75. 
ON THE GEOLOGY OF THE SEA. BOTTOM IN THE A.P. 

PRO.A.CHES TO NEW YORK BAY, BY A. LINDENKOHL 
Appendix No. 13, pp. 435-438. ' 

ON THE USE OF THE JWDDY FOR YEA.SURING THE 
SWAYING OF A PENDtl'LUM SUPPORT, BY C. S. PEIRCE, 
ASSISTANT, Appendix No.15, pp. 475-482. 

OOGLAAMIE, POL."<T BARROW, ALASKA, p. M. See Appendix 
No. 4, pp. 104, 105. 

OONALASHKA, ALASKA. :Magnetic observations at, p. 64. _ 
OPERATIONS OF COAST AND GEODETIC SURVEY PAR· 

TIES, Appei>dix No. 1, pp. 87-93. 
ORCHARD, J. M., ENSIGN, U. S. N. Services in Section II, p. 

·32; in Section VI, p. 53; Appendix No. 1, pp. 88, 90. 
OREGON. Progress of work in, pp. 4, 66, 67. Coast Pilot of, publi· 

eation of fourth edition by Aasistant Davidson, pp. 63, 65 ; reference 
to oompa.riaon of tidal observations of Sandwich Tula.nds and, 
p.82. 

ORIENT HARBOR, LONG ISLA.ND, p. 3. Topographic and hydro
Jtl'&pblc !'Hurveya in viclnlty of, pp. 'P, 28. 
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ORIENT POINT, LONG ISLAND, p. 28. 
ORTON'S POINT, N. q. Dredging of cha.noel through three 1thoale 

oil; p. 48. 
O'SULLIVAN, T. J. Drawing Division, Coast and Geodetic Sur· 

vey Office, Appendix No. 4, p.109. 
OSWEGO, N. Y. Lake •urvey station, pp. 31, 32. 

OUTER HERON LEDGE, COAST OF MAINE. Hydrographio 
examination of, pp. 3, 22. 

OVER, FRANK. Engraving Division, Coast and Geodetic Survey 
Ollice, Appendix No. 4, p.113. 

OWEN, MONROE COUNTY, TENN., p. 73. 
OYSTER BAY, ]'LA., p. 52. 

OYSTER RIVER, CONN., p. 25. 

p, 

PACIFIC COAST. Triangulation betweeen Atlantic and, pp. 2, 
11, 57; short summary of work on, p. 4; reference to, in estimates, 
pp.10, 11; transcontinental line of levels referred to in estimates' 
pp. 11, 12; tidal and mau:netic observations on, referred to in es
timates, p. 12; complete historical statement of discoveries and 
explorations on, by Dr. J. G. Kohl, reference to, p. 83, and Ap
pendix No. 19, pp. 49:Hi17; sailing charts, &c., of, see tables in re
port of Drawing Division, Appendix No. 4, p. 111; use of the 
steamer McArthur on, Appendix No. 5, p.125; distribution of onr
veying parties upon the' Atlantic, Gu!t of Mexico, and, and the 
Interior of the United :States for the fiscal year ending June 30, 
1884, Appendix No. l, pp. 87-93. 

PACIFIC COAST PILOT. New edition in prepantion, p. eo ; for 
Alaska, publication of, p. 83; reference t.o, Appendix No. •, p. 
lltl. 

PAGE, PROFESSOR. Reference t.o former triangulation in Ken· 
tacky by, p. 71. 

PALINURUS (ochooner). Use of, in Section U, p. 26; Appendix 
No. 5, pp.124, 125; repairs on, at New York navy-yard, Appendix 
No. 5,pp.126, 127. 

PAMPLICO ARC OF THE MERIDIAN, p. 32. 
PAMPLICO RlVER, p. 48. 

PAMPLICO SOU.ND, p. 48. 
PAN HANDLE of West Virginia. Boundary between Penneyl· 

vania and, p. 7. 

PARIS, FRANCE. Pendulum experiments at, p. 2; relative to 
transportation of important stantlarus t.o the International Ba· 
reau of Weights and Measures at, pp. 4, 81, 82. 

p .ilRKER, J.P., ENSIG.N, U. 8. N. Services in Section Il, p. Tl: 
Ill Section VI, p. 53; Appendix No.1, pp. 88, 90. 

PARKINSON AND l<'RODSHAll SIDEREAL CHRONOMETER. 
Use of, p 34. 

PARKS, MARSHALL, PRESIDEl'l'T OF CHESAPEAKE AND 
ALBEMARLE CANAL COMPANY. Kindness of, in fnrnisb
ing paas through the canal for the Arago, p. 48. 

PARSONS, F. H., SUB.ASSISTANT. Servicee in S..Ction III, pp. 
40,41,46, in Section XIII, pp. 71,72; inSeetionXIV, p.78; 1te0 

Appendix No. l, pp. 89, 90, 92. 
PARSONS, JORN W., ACCOUNTANT TO DISBURSING 

AGENT OF THE COAST AND GEODETIC SURVEY, p. 83. 
PART I. Report for 1884, pp. 1-16; Part II, Report for 1884; pp. 

17-lli; Pa.rt III, Appendices to Report of 1884 from Nos. 1 t.o 111, 
pp. 87. -

PARTIES OF THE COAST AND GEODETIC SURVEY UPON 
THE ATLANTIC, GULF OF MEXICO, AND PACIFIC 
COASTS, .A.ND THE INTERIOR OF THE UNITED STATES 
DURING FISCAL YEAR, 1883-''4. Diatribution of, Appendix 
No. 1, pp. 87-93. 

"PARTY EXPENSES." Explanation of 011timates for p.10; ref· 
erenee to, in eAtimates, p. 12. 

PASSAMAQUODDY BAY. Partial eurvey of, refenmoo to, in 
utimates, p. u. 

PATERSON, PASSAIC COUNTY, N.J., p.33. 
PATMOS HEAD, UT.A.H,p.78. 
PATTERSON, C. P., LATE SUPERINTENDENT OF COAST 

AND GEODETIC SURVEY. Reference to, as projector of 
ateamer for survey of Alaskan waters, Appendix No. 6, p.129. 

PATTERSON, THE C. P. {steamer). For service on .Alaekan 
DOa11t, completion ot, p. 18; charge ot collfltrnction of, pp. 79, 80; 

-· llao, Appendix No. 5, pp. 128, 1211. 

PATTERSON, PRESIDENT, OF KENTt1CKY AGRICUt'r
UR.AL AND MECHANICAL COLLEGE, AT LEXINGTON. 
Courtesies extended by, p. 72. 

PA WCATUCK RIVER, CONN. AND R. I., pp. 25, 26. 
PAY OF FIELD OFFICERS. Explanation of estimates for, p. 10; 

reference to, in estimates, p. 12. 
PAY OF OFFICE FORCE. Explanation of estimates for, p. 10; 

reference to, in estimates, p. 12. 
PEIRCE, CHARLES S., ASSISTANT. Determinations of gravity 

by pendulum experiments, and comparisons of standard• in 
Europe and in the United States, by, pp. 40, 80, 81; Appendix No. 
1, pp. 811, 93; on the use of the noddy for measuring the swayin,; 
of a pendnlnm support, by, Appendix No. 15, pp. 475-482; effect 
of flexure of a pendulum on its period of oseillation, by, App&n· 
dix Yo. 16, pp. 483-485. 

PEMAQUID LEDGE, COAST OF MAINE. Examination of, pp. 
3, 22. 

PENDULUM EXPERIME::STS. At Paris, France, pp. 2, 40; at 
Baltimore and Washington, pp. 3, 40, 41; at New Zealand, British 
India, Japan, &c., pp. 7, 41: see Appendix No. U, pp. 439-473, by 
Assistant Edwin Smith; notice of comparisons of standards in 
Europe and the United States, by Assistant C. S. Peirce, pp.40, 80, 
81; at San Francisco, in connection with similar observations In 
Alaska, pp. 64, 65. 

PENNICK STATION, KY., p. 73. 
PENNSYLVANIA AND WEST VIRGINIA. Survey of bound· 

ary lines between, notice of, pp. 2, 7, 8, 34, 35, 47, 7% ; geodetic opera
tions in, pp. 3, 34. 

PENOBSCOT BAY. Tidal and meteorological obeervatjons in, PP· 
3, 21. 

PERIL STRAIT, ALASKA. Notes on dangers in, p. 6. 
PERKDl'S, F. W., ASSISTANT. Continuation of the survey of the 

Gulf coast of Louisiana from Calcasieu PMS eaetward, pp. 51!, M; 
sen·lc•s in Section XIV, p. 75; Appendix No. 1, pp. 91, 92. 

·PERSON:> CONDUCTING OPERATIONS OF THE COAST 
AND GEODETIC SURVEY, Appendix No.1, pp. 87-93. 

PETERSEN, A. Engraving Division, Coast and Geodetic Survey 
Office, Appendix: No. 4, p. 112. 

PETTIT. WILLIA.ML., O~' BALTIMORE, MD. Contractor for 
repairs on steamer Blake, Appen<liic No. 5, p.125. 

PHELPS, HARRY, ENSIGN, U. S. N. Services in Section II, p. 
32; in Section VI, p. 53; AppAndix No.1, pp. 88, 90. 

PHELPS' LEDGE, BLOCK ISLAND SOUND. Soundings near, 
p.26. 

PHILADELPillA, PA. Location of port.warden lines in bar. 
bor of, pp. 3, 36, 37: constmction of machinery of steamer C. P. 
Patterson at, pp. 18, 80; Appendix No. 5, p. 129. 

PHOTOLITHOGRAPHY. Referenee to maps and charts, p. 5; 
&pecial notice of, north shore of Long Island Sound, p. 30; Ap· 
p•ndix No. 4, p. lOll. 

PHYSICAL HYDROGRAPHY. Of Delaware River and Bay, pp. 
3, 36; see. also, Appendix No.12, pp. 431-434; reference to, Ill esti· 
mates, p. 11; for continning researches in, relating to harbors and 
bays, reference to, in eatimates, p. 11; location of port.warden 
lines Ill Philadelphia, p. 36. 

PIEDRAS BLANCAS LIGHT-HOUSE, CAL., p. 59. 
PIGEON HILL BAY, ME. Hydrographic survey of, pp. 3, 11, 20, 

:11. 
PILLAR POINT, STRAIT OF FUCA, p. 70. 
PILLAR ROCK, MORO BAY, CAL., p. 60. 
PILLSBURY, J. E., LIEUTENANT, U. S. N., ASSISTANT 

HYDROGRA PHIC INSPECTOR, p.17. Hydrographic examina· 
tlons on Pewaquid -1 Outer Heron Ledges, coast of Maine, and 
Ipswich Harbor entrance, coast of ll1as1111ehuset;ts, p. 22; veritlca· 
tion of hydrography, Atlantic Coast Pilot, in Seetion IV, p. '8, 
andinSeotion V, p. 49; Appendix No. 1, pp. 87, 90; Appewllx No. 
5, pp. 124, 127, 128. 

PINEY BRA.NCH VALLEY,D.C.,ANDPINEYBRANCH,p.42. 
PINEY POINT. Relative t.o sunken wreck in Potomae River 

near, p. 5. 
PINEY POINT BAR, CORE SOUND, p. "8. 
PINEY STATION, W. VA., p. 46. 

PINNACLE ROCK, IN EAST RIVBR., N'. Y., pp. 8, fi; buoy 
placed on, by Light·Holl8e Board, pp. 6, 30. 

PIOCHE STATION, LINCOLN COUNTr, ll'BV. Jl:Glllltain 8,880 
feet in height, pp. 78, 7V. 
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PLANE TABLE SHEETS OF PACIFIC COAST, Appendix No. 
4, p.111. 

PLATES COMPLETED OR COMMENCED DURING THE 
FISCAL YEAR ENDING JUNE 30, 1884, ENGRAVING Dl-

VISION, Appendix No. 4, pp. 114-116. 
PLEASANT HILL, CASS COUNTY, MO., p. 77. 
PLOVER BAY, EASTERN SIBERIA, p. 64. 
PLUM ISLAND. Topographic re-survey of, p. 28. 
PLUM ISLAND SOUND. Examination of changes in entrance 

to, p.22. 
POINT BARROW, ALASKA. Determination• of gravity and 

magnetic elements at, pp. 4, 71; station of International Polar Com· 
mission established at, p. 64. 

POINT BELCHER, p. 64. 
POINT BUCHON. Hydrographio snrvey near, pp. 4, 60; Appen· 

dix No. 5, p. 125. 
POINT CONCEPCION. Triangulation north of, pp. 4, 58, 59, 61. 
POINT HIGGINS, ALASKA, p. 71. 
POINT HOPE, AMERICAN SIDE OF SIBERIAN CO.A.ST, p. 

64. 
POINT ISABEL, TEX. Triangulation near, pp. 4, 56. 

POINT OF MAIN, ME., p. 18. 
POINT SAN MATEO, CAL., p. 57. 
POLLOCK RIP LIGHT-VESSEL. Development of several dan

gerous, shoals near, pp. 6, 23, 24. 
POOK, S. H., NAVAL CONSTRUCTOR. Assistance rendered 

by, in preparing drawings and model for steamer. C. P. Patterson, 
p. 79; also see .A.ppen<lix No. 5, p.128. 

POOR SHOAL, .ME. Examination of, p. 22. 
PORT ANGELOS, WASH. T. Tide-gauge at, p. 70. 
PORT CHESTER, ALASKA., p. 71. 
PORTElt. Jl,!t:IL\I'N' G. Computin~ I>ivioiun, Coast anu Geodetic 

Surny Office, A.ppenuix N,>. 4, p. 10;. 
PORT HARFORD, SAN LUIS BAY, CAL. Descript10n of, pp. 

60, 61. ' 

PUBLICATIONS OF THE COAST A.ND GEODETIC SURVEY 
RECEIVED FROM THE PlJBLIC PRINTER DURING THE 
FISCAL YEAR ENDING JUNE 30, 1884, Appendix No. 4, p. 
118. 

PUBLISHrNG OBSERVATIONS. Explanation of estimates, p, 10; 
reference to, in estimates, p. 13. 

PUGET SOUND, Appendix No. 5, p. 125. 

PULGAS BASE, CAL. Meas11red by A.asistant Cutts, p. 61. 
PULPIT COVE, NORTH HA. VEN ISLAND, PENOBSCOT BAY. 

MeteorologitJl>l and tidal obl<ervations at, pp. 3, 21: Appendix No. 
4, pp. 107, 108. 

PUMPKIN CHANNEL, CHARLESTON BAR, p.49. 
PUNGO, N. C., p. 48. 
PUNGO FERRl\:.. N. C. OR VA., p.44. 
PUNT A. RA.SA, FtA. Trianjl;ulation near, pp. 4, 52, 53. 
PURCELL, J. L., ENSIGN, U. S. N. Serrices in Section XI, p. 

68; Appendix No. 1, p. 91. 

q. 

QU .A.DRILATERA.LS (DAVIDSON). Trigonometrical determiua
tions of the heights of the stations of the, pp. 8, 9; see, also, Ap
pendix No.10. pp. 391-405, and Appendix No. 12, of year 1~83. 

QU.A.LCINE BAY, WASH. T., p.69. 
QUANTICO, VA., p.45. 
QUI.AMBA.UG COVE, CONN., p. 25. 
QUICK (schooner). Use of, iu Section VI, p. 52; see, also, Appen

dix No. 5, pp. 12•, 131. 
QUIMBY, PROF. E. T., ACTING ASSIST.A.NT. Continnation 

of the tnangulation of the State of New Hampshire, p. 22; Ap· 
penuix No. 1, p. Si. 

QUODDY HEAD (WEST>, ME. Triangulation near, pp. 2, 18; 
tl:'t-.,,r~uc., to, in'- stimates, p. 11. 

JI.. 

PORTLAND, ME. Examination by Lieutenant Pillsbury, U.S. N., RACE HOCK, LONG I8L.HiD SOL'XD, pp. ~6. 27. 
of rooks near, p. 22. RAMAPO, IW•':KLA:'i'D CoUXTY, X. Y., p. 33. 

PORTLAND, OREG. Triangulation of Willamette River as far RAMAPO MOU:\T, p 3·1. 

es, pp.(;7,60. RANDOLPH AND 1>lACON COLLEGE, ASHLAND, VA. 
PORT MORRIS, N. Y. Rnek• near, p. 27. Bench-mark ~stablished at, p. 45. 

PORI' ROYAL ENTRA.NCH:, :-;A.VANNAH RIVER, p.49. RAY, LIEU'l'ENANT. Ob' SrGNAL SEltVICE. Commanding 
PORT SlMPSON, ALA.SKA, P· 70. expedition to Point Barrow, Alaska, in co-operation with <>fficers 
PORT TONGA!:), ALA.SKA, P· 71. of Coast Survey, p. 64. 
PORT TOWNSEND, WASH. T. p.70. RAYMOND, MAJOR C. W., U.S. ENGlXEEU CORPS. Exami· 
POSSESSION SOUND, \V ASH. T. Continuation of triangulation nation of dangerons ledge in Muscongns Bay reported by, p. 20. 

and topography of, pp. 4, 69, 70. READY (schooner). Use of, in Section IV, p. 48; reference to, in 
POTOMAC RIVER. Examination of sunken wreok near Piney Appendix No. 5, pp. 124, 127. 

Point in, p. 5; triang11lation of District of Columbia from lines on RECONNAISSANCE. In Rookingh&m County, N. H., p. 22; for 
the, pp. 42, 45; reference to A.queduct Bridge acroos the, p. 45. extension of tdangulation in southern part of New Jersey, p. 33; 

POTTS STATION, IND., p. 73. foroontinniug triangula.tion of State of Pennsyh·ania, p. 34; for 
POWDER HOLE, MONO MOY POINT, p. 23. extension of primary triangulation in Northem Georgia and Ala-
PRATT, .r. F., SUBASSISTANT. Services in Section Ill, p. 46; bama, pp. 49, 50, M; for connecting the triangulation in the vicinity 

continuation of the trlauiulatlon and topography of Possession of Point Is1Lbel and the month of the Rio Grande with Browne-
SoWld, Waah. T., pp. 69, 70; services in Section XIII, p. 73; .Ap- ville, Tex., pp. 56, 57; of •he bays an•l harbor$ of Southeastern 
pendix No. 1, pp. 90, 91, 92. Alaska, pp. 70, 71; extenoion of, and triangulation in the State of 

PRIMARY TRIANGULATION. Progress of; in interior States, Kentucky, pp 72, 73; for eoutinuation of triangulation of State of 
p. 2; extension of, in Northern Georgia a.nd Alabama, pp. 4, M: of Indiana, P• 14; in Utah, p. 78; see Appendix No. 2. p. 95. 
ooastof California, pp. 4, 58, 59; reference to, in estimates, p. 11; RECORDS OF FIELD .A.ND OFFICE WOHK OF COAST .A.ND 
in Illinois, Mlseouri and KaDSas, pp. 4, 77: connecti-0n at La.ke GEODETIC SURVEY, Appendix No. 2, p. 96. 
Ontario of the, of the Coast and Geodetic Survey with that of the RED HILL, CAL. Lme of levels carried up, by late Assistant 
Lake Survey, p. 8; in Nevada and Utah, p. 78; see, also, Appendix Cutts, p. 62. 
No. 9, by Aeal•tanta C. 0. Bontelleand C. A. Schott, pp. 387-390. REEDY ISLAND, DELA WARE BAY, pp. 36, 37. 

PRINCETON, MASS., p. 23. REISSUES, 1884, OF FLA.TES FROM ENGRA. VING DIVISION, 
PRINTING. Number of impl'('Slliona, Engravin~ Division, Coast Appendix No. 4, p.114. 

and Geodeti.o Survey Offioo, Appendix No. 4, p. 114. RENT OF OFFICE BUILDINGS. Explanation of e11timates. p. 
PROCTER, PROF. J. R., STATE GEOLOGIST, KENTUCKY. 10; referenoe to, in estimates, p. 13. 

Reference toservioee in placing Coaat and Geodetic Survey &.x- REP.A.IRS AND MAINTENANCE OF VESSELS. Explanation 
hibits at Sottthern Exposition, Looiavllle, Ky., p. BO. of estimates, p. 10; reference to, in estimates, p. 13. 

PROGRESS SKETCHES. See Appendix No. 4, p.114. REPORTS. Of the .A.asistant in charge of office and topography for 
PROJECTION TABLES AND FORM.UL& AND FACTORS the year ending June 30, 1884, ApP"udix No. 4, pp. 103-121; 

FOR LATITUDE, LONGITUDE, AND .AZllCUTR COMPU- including Nporte from all the Divisions of the Coast and Geodetio 
TATIONS, B &.Sli;D ON THE CLARKE SPREBOIO, p. 7 1 aee, Survey Oftlee; of Hydrographie lwlpector for year ending June 30, 
alao, Appendix No. 7, pp. 8:18-371>; reference to, in APP"llfilx No. t, 1884, Appendix No. 5, pp. 123--134. 

p. 104. REPSOLD PENDULUM:. Measurement of 1lexnre of, p. 6; see, 
PJU>VIDENOE,. B. I. Coutlnuaiion of t$4M O~MlOWI &ti PP• I llho, Appendix No. 15, pp. 478-482; Appeudix No. 16, pp. 483-486. 
~115. USEA.RCR (•"°"er), Not qeod dl¢l!g 1ear, Appendix No.~, 

f&QTQ S'U,TIQN, V'f4U, p. H; . p. U;, . . 
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RE-SURVEY OF DELAWARE BAY AND RIVER, pp. 36-39; ref
erence to, in estimates, p. 11. 

RE-SURVEY OF NEW YORK BAY AND HARBOR. Reference 
to, in estimates, p. 12. 

RHODE ISLAND. Work on and near boundary of Connecticut 
and, p. 25. 

RIKER'R ISLAND, EAST RIVER, N. Y. Discovery and devel
opment of dangerous rocks near, pp. 2, 5. 27. 

RILEY STATION, KY., p. 73. 
RIO GRA~DE RIVER, TEX. Reconnai•sance for conn~cting tri

angulation at Brownsville, Tex., and in the vicinity of Point Isabel, 
with the mouth of the, pp. 56, 57. 

RIPLEY'S NECK, HARRING TOK RIVER, ME., p. 20. 
ROCK CREEK, D. C .. p. 42. _.. 
ROCK CREEK CHURCH ROAD, ROCK CRE.EK VALLEY, p. 

42. . 
ROCKINGHAM, WINDIIAM COUNTY, YT. Occupation of Sta

tion Stowell in, p. 22. 
ROCKINGHAM COUNTY, N. H. Reconnaissance in, p. 22. 
ROCKWELL, CLEVELAND, ASSISTANT. Survey of Nestucca 

Bay and River, Ore:.:., and continuation of the triangulation and 
topography of the ·wrnamettA River, aml of the topography of the 
Columbia Riwr, pp. 67, 68, Appendix No. 1. p. 91. 

ROCKS AND SHOALS DEVELOPED. General reference to, pp. 
2, ;-i; special reforence, pp. 5, 6; in .htull Ilo1e Channel and vicin
ity, coast of Maine, p. 19; in Muscongus Bay, p. 20; off Damiscove 
Islands, p. 22: in Lake Champlain, p. 23; in Vineyard Sounrl, p. 
23 i off Gay Head Cliff", p. 24; 1 .. ittle N:nra~amwtt Bay, fu11 of, p. 
26; in Long !~land Sound, pp. 26, 27, 29; in East River, N. Y., p. 
27; rlrnra<'ler of, off Connecticut mv~r. p. ~9. 

ROCKY Bl:TTE, CAL., p. ;,g, 

ROCKY MOl:XD STA.TIO:-.'. CAI, .. p. G2. 
ROCKY MOUNTAINS. J:efornnce to model constructed at Coast 

Snrvf'<Y OftiCt'. ind1uling. p. 83. 
RODGERS, A. F .. ASSISTANT. Survey of the Coast of California i 

between s~1n Diego uml Xt~wport,, p. 57: Appendix No. l, p. 91. 
ROGERS. PitoF. W. A. \'alue of a meter given by, p. 81. 
ROHAN ST A TION, KY .. p. 7:l. 
HOME, IT ALY. A delegate from Coast <tnd Geodetic Survey sent 

to the Interuational GeodeRill Conference held at, pp. 4, 6, 81, 82. 
ROUXJ) TOP STATION, PA., p. 34. 
RUEB SAM, .A. C. Engraving Division, Coa.stan<l Goodetie Snrvey 

Offic.,, Appendix No. 4, p. 112. 
RUN OF THE M!Cl{Ol\IETER The, p. 7; see Appendix No. 8, pp. 

323-375; by Assistant George Davidson. 

8. 

SAB11'TE PASS. Soundings off, p. 56. 

SADDLE PEAK, CAL., pp. 59, 61. 
SAEGMULLER, G. N., CHIEF MECHANICIAN, COAST AND 

GEODETIC SURVEY OFFICE. Appendix No. 4, p. 104; Report 
of work done in Instrument Division, C<>ast and Geodetic Survey 
Office, Appendix No. 4, pp.120, 121. 

SA.I LING CHARTS OF P AClFIC COAST, .Appendix No. 4, p. 111. 
SAINT HELENA SOUND, p.49. 
SAINT JOHN'S RIVER, FLA. Continuation of survey of, refer

ence to, in estimate., p. 11. 
SAINT JOSEPH'S BAY. FLA. Continuation of survey of, pp. 52, 

63; refe.rence to, in e•thnates, p. 11. 
SAINT PAUL, KA.DIAK ISLAND, .ALASKA. Tidal observa

tions at, pp. 4, 71. 
SALINAS MOUNTAIN. Old triangnlation station fonnd to be 

:Mount Toro, p. 61. 
SALMON POINT, C.AL. Hydrographic •urvey near, pp. <l, 65; 

Appendix No. 5, p.125. 
SALT LAKE CITY, UTAII. Triangulation in vicinity of, p. 79. 
SALT LAKE VALLEY, p. 79. 

SAN CARLOS BAY, FLA., pp. 52, 53. 
SAN CARLOS ENTRANCE, FLA. Survey near, p. ~ 
SAN DIEGO, CAL., pp. 4, 57, 63. 
SANDS POINT, LONG ISLAND, pp. 3, 30. 
SANDWICH ISLANDS. Tidal ob86rvations continued at, l'- 82. 

SANDY CREEK BASE, LAKE SURVEY, p. 32. 
SANDY HOOK, N. J. Tidal observations at, pp. 3, 32, 33; sonnd

btgs oft', p. 33; connection of bench.mark at Haii:eratown, Md., 
with tidal level at, in 1881, p. 44 ; reference to tidAl bench-mark at, 
p.54. 

SANDY HOOK BAY. TidAl observations at" The Horae·shoe" in, 
p.33. 

SANDY HOOK LIGHT VESSEL. Re-survey near, p. 32. 
SAN FRANCISCO, CAL. Pendulum obsen-ations at, pp. 4, 7, 64; 

triangulation near, referred to in estimates, p. 11 ; instruments 
stored at sub-office, p. 57; observations of solar eclipse of October 
30, 1883, at, p. 63. 

SAN FRANCISCO BA.Y. Tidal observationa in, p. 4; examination 
of bar at entrance to, pp. 60, 61, 63. 

SAN JOS11: COURT-HOUSE, p. 62. 
SAN JOS11: PEAK, CAL., pp. 59, 61. 
SAN JUAN CAPISTRANO, LOS ANGELES COl:JNTY, CAL., p. 

57. 
SAN JU AN VALLEY, p. 57. 
SAN LUIS OBISPO CITY, p. 61. 
SAN LUIS OBISPO STATION, IN SANLUIS OBISPO COUNTY, 

CAL., pp. 50, 60. 

SA..c" PEDRO, CAL., p. 57. 
SAN SIMEON, C.AL., pp. 4, 59, 61. 
SANTA ANA, CAL., pp. 57, 61, 62. 
S.ANTA BARB.ARA, CAL., p. 59. 
SANTA CRUZ. Station built at, p. 62. 

SARGENT ROAD, D. C .. p. 42. 
SAUCELITO, CAL. Tidal observations, pp. 4, 64, 71; ee~. alRo, Ap

pendix No. 4, p. 107; line of levels from, referred to in estimates, 
p. 11. 

SAVANNAH, GA., p. 49. 
SAVANNAH RIVER, p. 49. 

S.A YBROOK, CONN. Survey near, pp. 3, 25. 28. 
SAYBROOK LIGHT, CONNECTICUT RIYER, p. 29. 
SCfJE);K. C.\HL, ACTl~(} ASSISTANT. Service• in Section 

XllI, pp. 72, 73; Appendix No. 1, p. 9'2. 
SCHINDLER, A. D., ACTING AID. Assistance rendered in work 

at Point Barrow. Alaska, by, p. 64; Appendix No. 1, pp. 91, 92. 
SCHOODIC PENINSULA, ME., p. 21. 
SCH<1TT, CHARLES A., ASSISTANT. Temporarily in charge 

of office during ab"enco of Assistant CnttR in Europl\ and after 
death of Assistant Cuti.. pp. 17, 82; annnal <letermination of 
magnetic declination, clip, and intf'nsity at the station on Capitol 
Hill, ·washington, p. 41; Appendix No. 1, p. 89; report from 
Cornpntin.I( Division. Coast an<l Ger>cletic S11rvey Office, by, con
taine<l in Appendix No. 4, pp. 104-106; relative to impro..-ement of 
the galvanomPter, p. 113; longitudes deduced in the Coast and 
Geodetic Survey from determinations by means of the electric 
telegraph between the years 1846 and 1885, second adjustment, 
by, Appendix No.11, pp. 407--430; trie;onometrical determinations 
of hei11hts of the stations of the Davidson quadrilaterals, by, .Ap· 
pend ix No. 10. llP· 391--405 ; connection at Lake Ontario of the 
primary triangulation of the Coast and Geodetic Survey with that 
of the lake survey, by Assistants C. 0. Boutelle, and, .Appendix 
No. 9, pp. 387--390. 

SCHWERIN, R. P., ENSIGN, U. S. N. Servioos in Section II, p. 
28; Appendix No. 1, p. 88. 

SCOFIELD, H. G., CITY ENGINEER OF BRlDGEPORT. Map 
of the cit.y furniHhed officers of the Survey by, p. 30. 

SCORESBY (schooner). Use of, in Section II, pp. 27, 28; repairs 
on, Appendix No. 5, p. 127. 

SEA (depths of the). In the Bay of North America and Gulf -0f 
Mexico, as represented in relief model constructed at the C638t 
and Geodetic Survey Office, p. 9. 

SEABECK HA.RBOR, PUGET SOUND, W .A.SH. T., pp. 4, 88, GU; 
tide.gauge at, p. 69; Appendix No. 5, p. 125. 

SEA HORSE ISLANDS, p. 64. 
SEA HORSE ROCKS, ME., p. 111. 
SEAL ROCKS, OFF NAP ATREE POINT DEVELOPED, p. 26. 
SEATTLE, WASH. T., pp. 69, 70. 

SENG TELLER, A. Late of Engra.ving Division, Coast and Geo
detic Survey Office, notioe of death of, p. 16; Appendix No. 4, pp. 
IOS, 112. 

SENGTELLER, LOUIS .A.., ASSISTANT. Survey of Sinalaw 
River entrance, and continuation of trlallgu.latlon and topography 
of Umpquab River, Oreg., pp. 116, tn; Appendix No. l, p. 91. 

SERIES OF TIDAL OBSBRV A.T!Ol\TS-WITH SELll'..ltEGISTll
rNG TIDE-GAUGE CONTINUED, .A.ND lfETEOROLOG
IC.A.L OBSERV .A.TIOWS RECORDED .A.T PULPIT OOVll:, 
NORTH H.A. VEN ISLA.l!fD, PENOBSCQT BAY, p. 21. 

SEVIER RIVER, UTAH. Jleiionnatuanee uear, p. 18. 
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SEVRES, FRANCE, p. 82. 
SHACKFORD, NORTH ALA., p. 50. 
SIIAGWONG POINT, MONT.A.UK. Hydrographic work off, pp. 

3, 27. 

_BHELTER ISLAND, LONG ISLAND SOUND, p. 28. 
SHELTER ISLAND SOUND, p. 28. 
SHEPHEARD, F. W. Tidal observations at Sandy Hook, by, p. 

33, Appendix No. 1, p. 89. 
SHERMAN, F. H., ENSIGN, U. S, N. Set'Yices in Section 11, 

!•P· 29, 30: Appendix No. 1, p. 88. 
SHIDY, L. l'. Tidal Division, Coast and Geodetic Survey Ollioe, 

Appendix No. 4. p. 108. 
SllI~NECOCK li[LLS. Permanent station mark on, p. 30. 
SHOVJ<~LFUL LtGHT-VESSEL. Dangero11s •hoal betweon Pol-

lock Rip and, pp. ti, 24. 
SIBERIA. Coast of, p. 64. 
SIElntA.S, CAL., p. 59. 

SIEiiRA MORENA, CAL., p. 62. 
SIGNAL SERVICE. Co.operation of. with officers of Coast and 

Geodetic Survey in e8tablishing station at. Point Barrow. Alaska, 
µ. 64; gee, also, Appendix No. 4, p. 105. 

SILLIMAN (schoon<ff). Use of, in Section 11, p. 29; Appendix 
No . .''i. p. 124. 

SILVER SPRING, D. C., p. 42. 
SIMPSON, JR., E., ENSIGN, U. S. N. Rervices in Section I, p. 2•; 

in Section II, p. 27; Appendix No. l, pp. 87, 88. 
SIMS STATION, KY., p. 74. • 
SINCLAIR, C. H., SUBA..SSI8TA.NT. Survey of the boundary 

line between the States of Pennsylvania and West Vir~nia, pp. 
34, 36; lonidtnde of Covington, Va., determined by telegrapbic 
ex<~hanges of signals with Washington, D. C., also observations 
for latitude of Covilljlton, p. 41; occupation of statwns for con
necting with the trian.o:ulation the corner at;<lnM a.nd boundary 
nwm1mentR of the District of Columbia, pp. 41,42; reconnaissance 
for connection of astronomical stations at Strasburg, Va., with the 
triangnlation, magnetic observations at Str,.,.burg, pp. (5, 46; 
exchange of longitude signals, p. 72; Appendix No. 1, pp. 89, 90. 

SIPE, E. H. Engraving Division, Coastand Geodetic Snrvey Oflice 
Appendix No. 4, p. 112. ' 

SIUSLA W RIVER. OREG. Survey of entrance of, pp. 4, 66, 67. 
SIX-MILE SWITCH, FLOYD COUNTY, IND., p. 74. 
SMITH, EDWIN, ASSISTANT. Reference to former pendulum 

experiments at transit of Venne station in New Zealand, &c., by, 
p. 41; pendulum <>perations at the Smithsonian Institution, p. 41; 
Appendix No. 1, p. 89; determinations of gravity with the Kater 
}lt'>ndnlum8 by, Appendix No. 14, pp. 439, 4i3. 

SMITH, GENERAL W. H., VICE PRESIDENT OF LOUISVILLE 
AND NASHVILLE RAILROAD. Aeknowledgmentof ~rvhea 

rendered officel'tl of C<>ast and Geodetic Survey by, p. 72. 
SMITH'S FERRY, BEA VER COUNTY, PA., p~. 84, 35, 72. 

SMITHSONIAN INSTITUTION. Pendulum experiments ,.t, pp. 
7,41. 

SMOOT, J. H. Engraving Division, CoMt a.nd Geodetic Survey 
Office, reference to services, Appendix No. 4, pp. 103. 113. 

SNAKE VALLEY, UTAH. Magnetiostation, p. 79. 

SNOW, A. S., f,IEUTENA.NT-COM111A.NDER. U. S N. lll!lhore 
ooundlng• in Mnscongus Bay and off Hoos.a-bee Rsaeh, p. 19 ; 
dangerou• ledge d"veloped by, in Englishman's Bay, p. 20; hy 
drogrt>phio survey of the Strait of Fuca., pp. 70, 71 ; Appendix N~. 
1, pp. 87, 91; Appendix No. 5, p. 124. 

SOLAR ECLIPSE OF OCTOBER 30, 1883. Obeervation of, at San 
Fra.nel'IOO by Al!eiat;aiit G. Davidwn, p. 63. 

SOLDIERS' HOME, D. C., p. 42. 
SOM:M:ER, E. J. Drawing Division, Coast and Geodetic Snrvey 

Office, Appendix No. i, p. 109. 
SOUTH BA.SE, ILL. Permanently marked by st.De monuments, 

11· '16. 
SOU'l!H BAY, W MB. T. '.rtde·gauae jjBt,abli8hed at, p. 88. 
SOUTH BEND, nn>. Triangulation nea.r, p. 74. 
SOUTH OA.'ROLilllA.. Work on ooaai awl within., pp. 9, 48, 411;. 
~ t.o. Ill estimatea, p. 11. 

SOUTH CJlAll'NEL, lfEW YORK ElrTRAN'CE, p. 33. 
l!IOUTll JroIS'.00 RIVQ, p. 49. 
80U'JlR J"U;PITBB lUJtBOWS, HEAD OJ!' DY l'IISCAYN'E 
.liY,p.56. 
~B' 8m.l,f.L 1.$ll1'-stlll'. U__.ru.l attempt to lbid 
--~ .... ,~ . 

H. EL'3-IV 

SOUTHEAST FA.BALLON LIGHT, p.62. 
SOUTHEAST LEDGE. Olfthe Dami•cove Island•, p. 22. 

SOUTHEA.STERN ALASKA. Hydrographic reconnaissance of 
bays and harbors of, pp. 4, 70, 71. 

SOUTHERN CALIFOR!HA... Reference to, in eotimateo, p. ll. 
SOUTHERN EXPOSITIO:-t AT LOUISVILLE, KY. Exhihit uf 

Coast and Geodetic Sun·ey at, pp. 4. 9, SO; account of exhibit at, 
by Assistant H. W. Blair, Appendix No. 18,pp. 489-493. 

SP AULD I NG, J. G. Tidal observations at Pulpit Cove, Penobscot 
Bay, Me., by, p. 21; Appendix No. l, p. 87; in Tidal Division 
Coaot and Geodetic Sarvey Office, Appendix No. 4, p. 108. ' 

SPECIAL MAGNET LC OBSERV .A.TIONS, pp. 62, 63. 
SPECIAL OPERA.TIONS OF COAST AND GEODETIC SUR. 

VEY. Construction of st-0amer designed expr<:ssly for service on 
coast of Alaska, pp. 4, 17, 18, 79, 80; assignment of officer in charge 
of exhibit at 8outhern Exposition, Lollis~illc, Ky., pp. 4, D, 80; 
comparisons of standards of wei~ht and measure, and determiua. 
tions of gravity in Europe, pp. 4, 6, 80, 81; transportation of iw. 
portant standards of weight and measure from London to Paris 
pp. 4, 81, 82; attendimc-0 of Assist&nt. in charge of the otlke a~ 
delegate on part of the Coa.et and Geodetic Survey to the Inter
national Goodesic Conference held at Rome, Italy, pp. 4, 6, li, 
81, 82. 

SPECIAL SCIENTIFIC WORK, pp. 1, &-9, 7!}..82. 
8PURLING STATION, KY., p. 73. 

STANDARD MEASURES. Comparisons of, pp. 4, 40, 80, ~l; trans
portation of important, from Loudon to Paris, pp. 4, 81, ft!. 

STANSBURY, P.R. Computing Division, Coast and Geodetic Sur. 
vey Office, Aµpendix No. 4, p. 106. 

STARBOARD CREEK, MACHIAS BAY, ME., p.18. 
STATE NORM.AL SCHOOL, LOS ANGELES, CAL. Signal stl>

tiou at, p. 57. 
STATIONS OCCUPIED IN CONTINUATION OF TRIANGlJ. 

LATION OF THE STATE OF WISCONSIN,p.76. 
STATISTICS OF ENGRAVING DIVISION, COAST AND GE. 

ODETIC SURVEY OFFICE, Appendix No. 4, pp. ll3-l16. 
STATISTICS OF FIELD .A.ND OFFICE WORK O~' THE U.S. 

COAST AND GEODETIC SUR\TEY FOR THE YEAR END
ING JUNE 30, 1884, A upendix No. 2, pp. 95, 96. 

STEADFAST (sloop). Use of, in Section VI, p. 50; relative to de
struction of, and erasure of name from list ot' vessels, Appendix 
No. 5, p.127. 

STEEL HARBOR ISLA.lsD, ME., pp. 19, 20. 

STEPPING STONES LIGHT-HOIJ8E, EAST RIVER, N. Y., 
p.27. 

STEVENSON, H. N., PASSED ASSISTANT ENGINEER, U.S. 
N. Services in superintending oonstrnction at Philadelphia of 
machinery of steamer C. P. Patterson, pp.18, 80; Appendix No. a, 
p.129. 

STEW A.RT, GORDON' A., LATE KEEPER OF ARCHIVES OF 
COAST AND GEODETIC SURVEY. Notice of death of, p.16. 

STODDARD STATION. N. H., p.22. 
STONE HORSE SHOAL, VINEYARD SOUND, p. 24. 
STONINGTON, CONN. Topol{•"'phic rt>·•urvey of, a.ml of vicinity, 

pp.3, 25. 
STONINGTON HARBOR, CONN. Completion o! survey of, and 

establishment of tidal etation a.t, p. 26. 
STONO INLET, p. 49. 
STONO RIVER, p. 49. 
STOWEJ,L STATION, ROCKINGHAM, VT., p. 22. 
STRAIT OF FUCA. Continuation of triangulation, topography, 

a.nd hydrography of, pp. 4, 70. 

STRASBURG, VA., pp. 3, 45, 46. 
STUMP PASS. One of the entl'81lces to Lemon Bay, l!'la., pp. 52, 

53. 

STURGESS ST.ATION, NEA.R V AND.A.LIA, ILL., p. 75. 
SUBMARINE GEOLOGY OF THE APPROACHES TO NEW 

YORK, BY A. LINDENKOHL, Appendn No. 13, pp. 435-438. 
SUB-OFFICE WORK AT SAN FRANCIS60, CAL, IN CHARGE 

OF 48SISTANT GEORGE DAVIDSON, p. 63. , 
SUESS. WERNER. M:eehanicia.n C09.8t and Geodetic Survey Offioe, 

Appendix No. 4, p.113. 
SULLIVAN, J. A., ASSISTANT. Work of,ln 1874, p. 30. 
SULLIVAN, JOHN T., LIEUTENANT, U. $. N. Hydrographlc 

surveys of east.em part of Long lllla.nd Sollnd and a pol'tion of 
Blook Ialaad !!otmd, pp. 28, 'ZT; "9M'ices In Section TI, p. 29; Ap· 
pendix No. 1, p. 88, aad. Appendix No. $, p. 124. 
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SUPPLEMENTARY TRIANGULATION BETWEEN EATON'S 
POINT AND SANDS POINT, NORTH COAST OF LONG ISL
.AND, AND OF 'l'HE OPPOSITE SHORE, FOR THE RE-SUR
VEY OF LONG ISLAND SOUND, PI'· 3-0,3!. 

SURVEYCNG PARTIES UPON THE ATLANTIC, GULF OF 
:MEXICO, AND PACIFIC COASTS, .AND THE INTERIOR 
OF '.rHE UNITED STATES, DURING THE FISCAL YEAR 
1883-'84. Distribution of, Appendix No. 1, pp. 87-93. 

SURVEY OF THE BOUNDARY LINE BETWEEN THE 
STATES OF PENNSYLVANIA AND WEST VIRGINIA, p. 
3~. 

SURVEY OF THE COAST OF CALIFORNIA, BE1'WEEN SAN 
DIEGO AND NEWPORT, p. 57; between Moro Bay and San 
Francisco Bay, p. 59. 

SURVEY OF GAY RE.AD CLIFFS. To fix position of wrecked 
steamer, pp. 24. 25. 

SURVEY OF NESTUCCA BAY AND RIVER, OREG., AND 
CONTINUATION OF THE TRIANGULATION AND TOPOG· 
RAPHY OF THE WILLAMETTE RIVER, AND OF THE 
TOPOGRAPHY OF COLUMBIA RIVER, pp. 67,68. 

SURVEY OF SIUSLAW RIVER ENTRANCE, AND CONTIN
UATION OF THE TRIANGULATION AND TOPOGRAPHY 
OF UMPQUAH RIVER, OREG., pp. 66,67. 

SWASH CHANNEL. Over Bulkhead Shoal, Hatteras folet, pp. 
48,49. 

T. 

TABLES FOR THE PIWJECTION OF MAPS, BASED ON A 
POLYCONIO DEVELOPMENT OF THE CLARKE SPHE
ROID, Appdndix N <>. 6, pp. 13:>-321; reference to, Jl. 7. 

TABLES OF FURMULlE AND FACTORS FOR THE COMPU
TATION 01<' GEOGRAPHICAL POSITIONS (third edition), 
Appendix No. 7, pp. 323-375; reference to, p. 7. 

TACOMA, WASH. T., p. 00. 
TA.MA.LP AIS, MOUNT. Station in California, p. 62. 
TAMGAS HARBOR, SOUTHEAST.EltN .A.LASKA, p. 71. 
TAMPA BAY, FLA., p. 52. 
TANEY, E. L., AID. Services in Section II, p. 28; in Section VI 

p. 00; see Appendix No. 1, pp. 88, 90. ' 
TARRY-NOT (steam-launch). Use of, in Section XI, p. 69. 
TAUSSIG, E. D., LIEUTENANT, U.S. N. Hydrognphiesurvey 

in the vicinity of Point Buchon, Cal., and examination of bar at 
entrance to San Francisco Bay, pp. 60, 61 ; hydrographio survey of 
the California coast, between Salmon Point and Brushy Point, pp. 
65, 66; .Appendix No. l, p. 91; Appendix No. 5, p. 124. 

T A.ZEWELL STATION, VA., p. 43. 
TELEGRAPHIC LONGITUDE:S. Progress of, p. 3; of Coving· 

ton, Va.,p.41; of Charleston, W. Va., p.46; occupation of station 
at Louisville, Ky., fordeterminations of, in Tenneuee,Kentucky, 
\Vest Virginia, Indiana, and Illinois, pp. 71, 72; determinations of, 
Logansport, Ind., and Chicago, Ill., p. 76; see, also, Appendix No, 
11, by Assllltant C . .A.. Schott, pp. 407-430, and reference to ll&Dle 
on page 8. 

TENNESSEE. Determination• of longitndc Rtations in, pp. 4, 71 ; 
goodetic .operations in, pp. 4, 73. 

TERRY, J. CARLISLE, AID. Services in Section Ill. p. 46; in 
Section VIII, p. 55; in Section X, p. 58; in Section Xlll, pp. 71. 
711; in Section XIV, p. 76; Appendix No. 1, l>P· 90, 111,92. 

TEXAS. Progress of survey of coast of, pp. 4, 56; reference to, in 
estimate•, p. 11 ; magnetic obseNations in, p. 62. 

THE ESTUARY. DELA.WARE RIVER AND BAY, p.36. 
'l'HE HORSESHOE, SANDY HOOK BAY, p. 33. 
THE JUMP. An outlet of the :MissiM!ippi River at Red Paas, 

P· 55. 
THE RA.CE, LONG ISLA.ND SOUND. Rocks developed.in, p, 27. 

The run of the Micrometer, by Assistant Geo1ge Davidson, Ap.. 
pendix No. 8, pp. 377-385, reference to Appendix No. 8, on p. 7. 

THE TlilA.NGL:&. See Triangle Rooka. 
THOMAS, LIEU1'ENANT-COM:MANDER, U. S. N. Beferenoe 

to bench-mark at Norfolk Navy.Yard, eatablished hy, p. 44. 
THOMAS, M. Tidal Division, Coaat and Geodetic Survey Office, 

Appendix No. 4, p. 108. 
THOMPSON, .T. G. Engraving Division, CO&llt and Geodetic Sur· 

vey Office, Appendix No. 4, p. 112. 
THOMPSON, W. A. Engraving Division, Coaatand.Goodetio Sur

vey Oftiee, Appendix No. 4, p. 112. 
THORNTON S'l'ATI'JN, MO., p. Tr. 

'l'HROG'S NECK, N. Y. Re-survey, refeTenceto, in estimates, p.12. 
TIDAL DIVISION, U. S. COASl' AND GEODETIC SURVEY 

OFFICE. Reference to, in estimates, p. 12; reference to report 
from the, Appendix No. 4, p.103; R11port, Appendix No.4, pp. 107, 
108. 

TIDAL OBSEitVATIONS. On coast of Maine, pp. 2,3; on P&cifio 
coast, p. 4; refeTence to, in estimatll•. p. 12 ; at Pulpit Cove, North 
Haven Island, Penob•oot Bay, p. 21; at :Providence, R. I., p. 25; 
at Block Island, p. 25; a.t Truman's Rea.ch. L. I., p. 26; at Fort 
Truro bull, New London, Conn., p. 28 ; at Sandy Hook, N. ;f., p. 33; 
at Saucelito, near San Francisco Bay entrance, p. l!4; at Little 
River, Cal., p. 65; at Seabeck Harbor, Wash. T., p. 69; at Saint 
Paul, J(adiak Island, Alaska, p. 71; at Honolulu, Sandwich Isl
ands, p. 82. 

TITLES 01<' CHARTS. Drawing Division, Appendix No. 4, pp. 
110-112. 

TITTMANN, O. H., ASSISTANT. Triangulation of coaat of 
Maine, between West Qnoddy Head and CT088 Island, p. 18; re· 
connaiosanc<> for the extension of primary triangulation in North· 
ern Georgia and Alabama toward the Gulf coast and Mobile, PP-
49, 50, 54; Appendix No. 1, pp. 87, 90. 

TOPOGRAPHIC (AND HYDROGRAPHIC) SURVEYS. List of, 
Appendix No. 4, p.120. 

TOPOGRAPHIC SURVEYS AND RE-SURVEYS. Of Harring· 
ton River aud of Chandler's River Bay, Me., p. 20; between 
Goulds borough and FTenchman's Bays, Me., p. 21; of Stonington, 
Conn., and vicinity ; also of coast of Connecticut, near Saybrook 
and Lyme, p. 26; in vicinity of Montank Point, Gardiner's Bay, 
and Orient Harbor, L. I., p. 2'7 ; of north shore of Long Island 
Sound, between New London and Four.Mile Ri'lt.llr, and between 
Saybrook and Clinton, p. 28; of north shore of Long Island Sound, 
from Bridgeport to Farms (or Frost's) Point, p.30; of New ;fer
eey coast, from Cape May Court-House northward, p. 36; af New 
Jersey shore of Delaware Bay, continned, p. 37; of western shore 
of Delaware Bay, pp. 37, 38; in the vicinity of Cape Henlopsn, p. 
39; continuation or, of Disti1ct of Columbia, pp. 42, 43; «>f the 
shores of CbeITystone Inlet, Va., p. 43; in vidnity of headwaters 
of Lynnhaven Bay, Va., p. 43; from .Anclote Keys southward, 
west coast of Florida, p. 53; of Hood's CanAl, Wash. T., p. 69; of 
Posslll!sion Sound, Wash. T., pp. 69, 70; of Strait of Fuca, p. 70, 

TOPOGRAPHICAL VIEWS. Appendix No. 4, p.115. 
TOPOGRAPHY. Of Maine ooaAt, reference to, in estimates, p.11; 

of Machia& Bay and vicinity, p.18; of North River, N.C., p.47; 
of Umpqnah River, Oreg., pp. 66, 67; of Willamette and Colum
bia Rivers, pp. 67, 68; of Poeseseion Sound. Wash. T., pp. 69, 
70; .A.ppendit: No. 2, p. 95; for report of A1111i8tant in cbargie of 
otlioe and, Appendix No. 4, pp. 103-121. 

TORO MOUNTAIN, p. 82. 
TOWNSEND HILL, OHIO, Station destroyed by storm, p. 74, 
TRA.NSCONTINENTAL GEODESIC WORK, pp. 2, 4, 44, w, 54; 

explanation of estimates in regard to, p. 10 ; t"eforenoo to, in esti
m:ltes, pp. 11, 12. 

TRANSIT OF VENUS STATION OF 1882. Belatlve to pendu. 
lum experiments at, pp. 7, 41; triangulation station eatabliahed at, 
p. 79. 

TRANSPORTATION OF VALUABLE STANDARDS OF 
WEIGHT AND MEASURE FROM ENGLAND TO FRANCE, 
pp. SI, 82. 

TREASURY DEPARTMENT. Construction of maps showing 
limits of custom-house disiricts in United Stat.ea, for, p. 5. 

TRESCOT, EDWARD A., COPYIST, COMPUTING DIVISION, 
COAST AND GEODJ!TIC SURVEY OFFICE. Apprndb: No. 
4, p. 106. 

TRES-PINOS, UTAH. Magnet!() stlition, p. 711. 
TRIANGLE ROCKS, OR "r.HE r.&I~GLll:." Developmentof, 

p. 211. 
TRIANGULATION. Of M:acblasBayand viel.nity, pp. 2, 18; prog. 

reu of, on A.tlantio OOIUI\. Pl>· 2, 3 ; pTOgNR of, on Padlie eoa.st, 
pp. 4, 58; in interior, pp. 4, 72-74-; oonneotioo of the primary, 
of the Cout and Geodetle Survey with that of the lake anrvey, 
pp. s, at, 32; -· al8o, A.ppeucll% No. ll, pp. 837-390; from Atlanta 
toward.a llobile, p. 5' ; referred to, in fftimatea, p. 11 ; of coast 
of lhine between Weet Qlloidy Read ud Croea Ialand, p. 18; of 
State of :New Hampahire, p. 22; or st.Ml or Vermont, p. 22; be
tw- tho Fbe lalan4 and llaliuchuMtts and Epping 0- llilee, 
p. 28 ; llOflihel.'n pM.'t ot l3$ate of l!few .Teney, p. llll; ot PftDS;rl
vaala, pp. 34,> so, 111 1 nterenoe to ille, or Diatrict or Cohunbla, pp. 
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TRIANGULA.TION-Continued. 
41, 42; extemion westward of primary, near t~e thirty-ninth paral· 
lei, in West Virginia and Ohio, pp. 46, 47; of North River, N. C., 
p. 47; reconnaissance for extension of primary, in Northe'11 Geor
gia and A.lahama, towards the Gulf coast, pp. 49, 54; of west coast 
of Florida, vicillity of Punta Raaa, p. 52 ; of U mpquah River, Oreg., 
pp. 66, 67; of Willamette River, pp. 67, 68; of Strait of Fuca, p. 70; 
in Stat" of Kentucky. pp. 72, 73 ; in State of TAnnessoo, p. 73 ; in 
Stat<JS of Ohio anrl Indiana, p. 74: in Staw of TI!inoio, pp. 74, 75; 
in State of Wisconsin, p. 76; for con tinning primary, in Missouri 
and Kansas, near the thirty-ninth parallel, p. 77; for extension east 
ofprimary, in Nevada and Utah, p. 78; see, also, Appendix No. 2, 
p. 95. 

TRIGONOMETRICAL DE'J'ERMIN A. TIONS OJ<' HEIGHTS OF 
THE STATIONS OF THE DAVIDSON QU.ADRlLATERALS. 
Report upon, by Assil!tant C. A. Schott, A.ppendix N'o. 10, pp. 391-
405 ; see, also, in Report, pp. 8, 9. 

TRUMA.N'S BEACH, LONG ISLAND. Tidal observations at, 
p. 26. 

'l'RUXTUN, WILLIAM, ENSIGN, U.S. N. ServiceoinSection 
II, p. 38; Appendix No. 1, p. 89. 

TURNBULL, C. :B. Tidal division, Coaat and Geodetic Survey 
Offi<.e, Appendix No. 4, p. 108. 

TURNER, J. H., ACTING A ID. Services in Section II, p. 25; 
in Section V, p. 50; in Section VI, p. 52; Appendix No. l, pp. 88, 
00. 

TUSHAR MOUNTAINS, UTAH, p. 78. 
TWO-TREE ISLA.ND SHOAL, LONG ISLAND SOUND, p. 29; 
TYBEE ENTRA.!SCE. Inspection of, p. 49. 

IJ. 

UMPQUA.H RIVER, OREG. Continuation of triangulation and 
topol(rapby of, pp, 4, 66, 67. 

U !'<ION CITY, WASH. T., p. 69. 
UNITED STATES. Progress made on map of, p. ~; reference to, 

in estimates, p. 10; see, also, Appendix No. 4, p. 109; exhibit of 
the Southern Exposition, Louisville, Ky., p. 80. 

UNITED ST.A.TES ADVISORY COMMISSION FOR IMPROVE
MENT OF DELA.WARE BAY AND RIVER, pp. 9, 37. 

UNITED STATES BUREA.U OF WEIGHTS AND MEASURES, 
p.6. 

UNITED STATES ENGINEERS. Destruction by storm of tripod 
ert.cted in 1874 by, p. 31; intention of, to improve vicinity of Cape 
Henlopen, p. 311. 

UNITED STATES GEOGRA.PHHJAL SURVEYS. Mention of 
Ogden, Utah, as point of reference for longitudes, p. 8. 

UNITED STATES LAKE SURVEY. Reference to, p.8; see,aJso. 
Appendix No. 9. pp. 387-300. 

UT A.H. ll.econnaissances in, pp. 4, 78, 79. 

v. 
VALIANT SHOAL AND ROCK. ln "the Race," Loni;t Ioland 

Sonnd, p. 27. 
VANDALIA, ILL., p. 75. 
V A.N DUZEN, LQUIS S, ENSIGN, U.S. N. Services in St4Jon 

ll, p. 38; Appendix No. I, p. 89; Appendix No. 5, p. 130. 
VAN HELMS, CAPTAIN JOHN, OF PACIFIC COASTNAVI, 

G-ATION CQMP ANY. Acknowledgment of hydrographie infor· 
mation furnished by, p. 65. 

VAN ORD'EN, C.H., SUBASSISTANT. Servlooe in Sectionil, 
pp. 34, 35; in Seotion III, p. 47; Appendix No. 1, p. 90. 

VENUS. TRA.NSIT OF, OF 1882. Reference to pendulum opera· 
tions at statiowi for observation of, pp. 7, 41. 79. 

VERIFICATION OF HYDROGRAPHY, FOR THE ATLANTIC 
COAST PIWT, pp. 48, 49. . 

VERMONT. Geodetic operations in, pp. 3, 22. 
VESSELS OF COA.8T A.ND GEODETIC SURVEY. Appendix 

No. Ii, pp.131, 132. 
VICTORY. Lake Survey station, p. 31. 
VIERBUOREN, P. Instmment Dlv*Oll• Coast and Geodetic Sur

vey Oftl.ee, Appeadb; No.4, p.121. 
VILLA.STONE. Trlaopl&tlon line, p. 59. 
VIN.AL, W. lB.VlNG, SUB.ASSISTANT. Sllni.oee In SeetiOD I, 

pp. ll, ll3; in s.otioo VI, p. 62 ; t.opographi<l alll'Vey from the 
.A.nolote Jit&111 -"'WllM, -t ~ ot Florida, p. &a; Appendix 
ll'o.l,p.to. 

VINEY .A.RD SOUND. Hydrographie examinations in, pp. 3, 23, 24 
reference to. in estimates, p. 11. 

VIOLET (ligbt.hon•e t.>nder). Us/fof, in Section IV, p.48. 
VIRGINIA BEACH RAILROAD, p.44. 
YlliGINIA, 'VEST. Survey of boundary lines betwoon Pennsyl

vania and, pp. 2, 3, 7, 8, 34, 35, 47, 72; see, a.lso, in index, We•t Vir
ginia.. 

w. 

WACHUSETT MOlINTA.IN, PRINCETON, MASS., p. 23. 
WAD HAMS, A. V., LIEUTENANT, U.S. N. Hydrographic re. 

surveys of Fisher's Island Sound, and its adja..lent waw1·s ooutin· 
ued, p. 26; Appendix No. I, p. 88; Appendix No. 5, pµ. 124, 129. 

W ADHAMl:l. Trianl(ulatioo station in Wi•consiu, p. 76. 
WA.DH.A.MS GROVE, STEPHENSON UOU~TY, ILL., p. 76. 
WAD MELA W SOUND, p. 49. 
W AINWRlGHT, DALLA.SB., ASSISTA.NT. Services in Section 

III, p. t2; Appendix No. l, p. 89. 
W .A.INWRIGHT INLET, ALA.SKA, p. 64. 
W AKENSHA W, H. C., ENSIGN, U.S. N. Appendix No. 5, p.130. 
W APPOO CREEK, S. C, p. 49. 
WARBURTON, E.T., PASSED ASSISTANT ENGINEER, U.S. 

N. Appeudix No. 5. p.130. 
W ARRE:-.SBURG, .TOHNSON UOUNTY, MO., p. 77. 
W A.RREN'S POINT, R. L Location of dangerous rock off, pp. 2, 

24 
WASATCH PLA.TEAU, UTAH, p. 78. 
W ASillNGTON CITY, D. C. Completion of comparative deter~ 

minations of i:ravity at, with Kater pendulums, pp. 2, 3, 40, 41 1 
reference to, p. 7; annual determinations of declination, dip, and 
intensity at Capitol Hill, p. 41; wlegraphic excbauge of signa.Io 
with, for longitude of Covington, Va., p. 4-1. 

w ASHING TON s·rA TION, WIS., P· 76. 
WASHINGTON TERRITORY. Work on ooa•t of, p. 4, reference 

to. in e<1timaws, p. 11 ; new edition of Coast Pilot for Ca.lifornia, 
Oregon, and, p. 66. 

WASHINGTON COUNTY, MD., BR.A.NCH OF BALTIMORE 
AND OHIO RAILROA.D. Line of levels cartied over, p. 45. 

W ASSERBA.CH, T. Engraving Division, Coo.st and Geodetic Sur
vey Office, Appendix No. 4, p. 112. 

WATCH HILL, LITTLE NARRAGANSETT BAY, CONN. P. 
25. Tidal obeerva.tiona at .. P~ 26. 

WATCH HILL POINT, p. 26. 
WATTtl, PROF. J. K., SUPERINTENDENT OF PUBLIC 

SCHOOLS AT LOGANSPORT, IND. Acknowledgement of 
oom;tesies and assistance rendered by, p. 72. 

. WATTERS, JOHNS., ENSIGN, U.S. N. Services in Section II, 
p. 38; Appendix No. 5, p. 130. 

WEASEL STATION, N.J., p. 33. 
WEIGHTS AND YEA.SURES. United States Bureau of, pp. 6. 

7,82. 
WEIR, J. B., S UBASSIST A.:rrr. Linea of leveling of precision 

carried from Hagerstown, M.d., towards Fortre88 Monroe, Va .. pp. 
44, 45 ; line of levels of precision carried from the Gulf ooaat near 
Mobile towards a point on the tran•oontinental line of geodesic 
leveling, p. 54; Appendix No.1, p. 90. 

WELKER, P.A., AID. Services in Section X, pp. 58, 59; Appen-
dix No. I, p. 91. 

W'EQUETECOCK COVE, CONN., p. 25. 
WERLICK, P. J., ENSIGN, U.S.N. Appendix No.~. p. 130. 
WEST BEA.CH STATION. CAL., p. 57. 
WESTBROOK HARBOR. Rooks discov.red near, p. 29. 
WESTCOTT'S POINT, VA., p. 43. 
WESTDAHL. FERDIN AND. Servicea in Section X, p. 63. 
WESTERLY, :R. I., p. 26. 
WESTERN ATLA.NTIC BASIN. Model of, p. 5. 
WESTERN BAY, :ME .. p.19. 
WESTERN UNION TELEGRA.PH COMP A.NY. Official acknowl-
~dgments for courtesies and a&lliatance rendered by, p. 72. 

WEST HARBOR, CONN. Tidal observations at, p. 26. 
WEST JERSEY RAILROAD. RAlferenoe to, p. 36. 
WEST QUODDY HEAD. Triangolation of coast of :Maine near, 

pp. 2, 18 ; reference to, in estimates, p. 11. 
WEST VIRGINIA. Survey of bound...-y ltnea between PeWJayl· 

vania and, pp. 2, 3, 7, 8, 34, 35, 47, 72; determinations oflongitude 
of station in. pp. 4, 71: extena.lon westward of primary irtangu· 

1atiGD. - thirty.ninth parallel in, p. "· 
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WEST WASHINGTON, OR GEORGETOWN, D.C., p.42. 
WEVERTON, MD., p. 45. ~ 

WHALE ROCK, VINEYARD SOUND. Determined in position, 
p. 23. 

WHEELER, HON. RICHARD A. Thanks for information given 
officers 11f the Survey by, p. 20 

WHIDBHY ISLAND, p. 70. 
WHITING, H. L., ASSISTANT. Survey of Gay Head Cliffs toftx 

position of wrecked steamer, pp. 24, 25; Appendix No. l, p. 88. 
WHITING, IlOLMEi'? BAY. ME., p.18. 
WHITE LICK STATION, IND., p. 73. 
WHITE SWORD POINT STATION, FLA., p.52. 
WHITE, W. P., ENSIGN, U.S. N. Services in Section XI, p. 70; 

in Section XII, p. 71; Appendix .No. l, p. 91; Appendix No. 5, p. 
130. 

WIGGINS PA.SS, FL.A.., pp.52, 53. 
WILLAMETTE RIVER, OREG. Triangulation and topography 

of, pp.4, 67, 68; reference to, in estimates, p.11. 
WILLAMETTE VALLEY, p. 67. 
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In Coa8t and Geodetic 8uffe!I l.'11'ort for 181"4. 
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Page 115, plate number 161 ·~~, fol' Xaliiritti read Nah1ritti. 
Page 116, cliart; 600b, plate nuwh..r 17551 for Stait read Strait. 



 

REPORT. 

UNITED 8TA1'RS COAST AND GEODETIC SGRVEY OFFICE, 

Washin.11ton, December 15, 1884. 

Srn: In compliance with law a.nd with the regulations of the Treasury Depa.rtmeut, I have 
the honor to submit herewith my report of the progress made in the work of the Coast and Geo
detic Survey during the fiscal year ending June 30, 1884. 

Up to that date the general progress of the survey is shown graphically in the two maps 
(sketches Nos. 1 and 2) which accompany this report. 

During the past fiscal year field operations have been carried on in thirty States and three 
Territories, and in the District of Columbia. In conformity with the act of March 3, 1871, trigo
nometrical surveys were continued in nine States, which have made requisite provision for their 
own topographical and geological surveys. 

The tabular statement in Aµpeudix No. 1 shows the distribution of the field parties, and the 
nature of the work executed. 

It must be apparent upon a brief consideration of the extent of territory now included by law 
in the operations of the Survey that true economy, based upon a regard for the best interests of 
the public service, demands for each field party an appropriation based upon a careful estimate of 
the cost of its transportation to and from the locality of work, and the cost of keeping it in the 
field during the whole of the season most 9 milable for its operations. To be obliged to recall par
ties for want of funds during the best part of the working season, or to delay sending them till 
but part of a season's work can be accumplislled, are unavoidable results of insufficient appropria
tions. 

I would therefore most earnestly renew the recommendation made in my fast annual report that 
for the next fiscal year the sum appropriated for party expenses should be at least half again as 
large as it has been of late years. In the "Estimates in detail" I state the amount which can be 
e.xpended to advantage for this purpose. ' 

The arrangement of the parts of this report is the same as that of last year, Part I being mainly 
occupied with general statements of progress under the several hea.ds of Field-work, Office-work, 
Discoveries and Developments, and Special Scientific work, and with a statement and explanation 
of the estimates for the next fiscal year; in Part II appear the detailed recitals of field-work and 
a reference to the office-work; in Part III are comprised the several appendices relating to field 
and office work which are published annually, and such professional papers, discussions, and 
reports, as illustrate the methods and results of the Survey. 

H.EL43-1 



 

PART I. 

Reference may be made to Appendix No. I, as showing in a geographical arrangement the 
localities of the several operations in the field, beginuiug at the eastern part of the coast of Maine, 
and following southward to the southern point of Florida and thence along the Gulf coast to the 
Rio Grande; passing then to the southern part of the coast of California anu going northward to 
Alaska; and in the interior States, beginning with those uearest to the Atlantic coast. 

Among the more important developments of the past fiscal year, affecting immediatel,y the 
interests of commerce and navigation, may he me11tio11e1l the location of a dangerous ledge in Eng
lishman's Bay, coast of Maine; the development of ledg·es off .Minot's Ledge light hmrne, lfassa
chnsetts Bay; the discovery of several dangerous shoals in Monomo;\· Passage; tlie location of a 
dangerous rock off ·warren's Point, R. I., and of dangi,rous ledges i11 Fisher's Island Sound; the 
discovery of rocks in East River. N. Y., uear ~orth Brother and Riker's IslandR, aud of a dangerous 
rock in East River in the prolongation of Twentieth street; near Nes Rock; the survey and 
development of dangerous shoals off Cape Henlopeu, and of important changes of high-water line 
near that point. 

To these and other dangers, attention was promptly called by the publication of "Notices to 
Mariners." 

In the general geodetic work of the Survey, and the special scientific investigations incidental 
to it, the report enumerates the following operations, which by their importance demand mention 
here: 

The completion at Lake Ontario of the connection of the triangulation of the Coast and Geo
detic Sun·ey with that of the Lake Survey; the ad rnnce toward completion of the resurvPys 
of Long Island Sound, and of Delaware River and Bay; the survey of the boundary lines between 
the States of Pennsy lva!1ia and West Virginia, for the J oiut Commission of those States; the 
completion at Washington of the series of comparative determinatious of grnvity with the Ka,ter 
pendulums; the determination in ~eographical position of the corner-st-0nes and boundary monu
ments of the District of Columbia, and the advance toward completion of tlie topographical sur
vey of the District; the beginning of lines of level of precision connecting the tidal levels of 
Chesapeake Bay and the Gulf of Mexico with the transcoutinental line of geodesic leveling; and 
the continuation of the primary triangulation near the thirty-ninth parallel for connecting the 
triangulation of the Atlantic coast with that of the Pacific. 

Two officers of the SurYey were sent to Europe on special duty during the year; one of them 
to London, Paris, Brussels, and Geneva to make certain experiments with pendulums and com
parisons of standards ; the oth~r to represent the Surn~y at the seventh conference of the Inter
national Geodesic Association at Rome. 

GENERAI, STATEliENT OF PROGRESS. 

1.-FIEJ,D. WORK. 

ATLANTIC Co.AsT.-Upon the coasts and within the borders of the New England States, the 
work of the Survey bas in.eluded the following operations during the fiscal year ending June 30 
1884: Triangulation of the coast of :Maine between West Quoddy Head and Cross Island; con'. 
tinuation of the triangulation and topography of Machias Bay and vicinity; hydrographic surveys 
between Cross Island and Nash Island, in the vicinity of Moos-a-bee Reach, and in Muscongus 
Bay, coast of Maine; topographic surveys of Harrington River and of Chandler's River Bay, Me.; 
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completion of the hydrographic surveys of Narraguagus Bay and River, and of Pigeon Hill Bay, 
coast of Maine; topographic surveys between Golllsboroug!J and Frenchman's Bays, coast of 
Maine; continuation of the series of tidal observations with self-registering tide-gauge and of 
meteorological observations at Pulpit Cove, North Haven Island, Penobscot Bay; hydrographic 
e;aminatious of Pemaquid and Outer Heron Ledges, coast of }laine; geodetic operations contin
ued in the States of New Hampshire and Vermont; examination of ledges in Lake Champlain: 
reconnaissance for the introdm\tion of additional lines in the triangulation between the Fire 
Island, :Mass., and Epping base-lines; hydmgrapbic examinations in Vinerard Sound, and resurvey 
of Mouomo;r Passage, Nantucket S!Joals; survey of Gay Heafl Clifli-; to :fix position of wrecked 
steamer; continuation of observations at Providence, R. I., with a self-registering tide-gauge loaned 
to the city engineer, and of observations with a similar gauge established on the breakwater, Block 
Island; topographic resurveys of Stonington, Conn., and vicinity; also of the coast of Connecticut 
in the vicinity of Saybrook and Lyme; bydrographic resurve~-s of Fisher's Island Sound and its 
adjacent waters completed; hydrographic resurveys of the eastern part of Long Island Sound and 
a portion of Block Island Sound; completion of obser,·ations with self-registering tide-gauge at 
Fort Trumbull, New London, Conn;; topographic resurveys of tbe north 8hore of Long Island 
Sound between New London and Four-Mile River, aml between Saybrook and Clinton; hydro
graphic resurvey along the north shore of Long Island Sound between Goshen Point and Ham
mona!'lsett Point; topographic resur,·ey of the north shore of Long Island Sonnd from Bridgeport 
to Frost Point, and hydrographic resurvey of Black R-0ck Harbor. 

Work upon the coasts, and within the limits of the Stat-Os of New York, New Jersey, Pennsyl
vania, and Delaware, has included hydrographic examinations off Shagwong Point, l\Iontank, Long 
Island; topographic and hydrographic resmTeys in the Yicinity of ::\lontank Point. Gardiner's Bay, 
aud Orient Harbor, Long Island; re-establii;lnnent of points of the old triangulatioll and determi
nation of additional points on Long Island between Horton'i; Point and Old Fields Point; supple
mentary triangulation between Eaton's Point and Sands Point, north coast of Long Island, and 
of the opposite shore for the resurvey of r~ong faland Sound; completion at Lake Ontario of the 
connection of the primary triangulation of the Coast and Geodetic Survey with that of the Lake 
Survey; hydrographic resurvey of the approaches to X ew York; observations of currents at stations 
off New York entrance; continuation of series of tidal observations with self.registering tide-gauge 
at Sandy Hook, N. J.; geodetic operations in the States of ~ew Jersey and Pennsylvania con
tinued; boundary lines between the States of Pennsylvania and 'Vest Virginia surveyed and 
marked; topographic survey of the New .forsey coast continued, from Cape May court-house north· 
ward; progress made in the investigations of the physical hydrography of Delaware River and 
Bay, and in the location of port-warden. Jines in the harbor of Philadelphia; topographic mmn·ey 
of the shores of Delaware Bay nearly completed; advance towards completion of the hydrographic 
resurvey of Delaware Bay; topographic resurvey in the vicinity of Cape Henlopen completed. 

Within the District of Columbia and the State of West Virginia, and upon the coasts and within 
the boundaries of the States of Maryland, Virgfo.ia, and North and South Carolina, the operations 
of the Survey have included comparative determinations of gn:wity with the Kater pendulums at 
Washington, and similar determinations at Baltimore and Washington in connection with the yard 
and meter pendulums; annual determinations oft,he magnetic declination, dip and inte11sit~- at the 
station on Capitol Hill, Washington; geographical position of Covington, Va., determined; occu
pation of station$ for determining the position of the corner stones and boundary monuments of 

. the District of Columbia, and the continuation of the detailed topographic survey of the District; 
topographic resurvey of the shores of Oh err~· stone Inlet, Va.; topograp!Jic surveys of the shores of 
the estuaries of James and Elizabeth Rivers; liydrographic surveys in the south branch of Eliza· 
beth River, and in North River and Black Bay, Va.; lines of leveling of precision carried from 
Hagerstown, Md., towards Fortress Monroe, Va.; conuection of the astronomical station at Stras
burg, Va., with the triangulation; magnetfo observations at Strasbnrg; determination of the longi
tude of Charleston, W. Va., by excba,nge11 of telegraphic signals with the station at Louisville, Ky., 
ex.tension westward of the primary triangulation near the thirty-ninth parallel in West Virginia 
and Ohio; hydrographic surveys in North Landing and North Bi vers, Va. and N. C.; and veriftf'Aition 
of hydrograpby for the Atlantic Coast Pilot on the coasts of Nort~ and South Carolina. 



 

4 UNITED ST.A.TES COAST AND GEODETIC SURVEY. 

Upon the coast of Georgia, the east and west coasts of Florida; in the approaches to this coast; 
and upon the coasts and within the limits of the Gulf States, the following operations were in prog
ress or completed: Reconnaissance for the extension of the primary triangulation in Northern 
Georgia and Alabama towards Mobile; completion of the snrvey of the east coast of Florida 
between Lake Worth and New River; observations of currents off the east coast of Florida contin
ued ; triangulation of the west coast of Florida in the Yicinity of Punta Rasa ; h)·drographic sur
vey in the vicinity of San Carlos Entrance and topographic survey in the vicinity of Anclote Keys, 
west coast of Florida ; line ofle>els of precision carried from the Gulf coast near :Mobile towards a 
point on the transcontinental line of geodesic lernling; suney of the Gulf coast to the westward of 
the Delta of the Mississippi; continuation of the survey of the Gulf coast of Louisiana from Cal
casieu Pass eastward; bydrographic survey of the coasts of Texas and Louisiana continued between 
Galveston entrance and Calcasieu Pass, and reconnaissance for connecting the triangulation in the 
vicinity of Point Isabel and the mouth of the Rio Grande with Brownsville, Tex. 

P .A.CIFIC CoAST.-Upon the coasts and within the boundaries of the States of California and 
Oregon, of Washington Territor.v, anrl of Al:uika, field work has included triangulation and topog
raphy of that portion of the California coast between San Diego and Newport; continuation of the 
series of observations at the magnetic self-registering recor<l station at Los Angeles, Cal.; contin
uation of the primary trangulation of the coast of California north of Point Concepcion; survey 
of that part of the coast between .!\Ioro and San Simeon ; hydrographic survey in the vicinity of 
Point Buchon; connection of the main triangulation north of Point Concepcion with that near the 
thirty-ninth parallel; determinations of the force of gravity at San Francisco in connection with 
similar observations in .A.htska; tidal obserrntions with self-registering tide· gauge continued at 
Saucelito near San Francisco Bay entrance; hydrographic survey of the California coast between 
Salmon Point and Brushy Point; survey of Siuslaw River entrance, and continuation of the tri
angulation and topography of Umpquah Rirnr, Oreg.; survey of Nestucca Bay, Oreg., and con
tinuation of the triangulation and topography of the \Villamette R.iver; hydrographic survey of 
Gray's Harbor completed, and topographic survey of Hood's Canal, \V. T., nearly completed; 
hydrographic survey made in and near Seabeck Harbor, Puget Sound, W. T., continuation of the 
trangulation and topography of Possession Sound, W. T., and of the triangulation, topography, 
and hydrography of the Strait of Fuca; h.Ydrographic reconnaissance of the bays and harbors 
of Southeastern Alaska continued; tidal observations with Relf-registering tide-gauge continued 
at Saint Paul, Kadiak Island, Alaska, and expedition dispatched to Point Barrow, Alaska, for 
1leterminations ot gravity and the magnetic elements. 

INTERIOR STATES.-Field work in localities between the Atlantic and Pacific coasts has in
cluded the determination of the longitudes of stations in Tennessee, Kentucky, West Virginia, In
diana, and Illinois by exchanges of telegraphic signals with the station at Louisville, Ky., and also 
observations for the latitude of stations not before determined; continuation of geodetic operations 
in the States of Kentucky, Tennessee, Ohio, and Indiana; continuation to the eastward of the pri
mary triangulation in Illinois near the thirty-ninth parallel ; geodetic operations continued in the 
State of Wisconsin; occupation of stations for continuing to the westward the primary triangula
tion near the thirty-ninth parallel in Missouri and Kansas, a11d stations occupied near this parallel 
in Nevada and reconnaissance in. Utah for the extension to the eastward of the transcontinental 
triangulation. ~ 

SPECIAL OPERATIONS during the fiscal year included the construction of a steamer designed 
expressly for service on the coast of Alaska; the assignment of an Assistant to duty in charge of 
the Coast and Geodetic Survey exhibit at the Southern Exposition in Louisville, Ky.; comparisons 
of standards of weight and measure and investigations relating to determinations of gravity made 
in Europe by an Assistant designated for that duty; the transportation of important standards of 
weight and measure from the British standards office, London, to the International Bureau of 
Weights and Measures, Paris, and the attendance of the Assistant in charge of the Office as a dele. 
gat.e on the part of the Sarvey at the International Geodesic Conference at Rome, Italy. 



 

UNITED STATES COAST AND GEODETIC SURVEY. 5 

II.-OFFICE-WORK. 

The usual disposition has been made of all records of field-work in the varied departments of 
the Survey carried on during tue past fiscal year. 

All such records of reconnaissance, triangulation, astronomical aud magnetic observations, 
topographic and hydrogruphic sheet,,;, tidal records, physical geographj·, hydrography and gravity 
researches, and tl10se relating to every description of scientific inveRtigation carried on during the 
year have heen registered in the ardiives and referred to the appropriate di\isions of the office. 

Drawings of fort;r maps and charts l1a\7 e been in progress; of this number eighteen have been 
finished, including twelve photolithograpl1s. Three minute aud carefully drawn maps have been 
made for the use of the Treasury Depa:·tment, showing the limits of all custom-house districts in 
the United States. • 

A new feature has heen introduced in tile reproduction upon the original scale of important 
plane-table sheets; thirty-four such sheets barn been carefully inked for this purpose. 

Numerous drawings and diagrams ha Ye been made for illrnstrations to the annual report, and 
sixt;y-nine tracings arnl drawings hase lweu furnished in answer to calls for information from other 
.Departments of the Go,·ernment, an<l from private parties. 

:Models of the Western Atlantic Basin and of that of the Gulf of Mexico have been made in 
plaster and progress made upon the large map of the United States. 

Eighty-two pr~jcctions ba,·e been made for use of the topographical and h,ydrographical parties 
in the field, and fifteen pr<~jections haYe been finished on copper for new charts. Ten new charts 
have been begun 011 copper, while sHen cliarts and thirty-six sketches on copper haYe been 
completed. 

Corrections and additions ha Ye been made on four hundred and tweuty-8iX plates; fifty-one 
thousand and thirty-sm•en prints have been made from copper; of tliis number fise thousand two 
hundred and twenty-six were for illustrations to the Alaska Coast Pilot, and ninety-six were 
transfer-proofs to be printed from stone. Thirty-six basso and fifty-nine alto electrotype plates 
have been made for office use, also firn basso aml eight alto plates for other Departments of the 
Government. 

A series of polycouic projection tables based upon the Clarke spheroid, aud ext.ending· from tht• 
equator to the pole, has beeu computed aml h; iu course of pnlllicatiou. 

During the year thirty-tnree thousand ::;ix huuilred and tbirty-eig·lit copies of chart~ 11ert· 
distributed, of which number thirteen thousand three lrnudretl and forty-seven were for the use of 
the several Executive Departments, and for Senators and Representatives. 

III.-DISCOVERIES AND DEVELOPMENTS. 

General reference has already been made to the di8coveries and developments of the past 
fiscal ;year affecting the safety of navigation, with mention of the more important of these 
discoveries. The "Notices to .Mariners," printed and widely circulated during the year were as 
follows: 

No. 40 (October 31, 1883) gave the result of the examination of a dangerous rock off \Varren's 
Point, R. I., known locally as "Elisha's Ledge." 

No. 41 (November 9, 1883) described dangerous rocks on the coast of Maine, between Old 
Man and Old Woman Ledges, near Monhegan liglit-house, and ledges off the Damiscove Islands. 

No. 42 (November rn, 1883) reported the disco\'ery of a reef not before known in Eggemoggiu 
Reach, coast of Maine, and described rocks in East River, N. Y., near North Brother and Riker's 
Islands. 

No. 43 (November 26, 1883) gave notice of a dangerous shoal and extension of the point oft' 
Cape Henlopen, the existence of which had been developed in the course of the survey of Lower 
Delaware Bay. A shoal.inside of Delaware Breakwater was also reported and described. 

No. 44 (December 8, 1883) warned navigators of a sunken wreck in the Potomac Rh·er bet.ween 
Blackistone Island and Piney Point. 

No. 45 (March 20, 1884) reported that the recent reaurveya in tb vicinity of Nantucket Sho&llil 
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. 
had developed the existence of !Several dangerous shoals between Shovelful light-vessel and PoBock 
Ripiight-vessel, in Monomoy Passage. 

No. 46 (l\fay 37~ 1884) contained notes on dangers in Neva antl Peril Straits, and on anchorages 
in FisL Bay, Southeastern Alaska. 

No. 47 (l\Iay 28, 1884) gave notice of tlaug·erous ledges in Fisher's Islaml Sound. 
No. 48 (May 31, 1884) warned m1,·igators of a dangerous pinnacle rock in East River, N. Y., 

on the prolongation of Twentieth strPPt. A <lauger buoy has since been placed on this rock. 
No. 49 (•lune 1, 1884) reported thP existence of a dange.rous ledge in Euglii,;hmau's Bay, i1ea1· 

the eastern entrance of l\Ioos-a-bec Heach, coast of .Maine. .. 
No. 50 (June 10, 1884) des(:rihed tlte location of ledges off 2\-Iinot's Ledge light-lio:ise, Massa

chusetts Bay. 
No. 51 (June 30, 1884) gaye notice of important clianges, produeed by"the inroads of the sea, 

at and near Cape Henlopen, and of changes proposed by works of improvement in that vicinity. 
The hydrographic examinations and surveys which dt>veloped the dangers and obstructions to 

navigation above enumerated '''ere made by officers of the Na>y on Coast SurYey service, and arc 
referred to again in Part II of this report in the detaiied notices of work in tlieir several localities. 

IV .-8 P E C I .A I, 8 L' I E 5 T I FI C W 0 R K. 

INTERNATIONAL GEODESIC ASSOCIATION. 

The importance of the questions to he discussed at the seventh annual conference of the Inter
national Georlesic Aggociation, heM at Rome in October, 1883, and the desirability of continuing 
the. intimate I'('lation1' heretofort- t~Xi1'tiug hetween the Coast aud Geodetic Sune.\' and similar 
organizations in :Europe, led to the detail of an officer of the Survey, under authority from the 
Secretar.\· of the Treasury, as a delegate to that Uonfcrence. 

The letter of convocation of the Conference having indicated as one of its leading objects the 
consideration of the question of the unification of longitude by the adoption of a universal prime 
meridian, and of the unification of time by the adoption of a universal time, the delegate on the 
part of the Smvey was instructed to express the opinions entertaineJ by scientific and practical 
rueu in the United States in relation to the same. He was instructed also to take occasion to urge 
upon the IJouference the desirability of expressing an opinion in favor of the several Governments 
participating iu a Diplomatic Conferenw• at '\Yasliington, as propoxed hy this Government, for ar
riving at a settlement of the questions rueutioned. 

After due deliberation, the eonclnxions of the conference, rt,presenting fifteen separate nation
alities, were formulated in a series uf resolutions, to be brought to the knowledge of the several 
Governments, and recommended to their favorable consideration. This action led to the meeting 
of the Diplomatic Conference held at 'Washington in October, 1884. 

Special report has been made by the delegate of the Coast and Geodetic Survey in regard to 
the part taken by him in the discussions. 

DETERMINATIONS OF GRAVITY .A.ND COMPARISONS OF STANDARDS. 

Reference was made in my last annual report to the detail of au Assistant in the Survey for 
the purpose of obtaining in Europe certain observations necessary to complete the connection of 
the American ancl European initial gravity stations. This duty involved the measurement of tlie 
flexure of the l~cpsold pendululll tripod at the observatories at Kew, England, and GenEwa, Swit
zerland; the charge of the coustruction of new pendulums and of apparatus for gravity investiga
tions, and special inquiries respecting matters discussed at the Gravity Conference. Papers relat
ing to the JD(•thod adopted for the measurement of tiexure, and to the eft'ect of flexure of a }leudu
lnm upon its time of oscillation appear as Appeudices 15 and 16 to this report. 

Advantage was also taken of this detail to have made comparisons of the iron yard No. 57, 
belonging to the United States Bureau of Weights and Measures, with its mate, No. 58, deposited 
in the ordnance office at Southampton, and with the hronze yard No. 6, known as the "~enerator," 
and kept at the British Standards Office. The Arago platinum kilogram of the United Statse 
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Weights and Measures Bureau was transported to the International Standards Bureau at Breteuil, 
for comparison. 

The valuable series of comparative determinations of gravity by means of tbe Kater pendulums 
was completed at Washington early in the fiscal year by the Assistant in whose charge they had 
b~P,n placed to be swung at the Transit of Venus station of 1882, at Auckland, New Zealand, at 
stations in New South Wales, British India, and Japan, and at a station in San Francisco. A. full 
report of these observations appears in Appendix No. 14. At Washington, the station occupied 
was the one at the Smithsonian Institution, at which these pendulums had been swung by Lieu
tenant-Colonel Herschel, R. E. 

PROJECTION TABLES, AND FORMULA!: AND FACTORS FOR LATITUDE, LONGITB"DE, A.ND AZIMUTH 

COMPUTATIONS, BASED ON THE CLARKE SPHEROID. 

In February, 1880, the Clarke spheroid of 1866 was adopted by direction of the Superintendent 
as the basis of development _of the area covered by the entire operations of the Coast and Geodetic 
Survey. It superseded the Bessel spheroid, which had been iu use since 1844, and its adoption 
made desirable the preparation of new 1:>ditions of the Pn~iection Tables, and of the auxiliary tables 
for the computation of geodetic latitudes, longitudes, and azimuths. 

The new Projection Tables appear iu Appeudix No. 6. They have been computed under the 
direction of the Assistant in charge of the office, and cover the entire distance from the equator to 
the pole. Some changes 11,nd additions in the body of the tables will, it is hoped, make them more 
convenient for use. They have beeu prepared for the polyconic vrojection,* so long in use upon 
the survey, but answer equally well for all kinds of conic projections. 

In Appendix No. 7 is giYen a third editio:1 of the Tables of Formula- and Factors for the 
computation of geographical positions. The first edition appeared in the Report for 1860, Appendix 
No. 36, and the second in the Report for 1875, Appendix No. 19. The present edition bas been 
carefully revised by the Assistant in charge of the Computing Division, unuer whose direction it 
has been prepared. 

THE RUN OF THE MICROl\IETER. 

In Appendix No. 8 is ginu an investigation of Uw facts and courJitions whicb slionld guide 
au observer in determining for the different fractional arcs measured on tbe graduation of a 
theodolite the due apportionment of the run of the micrometer, or the quantity b,y which the 
micrometer measures more or less than the prescribed number of the seconds of the graduation. 

This in>estigation is followed b.Y examples showing the forms of record and reduction as 
employed in actual field-work, and also methods of formiug tables of rnn-correetions by means of 
which these corrections can be readily applied during the progress of the obserrntions. 

Tables of this character, in manuscript form, have long been in use by obseffers and in the 
Computing Division of this office. 

BOUNDARY LINES BETWEEN THE STA'l'ES OF PENNSYLVANIA. AND WEST VIRGINIA. 

Reference was made in my last annual report to a request from the Joint Commission of the 
States of Pennsylvania and West Virginia for the detail of officers of the Coast and Geodetic 
Survey to execute the work of tracing out the boundai·y line between Peur:s,ylvania and the "Pan 
Handle" of West Virginia. The two Assistants assigned to this duty completed the survey and 
marking of the boundary early iu the fiscal year, the line adopted by the Joint Commissioners being 
a straight line through the sont,hwest corner of Pennsylvania and the first stone south of the Ohio 
River, which had been placed in the meridian of ,the .large granite monument marking the south 
end of the boundary line between the States of Pennsylvania and Ohio. 

Subsequently, with my approval, a further request from the Joint. Commii;sion was acceded 
to-the tracing out of a portion of the boundary uetween Pennsylvania and West Virginia run-

•See Appendix No. 15, Report of 1880, for an iwcount of this and other projections. 
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ning eastward along the parallel from the southwest corner of Pennsyh'ania to the Maryland 
corner. 

Full reports of this work, with detailed maps of the two boundary lines, have been transmitted 
to the Joint Commission. Duplicates of these reports and maps are preserved in the archives of 
the Survey. 

CONNECTION AT LAKE ONTARIO OF THE PRillrA.RY TRIANGULATION OF THE COAST .A.ND 

GEODETIC SURVEY WITH THAT OF THE LAKE SURVEY. 

In Appendix No. 9 is given the result of the' computation and adjustment of the main tri
angulation across the State of New York, which connects at Lake Ontario the triangulation of 
Hudson River and Lake Champlain with that of the United States Lake Survey. 

That portion of' the triangulation of Lake Champla.in which forms the immediate basis of the 
work across the State of New York was executed between 1876 and 1879, and this work itself be
tween 1880 and 1883. Upon Lake Ontario the work of the Lake Sur\·ey was done between 1874 
and 1878. 

The general accuracy of the Coast and Geodetic Suryey work is expressed numerically in the 
report, ancl the satisfactory character of the junction of the two Government surveys is pointed 
out in the length of the line Sodus-Oswego, on the lake shore. The discrepancy amonnts to but 
1-52800 part of the length of this triangle-side, or about an inch and a quarter to the statute mile. 
In latitude, longitude, and azimuth, the accordance of results is equally satisfactory. 

In making this and other jnnctions with the triang-ulation of tl1e Lake Survey, which, as wt>ll 
as our own, has been developed on tl!e Clarke spheroid of 18HG, tlle usefulness of that work will 
be extended, and its results can readily be brought into harmony with those of the Coast and 
Geodetic Surve;v. 

LONGITeDES DEDUCED IN THE COAS'l' AND GEODETIC SURVEY FRO)[ DETERMINATIONS BY 

:MEANS OF THE ELECTRIC TELEGRAPH BETWEEN THE YEARS 1846 AND 1885. SECOND 

ADJUSTMENT. 

Appendix :No. 11, on longitudes deduced in the Su~vey from determinations by means of the 
electric telegraph, is a ntluable contribution, i11 t,he form of a general table of results for longitude 
and their probable errors, from the time of inception of the method, and the first transmission of 
telegraphic signals in 184f> to the middle of the year 1884. It coutains also the resultiug longitudes 
of all stations between the measures of which mathematical conditions exist requiring adjmitment 
by the use of the method of least squares. 

A preliminary adjustment aud report on telegraphic Iongitmle results was published as 
Appendix: No. 6 to the !~port for 1880. The paper now referred to gfres the re1mlts of the second 
adjustment, and was demanded by the ad1litio11s made to the field longitude work since 1880. 
These additions comprise new stations, as well as new conditions between old and new stations. 
The general table contains one hundred and fifty-se,·en separate longitude determinations. 

In the discussion has been included the longitude of Df'troit, Mich., the fundamental lon
gitude station of the United States J,ake Snrvey. A value has been derived also ·fol" the longitude 
of Ogdeu, Utah, which is the principal point of reference for the longitudes obtained in the United 
States Geographical Surveys west of the one lmndredth meridian. 

Reference is made in the report to the relath·e accurw~.r of the results of the American and 
European s)·stems of telegraphic longitudes, and it will be seen from the comparison given of the 
average probaule error of a lmrgitude determination by the two systems that the results of the 
American s.vstem compare favorably in accmacy witl1 those of tlie European. 

TRIGONOME'fRICAL DETER:MIN.A.'l'ION OF THE HEIGH'l'S OF THE STATIONS OF THE DAVIDSON 

QUADRILATERALS. 

A further contribution t-0 bypsometIT is made in an appendix (No. 10), in a discussion of the 
trigonometrical measures for the heights of that part of the great triangulation of California koown 
as the Davidson quadrilaterals. 



 

UNITED ST.A.TES COAST .A.ND GEODETIC SURVEY. 9 

The experimental study of atmospheric refraction in connection with meteorological condi
tioni:, for the purpose of increasing the accuracy of the determiuatiou of heights from obsrrmtions 
of zenith distances, bas of late years claimed much attention in Emope as well as here, and it is 
believed that the present paper will he regarded as an advance in this kind of research. It is 
based upon the theoretical considerations of the atmospheric refraction as given hy Jordan, whose 
researcbes were found to l>e most directly applicable in connection witb the results deduced from 
the special experiments made in 1880 on the stations l\Iount Diablo and Martinez East. TlJese 
results were given in my report of last year (Appendix 12), and it is there pointed out that trigo. 
nometrical 11ypsometry stands much in need of results from similar direct observations of hourly 
zenith distances, continued day and night, with conespoucling meteorological obserrntions, to be 
made in localities having a distinct climate, in order that for these spedal regions the results of 
their discussion, especially with reference to decrease of atmospheric temperature with increase of 
altitude, may be advantageously employed in the computations for heights. 

COAST AND GEODETIC SURVEY EXHIBIT AT THE SOUTHERN EXPOSITION. 

In Appendix No. 18 is given a brief account of the exhibit made by the Coast and Geodetic 
Survey at the Southern Exposition, held at Louisville, Ky., in the summer aud autuum of 18:s3. 
· The sever.al branches of field-work of the Survey were illm1trated by a collection of instru

ments and apparatus; t be results of the work by sets of the charts and other publications. Sets of 
standarus of weight and measure, and a line and end comparator were sent as specimens of the 
results of work and of the apparatus employed in the office of weights and measures. The exhibit 
made by the Government, in which eigllt other Bureaus were represented ueside the Com;t and 
Geodetic Survey, was a marked feature of the Exposition, and to it were coutined most of the dis-
plays of a scientific character. · 

Two awards were made to the Survey-one, a medal for the exhibit as a whole; the other, a 
diploma, for the liue and en<l compamtor. 

PHYSICAL HYDROGRAPHY. 

The advance toward' completion of the resurvey of Delaware River and Bay has furnished 
material for the study of the physical hydrography of that important high way of commerce. 
A paper foreshadowing the probable results of this stud.v has been submitted by the as.sh1tant 
who has been specially charged with the con~ideration of this and kindred subje~ts. Comparittons 
already made between the recent hydrogmphic surveys and those of forty years ago have affur<led 
means of determining the nature aud extent of physical changes in important localities. A report 
embodying the results of som0 of these investigations appears as Appendix No.12. 

The services of the assistant by whom this report was prepared, and who has had charge for 
some ye'lrs of one of the bydrographic parties, were made available during a portion of the fiscal 
year to the United States Advisory Commi8Sion for the improvement of the navigation of the 
Delaware by his detail as consulting engineer. 

GEOLOGY OF THE SEA BOTTOM IN THE APPROACHES TO NEW YORK BAY. .. . 
The existence of a submarine river-channel in the sea-approaches to New York Bay, as devel

oped by recent hydrographic surveys, has led to a discussion of the probable origin and formation 
of this channel which will be of interest to geologists and students of physical hydrography. 
This paper appea.1'8 as Appendix No. 13. 

DEPTHS OF THE SEA. IN THE BAY OF NORTH AMERIO.A. A.ND THE GULF OF MEXICO. 

In .Appendix .No. 17 is described a model of the depths of the sea itt the Bay of North Amer
ica and Golf of Mexico. The model presents, also, the characteristic features of the eastern part 
of the .North American cout.inent, and shows at a glance the relation of those features to the great 
snbmwe baiins of the Gu1f and the North Atlantic. · 

' ltlk.43---,2 
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EXPL.AN .A TION OF ESTIM.A TES. 

The estimates for the Coast and Geodetic Survey are presented nuder the following heads: 
"Party expenses" comprises the pay of those temporarily employed as recorders, signal-men, 

hands, cooks, drivers, or boatmen, as the case may be, the subsistence and transportation of tile 
parties, aud all requhiite materials, tents, boats, and all other necessary expenses incident to the 
work. 

"Furnishing points for State surveys" gives the amount proposed for extending the geodetic 
work in different States. 

"Transcontinental geodetic work" proposes the sum to be expended for continuing the trian
gulation connecting the work on the Atlantic coast with that on the Pacific, including the line of 
leveling between the two oceans. 

"Pay of field officers" comprises the pay of the regular staff of surveyors. 
"Pay of office force" comprises the pay of persons regularly employed in the office. 
"Office expenses" provides for the purchase of material of all kinds required for the use of 

the office. 
" Rent of office buildings,'' "Publishing observations," and "Repairs and maintenance of 

vessels." 
The estimates under these several beads are substantially the same as appropriated for during 

sernral years. past, except the first item, that for "Party expenses," which is increased for the fol
lowing reasons: 

In order to conduct the work with reasonable economy, it is requisite that surveying parties 
should continue in the field at the several localities where the work is in progress during the whole 
season of favorable weather. The expenses of moving the parties and their equipments to and 
from their several localities of work, which are for the main part remote from ordinary facilities, 
are 110 greater for a season of seven months than for one of four months. For the sake of main· 
taining a proper economic relation between party expenses and results, the Superintendent reoom· 
mends an increase of about one-third in this item. 

The additional item of f18,000 for resurvey of New York Bay and Harbor is introduced at the 
instance of the maritime and commercial bodies of the city of New York. The commercial impor· 
tance o(the port of New York is so great ~hat a constant watch should be kept on the changes in 
the harbor, and the Department recommends the appropriation asked for this purpose. 

The last item, for" Repairs and maintenan<lfl of vessels," is $12,000 less than last ytar, that 
amount having been specifically appropriated to provide new boilers for the steamer Bassler, which 
bas now been done. 

ESTIMA'.1.'ES IN DETAIL. 

For every expenditure requisite for and incident to the survey of the A.tlantie, Gnlf, and Paeifto 
coasts of the United States, including the survey of rivers to the heat! of tide-water or ship navi
gation ; deep-sea soundings, temperature and current observations along the coasts and through
out the Gnlf 8tream and Japan Stream 11owing off the said coasts; tiW.I obttervations; the neces
sary resurveys; the preparation of the Ooast Pilot; a magnetic map of North America; and the 
compilation of data for a general map of the United States; and including compensation not oth· 
erwi11e appropriated for of persons employed on the field-work, in cooformit3 with~ regolationa 
for the government of the Ooast and Geodetic Survey adopted by the Secretary of the Treasury 
and inclucling allowance for subsistence to officers of the Navy attacked t.o the Survey, not ex~ 
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ceeding $1 per day, as allowed by act of Congress approved June 12, 1858, and also including the 
repairs, outfit, and eqnipment of vessels used on the Survey, to be expended under the following 
heads: · 
PARTY EXPENSES : 

.For continuing the survey of the coasts of Maine eastward from Englishman's Bay 
towards Quoddy He&d, and inclmling portions of Passamaquoddy Bay_ ........ . 

For examination of reported dangers and changes on the eastern coast and necessary 
resurveys in Nantucket and Vineyard Sounds ................................ . 

For continuing resurvey of Long Island Sound .... _ .............................. _ 
For completing resurvey of Delaware Bay, including current observations .. _ ..... _ 
For continuing examination of changes, and resurveys on the sea coast of New Jer-

sey . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . ........... . 
For continuing the survey of estuaries of Chesapeake Bay, and of sounds and tide-

water-passages in North and South Carolina not h~retofore surveyed ........... . 
For continuing the survey of the Saint John's River, Fla_..... . .......... _____ ... . 
For continuing the survey of the western coast of Florida from Estero Bay south-

ward and from Saint Joseph's Bay northward, and hydrography of same ........ . 
For resurvey of Mobile Bay and supplementary surveys on the east side of the .Missis-

sippi Delta ........................ _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . _ .... . 
For continuing the survey of the coast of Louii;:iana west of the Mississippi Delta, and 

hydrograpqy on the coasts of Louisiana and Texas ......... __ ................ . 
For making the requisite verification of the work near the boundary, and for examina

tion of entrances on the coast of Texas . . . . . . ........................•..••.•.. 
For making off-shore soundings along the Atlantic coast and observations of currents 

and temperatures in the Gulf Stream ............................••..••....••.• 
For continuing the researches in physical hydrography relating to harbors and bars. 
For determinations of geographical positions (longitude party) ................... . 
For continuing the primary triangulation from Atlanta towards Mobile ........... . 
For continuing an exact line of levels from the Gulf to the transcontinental line of 

levels between the Atlantic and Pacific Oceans ................................ . 
For tidal observations on the Atlantic coast, including the establishment of a tide 

station at Fernandina, Fla. . . . . . . . . . . . . . . . . . . . . . . . . . . ..•........ _ ........... . 
For continuing magnetic observations on the Atlantic and Gulf coasts ............ . 
For contimling gravity experiments . . . . . . . . . . . . ..................... _ . . . . . . . .. 
For continuing the preparation of the Coast Pilot and making special hydrographic 

examinations for the same . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ................... . 
For continuing the compilation of data for a general map of the United States .... . 
For continuing the topographical survey of the coast of :Southern Oalifornia, includ

ing the necessary secondary triangulation and supplementary surrnys near San 
Francisco .. ; . . . . . 1 • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •••••••••••••••• 

For continuing the primary triangulation of California., including a line of precise levels 
from Saucelito to the transcontinental line of levels ................ _ ......... . 

For con tinning hydrogmphy off the California coast ...............•.............. 
For continuing the sur\'ey of the coast of Oregon, including off.shore hydrography, 

and the survey of the Oolumbia. and Willamette Rivers to the head of ship naviga-
tion . . . . . . . . . • .. . . . . .. . . . .. . . . . . . . . . . . . . . . . . . . . .. . .. .. ..... · . . .. . . . .. . . . .. . . . . . .. · ..... 

For continuing the survey of the coast of Washington Territory ............•. - .... 
For continuing explorations in the waters of Alaska and making hydrographic sur. 

veys in the same. • . . . . . • . . . . . • . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . • . . . ..... 
For traveling expenses of oftlcers and men of the Navy on duty, and for special sur

veys that may be required by the Light-Hoose Boa.rd or other proper authority, and 
eoutingellt expeDBe8 incident thereto ••••••••••• H •••••••••••••• ~ •••••••••••••• 

$10,500 

3,5-00 
21,000 
4,500 

3,000 

5,000 
3,000 

9,000 

s,ooo 

9,000 

3,000 

9,000 
5,000 
5,000 
4,500 

2, 500 

3,500 
2,000 
5,000 

4,000 
2,000 

9,000 

16,000 
7, 500 

10,500 
15, 000 

10,000 

5,00Q 
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p ARTY EXPENSEs-Oorrtinued. 
For continuing tide observations on the Pacific coast . . . . . . . . .............. , ••••. 
For magnetic observations on the Pacific coast. . . . . . . .......................... . 
For traveling expenses of the Superintendent and his party on duty of inspection .. . 
For objects not hereiubefore named that may be deemed urgent .................. . 

$3,500 
3,500 
1,500 

10,000 
And ten per centum of the foregoing amounts shall be available interchangeably for 

expenditure on the objects named. 

Total party expenses ....................•.•..............•...............•. 

RESURVEY OF NEW YORK BAY AND HARBOR.-For resurvey of New York Bay and 
Harbor, iueludiug E<1>st Rtver to Throg's Neck . . . . • . . . . . . ................... . 

FURNrSII!NG POIN1'S FOR STATE SuRVEYS.-For furnishing points for State surveys 
TRA.NSC0.'11'INEN'rA.L GEODETIC Wo&K.-For transcontinental geodetic work, incluuing 

line of Jeveling between the .Atlantic and Pacific Oeeans ......................•. 

PAY OF FIELD OFFICERS: 

For pay of the 8uperintendent.... . . . . . . . . . . . . . . . • . ..........•................ 
For pay of six Assistauts at rates between $3,000 and $.t,000 per annum.. . ....... . 
For pay of nineteen Assh;tants at rates between $2,000 allll $3,000 per annum. 
For pay of twenty-one Assistants at rates between $1,500 aull $:!,000 per annum .... 
For pay of nine 8ubassistants at rates betweeu $1,100 au<l $1,400 per annum ......• 
For pay of nine aids at rates between $i20 and $900 per aunum .............•...... 

Total pay in field . • . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . ..•. 

PA. Y OF OFFICE FORCE : 

In the office of the Superintendent; of the Assistant in charge (including all suboffi.ces); 
of the Hydro1;:raphic Inspector and of the Disbursing Agent, twenr.y-nine persous 
frorn $400 to $3,000 per annum... . .. . . . . . . . . • • • . ............................ . 

In the Computing awl Tidal Dh·h1ions, twelve persons from $500 to $2,000 per annum. 
In the Drawing and Engra\"iqg Divisions, thirty-seven persons from $500 to $2,400 

per annum ..........................................•.•..•.....•.....•..•..•. 
In the Misct-llaneous Division and the Instrument Shop, twenty-five persons from $300 

to $2,400 per annuw ..........•.............................................•• 

210,500 

=-= • 
18, 000 

20, 000 

36,000 

6,ooo 
20,soo 
43,000 
3H, 000 
11,250 
7,920 

124,970 

34,800 
14,800 

54,400 

25,400 

Tota] pay of office force...... . • . .. . •..••.••... - ....••.•.... ·...... . . . . . . • . 129, 400 

0FFIOE EXPENSES: 
For purchase of new instruments, for material and supplies for instrument shop, car. 

penter shop, and drawing division, and for books, maps, and charts •..•......••. 
For copper plates, cha.rt paper, and printers' ink ; copper, zinc, and chemicals for 

electrotyping, engravers' and printers' supplies; extra engraving and photolitho-
grapbing .................................................................... . 

For stationery for office and field parties; transportation of instrument:B and sup
plies ; office wagon and horses; fuel and gas ; telegrams; ice; washing and extra 
labor; and allowances to assistants in charge of office details, in accordance with 
the regulations of the SecrPtary of the Treasury . . • ..........................•. 

For office furniture and repairs; traveling ex11enses of assistants and others sent on 
special duty in the service of the office, and for miscellaneous expenses and contin-
gencies of all kinds .•••••......•••••..•.......••..•..•••••.•••••.•.........•.. 

Tota.I office expenses • • • • • • .. • • • . • . . . . . . • • . . • . • • . • • • . • • • • . • .••••.•.....••.•.. 

12,600 

14,200 

13,450 

3,900 
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RENT OF OFFICE BUILDINGS: 
For rent of buildings for offices, wor~-rooms, and workRbops in Washington.... . . . $10, 500 
For rent of fire-proof building No. 205 New Jersey avenue, including rooms foI stand-

ard weights and measures; for the safe keeping and preservation of the original 
astronomical, magnetic, hydrographic, and other records; of the original topograph-
ical and hydrographic maps and charts; of im;truments, engraved plates, and other 
valuable property of the Coast and Geodetic Survey. . . . . . . . . . . . . . . . . . . .. . . . . . . . . 6, 000 

Total for rent of office buildings . . . . . . . . . . . . . . . . . . . . . . . . . .................. . 16,500 
===~ 

PUBLISHING OBSERV .A.TIONS.-For continuing the publication of observations and their 
discussion, made in the progress of the Coast and Geodetic Sun·ey, including com-
pensation of civilians engaged in the work, the publication to be made at the Gov-
ernment Printing Office. . . . . . . . . . . . . . . . . . . . . . . . • . . • . . . . . . . . . . . . . . . . ....... . 

REPAIRS AND MAINTENANCE OF VESSELs.-For repairs and maintenance of vessels 
nsed in the Coast and Geodetic Survey _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..... 

6,000 

30,000 
== 

Total amount estimated for United States Coast and Geodetic Survey for 1885-'86 635, 570 
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OBI TU ARIES. 

RICHARD D. t)uTTS, Assistant, United States Coast and Geodetic Survey, died in Washington 
on December 13, 1883 . 

.Mr. Cntts was born in Washington, September 21, 1817. Having been appointed Subassist. 
ant in the Coast Survey, June 1, 1843, under the Superintendency of Mr. Hassler, he reached the 
grade of Assistant under Superintendent Bache less than three years later. That the fine abilities 
and untiring energy of Mr. Cutts were fuJly appreciated by Professor Bache is shown, not only by the 
rapid promotion accorded to him, but also by bis assignment to duty iu po'litions of great responsi
'bility, where quick perception, sound judgment, and a readiness to meet every emergency of his 
profession were essentials. 

For five years during the early times of the settlement of California. he wa.s in charge of the 
triangulation and topography upon that coast; upon being relieved from that duty in 1855, he 
was appointed United States surveyor under the reciprocity treaty with Great Britain; in 1861 he 
became a member of General Balleck's st.aff and served with distinction till the close of the civil 
war. Soon after Professor Peirce became Superintendent he was appointed by that eminent 
geometer inspector of the secondary triangulation of the Survey, in order to introduce a more 
thorough system into the field-operations; in March, 1873, the President sent him as honorary 
commissioner to the Vienna Exposition; at the date of his assignment in 1881 to the charge of the 
Coast and Geodetic Survey Jffice, IJe had completed the connection of the primary triangulation 
of the New England coast with that of the Hudson River and of Lake Champlain. 

His failing health under the steady pressure of office duty excited grave apprehension among 
his friends, but their hope was that his journey to Rome as the representative of the United States 
at the annual meeting of the International Geodesic Association would recruit bis strength and 
insure his being spared to them and to the work for some years to come. ·This hope wa.s not 
destined to be fulfilled. On his return he was warmly welcomed, and soon resumed the active 
charge of the office. But signs of failing health were only too evident. He remained at his post, 
though, till he was prostrated by an attack which in less than a week had a fatal termination. 
With his associates on the Survey his rememlJrance witl ever be present as that of a valued 
friend, a man of warm heart., instinctive honor, great ability, and thorough devotion to the interests 
of the Survey. 

ACTION ~'.A.KEN AT THE OFFICE OF THE COAST A.ND GEODETIC SURVEY. 

At a meeting of the Asl!!istants and othel'. persons employed in the Coast and Geodetic Survey, 
held at the office of the Survey, December 15, 1883, upon the occasion of the death of Richard D. 
Out ts, Assh!tan t in charge of the office and topography, the Superintendent, having taken the chair, 
spoke as follows: 

There devolves upon me the painful duty of announcing the death of one of our 
oldest aud most faitbfnl l\S8ociates. 

Richard D. Cutts, Assistant, United States Coast and Geodetic Survey, died in 
tbia city on December 1:), 1883, in the sixty.seventh year of his age and the forty.first 
year of his service on the Coast Surn~y . 

.Assistant Cutts was born in Washington, D. C., in September, 1817, and entered 
the Uoast Survey in June, 1843. Au expt•rience previously acquired upon the North· 
east Boundary Surve,y, added to liis native ability, soon brought hiEl name into ]lrom· 
inent uotice; anti the prompt and efficient discharge of every duty assigned showed 
bo.w Wt'll placed was the confidence so earl~' reposed in him. 

Dmfog his connection with the Coast Survey bis labors have been exten(led into 
every department of the work. In his t>arlier ,years bis eifort8 were directed towards 
raising the standard of topographical work, which be di<l with ~miuent success. Of 
late Jears the higher scientific work of tbe Survey bas occupied his a.ttention,and his 
operations ha \'e extended to all parts of tbe country. The shores of the Chesapeake1 the coasts of the Pacific, the plains of Texas, and the mountains of New Englanct 
equally bear teRtimony to bis professional ability and untiring energy. To hini the 
navigators of the Pacific are indebted for the first surveys of San Francisco, San 
Diet.?o, and Monterey Bays, and some otb& minor harbors on that cooet. 

On sev~ral occasions be bas represented this Governmentin iDtemational matters. 
In 1855 he was appointed ~United States surveyor upon tbe lnt.ern&tional Fish.-
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' eries Commission for the settlement of the limits of the fishing grounds between the 
United States and the British dominions in North Ameriea. 

Throughout the civil war he performed distinguishecl services, retiring with the 
honorary rank of brigadier-general. 

In 1873 be was one of the United States Commissioners to the Vienna Exposition; 
and only two months before his death he attended the International Geodt:'sic Con
ference at Rome, as the representative of the United States in that conference, which 
was held with the special view of cousidtring the question of a universal prime 
meridian and the unification of time. 

For two years before his death he filled the poRition of Assistant in charge of 
office and topography, and the manner in which be di;;cbarged the arduous duties de
vol'f"ing upon him was but in keeping with his discharge of e\·er,v trust confided to him. 

Distinguished as he was for his professioual acquirements, he was even more 
noteufor the possession of every quality that markH the perfect"geutleman. \Vise 
in counsel, firm in purpose, unswerving in principle, gentle in mauner and kind in 
hoort, be was a .man without tear and without reproach; and to us who remain 
behind be leans an example worthy of our highest emulation. 
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Remarks were made by Assistants Edward Goodfellow and H. G. Ogden, and by Commander C. 
M. Cbestt>r, U. S. N., Hydrograpbic Inspector. 

The following telegrams, addressed to the Superintendent from Assistants unable to be present 
were read: 

From Assistant Boutelle.: 
Say for me that I grieve with yon for the accomplished officer and noble gentleman 

whom we all loved so dearly. 
From Assistant Davidson: 

The Assistants ou the Pacific join in the sorrow of those on the Atlantic in the 
grievous loss of General Cutts. Hill tlevotion to the work of the Snrwy, his ability 
in execution, and his integrity in administration commanded the respect and admira
tion of all his brother workers. 

To the older officers he was endeared by the early associations and anxieties of the 
Survey in the beginning; to the younger· ones by his active interest in it11 continued 
success and development; to all by the ready sympathy and genial encouragement of 
a great heart and a clear head. 

We appreciate but cannot express in words the deep bereavement of his family. 
The following resolutions were then unanimously adopted, after which the meeting adjourned. 
" 1. That the able and faithful services of ueneral Cutts during the forty years of his labors on 

the S11rvey and his fidelity to the public interests in the discharge of the responsible duties of his 
position wake his loss one to be deeply deplored. 

"2. That the traits happily combined in the character of our bonond aE<sociate, bis som1d judg
ment, absolute integrity, and kindliness of heart gained for him the respect and confidence of his 
brother officers, and the warm attachment of his friends. 

"3. That the officers and members of the Survf'~' assem hlt>d here to-day desire to have placed 
on record this expreSRion of their great loss, both personal a11d official, and they would ask the 
privilege of extending their deep sympathy to the family of General 011tts in their bereavement." 

FERDINAND H. GERDES, Assistant, United States Ooa&,t and Geodetic Survey, died in Wash· 
ington, June, 27, 1884, in the seventy-fifth year o(. his age. 

Mr. Gerdes was not only the oldest of the Assistants, but the senior on the work in point of 
service, having entered the Slll'vey as Subassistant in June, 1836. He was born in Hanover, Ger
many, September 15, 1809. The training he had received in the land of bis birth had its usual 
character of thorou.ghness, and was enforced by habits of close application and unremitting labor 
upon the part of its recipient. He rose rapidly io. his protes1:1ion, ancl was appointed Assistant in 
14arob, 1837, and assigned by Superintendent Hassler to the charge of a topographical party on the 
abores of Long Island Sound. · 

Betw:eeu 1841and18" he was engaged in primary triangulation in New Jersey and Maryland, 
and in topographiea.l work on Dela.ware Bay and River. 

In 1844, wben the need of ooginning the survey of the coast of the Gnlf of Mexico became 
aumifeist,Su:Perintend~nt Baehe showed.bis appreciatiou of Mr. Gerdes' capabilities by assigning 
to him tlae obar•e <>f that im1>0rtant reconnaissance, a11d the execution of the triangulation that it 
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should develop. He thus became the pioneer of the Snrv<!y on that coast, and was identified for 
many years with its progress. 

Soon after the outl>reak of the civil war he was assigned to special service with the Gulf 
Squadron under command of Admiral Farragut, and subsequently to duty on the Mississippi, 
Yazoo, and Arkansa_s Rivers in the fleet commanded by Admiral Porter. Both of these officers 
acknowledged the valuable co operation of Assistant Gerde'1, and attributed to bis work much of 
tbe success of the naval operations. 

Towards the close of 1864, a commission having been autlwrized by Congress to examine 
and report on sites for a navy-yard in Western waters, Assistant Gerdes accompanied the commis
sion as topographer, and on ueiug relieved from that duty was directed to report to Admiral S. P. 
Lee to continue surveys ~m the Mississippi between Uairo, Ill., and 8aint Mary's, Mo~, and on the 
Tennessee and Lower Ohio. The reconnaissance charts which were among the results of these 
surveys were highly appreciated bJ the officers of the Mississi11pi 8quadron. 

For the two years following the close of the war Mr. Gerdes was iu charge of the hydrography of 
tbe Passes of the :Mississippi; between 1867 and 1875 he was engaged on special surveys in which 
his long experience on the work had become of exci>ptional rnlue. During this period he made a 
resurn·y of the approaches to New York for the Harbor Commissioners; an elaborate report for 
the Light-Honse Board on changes in the channel of the Hudson with reference to the location of 
lights on that river between Hudson and .Albany, and complett'd a topographic and hydrographic 
sur\·ey of the Haritan Rirnr and Valley from South .Amboy to New Brunswick. Bis strong con
stitution and robust frame succumbed but slowly to the infirmities of advancing age and the 
inroadH of ill health, and his indomitable energy kept him part of every season in the field till 
within little more than a year before his death. His last duty was performed on Long Island in 
the winter of 1882-'83, when he gave his personal supervision to work at a time when the ground 
was frozen and often covered with snow. 

Iu the death of JOHN R. BARKER, draughtsman and artist, which occurred February 28, 1884, 
the office has sustained a serious loss. Mr. Barker was born in Philadelphia, April 29, 1824, and 
in early life serrn<l as passed midshipman in the Navy. Resigning to enter upon civil pursuits, 
he cultirnted his taste for the arts, and in 1873, having entered the service of the Coast Survey, 
was assi~ned to duty in making the views required for the Coast Pilot. The graphic delineations 
of the ap1Jroaclles to nearly e\·ery harbor on the Atlttntic coast, and the artistic sketches of prom
inent headlands and other features which illustrate the volumes of that work are due to bis skillful 
pencil. Some of the finest of bis views are those of the Hud1:1on River. .About two years before 
bis death, Mr. Barker took up the art of etching, and with great succe1:1s, many of the views of 
harbors on the southern coast being from his own etchings. His quickness 'of perception, skill in 
execution, and entire devotion to his work cannot easily be replaced. 

Mr . .A. SENGTELLER, who had served continuously in the office as topogra-phical engraver for 
twenty-seven years died on the 11th of .August, 18'S3. He was a native of Poland, but came to 
this country from Paris iu 1856. His work was marked by strong characterization of topographical 
<let.ails, combined with harmony of tone, and many of our best charts bear witness to his skill. Mr. 
Sengteller had reached his seventieth ~ear. 

Mr. GORDON A. STEWART, ke.eper of the archives, died after a prolonged illnese November 
19, 1883. Mr. Stewart was born in the town of Monroe, State of Ohio, April 18, 1833. He received 
a legal education, and had entered upon the practice of the law just before the beginning of the civil 
war. In April, 1861, he volunteered in an Ohio regiment, and rose rapidly to distinction, having 
reached the grade of lieutenant-colonel not very long after bis enlistment. Hardship and exposure 
in the field gradually undermine(\ his health, and in 186-1: compelled bis retirement from the Army. 
His connection with the Ooast and Geodetic Survey Office began in 1874 in the capacit~ of libra
rian; iu 1875, he was transferred to the archives, where be remained till his death. His last years 
were passed in suffering from a disease, the seeds of which were sown during his service in the war. 

Mr . .A. YEATMAN, who had been in the employ of the office for thirty.one years as carpenter, 
died on the 2d of December, 1883, in bis sixty-eight-h year. Mr. YeatmaD bad been master t:ar· 
pe1,1ter since 1856. Be gave to the work intrnsted to him his best skill as an artisan, and devoted 
to it the serupnlous care and integrity which were eharacteri8tic of him as a man. 



 

PART I I. 

Statt'ments in detail of the operations of the parties of the survey, afield and afloat, are given 
in this part of the report in a geographical order~ and arranged under the beads of the several 
sectional areas into w11icb for convenience of reference the territor.r of the United States has been 
divided. 

Beginning at the northeastern part of.the coast of Maine, work upon the coastR 'and within 
the borders of the New England States is noticed, proceeding theuce to accounts of work done 
upon the coasts and within the boundaries of the Middle aud Southern States; thence to the 
Pacific States, commencing at tlrn southern part of the coast of California and proceeding northward 
to Alaska, and thence to the work executed in tlie interior StatPs. A tabular statement of the 
distribution of the sewral partie!<, the names of the persons engaged in the work, and the nature 
of the work performed appearR in Appendix No. 1. 

The charge of the Coast and Geodetic Survey Office was continued with Assistant Richard 
D. Cutts until his a8signrneut to dut;y as a delegate to the annual conference of the International 
Geodesic Association at Rome in October, 1883. During his temporary ahsence Assistant Charles 
A. Schott was directed to act in hiR stead. 

On the return of Assistant Cutts towards the close of November, he resumed his duties as 
Assistant in charge of the office, though evidently in failing health. Early in December, he was 
prostrated b,y an attack which on the 13th of that month proved fatal. This sad event called forth 
from his associates on the work expressions of their deep sense of personal loss, and tributes of 
rl:'spect to his memory, which are placed upon record in Part. I of this report. 

Until January 7, 1884, Assistant Charles A. Schott was acting as Assistant in charge. At 
that date Assistant Charles 0. Boutelle, who bad been designated to succeed Assistant Cutts, en
tered upon his duties. The report of the operations of the office during the fiscal year, accompa
nied by the reports of the chiefs of its several divisions, as presented by the Assistant in charge, 
appears in Appendix No. 4. 

Commander C. M. Chester, U. B. N., Hydrographic Inspelltor, has submitted a comprehensive 
report of progress during the fiscal year in the several branches of hydrographic work committed 
to his charge. Thei;;e include the care and maintenance of the vessels of the Survey; the direction 
of details of bydrograpby under my general instructions, and the oversight of the work of the 
hydrographic draughtsmen in the office. This report, which appears as Appendix No. 5, bears 
witness to Commander Cht'ster's careful and energetic supervision of all operations under his 
charge .• 

Special refere.nce is made in it to the valuable ~ssistance rendered him by Lient. J.E. Pillsbury, 
U. S. N., on duty as assistant hydrographic inspector, in charge of chart corrections, &c., up to 
January 29, 1884, and after that date by Lieut. Jefferson F. Moser, U.S. N. Upon being detached 
from office duty, Lieutenant Pillsbury was instructed to take charge of the preparation of the 
manuscript of the Atlantic Coast Pilot from Cape Henry southward. The verification by actual 
inspeetion of the courses and distances, and the collection of the la.test data. for this volume 
involved hydrographlc service on the outside coast, reference to which will be made under the 
heads of Sections IV and V in this part of my -report. 

Much of Commander Ohesfier's time during tbe year was necessarily devoted to the performance 
17 

H. Ex.43--3 



 

18 UNITED ST.A.TES OOAST AND GEODETIC SURVEY. 

of his duties as inspector on the 11art of the Government of the construction of the steamer Carlile 
P. Patterson, for service on the coast of .Alaska. Lieut. Richardson Clover, U. S. N., who had 
been associated with Commander Chester in the preparation of the plans and specifications of the 
new vessel was assigned to the immediate oversight of the details of construction in New York, 
while Passed .Assistant Engineer H. N. Stevenson, D. S. N., superintended the construction of the 
machinery at Philadelphia. The Patterson was successfully launched January 15, 1884, and is now · 
on her voyage to the Pacific. .A full report of her construction, equipment, and adaptability to 
the special service for which she was designed will be prepared by Commander Chester at as early 
a date as practicable. 

SECTION I. 

HAINE, NEW HAMPSHIRE, VERMONT, MASSACHUSETTS, AND RHODE ISLAND, INCLl'DJNG COAST AND 
SEA-PORTS, BAYS, AND RIVERS. (SKETCHES Noli. 1 AND 3.) 

Triangulation of the coast of Maine between West Quoddy Head and Cross Island.-In order to 
determine the points required tor the continuation of the topographical and hydrog1aphical survey 
of the eastern coast of l\iaine, Assistant 0. H. Tittmann organized a party in pursuance of instruc
tions issued in July, 1883. The secondary and tertiary triangulation which he executed covers the 
ground between West Quoddy Head and the eastern end of Croi;;s Island. Stations were estab
lished about a mile apart along the shore between the points mentioned, and, with but few excep· 
tious, were marked by holes (}rilled i11to the solid rock, so as to be permanent and easily recover
able. The smoke of forest fires burning in the locality of the work seriously interfered with its 
progress. Field operations were closed a bout the middle of October. The statistics are as follows: 

Number of signals erected ............................... _,. --... _ .. _. . . . . . . 28 
:N"umber of stations occupied ...... - . . . . . . . . . . . . . . . . . . . . _ ............. _ .. _.. 15 
Number of points determined ........... - . - .................. - . . . . . . . . . . . . . . 31 

All of the records and computations relating to the work have been transmitted to the office. 
Duty subsequently assigned to Assistant Tittmann will be referred to under the heads of Sectiom1 
V and VIII. 

Triangulation and. topography of Machias Bay and -vidnity.-ln continuation -of the topograph· 
ical survey of l\fachias Bay and vicinity, and .of the incidental triangulation, .Assistant C. H. Boyd 
took the field, in pursuance of instruction~, early in July, and having determined in position the 
points needed, carried the stuvPy of the shore-line from Cow Point, on the east side of Mason's Bay, 
around Little Kennebec Bay and the Point of Main, joining the Machias Bay shore-line surveyed 
in 1882 at Starboard Creek. This work is in the towns of Jonesborough, Machias, aud Machiasport. 

The shore-line of Holmes Bay was theu completed iu the towns of Machiasport, Whiting, and 
Cutler to a junction with t.Iie sun·ey of 188:&; thm1 finishing the shore-line survey of the mainland1 

the islands and the ledges of Little Kennebec a11d Machias Bays, both branches of Machias River 
to the first bridge1:1, and of Iloltnt'S Bay and the western fa..ie of Cross Island. 

As regards weather, the season was generally a favorable one, except during the month of 
September, when the atmosphere was obscured by dense smoke from forest fires. 

Mr. T. P. Borden rendered efficient assista11ce in the work of the party. For the field opera-
tions, which closed Octouer 15, the following statistics are reported: 

Number of stations occupied in triangulation ....... _.... . .... _....... . . . . . . 4 
Number of angles measured .. _. _ .... _ ....... _.. • . . . . . .... _ ......• _... . . . . 58 
Number of geographical positions determined._ .. _ .............. _. . . . . . . . . . . . 10 
Miles of shore-line surveyed. . . . . . . . . .... _ .......... __ .. _ . _ ... _ .. _ .. __ .. _ . 50 
Miles of roads surveyed .... _ . . . . . . . . . . . . . . _ .... _ .........•..... _ ....••... _ . 6 
.Area surveyed in square miles .. _ .. _ . . . . . . .. _ ..... _ ....•.. - ............ _.. . 16 

Hydrographic surveys between Cross Island and NMk Island; in the vicinity of Mooa-a-l>ec &t:&o1', 
a,nd in Muscongus Bay, coast of 1l1aine.-The Coast and Geodetic steamer Gedney, under command of 
Lieut. E. M. Hughes, U.S. N., Assistant Coasta9d Geodetic Survey, left New York July3, 1883, ill 
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pursuance of instructions directing that officer to oontinue off-shore soundings westward from Oross 
Island at the entrance of Machias Bay, and to make a detailed hydrographic survey of Mud Hole 
Channel betwetin Head Harbor Island and Great Waiss Island. Upon the arri\·al of the Gedne;v 
at Machiasport, Me., July 10, work was actively begun; signals were established at every interval 
of clear weather, and a few lines of off8hore i;oundiugs were run, but :u; the frequent fogs, with 
sni"oke from forest fires, retarded thi8 part of the work greatly, it was decided by Lieut. Commander 
A. S. Snow, U. S. N., Assistant Coast and Geodetic Sun·ey, who had reliernd Lieutenant H ugbes in 
command August 15, to give attention for a time to the inshore soundings entirel.v. 

Not unfrequently the sheet of water between Head Harbor and Great 'Vass Island, the localit~· 
. of the boat work, woul<l be comparatively free from smoke and fog, while the off.shore signals, 
standing higher on the islands, were completely hidden from Yiew. 

By the ~9th of September, the atmosphere being much clearer, and the i:mrwy of :Mud Hole 
Channel and vicinity ha\·ing been practically completed, off-shore soundings were again begun 
and carried on until the close of the season. 

With reference to the hydrographic Slnve~· of :Mud Hole Oliaunel, Lieuteuaut Commander 
Snow remarks that hi11 sheet, scale 1-10000, covers the area between Head Harbor, Steel Harbor, and 
Great Wass Islands (local1y known as Eastern Bay, in contradh•tinctiou to \Vesteru Bay, to west
ward of Great Wal-ls Island), and includes Head Harbor between Stel'l Harbor and HPml Harhor 
Islands. It offers 8lweral harbors of refuge to coaster:,,; wuo are familiar ,,·ith thl' locality, is mnch 
used in heavy weather, and may be easily entered by any oue prodded with a cliart. It proddPs 
also a passage to Moos-a-bee R~ach from the sea, which is often U8ed by fh1herme11 awl small ,·e:ssel,.; 
familiar with the locality, but a8 this passage is tortuous, beset with cfa11gerous ledges, not buoyed. 
and accessible only to light-draught vessels lutving a leading wind, it Hhouhl not be attempted b~· 
strangers. · 

Owing to the large number of ledges, it was deemed necessar,y for the proper de,·elop~ent of 
the bottom to run the lines of soundings no farther apart than one hundred meters, and this dis
tance was maintained, except neitrer tlie sea, when it was increased to two hundred meters in deep 
water. The general direction of the lines was parallel to the general trend of the .shores; these 
lines being crossed by normals to the shore. All of the ledges with regard to which any informa
tion could be obtained, or which were suspected by the character of the Rournlings, were visited 
at low water, an<} two hundred and ten positions and soundings taken and reduced t-0 the plaue of 
reference, the ledges being mostly uncovered at mean low water. In all cases of uncertainty, or 
where the lines did not cross in a satisfactory manner, they were run over a second time. Tb<' 
character of the bottom, except on ledges, is generally soft mud. 

Full details and descriptions-the results of very close examiuatio111:1-are giHu in Lieuteu-. 
aut-Oomma.nder Snow's report respecting the rocks and ledges in Mud Hole Channel and Yicinity. 
Soundings were taken also to the westward of Fisherman's Island, to develop the bottom in the 
vicinity of Egg and Sea Horse Rocks, and lines were run with the ship parallel to the general 
trend of the shore, and quite near to it, from Sea Horse Rock to Head Harbor Island. 

The lines of off-shore soundings were run out to distances of 10 mi]eg, and about eigl1t-tenthR 
of a mile apart, beginning with the moRt westerly line, near Nash Island, and carried to the east
ward-as weather permitted-to Oross Island, near the eastern limit of the projection. Starting 
from the coast in from twenty to forty fathoms (which is obtaiaed in close proximity to it), the lines 
were run in a sonth by east. direction the required distance, th<m east by north eight-tenths of a 
mile, then returning to the coast north by west. When the coast was reached at an early 
hour, shorter intermedialie lines were run about two miles off shore aml back. Crossing lines wen' 
also run at a distance of two and four miles from the coa13t. 

The soundings were found to be very irregular, varying from· twenty to ninety fathom8, a~d 
the bottom, a.a shown by the specimens obtained, is generally brown mud, with shells. 

No regular observations of curr..·nts were made in com11equence of there being no anchorage 
for the vessel otf the coast, but observations of the drift were obtained during the progress of the 
work, a.nd a current of three·qnarlers to one knot found, the flood tide setting to the eastward, 
the ebb t.o the westward. Between Great Wass and Fisherman Islands the ebb tide sets up the 
bay, escaping t.o the westward through the various pasllages. From the East.em and Machias 
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Bays the ebb sets to the southward, until it meets and joins tbe current near the coast, when it 
turns t-0 the westward. 

To obtain a plane of reference for tbe soundings, observations of tbe tides were made daily 
near the steamer's landing at Jonesport, between the hours of 6 a. m. and i p. m., every fifteen 
minutes, from July 20 to October 31, inclusive. A supplementary tide gauge was established on 
Steel Harbor Island, which was connected with that at Jonesport by simultaneons observations. 

The old bench-mark at Jonesport could not he found. A new one was estabfo;hed, and the 
reductions for all soundings were computed from the tidal observations (during the hours above 
named) of two lunar months. 

Lieutenant-Commander Snow's survey developed a dangerous ledge in Englishman's Bay, 
near the eastern entrance of Moos-a-bee Reach, the least depth over it being nine feet. "Notice 
to Mariners No. 49," issued in June, 1884, gives the bearings of this ledge, with directions for 
avoiding it. 

On November 1 the .Gedney left Jonesport, and on her way to New York Lieutenant-Com
mander Snow made an examination of the localit~· between Ohl Man and Old Woman Ledges, 
southeast of l\fuscongus Bay, near which a dangerous ledge bad been reported by Maj. 0. W. 
Raymond, United States Engineers. A ledge of small extent, having a depth of 12 feet over 
it, was found, and the bearings and distances of prominent point8 in the vicinity were given 
in "Notice to Mariners No. 41." 

The officers attached to the Gedney were Ensigns H. M. Witzel, T. M. Brumby, A. L. Ha11, 
and J. H. Hetherington, U.S. N. Fgr the interest which they took in the progress of the work 
and their zeal for its advancement, Lieutenant-Commander Snow expresses high commendation. 
The statistics of the sun·ey are as follows, including the work off }foscongus Bay : 

Miles run in sounding ... - -... - - ..• - .... - ... - . - - .. - _ . - ... _ . _ . - - . . . . - - 584 
Angles measured . _ ..... ____ .... _ ....... - .... _ - ..... _ . - _ - .. - . . . . . . . . . . . . 6, 035 
Number of soundings. _ .. _ . _ ......... - - - .... _ . _ ...... - _ . . . . . . ... - .. - . - . - 13, 430 

Later in the fiscal year Lieutenant-Commander Snow was tramiferred to duty on the Pacific 
coast. Mention of this will be made under the heading of Section XI. 

Topographical sttrveys of Harrington River and of Oltandler'11 River Bay, llft:.-U nder instructions 
issued in July, 1883, Assistant Eugene Ellicott proceeded to Jouesport, Me., and toward the close 
of that month began tlle work of filling in topography upon a i,iheet which ha<l been begun by 
Assi11tant Dennis, comprising- Harrington River, Ripley's Neck, and tlle town of Harrington, 
Washington County, Me. This sheet was completed near the end of .August. Mr. Ellicott then 
took up the survey of the western shore of Chandler's Uiver Bay, and carried it around the shores 
of Mason's Bay, and thence to include both shores of the entrance to Chandler's River. 

During part of the season disastrous forest fires raged in the immediate vicinity, causing 
much del~y in the work by dense smoke. 

The statistics are : 

Shore-line surveyed, miles ......•.••..... - . . . . . . . . . . •......... _ . _ . _ . . . . . . . . 23 
Roa.ds, miles - . . . . . . . - .. - . - . -..... - - - - . . . . • • . . ........ _ . . . . . . . . . . . . . _ ... __ . . . 19 
Area of topography in square miles ...... _ ........ _ . _ ... _ ... __ ....... ___ ... _ _ 18 

Mention will be made under the head of Section III of duty subsequently assigned to Assist
ant Ellicott. 

Completion of the hydro.qraphic surveys of Narrag'Uagus Ba.y and River, and of Pigeon Hill Bay, 
coast of Maine.-Having organized his party on board the schooner Eagre, in pursuance of im;trnc
tions received in June, 1883, Lieut. E. D. F. Heald, U. S. N., Assistant Coast and Geodetic Sur. 
vey, upon arriving in Narraguagus Bay. early in July, began the hydrographic survey of that part 
of the bay included between its entrance and Ralf Tide Ledge. 

The projection, scale 1-10000, which waR furnished to him for tbi~ survey, included also the 
upper pa.rt of Pigeon Hill Bay. Lieutenant Heald's work exhibits a Yery complete development 
of this loca.Jity by close lines of soundings, joining on the westward with Lieutenant Colby's sur. 
vey of 1882, and on tbe southward with that of Lieutenant-Commander Jewell in 1878. A careful 
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survey of the Jordan'is Delight Ledge, lying southeast of the island of that name, had been kept 
in view during the progress of the work, hut at no time during tlie season were the conditions of 
sea, tide, aud weather, in the very exposed position of this ledge, favorable to success. 

The upper sheet of Lieutena11t HeaM's work includes the head of Narraguagwc; Ba~· an'l the 
Narraguagus Hiw'r to .Millbridge on a scale of 1-10000. 

- Local authorities were consulted upon every available occasion as to the ex:ist.enee of hidden 
dangers, but in no case Wl're an~· name1l that had not alrt>ady heen indicated by tl1e soundings. 

Tidal obsen·ations were made at }lillbridge Steamboat Wharf and at a point 011 tbe western 
shore of Pigeon Hill Bay. 

Lieut. David Danid;;, U. S. N., and I<~nsigns 0. G. Dodge and Alfre\i'Jeffries, U. S. :N ., were 
attached to the party. Upon the completion of the work, toward the close of October, Heutenant 
Heald proceeded in the Gedney to New York. 

The statistics of his survey are : 

Miles run in sounding. . . . ........... _. . . . . . . . . . . . .................... . 
Angles measured ............................. _ . . . . . . . . . . . . . . . . . ....... . 
Number of soundingl'l . . . ........ _ . . . . . . . . . . . . . . . . ................... . 

413 
3,166 
~8,900 

During the following wintn, Lieutenant Heald conducte1l a hydrographic 1rnrYe~· on the Gulf 
coast, reference to which will he made under the h<'ad of ~ection IX. 

Topographical s1lr·veys bet1ceen G01tldsborough and Frenchman'i; Bays, cuai;t of Jfoille.-Tht> "peci al 
topographic work assigned to Assistant A. ,V. Longfellow by instructious dated iu June, 1883, was 
the filling in of additional topographical details upon certain sheets which bad been partly com
pleted by Assistaut Rockwdl in 1862 and 11'65, but upon which, for the pnrposeR of the engraYed 
charts, it was desirable to haYe the roads and buildings shown, as well as the grouud contours of 
the interior. 

Ha,·ing arrived iu the field at Winter Harbor about the middle of July, ~Ir. Longfellow found 
it necessary to select and determine with the plane table numerous supplementary signals, the 
country being found to be Yery rough and so O\'ergrown with trees and hushes as to be extremdy 
difficult of access and affording but little outlook or comma11d of the ground. Not unfreqncntl.r, 
after tbc occupation of a statiou, the plane table had to be dismounted an<l packed in order to reach 
the next one. 

Extemiive forest fires raged in Gonlrlsborough and on ~fount Desert during August, aud at 
times approached so near the locality of work as to threaten the headquartPrs of the party. 

By the middle of October, when field operations were discontiuued, the topography lwd been 
finished over the area of Schoodic Peninsula, around the shores of Winter Harbor, and to a poiut 
about three and a half miles north of it. The statistics of the survey are : 

Shore-line surveyed, miles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. _ . _ .... _ ..... _ - - . . 2 
Ponds, creeks, and streams; miles. . . . . . . . . . . . . . . . • • . . . . . . . . . . . . . . . . . . • _ . . . . . 18 
Roads, miles . . ................................. _ ...... _ .•. . . . . . . . . . . . . . . . . . . 34 
Area of topography in square miles .................... _................. .. .. 9 

Assistant Longfellow, in his report of the season's work, acknowledges the valuable assist,ance 
rendered by Subassistant W. Irving Vinal. · 

Series of tidal observations idth self-reg·isteri11g tide-gauge continued and mctcirolof/ieal observations 
recorded at Pulpit Oo'l:e, North Haven Island, Paiobscot Bay.-'fhe valuable i;eriei; of tidal and mt'te· 
orological observations at Pulpit Cove, North Haven Island, which was hegnu in 1870, ha8 been 
kept up continuously by Mr. J. G. Spaulding. This series, if coutinued a few years longn, will 
complete the shortest lunar period required for a theoretical discussion of the laws of the tides on 
the Atlantic coast of the United States, and for the purposes of this 1liscussiou will supply a series 
of observations, aJmost uninterrupted, at a. fundamental station. 

During the extreme cold of winter the apparatus for circulating hot water to prevent freezing 
in tbe iloat-tube bas always prond efficient; without it the record could hardly have been kept. 
oontinuoua. Meteorological Qbservations are ta.ken daily. 
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Hydrographic eraminations on Pemaquid and Outer Heron Island Ledges, coast of Maine, and 
IpaWJich Harbor entrance, coast of Jfassachusetts.-Depths having been reported much less than 
now shown on the charts on the Pemaquid and Outer Heron Ledges, to the eastward and south
ward of Booth Bay entrrince, Lieut. J. E. Pillsbury, U.S. N., assistant bydrographic inspector 
Coast and Geodetic Suney, was directed in Jnne, 188.3, to proceed to Booth Bay, and examine the 
ledges referred to. His instructions iuclu<led also a vii,;it to Ipswich, Mass., to examine the vicinity 
of the entrance to Plum Island Sound, so aR to determine the extent of changes in that locality. 
With reference to the shores in this neighborhood, Lieutenant Pillsbury remarks that, being com
posed almost wholly of sand, nearly every winter gale changes the conformation of the shore-line 
as well as of the bottom, and that the range-beacon has not unfrequently to be changed to follow 
the movements of the channel from about a northea~t course to one to the southward of east. The 
recommendations submitted by Lieutenant Pillsbury will be considered in the preparation of future 
editions of the chart of Ipswich and Annisquam Harbors. While in Portland, on his way to Booth 
Bay, a ledge, known locally as "Southrast Ledge," off the Damh1cove Islands, was reported as dan
gerous, and upon examination Lieutenant Pillsbury found a small patch of rock having a depth of 
seven fathoms upon it at mean low water. Another ledge, called "Poor Shoal," of the same char
acter, having a depth of six and three quarter fathoms over it, was found to the southward and 
eastward of Bantam Rock. The bearings aud distances taken from these ledges were published 
as part of " Notice to }fariners No. 41." While not dangerous in smooth weather, they become so 
when a heavy sea is running. 

Lieutenant Pillsbury's examination of Outer Heron and of Pemaquid Ledges showed least 
depths of 8! and 111 feet, respectively. 

Omitinuation of the triangttlation of tile Sta,fe of New Hampshire.-Geodetic operations in New 
Hampshire were resumed by Prof. E.T. Quimby, .Acting Assistant, in accordance with instructions, 
early in July. The tir1St station occupied was Moore Mountain, in Brookfield, Uarroll County. 

Fine observing weathC'r facilitated the progress of observations at this station; by the 4th of 
August all that were needed had been obtained, and in a few days more the party was ready for 
work on Green Mountain, in Effingham, Carroll Oounty. Here many delays were met with, arising 
in part from haziuess in the atmosphere, and in part from the persistent brush fires lighted by the 
farmers for clearing· land, some of these fires creating dPnse smoke in lines that it was desirable 
to observe. These obstacles prolongetl the occupation of the station until the close of September. 

The remainder of the season was occupied by Professor Quimby in determining the direction 
of the line Whiteface-Green Monntain, and in a reconnaissance in Rockingham County, to fix 
upon points suitable for extending the triangulation in that direction. The statistics of the work, 
which was closed in October, are as follows : · 

Number of horizontal angles measured . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . 67 
Number of vertical angles measured............. . . . . . . . . . . . . . . . . . . . . . . . . . . 36 
Number of pointings with horizontal circle .......................... _ .... 4, 830 
Number of pointings with vertical circle .. . . . .. .. . . . . . . . . . . . . . . . . .. . . .. .. . 364 

Occupation of stations in continuation of tlte triangulation of tlte State of Vermont.-At Mount 
Equinox, in the town of Manchester, Benniugton County, Vt., a station was occupied at the 
beginning of the season of 1883 by Prof. V. G. Barbour, Acting Assistant, in accordance with 
instructions directing him to continue the triangulation of the State. 

This station having been previously occupied in the primary triangulation, but little cutting 
to open lines of sight was requirerl, and by the 24th of July the work there was completed. 

Stowell station, iu the town of Rockingham, Windham County, was next occupied. For the 
purpose of connecting the Vermont geodetic work with that of New Hampshire, in this locality, 
signals were erected at Stoddard and Monadnock, and observations made upon these poinh1, as also 
upon signal~ previously established at Croydon and Chesterfield, in New Hampshire. 

Field-work was closed September 10. The statistics are: 

Number of horizontal measurements. . • . . . . . . . . • . . . . . . . . . . . . . . • . . . . . . • . . • . . 714: 
Nnmber of vertical measurements . . . . . . . . . . . . . . . • . . . . . . . • • . • • • • . . . . . . . . . . . . . 310 
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.liJxaminati<Yn of ledges in Lake Ohamplain.-Certain shoal spots having been reported by the 
Light-House Board as existing in Lake Champlain and not shown upon the charts, Mr. Charles 
Junken, Acting Assistant, was directed to proceed to Burlington, Vt., in November, 1883, and make 
the necessary bydrograpbic examinations. His report shows that both of the shoals referred to 
are shown upon the charts, the first one, known as "City Reef," having upon it a least depth of 
4i feet. The second shoal was shown on the chart by the name first given to it, "Champion Rock," 
from the name of the vessel that struck upon it in 1863; subsequently, however, it received the 
nam.., of her captain, and became locally known as "Jones Rock." Mr. Junken determined with 
out doubt the entire identity of "Jones Rock" with "Champion Rock," and recommends that this 
rock, as well as "City Reef," be buoyed. 

Subassistant W. Irving Vinal rendered prompt and efficient service in tl1e work. 
Reconnaissance for the i·ntroduction of additional lines in the triangulation between the Fire Island 

and Massachttsetu and Epping base lines.-In order to Rtrengthen the connection in the primary 
triangulation between the Fire Island base and the l\Iassacbusetts and Ep11ing baises, Assistant 
Cliarles 0. Boutelle was instructed to make the arrangements necessar;v for a reconnaissance from 
certaiu primary stations in Massachusetts and Connecticut, with a Yiew to d1~termine the intervisi
bility of the points proposed for occupation. 

Under his direction Mr. J. £.Boutelle, extra observer, visited Waclmsett Mountain, Prince
ton, Mass., and Bald Hill in Suffield, Conn. The lilles that it was desirable to obtain were 
Wachusett-Greylock, Bald Hill-Greylock, and Bald Hill-Bald Peak. At Wachusettthe summit of 
Greylock, near the northwestern part of the State, and distant about sixty-eight miles, was found 
to be distinctly visible. From Bald Hill both Greslock and Bald Peak, the latter in the south
western part of Massachusetts, aie \'isible. The introduction of these lines into the triangulation, 
in connection with those from Ivy Rill in Connecticut and from Bald Peak to Greylock, will mate
rially strengthen it. 

The reconnaissance intrnsted to him having been satisfactorily completed, Mr. J.B. Boutelle 
transmitted to the office the records of the work. 

Hydrographic e;ca1ninations in Vineyard Sound and resurvey of .Llfonomoy Passage, Nantucket 
8hoala.-The hydrograpbic examinations and resurveys required in Vineyard Sound, Monomoy 
Passage, and on Nantucket Shoals, in order to obtain data for correcting the published charts, 
were executed during tie summer of 1883 by the party on the steamer Blake, under command of 
Lieut. Commander W. H. Brownson, U.S. N., Assistant Coast and G-eodetic Sun'ey. 

Leaving New York on the 11th of July, Lieutenant-Commander Brownson anchored on the 
following day inside of Cuttyhunk Island, at the western entrance to ·nrwyard Sounu, for the 
purpose of making an exarninatiQn of certain rocks, reported as at that time not properly shown 
on the charts. Two rocks were determi11ecl in position, one of these being Whale Rock, which is 
bare at half tille, and readily seen at any time by the discoloration of the water ; the other a pin
nacle, with eight and a half feet at low water. Both of these rocks have been placed upon the 
charts. 

A detached shoal having been reported as existing at the western end of L'Homme Dieu 
Shoal, Vineyard Sound, the examinations made by Lieutenaut-Com1mi,nder Brownson indicated a 
very decided change iu the western end of the shoal, it having worn away and a book having 
formed to the southward; hence the detached sl10al given on Eldridge's chart is simply an exten
sion of L'Homme Dien. 

The examinations in Vineyard Sound having been finished, Lieutenant-Commander Brownson 
started for Monomoy, stopping at Hyannisport on the way to locate a rock in ;New Harbor, to the 
w~tward of Hya.nnisport, Mass. 

On the 18th of July wai;i begun the principal work of the season, the reimrvey of Monomoy 
Passage, Mass. Finding by experiment that at P~wder Hole, Monomoy Point, where it had been 
at first intended to erect a tide-gauge, the ebb and flow of the tide was to~ much impeded by the 
narrow entrance, a gauge was established on the wharf at Harwich Port, Mass., and a companion 
gauge was kept for a suitable time outside near Monomoy Point. 

Lieutenant-Commander Brow.n!!On Rtates that bis work shows a gradual filling in of the channel 
between Pollock Rip and Broken-Part-Pollock Rip; that the average depth of witter over the sho&la 

' < • 
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to the we8tward of this channel seems to be increasing, thus restoring· the equilibrium, and that 
be thinks it not at all improbable tbat in the course of a few years tbis channel will be useless to 
wssels of heavy draugbt. That part of the channel to the eastward of Pollock Rip light-ship, 
formerly much use<l by Rhips of l1eayy draugl1t passing in and out of Yineyarcl Sound, is now shut 
oft' bJ a bar runuiug uearl;r across it, with seve11tee11 feet at mean low water. Should this shoaling 
continue '50 as to shut off these two channels for heavy-draught vrsseh1, there still remains the 
main chauuel between Grc>at Point, Nantuckd, and the Stone Horse Shoal. An extended exami· 
nation of thi:-; localit~· showed that a channel of twenty-four feet can easil;y be buo;yed out. This 
new channel would increase the distance of vessels bound around the cape about eleven miles, and 
would be another point in farnr of constructing a Cape Cod canal. 

~e,-eral dangerous shoals having been denloped by Lieutenant-Commander Brownson's sur· 
vey between SboYelful liglit-wssel and Pollock Rip light-nssel, consisting of patches with a least 
depth of thirtl'<•11 and a half feet near tbe northern extremit;r, ant1 forming an extension of Stone 
Horse Sl1oal in a northerly directio11, a "Notice to :Mariners" (No. 45) was issued from the office 
giving directions for avoidiug them. 

A sl1oal lrn viii g- been reported west-south west of South Shoal light+bip, three separate atteIIlJlU 
were made to find it, all of which were urnmccesi;ful. This result, together with the testimony of 
the keeper of the Ii~·ht-ship, that for teu years he had seen vessels of heavy draught passing over 
the supposed Iocalit~- of the shoal, led Lieiltenant-Cornmander Brownson to the belief that it does 
not exhit. Tlie report m:1~· have arisen from the fad that in very heavy weatl1er the sea breaks 
all along from uort ltea:st to soutlrn'l'St of the light ship in from six to eight fathoms. 

Upon the completion of this work iustrnctions were received to locate a rocky ledge, reported 
by Lieut. W. '\Y. tlilpatrick, lJ. S. N., as lying off ·warren's Point, R. I. This was doue on the 
26th of Septem her. The ledge was found to be of small extent, with a least depth of thirteen feet, 
dropping off stH1de11ly, i11 lt·ss than a boat's leugth, to four fathoms, an<l to six fathoms only a few 
yards away. Beariugs and distanees to prominent oujects were taken from the rock, and a ''Notice 
to Mariners" (No. 411) wai-; prnmptly i!;irned from the ofiice. This rock, known locally a!' Elisha's 
Ledge, has since lwen buoye1l. 

The statiHtics of work to the datt' of this examination are given in Lieutenant-Commander 
Brownsou's report as follows: 

l\Iile:s run in sounding . . . . . . . . . . . . . . . . . . . ................ . 
Angles mea.1mrt:>d. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . _ ................... . 
Number of 80U11<li11i;r8... . . . . . ... 

1,000 
5,708 

21.955 

During an e11forced absence for about a month of the chief of the party from ill-health, Lieut. 
F. H. Crosby, L. ::l. N., A1;sistaut, was iu charge of tlte work, aud conducted its operations with 
much zeal aml judgment. Otller ofiieers iu service on .the Blake were Ensigns .J. T. Newton, 
H. S. Knapp, B. Simpson, jr., and ::\1. C. Gorgas, U. S. N. 

Subsequent work accomplished in Long faland Sound and East River, N. Y., by I~ieutenant· 
Commander Browmmn will he referred to under the headiug of Section II. 

/'Jurrey of Gay Head Cl~ffs to fix position of wrecked steamer.-Questions arising out of the e\"ents 
att('uding the wreck of the steamer City of Columbus off Gay Head Cliffs in ,January, 1884, espe
ciall~· thost> relating to the position of the buoy nrar where the stea,mer struck, led to the detail of 
Assistant H. L. ~Whiting to make a resurny of the immediate vicinity of the disaster for the pur
pose of determining the position of the wreck, the buoys in the vicinity, and the location of as many 
objects on shore as might ultimately i>erve for a close bydrographic snney. 

The positions of the WJ'f'ck, of the temporary buoy established Hear it, of the black buoy, and 
the line of the beach at high water were mai·ked by Mr. Whiting on tlie original topographic sheet, 
which was transmitted to him for that purpose~ 

"With regard to that dangerous reef known as the "Devil's Bridge," Mr. Whiting observes 
that it is a bed of bowW.ers ouly. There is probabls-· no ledge under any part of the island, or near 
it. These bowlders were probably on the surface of the Tertiary formation of which Gay Head is 
composed, and as the earthy material ha.s been washed away, the£le bowlders have remained within. 
the area of the original headland. 
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In many cases of single steep bills on tbe island, tlle fact is illustrated that largn bowlders and 
larger nm11uers of them lw\·e l>een origmally deposited or hlffe rolled down aronutl the hase of these 
hills than lmrnremaiue(l on the si<les or su111111its, autl it may l>e fouml tllat a larger Le(l of uowlders . 
exists around what was the origi11al base or outline of this l.teaulauu, if it was a single hill, tlian 
are distributed over its g1•11eral area. 

During a portion of the year Assistant Whiting was occupied with duties p<>rtaining to his 
special assignment as a member of the Board of Harbor and Land Commissiouers of 1\lassadrnsetts. 

Tidal obserrations at Providence, R. J.-The self-registering tide·gaugt> loaned by tlJe Coast and 
Geodetic 8urvey iu 1872 to tlie engineers eugaged on the improvements of tlie cit~· of Prm·i1leuce, 
R. I., is still retaiued by them. From the records for the earlier .Years which were traus1uitted to 
this office good re,ults were obtained, and more valuable ones may be expected when the complete 
series is available for discussion. 

Tidal observations at Block Island.-In .Tanuary, 1884, the series of tidal obser•ations with the 
self-registeriug tide-gauge established on the breakwater at the eastern end of Block falaud was sud
denly brought to a close by the tide-house and gauge lwing crushed by a nsseJ. The rl'cords from 
this gauge had beeu continuous for nearly a rear and a half. Stuff obseffations were made bJ the 
observer, Mr. J.M. Couley, for a few days to complete the last half :year. Tltis station had been 
made the base in the tidal surveys of Buzzard's Bas, Narragansett Bay, arnl Loug bland Sound, 
and observations may be resumed if found necessary in completing the resurvey of the Sound. 

SECTION II. 

CONNECTICUT, NEW YORK, NEW JERSEY, PE~NSYLVANTA, AND DELAWARE, INCL"C"DIXG COAST, 
BAYS, AND RIVERS. (SKETCIIES Nos. 1, 3, AND 4.) 

Topograpltic resun•eys of Stonington, Conn., and i:icinity; also of tlte coast of Counecticut in the 
t1ici11ity <>f Saybrook and Lyme.-Having receh·e<l illstructious to resume the topograpuic resurrny 
of Stonington, Conn., antl vicinity, Subassistaut 'vV. C. Hodgkins took the field i111mctliately after 
July 1, 1883. In the course of. the next six weeks the detailed snn·e,y was extended to include 
the shores of Little Narragansett Bay, lying between Stonington and Watch llill, aud also 
Wequetecock Cove and the mouth of Pawcatuck Hiver. A<l<litional shore-line was surveyed in 
Stonington Harbor and in Qttiambaug Co\·e, above tile railroad bridges. The IJorough of Ston
ingtou and village of Noank were1mrn·~·ed in detail, as also t!Je collection of hotels and depeudeut 
built.lings at Watch Hill, a popular watering place, locatt>d on a cluster of sharply rouu<led 
hillocks just at the junction of the long curdug sauu-spit called Nupatree Point. 

The work in this •iciuity eml.Jraces portious of the States of Connecticut an<l Rhode Island, 
the boundary between these two States following the channel of tlm Pawcatuck 1{h·er. 

By the middle of August the sun·ey in this locality was completed withiu tlie limits assigned, 
and the party was trausforred to Lyme, Conn., to take up the resurvey of the mouth of tue <..::011-

necticut Rin•r. E.1st of the Connt-cticut the work e.xteuded along the uorth sl1ore of Loug Jslaud 
Sound f1 om Four-}Jile River to Blackball Point aud thence north ward to Calves Islund, tlte belt of 
topograpl1y averaging six hundred meters in width. West of the river, Cornfieltl Point was in
cluth•d iu the work as well as the shore beyond, with Oyster Ri•er and the iutcrveuing creeks. 
On the banks of tlte Connecticut itself the shore-line of all creeks and coves was surveyt>d, as far 
wi they were unobstructed by bridges, the w,ork on the west side of the rh·er extending ai:; far north 
as Ferry Point. 

In some cases, owing to the formation of the land, the width of this snn"eyed area was increased 
beyontl the six lmudred meters adopted as a standard. Tbe alluvial marshy islantl8 in the estuary · 
of the Connecticut were compl<:>tely sun·eyed. Within the limits of the sheet the towns of Lyme 
and Saybrook were includell. 

Work was closed for the season November 15. Mr. J. H. Turner, .Acting Aid, joined the p<1rty 
on August 1 and reu1leretl efficient senice until his <letach111eut early in November. 

In Atay, 1884, Suua.li8istaut Hodgkius was instructed to resume work on bis topographical 
sheet of 1883 to complete the survey of Saybrook and Lyme, and the unsurveyed portions of shore· 
line •. In this duty he wa.s occupied at the close of the fiscal year. 

B • .Ex. 43---4 
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During the winter of J 883-'84, Mr. Hodgkins was assigned to service which will be referred to 
under the bead of Section VIII. 

H,ydrographic resurveys of Fisher's Island Sound, and if.~ adjacent wa,ters continued.- Mention was 
made in my last annual report of the resumption of the survey of Stonington Harbor by the party in 
theschooner Palinurus, under the command of Lieut. A. V. \Vadhams, U.S. N., Assistant Coast and 
Geodetic Survey. Statistics of the progress made up to June 30, 1883, were then given. During 
the season ending in November, 18S:J, the hydrograpby of Stonington Harbor was finished, also 
that of Fisher's Island Sound and Little Narragansett Bay. 

To obtain a plane of reference for the soundings, a principal tide-station was established at the 
fish-market wharf in Stoni11g"ton Harbor, and suusidiary stations at the stt'amboat wharf at Watch 
Hill, in Little Narragansett Bay; at Fox's Wharf, in West Ha• bor, Fi;;her's lslantl, antl at the North 
Dumpling light house. With the aid of these subsidiary tidal stations a good plane of reference 
was obtained for all parts of the work. 

With reference to Stonington Harbor, Lieutenant Wadhams remarks that it is chiefly impor
tant as the terminus of the Stonington line of steamers from New York, and as furnishing a safe 
anchorage for vessels bound to the eastward. It has been greatly improved by the breakwaters 
lately built, which furnish a complete protection from the ,;outheast gales. Navigators would be 
much aided in seeking a harbor if bug lights were placed, one on the west end of the eastern break
water, the other on the east end of the western breakwater. 

Little Narragansett Bay, Lieutenant Wadhams states, is full of shoals and unimportant for com
mercial purposes, except as furni8hiug a means of commnuicatiou with Westerly, R. I., on the Paw
catuck River. For this purpose a channel bas bePn dredged on the east side of tlie bay to the mouth 
of the river. 

Tliree stations were occupied during the progress of the survey for observations of currents, one 
at the eastern entrance of Fisher's Island Sound, off Watch Hill Point, one on board the Eel Grass 
light-ship, and one at the western entrance of the sound north of Dumpling light. At each of 
these stations observations were continued during one flood and one ebb tide. 

Lieutenant Wadhams expr~sses himself as under obligations to· the Hon. Richard A. Wheeler, 
of Stonington, for information furnished in regard to the names or islands, coves, &c. 

Among the most important results of the work was the development of several dangerous 
ledges in Fisher's Island :Sound; the first off Napatree Point, the second to the northeast of Seal 
Rocks, and the tliird north of the Middle Clump. '!'lie least tlepthson thl•se ledges were found to be 
fifteen, thirteen, and seventeen feet, respectively. A" Notice to Mariners" (No. 47) was published 
by the ofiice ~iving the exact location of these ledges and their bearings from prominent objects. 

The following-named officers were attached to the Palinurus: Ensigns T. D. Griffin, A. L. 
Hall, and W. C. Caufield, U. S. N. 

On November 23 the PaJinurns left New London for New York, where she was laid up for the 
winter. The statistics of the season are as follows: 

Miles run in sounding . . . . . • . • . . . . .............••.......•........ _ . . . _ . 780 
Angles measured . . . . . . . . . . . . . . • . . . . . . • . • • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10, 949 
Numberofsoundings .................................................... 42,102 

Hydrograplifo surveys of the eastern part of Long Island Sound, and a portion of Block Island 
Sound.-The work assigned to the hydrograpbic party under charge of Lieut. John T. Sullivan, U. 
S. N., Assistant Coast and Geodetic Survey, commanding the steamer Endc·avor, comprised the 
resurvey of the eastern part of Long Island Sound from Race Rock to Inlet Point, and thence to 
Old Lauding, Long Island, and additional soundings in Block Island Sound from Phelps' Ledge to 
Southwest Ledge. The inshore hydrograpby included the islands in the Race and the north shore 
of Long Island withiu the limit named. Connecting with this work, lines of soundings were run 
across the sound at inten·als ranging from a quarter of a mile to a mile, far enough in to connect 
with the inshore work of other parties. 

At the outset of the season, in July, 1883, tide-gauges were established at Little Gull Island, 
off Truman's Beach, Long Island, and in the vicinity of Nattitnck Inlet, Long Island. .Much difti. 
culty was experienced in maintaining the two gauges last named on acoount of the exposed ooar-
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acter of the Long Island shore and the prevalence of northerly winds. The plane of mean low 
water as established by the abo\·e gauges is practically that at New London. 

Valiant Shoal and Rock in "The Race" were fully developed, and the search for Constellation 
Rock to the southward of Great Gull Island resulted successfully. Breese l{ock, reported as I.ring 
about half a mile south of Constellation Rock, could not be found. 

Lieutenant Sullivan's work is complete as far westward as the meridian passing clear of Goose 
Island, to the westward of Falkner's Island. It is plotted on three hydrographic sbeets and one 
tracing; the former on scales of 1-20000 and 1-40000, embracing the surveys in Long Island Sound; 
the latter, on a scale of 1-40000, shows the soundings made in Block Island Sou11d. 

The officers attached to the party were Lieut. \V. G. Outler, U. S. N., aud Ensigns E. N. Fisher 
and J.P. Parker, U.S. N. Upon the close of the season in November the Endeavor proceeded 
to Nt:-w York. Statistics of the hydrograpbic .work, as presented in the report of Lieutenant 
Sullivan, are : 

Miles run in sounding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 912 
.Angles measured...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8, 428 
Number of soundings ................................................... 25, 849 

Hydrographic work off Shagwong Point, Montauk ; resurvey of Black Rock Harbor, Conn. ; 
examination11 for rocks and ledges in East River, N. Y.-Thc:> hydrograpby exc:>cnted lly the party 
in the steamer Blake, under the command of Lieut. Commander W. H. Brownson, U. S. N., Assist· 
ant 0'.">ast and Geodetic Survey, during the first three months of the fiscal year, bas been referred 
t-0 under the heading of Section I. 

Towards the close of September, after completing his work at Warren's Point, R. I., Lieuten
ant-Commander Brownson was instructed to place a buoy and sinker on a pinnacle rock off Shag· 
wong Point, Montauk. This rock bad been located by Assistant Gershom Bradford. The depth of 
water on the pinnacle having been accurately ascertained, the obstruction buoy was placed near 
the rock. 

On the 6th of October, the Blake proceeded to Black Rock, Conn., where a hydrographic 
resurvey of the harbor was begun, the. work being carried well up the small entrances so as to 
give sufficient data for determining whether certain proposed improvements were practicable or 
desirable. Being favored with fine weather, the survey was pushed rapidly, and finished on the 
12th of October. 

Information having been received from Mr. John Lockwood, Hell Gate pilot, of the exiRtence 
of shoal water in the Ea.st River, N. Y., in the vicinity of Hiker's Island, Lieutenant-Uommamler 
Brownson was directed to make an ex~mination of that. locality. He found a shoal of small extent, 
having eighteen feet upon it at low water, iu the middle of the channel between Hiker's Isla.ml and 
Legget's Point; also another rock with but seventeen feet o\·er it in the bight between Port Mor
ris and Legget's Point • 

.Navigators were promptly warned of these dangers in "Notice to Mariners No. 42, '' the bearings 
of each shoal spot to prominent ol>jects being given. 

As already stated in noticing the earlier work of the season, the officers attached to the party 
were Lieut. F. H. Crosby, U.S. N. Assistant, and Ensigns J. T. Newton, H. S. Knapp, E. Simpson, 
jr., and ·M. C. Gorgas, U. S. N. The statistics of the work in this section are: 

Miles run in sounding ....... _.,. ....... , ..................... _.. . . . . .. .. 91 
Angles measured ................ _ . . . . . . . . . . . . . . . . . . . . . . . . . . . ...... ·. . . . . 786 
Number of soundings . . . . ... _. . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . • . 7, 709 

In December the Blake was taken to -Baltimore to be fitted with new boilers. 
Topographic and hydrographic resttrveys in tke vicinity of 1lfonfa.uk Point, Gardiner's Bay and 

Oritmt Harbor, Lo'nf} Island; al.so oompl.etion oj hydrography between Stepping Stones lig/tt.house 
and Ooll.6goPoint,East River.-At the beginning of the fiscal year, Assistant Charles Hosmer, in 
charge of the party on the schooner Scoresby, having executed certain resurveys in the western 
part of Long Isla.nd Sound, as mentioned in my last annual report, transf'erred his party to the 
vicinity of Greenport, Long Island. · 
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During the summer and autumn, topographic resurveys were made of Montauk Point, and of 
Shelt<'r, Gardim·r\1, Plum~ and Gull fala1Hls. Also of Ol'ient Harbor mid Yicinity. Hydrogrnphic 
"Work was done in the northern part of Shelter Island Sound, and in Long Island Sound, to the 
north of 1\fo11tank Point. 

Lea Ying a topogrnphic party to fini:o;b the work at Orient Point, Assistant Hosmer proceeded 
in tlte Score:sby a bout tlrn 10th of October to tbe western part of the Sound to complete the 
h;ydrogrnphJ between Stt'ppi11g Stones Jight-lionse and College Point, East Rh-er. 

All of the hydrogrnphy laid out for the party ha Ying been finished by the middle of Nowmber, 
and the i,;eason lJeiug too far advauced to coutinueto11ograpbic work to advantage, field operations 
were thell clo:sed. 

As8istant Hosmer expresses bis high appreciation of the services of Em1igns R. P. Schwerin, 
an<l D. P. Menefee, U. S. N., who were attached to his party. Tue statistics of work accom· 
pli:;lted are: 

Num her of angles measured in triangulation. __ ....... __ .......•...... _ . _ 
N umlwr of points determined. ___ .. ____ . ______ ...... _ .. _ ...... _ ... _. _ .. . 

Nu rn her of miles of shore-line surve.)'ecl including low water line and creeks 
:Miles of roads snrvt>yPd ........................ _ ...................... . 
.Area surn•yed in square miles .. ____ . _ . . . • .. ___ ......... _ ......•....... 
.l\liles run in soumliug . _ .. _ .. _ ... _ .................................... . 
A ugles mei1sured ........ _ ................•... _.. . . . . . . . . . . . . . . . .... _ 
N urn ller of soundings . _ ........................ ____ ................... . 

51 
5 

205 
31 
13 

486 
4,722 

38,044: 

Under tue Lead of SPction VIII reference is made to duty subsequently assigned to Assistant 
Hosmer ou tl1e coast of the Gnlf of .Mexico. 

Completion of ob.~errations with self-registering tide-gauge at Fort Trumbull, Netf' London, Conn.
The ouserrntio11s at Fort Trmnbnll, New Lo11don, Conn., with a self-registt'ring tidt'-gauge which 
had hee11 established there early iu October, 188'..l, were broug-bt to a close Nm·ember 20, 1883, a 
fine record for solllewhat more than a year having been secured by the care of the observer, Ser
geant F. Koch, statio11ed at the fort. 

Tb is gauge was established on account of its utility in the resurvey of Long Island Sound; it 
will y-it•ld also improYed data for use hereafter in predicting the tides, New London having been 
selected as one of the principal 11orts to which the tides of neighboring ports are referred in the 
tiJe tables published annually by this office. 

Topographic resurveys 1f the north shore of Long Island Sound, betu:een New Lond-01i and Four. 
Mile Rirer, and betu:een Saybrook and Clinton.-In continuatiou of the topographic resnn·ey of the 
shores of Long bland Sound, Assistant W. H. Dennis, in July, 1883, took up the detailed topog
raphy upon the sheet of New Lon<lon and vicinity, the shore-line and part of the details upon 
which had heeu done during tbe previous season. Mr. De1111is completed a margin of topography 
upwards of four hnnd.red meters in width upon this sheet, and then began work upon the next sl1eet 
westward, which included the shores of Niautic Bay and. Four-Mile RiYer. Having carrie<l the 
topography upon this sheet from one-fourth to one.half a mile inward, and finished it September 
25, the party was moved to Cliuton and work begun from Sa;ybrook westward. Details of sl..iore 
topography to the same extent inlnntl as on the previous sheet baving been completed to include 
the shores of Killingworth Hnrbor, west of KeLses's Point, in the town of Clinton, and tht1 next 
sheet westward, at the town of Madison, baving been begun, the field season was closed Novem
ber 28. 

Assistant Dennis acknowledges in bis report the thoroughly competent and efficient service ren-
dered in his party by E. L. Taney, Aid. The statistics are: 

:Miles of shore-line surYCyed ....... - ...................................... " 69 
1\1iles of roads . . . . . . . . . . . . . . . ....•.......... - ..... _ .•...•...........••.••. 105 
l\f iles of creeks ....•• _ .. __ . _ ..... - .. _ ............. _ •...... _ . _ ...••..•..• _ . . 25 
Miles of marsh· line .. - ............ _ .••••... _ .••••......••..•. ___ .•.• _ .•• _ . _.. 35 
Area surveyed in square miles ..•.••... _...... • . . . • . . • • . • • • • • . . . . • • • • • • . • • • • 25 
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Hydrf1graphic resurrey along the north shore of Lon,q Island Sound betireen Goshe1i Point and 
Hanimona8sett Point.-Ha,·ing organizl·d l1ii,; h,\·drogrnpl1ic part,Y on board the li'clioonPr Silliman, 
Lieut. John D. Keeln, U.S. N., Assistant Coast mid Geodt•tic SmVt',Y, left ~ew York aml arri\·ed 
at New Loudon, Conn., early in Jul~-, 1883. T11e work intmsted to liiR charge was a hj«lrogTapbic 
resurvey of the shoal water Rlo11g the north 8hore of Long hlaml 801111<1, begi111iini:r at Goshen 
Point, one-half mile west of New Loudon Light, aud extendiug to Harumonussett Point at the 
western entrance of Clinton (or Killi11gworth) Harbor. 

At the outset of operatio11s an arrangement was made with Lii:ut. John T. Sulli,·an, U. S. N., 
Assistant Coast and Geodetic Smw\y, comrnaucling tlie steamer Emlt'arnr, with regard to tl1e limits 
of work to be done by each party, Lieuteuaut Sullinm's liues of souudiugs across the Sound being 
carried far <•nouglt in to connect with the inshore work. 

'l'ide-ganges were established at l\lillstone Point, Fenwick ·wharf, and, as tbe work progressed, 
at Duck 1:slaml Hlll'oor, the last-named gauge beillg ol.nse1 n'd for refereuce ouly, while tlrn ouserva
tious at the two first-uamed ones were continuous for at least a lunar month. 

The several reefs and shoals h1elu<led withiu tl1e limits of the survi:y wne tboroughl~- examined . 
.Among them were Bartlett's Reet; Two Tree lslaml Shoal, the small shoal off Hatch1·tt's Point, the 
shoals off the mouth of the Connecticut River, Long Sand Shoal, the shoal off Cornfield Point, the 
Hen r111d Chickens, anll Crane Reef. · 

On Bartlett's Reef no 11ew <langl'rs were discowre<l, but a gronp of rocks just to the eastward 
of it, known locally as "The Triangle," or "Tiiangle Rocks," was snccessfully searched for and 
located. 

While working to the southwest of Black Point, a shoal souuding was taken in four fathoms; 
this locality was afterwards; examined, but uothing sl.Jonler than this 'llas de\·eJ011ed. 

The extensi\·e slloals off the mouth of the Connecticut RiHr were denloped with great care. 
Lieutenant Keeler can ... attention to the fact that these t"11oals are cbanging the charactt'r of their 
surface constantly, and almost with e\'ery shift of win<l; certainly so wlten the wind ulows with 
violence. 

With regard to the Connecticut Hiver, be obser\""es that the usual entrance throug-h the jetties 
can be usetl in almost any weather, bnt that after Jlassing Saybrook lig·ht there is nothing to mark 
the channel, which is quite narrow, although the rh'er is wide. On the em;tern side of the cbaunel 
there are several sunken stone piers~ covered at half tide, and the strong curreut running makes it 
difficult for a 1:1tranger to proceed up the rh'er with confidence. Lieutt•nant Keeler recommends 
that the channel be buored. With bis report lie lias suhmitted a tabular statenwut of the number 
of vessels of all kinds passing in and out of the Connecticut from September 8 to 30, iuclusive. 
The whole number is four hundred and twenty-nine, an average of about niut>teen a day. 

While surYe~·iug Westbrook Harbor two rocks werl.' disco,·ered which lnul not been marked on 
the charts; their positions were carefully determined by hearings and otherwise. 

Lieutenant Reeler's report, of which an austract 0111,Y is !Jere gfreu, is exct>ediu~Jy full and com
plete in its detaile<l statements re!lpecting the localities included iu 11is survey. He expresRes Lis 
gratification with the spirit manifested hy the officers wlio asi<islf'd him in conducting the work. 
These were Ensigus F. H. Sherman, C. W. Jungen, and T. C. Dewey, U.S. N. 

The statistics of the season, which closed early iu November, are: 

Miles run in sounding . . • . . . . . . . . . . . . . . . . . . . _ .. _ . . . . . . . . . . . . . • . . . 750 
Angles measured ... _ ................... ! ... _ ..... _ ... - ................ - 11, 630 
Numberofsoundings ........... : ................. -;·· ............... 44,146 

During the winter the Silliman was laid up in New York, iu charge of Ensign Sherman. 
Information having been received at this office from the Uhl Colons Steamboat Compau~- of the 

existence of a dangerous rock iu East River, Ensign Sherman was dir('cted to examine the locality. 
He found a. pinnacle rock not over four ~·ards sqirnre, arnl situateJ one lrnuclred and lift~ j·ard,.; out
side of Nes Rock, and ou the prolongation of Twentieth street, New York City. Tlie lt:>ast water 
fountl O\"er the rock was twelve and a half feet. A ''Notice to .Mariners" (No. 48), gidng exact 
looation a.nil bearings, was immediately publiehed, and information having been furnished to the 
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Light-House Board, they caused a danger buoy to be placed on the rock May 28. This buoy may 
be passed on either hand. 

In the search for the rock Ensign Sherman bad the aid of Ensign W. 0. Canfield, U.S. N. 
Topo_qraphic ri;surv&y of the north shore of Long Island Soiind from Bridgeport to Farms (or 

Frost's) Point.-Assistant E. Hergesheilller, nuder instructious issued in June, 1883, reached the 
field July 1, and began a topographic resurvey of the north shore of Long Island Sound from 
Bridgeport westward to l?arms (or Fro'lt's) Point. 

Between these limits the belt of topography surveyed extended on the average seven-eighths of 
a mile from the coast. The topographic sheet included the city of Bridgeport, the solid interior of 
which was compiled from the records of the city survey department, furnished by H. G. Scofield, 
city engineer. 

Field operations closed October 25. The exceedingly skillful and artistic delineation of details · 
of topography and lettering on the field sheet, as brought out distinctly in the inkin~, led to its 
reproduction by the photolithographic process without reduction from the original scale of survey 
(1-10000), and with marked success. -

Following are t.he statistics: 

Miles of shore-line surveyed, including shore-line of rivers, creeks, and ponds_ . . 59 
Miles of roads _ ... _ . . . . . . . . . . . . . . . . . . • . . . . _ ... __ .. __ . _. _ ... _ . ____ .. _. . . . . . 57 
Area surrnyed in square miles . __ . _. ____ .......••. • _ ... _. _____ . _. __ .... _.... 9 

Re-estttblishment of points of the old triangulation and derermination of additionttl points on 
the south shore of Long Island Sound, between Horton's Point and Oul P.ield Point.-In order to 
furnish points for the resurvey of Long lsland Sound, Assistant S. 0. McCorkle was specially 
charged with the recovery of the old stations between Horton's Point and Old Fields Point on the 
north coast of Long Island, and with the determination of such additional points as might amply 
suffice for the uses of the topographic and hyrlrographic surveys. 

In pursuance of this duty, after having selected as a base the line Osborn-Shinnecock, Mr. 
Mccorkle was fortunate in identifying seven stations of the former triangulation. His recon
naissance and subsequent occupation of stations in the scheme laid out, between the limits . 
just referred to, pro\'ided all the points needed in the progress of the survey on that coast. 
His report states in detail the characteristics of the country passed over. 

'rl1e statistics of the work, which closed November 30, are as follows: 

Number of stations occupied.. . •.................................•. __ ... . 27 
Number of angll's meaimred ...• - ____ ........ _ .... __ ............ ___ .. _. 225 
Number of obser>ations made. __ ..•...... _ .. ____ . _ .......•.•... - ..... _. _. 2,064 
Number of positions determined .... - ... __ . _____ - . - . ; ...... - . _ ...... _ .. _ _ 38 

U was deemed desirable to mark permanently the station on Shinnecock Hills, and, in accord
ance with arraugements made to that effect with Mr. Austin Corbin, the owner of the land on 
which the station is located, Assistant Mccorkle, in May, 1884, placed a granite pillar over the 
iron cone beneath the surface which bad been secured in position as an underground mark by 
Assistant J·. A. Sullivan in 1874. The surface marks placed by Assistant F. H. Gerdes in 1879 
were found to be in good order. 

Supplementary triangulation between. Eaton's Point and Sands' Point, n-0rtk CM8t of Long Island, 
and of the opposite shore, for the resurvey of Long Island Sovnd.-The duty of executing the sup
plementary triangulation of the shores of Long Island Sound, from Eaton's Point to Sands' Point 
and opposite, was committed to Assistant Gershom Bradford by instructions issued early in August, 
1883. 

Having organized his party, and established his headquarters at Northport, L. I., as a central 
point, Mr. Bradford pushed the triangulation acrol.!S the Sound to the westward from the lines 
Eaton's Point-Copp's Island, and Eaton's Point-Cbimon's Island. 

At the close of the season, December 13, the triangulation finished included the country abont 
Hnntingt.on Bay and Northport Bay, reaching westward on the Long Island shore to Oak lfeek 
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Point and to stations on the Connecticut sb~re; these in turn connecting with the triangulation of 
Mr. Bradford's previous season in Connecticut. 

During the winter Mr. Bradford was engaged in office-work pertaining to his field operations, 
and in a special investigation relating to the several methods of reading the mariner's compass. 
On this subject he made a detailed report. 

Towards the end of May he was directed to resume the triangulation of J,ong Island Sound, 
and to connect it with the original primary Rtations Bald Hill and Round Bill. Pro\"isional 
stations had been established near those points by Mr. Bradford iu 1882, but as the work pro. 
gressed it became desirable to refer it to the original line. By applying azimuth:,; and dis
tances from the approximate positions of 1882, the station marks left hy Assistant Edmund Blunt 
in 1866 were recovered with but little digging. The old station, Eaton, on Eaton's Neck, waE! 
recovered also. 

At the close of the fiscal year 1883-1884 the triangulation was in actiYe progress. Statistics 
of the work to that date are: · 

Number of stations occupied . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ....•..• 
Number of pointings made .......................... -.............. - ..... . 
Geographical positions determined ........................... - - ...... - .... . 

16 
3,897 

13 

Completion of the primary triangulation across the State of New I"ork for connecting the trfongula
tion of the Hudson River and Lake Champlain with that of the survey of the Great Lakes.-At the 
beginning of the fiscal year, as mentioned in my last annual report, the party of Assh;tant Charles 
0. Boutelle was about to occupy Howlett Station, about !I miles west ot' Syraculi'e, a poiut identical 
with the State survey station of that name, and one of the last in the scheme for connecting the 
survey of Hudson Rfrer and Lake Champlain with that of the Great Lakes by a primary triangula
tion across the State of New York. 

Early in July, 1883, the observing tripocl and scaffold of tbe State survey at Howlett wais 
rebuilt and occupied at an elevation of about 50 feet for the measurement of horizonta·l directions. 
Tbe usual observations for latitude and azimuth were made by Mr. J. B. Boutelle, extra obser\·er, 
and Prof. L. L. Barnard, of State College, Pennsylvania, who wai:! temporarily attached as Acting 
Assistant to the party. Local time was determined by Subassistant J. B. Baylor, who also made 
the observations for magnetic declination and intensity. 

Twenty.inch theodolite No. 113 was used for the measurements of horizontal directions. 
Twenty-four pairs of stars were observed for latitude with zenith telescope No. 5. For local time 
the new prismatic transit was used for the first time in the field. Assistant Boutelle reports favor· 
ably upon this instrument as both accurate and exceedingly convenient for field obserrntions. 

At this station, as at all others of the primary chain, vertical angles were carefully observed. 
Upon the close of observations at Howlett's station, Professor Barnard was detached from the 

party, and Subassistant Baylor was directed M> occupy the station of the Lake t;uffey, Clyde, 
in Wayne County, for the determination of horizontal directions, vertical angles, aud magnetic 
declination and intensity. ·while this work was in progress, Assistant Boutelle proceeded to 
Oswego to occupy the Lake Survey station of that name in the southwestern part of the city. 
A tripod one hundred and nine feet high had been built here by the United States Engineers in 1874. 
Finding it much decayed, repairs wefe about to be hegun, when by a furious gale which swept oYer 
Lake Ontario, the whole structure was blown to the ground. A new ohserYing tripod aud scaffold, 
forty-six feet high, was at once begun, and finished in five days, being in readiness for occupa
tion October 1. Subassistant Baylor was at this date detached from the party. Observations of 
horizontal and vertical augltIB were finished October 16. A double line of levels was run from the 
Lake Survey station "Oswego" to their bench-mark close to the shore of Lake Ontario. This 
bench-mark had been previously connected by the .Lake Survey parties with the Uoast and Geodetic 
S11rvey bench-mark at Greenbush on the Hudson, opposite Albany, by a double line of levels. 

The Lake Survey station" Victory," about seventeen miles in a southwesterly direction from 
Oswego, was next occupied. The tripod originally built at the station was found to be in good 
older, and tbe twenty-inch theodolite was mounted upon it October 18, with the telescope at an 
elevation of ov-er ninety feet. The observations of horizontal and vertical angles at this station 
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were made by !Ir. J.B. Boutelle, and upon their completion, October 30, field operations were closed 
for the Remmn. 

In or11er to establish a thorough connection between the Coast and Geodetic Survey and Lake 
Survey systems of triangnlation, M:r. J. B. Boutelle was instructed to proceed to Mannsville, 
N. Y., in May, 1.38!, and nuder the direction of Assistant Boutelle, to occupy the Lake Survey 
station of that name for the purpose of measuring the angles between stations Loomis, Oswego, 
and North base. By these observations a direct connection wa"! obtained with the Sandy Creek 
base of the Lake Sur~ey. This work, including a determination of the magnetic declination and 
intensity, was completed on tlle 18th of June . 

.A report upon the rPsults of .Assistant Boutelle's triangulation across the State of New York, 
and its connection with the triangulation of the Lake Snrvey will be found in Appendix No. 9. 
These results \'erify the indications referred to in my last annual report as derived from the pre- · 
liminary computations, and show that a close and satisfactory agreement Las been reached at the 
junction of the two systems of triangulation, "an agreement which· is the more satisfactory, since 
each system is an allsolntely independent work, starting from bases widely separated on the 
Atlantic coast and on the Great r,akes, and carried on by independent methods, instruments, 
and observers." 

After elosiog work at 1\fanns,·ille, Mr. J. B. Boutelle was directed to visit Kingston, Canada, 
to make inquir.v respecting the possillle use of an astronomical station in the grounds of Queen's 
College an(l U11h·er:o;ity as the north end of the Pamplico arc of the meridian. This service, as well 
as other dnty alreacly referred to m11ler the bead of Section I, was executed with skill and diligence. 
Mr. Bontelltl's rrport has bet'n transmitted to the office. 

Hyriroyraphic resurrey of tlie approaclteH f!J New York.-In accordance with instructions issued 
in .Tuue, 1.1{83, J,ieut. H. B. l\fansfield, U. S. N., As.sist.1.nt Coast and Geodetic Survey, organized a 
hsdrographic party on the ste;imer .A. D. Bacihe for the resurv<>y of the approaches to New York . 

.About tile l;3th of .Jul.Y, all prepara~ions Laving been completed, the work was begun. As far 
south as latitrnle 40° 12' north, and as far east as longitude 73° 2J' west from Greenwich, lines were 
run from both the :N"••w Jersey and the Long Island shores a quarter of a mile apart to the five 
fathom ctu\·e; a half a mile apart to the ten fathom curve, and to the limits of the sheet, the curves 
of fifteen and twenty fatuoms, a mile ap:ut. Additional lines were run normal to the New Jersey 
coast and two miles apart as far south as the head of Barnegat Bay to connect this work with that 
of Lieutenant-Uomma111ler Brownson in the steamer Blake. 

The weather upon the whole was not fa•oraule for offshore work, but by taking advantage of 
ever.}' favorable opportunity, the rcsiuvey was completed October 11. 

Close liu('s of som11lings W(:lre run over the locality known as the "Cholera Bank," but no 
depths were found of less than ten to eleven fathoms. 

Lientenaut l\fansficld olmervel.i that the most interesting result of the resurvey appears to be 
the devel(>pme11t of the so Mlle1l "holes'' iu the approaches to New York entrance into a clearly
defiue1l g11llJ, e;isily tmcell from the outer limit of the work to the \'iciuity of the Su.udy Hook ligbt
vessel. There are great 1liffere11ces in deptlis of water in this gull~-, but its bottom in every part 
consists of hlue clay au1l fine sand, chara.cterh;tic:-1 fonntl nowhere else within the limits of the sur
vey, tlrns reducing all sailing directions for the ligltt-vessel in thick or foggy weather to the simple 
use of the armt-Al lead . 

.All soumlings were referred to the datum plane of the permanent tiile-gauge at Sandy Hook. 
Ackuowledgmeut is mtide by Lieutenant !fansfield of the cheerful as:sistauce rendered in the 

work aud the good j111lgment shown in its conduct by the officers attached to the Bache-Ensigns 
W. B. Ca.perton, J. l\I. Orchard, C. S. McOla.in, and Harry Phelps, U. S. N. The litatistics are: 

Miles run in sounding .•...........••..•.........•••...............•.•.. " 1, 094 
Angles mPasuretl ........•..•....................••.••..••..•. , •••..•.•••• l, U69 
Numl>er of soundiugs ............•... _ .•......••••••...••...••••....•..... 81 029 

Specimens of bottom were taken at every position occupied. 
Early in the winter Lieutenant Mansfield was instructed to fit the Bache for work on the west 
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coast of Florida. Duty assigned to him on that eoast will be referred to under the head of Sec
tion VI. 

Observations of currents and other hydrographic work off New York entran~e.-The work assigned 
to Lieut. J.C. Fremont, U.S. N., Assistant Coast and Geodetic Survey, by instructions dated early 
in July, 1883, was to make observations for currents at stations near the one hundred fathom 
curve between Montauk Point and Cape May, and upon the completion of these observations to 
take up the examination of certain localities of shoal soundings off New York entrance. 

Having organized his party on board the schooner Drift, Lieutenant Fremont left New York 
July 16, and after having occupied ten current stations returned to New York October 10. All 
along the one hundred fathom curve the same currents were found, the current swinging the vessel 
with the sun with great regularity. To this regular swinging with the sun the exceptions were 
at stations 9 and 10, near to or in the gully leading out of New York Harbor. At both of these 
stations the observations showed the current to run alternately about northwest and southeast. 
There was also an absence of the usual tide rips. 

The remainder of the season was occupied in soundings off Sandy Hook, off the New Jersey 
coast, and in Gedney's Channel, New York entrance. Special examinations were made in and 
around the Oil Spot, the outer Middle Ground, and around the obstruction buoy which is over the 
eighteen-foot spot between the whistling buoy and the second mid-channel buoy of the South 
Channel; also around buoy No. 37 and the second mid-channel buoy of Gedney's Channel. 

Lieutenant Fremont had the aid of Ensigns A. F. Fechteler, F. W. Kellogg, and F. R. Brain-
ard; U.S. N. • 

The Drift returned to port November 17, and during the winter was fitted for a. cruise in the 
Gulf Stream. Reference will be made to Lieutenant Fremont's observations of currents of the east 
coast of Florida under the head of Section VI. 

Oontinuatwn of series of tidal observations witk self-registering tide-gauge at Sandy Hook, N. J.
For the last two years the self-registering tide-gauge at Sa.ndy Hook, N. J., has been in charge of 
F. W. Shepheard. The gauge is now located close beside the station office of the New Jersey 
Southern Railroad, at the north end of the bight known as'' The Horseshoe" in Sandy Hook Bay. 
8ome interruption of the observations has occurred during the year by reason of extensive repairs 
that have been made to the wharf, and in the winter by the ice which is forced across the bay and 
congeals in thick masses near the fl.oat. box. New piles have been driven and heavy braces 
arranged about the fl.oat-box so that hereafter it will be better protected. There is ample depth 
of water at the gauge. 

Triangul,ation of the northern part of the Stat.e of N e1ti J ersc.lf continued, and reconnaissance begun 
for the extensi-On of the triangulation in the southern part.-Geodetic operations in the State of New 
Jersey have been continued as heretofore by Prof. E. A. Bowser, Acting Assistant. 

Field-work was begun June 1, 1883, by the occupation of station High Mount, about 5 miles 
north of Paterson, Passaic County. Signals were erected at Mount Horeb, Mount Olive, Bald 
Hill, Bear Fort, High Torne, Weasel, and Buttermilk Hill; at the two latter stations in order to 
form a direct connecti~n between the New Jersey triangulation and the primary triangulation of 
the coast. At Mount Horeb, 35 miles southwesterly from High Mount, a heliotroper was estab· 
lished. 

Observations were completed at Mount Horeb August 11, and the party was then moved to 
station High Torne, near Ramapo, in Rockland Oounty, N. Y. The signals Bald Hill, Bear Fort, 
Buttermilk Hill, and Weasel were readjusted, and a signal erected at High Mount. A vista was 
opened through the woods on Uamapo Mount, two miles east of High Torne, to render visible the 
station on Buttermilk Hill. Work at High Torne having been finished October 4, Professor 
Bowser made preparations for resuming the reconnaissance in the southern part of the State. Five 
stations had been selected before the beginning of .the fiscal year, starting with the line Ridgeway
Applepie HilL Continuing the exploration of the country to the l'IOuthward and westward, four 
additional stations were selected, though not without much difficulty, the country being tlat and 
thickly wooded. What seemed like a .ridge would not unfrequently be found to be, on a. nearer 
inspection, a low swamp with veey tall trees, while, on the other hand, the trees on some of the 
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ridges were so low that their tops were not visible from the station of reconnaissance. At many 
of the points scaffolds and tripods of forty feet in height will be needed. 

Field operations were closed November 3. In the spring of 1884 Professor Bowser was author
ized to resume the reconnaissance, carrying it west and southwest from Williamstown, Gloucester 
County. · 

Continvation of the triangul,ation and reeonnaissance of the State of Pennsylvania.-Geodetic oper
ations in the State of Pennsylvania were resumed by Prof. Mansfield Merriman, Acting Assistant, 
early in July, 1883. Three stations were occupied during the season for the continuation of the 
triangulation to the southward and westward. 

From Gov. Dick, the first station occupied, about six miles south of Lebanon, Lebanon County, 
observations were made upon eight stations, at six of which heliotropers were posted. 

On July 30, the work at Gov. Dick having been completed, Professor Merriman occupied a sta
tion at Wintersoown, York County. From this point four stations were observed, and the work 
was finished August 7, when the party proceeded to Round Top, a station about eleven miles in a 
southerly direction from Harrisburg. With the occupation of Round Top, from which five other 
points were observed, the measurements of horizontal angles closed, and during the remainder of 
the season Professor Merriman visited other stations in the scheme to the westward, for the pur
pose of selecting positions nearly enough approximate to facilitate the final selection during the 
next year. 

Statistics of the work are as follows: 

Number of angles measured . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34 
Number of pointings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3, 264 
Stations approximately selected . . . . . . . . . . . . . . • . . . . . • . . . . . . . . . . . . . . . . . . . . . 3 

Survey of the boundary line between the States of Pennsylvania and West Virg·inia.-Mention was 
made in my last annual report of the detail of Subassistant 0. H. Sinclair to exeeut.e the work of 
tracing out the boundary lines between Pennsylvania and West Virginia, in compliance with a 
request from the Joint Commission of those two States. 

Snbassistant 0. H. Van Orden was instructed to report for duty to Mr. Sinclair. 
An understanding having been arrived at with the Joint Commissioners as to the most desirable 

mode of tracing and marking the meridian boundary line, the work was begun at S~ith's Ferry, 
Beaver County, Pa., by measuring an azimuth and passing a meridian through the apex of the 
large granite monument that marks the south end of the boundary line between the States of Penn
sylvania and Ohio. 

The observations for azimuth and time were made with the ten-inch repeating theodolite No. 
82, arrd recorded by means of a Parkinson and Frodsham sidereal chronometer. The diaphragm of 
this theodolite had been fitted with three vertical wires; its horizontal axis was perforated and 
provided with a lamp and mirror f6r illuminating the threads; these, with a vertical circle and 
diagonal eye-piece comprised the set of attachments which were removable at pleasure. This 
instrument was used also for ranging out the line. A 6-ineh Brunner theodolite provided with telem
eter wires and a vertical arc; a graduated rod, chain, and pins, a steel tape, two pocket helio
tropes for ranging in points at long distances, and the necessary field-glasses completed the instru
mental outfit of the party. 

Mr. Sinclair's plan of operations was to secure as long lines of sight with the large theodolite 
11.s possible; to clear the line of all obstructions and locate points on the prominent hills for the use 
of the second party under Mr. Van Orden, who, with the 6-inch theodolite, located all the old 
boundary-line marks, measured the length of the line, and established in position points for the 
new monuments. On account of the broken character of the country, the first plan of chaining 
the line for distance was abandoned, and a series of small triangnlations was carried on from short 
measured bases, this method giving the lengths required with expedition and accuracy. 

At the distance of eleven miles from the initial point, as the meridian was found to diverge 
from the old line-stones, a check azimuth was measured and the meridian found practicalJy perfect. 
Beyond this point a series of long sights was secured, ranging from three to eleven miles, and at 
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a. point fifty-three miles and seven-tenths from the initial point another azimuth was measured, the 
line being found accurate as at the preceding test. 

From this point to the southwest corner of Pennsylvania the distance was only ten miles, and 
waa traversed in three sights. 

The deviation of the line, as marked by tlie old line-marks, from the meridian line traced south 
from the Ohio and Pennsylvania granite monument, was rather regular to the west, and at the 
southwest corner of Pennsylvania it amounted to fifty-four feet and five and a half inches . 

.As soon as the line had been measured and the pOllitions of the old line marks located with 
r~pect to the meridian, the Joint CommiRsioners, at a meeting held July 3, adopted for the boundary 
a straight line through the southwest corner of Pennsylvania and the first stone south of the Ohio, 
placed in the meridian of the granite monument on the Ohio and Pennsylvania boundary. 

Twenty-four of the old line stones were found, twenty of which were deemed authentic. From 
these the old line was reproduced, and it was found that the new boundary would .cause a loss of 
but ten amt four-tenths acres to West Virginia. 

This boundary it was decided to have marked with large sandstone monuments. 
For the longitude of Smith's Ferry, signals were exchanged on two nights in July with the 

longitude party at Louisville, Ky. Additional exchanges could not be obtained owing to the gen 
eral strike of the relegraph operators which began July 19. Latitude was derermined with the 
zenith telescope by sixty observations. The position of the longitude station was carefully marked~ 
and connected with that of the boundary monument by the measurement of a base a~d a small 
scheme of triangulation. 

In the following month, with my approval, Mr. Sinclair was authorized by the Joint Commis
sioners to trace out a portion of the boundary between Pennsylvania and West Virginia running 
eastward from the southwest corner of Pennsylvania along the parailel of 390 43'.3, nearly. This 
bound.ary to the Maryland corner is about fifty-five miles in length. This distance Mr. Sinclair 
divided into four sections by five latitude stations, each located near some authentic mark on the 
old line. At each station latitude was observed with zenith telescope No. 6 on twenty-three pairs 
of stars on three night8, except at the initial point, the southwest corner of Pennsylvania, where 
observations were o9tained on four nights. 

These observations having been completed and the field computations made, the party as
sembled a.t the init\al station September 26, to begin tracing the parallel boundary. 

The method employed was to observe an azimuth, Jay off an angle of ninety degrees from the 
meridian, and range out a tangent in the prime vertical of the initial point as a liI,ie of reference 
for the old ooundary marks and for the positions of the new monuments. Three sections of the 
parallel oounda.ry were thus traced out for a total distance of thirty-five miles and eight-tenthe, 
when it became necessary to suspend operations for the season. 

In the first twenty-one miles from the initial point towards the east there were five wen. 
authenticated line marks, and the boundary, as reproduced from these, very nearly coincided with 
the theoretical parallel through the southwest comer of Pennsylvania (supposing the spheroid 
uniform). 

The work of Ma.son and Dixon in 1767 terminated about twenty -one and a half miles east of the 
initial point. Upon reaching their boundary, the line was found to bend to the south with moderate 
uniformity for nearly ten miles, where it has a maximum deftection of one hundred and seventy
fonr and a ha.If feet south of the theoretical curve through the southwest corner. East of this, and 
for a di.stance of nearly tlve miles, the boundary turns northward and is nearly a. true parallel. 
Mason and Dixon's marks ~ere large mounds six to eight feet in diameter, and most of them about 
six inches high. For twenty-one miles from the initial point towards the east the old line marks 
were old posts' or post-holes in heaps of stones. 

Twenty-one miles of the parallel boun4ary were ready for marking in November, 1883, but the 
rest of it cannot be marked until the survey has been completed to the Maryland corner, a distance 
of a.bout nineteen miles. The meridian boundary was permanently marked during July and August 
1883, and the meridian itself preserved by extra monuments. 

Sabassista.nt Sinclair acknowledges the very efticient a.id rendered to the work by Bubassista.nt 
V ~ Orden, who had charge of the second party and made the map of the two boundary lines. 
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The original maps and a full report of the work have been transmitted to the Joint Commis. 
sioners; a duplicate of the report and tracings of the maps are deposited in the Coast and Geodetic 
Survey arc hi ''es. 

Statistics of the work are as follows: 

Number of miles of meridian boundary surveyed .............................. 64.1 
Number of miles of parallel boundary surveyed. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35. 8 
Number of azimuths measured on meridian boundary.......................... 3 
Number of azimuths measured on parallel boundary.... . . . . . . . . . . . . . . . . . . . . . 3 
Number of observations made for azimuth .................................... 202 
Number of observations made for latitude . . . . . . . . . . . . . . .................. 355 
Number ofstations occupied for latitude . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 
Number of stations occupied for longitude...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Number of ob,;ervations made for time...... . ......................•....••. 725 

Reference will be made under the head of Section III to duty subsequently assigned to Mr. 
Sinclair. 

Topographic survey of the New Jersey coast from Oape May Court-Home nortltward.-Under 
instructions issued at the beginning of the fiscal year Assistant Charles .M. Bache resumed the 
topographic surrny of the coast of New Jersey in the vicinity of Cape .May Court-House. A new 
barge was· being constructed for the mm of his party, and while awaiting its arrival Mr. Bache was 
occupied in locating 011 a former topographic sheet a newly-built railroad running from the Cape 
May Branch of the West Jersey Railroad to Anglesea, a seaside resort lately established on Five
.Mile Beach, near Hereford Inlet. 

Time was utilized also in tearing away such parts of the old barge as could be made service
able for the new one. On the 14th of August, the new barge having arrived and certain needful 
additions having been made, the party proceeded to the locality of work, and by the middle of 
October, when field-work was closed, had carried the topography from Cape May Court-House 
northward to Learning's Sound and towards the coast at Learning's Beach and Townsend's Inlet. 
High winds were very prevalent during the season, retarding the plane-table work. 

Mr. W. B. Mapes served in the party as acting aid from September 1 to the close of the season. 
Statistics of the survey, which was on a scale of 1-20000, are: 

Miles of. road surveyed . . • • • . . • . . . . . . . . . . . . . . . . . . . . • . • . . . . . • . • • . • . • • . . . . • • . 7 
Miles of shore· line of creeks... . • . . . . • • . • . . • • • • • . . . . . . • • • • . • • • • • . . . . . . . . . . . 70 
Area surveyed in square miles. • . . . . . . . . . . . . . . . . . • . • • . . • . . • • • • • • . . . . . . • • • • . . . 13 

Physical hydrography of Delaware River and Bay, and 1-0cation of port-warden lines in the harbor of 
Philadelphia.-The attention of Assistant Henry Mitchell has been i,;pecifically directed during the 
past year to the study of the physical hydrography of Delaware Bay and River, although duties 
pertaining to membership in the Mississippi River Commission, and in other boards where he rep
resents this Survey, have also occupied much of his time. 

A great amount of data for his studies of the Delaware River and Bay have been furnished by 
the recent surveys, and in a carefully prepared article. published as Appendix No. 8 to my report 
for 1883, he discussed the laws of variation in sectional area, mean depth, mean channel depth, 
&c., in that portion of the stream which has been designated as "The Estuary," lying between the 
city _of Philadelphia and the head of the submerged delta, fifty miles below. 

He has since submitted a paper iu which he reviews a progress report by Assistant B. L. Harin. 
din, who is engaged upon a comparison of the new h_ydrographic surveys with thoseexecute.d forty 
years ago. Mr. Mitchell's paper (not designed for publication) is a prospectus of the new study, 
foreshadowing probable result.a, and justifying the great expenditure of labor required. 

The progress report of Mr. Marin din, to which reference bas just been ma.de, is published 38 
Appendix No. 12 to this report. · 

It discusses the changes in the Delaware between Old Man's Point and Deep Wat;er Point, 
including Oberry Island Flats, and in the bay between Beedy Island and Liston's Point. Mr. 
Marindin was directed to take up the comparison of these disoonnooted localities becanae of tho 
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opportunity afforded of studying the effect of artificial changes by dredging in the channel to the 
west of Cherry Island Flats, and becautie the vicinity of Reedy Island is generally accepted as the 
head of Delaware Bay, and as the future locality of an ice-harbor. 

With regard to Cherry Island Flats, Mr. Mitchell remarks that they are not only growing, but 
traveling. That the movement of the center of graYitJ' is down stream and towards the concave 
(right) banks, probably in the direction of a small resultant of flood and ebb streams; and that 
the observations to be made t-0 explain the existence of this bank, its growth, and its movement, 
so as to predict its future, would consist of current measurements in a cordon of stations during 
the dry sea.son, and a gauging of the river discharges in the wet season. 

An inference of value drawn by Mr. l\farindin from his i1ffestigations in the same locality is 
that of the two rival channels around the Flats, the eastern channel would have been the better 
one for improvement by dredging, the comparisons showing that without any aid outside of nat
ural forces the eastern channel has gained in depth since 1841, notwith8tauding the adver80 
conditions of opening a rival channel by the removal of a million and a half cubic yards of material. 

Mr. Marindiu's assignment to duty as consulting engineer of the United States Advisory Com
mission on port-warden lines for the port of Philadelphia occupied him during the first half of the 
fiscal year. ln December he returned to the suboffice in Boston, and has since been engaged con
tinually in the party of Assistant Mitchell, in comparisons of the Delaware Rfrer hydrographic 
surveys. Mr. J. A. SnlliYan was attached to the party during the year, and has made, under Mr. 
Mitchell's direction, a number of investigations requiring the most critical study and careful labor. 

Topographic resun,ey of the New Jersey shore of DelmMre Bay continued.-Early in July, 1883, 
Assistant R. M. Bache organized bis party for the continuation of the topographical resurvey of 
the New Jersey shore of Delaware Bay. His first work was to finish a topographic sheet begun 
the previous season, and extending from Elsingborough Point to Jacob's Creek, in the vicinity of 
Greenwich, N'. J. Then, under instructions, he went to Cape May Point, and beginning the plane
table survey there, worked up the shore of the bay to the mouth of Goshen Creek, where, on the 
15th of November, field operations were brought to a close. Thiti part. of the work is comprised 
in two topographic sheets, one from Cape l\Iay Point to the Hummocks (finished), and one from 
the Hummocks to Goshen Creek (unfinished). The seale of these sheets, as of the one previously 
referred to, was 1-20000. 

Mr. Bache observes in his report that the mapped margin back of high-water line varies from 
a quarter of a. mile to a mile in width, depending upon the configuration of the country, no attempt 
being made t-0 go back beyond what clearly shows on the one hand the relation of the space delin
eated to the bay, and on the other hand to tµe back country; no arbitrary line, where there is no 
natural bounuary, being able to.give to a topographical margin the true suggestive significance 
of the eonntry beyond. The statistics of the season are : 

Miles of shore-line of Delaware Ba-y surveyed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21 
Miles of shore-line of creeks and ponds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51 
Miles of roads . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26 
Area surveyed in square miles. . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14 

During the winter Assistant Bache inked, lettered, and sent to the office two topographic sheets 
of his survey, and towards the close of the fiscal year prepared to take the field at as early a date 
as the state of the appropriation would permit. 

Oontinuation of tke topograpliic resurvey of the western sh.ore of Dela1Care Bay.-Assistant C. T. 
Iardella took the field for the continuation of tlie topographic resurvey of the weRteru shore of 
Delaware Bay about the beginning 9f July, 1883. The two topographic sheets which he completed, 
on a scale of 1-20000, included a margin of topography varying from half a mile to a mile and a 
half in width along the shore of the bay between ~om bay Hook light and Clark's Station (2), about 
three and a half miles north of Mispillion Creek light-house. Comparisons with the survey of 1845 
showed marked changes in the shore line, many of the old triangulation marks having been washed 
away. . 

Mr. Iardella has made note of some of the leading features of the creeks surveyed in the 
progress of the work1 as follows: 
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''Leipsic Creek is one hundred and eighty meters wide at its entrance. Bold water can be 
carried to the depth of ten feet at high tide as far as Leipsic village. The survey of 1845 con
nected Leipsic Creek with Olli Duck Creek and Dona Creek, forming an island called Little Bombay 
Hook. This island has entirely disappeared, there being now nothing but marsh between Leipsic 
and Dona Creek11, 

"Dona Oreek is one hundred and twenty-three meters wide at its mouth. Bold water can be 
carried from the entrance to Dona Landing to the depth of from ten to fifteen feet. Vessels draw
ing six feet can enter at high tide; at low tide there is shoal water. 

"Mahon's Ditch entrance is one hundred and fifty meters wide. Great changes have taken 
place in this locality within the past few years; the shore on each side of the creek has been 
washed away, so that the light-house is nearer the bay by forty meters than it was when first 
built. High spring tides surround it for about a quarter of a mile to the westward. 

"Little Creek is sixty meti:irs wide at its mouth and forty-five meters in width from its mouth 
to Little Creek Landing, distant in a straight line about four miles, but by the creek, which is 
very crooked, about nine miles. To the landing there can be carried some fifteen feet of water. 

"Jones's Creek is one hundred meters wide at its entrance. Large vessels drawing seven 
feet can go as far as Bartlam's Landing. It is navigable for small boats from said landing to 
Dover." 

Field-work was closed November 13. The statistics of the season are: 

Miles of shore-line surveyed ..... __ .. ____ . __ .. __ . _. _ ....... _ ... _ .. - ... _. _ 41 
Miles of shore-line ot ponds, creeks, marsh line, and ditches .. ___ ... _ . _. .. . . . . . . 43 
Miles of roads. __ .... _____ - .. - .. - ...... __ .. _. __ - .... - ... - ..... - .. - - . _... . • 10 
.Area surveyed in square miles .........•...•......•••.... _ . . . . . . . . . . . . . . . . . . 26 

Hydrographic t·esurt'ey of Delatcare Bay from Mahon's River to Mispillion Creek light.-In pur
suance of instructions issued about the beginning of the fiscal year, Lieut. C. McR. Winslow, 
U. S. N., .Assistant Coast and Geodetic Survey, commanding the schooner Ready, organized a 
hydrographic party for continuing the resurvey of Delaware Bay. 

The working ground extended from Mabon's River light to Mispillion Creek light, on the 
western shore of Delaware Bay, and lines of soundings were run normal to the direction of the 
bay and shoa1"1, and extended a-0ross the Joe Flogger Shoal t-0 the main ship-channel. .A suffi
cient number of cross-lines were run to verify the soundings. On the flats between Mahon's 
River and Murderkill Creek, to westward of the deep holes and channels, the lines of soundings 
were run at a greater distance apart, as the bottom in this portion of the survey is very regular. 
Oysters are planted all over these flats. The shoal to northward- of Cross Ledge light was also 
surveyed. 

A plane of reference for the soundings was obtained by observations of high and low water 
for a month at the tide-gauge established at Mahon's River. A second gauge was erected on the 
beach between Mispillion Crook light-house and MurderkilJ Creek, and a third at Cross Ledge 
light-house. Comparisons were made between these gauges and the gauge at the iron pier, 
Lewes, Del. At the tide-gauges on Mahon's River and on the beach near Mispillion Creek light
house bench-marks were established. 

Before the close of the season: November 17, one hydrographic sheet, scale 1-20000 had been 
completed, and another one begun. Lieutenant Winslow calls attention to the want of proper 
buoyage on the channel side of Joe Flogger Shoal, and remarks that additional buoys in that lo
cality would greatly facilitate navigation. Special mention is also made in Subdivision 15 of the 
Atlantic Coast Pilot of this absence of buoys. 

The folrowing-named officers were attached to the party and aided in the work: Ensigns 
William Truxtun, John S. Watters, and Louis S. Van Duzen, U.S. N. Statisties reported are: 

Miles run in sounding ....... - . . . _ ..........•................. _ ....•.•. 
.Angles measured ........ _ . . . . . ... ~ .. _ .... __ . . _ .............. _ ........ . 
Number of soundings _ ................ _ ...•...••.•.•..........••••..••.• 

346 
3,315 

25,291 
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Topographic resurvey in tke vicinity of Oape Henlopen.-Changes of shore.line produced by the 
action of the sea in the vicinity of Cape Henlopen rendered a speedy resurvey of that locality 
advisable. Assistant E. Hergesbeimer was accordingly directed to proceed to Lewes, Del., in 
April, 1884, and to make a survey of the shore-line and adjacent topography of <Jape Henlopen 
from the ocean shore at the Henlopen light· house sand-dune to the new piers of the fish house on 
the shore of Delaware Bay. Thii work was executed on the 17th and 18th of April, and com
prised three and a half miles of coast line, four and a quarter miles of extreme high-water line, 
a.nd about one-quarter of a sqnare mile of area. 

Mr. Hergesheimer reports the following results of his survey: The sea face of the Henlopen 
light-house dune, immediately in front of the light-house, and two hundred and twehty meters 
therefrom, is cutting away, so that for a distance of about one hundred meters it shows a caving 
face of sand, ten to fifteen foet high. The high-water line at the northeast point of the dune bas 
retreated about five meters since 1882. 

At two points four hundred and seventy and six hundred and seventy meters in a direct line 
from Cape Henlopen light-house, the sea washes at extreme high water through openings in the 
beach of widths of ten and seventy-five meters respectively, communicating between the sand hills 
with a low wet fiat, which lies to the northward of the dune and extends for about a mile east and 
west. 

The beacon light, which in 1882 stood above high-water line, is now about twenty meters out
side of the same and seems to be iu great danger of destruction by storm. 

Since 1882 the extreme northeast point of the cape has advanced forty meters seaward while 
the extreme northwest point has retreated twenty meters. • 

At extreme high water the sea washes oYer the northwest face of the cape, and is gradually 
undermining and cutting away the sand bills between that face and the beacon light, having 
made inroad at a point about one hundred meters below the beacon to within fifty meters of the 
ocean. 

Two piers, each three hundred meters in length, and one hundred and seventy meters apart, 
the nearest six hundred meters westward of the Government pier, have been built within the laet 
twelve months, as has been also the Lewes life-saving station, located four hundred and twenty 
meters east of the railroad wharf and about twenty meters from the beach. 

These facts being of much importance as im·olving changes in "aids to navigation" in the 
vicinity of Cape Henlopen, a ''Notice to Mariners" (No. 51) was issued with special reference to 
the inroads of the sea upon the position of the beacon light, and to the intention of the United 
States Engineers to fill in the channel between the eastern end of the ice-breaker and the western 
extremity of the breakwater by laying the foundation for a continuous wall of stone. 

Since the publication of this notice the Light-House Board has issued one informing naviga
tors of changes in the characteristics of the lights of Cape Henlopen. 

Under a previous heading in this section report was made of duty executed by Assistant 
Hergesheimer on the shores of Long Island Sound. Other service assigned to him will be reforred 
to under the head of Section III. 

Hydrographic resurvey of Lower Delaware Bay.-During the summer and autumn of 1883 the 
hydrograpbic resurvey of the lower part of Delaware Bay from Mispillion Creek light-house, on 
the western shore to Cape Henlopen, was carried on by the party in charge of Lieut. G. C. Hanus, 
U.S. JS., Assistant Coast and Geodetic Survey, commanding the steamer Arago. His work was 
comprised in two hydrographic sheets, each on a scale of 1-20000, the first one including the area 
between the shore and . the main channel ; the second, that part of the lower bay between the 
breakwater and Brandywine Shoal. 

The tide-gauge taken as a standard was a plain box-gauge, established OR the Government 
iron pier at the Delaware Breakwater. Observatjons were taken at this pier every day during the 
seaaon of hydrographic work, and night observations were taken also when needed for compari
sons with other gauges. A tempomry gauge was established at Cape May Landing to make a 
eompa.rison between the tides at that point and those at the Breakwater. Other temporary gauges 
were put in place, but were abandoned after a· few days' obse:r.vations, two of them being carried 
away by gales. One of these was the gauge secured to Barrel signal, at which enough observa-
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tipns were obtained to be used for a comparison with the tides at the iron pier. For the tides at 
this last named point, Lieutenant Hanus has submitted a full tide-table, derived from observations 
made during one lunation. 

Many recommendations are made by Lieutenant Hanus in regard to changes in the location 
of buoys in the lower bay, some of which are deserving of careful consideration. He has made 
notes also of changes desirable in the sailing directions as depending upon facts brought out 
d11ring the progress of his survey. The intended closing of the gap between the eastern end of 
the ice breaker and the western end of the Breakwater will, he observes, very much improve the 
harbor. The current being then compressed between the eastern end of the Breakwater and Cape 
Henlopen Point will gradually wear away the latter, and lead to a deepening of the water in the 
harbor. 

The following-named officers were attached to the party: Lieut. W. G. Cutler, U. S. N.; 
Ensigns E. F. Leiper and G. R. French, U. S. N. 

Statistics reported are : 

Miles run in sounding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 946 
Angles measured . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . • • . . . . . . . . . . . . . . . . . . . 4, 717 
Number of soundings . . . . . . . . . . . ................••••.................. 43, 996 

Other hydrographic duty assigned to Lieutenant Hanns during the year will be referred to 
under the beads of Sections III, IV, and IX. 

SECTION III. 

MARYLAND, VIRGINIA, AND WEST VIRGINIA, INCLUDING BAYS, SEAPORTS, AND RIVERS. 
(SKETCHES Nos.1,4,A..~D5.) 

Determinations of gravity by pendulum experiments, and comparisons of standards in Europe and 
in the United States.-The special duty assigned to Assistant Charles S. Peirce in Europe towards 
the beginning of the present fiscal year was referred to in my last annual report. In .Tune and 
July, 1883, be carefully compared the Coast and Geodetic Survey standard yard No. 57 with the 
imperial yard No. I, and also with the iron yard No. 58 at the British Standards Office, London. 

At the Kew Obserrntory lie determined the flexure of the pier used for pendulum experiments 
in 1878. This could not be done at the time because the Kew Observatory is built upon the ruins 
of an ancient monaster.v, and the pier used rested upon three stories of old vaulting. :It was 
impossible to get to the bottom of this, it being filled up with old rubbish. There was, therefore, 
nothing to rest a microscope upon so that it would be immovable while the pier swayed, and the 
attempt to determine the flexure was at the time abandoned. Subsequently Mr. Peirce invented 
the method of measur·iug the flexure by a noddy or inverted pendulum, which is set in motion by 
the swaying of the pier. A memoir upon this subject appears in Appendix No. 15. Also in 
Appendix lG a paper on the effect of the flexure of a pendulum upon its period of oscillation. 

Afterwards, in Geneva, lie measured the.flexure of the table upon which bis pendulum support 
rested in the experiGtents of 187.5, these experiments having been made just before his discovery 
of the importance of taking account of the flexure of peudulum supports. 

Arriving in Paris, he directed further work on tbe designs of the new Gautier pendulums, and 
continued to give attention to this subject after his return to the United States in September, 1883. 

Having resumetl the direction of tl..te pendulum work at the Coast and Geodetic Survey Office, 
he was engaged there during part of the winter in swinging the yard and meter pendulums at high 
and low temperatures, thus determining the ratio of the yard to the meter, and also the coefficient 
of expansion of the two pendulums. 

At the pendulum station at the Smithsonian Institution, pendulums Nos. 2 and 3 were oscil
lated and the length of pendnh1m No. 3 was measured. 

From Februar,v 1 to .Tune 30, 1884, Subassistant F. H. Parsons was attached to Mr. Peirce's 
party, and obserrnd oscillations a~ the office. 

Oomparati11e tkterm.inatioM of 11raoit11 with t/H Kater pen4ulum1 at Wa1hin,gWn.-Speoial refer. 
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ence was made in my last annual report to the valuable comparative determinations of gravitv 
obtained by Assistant Edwin Smith with the Kater pendnlums at the Transit ofVenns station i';1 
New Zealand, at stations in Australia and Eastern Asia, and at the pendulum station in San 
Francisco. These three invariable pendulums had been swung by Litmtenant-Coloucl Herschel, 
KE., at Kew, Greenwich, and Langham, England, and at \Vashington, and Hohokt>ll near New 
York, in 1881-'82, and to complete the series of comparati'rn determinations Assistant Smith 
was instructed to swing them at the iltation of Lieutenant-Colonel Herschel in the Smithsonian 
Institution, Washington. 

The rebuilding of one of the wings of the Smithsonian Institution, which was in progress at the 
time of Mr. Smith's return to Washington in July, 1883, delayed the experiments, and it was not 
till March, 1884, that the room occupied by Lieutenant-Colonel Hel'schel could be placed at his dis. 
posal. 

A full report and record of the observations made at this and other stations in pursuance of 
my instructions issued in September, 1882, has been submitted by Mr. Smith, and will appear as 
Appendix No. 14 . 

.Annual determination of the magnetic declination, dip, and intensity at the station on Capitol Hill, 
W ashington.-For the determination of the annual change in the values of the magnetic declina. 
tion, dip, and intensit,y, observations have been made every year fo.eT"enteen successive year8 by 
Assistant Charles A. Schott at the magnetic observatory on Capitol Hill, Washington. 

In 1883 the <lays of observation were June 18 and .July 5; in 1884 June 16 and 1 i. 
The annual change of these elements, as recognized heretofore, is sustained by the new obser

vations. The expression for the declination was reconstructed, resulting in a slight improvement 
of the representation, which extends now O\'er twenty .eight separate values between li92 an1l 1884. 

Longitude of Covington, Va., determi1ted by telegraphic exchange.~ of signa,li> with lV a-shington, D. O.; 
also observations for latitude o.f Oovillgton.-Application having been made by citizens of Yirginia 
for the determination of the geographical position of Covington, Alleghany County, Snbassistant 
C.H. Sinclair was instructed to organize a party for that work by the occupation of a station in 
Covington. Snbassistant :F. H. Parsons was directed to co-operate with Mr. Sinclair by exchanging 
longitude signals with him from the Coast and Geodetic Survey station at the Naval Observatory. 
Washington. • 

Preparations were complete at each station about the 20th of December, 1883, but owing to 
cloudy and stormy weather it was not till December 28 that an exchange of lon~itude signals was 
effected. On January 3 and 5 two more nights were obtaine1l for lougitn1le signals, completing 
the determination to the degree of accuracy required. 

From the center of the transit pier at CoYington, a meridian line was traced by i\'fr. Sinclair for 
a distance of 310! feet, and its northern extremity was marked by a stone post. This post and the 
transit pier were placed under the protection of the town authorities. 

For the latitude of Covington fifty obsen·ations were made on fifteen pairs of stars on four 
nights with meridian telescope No. 13. 

Early in January field operations were closed at the two stations. The records and results of 
the work have been forwar<led to the office. 

Occupatwn of stations/or connectingwitli the triangulation the corner st-0nes anrl boundary monu. 
ment1 of the District of Oolumbia.-It having become desirable to determine in geographical posi. 
tion the original corner stones of the District of Columbia, an<i such of t,he original mile-stones as 
remained on the boundary lines, Subassistant O. H. Sinclair was instructed in March, 1884, to 
make the arrangements necessary for this work. 

The data extant in the office archives in relation to the points of the original surrnys had 
previously been carefully collated by the Assistant in charge. He f"ound that the initial point at 
the south corner of the district, which was marked with much ceremony at Jones Point, nenr 
Alexandria., on the 15th of April, 1791, is shown on a topographical sheet execute<l in 186-1. Two 
of the boundary stones are also plotted in position upon this sheet, and the accuracy of the 
original work by Ellicott is indicated by the fact that a line drawn upon the topographical sheet 
of 1864, starting from the initial point and (as originally laid out) making at the outset an angle 
of £60 with the meridian of that point passed exactly through these two boumlary stones. A sec-

H. Ex. 4.3--6 



 

42 UNITED STATES COAST AND GEODETIC SURVEY. 

'Olld topographical sheet, executed in 1863, sl1ows nearly all of the original measurements along 
the southeastern line from the Potomac to the east angie of the district. The north angular point, 
near the house of the late Montgomery Blair, is shown upon a topographical sheet of 1864. Of' 
the west angular point nothing definite could be learned. 

The positions thus shown on the topographical sheets were as accurate as their scales of sur
vey, 1-10000 aml 1-15000 would admit of. To bring these positions into connection with the tri
angulation Mr. Sinclair began his reconnaissance at Jones Point towards the encl of March, and by 
the 19th of April had complet.,d it, erected the necessary signals, and made the observations. 
The stations of this triangulation and those of the triaugu!ation of 1880-'81 were then carefuUy 
marked, earthen ll'are bottles, placed three feet below the surface, being used for the undergronnd 
ruarks, and for the surface marks, granite blocks 6 inches square and 2 feet long. 

Forty stations were thus marked. Fielcl work was finished May 21. Mr. J. Howard Gra~; 
renderell acceptable service in the p&rty. The statistics are: 

Number of angles measured . . . . . ........................... - . . . . . . . . - - . . . 76 
Number of observations made ............... -.......................•...... 926 

Other duty assig-ned to }fr. Sinclair is referred to elsewhere under the heading of this section 
and under that of Section it. 

Continuation of the detailed topographica,l s1trrey of the District of Oolumbia.-At the beginning 
of the fiscal ~·ear, July 1, 1883, .the topographical survey of the District of Columbia which had 
been carried on since February, 1881, on a scale of 1-4:800, had been generally completed over an 
area bounded on the east by a line drawn northeast from the junction of North Capitol street and 
Boundary aveune to the northea1't boundary line of the District, thence following the District line 
to a point midway between the Sargent and J{iggs roads; thence about southwest to the northwest 
corner of the grounds of the Soldiers' Home; thence following the Rock Creek Church road to 
Seventh street; thence up Seventh street to Piney Brauch. Following the east,ern slope of Piney 
Branch Valley to its junction with Rock Creek, the line referred to crossed in a westerly direction 
to a point midway between the creek and the Tenallytown road, ancl thence ran in a south west
erly direction to the northwest corner of West W~sbington (Georgetown). 

In addition to the area thns outlined, the survey covered a considerable margin on each side 
of the New Cut road from West Washington to the distributing reservoir. Within the larger 
area some places, chiefly woodland, remained to be finished. 

On the 1st of July Assistant Donn moved bis party to the vicinity of Brightwood and began 
the extension of the surve;y out the Seventh-street· road to Silver Spring, the point of crossing the 
District line, and over the area lying between that line and the western margin of the work com
pleted during the preceding fiscal year. 

There were no large bodies of woodland to impede progress, but, before the period of harvest, 
the growing grain ancl corn-fields and the numerous fences overgrown with briars and bushes 
presented obstacles of not a slight character. About the 1st of October, work in this locality 
ha>ing been completed, the survey of the unfinished areas already alluded to was taken up, and 
early in the winter was finished. The survey was then resumoo iu Rock Creek Valley, at the mouth 
of Piney Branch, aml carried up the creek to tile dam of Blagden's mill. The winter waR favorable 
for the survey of the extensh'e w<lodlaml upon the Blagden and Shoemaker estates, but the con
touring was of an intricate character. By the close of the winter or before the coming of the leaves 
the most difficult part of the contour work in the District was completed, the survey having been 
finished in Rock Creek Valley to Blagden's mill~ and in Broad Branch nearly to the Military road. 

When the foliage became so dense as to prevent a further continuation of the survey of those 
valleys, the party was transferred to the ";cinity of the Potoma.C,above West Washington. The 
shore-lines of the river were surveyed as far as the distributing reservoir, and the topography was 
extended out the Foxhall road ancl along the western slope of Foundry Branch. 

A map showing the area surveyed to the close of the fiscal year accompanies the report of 
Assistant Donn. He acknowledges the earnefft and intelligent assistance rendered by Assistant 
Wainwright. With regard to the cbaraeter of the work executed, he observes that little wa& left 
to imperfect or uncertain methods. It represents actual determinations by the plane t.able, or by 
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that and the level combined. Not only the positions of enr.v house and outbuilding were deter. 
mined, but their lines were accurately laid down. The completed record of the survey will embrace 
not only the topographical sheets, but the positions and descriptions of thousands of bench-marks, 
the great value of which will become apparent when the time arrives for laying out avenues, parks 

' and other works of improvement demanded by the development of the rapidly growing capital. 
· The statistics presented by Mr. Donn are for the details of field-work during the forty months 
that the survey has been in progress: 

Miles of shore-Hue of creek surveyed............. . . . . . . . . . . . . . ......... . 
Miles of shore-line of river . . . . . . . . . . .................................. . 
Miles of shore-line of canal ............................................. . 
Miles of arnnue and public roads ....................................... . 
Miles of park and other private roads...... . . . . . . . . . . . . • •..........•...• 
Miles of railroads (horse and steam) surveyed ............................ . 
Number of actual contour lines run .................................... . 
Number of level-lines \direct and connections) ........................... . 
Number of level stations for contouring .................................. . 
Number of plane-ta~le stations for contouring ........................... . 
Number of bench-marks established ..................................... . 
Area surveyed, in square miles ......................................... . 

3 
3 

60 
40 
3 

2,500 
200 

10,000 
2,500 
2,000 

16 

At eYery opportunity Mr. Donn continued the office work of transferring topography from the 
three plaue-table sheets upon which the survey was originallj· projected to the saialler sheets sub
stituted for them as the work advanced. The large sheets had become much worn by exposure 
during several field seasons, and by handling in the processes of copying and tracing. 

Topographic resurvey of the shores of Olterrystone Inlet, l'a.-In pursuance of instructions issued 
towards the end of May, 1884, Assistant E. Hergesheimer proceeded to Cllerr.vstone, Va., on the 
eastern shore of Chesapeake Bay, and made a resurvey of the shores of Cllerrystoue Iulet from its 
entrance to Cherriton City, and to \Vestcott's, on the opposite shore. 

Comparisons with Assistant Donn's survey of 1870 showed the following changes: At "-est. 
cott's Point, the outer point of the north side of the inlet has adrnuce1l soutllwanl one hundred 
and twenty meter!!; at Mill Point, on the southeast side of the inlet the northwest face of the point 
has retreated about twenty -th·e meters; the north west face of Fisher's sl10re, on the sou th east side 
of the inlet, above King's Ureek, has retreated about sixty meters; Uherrystone Island at the north 
end has retreated five humlred and fifty meters, and since Assistant Bradford's survey in 18i3, one 
hundred and twenty meters; the south end of the island has advanced one hundred and twenty. 
five meters. At the southeast entrance to the iulet below King's Ureek, at the extreme point of 
the curve between Tazewell station and King's Ol'eek, the shore has retreated thirty metcn;. 

On the 10th of June, at low water, l\lr. llergesheimer measuretl with special care the width 
between low-water lines of the 1:mtrance to Kiug'ti Creek and found it to be sixty-niuc meters, or very 
nearly 75.5 yards. A knowledge of thiti width is impot·tant to the owners of land on the creek, as 
the laws of Virginia provide for certain oyster privileges where the 1:mtrance to a creek between 
low-water lines is not more than one hundred yards. 

The marble post marking Cherry Grove station was found and Tazewell station was re-marked, 
but of Cherrystone station, on the island of that name, no trace could be found, the severe gale 
that swept over the island in August, 1878, having probably obliterated the station marks. 

Other field-work executed by Assistant Hergesheimer has been referred to under the headlng 
of Section II. · 

Topographic st•rvey in the vicinity of the headwaters of Lynnhaven Bay, Ya.-Additional details 
of topography being needed to complete the surv1;1ys in the vicinity of Norfolk, Va., Assistant 
Eugene Ellicott was directed to proceed to that city towards the end of May, 1884, and take up 
the topography of the headwaters of Lynnhaven Bay. 

Ou reaching the field be found that most of the points of the old triangulation bad been lost 
or destroyed; this oooa.sioned delay in beginning the plane-table survey, and it became advisable 
to devote the Hmit.ed tjIQe available for the work to the completion of shore-line and the location 
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of the new Virgiuia Beach Railroad. This was accomplished by the 28th of June. Statistics of 
the work are : 

Miles of shore-line surveyed ... - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18 
Miles of roads ......... - ....•.......... - .•. - .. - - . . . . . . . • . . . . • . . . • . . . . . . . . . . . 5 
l\liles of railroad . . . . . . . . • . . . . . .................... -... - .. - . . . . . . . • • . . . • . . . 4 
Area sun·e_yed in square miles .... -...........•...............•••.•........... 15 

Reference bas been made under the beading of Section I to other field-work assigned to 
Assistant Ellicott. 

Hydrograpliic surveys in the south branch of Elizabeth Rii,cr, a1td in North Landing River and 
Back Bay, Va.-Upon the completion of certain bydrographic work in North Carolina, which will . 
be referred to under the heading of Section IV, Lieut. G. 0. Banus, U. S. N., Assistant Coast and 
Geodetic Survey, commanding the steamer Arago, was directed in the spring of 1884 to make a 
hsdrngraphic reconnaissance of the south branch of Elizabeth River and of North River and 
Back Bay. 

To obtain a plane of reference for the soundings in Elizabeth River (south branch), the bench
mark establislled IJy Lieutenant-Commander 'l'homas, CT. S. N., on the sea-wall in the timber slip 
at the :Norfolk mwy-,rard was used, and for comparison with it a secon<l gauge was placed at the 
iron railroad bridge five miles above the navy-yard. The soundings show that the water has 
deepened since tb1~ former survey, and Lieutenant Hanus attributes this to the fact that the exten
si\·e dredging near Norfolk has caused stronger ti<lal currents above. For this work the statistics 
are: 

1\files run iu sounding.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . • • . . . . . . . . . . 45 
Number of somulingi; .............. _......... . . . . . . . . . . .. . . . . . . . . . . . . . . . . 4,268 

For the b;ydrographic reconnaissance in Back Bay, which is an extension northward of Curri
tuck Sound, Lieutenant Hanns anchored the Arago as close to the entrance of the bay as possible. 
Ile found tliat onl~· two and half fe,et of water could be carried from Currituck Sound into Back Bay, 
but in the bay proper au average depth of from five to six feet was developed. A species of grass 
grows all o\•er the bottom of this bay, and in summer, when it reaches its full height, it is said to 
be almost impossible for boats to move about in it. Even fiat-bottomed vessels, drawing only 
r.wo or two aml a lrnlf feet, have to exercise care in navigating this bay on account of the thou
isauds of obstructions in the shape of old "duck-blinds," many of which no longer show above the 
surface of the water. The shores of the bay are thickly settled, and the annual exports of fish and 
game are a great source of wealth. Statistics of the work in Back Bay are: 

Miles run in soun<ling ................................•.................•. 
Angles measured. . . . . . . . . . . . . . . . . . . . . . .•.......•...••...•.............. 
Number of soundings ........ _ . - .•........•........................••..•. 

131 
11 

11,2~9 

As it is well known that the tides in Back Bay are affected only by the wind, the permanent 
water-mark on the wharf at Knott's Landing was taken as mean low water, all other gauges and 
observations being referred to this mark. 

In North Landing River, the head of which is in Virginia and the entrance in North Carolina, 
Lieute1iaut Hanus ohtaiuetl all the soundings desired, and ca1Tied the work up the Albemarle and 
Chesapeake Canal, thus connecting it with the work in the south branch of Elizabeth River. In 
North Lauding River, as in Dack Bay, the only rise and fall in tbe water is due to the wind, and 
the permanent water-mark on t.he landing at Pungo Ferry was takt:Jn as mean low water. 

All records of these several surveys have been transmitted to the office. 
Lin.es of leveling of precision carried from Hagerstown, Md., toward8 l!'ortress Monroe, Va.

For the purpose of referring the height of the bench-mark in the transcontinental line of geodesic 
leveling at Hagerstown, Md., to a second point on the Atlantic coast, this bench-mark having 
been connected with the tidal level at Sandy Hook in 1881,·SubassistantJ. B. Weir was instructed 
to proceed to Hagerstown early in the fiscal year, ancl organize a party for running a line of geo
desic levels towards Fortl'ess Monroe. 
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Having determined the constants of his instrument, Mr. Weir began work at Hagerstown, July 
24, and from that station to Weverton, Md., carried his line of levels over tbe Washington County 
Branch of the Baltimore and Ohio Railroad. The grades along this road are very heavy, in somH 
places as. much as 1 in 57, and in order not to have the line of sight running too uear the ground, 
the sights taken were very short. It was found hy experience that work done on clear aud calm 
days during the time of the greatest beat from about 10.30 a. m. to 2.30 p. m. was not trustworthy. 

From Weverton to Alexandria, Va., the line of levels followed the tow-path of the Cl1esa· 
peake and Ohio Canal. No special difficulties were encountered in this reach except those due to 
the numerous sharp curves in the canal, which compelled many short sights to be taken. On reach
ing the aqueduct bridge across the Potomac, it was found that the instrument could be reallil.Y set 
up on any one of the eight stone piers on which the bridge rests, thus permitting short and equal 
sights to be taken under very favorable conditions. A beuch-ruark having been established on the 
north side of the rh-er, and one on the south side, three independent lines were run between these 
benches. 

From Alexandria to Ashland. Va., where the work clo&.ed for the season, the line was carried 
along the Alexandria and :Fredericksburg Railroad to Quantico, and thence along the Richmond, 
Fredericksburg and Potomac Railroad to Ashland. Between Fredericksburg and Ashland there 
were four bridges or trestle works; great care was exercised in crossing these, the instrument beinl!' 
first set up on solid ground, as near one end of the bridge as possible, and the two leveling rod8 
set up successively on a bench-mark established at a. suitable distance from the ini,;trument. The 
readings of the rods having been noted, tbe.r were transferred to the center of the hridge, and ha,·e 
ing been placed successively on the same point, from three to five sets of observations were made 
on each rod. The instrullleut was then transferred m; soon as possible to a station established 
011 the solid ground near the other end of the bridge, the rods remaining at the center, and from 
three to five sets of observations again made on each. The series owr the bridges was then com
pleted by placing the rods on a bench-mark at some distance from the instrument and again reading 
them. The foresights and backsights being taken in opposite directions over distances of nearly 
equal length, and the time elapsing between the two sights being short, it was assumed that they 
were made under the same atmospheric conditions, and that they were equally affected by an.r 
change of refraction caused by the line of sight passing over water. 

Field-work was suspended for the season on October 31, and a bench-mark establishell on the 
D11ncan l\lemorial Chapel at Randolph and Macon College, Ashlaud, Va. 

The method of working throughout the season was that followed on the line of transcontinental 
levels, namely, to run two parallel lines simultaneously in the same direction, one by rod A, the 
other by rod B, the rods being pla-0ed at different distances from the instrument-geodesic level 
No. 1. In order to eliminate any cumulative error that might result from ruuniIJg constantly in 
one direction, alternate sections of the line were run in opposite directions. 

As the work progressed the field computations were kept up, and after the close of the season 
the records, original and duplicate, and statements of resultiug heights of bench-marks were com
pleted and forwarded to the office. For the two lines the field computations indicated a probable 
error of eight-tenths of a millimeter per kilometer, or about three-hundredths of an inch in fi\'e
eighths of a mile, and in the l1eight of the bench-mark at Ashland a probable error of a little more 
than half an inch (13.3mm). 

Mr. John Nelson served as actiug aid in the party; the efficient and cheerful assistance ren
dered by him is acknowledged by bis chief. 

Later in the year Mr. Weir was assigned to duty, reference to which will be made under the 
heading of Section VIII. · 

O<mnecti<Jn of tke aatr<momical stati<tn at Straiburg, Va., witk tl1e triangulation; magnetic olJaerva
tionl at Straiburg.-Tbe geographical position. of Strasburg bad been determined in 1881, but 
as it was not then practicable to connect the station with tl1e primary triangulation, that work 
was postponed. Towards the end of May, 1884, Subassistant C. B. Sinclair was directed to make 
a rooonnaiSRall~ for the purpose of completing this connection. Starting from the line Bull Run
Mount Marshall as a. base, Mr. Sinclair found that a third point, ''High Knob," couJd be located 
on the Blue Ridge, commanding views of Strasburg and of the Massanutten Range, from which 



 

46 UNITED STA.TES COAST A.ND GEODETIC SURVEY. 

also the Strasburg station could be seen. On this range a new point, "Keller," was established, 
and the connection made with Strasburg by means of the triangles, Bnll Run-High KuolJ,..Mount 
.Marshall; Keller-High Knob-Mount Marshall; and High Knob-Keller-Strasburg. All of the 
stations needed were occupied and observations finished June 24. 

For comparison with the results obtained at Strasburg for magnetic declination in i8731 at 
which time it had been occupied as one of the stations in the Bache :Fund magnetic series, a second 
determination was made by l\Ir. Sinclair near the old station, June 25, 26, and 27, with the Bache 
Fnncl magnetometer. 

Mr. Sinclair commends the untiring euergy of Mr. Isaac Winston, who was attached as aid to 
the party. Statistics of the triangulation are: 

Number of stations 01.:cnpicd. __ ......... - .. - •.. - .. -. - .•. - ... - - . - • -..... - . . . 5 
Number of angles measured ..... ___ .......•... _............................ 26 
Numbtr of observations made ..... _ .................... _ .... _ .. _ .. _ ........ 516 

Other duty executed by Mr. Sinclair is referred to under the heading of this section and under 
that of Section II. 

lJetermination of the longitude of Oltarleston, W. Va., by exohanges of telegraphic signals with 
the station at Loitisville, J(y. All observations for the latitude of Charleston.-A longitude station · 
had been erected in 1881 in the grounds of the State capitol building in Charleston, W. Va., in 
anticipation of its immetliate occupation. Unforeseen events compelled a postponement of the 
work. In August, 1883, advantage was taken of the presence of a longitude party at Louis
ville, Ky., in charge of Assistant G. W. Dean, to determine the lougitude. Subassistant F. H. 
Parsons was directed to occupy the Charleston station. 

Between the 16th a11d 25th of August, longitude signals were succ~ssfully exchanged on five 
nights, after which l\Ir. Parsons exchanged places with Mr. Carlisle Terry, jr., who _!lad made the 
observatiorn• at LonisYille. In the new position of obseners successful exchanges were obtained 
on six nights between August 29 and September 5, completing the longitude work. 

:For the latitude of the station at. Charleston, one hundred and eleven observations were made 
ou twenty-one pairs of stars ou six nights, Mr. Parsons observing on three nights and Mr. Terry 
on three. In these observations transit No. 6, which had been adapted for use as a zenith tele
scope, was employed. 

Other determinatiorns of long·itude by Assistant Dean, SubassiBtant Parsons, and Mr. Terry, 
are referred to under the headings of Sections XIII and XIV. 

Extension westwcird of the primary triangulation near tlie thirty-ninth parallel in West Virginia 
and Ohio.-Referencc was made in my last annual report to the work of Assistant A. T. Mosman, 
in t:harge of a party which, at the beginning of July, 1883, had been engaged since the 20th of May 
uf that ~·ear in the continuation of the primary triangulation near the thirty-ninth parallel in West 
Virginia and Ohio. It was found necessary to erect high tripods and scaft'olds at three of the sta
tions to be obsernd upon. In this duty Assistant Mosman had the aid of Subassistant Pratt 
from May 29 until June 30, when he was detached . .All of the difficulties presented by the nature 
of the country, and by the necessity of hiring inexperienced hands for this service, were overcome 
by the skill aud energy of l\Ir. Pratt, to whom, as l\Ir. l\Iosman states in his report, is due the suc
cessful completion of this portion of the work in a short time and at small expense. 

On the 9th of July Mr. Mosman organized bis party at Milton, W. Va., and by the 15th of 
that month was at Pigeon station, thirty miles distant, in readiness to begin observations. Helio· 
tropers having been posted, and all lines opened, the work was pushed at all intervals of favorable 
weather. By the 5th of August all needed observations had been obtained. A road having in the 
meantime been built up the mountain at Piney station, W. Va., camp was pitched there about 
August 11; concrete piers for the theodolite and the meridian telescope were built;, and by the 21st 
all was in readiness for observations. Measurements of horizontal angles, and observations for 
time, latitude, aml azimuth, were made until September 24, many interruptions having occurred 
from rainy and stormy weather. While work was in progress at Piney station two tripod and scaf. 
fold signals were built,. one at station Wray, in Ohio, eighty feet high1 and one at station Oakland, 
Ky., fifty feot in height. 

ERRATUM. 

(At foot of page 46.} 

Line 17 of this page, for ''All" read "Also." 
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Unfavorable weather delayed the beginning of observations at the nexf station, Davis, in W 
Va., until October 8. The measurements of horizontal angles required here were completed Octo· 
her 19, and station Gebhardt, W. Va., was occupied between October 28 and November 10. After 
that <la.te, and until December 4, when the season closed, the party was employeu in visiting and 
marking stations, anu obtaining reconnaissance angles, to get the height neecled for a tripod and 
scaffold signal at station Gould, in Ohio. In this duty very cold and stormy weather was encoun
tered. 

Mr. W~ B. Faidield, extra observer, was attached t-0 the party from July Hi to the end of the 
season. The highl;y efficient and satisfactory manner in which all of his duties were discharged is 
commended by Mr. Mosman in his report. The obsHvations for zenith distance with the vertical 
circle, and those for latitude and value of micrometer, were made by him, and he assisted in the 
observations for time and azimuth. Mr. W. 0. ,Tones ~erved as recorder. 

Statistics of the field-work are as follows : 
Number of stations occupied _.,. _. _. __ .... - __ ... __ . . - . -- ... _ - - ........ . 
Number of tripod and scaffold signals erected. _ _ ... _ . - , - - .. - .... - - ..... - . -
Measurements of primary horizontal directions_ ..... - - . - . - . - . - , _ .... - .. - - . 
Measurements of tertiary horizontal directions - - , ... - - ... - - - - - - ....... - ... . 
Heights determined with vertical circle . _ ..... _. _. _ . . . . . - . _ ......... -.. - - . 
F>i:tferences of heights measured with micrometer .... _ .... __ .. ___ ... _ _ .. _ .. 
Number of observations for time . ___ .. . _. _ .... _ ...... _ - _ _ _ ... - . . . . - . 
Number· of observations for latitude . . . . . . __ ..... _ ............ _ ... , ...... _ 
Number of observations for azimuth._ ... - .... _ - ... _ - .... - . _ -- . __ - - .. - .. - -

4 
5 

1,634 
43 

882 
227 
475 
230 
144 

The original records of the work were sent to the office as each station was completed. During 
the winter Assistant Mosman was engaged in making the computations and preparing the duplicate 
records for transmission to the office. In l\Iay, 1884, be was instructed to resume the triangulation, 
and was so occupied in the field at the close of the fiscal year. 

Determination of the boundary lines bet1reen the States <!f Pe11nsylrnnia and \l'i;st Vfrginia.-A full 
account bas already been given, under the beading of Section II, of the surrny and marking of the 
meridian and parallel boundary lines between the States of Penns~·lvauia and \Vest Yirgmia at 
the request of the Joint Commissioners of those States. The meridian boundaQ·, as determined 
by Su bassistant Sinclair, and as marked by himself and Suhassistant Van Ord en, after adoption by 
the Joint Commissioners, was a straight line through the southwest corner of Pennsylvania and 
the first stone south of the Ohio~ this stone having been placed in the meridian of the grauite 
monument on the Ohio ancl Penm;yl\'ania boundary. After the completion of this work, a portion 
of the boundary which runs eastward from the southeast corner of Penns_yh'ania was traced out 
and marked. This line follows the parallel of 39° 40'.3 nearly for a distance of about fifty.fh·erniles 
to the Maryland corner. More detailed mention of these operations will be found, as just stated, 
under the heading of Section II. 

SECTION IV. 

NOH.TH CAROLINA, INCLUDING COAST, SOUNDS, SEA-PORTS, AND RIVERS. (SKETCHES Nos. 1,5,AND 6.) 

Triangula.tion, topography, and hydrograpliy 'if N()rih River, N. 0.-In pursuance of instructions 
issued in February, 1884, Lieut. G. C. Hanus, U. S. N_, Assistant Coast and Geodetic Snn·e~', com· 
mantling the steamer Arago, proceeded to North River, N. C., for the purpose of making a surYey 
of that stream. Having meagured a base line, signals were erected for the triangulation, and after 
a sufficient number of points had been determined, the topography of the shores of the river was 
connected with the south end of the southern cut of the Albemarle and Chesapeake Canal, and 
the hydrograpby was completed to Currituck: Sound. 

The tides in North Landing Uiver being a1J'ecte.d by the wind only, Lieutenant Hanus assumed 
a mean low-water le\"'el corresponding to t,he permanent water-mark on the coal wharf, observing 
that this mark agreed with the two-foot mark on the gauge which he had established on this 
wharf. 
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Ensigns E. F. Leiper and G. R. French, U. S. N., assisted in the survey. The statistica are: 

Number of stations occupied in the triangulation ....... - ..... - . . . . . . . . . . . . . 37 
Number of stations determined...... . . . . . . . . . . . . . . . . . . . . . •. . . . . . . . . . . . . . . 40 
Number of angles measured . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 421 
Miles of shore-line snrve~'ed . . . . . . . . ......... _ ......................... , . . 20 
Miles of creeks and roads . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 
Area of topography in square miles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 
Miles run in sounding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41 
Angles measured ...... _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 177 
Number of soundings ..................•................................ 3, 940 

Other bydrograpbic work executed by Lieutenant Hanus i8 referred to under the headings of 
Sections II, III, and IX. 

Verification of hydrograpliy for tlie Atlantic Coast Pilot.-In order to obtain a careful revision 
of sailing directions for the Atlantic Coaist Pilot by following the same and verifying the courses 
and depths, Lieut. J. E. Pillsbury, U.S. N., Assistant, Coast and Geodetic Survey, was directed in 
Novembn, 1883, to make the verifications needed for the first subdivision of Volume IV, Atlantic 
Coast Pilot, south of Cape Henry. 

Proceeding to Hampton Roads with the intention of taking command of tbe schooner Ready, 
Lieutenant Pillsbury availed himself of an interval before tbe arrival of that vessel to make a short 
preliminary cruise through the sounds of North Caroliua. .For this opportunity, which he found to 
be of great advantage in obtaining a personal knowledge of these sounds, he was indebted to the 
courtesy of the officers of the light-house tender Violet. He was thus enabled to visit Pamplico 
R.iver, the Pungo, Hatteras Inlet, Bodie's Island anchorage, and Edenton, retur11ing to Hampton 
Roads to join the Ready. Thence he proceeded to the outside coast, and subsequently to Wash
ington, where he awaited the arrival of the steamer Arago. 

The Arago having been fitted for winter work, I~ieutenant Pillsbury resumed command of ber, 
and ieft Washington December 12. Through the kindness of Marshall Parks, esq., president of 
the Chesapeake and Albemarle Canal Company, a pass was obtained for the Arago through the 
canal. While passing through, a reconnaisance of it was made to obtain data for showing its course 
and direction on the smaller scale charts. 

All the important points in Pamplico and Albemarle Sounds were visited in the Arago. On 
reaching Core Sound it was found impracticable without very great labor to take the sh~amer over 
Pine:r Point Bar; Lieutenant Pillsbury decided, ther"'fore, to leave the vessel and proceed by rail 
to Wilmington to make the examinations required iu Cape Fear River. At Wilmington a steam· 
tug was placed at his disposal through the kindness of :Mr. Henry Bacon, assistant engineer officer 
in charge of the improvements in the lower river. These improvements are still in progress; chan
nels are to be dredged through three shoals between Orton's Point and Eagle Island; the changes 
in topography and in the soundings, resulting from works of construction, wiH involve the neces
sity of resurveys as soon as these works have progressed sufficiently. 

In order to make the present chart of the river of value, Lieutenant Pillsbury forwarded tot.be 
office a copy corrected by me.ans of data obtained from the assistant engineer. 

The two charts showing the river from near Wilmington to its mouth have been brought up 
to date, and are now ready for ii::sue. 

Having remarked a considerable change in the Swash Cbannel over the Bulkhead Shoal at 
Hatteras Inlet, he made a survey at this point to develop the amount of change and to correct 
the published charts. 

Similar duty of inspection performed by Lieutenant Pillsbury on the coast of South Oa.l'olina 
and Georgia is referre1.l to under tbe beading of Section V. 
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SECTION V. 

SOUTH CAROLINA AND GEORGIA, INCLUDING COAST, SEA-WATER CHANNELS, SOUNDS, HARBORS 
AND RIVERS. (SKETCHES Nos. 1 AND 6.) 

V er·ification of hydrography for the Atlantic Coast Pilot.-To complete the verification of courses, 
depths, and sailing directions for subdivision number twenty of the Atlantic Coast Pi1ot, included 
in which are the coast from Wiuyah Bay to Savannah, and the continuous inland passages from 
Winyah Bay to Fernandina, Lieut. J.E. Pillsbury, U.S. N., Assistant Coast and Geodetic Survey, 
in the spring of 1884, was instructed to make examinations similar to those referred to under the 
beading of Section IV, on the coasts of South Carolina and Georgia. 

Beginning at Winyah Bay, inspection was made successively at Bull's Bay, Charleston Bar, 
Stono Inlet, North Edisto and South Edist-0 Rivers, Saint Helena Sound, Port Royal and Tybee 
entrances, Savannah River, and the inland passages from Sarnnnah south to Fernandina. But 
few changes of importance were noted. These are referred to in the following extracts frum Lieu
tenant Pillsbury's report : · 

14 Bull's Bay, I think, bas altered somewhat since the surve~· by Lieutenant Maffit. I could not 
discover on the cou1·ses generally used in entering the bay as much water by about oue foot as 
called for, and the shoals inside have changed to such an extent as to render an entirely different 
course necessary in crossing the ha;y. 

"Charleston Bar.-1 have seen recently many. statements in print as to the changes in the 
Pumpkin Hill channel, and that rnssels have been obliged to wait for spring tide t-0 carry fonrteen 
and a half or fifteen feet of water. I have endeavored to ascertain the correctness of the state
ment relating to the change, and m~' conclusion is that the chart as 11ow issued is correct. At the 
office of the U. S. Army Engineers in charge of the impro,·ements I was allowed to examine their 
larest snn·eys, and one made but three months before showed a good channel of eleven and a half 
feet in depth. It was, however, a very little to the southward of that shown on the chart, but so 
little that the chart may be said to be correct. The South Channel as shown is correct also, and 
at the point at which the depths of over twelve feet are· continuous across this bar, the channel 
ma.y be followed exactly as indicated. The Swash Channel, now under improvement, has a nar· 
row and tortuous twelve-foot channel, but for strangers it is practicable only for ten feet. 

"8tono lnlet.-This bar has changed radically. At the time of the sun·e~- it was shallow, and 
was situated far to the southward of the mouth of the inlet. It has 11ow brokeu through nearly in 
the prolongation of the inlet, and bas deepened considerably, making it uecessary to correct the 
entire chart. 

Lieutenant Pillsbury calls attention to the need of a survey of the two most difficult parts of 
the inland passage between Charleston and Savannah, the first extending from the Stono Rh-er, 
near Wa1)poo Creek, through Church Flats and Wadmelaw Sound; and the other, Mosquito Creek, 
between the South Edisto and Ai.hepoo Ri\·ers. 

He observes, also, that additional surveys are required in the Ashley and Cooper Rivers-par
ticularly in the former, which has assumed considerable importance commercially since the estab· 
lisbment of phosphate mills on its banks. 

Lieutenant Pillsbury will embody the results of his examinations in a forthcoming \·olume of 
the Atlantic Ooast Pilot. 

Rooon:naissance for the extension of the pri1nary triangulation in Nortlterti Georgia. and Alabama 
wwards tfu! Gulf oot.Mt.-In May, 1884, Assistant O. H. Tjttman was instructed to organize a party 
for reconnaissance, with a view of dereloping a scheme for carrying the primary triangulation in 
Northern Georgia and Alabam.a towards the coast of the Gulf of Mexico at or near Mobile, Ala. 

After visiting a number of stations in Northern Georgia, Mr. Tittmau found that none of the 
lines connecting them were available a.s a base for t}\e extension of the triangulation southward. 
Further examinations from point.s to the westward of those first visited made it apparent that the 
line India.n-Anrora in Northern Alabama WM best suited to his purpose. The former station, just 
west of the boundary between the two States, is on the crest of the highest ridge east of the Coosa 
River, the latter on the highest ridge to the west of it, the distance between the two stations being 

H.Ex. 43--7 
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about forty-five miles. From this line as a base it appeared practicable to carry the triangulation 
down the river. East of the Coosa the highest ridges are found, and they rise to relatively mount
ainous proportions about twelve miles south of Anniston, Calhoun Oonnt,y, Ala., attaining there 
an altitude of about two thousand five hundred feet above the sea. 

A dense haze wbicl1 prevailed until the middle of June, and after tllat date incessant rains, 
delayed greatly the advance of the reconnaissance. 

The last point visited was Shackford, about sixty-one miles southwest of Aurora. The lieights 
a.re all thickly wooded, with a growth of hickory, oak, and pine, generally not exceeding a height 
of seventy feet. On account of the dense foliage it wiU be advantageous to coutinne the recon
naissance after the leaves are off the trees. 

Mr. Tittman was efficiently aided by Messrs. W. B. Fairfield and J. H. 'l'urner. He closed 
work towards the end of J nne and will resume it about the beginning of winter. 

SECTION VI. 

PENINSULA Ol' FLOIUDA, FROM SAINT :MARY'S RIVER, ON THE EAST COAST, TO AND INCLUDING 
THE ANCLOTE KEYS ON THE WEST COAST, WITH THE COAST APPROACHES, REEFS, KEYS, SEA
PORTS, AND RIVERS. (SKETCHES Nos. 1, 7a1 7b, AND e.) 

Completion, of the survey of the east coast of Florida, betmeen Lake Worth and Nm~ River.-At 
the close of the last fiscal year the shore survey of the eastern coast of Florida had been finished 
with the exception of that part of the coast bt>tween Lake Worth and New Inlet. In November, 
1883, Assistant B. A. Colonna was directed to organize a party to fill up this gap in the general 
mapping of the east coast. 

The officers assigned to assist him in this duty were Ensign T. G. Dewey, U. S. N., who acted 
as executive officer of the sloop Steadfast, and who was placed by Mr. Colonna in charge of the 
hydrographic work, and Messrs. T. P. Bordeu and E. L. Taney, Aids, who had each a plane-table 
for the execution of the topography. 

All preliminary arrangements having been completed, the party rendezvoused at Hillsboro' 
Inlet about the middle of December. The h;ydrography of New River and Inlet was begun soon 
after by Ensign Dewey, aided by Mr. Taney, and upon its completion Messrs. Colonna and Dewey 
sounded out Hillsboro' River and Inlet and the creeks in the vicinity. The hydrography of Lake 
Worth was done by Messrs. Dewey and Borden, and the unfinished portion of hydrograpby of 
Jupiter Inlet by Messrs. Colonna and Dewey. At Key Biscayne Bay, the bydrograpby of the head 
of the bay was finished, and also that of the creeks flowing into it from the northward and west
ward. The general limits of bydre>graphic work were from South Jupiter Na!Tows to the head of 
Key Biscayne Bay. 

That portion of the topography beginning at Fort Lauderdale, about three and a half miles 
north of New River Inlet: and extending north to Hillsboro' Inlet, was executed by Mr. Taney. At 
Hillsboro' Inlet hi11 work joined with that of Mr. Borden, by whom the topogrophy from Hillsboro' 
Inlet was completed to Lake Worth. 

With regard to the character of the country surveyed, Mr. Taney remarks that on the east is 
the ocean beach sand ridge; back of this, New River and a mangrove swamp cut up by a great 
many creeks, bays, &c., and west of this pine woods. A mile or two north of Fort Lauderdale the 
mangrove disappears and the country between the sand ridge on the east and the pine woods on 
the west is simply an immense marsh, covered with saw-grass and cut up by innumerable creeks. 
There is, however, one principal creek, and during high water Rmall boats may pass through to 
Hillsboro' Inlet. 

The pieoo of topography which Mr. Borden regarded as the most difficult of his season'R work 
waa through the saw-grass route from Haulover Head on Lake Worth to the Rapids on Lake Worth 
Creek. This grass, often more than breast-high, with serrated edges and a very dense growth, 
did not admit of rapid progress with the plane-table. Mr. Borden began work through it at noon 
of one day, slept in it in bis boat at night, and reached the rapids next day at 3 p.m., completing the 
topo2raphy. 

Four stations were occupied under Mr. Colonna.'R direction during the season for determining 
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the magnetic declination, dip, and intensity. His report expresses his gratification with the earnest 
efforts made by the members of his party to advance the work, and praises their cheerful endur
ance of all privations and discomforts incident to its rapid execution. Field operations were 
closed early in April. _Upon returning to the office .Assistant Colonna remained in charge of the 
party, directing the office work until May 15, when he was relieved and directed to prepare for duty 
in the Strait of Fuca, W. T. Ensign Dewey wa8 detached May 1. The records and computations 
of the survey were completed by Mr. Borden. 

The statistics presented of the season's work are: 

Miles of shore-line surveyed __ .... _ ......... _. _ .. _. ___ . _ .. _____ ......... . 
Miles of creeks and saw-grass . __ . ___ ... . _ ..•... _ ....... _. _ ....... _ ..•.. 
.Area of topography in square miles .. ___ ... _ .... _ .......... __ ............ . 
Miles run in sounding .........•.................... _ ................ _ . _ . 
Inlets and bars sounded out to sea . . . . . . . . . . . . . . . . . . . ................ _ .. 
Number of soundings. . • . .......•................. _ . _. . . . . . __ ...... ___ . 
Magnetic stations occupied. . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . ... _ ... 

150 
28 
90 

205 
4 

18,128 
4 

Observation11 of currents off the east coast of Florida continued.-Mention has been made under 
the heading of Section II of the continued prosecution of the observations of ocean currents by 
Lient. J.C. Fremont, jr., U.S. N., .Assistant, Coast and Geodetic Survey, crimmanding the schooner 
Drift. 

In February, 1884, the Drift was prepared for similar work in the Gulf Stream, and left port 
under the command of Lieutenant Fremont March 4. 

The i;itations occupied crossed the stream between Jupiter Inlet, east coast of Florida, and 
Memory Rock, Bahama Banks. 

The experience acquired during previous seasons led to improvements in the plans of the cruise 
and in the instruments and methods of observation. Except in the case of the station near Memory 
Rock, the general characteristics of the current of the Gulf Stream were the same as those ob
served the year before. The direction of the current at the several stations was north, though 
varying a few degrees on either side. The velocities differed according to locality, those very near 
the shore being of less \'elocity than those farther out. But, contrary to expectation, the greatest 
velocity was not found at the supposed center of the stream, but somewhat westward of it. The 
greatest velocity noted was four and seven-tenths knots, in latitude 27° 05' north and longitude 
790 44' west. The depth here was only one hundred and ninety fathoms ; the distance west from 
the supposed axis of the stream nearly ten miles, and from the Florida coast about. twenty miles . 

.A.t Memory Rock a current was found running in a direction between east and south, with a 
velocity ot' only from one-tenth to six-tenths of a knot. Lieutenant Fremont refers to this station 
as a very dangerous one to occupy in the event of a strong wiud cowing up from the westward. The 
shelly bottom has not sufficient tenacity to keep the vessel from dragging towards the rocks or 
bank, and if sail is made the vessel will not pay off after the anchor is clear of the bottom, but 
will ride to the long drift of the hawser, as to a dra.g, and drift rapidly to leeward. He observes 
further that the weather in the Gulf Stream cannot be depended upon even in .April, May, and 
June, but that in the vicinity of his work severe and sudden blows are not infrequent. The strains 
upon the vessel are then enormous. 

In the report of his season's work Lieutenant Fremont has embodied suggestions in regard to 
methods of handling the cable, the advantage of having a separate reel upon which to keep it 
permanently, &c. These snggestiom;;, the result of much experience in current obsP.rvations, will 
receive due consideration. · 

The Drift returned to port June 27. The statistics of hydrographic work executed by the party 
during the flscaJ year are: 

Number of current stations occupied ....... - .. .. . . . .. .. . . . . . .. . . . .. . • • .. . . 17 
Miles run in sounding. . . . . . . . . . . . . . • . . ..... - ... - - .. - . . . • • • . . . - . . . . . . . . . . . . 73 
Angles measured . . . . • . . _ •..•.•..... --. . . . . . . . . • . . . • . . • • . • • • . . . . . . . . . • . . . . I, 162 
Number of soundings . • • • • • . • . • • . . . . .... _ . • . . . • . . • • • • • • . • . • • . • • • . • . . • • . . 2, 887 
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Ensigns A. F. Fechteler, F. W. Kellogg, and F. R. Brainard, U. S. N., were attached to the 
Drift. 

Triangitlation of the irest coast of Florida fo the vicinity nf Punta Rasa.-Ravi1ig refitted the 
schooner Qniek at Manatee, Fla., i11 the latter part of Nowmber and bt>ginning of Decembt>r, 1883, 
Assistant Joseph Bergesheimer proceeded in her to Punta Rasa, on San Carlos BaJ, and, in accord
ance with instructions, began in that Yicinif_y a triangulation to bt> carried southward along tbe 
coast. The stations White Sword Point and Middle Point were recovered, and from this line as a 
base the triangu1atio11, supplemented by a beach measuremeut, was pushd southward from San 
Carlos Bay across to and oYer OJster Ba~·, and thence to Wiggi11s Pass, lJetween latitudes 26° 17' 
and 26° 18' north. A distance of twent_y.five miles of coast line was thus covered. 

Towards the close of March pre1larntiom; were made for suspending field work. On tl1e 
return to Manatee to lay up the schooner, Mr. Berglc'slwimer stop1ied at .Anna Marin Key, 'fampa 
Bay, and in order to te::-t the aecura!'y of the :ippaiatus used in his bea<'h measurement, measured 
with it a base 2,950 metens iu length which bad been established tht>re liy .Ai;si11tant Ogdeu. This 
test proved satisfactory. 

Mr. Bergesbeimer lwd the services of .Acting .Aid J. B. Turner dming the season, and found 
him efficient and competent in all branches of the work. 

'The weather was not favorable to rapid progress, high winds prevailing and much baze. 
Following are the statistics of the season : 

Length of beach measure in meters. _ .. - . _ . ___ .. ____ .. ____ .. _ . __ . _ . _ . __ - . 
Number of positions determined._ ...... _ ... _ .. ___ .. _ ..... _ ............ __ . 
Number of angles measured. __ ...... _____ .. . ....... _ .... _ ....... _ ... ___ . 
Number of observations __ .. _ .. _ ......... _ . ____ .... __ . _. __ .. _ .. __ . _ ... _. 

18,917 
28' 

102 
1,692 

Hydrographic surveys in the vicinity of the Ancfote Keys, in Lemon Bay, and near San Oarlos Bay, 
west coast of Fforida.-Towards the close of January, 1884, tbe steamer Bache, having on board 
the bydrographic party of Lieut. B. B. Mansfield, U.S. N., Assistant Uoast and Geodetic Survey, 
arrived in the vicinit.y of Anclote Keys, in pursuance of instructions, for hydrographic surveys on 
the west coast of Florida from the Anclote Keys southward, and in Lemon Bay and near San f'arlos 
Bay. 

In co-operation with Subassistant Vinal a search was immediately begun for shore stations, 
and on the 10th of February soundings were commenced and continued whenever the weather per. 
mitted, the season being uuusually stormy, until .April 17. During tbis period the hydrography 
was complet.ed from latitude 28° 15' north, to the northward of North Anclote Key, as far nearly as 
latitude 28° 00' north, just to the southward of Big Pass entrance into Saint Joseph's Bay. 

At Anclote the meau low-water plane of reference for the soundings was obtained from the 
mean of high and low waters taken day and night for two weeks. Lieutenant Mansfield states that 
the harbor formed by the Anclote Ke;ys is a fine anchorage at all times for vessels drawing not over 
seven feet of water, being easy of access and sheltered from all winds, with good holding ground. 
At high water, vessels drawing nine feet can enter. Once inside no harm will ensue should the 
,·essel ground at half-tide, the bottom being soft. This harbor is a favorite one for the spongers; 
as many as thirty-five small schooners have been seen there at anchor at one time. 

For the inshore hydrography north of Big Pass and the soundings in Anclote River the statis
tics are: 

Miles run ·in sounding ...... _ .. _ .... _ .. _ . __ . _ .. _ .. _ .. _. . .• _ .......... _ .. 
Angles measured ...•..... _ ..... _ . . ....... ___ ..... __ . __ ... _ ........•. __ . 
Number of soundings. _ ...• _ ..... _ .. _ . _ . . . • . . . _ . _ . . •.. _ . . ... _ ........ _ . 
Specimens of bottom taken .••. _ ... __ ..... _ .......... _ . . _ . _ .. ___ ..•. _ ... _ 

701 
4,204 

36,656 
1,600 

A snfficit nt number of characteristic specimens of bottom were carefully preserved with the 
recordk! of the work. 

Aftt>.r coaling at Key West, the Bache proceeded in May, 1884, to Stump Pass, one of the en-
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trances to Lemon Bay. Having anchored off that pass, soundings were begun in the bay May .5, 
and completed on the 7th. For this survey the statistics are: 

Miles rnn in sounding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52 
Angles measured.... . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . .. . . . . . . . 291 
Number of soundings. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4, 844 

Proceeding thence to execute the coast hydrography from the Yiciuity of San Carlos Bay south
ward, Lieutenant Mansfield arrived at Punta Rasa, and began work off Estero Key about May 12. 
He found signals established in position b.Y the topographical party that was in advance of him, 
and was thus enabled to push the work forward at once; be was favored also by the weather, 
which from having been very uncertain all wiuter, had theu become settled. On reaching the 
limit of the triangulation and beach measurement at Wiggins Pass, he carried tl1e liydrography 
about 10 miles further down the coast, completing it to that limit May 29. 

At Lemon Bay and in the vicinity of San Carlos Bay permanent bench-marks were estab
lished near each temporary tide-gauge. 

Full specimens of the bottom were taken at each angle and position, and after careful selection 
characteristic specimens were preserved and sent to the office. 

Ensigns J. M. Orchard, J. P. Parker, J. E. Craven, and Harry Phelps, U. S. N., rendered 
service in the work which meets with cordial acknowledgment from Lieutenant Mansfield. 

For the survey south of San Carlos Bay the statistics are: 

Miles run in sounding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ....... . 
Angles measured . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Number of soundings... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ·"· ...... . 

507 
1,003 

10,426 

Other work of Lieutenant Mansfield's party has been referred to under the heading of Sec
tion II. 

Topographic survey from the .Anclote Keys southward; west coast of Florida.-In continuation 
of the t.opographic survey of the west coast of Florida Subasisistant W. I. Vinal reached Anclote, 
Fla., January 17, 1884, and awaited there the arrival of the steamer Bache, expecting to obtain 
by the courtesy of her commander transportation for himself and party and other facilities for the 
work. In co-operation with Lieutenant Mansfield, a careful examination was made of the coast 
for station marks, but nearly all traces of the triangulation of 1857-1861 bad disappeared. One 
tertiary point was identified and the positions of two occupied stations were closely approximated. 
With assistance from the party on the Bache, signals were erected as near as possible to the posi· 
tion of the original triangulatfon points. These and .such other signals as were necessary for 
continuing the topographic and hydrographic surveys were located and plotted by determinations 
with the sextant and plane-table. 

The work was carried steadily forward, covering part of the Anclote Keys, the shores of 
Anclote River and of Saint Joseph's Bay, till the latter pa.rt of May, when it had reached a point 
about two miles south of Dunedin post-office, Hillsborough County. More than usual difficult.y 
was experienced in conducting the survey on account of extremely shoal water along the coast. 

Following are the statistics of the work : 

Miles of shore-line surveyed. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91 
Miles of creeks . • . . • . • • • • . . .. . . . .. . • . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 
Miles of roads • • • . . . . . . . . . . . . . . . . . . . . . . . . .. . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . 59 
Miles of boundaries of salt marsh.. • . . ......... .'. . . . . . . . . . . . . . . . . . . . . . . . . . 37 
Miles of boundaries of fresh marsh. . . . . . . . . . . . . . . . . . . . . . • . . . . . . • . . . . .. . . . 34 
Area surveyed ·in square miles . . . . . . . . . . ·. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22 

Topographic surveys executed elsewhere by Mr. Vinal are referred to under the heading of 
Section I. 
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SECTION VIII. 

ALABAMA, MISSISSIPPI, LOUISIANA, AND ARKANSAS, INCLUDING GULF COASTS, PORTS, AND RIVERS. 
(SKETCHES Nos. 1,6,AND 9.) 

Reconnai.ssance f<>r the extension <>f the primary triangulation in Northern Georgia. anij, Alabama 
to11:ards Mobile.-Tbis reconnaissance, begun in Northern Georgia and .Alabama by .Assistant S. 
C. l\foCorkle in January, 1883, and resumed by .Assistant 0. H. Tittman, under instructions dated 
in May, 1884, was fully referred to nuder the heading of Section V. Starting from the line Indian
.Aurora,-stations in Northern .Alabama at elevations of two thousand and fifteen hundred feet 
respectively, Mr. Tittman., at the close· of his examinations in June, reported a scheme of trian
gulation from this line extending in a southwesterl,y direction about fifty miles. He will resume 
the work about tbe beginning of winter, the absence of dense foliage being then more favorable 
to rapid progress. 

Mention is also made, under the heading of Section I, of other duty assigned to .Assistant 
Tittman. 

Line of levels of precis-ion carried from the Gulf coast near Mobile toward a point on the transconti
mmtal line of geodesic leve!ing.-For the purpose of connecting the tidal level of the Gulf of Mexico 
with that of the North Atlantic by carrying a line of geodesic levels from a station near Mobile to 
a point on t.be transcontinental line of precise leveling, already referred by that line to the tidal 
bench-mark at Sandy Hook, 1:3ubassistant J. B. Weir was directed early in February, 1884, to pro
ceed to Mobile and organize a geodesic leveling party. 

Having established a permanent bench-mark on the custom-house in Mobile as the initial point 
of the line, Mr. Weir GftITied the work forward along the Mobile and Ohio Railroad to Citronelle, 
.Ala., a distance of thirty-two miles. At this point, owing to the want of transportation at times 
suitable for the work, a bench-mark was established and the party transferred to Meridian, Miss., 
at wllich point the line of leYels was resumed, and continued along the same line of railroad to 
Okalona, Miss., which is two hundred and sixty·one miles from Mobile. The gap of one hundred 
and two miles between Citronelle and Meridian will be filled hereafter. Field operations were 
closed at Okalona May 5. 

The original records and duplicates, wit.h maps showing 1he route followed, and a table of result
ing heights of the bench·marks from the field computations, were trausmitted to the office soon 
aftf_'lr the close of the fiscal year. 

Throughout the season the method of working was that pursued on the transcontinental line of 
geodesic leveling, namely, to run two parallel lines simultaneously and in the same direction, one 
by rod E and the other by rod F, the rods .being placed at difi'erent distances from the instrument, 
and any cumulative error that might result from running constantly in one direction being guarded 
against Lly running alternate sections of from ten to twelve miles in opposite directions. 

By tlie field computations a probable error is shown for the two parallel lines of seven-tenths 
of a millimeter for a kilometer, or about three-hundredths of an inch in five.eighths of a statute 
mile. The instrument used was geodesic level No. 1. 

Mr. Jolin Nelson served as acting aid in the party with credit to himself and satisfaction to 
his chief. 

Similar duty exeeuted by Mr. Weir is referred to under the beading of Section III. 
Continuation of tlie s1.1.n:ey of the Gulf co:ist of Louisiana trestward of the delta of the Mis8ilt8ippi.

Instructions issued to .Assistant Charles Hosmer, in N ovem her, 1883, directed him to organize a 
party for the completion of the survey of the coast of Louisiana immediately to the west of the 
Mississippi River. .Assistant Hosmer, at the time these instructions reached him, was engaged in 
work on Long Island Sound, reference to which was made under the heading of Section II, in this 
report. 

At as early a date as practicable he proceeded to New Orleans, and took charge of the steamer 
Barataria, the necessary repairs to which were not completed till early in January, 1884. The 
survey was begun Jannary 17, and the most important part of it finished by the 1st of .Apr~J. Its 
locality being chiefly in the network of bays, passes, and bayous between the Lower Mississippi 
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and Barataria Bay, progress was much interfered with by the high stage of water in the ri,·er, 
and the consequent inundation of the country under survey. 

Special difficulty was met with in what is known as "The J um11," an outlet of the river inu1 
Red Pass. This outlet, wide and deep at first, soon divides into a number of small gtreams, all of 
which maintain a considerable depth to the marsh line which represents the Gulf coast, and then 
shoal up so rapidly that it was found impossible to cross the bars in even the smallest boats. 
This made it necessary to postpone the execution of the inshore hydrograpby of the Gulf. The 
main passage way to the Gulf was sounded out, but it was uot deemed advisable to sound the 
smaller streams in consequence of the continuous changes. ·work in The Jump bad just been 
completed when the great rise in the river took place, and soon after it became necessary to find 
a safe mooring place for the Barataria. Fortunately this was found at. the custom-house wharf at 
the quarantine station. Field opera.tions were closed, and the steamer taken to New Orleans, 
April 3. 

Mr. Carlisle Terry, jr., was attached to the party as .A id, and rendered acceptable service 
till bis detachment, March 19, for other duty. 

Ensign Alfred Jeffries, "G. S. N., served as executive officer and aided in the hydrographic 
work. The vessel was transferred to his charge to be laid up on the 10th of April. 

The statistics reported are as follows : 

Miles of shore-line surve~red . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 160 
Miles of creeks ................ : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90 
Area surveyed in square miles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 157 
Miles run in sounding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29 
Number of soundings. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4, 153 

One topographic sheet, scale 1-30000, aud one hydrographic sheet, on the same scale, have be.eu 
finished and forwarded to the office. 

Continuation of the survey of the Gulf coast of Loui..<riana. from Calcasieu Pass east·ward.-In De· 
cember, 1883, in pursuance of instructions issued towards the close of November in that year, As
sistant F. W. Perkins proceeded to the vicinit_y of CalcaBieu Pass, La., and by the 14th of January, 
1884, bad begun the triangulation and topography of the coast from the line Mangrove-Mud Lake, 
just to the west of the pass. From this line the survey was carried eastward along the Gulf coast 
for a distance of about forty miles to a point within about three miles of Joseph's Harbor Bayou. 

Owing to the nature of the shores, which are low and subject to overflow, the impassable swamps 
separating the coast from the hard ridges in the back country, and the shallow bars at the en· 
trances to the few inlets along the coast, camps are in a measure unsafe, and vessels of ordinar,y 
build are not available. 

Under these circumstances, Mr. Perkins deemed it advisable t,o push the triangulatio11 ahead 
as mpidly as the small appropriation allotted for the work would permit, and to confine the to· 
pograpby to those sections which could not be reached from a vessel lying in the large inlets, or 
from camps located on the hard ridges in the back countrJ·. B~· this plan the topographic surve~· 
of the more difficult and inaccessible places was completed. 

For transporting camp equipage, signal lumber, and stores along the coast a small schooner 
of light draught was chartered, and by taking advantage of calm weather for landing on the beach 
no serious accident occurred, t.hough the force of but three men was hardly enough to guard the 
camp against the not infrequent inroads of the sea, which threatened to sweep it away, and to 
take care also of the schooner outside till the water should rise sufficiently on the bar of some 
neighboring inlet to admit of making a harbor. 

With regard to passes or inlets having shifting sand.bars off' their mouths, like Calcasieu Pass, 
Mr. Perkins observes that the changes in depth and direction of channel are so rapid aucl great 
that no hydrographic survey or sailing directions are a safe guide to an entrance. On the Gulf 
coast, where the sea is so tranquil that on most days a pilot can go out in a small boat and locate 
the deepest part of the-bar, it is not uncommon to find a system of range-beacons maintained on 
shore by means of which vessels enter. But as this is nearly always a private enterprise and 
supported by rather irregular contributions, Mr. Perkins snggesra that at such entrances a ss-stem 
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of light movable tripods, with the necessary day and night, signals, might be maintained by the 
Light-House Board. The cost would be slight compared with the great advantage to commerce. 

Mr. W. C. Hodgkins was attached to the party as Suuassistant, and Mr. George F. Bird as Aid. 
To the untiring energy and industry of these officers .Assistant Perkins attributes much of the good 
progre8s made in the work. The Rtatistics are: 

Number of stations oecnpied in triangulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 
Number of points determined . . . . . . . .. . . . . . .. . . . . . . . . . . . . . . . . . . . . . .. . . . . . . 40 
Number of observations made........ . . . . . . . . . . . . . . .. . . . . . . . . . . . . . ..... 21 920 
Miles of shore-line surveyed. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 
Miles of creeks and ponds. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 

Field operations were dosed on the 6th of May. Duty performed by Assistant Perkins during 
the earlier portion of the fiscal year is referred to under the heading of Section XIV. 

SECT I 0 N IX. 

TEXAS AND INDIAN TERRITORY, INCLUDING GULi'' COAST, BAYS, AND RIVERS. (SKETCHES Nos. 1 AND 9.) 

Hydrographic survey of t!te coa.sts of Twas and Louiaiana between GalrJest-On entrance and Oal 
{'(l,sieu Pass continued.-ln continuation of the hydrograpbic survey of the coasts of Texas and 
Louisiana between Galveston entrance and Calcasieu Pass, Lieut. E. D. F. Heald,U. S. N., Assistant 
Coast and Geodetic Survey, was instructed in the winter of 1883-'84 to take command of the steamer 
Gedney, and, after completing her preparation for service, to proceed with the vessel and party 
organized on board of her to Galveston. 

The soundings were begun early in 1884, at a point off the coast about thirty miles to the west· 
ward of Sabine Pass, and carried on to a position about thirteen miles to the eastward of that pass. 
Lines of soundings normal to the shore were run to an avemge distance of forty.five miles from it. 
This survey was executed on a scale of 1-80000. A special survey of Sabine Pass was made on a 
scale of 1-20000. To obtain a plane of reference for the soundings, tidal observations were made 
at Galveston from March 1 to June 16, inclush-e, and at Sabine Pass from June 6 to June 10, 
inclusive. 

In April Lieutenant Heald was obliged to come north on sick leave, and the command ot' ves
. sel and chargfl of the work was temporarily assigned to Lieut. G. C. Hanus, U. S. N., Assistant 

Coast and Geodetic Survey. By tbis officer the following statistics of the season, which closed 
June 16, are reported: 

Miles mn in sounding. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . 
Angles measured . . . . . . . . . • . . . . . . . . . . . . . . . ........................... . 
Number of soundings . . . . . . . . . . . . . . . . . . . .......................... . 

1,521 
1,616 

45,075 

l~eference is made w other bydrographic duty performed by Leiute11ant Hanus under the head
ings of Sections I, II, III, and IV. 

Reoonnaissance for connecting the triangulation in the vicinity of Point Isabel and the mouth of 
tke Rfo Grande with Brow11st!i.Ue, Tex.-The work assigned to Assistant R. E. Halter for the winter 
of 1883-'84 Wa8 a reconnaissance to connect the triangulation in the vicinity of Point Isabt>J and 
the month of the Rio Grande with Brownsville, Tex., and the continuation of the reconnaissance 
towards Barranco. 

Mr. Halter arrived at J>oint Isabel, Brazos Santiago, about the middle of November, and as soon 
as the weather permitted began bis reconnaissance. Much difficulty was experienced in recovering 
the points of the old tliangulation, some of them having no underground marks, and the snrfaee 
marks having either entirely disappeared or nearly rotted away. Having recovered stations 
Frontier (near the light-house), Massena, and Cameron, the reconnaissance was started from the 
Hoe Frontier-Cameron, and by tht el0t1t1 of the seaeon in February~ 1884, it had been carried to 
Brownsville. 

Mr. Halter remarks. that for about twelve or fourtt!en miles from the coast the locality iB very 
much eut op with lagoons and boggy tlats, and that drinking wat« is very bad and 8tla1'00 thl'O'llgb· 
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out the back country. About six or eight miles from Brownsville there is a thickly-wooded belt, 
to get over which tripod and scaffold signals of about fort;v-five feet in l!eigbt must be built. A 
sketch showing the scheme of triangulation developed b~· tile reconnaissance has been submitted 
by Mr. Halter with his report. 

SECTION X. 

CALIFORNIA, INCLUDING THE COAST, BAYS, HARBORS, AND RIVERS. (SKETCHES No~. 2, 10, 11,A:-.-D 12.) 

Survey of the coast of California between San Diego and Newport.-At the beginning of the 
fiscal year Assistant A. F. Rodgers was on duty connected with the primary triangulation of the 
·north coast of California. In August, 1883, he was instructe1l to proceed t.o Washington for special 
dut:r, and on his return to California made arrangements for closing operations on the north coast 
in accordance with directions to that effect. Having visited the primary stations Bear Ridge and 
Mud Ri>er in order to secure reference marks for future use, and stored the instruments of the 
north coast survey in the suboffice at San Francisco, l\fr. Rodgers made preparations for work in 
the new field to which he was assigned-the filling up of the gap in secondary triangulation and 
topography on the Pacific coast betwei:m San Diego and Newport, Cal. 

This work, it had been arranged, should be begnn in the vicinity of San Juan Capistrano, Los 
Angeles County, but before taking it up Mr. Rodgers was instructed to determine the geographical 
position of the magnetic observatory at Los Angeles, to the north of Newport. For this purpose 
the stations occupied were West Beach, Dominguez, and I,os Cerritos, these being the most aYail
ahle ones within a circle of twent:r miles from the obsen·atory. Signals were erected upon the 
observatory and upon the tower of the State Normal School, and pointings made upon these and 
upon all prominent spires, towers, &c., in the city of Los Angeles a.ud \·icinit~·. .Mr. Rodgers then 
returned to San Francisco, made the computations of this field-work, and forwarded a summary of 
the results to the office. 

On the 5th of Februar:r, the organization of his party for the southern work having been com
pleted, he sent forward the men ancl animals to San Pedro by steamer; but the winter, which up 
to that date had been very light, started in with a succession of rain storms which for several 
weeks completely blocked travel by the county roads an<l made rail transportation for the part~
necessary t.o Santa Ana; from thence to Han ,Jurm evt>n the twenty· ti Vt> mile.s remaining- wNe 
traversed with some difficulty. Mr. Rodgers' owu movements were delayetl up to the 8th of March 
by a continuance of rain Rtorms which entirely 8t.opped travel from Los Angeles, where he had 
arrived on the 3d instant. Railroad bridges were washf\d away and strtg-e road8 rendered impass
able by swollen streams. 

On the 11th of March he reached San ,Tuan Capist.n1no and immediately began work by meas· 
uring a base in San .Juan Valley and occupying stations in the triangulation. Two topographical 
sheets were projected, each on a scale of 1-100001 and extending from a point five miles west of 
San Juan Capistrano anchorage to Point San Mateo, nine miles to the southward. The shore-line 
on these sheets was delineated and the relative position of objects on shore determined so as to furnish 
the means for a hydrographic examination of the offing and approaches to San .Tuan Capistrano. 
Field operations were suspended in .Tune. 

Folio-wing are the statistics of the survey: 

Number of stations occupied in the triangulation ...... __ . _. _ ..... - . . . . . . . . 28 
Number of positions determined ............... _ .. _. _ ... _.... • _ ...... - - . 48 
N amber of directions measured .. _ .. _ ............. _ ...... _ .. _. . . . . . . . . . . . 1, 653 
Number of horizontal angles measured ............. _. _ .... _ .......... - .••.. 3, 467 
Length of shore-line surveyed, in miles . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . 16 
Length of shore-line of creeks, in miles._ .....•..•...• _. . • - ........••. - . . . 4 

Assistant Rodgel'S is under instructions to resume this survey at as early a period as prac
ticable in the present fiscal year. 

Oontinuation of tile ser,ies of observations at the magnetic self-registering record station at Loi 
J..ngew, Oal.-The scheme of work planned and ina.u'1U'ated in the aummer of 1882 at the mainetie 
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observatory at Los Angeles, Cal., arnl placed in charge of Mr. Marcus Baker, Acting Assistant, was 
continued under his direction during the past fiscal year. This work is twofold in character, and 
consists of month!~· determinations on three consecutive days of the absolute declination, dip, and 
horizontal force, and a continuous regh1try by photography (with the Adie magnetographs) of the 
changes of declination and vertical and horizontal force. 

The absolute measures were made throughout the year without interruption, the results were 
deduced, the records duplicated, and full special abstracts were prepared and transmitted to the 
office. In connection with these absolute measures, a redetermination was made of the astronom· 
ical azimuth to obtain a true meridian line of reference for the magnetic declination, and special 
observations for constants hitherto undetermined were made. Notable among these was the 
determination of the induction coefficient of the intensity magnet, by the aid of a simple apparatus 
devised at the obserrn.tury. All of the results of preceding years were revised, so that all the 
declinations are now referred to the same azimuth, while the results for intensity depend on the 
same set of constants throughout. 

The record of variations of the earth's magnetic force was made as nearl~· continuous as pos· 
sible by the processes of photography. Great and constant care was taken to produce traces of 
the highest standard. These efforts were not so successful as during the year before, owing to 
causes beyond the control of the director. One of these was a settling of the foundations of the 
piers, resulting in a weakening of the luminous dots and in a slow impairment of the adjustments. 
This was due to a softening of the adobe soil, produced by a phenomenal rainfall, entirely-without 
precedent in Los Angeles anll Yicinity, which visited that town in February, 1884. Other causes 
were the impossibility of obtaining 1mitably distilled water for observatory use at various times 
during the last four months of the fiscal year, and the necessity of training new assistants in the 
photographic work. 

The total loss of record from all causes during the year was, however, very small, amounting 
to but seven.tenths of one per cent. 

A thermograph record was kept uninterruptedly throughout the year wit_l1in the observatory, 
the temperature curve for each day being shown upon a separate sheet. 

Equal altitudes of the sun were obst>rved each month with sextant and artificial horizon for 
the determination of the local time. 

l\1r. Lucius Baker aided in the observatory work till the end of February, 1884, when he resigned, 
and temporar,v assistance was obtained till .l\Iarch, when Mr. P. A. \.Yelker, Aid, was assigned to 
duty, remaining till the close of the fiscal .rear. 

l\Ir. Carlisle Terry, jr., Aid, was ordered t-0 report at the observatory for duty in April, and 
familiarized himself with the instruments and methods, with the understanding that be should take 
charge of the work when Mr. Baker's request to be relieved could be granted. 

A statistical summary of the '\'"arious observations is as follows: 

Number of observations for time ........... _ ....................... . 
Number of observations for azimuth . _ ................................... . 
Number of observations for temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . ....•. 
Number of observations for magnetic constants . . . . . ...... _.... . ...... . 
Number of observations for absolute declination .......................... . 
Number of observations for absolute dip .... ;,·.... . ....... _ ... _ .......... . 
Number of observations for absolute intensity .. _._..... . . . . . . ........... . 
Number of uniform observations ......................................... . 
Number of Oifilar observations.. . . .. . . . . . . . . . .... _.... . . . . ............ . 
Number of vertical force observations .................................... . 

233 
112 

4,392 
1,599 

939 
3, 577 
1, 510 
8, 711 
8, 739 
8, 714 

Statements in detail of the results of the work to the end of the fiscal year have been trans
mitted by l\Ir. Baker with his annual report; also a number of papers relating to its methods and 
processes . 

. Continuation of the primary triangulation of the coast of Oalif ornia north of Point Oonce']loion.
By instructions issued in August, 1883, Assistant James S. Lawson was direeted to take the field 
in continuation of the primary triangulation north of Point Concepcion a.t such time as he would 
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find most favorable for obtaining the most satisfactory results. Keeping watch on the condition 
of the atmosphere, he made arrangements earl~· in October for the occupation of San Luis station, 
in San Luis Obispo County, Cal., a point about eighteen miles from the coast and having an 
elevation of three thousand feet. The opening of a trail up the mountain, pitching camp, building 
of a pier for the instrument, and other preliminary operations having been completed, observations 
were begun November 9 and closed December 7. 

The horizontal directions of six primary and two tertiar~- stations were determined, the latter 
for the purpose of connecting the tertiary triangulation at Esteros Bay with the main series. Obser
vations were also obtained on Piedras Blancas light-house. To do this, a ridge about a mile distaut 
from San Luis station had to be cleared of every Yestige of shrubbery near the line of sight, and a 
ledge of rocks removed by giant powder, so nearly tangent to this ridge did the line of vision to 
the light-house tower pass. Pointiugs were also taken on all promiueut hilhi and objects within 
the range of view from the station. The heights of five primar~- stations were determined by 
observations of double zenith distances. 

The next Ntation occupied was San Jose, a peak in San Luis Obispo County, distant about 
thirty-one miles from the coast, and having an elevation of thirty-seven hundred fe.et. Here, 
as at San Luis, camp was pitched on the south face of the mountain to obtain a shelter from 
the strong north and east winds coming from the Sierras a~ross the great valley of California. At 
San Jose, between January 1 and January 19, observations were made on six primary stations, 
and pointiugs taken on all prominent hills and objects, including thirty-three peaks in the Sierras. 
Measures of double zenith distances were made on all main stations and prominent peaks. 

The occupation of Saddle Peak, a mountain of forty-seven hundred feet elevation, within 
about five miles of the coast, followed next. This peak and Castle Mountain, a prominent eleva
tion of the coast range and one of the points of the main 8eries were not intervi8ible, but the 
peak was occupied because it had been observed upon in connection with the tertiary triangula
tion, though it was not included in the primary scheme. Seven stations were observed from Sad
dle Peak. 

It had been intended by ANsistant Lawson to occupy Rocky Butte, a primary station of thirty. 
four hundred feet elevation near the coast, but while the wagons were en route a violent storm 
of rain began, which for long duration and amount proved to be unprecedented in that region. 
Bridges were carried away and roads rendered impassable by deep mud and overflows of water 
from five to ten feet in depth. Having waited until the middle of February, aD:d seeing no pros
pect of moviug forward, Mr. Lawson disbanded his party and returned to San .Francisco to complete 
the records and results of the season. In his report he expresses his high appreciation of the value 
of the services of Mr. P. A. Welker, who was attached to his party as Aid. The statistics are: 

Number of measurements of horizontal angles .. - _ .. __ ..... __ .. _ ....... _ .. __ 
Number of measurements of vertical angles, ..... ____ ..... _ ... _ ....... __ . _. 
Number of secondary readings . _ ....... - ... __ .... _ ..... __ .......... __ .. _ .. 

2,189 
810 

71 

Assistant Lawson received instructions to resume field-work as early as practicable after the 
beginning of the next fiscal year. 

Sun.'ey of the coast of Oalifornia between Moro Bay and San Simeon Bay.-Having in accord
ance with instructions proceeded to Santa Barbara, Cal., to receive and store certain property of 
the Survey, Assistant Stehman Forney, on completing that duty, was assigned to the charge of 
the tertiary triangulation and topography of the coast between Moro and Sau Simeon Bays. 

Having established his party near Cayucos, convenient to his field of work, .Ur. Forney took 
up the triangulation from the line Beach-Chaparral to the southward of Moro Bay and carried it 
fifteen miles up the coast, to the line Villa-Stone, near Estero Point. The shore-line in the vicinity 
of Moro Bay was delineated on two topographical sheets, also the contour lines and all fences, 
houses, &c., including the towns of Cayucos and· Moro, within a belt of one and a half miles from 
the shore. There is much topographical detail immediately on the coast from Moro Bay to Cam
bria, the contouring being intricate, and the land being cut up into dairy farms, varying from one 
hundred to one thousand acres. These farms are all divided by fences with roads leading to the 
dwelling-houses. 

Field operations were· closed February 29. Between that date and June 2, when the work in 
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the field was resumed, Assistant Forney was engaged in completing his records and computations 
and making tracing;; of his unfinished topographical sheet. 

The statistics of the Reason are : 

Number of statioll8 occupied i11 triangulation._._.. _ .. _________ ... __ .. _. _... 10 
Number of angles measured_ .... _ . . ...... _. ~ ....... _. _. __ .. ___ .... __ . . . 213 
Number of observations made_ .. _ ... _ . _ ..... __ . . __ . . . ____ ....... _ ... __ ... 7 ,218 
Miles of shore-line surveyed ...... ___ ... _ ............ _ .. _ _ .. __ . _ ... _ _. _. . 16 
Miles of riYers and creeks ........ _ .. _ _ _ _ _ _ _ _ _ ___ .. _ . ___ ..... __ . _ _ _ _ 6 
lr:liles of roads, fences, &c _ . _ . _ . _ . _ ... __ . . . __ . _ . _ _ _ ______ .. ____ .... _ . __ . . 66 
Area of topography in square miles ... ___ ..... _ .. _ . _ . _ ..... _______ .. ____ . . 9 

The highest elevatio11 over which contour lines were carried was eight hundred and twenty-
11eve11 feet. 

Hydro_qraphic .9urvey in the vicinity of Point Buchan, Cal., wid examination of bar at entrance to 
San Francisco Bay.-In continuation of the inshore hydrography of the coast of California from 
San Luis Obi8po Bay northward, Lieut. E. D. Taussig, U. S. :X., Assistant Coast and Geodetic 
Survey, left San Francisco, January 30, 1884, with his party on board the steamer McArthur, and 
on reaching Port Harford, Sau Luis Bay, prepared to execute the hydrography in that locality. 

A plane of reference for the soundings was obtained by deducing the mean of lower low waters 
from obsernttious made bPtwePn February 13 and l\Iay 10 ou a tide-staff established at the wharf 
at Moro Bay, San Luis Obispo Uounty. Soundings were begun February 21 and completed May 
10 to beyond Ca~·ucos, which is the extreme northern part of Estero Bay. 

Lieuterntut Taussig's report gives full details in regard to the hydrographic characteristics of 
the localities sounded, and the notes he has made will he of much value in the preparation of the 
new edition of the Pacific Coast Pilot. Some extracts from his report are here given: 

"Port Harford, as a summer anchorage, is very good. The north west wind does not come 
home, as a rule, and there is generally a calm and perfectly smooth sea inside the reef, while on t
side there may be a strong northwest wind and heavy sea. In the wint~r months there is gener
all~- a swell setting in, which at times breaks off the end of the wharf in four-fathom water. But 
the holding-ground is good, and the McArthur lay out at lier anchors six southeasters in February 
and l\Iarch. To the northwest of the reef, clm;e under the bluffs and the inner inlet, the sea is 
smoother and the wind harmle;:;s as a rule, but there is little room for working ship in case of 
accident or of iLll emergenc.L A sailing \•essel could not get out of the uight in the face of a strong 
southeaster. At times, but rarely, a strong norther blows, which rushes down the hills with the 
suddenness and nearly the velocity of the 'willy-waughs' of the Straits of Magellan, and would 
be apt to e<tnse a vessel to snap her chain." There is frequently a strong undertow at the wharf. 
A red nun-buoy No. 2 has been placed in ten fathoms of water off the fourteen.foot rock which lies 
about a mile to northward and eastward of the reef. 

"There is genemll.v a heavy sea off Point Bnchon, and the reef extends half a mile to seaward. 
There is deep water near the point; but there are so many rocks about, that vessels should give the 
point a good offing. Point Buchon is the point ha,·iug the longest reef extending from it-the 
point with the fiat-topped bluff, not the bluff which has a hump on it. 

''At Point Buchou the land turns sharply to NN.FJ. for two miles, forming the uorthwesteru 
face of Mount Buchon, the bluff.~ being jagged aud rocky. Thick kelp is found for half a mile off 
shore along the whole two miles. The land then turns and cnrYes to the north and west, the high 
}and recedes, and the shore-line thence for about seven miles is a sand beach, broken by Moro 
Rock and the entrance to Moro Bay. 

''Moro Bay is a lagoon emptying into Estero Bay. The entrance is to the northwest of Moro 
Rock and Pillar Ro0k; the latter is the rock just clear of ~foro Rock to the west. Light-draught 
vesselR enter with the flood tide. The channel is narrow, and changes more or less each tide. It 
generally breaks at the entrance with the ebb tide running. The tides run through the entrance 
with great velocity. Vessels drawing eleven feet have gone in and come out. There is a strong 
probal>ility of t-0uching, even with a pilot 011 board, and vessels entering may have to wait some 
time for ~ fll,vorable tide. The need of a good harbor is great in this section of the country, and 
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it was a disappointment to me that I could not use it as au anchorage for the ~lcArthur. Abo"Ve 
the wharf the greater part of the bay is more or less bari· at low water. No vessel shoulrl enter 
without a pilot. 

"Cayucos is a passable summer anchorage, uut a daugcro1rn one in wintrr. Vessels should 
leave as soon as a southeaster hegins, and whenever a southwest swell rolls in. 

"The rapid development of San Luis Obispo Uonnt,,·, the growing commerce of the city of 
San Luis Obispo, and the lack of any harbor of refuge from winter storms between ::\Ionterey 
aud Wilmington, will before many ,vears demand the construction of a sufficient breakwater at 
Port Harford to enable vessels to remain there at any time of the ,\'('ar.'' 

Lieutenant Taussig's bydrographic work off the coast of Sau Luis Obi:-<JH1 Count.'· is comprised 
in six hydrograpbic sheets on a scale of 1-10000. 

Upon comple'ting this work early in the month of 3ia.v, 11'$"51, J,it>nt'enant Tan~sig received 
instructions to make an examination of the lmr at the entranee of Sau Fra11cisco Bay. He com 
pleted part of this work in June, expecting to resnmf' it i11 the foll )Wing mouth. .\t the close of 
the fiscal year the McArthur was near San Simeon, a hy1lrogrnpltie sun·e.'· in tlrnt "icinit.Y under 
Lieutenant Taussig's direction being in progress. 

His hydrographic work in the early part of the fiscal year off tlrn <~oast of 1'Iendocino County 
will be referred to later under the heading of tliis section. For that .iust n•1iortecl tile statistics 
are: 

Miles run in sounding ........ _ . . . . . . . . . . . . Ul:! 
Angles measured . . . . . . ...... __ . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4, 5o':ifi 
.Number of soundingR . . . . . . . . . . . ..... ___ ... _ ............ _ '..!i', 6'..!0 
Specimens of bottom preserved . . . . . . . . . . . . . . . . ........... _ .. _ . . . . . . . . . :Ji 

To the officers attached to the party Lieutenant Taussig expresses his obligations for efficient 
service. Those who served in the work of 1884 were Lieut. F. H. J,efarnr, u. S. ~.,and Ensigns 
W. L. Burdick and P. B. Bibb, u. S. N. 

Connection of the main triangula.tion north of' Point Concepcion irit!i the transeontincntal triangula
tion near the thirty·ninth parallel.-A condensed report has been submitted by Assistant George 
Davidson of the main triangulation and astronomical work iu California, under bis direction, and 
of other work of himself and party. 

Mr. Davidson delayed putting his party in the field until the fogt' of summer had gone aud 
the prospect of grass for the draft animals good. He placed Assistant E. F. Dickins in charge 
of the party, with Mr. R A. Marr as Aid. 

At first the season was favorable, but later on the rains were ;-ery heavy aud retarded operations. 
Nevertheless: as Mr. Davidson remarks, the winter is the best time in that climate for gettiug a 
clear and steady atmosphere. The heliotropes alwa~·s show as minute steady points of light like 
stars, whereas in summer they are large, ill defined, and very uustead~- objects. 

The plan of work embraced the occupation of seYeral main triangulation stations 011 the sea
board, in the regular scheme of triangles and observations upon I~ed Hill arnl Hocky )found, stations 
to the eastward of San Francisco Bay, to bring to a close the connection of the present system with 
the Pulgas base, measured by Assistant Cutts. 

A doubt having arisen whether the line Sierra Morena-Loma Prieta (or Monut lfache) was 
intervisible, a reconnaissance was undertaken by Assistant ,T. S. Law8on, in ,Jul,v and August, under 
Mr. Davidson's direction, to settle this and Rimilar questions as to statious iu the main 15cheme 
southward to San Luis Obispo. The intervisibility of the two stations just named was established 
and the line has since been observed. The stations Saddle Peak and San ,J osu were found to be 
iutervisible over an intervening ridge by a very few feet. A high mountain ten or fifteen mile!< 
southeast of Santa Ana was found to be unavailable, and the old station of Santa Ana, insteall of 
Mariposa Peak, was subsequently taken by Assist;tut Dickins in thick weather. The old sta
tion, Salinas Mountain, not before observed upon however, was found t.o be 1\Iount Toro, and this 
latter name is used. 

As the work of occupation of the stations was undertaken in winter, a small but was built 
over each station, instead of using an observing tent as a protection against southeast gales. 
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During December and January Mr. Dickins occupied Sierm .:\Iorena, a mountain about twenty 
miles north of San Francisco, and obsen'ed upon the mountains, Tamai pa is, Diablo, Mocho; and 
Loma Prieta (or Mount Bache). Incidentally al:so upon .Mount Hamilton (Lick Ob:,;ervatory) and 
upon the secondary stations Rocky "'.\found and Hed Hill; also upon the Southeast Farallon light 
and San .Jo:,;e court-house. 

Tlle obsen'ations were made with the twenty-inch theodolite No. 115, mounted on a brick pier 
with the Davidson position circle. The series embraced two direct and two reversed observations 
in each of the twenty-three positions of the instrument. 

The ocular micrometer was used, after the micrometers were read, to correct the telescope 
pointings. In this work five hundred and eighty-two observations were made and twenty-eight 
hundred and sixty-seven ocular micrometer readings. 

The field reductions were kept up to date, and subsequently the diminished measures were com· 
puted and transmitted to the office with the Yolumes of records. 

Mr. R. A. l\farr, Aid in the party, made the measurements of the wrtical angles with the twelve
inch vertical circle No. 111. Observations were made upon the same stations that were observed 
for horizontal directions, through thirteen days and between midday and 1 Jl. m. ~<\.s the work pro
gressed, the reductwns and tabulations were made, and from the snboflice these reductions and the 
recortl:s were afterwards transmitted to Washington. In tliis work the number of observations 
was four hundred and eighty. Hed Hill, up which a line of levels had been carried by Assistant 
Uutts, will be occupied for measurements of reciprocal zenith distances. 

::\fagnetic observations for declination and lwrizoutal force were made throngh three and six 
days u.r .:\:Ir. Marr. lie wade also the 11ecessary time obtlervatious witli the sextant and artificial 
horizon. 

The tramifer of the party from Sierra l\forena to Loma Prieta (or Mount Bache) was made in 
YerJ' bad weather, and had to be done by a circuitous route. A trail favorable for packing had to 
be cut out for several miles. During this work by Mr. l\farr, Assistant Dickins visited Toro Mount
ain aud Santa Ana and posted heliotropers. The snow was deep at tliese peaks as well as at 
Mount Baclle. 

At thi:,; station, a few miles north of Santa Cruz, and thirty-eight hundred feet above the sea, 
.:\lr. Marr built the necessary stone and cement piers. The twenty-inch theodolite No. 115 was 
mounted 011 one of the piers, which had secured to it a Da\'idson position circle. 

Assistant Dickim1 observed upon the ti rn main stations, l\focho, Santa Ana, Toro, Diablo, and 
Sierra Morena; incidentally upon .Mount Hamilton, the San Jose court-house, Santa Cruz light 

. hom;e, and Gilroy church. 
The, observation:,; were made in the usual manner with ocular micrometer readings, two read

ings direct and two reversed being taken in each of the twenty-three positions of the instrument. 
ln thi:,; work four hundred and ninety-six observations were made and fourteen hundred and ninety
two ocular micrometer readings. 

At this stat10n, althougli the observations of horizontal directions were not completely fin
ished, owing to waut of fulllh1, yet they were so nearly finished, and the results were obtained 
under 1mch farnrable circumstances of weathef, that they may be safely taken as final. The rec
ords and reduction8 were completed and transmitted to the office. 

Obs11rvations of vertical angles were made by Mr. Marr with vertical circle No. 111, upon the 
same stations a:,; those observed by Assistant Dickins. The number of observations was three 
hundred and thirty-six. 

Mr. Marr determined the magnetic declination aud horizontal force on three and six days, and 
made the necessary time obser\'ations. 

At the end of March, 1884, field operations were closed, and the party was employed in office 
duty. 

During the year Assistant Dickins was directed to make observations upon Lime Pofnt steam 
fog-horn from two or three tertiary triangulation stations to determine its position. He was 
detached from Mr. DaYidson'ti party May 33, 1884. 

Special magnetic observations.-During a short trip to Mexico, Assistant Davidson was able to 
observe the magnetic declination at El Paso, in Texas, and at the National Observatory a.t Ta.cu· 
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bayo, on the edge of the city of Mexico. He had the voluntary assistance of Mr. Glover Kellogg, 
of San Francisco. 

Observation.~ of the solar eclipse of October 30, 1883.-0n the 30th of October :Mr. Davi<losn 
observed the first contact of the solar eclipse of that date, at the Davidson Observatory in San 
Francisco, and arranged telescopes for all officers who wished to observe it. He used the full aper
ture of bis six and four-tenths ineh equatorial, with an Airy double-image micrometer, carr_ying a 
power of two hundred and forty diameters. For obtaining the error of the chronometer, transits 
were observed by Mr. C. B. Hill hefoo-e and after the eclipse, and comparisons of chronomet~rs by 
coincidences were made after it. 

Mr. Daddson remarks that the border of the sun was unsteady, and the unsteadiness 
increased till the time of :;reatest obscuration, which took place t.bree minutes before the sun set 
below the ocean horizon. At that time, the boiling of the borders of the sun awl moou was 
excessh·e, and the refraction wru1 so grnat that the images of the two bodies, as far as visible, 
were remarkably flattened, aucl the cusps presented a Tery singular and abnormal appearance. 

The station of observation is 011.37 soutll and 0".21 east of the triangulation station Lafayette 
Park. The following tabulated statement gives the name::; of the ohser\'ers, timeR of obserrntion, &c.: 

Davidson ............................ ' ..... . 

Dickins····--·-·············--····-···-····-···-·-
:Marr ............................................................... . 
:Moree ............................................................... . 

Hill········-···················--·····-········ .................... . 

Local mean 
- - time of I con· 

tact. Aperture. Mnll:nif;-inir 
powtr. · 

Inches. 
6. 4 
3. 0 

3. 0 

2. 5 

2. 2 

240 

105 

105 

50 

40 

h. 'Ytl. 8. 
34614.5 

27.1 

28. 6 

01. !> 

17. l 

May be o•.& or l•.o late, 
Ha~idPr equatorial. 

, Reconnoit.f:lring t1·1el"•~DlW· 
Do. 
Do. 

Mr. Morse had the poorest telet1cope, and his noting of the time is vrobahl~- in error, as .l\lr. 
Davidson remarkR, from taking up the wrong tent\ of seconds. 

Suboffice-rrork.-The work in connection with the snboffice at San Francisco was duly atteude<l 
to, and all iuqniries for information were answered as far as the resources of the archives would 
permit. During the season, with my approval, Assistaut Da\'idson fnruislwd to the Geographical 
Socit'ty of tbe Pacific a paper upon the alleged shoaling of the har of Sau Francisco Bay. In the 
work of the office aclrnowledpnent is made of the intelligent and willing assista11ce rendered 
by Mr. C. B. Hill. 

Coast l'ilot of California, Oregon, and Wa.~hington Territory.-To the preparation for publication 
of the fourth edition of this work l\fr. Davidson giwe all the time pm;1-1ible. On acconut of the 
mass of details ou the southern portion, much of it bad to be rewritten. The portion relating to 
that part of t11e coast from San Diego to San Francisco waR completed. 

To get special views of headlands, and to make notes of sailing directions, '.\lr. FPrdiua11d 
Westdahl was directed to make two trips down the c-0ast. Mr. Davidson visited penmnally the 
Farallones for views, and "Mr. \Yestdahl the Cordell Bank, but tlie weather was foggy on both 
occasions. 

Mr. Davidson was summoned to vVashington in June, 1884, for special conference with me 
relatiug to the interests of the work as affected by measures pending in Congress. On ltis rt>tnrn 
trip in July, be attewled to special duty in Philadelphia, and while crossing the continent studit>d 
the coroparatiYe advantages and disadvantages of the 35tb parallel re1atiwl~· to the 32d for tram;
continental geodetic work. 

During the year the observatory at I1afayette 1~ark wai.; m'<ed b~- the members of Mr. Da\'idsou's 
party for practice with the different instruments, and at the request of ~faj. \Y. A .• Tones, U. S. 
Engineers, stationed at the Presidio of San l<'ranci.sco, arrangements were made for a joint deter
mination of the difference of longitude between the Lafayette Park station and stations at Needle::; 
(Mohave) and Fort Yuma, Ariz. At Lafayette Park. in Mr. Davidson's absence at Washington, the 
observations were made by Mr. Marr, assisted by Mr. Hill. Transits for time were observed upon 
nine night8 between May 26 and.,June 27. Owing to exceedingly inclement weather, and an 
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accident to the transit instrument at the Needles, exchanges were obtained upon two nights only 
with that station, and on one ni~h t \Yi th Yuma. 

Other operations directed by Assistant Davidson, or carried on by his aid and advice, are 
referred to in the paragraphs immediately following. 

Tidal obsermtions 1cith setf'.registering tide-gau,ge continued at Saucelito near San Francisco Bay 
entrance.-The self-registering tide-gauge record at Saucelito, near San Francisco Bay entrance was 
ke11t up, almost without i11terruptiou by l\Ir. E. Gray, under Assistant Davidson's general super
vision,_ The usual talmlatiom: were made at the end of each month, and were forwarded to Wash
ington before the trausmission of the records. 

The eartliquake wa,·es from the ,-olcauic eruption at Krakatoa off the coast of Java, August 
jll, 1883, were reeorded upon the Saucelito tide-gauge a tew hours after that event, and the fact 
was published before an;\- notice of the earthquake had been made public. The record shows that 
the eartlH1uake wavt>s may luwe come through several tracks to this station. 

])eten11inations <~f the J(1rc1' nf grarity in San F1·ancisco, in connection with similar observations in 
Alaska_-Heterenef' was mn1le in m:.- last annual report to the dispatch of Mr. R. A. Marr, Acting 
Assistant, to Point Barrow, AlHska, in furtherance of the plans initiated during the preceding 
year, in virtue of wt1id1 tlll' Coast arnl Geodetic Survey co-operated with the Signal Service in estab
lisbi11g a station of the International Polar Commission at Point Barrow. 

Having swung his pendulum and vibrated his magnet at tbe San Francisco station, selected 
by Assistant Davidson, J\lr. ::\larr left Sau Francisco, ,Tune 16, 1883, on the schooner Leo, and on the 
:35th of July, reacheu Plover Ba,\. Eastern SilJeria. Here he got a few pointings on the sun for 
time, and leaviug ou the 27th, the I,eo ran along the Siberian coast north of East Cape, and then 
crossed to the American side to Point Hope and Cape Thompson. Augusts, the first ice was 
sighted south of Icy Cape; on the Uth the vessel anchored off Wainwright Inlet near a portion of 
the wlrnliug tieet, after tr,ving to push through the ice and around Point Belcher. There was open 
water be~·nwl tlw Sea Horse lslands. The ice-pack proper was distinctly visible from tJrn anchor
age, and forme1l appareutly like that laid 1lown on the chart for •'July, 1849." The whalers bad fol
lowed tlw ice from Behriug's Straitl'l, and reported a severe season since entering the Arctic. The 
Leo was co11tinuall,Y shifting position to avoid ice-floes moving to northeast. At times there was 
a two-knot current, and once ice was noticed moving against a light wind. Several attempts were 
made to get around Poiut BelclH'l': two small schooners succeeded in finding an opening. Mr. 
Marr went aslwn~ sen•ral times "·ith a vi('W of establishing a st.ation at Point Belcher, should the 
vessel be unalJ!e to get through the ice. 

Angmit !!O Liente11ant Ray of the Signal Service, commanding the expedition, reported open 
water off Sea Hor,;c h;lands, and no shore ice off Ooglaamie, Point Barrow. August 22, the vessel 
was anchore1l off Ooglaamie. 

Between tlie !!~I and !!;Ith, haviug overcome the various difficulties presented by heavy surf 
and ti.Jc closing in of the sit ore ice, ..\Ir. l\Iarr effected a landing with his instruments and outfit, and, 
having availed himsl'lf of a building placed at his disposal by Lieutenant Ray, built a pier for the 
pendulum staJHl, mouuted his chronograph, and expected to begin observations on the morning of 
the 27th. 

But the conditions of the ice and weather on that day, together with au accident to the vessel, 
led Lieuteuant Hay to decide upon an immediate abandonment of the station, and as he did not 
(leem it safe that Mr. l\Iarr should remain with but one man during the winter, the latter was com
pelled1 though very reluctantly, to i;:i\-e up the attempt to make the desired observations. Two or 
three days more, or until September 1, at the latest, would have enabled him to get the pendulum 
swings needed for comparison with those at San Francisco. Mr. Marr reports that after leaving 
Point Barrow, tht>y did not pass any iee, and that they had good \Veather. 

On the return Yoyage, observations for magnetic declination and horizontal force were made 
on two days at Ooualashka. 

Mr. Marr ha~ expressrd bis willingness to remain through the winter at Point Barrow, should 
another opportuuity offer of obtaiuiug the needed observations. He acknowledges bis indebted
neis to Mr. A. D. Scl.Jindler, who accompanied him on the expedition, for useful assistance. 
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After his return to San Francisco, in Octolier, 1883, l\lr. ~!arr ma<le a full of't of pendulum 
experirnent81 comprising eight 8W'i11gs of six hours each, exteudiuµ; tliro1q . .:·11 two l'etS of twent~·-four 
hours. Time was determim·u npou nint' <la,Ys b;r one burn.Ired aud four star tnrnsits, and four 
meridian passages of the sun. 

Hydographfr s11neJ1 of the California coast hehceen Salmon Point and Brushy Pnint.-Early 
in July. 18f.I;), the hydrographi1~ party on hoard tl11• Sh='31l1Pl' :\lc . .\rthur, Lient. E. n. 'l'au88ig, 
U. S. N., Assistant Coast aml Gt'odetic i:)nrwy, com111a111li11g, was at LittlP HiYer, Cal., in readi
ness to begin a hydrographic snrn•.r of the coast in that \·ici11it~-. 

Tidal ohse1Tatiom; to obtain a plane of reference for 1111~ :-;0111Hli11g-s wen· ma1lt' at Little Hi\·er 
froft'1 July 7 to Non·rnlier l i. 'l'\\'o projections 011 a ~wale of 1-'.!0000 lrnd lweu fnruii,;lte<l to Lieu
tenant Tausl'ig, co\·ering tl.Je coast from Salm011 Point to Bnrnl1,r Poi11t. Li11t•I' of sounding parallel 
to eacl1 other aJl(} 11orrnal to tlw <:oa:-;t were ruu to the lirnits of the 1;l1Pets. from th-<~ to seve11 mile:-: 
from short', at 11il'ta1H·1•:-; apart of one-third of a mile to dPptlrn of fitt~· fatliorns, arnl 11ot mon· than 
douhh• that di:-;ta11ct' apa1 t lw~·ond the fifty-fathom cun·e. 

Lieutt>11a11t 'l'au88ig' lo('aflod all aYailable aud1orag·e,.; (<'X('Pj•t M1·11do<·i110 Harbor, alrea<ly i'illl" 

\·eyed) aud all lmoy.s, chtdt>s, allll whaiTes withi11 tlH' li111its of hi:-; ~m·n•y. Ile Jia.s appPrnh•d to 
his report a Ji:-;t of po:-;itio11s of s1rnl;,t>11.:i:ock:-; all(] rock" a\r:rnli dt•tt·rmim•d h~ hi;; party. lit' 
obsnn•s tliat i11 a swell tl1e s1·a gP11era1l,v breaks 011 the outsi<l<· rod:s, hut iu a fog·. and \\'he11 the 
sea is smootli, the lllOSt dangPl'Ol11' rocks are without :i sig11 of a lm•ak1·r at time8. 5<'arly :ill tlie 
rock" ha Ye ~rowiug kelp 011 tlte111, aud kel1• i>' au im·ariahle sign of a rnd;y hot tom, bnt aHPl' ht.•aYy 
gales the kelp i8 som<.'tirne;; hrokl•11 off so as not to lw uoticeahle. 

I .. it•ntenaut Taus:;;ig-'s report is exeeerlingl~ full i11 all dt>tails of i11formatio11 that will hl1 of 
Ren-ice to tlH' 1iaYigator 011 a coa:;;t wlH•re so fpw good harbors ('all lw rom11l. 'l'lle dangers to lw 
:tniid(•d are c~irefull.Y 1leseriln·d, tl1e cliarncteristics of tl1e st•veral am•horagt•s an· f,!·iyeu, all(] the 
report will be a Yalnahle contribntio11 to tile material for tl1e fortl1co1ui11g· 11ew e<litiou of tile Coast 
Pilot of California, Oregon, and \\' aohington 'ferritor;·. 

He exprpsses his special iwlebtedm•;;s to Capt. Jol111 Yau HPlms. of the Pacific Coast NaYiga

tion Company, for uearly all of the hydrogravltic iuform:ttiou that hr ohtaiued on the coa8t, and 
states tlrnt wheren·r lw had opportunitiel'i of testing it, lie fournl ir allsolutel)· correct. 

\Yitlt regard to the weather, Lieutl'11ant Tau:ssig reJJrnrks tliat dnriug the summer mouth8 the 
coast was ge1wrally e11velv1w1l i11 a thick fog, at times cl1a11;:.:i11~r to a wisty hazf' that pPrmi1tt>d of 
work clo1:1e itrnhore. During ,July antl Au~nst the sn11 wa,; out wit\1 a ('.kar sky hnt twiee from 
the ship, while a mile iuishore, clear warm weatller prenti!t·d l\(•arly 1•\·1·r)- da~-. The fogs lmp: 
the coast and do uot as a rule extend far at, smt, autl lei':< fn·que11tl~· do the~- go rnm·e t ii all a 
mile or two i ula11d. Tlw stroug 11orth we:-;t w i ud w h ieh j:-; geuera lly e111'.ou11 tere1l alo1q . .:· t In• coai,;t 
after 11 a. m. seldom earne home to dri\'e awa~· the fog. The:-;e 11ort h we:-;t wi1ab are i:;tro11gt·l't 
in April and Ua:', grow Jes-; fr('<]tHrnt during the i:;umrnter uml fall, au<! are ran• in tlw wintt>r 
when the southeast galei:; prentil, which are then :;:en•re, a11d are g1·uerally followed li.'· f'trong 
wind;:; from northwest, after which tliere is a1i interval or dear pll'a,.,ant weatlwr with lig·ht 

winds and sruoot!J seas. Although during the summer tlwre wa:,\ not oiten a strouµ: uorth\wst 

wiml on the eoast, this wiud prevailed of}' the coast and a heavy ;;well was tht· rule 11f·ar sl10n', 
even when there was little or uo wind. Tbe southeast wi11ds begiu iu the fall; are geuerally :-;tro11g 
and are accompauied by hea\'.Y rains. After a south1•aster, especially if tlwn• i" an iutenal of 
calm, a heav.Y southwest swell rnlls in, which g-enerally n~snlts iu 1'01111· disa:-;tl'l'8 on the coast. TlH· 
whole eoast becomes a line of breakers, and the st>as frpquentl,Y break i11 tl'IJ fa~lwm8 of water 
across the entrances to all the auchorag-es within the limits s11n·e.Hll <luriug tilt~ Sl'aso11. Iu mauy 
places, if ves.sel.s are caught iu a sonthea8ter, it is the rule to take the mooring chain 011 hoard, 
take a turn round the mast aud windlass, get out all the hea1l, stern, and quarter liues the schoo11er 
may have to the difforeut lmo,Ys, aud then all the hatches hadng been battened down, the 1·r<>w 
leave the vessel, tn return after the gale, if the schooner is sti I I in existence. 

With regard to the general set of the eurreut along· the coaist, Lieutenant Taussig remarks 
that it was to the southeast, but its 1:1treugth was so varia\)le, and the set was at times so unex
pectedly changed to northwest that it was impossible to formulate any results from general obser
vations. 

H.Ex.43-9 
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The officers attached to the party were Lieuts. J. B. Milton and E. P. Elliott, CT. S. N., and 
Ensign P. B. Bibb, U. S. N. foentenant Elliott was detached, without a relief, on August 30. 

:Following are the statistics of the season: 

Miles run in sounding.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 760 
Angles measured . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3, 817 
Number of soundings...... . . . . . . . . . . . . . . . . . . . . . . . . .. . ................ 13, 265 

Coast bydrography executed by the party of Lieutenant Tam;sig to the southward of the 
locality just referred to, and later in the fiscal year, has been rnentioued already under a previous 
beading in this section. 

SECTION XI. 

OREGON AND WASHINGTON TERRITORY, INCLUDING COAST, INTERIOR BAYS, PORTS, AND RIVERS. 
(SKETCHES No8. 2, 12, ANI> 1a.) 

Survey of Shlslaw River entrance, a.nd continuation of the triangulation nnd topography of Utnp. 
quah Riter, Oreg.-lnstrnctions issued to Assistant Louis A. Sengteller soon after the beginning 
of the fiscal year directed him to take charge of the schooner Yukon, then laid up at the Mare 
Island ua,·y-yard, Cal., and, after fitting her for sea-serviee, to organize a party for a topographic 
and hydrographic r(•cormaissance of the Siuslaw H.iver, and for the continuation of the triangula
tion and topography of the Umpquab River, Oreg. 

On July :n, repairs havfng been made and outfit completed, the Yukon was dispatched to sea, 
in charge of t!Je sailing-master, who had receiYe<l orders from Mr. Sengteller to enter Siuslaw River 
and pass out again in the Yukon if be should find it practicable to do so; and if not, to make sail 
for Umpquah River entrance. Owing· to a successiou of calms, alternating with very high head 
winds, the vessel made but slow progress. August 13, with a light but fair wind, the Yukon ran 
close in to shore in the vicinity of Siuslaw Rh'er, but could find nothing that would serve to iden
tify the entrance, and as heavy fog began to drift in, the schooner was put to sea, and a course 
steered for Umpquah River, which was reached and the bar crossed August 15. 

J>lans were then arranged by Mr. Sengteller (who had remained at U mpquah River), to dispatch 
a surf-boat, with crew and provisions, by sea to Sinslaw River; the boat arrived and crossed the 
bar without mishap August 18, aud the next day Mr. Sengteller, who had proceeded overland, 
began bis reconnaissance. A site for a hase line having been selected, and triangulation statiom; 
located, the base was measured, and enough points having been determined in position, the topog-
raphy aud l1_ydrography were begun August 23 and continued until the shore-line of the river, the 
topograph~' adjacent and the sonndings, had been completed from the entrance to the village of 
Florence, a settlement about tive miles from the coast. Such examinations of the bar and of its 
approaches as the weather permitted were made also. A beacon was erected, plainly visible from 
the bar, as a range mark for vessels attempting to enter Siuslaw River. 

Mr. Sengteller states, as a result of his examinations, that no definite sailing directions can be 
given for entering the river, owing to" possible constant shifting of the bar," and that on nearing 
the bar a vessel should uot approach nearer than five fathoms. Then, by bringing the beacon on 
the north bank of the riYer to bear north 75° east (magnetic), and about one nautical mile dista11t 
from the rnast-hea<l and in smooth water, the best water for crossing can only be located by au 
occasional lull iu the breakers. When these are at all rough, only a continuous line of surf is visi
ble, and at such times it is dangNous to attempt an entrance. 

He recommends a buoy for marking the approach to the bar as given by the bearings to the 
beacon-a large can buoy to be dropped in not less than ten fathoms of water. To obtain with 
the least loss of time an authentic knowledge of entrances of this character along the coast of 
Oregon, and to meet the demands of a rapidly-growing section of the coast for greater facilities of 
trans1lortatiou seaward, he suggests that a light-draught steamer would be extremely serviceable. 
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. Following are the statistics of the work at Siuslaw River, which was completed September 6: 

Miles of sliore-line surveyed. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 
Area of survey iu square miles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
Miles run in sounding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . :n 
Angles measured . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 684 
Number of soundings . . . . .. . . . .. . .. . . .. . . . . . . .. . . .. .................. 2, 692 

Arrangements were then made by Mr. Seugteller for resuming the triangulation and topogra
ph~· of tlie Urnpqnah Rin~r. Ou September 7 he proceeded thither in tlle Yukon, lea,·ing his sail
ing master with a boat'1-1 crew at the Siuslaw with instructions to cross the bar and join him at the 
Umpquah at the first fayorable opportunity. Owing to unfayor~lJle weather and the conditiou of 
the bar at Siuslaw River entrance, it eventually became necessary to transport the boflt and crew 
overland. Although progresi-; was somewhat impeded b,Y the absence of the crew, who did not 
return to the Umpquah till September '.!S, operations were pushed forward as rapidly as practicable, 
and the party continued in the field until October 6, when the funds aYailable for the work were 
exhausted. On the 11th of that month the Yukon left for San Francisco. 

Following is a summ:u,v of the statistics of the Umpquah RiYer work: 

Positions determined in the triangulation . . . . . . . . . . . . . . . . . . . . ............ . 
Number of observations made ........................................ .. 
Miles of shore-line surveyed.... . ....................................... . 
Area of topography in square miles ....•.................................. 

7 
1,l16 

3 
a 

Sumey of Nestucca Bay and River, Oreg., and continuation of the triangulation and topography 
of the Willamette R-irer, wuZ of the topography of the Columbia River.-Iu compliance with instruc
tions received early in Jnl,r, 1883, Assistant Cleveland Rockwell left Portland, Oreg., ,July 12, and 
on arriving at Nestucca Bay immediately organized a party for the survey of that bay and of the 
Big and Little Nestncca Rivers, by the junction of which it is formed. A base was measured, 
signals erecte1l at the points selected for stations of the triangulation, and a tide-gauge established 
to obtain a plane of reference for the soundings. Three days suffi•ed to finish the soundings inside 
of the entrance, as at low water the area is nearly covered by sand and mud fiats, and was surveyed 
with the plane-table. 

The triangulation aml topography were carefully executed, as forming part of the general 
coast work, and the survey was completed September 27. 

Mr. Rockwell remarks that the character of the country is mostly rolling and steep hills which 
have been long deuuded of timber and are now coYered by fern and grass. 

Forest fires since the settlement of the country by the whites have swept oYer the whole area 
from the coast back to the Willamette Valley, and the coast range of mountains presents from the 
ocean a desolate array of tall and bare white stumps aud trees. 

He observes also that there is every evidence that in former times tlrn Big Nestucca entered 
the ocean opposii:e Haystack Rock, but the drifting_ sand filled in the coast line, forming the long
sand peninsula to the north of the entrance, and pushing the entrance to the two riYers down 
towards the rocky bluff to the south. 

Upon the bar there were continued breakers. Having no suitable boat or crew it was not 
practicable to make an examination of the bar. The heavy swell from the southwest which set in 
during the middle and latter part of August closed the bar nearly up, so that at low water, on 
viewing it from the bluff, the wl1ite water would roll across for a hundred yards or so. Shoal 
water extends a long distance outside, as shown by the heavy rollers. 

About the middle of October Mr. Rockwell was directe~ to take up the tertiary triangulation of 
the Willamette l~iver from its mouth up to Portland. This work bad heen begun in 1882. :Field 
operations were carried on till December l5, at which date all necessary third orcler points for the 
topography and hydrograpby of the Willamette from its mouth up to and beyond the cit~· of Port-
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land, Oreg .. had been established. The sloop Kiucbe.Ioe was used as a meaus of trausportation. 
For this work Mr. Rockwell has furnished tbe following statistics: 

Number of stations occupied ........................................... . 
Numlwr of angles measured ............................................. . 
Kumber of poiuts determined ......................................... . 
Number of obserrations made ............................................ . 

16 
91 

. 27 
~,234 

During the remainder of the winter and the spring Mr. Rockwell was engaged upon office
work, and in l\Ia~-, 1884, he was instructed to resume the topographical survey of t11e Columbia 
arnl \YillamettP }{ivers. For a short time he wa8 engaged upon the low shores of the two rivers, 
hut as thP water steadily rose, covering- all tl1e ;;hore-line and interior topography, he moved the 
\·ei,;spl up thP \\'1llamPtte~ and took np work 011 such part!' of the country a;; were abO\·e water, 
being- oblige(l to lean~ the (lt>lineation of the actual shore-line until the water should snhside. 

At the end of the fiscal ,Yt>ar lw wa;; prosecnting- the R1uvey near the city of Portland. 
Hpclrog1·aphfo snn•eys (!( Oray's Harbor and in the Ticinity of 8ealm~k, 1V. T.-.As Rtatefl in my 

last annual report, a liy<lrographic survey of Gra.r's Harbor, \Y. T., had been begun before the 
close of the fiscal year h,\· the party iu charg-e of Lieut. T. Dix Bolles, U.S. :N'., .Assistant Coast 
aud Georletic Sun·py, commanding tbe Rcbooner Earnest. 

Some difficulty was ex1wrienced in fixing a tide-gauge, tl1ree having been washed away in 
succession, owing to the extensi\•e mud fiats and strong, rnshi11g currents. One was finally 
established in Soutll R1y, near the entrance. This was a plain staff-gauge, and was observed day 
and night for a lunar month. As the plane of reference for 8ouudings the mean of the firn lowest 
low waters was taken. A secondary ti!lp staff was set up at Hoquiam, and the plane of refer· 
Pnce for the upper bay was computed bs the Coast Surwy rules for water levels. A bench
mark wa8 establisl1e<1 on Nettle Island, in South Bay, fourteen fret and eight-tenths above the 
plane of reference. 

In regard to the locality of the work the following details are given in the reports of Lieuten
ant Bolles and Ensign .Jordan, wl10 succeeded him in charge of the party: 

The inside harbor consists of an exknsive mud and san<l fiat, with a channel running up the 
middle to the Hoquiam and Chehalis Hivers, and an arm extending into North and South Bays, 
near the entrance. From each of these, numerous blind sloughs lel,td off into the fiats. The three 
channels have from three and a half to eight fathoms in the lower bay, gradually shoaling to 
from nine to twelYe feet a8 they extend north, east, and south. There is another channel from 
the Cllehalis River, on the south side of the bay, but a sand-bar at the mouth prevents more than 
fh'e or six feet being carried into it. 

The bar outside is from three to four miles off shore, with ten feet on it at low water. Exten. 
sive i;hoals make oft' from the north and sontb sides of the entrance, and are distinctly marked by 
breakers even with a moderate sea. The water deepens inside the har to eighteen fathoms between 
the points. There is a very strong current during the ebb and flow of the tide, aud an ugly chop 
sea at the entrance during the ebb, making it very dangerous work for a boat. During the sum
mer months the northwest winlls blow steadily every afternoou, and the northwest swell breaks 
clear across the bar. There are but few places on the shore where a landing can be made at low 
water, on account of verJ· Roft mud fiats extending off from one-third of a mile to over three miles. 

Two hydrographic sheets were completed each on a scale of 1-20000, extending from the 
mouth of the Chehalie River to four miles off shore, and including the whole of Gray's Harbor and 
Bar. The statistics of the work, which was closed October 15, are as follows: 

Miles run in sounding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 219 
Angles measured. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1, 162 
Number of soundings .................................................... 6, 115 

Ensign J. N. Jordan, U. S. N., was attached to the party during the season. Ensign J. L. 
Purcell reported for duty on board the Earnest September 19. Upon closing work in October, the 
schooner was laid up for the winter at the bead of Port Townsend Bay. Lieutenant Bolles was 
detached January 30, 1884. 
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In May, instructions were rece1n•d hr Ensign Jorda11 to take charge of the vessel, and after 
completing the necessaQ· prelimiuary arrangements, to begin a L;nlrographic smTey in the vicinity 
of Seabeck on IIood's Canal, \V. T. 

The Earnest witll the steam-launch Tarry-not :irrfred at 8eabeck June 3. .A tide-gauge was 
soon after set up in Seabeck Harbor, on tlw west side, all(] observations were in progTess at the 
close of tbe fiscal year. At that time the 8UrYey wa8 adYancing, soundings haYing heeu hegnn 
,June 12. 

Ensign J ordau ha8 furnished the following stati8tics of this work to the close of the fiiwal 
year: 

Miles run in somHling . . . . . . . . . . . _. . . ___ ............... __ . _ _ . _. __ . _.. 100 
Angles measnred ..................... _ .. _ . . . . __ . . . . . . . . . . . . .. _ ... _ . . 849 
Numbnof11oundingi.:; ........ ........... ................. ....... 3,44!1 

Continuation of the topo!Jr11phic11l .~1ir1•ey 1~( Hood'N C1111nl, ff. T.-In .July, 1883, Assi1o;tant ,T. .J. 
Gilbert, who wa8 then at Sau Fmnciseo, attae!H•11 to thP part~· of Assistant Davi<lsou, recei\·ed 
instructions detaching him from dnty tllere aud directiug him to resmne the topographical smTey 
of Ho01l's Uanal, W. T. 

'111 arriYing at OJ~·mpia ht• tool\ charge of the steam-launch Fnca, and left at once for lloo<l'R 
Canal, on reachi11g wl1ich he ei-;tahlisltetl his camp i11 tlte Yillage of Sea beck as a base of operatim1s. 

During July and most of August l\fr. Gilbert reports that progreRR was greatly impeded hy 
the unusually dense smoke from tlie foreHt fireH. After the rains of late August and early Sep
tember bad cleared the atmosphere, the weather continnec1 Yer.Y favorabh• for work until about the 
middle of November, when the winter rains fWt iu. On Non1mber 19, the weather being stormy, 
with a prospect of continuing so for au irn\etinite period, tield operations were closeu. After some 
needed repairs the Puca w~ts laid np at Port Town;;eud. 

During the winter and early spring )fr. Gilbert was at work upon his plane-table sheets: fh'e 
in number. Tracings of these were forwarded to Washington .March IO, aud the sheets themselns 
April 15. 

Finding that the allotment of fund8 as _yet unexpended would enable him to take the field 
early in May, he left Olympia May 5, Rtoppiug on the way at Tacoma for coal for the launch, and 
at Seattle for coal and outfit. Camp was establii,;bed at UniOll City, and field work begun Ma:i· 15. 

One week in May was devoted· to triangulation. ·with that exception, the two field 8eaRons 
during the Ji8cal year were occupied witl1 topography. During May and the early part of .Tune 
the weather was ,·ery f~worab!e, hut the last two weeks in ,Tuue were unusually stormy. 

The shore-line and topograph;\·, 1tt the close of the tiscal year, had been extended from 8tation 
Drift, on the east side of Hood's Canal, and from station Hock IT, on the west side, to station Arrow 
on the east and station Windfall on the west, including all of Dabop and Qualcine Bays. Con
tours, as is unavoidable on thei.:;e 11hores, are principally sketched, but the sketching iR aRsisted 
wherever practicable by running a line of contours straight back from the shore-line. All logging 
roads were taken ad vantage of for this purpose, and additional lines run at intervals wherenw the 
forest was not too dense to be penetrated. 

Two additional topographic sheets were in baud at the close of the fiscal year, making seven 
sheets in all. 

The statistics furnished b_y Mr. Gilbert are as follows: 

Number of stations occupied in the triangulation ...................... , . . . . . . 9 
Number of observations made (6 repetitions each)...... . . . . . . .... - ...... -.... 142 
Miles of shore-line surveyed . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 117 
Miles of roads . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... - ........ -. . 42 
Area of topography in square miles ....... _. ............. - ......... -- . -.... - 37 

The present working season will complete the topography of the canal, and will also, if it is 
found feasible, make the connection with the head of Case's Inlet. 

Oontinuatwn of the triangulation and topography of Possession Sound, W. T.-In compliance with 
instructions issued in April, 1884, Subassistant J. F. Pratt proceeded to San Francisco, Cal,, and 
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upon his arrival there, toward the end of that month, took charge of the schooner Yukon to pre· 
pare her for service on Possession Sound. The needed repairs having been completed, the Yukon 
sailed from San Francisco May 14, and arrived at Seattle, W. T., May 28, and a few days later 
was in Possession Sound. 

The month of June was occupied by Mr. Pratt in a reconnaissance, the erection of signals and 
the occupation of stations for the triangulation of the sound. Eight stations bad been occupied 
lw the end of the month, and observations were still in progrpss at the close of the fiscal year. A 
full statement of the work accomplished during the season h; necessarily deferred till my next 
annual report. Other duty executed b;y Mr. Pratt is referred to under the heading of Section 
XIII. 

Triangulation and topogmphy of the Strait of Fuca.-Early in June, 1884, Assistant B. A. 
Colonna arrived at Port Townsend, ·w. T., in pursuance of instructions directing him to execute 
the triangulation and topography of the Strait of Fuca. After familiarizing himself with the 
locality, he bad well advanced the preparations needed to take up the work by the end of the year 
with which this report closes. 

Duty on the Atlantic coast which bad been assigned to Mr. Colonna earlier in the fiscal year 
is referred to under the beading of Sectiou VI. 

Hydrographic suriiey of the Strait ~t' Fuca.-The steamer Hassler which liad been in service for 
some years on the coasts of Alaska, and had been laid up for repail's at the Mare Island navy-yard 
during the winter of 1883-'84, was placed under the command of Lieut. Commander A. S. Snow, 
U. S. N., iu the spring of 1884, and that officer was directed to organize a party for the hydro
graphic survey of the Strait of Juan de Fnca. 

The Hassler left San Francisco May 16, 1884, and arrived at Esquimault, British Oolumbia, 
May 21. Having taken in coal at Departure Bay, and made otuer need fol prepit;ratious for the 
work, soundings were begun in the strait June 5, liues being run across it at intervals of two miles, 
and in depths varying from ten to one hundred and twelve fathoms. At the date at which this 
report closes a sufficient number of lines had not been run to justify any statemeutR respecting the 
hydrographic characteristics of the localit;r. Work was being pushed at every opportunity of 
favorable weather, the sheet in hand, on a scale of 1-80000, including au area extending from 
Whitbey Island to Pillar Point. 

The mean of lower low waters was adopted as a plane of reference for the soundings, to obtaiu 
which, observations of tides to be continued through one lunation were begun June 18, on a staff 
gauge established at New Duugeness. A similar gauge will be established at Port Angelos. To 
June 30, 1884, the statisticR are : 

Miles run in sounding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ......... , . . . . . . . . . . 112 
Angles measured. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 486 
Number of soundings . . . . . . ............................................... 467 
Specimens of bottom preserved . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24 

The officers attached to the party were Lieut. G. Blocklinger, U. S. N., and Ensigns W. V. 
Bronaugh, F. H. Bostwick, and W. P. White, U.S. N. 

SECTION XII. 

ALASKA, INCLUDING THE COAST AND ALEUTIAN ISLANDS. (SKETCH No.14.) 

Hydrographic reconnaissance of the bays ana harbors of Southeastern Alaska, continucd.-At the 
beginning of the fiscal year, as mentioned in my last annual report, the surveys of the bays and 
harbors of Southeastern Alaska were being continued by Lieut. Commander H. E. Nichols, U. S. N., 
Assistant Coast and Geodetic Survey, in charge of the bydrographic party on board the steamer 
Hassler. 

Lieutenant-Commander Nichols arrived in the Hassler at Port Simpson, May 16, 18831 and con· 
tinned his surveys until October 13 of that year, when the steamer left Port Simpson for San 
Francisco. 
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The results of his work are shown upon six hydrographic sheet,s, all of which, with the records 
accompanying, have been transmitted to the office. 

These six sheets include the hydrography of tlle following localif.ies in Southeastern Alaska: 
Cape Fox to Tree Point, Port Tongass, Port Chester, Tamgas Harbor, Cape Fox to Bold Island, 
May Island to Point Higgins. 

They will form the basis of charts of those localities, arrangements for the early publication 
of which are now being made. 

Lieutenant-Commander Nichols remained in command of the Hassler till March 6, 1884, when 
he was relieved by Lieut. Commander A. S. Snow. In the surve;vs of 1883 he was aided by the 
following-named officers: Lieut. G. Blocklinger, U. S. N., and Ensigns W. V. Bronaugh, F. M. 
Bostwick, J. H. Fillmore, and W. P. lVhite, U. S. N. Mr. Fremont Morse, .Aid in the Survey, 
served as astronomer to the party, and in a manner which called forth special commendation from 
his commanding officer. Mr. Morse was detached and ordered to other duty in December, 188;~. 

Tidal observations with selj-registcriug tide-gauge continued at Sahlt Paul, Kadiak Island, Alaska.
The tidal records of Saint Paul, on the island of Kadiak, Alaska, lmve been well kept up, witll no 
stoppage, except from a change made in the location of the pier. Mr. W. J. Fisher was, as here
tofore the observer. The self-registering gauge is on a wharf, recent!y rebuilt, of the Alaska 
Commercial Uomp .ny. The earthquake waves from the upheaval at Krakatoa in August, 1883, 
were registered 011 this gauge, as well as the one at Saucelito, San Francisco Bay entrance. 

Expedition to Point Barro1c, Alaska, for the purpose of determining grarity and the magnetic e/e
ments.-.An accouut has already been gh·en under the heading of Section X in this report of the results 
of the attempt made l1y Mr. R. A. l\1arr, ActiJJg .Assistant, to make determinations of gravity and tl1e 
magnetic elements at Point Barrow, Alaska, in execution of instructions issued in May, 1883, and 
in connection with similar determinations made in San Francisco. 

Although from circumstances entirely beyoud his control, and at a time when all preparatious 
for the observations had been completed, Mr . .Marr was obliged to leave Point Barrow without 
obtaining them, it is hoped that a future effort, made under more favoral>le auspices, will be suc
cessful. 

SECTION XIII. 

KENTUCKY AND •r.ENNESSEE. (SKETCUES Nos. 1, 4, 6, 15, AXD 19.) 

Occupntiun of the longitude station at Louisville, Ky., for the deterrnination of the longUudes of 
station.~ in Tennessee, I[entucky, We.~t Yirgini1i, Indinna, and Illinois by exchanges of telegraphic sig
nals. Obseriiutions for latitude at stations not b1:fort' deterrnined.--At tbe beginning of the fiscal year 
the longitude parties under the direction of Assistant G. W. Dean and Subassistant F. H. Parso11s 
were occupying stations at Louisville, Ky., and Jellico, 'l'enn.; the station at Louisville being the 
point of reference for a series of longitude determinations to be made by Subassistants Parsons 
and Sinclair, i11 co-operation with Assistant Dean. 

At Jellico, 'renu., au astronomical i;tatiou was established h,\· Mr. Parsons, and connected with 
one of the mile-stones in the houuthtry line of Kentucky and Tennessee. Longitude signals were 
exchanged with the party of ;\fr. Deau at Louisville on the nights of .July 1, ~. and a; latitude 
observations were also mat.le 011 those nights. 

The next station occupied h~· ;\fr. Parsons was one at Richmond, Ky., in the grounds of the 
Kentucky Central Oollege, which was identical with the station occupietl some years ago by Pro
fessor Page in reconnaissance for .tri1tngulation. Lougitnde signals were exchanged with Louis
ville on July 9, 17, :uul 18. Au intended exchange on the 19th was prevented by the g-eneral 
strike of the Western U niou telegraph operators. Observations for latitude were made on six 
nights between the 7th anti 19th of .luly. 

It being apparent that the interruption occasioned by the Rtrike would continue for some time, 
Mr. Parsous proceeded to Louisville, aud obsel'ved there for personal equation with Mr. Carlisle 
Terry, jr., Aid in the Survey, who was attached to .l\Ir. Dean's party, and by whom the observations 
at Louisdlle were made. 

Before the persoual-equatiou work had begun, lio\1 ever, Mr. Dean's party exchanged signals 
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for longitude on July 17 and 18 with Suuassistant C.H. Sinclair, at Smith's Ferry, Beaver County, 
Pa. This determination was required in the course of the survey of the 1Jom1d.ary line between 
the :States of Penns,Vh'ania arnl '\Vest Virgiuia, as r11forred to iu this report under the headings of 
Sections II aud III. Signals were agaiu e.xcltauged with 1\Ir. Sinclair, after the tenuination of the 
strike, 011 Augm;t 13. 

At that date, the observations for perso11al eqnation ltaYiug heen completed at LouisYille, and 
some office work accornpfo;ht-d, )1r. Parsons proceeded to Olrnrlestou, W. Ya., and occupied the 
station erected there in the grounds of the State capitol lmilding in 1881. 

This station was taken as a primary one, and after ti Ye e.xehanges of longitude signals bad 
been obtained 011 as rnauy differeu t uighti:; betwePu August Hi aud August 25 with the Louisville 
station, tile observers changed places, Mi·. Par::;om; proceedin;.: to LonisYille, and Mr. Terry goi11g 
to Charleston. A second serie,,; of exelrnnges wm; obtained on six uights between August 29 and 
Septemuer 5, completi11g this longitude determination. '11he latitude of the station was determined 
by o: servatio11s ou six nights with zm1ith telescope Xo. 6, :\fr. Par,,;011s obser\'ing on tbree nights 
and Mr. Terry on three. 

The next station (a, seeondar,\· one) was e8t.ahlisherl hy '.\Jr. Parsons about the middle of 
September at Logansport, Cas;.; County, lrnl., iu tliP gTrnrntls or rile Higlt School. Long·itude 
sigualis were exchanged ~ith LouisYille 011 three nights lwtween Septrnnber 14 and :w, and latimde 
was observed on ti\·e uights b(~twee11 Septf'mber i:; aud rn. 

On the 11th of September ~Ir. Dea11 ldt l1onis\'ille for Chica;ro urnler instructions to estabfo;h 
a primary aslronomical statiou in the latter dty . 

. i\Ir. Dean acknowledges his many ohlig·ations to the l{eL Dr. Galusha A111lenwn, president of 
the Ubicago F uiversity, h_y whose kinduess aud frielHl ly co-operatio11 permission \Vas grante1l for 
the erectio11 of an astronomkal station iu the gro11ndil of tbe lT11i\·ersit~-. Also to Prof. G. W. 
Hough, direetor of the Dearborn Obsern1tory, who ga;·e eYery facility in lti8 })()W('r towards the 
prosecution of the work. \Yith his apprO\·al, the pier for the transit instrnrnent of the Coast and 
Geo1letic Station was established in tlie meri<liau of the transit cirde of the ohsen'atory, and at 
a distance of 33.8i meters to the north of the center of that instrument. 

On the 21st of Septt•mher, the field obsenator,,- having been completed, Mr. Parsons with his 
party and iu:-itruments arrived from Logansport. On the following day :VIr. Carl Schenk, Acting 
Assistant, arriwd from LouisYille. Mr. Schenk had been attached to .:\fr. Dean's party since the 
2:3th of ,July, awl had heen engaged at every favorable opportunity iu making latitude and time 
obsern1tions. At Chicago he measured a suitahle hal'w near the uuiverNity uuiltlings and made 
several seriei-; of measuremeuts of horizontal angles for the purpose of r1•frrri11 ~· the eenter of 
transit i11stnunent at the station to the centPI' of the dome of the Dearbom Obsm-vatory, and to 
other promiueut. points 011 the unh·ersity b11ildi11gs. 

For longitmle, signals were exchanged uetween Mr. Parsons at Clticago and Mr. Terry at 
Louisville on six nights betwt>.en September 25 arnl October 2H. 'rtie eutire month ot' October 
prornd to lw Yery nnfarnrable for obsen·atious. Latitude was ohseiT<'<l at Chicago by Mr. Parsons 
on seven nights betwl~en St·ptember 25 and October 19. 

On October 30 the observers at r,ouit'\'ille aud Chicago chaugetl places, arnl, in their new posi
tions, s1gnah; for longitn1le were exchanged on five nights hetween October :n and November 11. 
"'ith thii-; longitntle <leterminatiou, field opnationN were clmied for the season. 

Messrs. Dean arnl Parsons expresi-; their official ack11owledgwents for many courtesies and cor
dial assista nee reeei ved fMm the district snperi 11temh·n ts of tlie. W e,,;tern Union Telegraph Company 
at Louis,·ille, Chicago, au(l other poiuts of their operations. Similar acknowledgment is made by 
Mr. Parsons to General vY. H. Smith, vice· president of the LonisYille and Nashville Railroad, and 
to the officers of that company; to President Patterson of the Kentucky Agri1mltural and Mechan
ical College at Lexington, Kj-.; to Presideut Logan of the Kentucky Central College at Richmond, 
Ky., and to Prof. H. W. Hough of the Dearborn Ohsermtory and Prof. J. K. Watts, superintend
ent public schools at Logan:,iport, In<i. 

Mr. J. W. G . .Atkins served acceptably as Acting .A.id in }Ir. Parsons's party. The records 
and field computations of both parties have been trausrnitted to the office. 

Extension of reconnaissance and triangulation in the State of Kentucky.-In accordance with 
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instructions received in July, 1883, Subassistant J. F. Pratt proceeded to Louisville, Ky., and took 
up the work begun there by Assistant G. A. Fairfield in 1879, and continued during parts of the 
years 1880, 1881, and 1882, by Acting Assistant Carl Schenk. 

:Mr. Pratt reached the working ground July 24, and having organizecl bis party, began opera
tions by visiting stations Bangs, Williams, and Potts, on the Indiana border, and !Wey a11d ~fount 
Top in Kentucky, in order tofamiliarize himself with the country and place tbe signals in adjust· 
ment. 

The preliminary examination developed the following characteristics of the section of the State 
frmn Louisville to r,ebanon over which the triangulation was ultimawly carried. Along the east· 
ern side of Hardin aud La Rue and the northern side of Taylor Counties runs a long couti11uous 
ridge called l\Iultlraugh's Hill, which from the east appears as a range of I.Jill,., hut is practically a 
plate:m, the greater portion of which is cornred witll a large growth of timber. East of .M uldraugh's 
Hill, and extending as far east as the stations Riley, Jackson, White Lick, and Rohan (see sketch 
No. 15), the country is covered with timbered" knobs" averaging about three hundred feet in eleva· 
tion. Ea."'t of these points and as far as station "Jeptba," the country is rather high and rolling, 
but practically, for the purposes of triangulation, it is flat. 

The season was one of the driest known to the oldest inhabitants, and in consequence it was 
a very smoky one. 

On account of the nearly equal height of the knobs and the dense timber covering them, the 
reconnaissauce was very difficult,. aud had to be made almost entirel.v from the highest tree tops. 
It was carried over about one-half of the present scheme, and then the stations Riley, :\fount Top, 
Dobbius, and Jackson were occupied. The reconnaissance was then extended to the points Pen· 
nick and Spurling, and eight more stat.ions were occupied, the two last being Ferriell and Rohan. 

Two tripod and scaffold signals were erected in the course of the work, one of twenty-three 
feet at Burkett, the other of forty-five feet at Spurling. Field operations were closed December 
15. At that date tlte triangulation and reconnaissance had been carried over a distance of fifty 
miles from the starting point .. 

The statistics of the work are as follows: 

Number of points visited in reconnaissance .....•..••. _ .................. . 
Nnmber of .signals erected._ ....... _ ..............•......• , ......•...•.•• 
Nnmber of geographical positions determined ......•... _ .. _ ........•.. ___ .. 
Number of angles measured ... _ ....... _ ..... _ .... _ .. _ .•............ _ ... _. 
Number of stations ob.served upon .......................... _ ..... · .......• 
Nu1nber of single measures .•..•....•......••...•. _ .......•...••••••..... 
Area in square miles covered during the season __ .. _. __ .. _ .. -...... _. .. ... . 
Cost per square mile of reconnaissance and triangulation . _ . __ ...... _ . __ .. _ .. 

55 
18 
27 

127 
107 

2,558 
555 

$2.80 

Other duty executea by Mr. Pratt is referred to under the headings of Sections III and XI. 
Continuation of the triangulation of the State of Tennessee.-As stated in my last annual report, 

the party of Prof. A. H. Buchanan, Acting Assistant, was in the field at the beginning of the fiscal 
year, engaged in erecting signals in continuation: of the triangulation of the State of T~nnessee. 
During July and the first week in August, four signals were erected, •iz, "Copper Ridge" in 
Meigs County, "Owen")n Monroe County, "Oockspur" in Blount County, and "Brushy" in Mor
gan Ooun ty. 

The season was so exceedingly. unfavorable for observation by the smoky condition of the 
atmosphere that but one station was completed-Luper, eight and a half miles northwest of Rock· 
wood. From this point nine stations were observed. Field operations were closed October 30. 
The statistics of the work are as follows : 

Number of primary and secondary signals and other objects observed upon ..•. , 39 
Number of observations of horizontal angles ..•.•...•.•..•.•....... - ..•...... 343 
Number of observations of vertical angles .................................... 270 
H.Ex.43-10 
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SECTION XIV. 

OHIO, INDIANA, ILLINOIS, MlCHIGLV, AND WISCONSIN. (SKETCHES Nos. 1, 4, 15, 16, 17, AND 19.) 
, . 

Oceupation of stations for the extension of the triangulation of the State of Oh·io.-The work of 
inspeetiug signals, and adjusting them in eontinuation of the triangulation of the State of Ohio, 
was begun early in July, 1883, by the party under the direction of Prof. R. S. Devol, Acting Assist
ant. 

Observations of horizontal angles were begun at McDaniel station, in Hocking County, July 9. 
After some days' trial it was found that, although the lines of sight were comparatively short, 
ranging from seven to twenty one or twenty-two miles, yet the condition of the atmosphere was 
such that heliotropes would be required for at least two of the stations. 

These having been placed in position, more rapid progress was assured. On July 24, a tem
porary interruption of the work was occasioned b.r a storm which prevailed over a wide area, and 
was specially violent in a narrow track across Townseiul Hill, where one of the signals bad been 
erected. The tripod and scaffold at this station were blown to the ground. By July 28 they had 
been put up again, and observations were continued at McDaniel station till August 4, when the 
work there was finished. 

The party was at once transferred to Townsend station, in Athens Oounty, a few miles sout.h 
of the town of Athens. At this point observations were begun August 6 and completed August 
25, soon after which field operatious were closed. All records and results of the work, including 
barometer readings for the approximate determination of heights, have been transmitted to the 
office. Tbe statistics are as follows: 

Number of angles measured . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . 14 
Number of measurements ............ , ................. , . • . . . . . . . . . . . . . . . . . . 950 

Reconnaissa.nce for the continuation of the triangulation of the State of Indiana.-The charge of 
the triangulation of the State of Indiana having been resumed by Prof. J. L. Campbell, in the winter 
of 1882-'83, as stated in my last annual report, he took the field for the continuation of the recon
naissance and triangulation in July, 1883. In the scheme of the work was involved the occupation 
of tbe stations "Sims" and "Bangs," the line joining which is the diagonal of a quadrilateral con
uectiug with points in the survey of the State of Kentucky, and thus bringing these two State 
surveys iuto geodetic connection. 

The month of July was occupied by Professor Campbell's party in the final determination of 
the site for "Sims" in Clark County, the northeast station of the first quadrilateral, and the erection 
of a tri1JOd and tower at that station; the erection of a tripod and tower at the northeast station, 
"Six-Mile Switch," in Floyd County, and the establishment of permanent underground marks at 
both of those stations. In August and September observations were completed at stations "Sims" 
and ''Bangs," and between the 1st and 10th of October, field operations having been closed for 
the season, Professor Campbell verified the results of his work, and transmitted them with his 
report to the office. 

Special pains were taken in marking the two stations occupied to have both the underground 
and surface marks well Mecured. Descriptions of these markings accompany Professor Campbell's 
report. 

In June, 1884-, Professor Campbell began a reconnaissance for the extension of the triangula
tion northward from the limits of his work of the previous season. With reference to a proposed 
connection by odometer measurements with the railway system of Indiana., be reported in favor of 
beginning such measurements in the northern part of the State, where straight lines of from five 
to twenty miles iu length could be had, and one of eighty miles long. Connection could be made 
with the Lake Survey triangulation at the town of Mishawaka, Saint Joseph Oounty, and the work 
be carried over the railroads from South Bend. Protessor Campbell deems it very important to 
establish a connection between the Coast and Geodetic Survey work in the State and its railroad 
system. 

Continuation t-0 the eastward of the primary triangulation in lllinois near the thirty-nintk parallel.
At the date at which this report begins, the primary triangulation in Illinois near the. thirty-ninth 
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parallel had been advanced eastward by Assistant G. A.. Fairfield, whose party had been in the 
field since the middle of May, 1883. Station "Sturgess," near Vandalia,, had been occupied, and 
one of the stones marking the Third Principal Meridian of the General Land Survey had been 
connected with the triangulation. To make tlfrs connection, a base of more than a mile in length 
was twice measured with steel wire, and four secondary stations were occupied b.Y Mr. Isaac "Win
ston, Aid in the party. 

At the beginning of the fiscal year the part~' was established at~' Mound" station, near Alta
mont, Effingham County. Progress at this station was mnch interfered with by violent storms 
and heavy gales of wind, amounting in several ini>tances to almost ::i tornado. A section of the 
party under Mr. Winston's directions was engaged during .July and until the 10th of August in 
building tripod and scaffold signals in advance of the ouserving party. Three such signals were 
built during that time, one at " lsland Creek" station, eighty feet high; one at "Lucas" station, 
seventy-five feet high, and one at" ~ewton" station, forty feet high. 

On July 29, Assistant F. W. Perkins reported for duty, and remained attached to the party 
until October 30, when he was relieved, and left for Washington. 

"Holtzhausen" station, about fh-e miles southeast of Farina, ·Fayette County, was occupied 
bE>tween August 3 and 21. Camp was next moved to "Lucas" station, about ten miles east of 
Edgewood, Effingham County, where observations were begun August 26 and finished Septem
ber ;~. The next station occupied was "Island Creek," about twelve miles t-0 the eastward 
of" Effingham," the county seat of Effingham County. Observations at this station were begun 
September 9 and completed SeptemlJer 25, when the party was transferred to station "Newton," 
about four miles south of the town of that name, in Jasper Count_y. Preparations for ohseffing 
were completed October 2. This being an astronomical station, observations for time, latitude, and 
azimuth were made, as well as those for horizontal direction. The observations for time and lati
tude were made by Mr. Perkins, and completed October 29. l\fr. Fairfield, having finished the 
observations of horizontal direction, began those for time and azimuth October 30 and completed 
them November 6. 

On the 9th of November, camp was moved to Denver station, about ten miles northwest of 
the town of Olney, Richland County, where observations were begun November 12. Some delay 
was caused at this station by the breaking of the signal light at Holtzhausen station, and by the 
necessity of opening a line between Denver and Lucas stations, and building a higher signal at 
"Island Creek." The work at Deuver was finished December 2, and on the 12th field operations 
were closed, seven primary stations and four secondar_y having been occupied. 

Assistant Fairfield ha8 made special reference in his report to the value of the services 
rendered in the work by .Assistant F. W. Perkins; he acknowledges also the ready and active 
co.operation of Mr. Isaac Winston, Aid in the party. Mr. J. L. Harper served acceptably as 
recorder. 

The statistics of the season are as follows : 

Number of tripod and scaffold signals erected................................ 3 
Number of primary stations occupied..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 
Number of secondary stations occupied . .. .. . . . . . . . . . .. . . . .. . . . . . . . . . . . . . . . . 4 
Number of primary signal observed upon............. . . . . . . . . . . . . . . . 12 
Number of secondary objects observed upon . . . • . . . . . . . .. . . . . . . . . . . . . . . . . . 29 
Number of observations for horizontal direction ..•.......•..• : .............. 3919 
Number of nights of observation of latitude . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 
Number of pairs of stars observed.......... . • . .. . . . . . . . . . . . . . . . . . . . . . . . . . . 109 
Number of nights of observation for azimuth . . . • . . . . . . . . . .. . . . . . . . . . . . . . 6 
Number of observations for azimuth.............................. . . . .. . . . . . 136 
Number of stars observed for time ....... , . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . 90 

During the winter and spring of 1883-'84 Mr. Fairfield was engaged in completing tbe records 
and results of his work. 

In accordance with a recommendation that he had made, the authorities of Fayette County, 
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Illinois, in which was located the base measured for connecting the triangulation with one of the 
priucip.tl meridians of tue Lantl Survey, decided to mark the base ends permanently by suitable 
stone monuments. These monuments were furnished by the county, under the direction of the 
Board of Supervisors, and placed in position by the county engineer. In March, 1884, upon appli
cation made by a committee of the Board, Mr. Fairfield, with my approval, communicated to the 
Board the geographical positions of the monuments at North Base and South Base. These monu. 
ments will thus be of •alue as reference marks for future sul'\'eys. 

In June, 18.'!4, Mr. l<'airtfehl took the fieltl in order to make the necessary preparations for 
resuming the work at the earliest period that the appropriation for it should be available. During 
that month his party were t)CCnpied in building 8iguals. 

Detenninntion of the longitude of Lo,qansport, Ind.; and of Chicago, Ill., by exclw1iges of tele
graphic signals u-ith Loui.~ville, Ky. Observations, also, for the ltititudes of Logansport and Chicago.
A full statement has already been made under the heading of Section XIII of the dete.rminations of 
the longitudeA of Logansport, Ind., and Chicago, 111., by exchanges of telegraphic signals with a 
station at Louisville. The observations at Louisville were conducted by A8sistant G. W. Dean, 
with fhe aid of l\Ir. Carlisle Terry, jr., obeerrnr in his party; those at Logansport were made by 
Snbasisistant F. H. Parsons, with the aid of Acting Aissistant Carl Schenk. At Logansport and at 
Chicago .Mr. Parisons determined the latitude of tbe stations of observation. Duri11g tbe Louisville
Cbicago exchanges of longitude signals, the observers changed places to eliminate the effect of 
personal equation from the results for longitude, l\Ir. Parsons making the obse1Tation8 at Louisville 
and Mr. Terry those at Chicago. Further details are given under the heading just referred to. 

Stations occupied in continuation of the triangulation of the State of Wisconsin.-The report of 
Prof. J. E. Davies, Acting Assistant, in charge of geodetic operations in the State of Wisconsin, 
makes special mention of the progress of the triangulation in the vicinity of the boundary line 
between the States of "\<Visconsin and Illiuois, great interest being manifested in the true location 
of the parallel 420 30', which is prescribed by the con8titutM>n of the two States as the proper 
boundary between them. Especially is this interest shown in the city of Beloit, between stations 
"Clinton" and ''Newark" of the triangulation. What is called the State line passes through the 
heart of the business portion of the city, actually dividing the freight station of the Northwestern 
Rail way, so that a doorway is marked ""Wisconsi11" on one side and "Illinois" on tbe other. 

A dn·ision of this sort leads not unfrequently, of course, to complicated legal difficulties, 
especially in dealing with the criminal clas8el'l7 and empliasizes tlie neces8ity of an accurate 
~efiuitiou and marking of tlie boundary. 

As a prelimiuar;y step to the oc<·upation of stations" Newark" and'' Clinton,"tbeirdistancesfrom 
the acct·pted State line \\ere carefully measured with steel tape. Exteush·e cutting was found neces. 
sary to· clear the lines of sight from each station. While this was in progress, a reconnaissance was 
conducted by Professor Din·ies to determine the ft>asibility of exteuding the triangulation by deter
mining the quadrilateral, Blue Mound, Wadham's Grom, Fayette, and W ashi11gton, ::\lid by the 
selection of a new station on the State line to the eastward of Olin ton. For the location of this 
poiut of the scheme, and that of other points here referred to, see Sketch No. 16. 

'.l'hree stations were occu1iied am ing the ~eason-" Clintoll," "Newark," Newark County; Mount 
Pleasaut, G1 een Couuty; and "W adham's Grove," Stephenson County, lll. The statit>tics of the 
work are: 

Number of borizontaT angles measured (primary) . . . . . . . . . . . . . . . . . _. 38 
Number of horizontal angles measured (secondary).......... . . . . . . . . . . . . . . . . 14 
Number of vertical angles measured....................................... JO 
Separate measurements of vertical aiigles . . . . . . . . . . . . • . . . . . . • . . . . . . . . . . . . . . 360 
Separate measurements of horizontal angles .....................•....••.... 2, 616 

The records and computations of the work were forwarded to the office soon after its close in 
November, 1883. 
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SECTION XV. 

MISSOURI, KANSAS, IOWA, NEBRASKA, MINNESOTA, AND DAKOTA. (SKETCHES Nos. l, 2, AND 17.) 

Occupation of stations .for continuing to icestward the primary triangulation in Jllissouri and 
Kansas, near the thirty-·ninth parallel.-As stated in my last annual report, the party of .Assistant 
F. D. Granger was in the field at the end of Juue, 1883, engaged in the occupation of the primary 
station Normal, Johnson County, Missouri. The point oecupied, with the permission of the regents 
of the school was the top of the chimne_y of the State Normal School building, Warrensburg. 
Observations at "Normal" were finished July 2. Professor Osborne, to whose kindness and 
courtes_y the party was much indebted, has made request, for the use of the school, to be supplied 
with the geographical position of the statiou, its elerntion abo,·e the sea, and the distances and 
directions of all Rtations visible from it. This information, with ms apprO'rn,J, has been furnished 
to Professor Osborue. 

During the early part of the season, signals were erected at stations " Baker," ''Chapel 
Hill," Thornton, Hutton Mound, and Bowler, points of the scheme approved for the exten~ion of 
the work westward. (See Sketch No. 17.) The erection of so many signals was deemed advis
able in order that the occupation of stations for the necessary angular measurements could be 
carried on uninterruptedly during the favorable season for ohserving, which in this section usually 
begins in June aud continues into November. 

Station "Caldwell," about sixteen miles S(IUtll of ·warrensburg, Johlll'IOl1 County, Mo .• was 
next occupied. Camp was pitched in an open field near the signal, and observations were begun 
July 11 and finished July 19. 

On the 24th of July, the party was transferred to station "Ilutton Motiud," ituout twelve 
miles southeast of Harrisonville, Cass Count~', :\fo. This station derives its present name from 
its owner, Mr. 11 utton, who Ii,·es half a mile to the westwar1l, but in the days of the earlier 
settlers was known as the "Big Mound," and was one of the landmarks wliiclt guided the emi
grants on their journeys westward. It rises about one hundred feet aborn the general le,·el of the 
surrounding country, and although prominent because of its isolation, is less in elevation above the 
sea than any of the stations visible from it. At this station, the theodolite was mounted upon a 
tripod, eighteen feet auove the ground. Observations at "Hutton Mound" were finished by 
August 15, and the party was then transferred to Fulton, about two miles east of Harrisonville, 
where obsernitions were begun August 20. The tlieodolite at this station was elevated tweut_y-t.wo 
feet above the ground. Station "B<tker," near Kings,·ille, Jouuson County, was next occupied, 
work having beguu here September 11. Thi1:1 station is situated at the southern end of a chain of 
small hills, which begins nt:iar Knoxville and extends about fifteen miles in a northerlj· direction, 
Near tl1e northeastern limit of thei,,e hills, and near the village of Chapel Hill, Lafayette County, 
station Chapel Hill, the next in order of occupation, is situated. 

The observations at" Baker" having been finished September 28, "Chapel Hill" was occupied 
at the bl'ginni11g of October. The theodolite was mounted upon the tripod of the signal at an ele· 
vation alJove the ground of fifty-four feet, this elerntion being needed to clear two of the lines of 
sight over the tops of trees. ·work at this station hadng been finished, the i,;easou clo1wd with 
the occupation of" Thoruton," a point 'Situated alJout three and a half miles uorth ward of Pleasant 
Hill, Cass County, where obsen-atiolls were made between October 23 and November 2. 

Mr. Granger commends the efficient services of Messrs. J. E. McGrath aud A. P. Barnard, 
·who served as Aids in the party. Mr. MeGrath made most of the obserrntious of double zenith 
distances, and assisted in the me:umrement of horizontal directions. Mr. Barnard recorded the 
observations, and aided in the office-work. 

The general statistics are as follows: 

Number of signals erected ....... _ ... - .. _ .... - . _ - .............. - . . . . . . . . . 9 
Number of objects obser\·ed (primary) ... : ......... __ ._ .......... - - . . . . . . . . 12 
Number of objects observed (tertiary} ...•••...................... - . . . . . . . . 12 
Number of stations occupjed ...... - - ...... __ ...••....•........... - . . . . . . . . 7 
Number of observations of horizontal directious ..................... - - . . . . 3, 331 
Number of observations of di1forences of zenith distances by micrometer.... . 1, 348 
Number of observations of vertical angles .......... - - . . . . . . - . . . . . . . . . . . . . 381 
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During the winter Mr. Granger completed the records and computations of his work, and in 
,June, 1884, proceeded nuder instructions to the field to organize a party for the continuation of 
the triangulation westward. 

SECTION XVI. 

NEVADA, UTAH, COLORADO, ARIZONA, AND NEW MEXICO. (SKETCHES Nos. I. 2, 17, ANI> 18.) 

OcC'Upation of stations in Nmw,da, and reconnaissance in Utah for the extension eastwa,rd of the 
primary triangulation near the tltirty·nintlt parallel.-At the beginning of the ;ftscal year, the party 
of Assistant William Eimbeck was engaged in a reconnaissance of the table mountains east of the 
Sevier Riwr in Utah, known as the ·wasatch Plateau, with a view of developing the extension of 
the primary triangulation near the thirty-ninth parallel from the line "Nebo-Beaver" eastward 
across the high plateaus of Central Utah. 

It was necessary to carry out this reconnaissance before occupying further stations of the great 
hexagon, because preliminary examinations of the high plateau country in question the year 
before had shown that a quadrilateral with open diagonals was not only wholly impracticable, 
but that the very locality, the king summits of the Wasatch Plateau, where the central station 
of a polygonal figure had of necessity to be established, was shut off from view at Bea\'er station 
by the interposition of Belknap, a nearer and higher peak of the Tushar Mountains. The closer 
examinations at the 'Vasatch Plateau, and subsequent ones from several of the principal summits of 
the Tushar Mountains showed that the change in the location of the station "Beaver," as referred 
to in my last annual report, was unavoidable, and that there existed no other choice than to locate 
it upon Belknap. For even Delano, the king peak of the group, which, on account of its location 
would h~ve yielded the most favorable figure, proved unavailing on account of intercepting 
" tables" upon the line to Wasatch. 

The preliminary reconnaissance from Mount Nebo during the previous year, together with the 
thorough and exhaustive examinations this ye.ar in the Wasatch Plateau and Tushar Mountains, 
snfficetl to determine upon the quadrilateral figure Nebo, Patmos Head, Mount Ellen, and Mount 
Belknap, as shown in progress sketch No. 18. This is, indeed, the only adequate figure obtainable 
by which the main chain of triangulation may be carried eastward from the long line "Nebo
Belknap." 

The development of a single definite figure, as above described, was all that was contemplated 
in carrying on the reconnaissance. Hence, on completing the examinations at the Tusbar Mount
ains, further reconnaissance work was suspended, and the party was transferred to Jeff. Davis 
Peak, the re-occupation of which was rendered necessary by the abandonment of "Beaver" station 
and the substitution for it of" Belknap." After a tedious and toilsome journey through two hundred 
miles of a desolate country, the party arrived at Lehman's Ranch, near the eastern base of Jeff. 
Davis Peak on the 19th of July, and at once began preparations for the ascent of the peak, which 
rises to a height of thirteen thousand one hundred feet. By the 26th of July camp was established 
at the summit. 

Three days' observations would have sufficed to determine the difference in directions of the 
heliotropes at Beaver and Belknap, but owing to thunder-s'torms, which hung almo11t constantly 
over the peak, and the distant mountains as well, it was the 6th of August before all of the obser
vations needed could be obtained. Mr. Eimbeck remarks that the trials of the ten days' life of the 
party among the clouds were more severe and dangerous than bad been experienced for several 
years. The violence of the electric discharges, the thunder-claps, and the energy of the piping 
sound of the escaping electricity was not unfrequently so alarming that the party had to seek 

' safety behind and under ledges of rock some distance below the summit of the peak, which was 
often struck by lightning. The tent occupied by the men was also struck, but fortunately at a 
time when no one was in it. 

Pioche station, in Lincoln County, Nev., a mountain of 8,800 feet in height, was next occupied. 
This is the last station of the work within the borders of Nevada. Owing to delay in getting 

means of transportation from Lehman's Ranch, arising from the difficnlty of hiring hands dnring 
the season of harvest, most of the month of August was ~upied in the transfer of the party and 
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camp outfit to the summit of Pioche. The observations at Pioche were completed by the 1st of 
October, after which the party was disbanded, the instruments and camp outfit being transferred 
to Nephi, Utah, where they were stored for the winter. 

The work of the season to the dat~ just named includes, besides the usual observations of hor
izontal directions and vertical angles, togethe.r with the necessary meteorological observations, 
determinations of time, latitude, and azimuth, and a complete set of observations for magnetic 
declination, dip, and intensity. Occasion was taken also, especially when at Lehman's Ranch, to 
carryout local triangulations, connecting the State boundary between _Nevada and Utah, and thereby 
the land surveys of those two States with the geodetic work. The station near Lehman's Ranch 
at which the Transit of Venus of 1882 was obsen'ed by l\fr. Eimbeck was connected with the main 

. triangulation at Jeff. Dav\s Peak and at Pioche. Special report will be made upon the results of 
the reduction of these local triangulations. 

From Jeff. Davis Pea,k a new determination was made of the azimuths of the reference marks 
of Tres-Pinos and Snake Valley magnetic stations, as occupied during the previous season. 

Having completed the arrangements at Nephi for storage, Mr. Eimbeck took up the reconnais
sance for the location and connection of the proposed bn.se line in the vicinity of Salt Lake City 
and Mount Nebo, as authorized by instructions issued in October, 1883. 

The month of November was chiefly occupied with examinations of the country in the vicinity 
of Nephi and Juab, in Salt Lake Valley, as well as along the line of the Denver and Rio Grande 
Railway, near the cities of Kaysville and Ogden. Owing to the lateness of the season, the snow 
being deep on the mountains and in the valleys, it was impracticable to make these examinations 
as exhaustive as was desirable, yet as far as made they were enough t-0 show that suitable sites 
for base-lines, connecting adequately with the main chain of the thirty-ninth parallel triangulation 
could be located of a sufficient length, both in Juab Valley, near Mount Nebo, and in the vicinity 
of Salt Lake City. The reconnoitering work thus done included the provisioual examination of 
four distinct sites for base-lines, 1ogether with such connecting schemes as the hurried survey of 
the surrounding country had shown to be possible, if not feasible. 

Early in the summer of 1884 the reconnaissance was resumed, the examinations extending 
principally over the high mountains near Ogden, Salt Lake City, and Alta, the vallt'y south and 
west of Salt Lake City, the Juab Valley, and the mountains 1;outh of Nebo and the town of Levan. 
As the result of these examinations a special report was submitted referring to two sites and their 
connecting schemes-the Juab and Salt Lake bases.· 

l\fr. George F. Bird served acceptably as Aid in the party from the 22<1 of August till the 17tb of 
November, when he was detached for other dnt.y. Under Mr. Eimbeck's direction he assisted in 
the time and latitude obiIBrvations, and occupied the st<ttions at Nephi, Provo, and Salt Lake City 
for the determination of the magnetic elements. 

With regard to the experiments instituted by Mr. Eimheck for ascertaining the practicability 
of using the light of the moon for night-signaling in geodetic operations, he remarks that the 
results were so promising as to warrant the resumption of the experiments during the present 
sea.son, when there will be opportunities of testing the efl'ect of the light on much longer lines 
than was practicable last year. 

SPECIAL OPERATIONS. 

Okarge of the oonstirtwtitm of the Coast and Geodetic steamer Carlile P. Patterson.-Iu pursuance 
of the action of Congrnss authonizing the constmctiou of a steamship for the 8LlrVeJ of the Pacific 
coast and sounds, and making appropriation therefor in the stmdry civil expenses act approved 
March 3, 1883, plans and specifieations were prepared nuder the direction of Commander C. M. 
Chester, U. S. N., Hydrographic Im~pector; Coast and Geodetic ::;urve.y. 

Through the courtesy of Naval Construct-or 'S. H. Pook, at the navy-yard, Washingt-0u, D. 0., 
Mr. Frothingham, the draughtsman of b.iadepartment, prepared the drawings and model with much 
eredi~ to himself, and g3ve <Mlher valuable assistance. 

On June 1, bids llaving been fonmally asked for, as prescribed by law, they were duly opened, 
and the ooniraet fot tU eoutraeti@n of the veaeel was awarded to the lowest bidder, Mr. James 
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D. Leary, of Brooklyn, N. Y. The contract was signed July 1, aTHl Commander ChesLer was 
appointed inspector on the part of the Go>ernment, Lieut. Richardson Olo,·er, U. S. N., and Passed 
Assistant Engineer, H. N. Sternnson, U. S. N., being assigned as his assistants. 

Lieutenant Clover, who had been associated with Commander Chester iu the preparation of 
the data, from the inception by the late Superintendent of the pr~ject of building a vessel espe
cially adapte(l to the survey of Ala8kan waters, was stationed at New York, taking the immediate 
charge of the work, and under his constant watchfulness nearly ever timber aml bolt that went 
into the construction of the steamer received careful inspection. It i8 beJie,·ed that the plan of 
having the officer upon whom was to rest the respon8ibility of commanding the vessel in her voy
age to the Pacific appointed as the immediate l'lupervisor of her construction, was fraught with 
good results to the Government, aml that he acquitted himself with cre~lit is well known. 

l\Ir. Steveusou was located at Philadelphia, where the steamer'8 machiuery was being made by 
Messrs. Neafie & Levy. Thioi officer had also been associated with Commauder Chester in planning 
the rnachincr.v, and, as her future engineer officer, was deeply interested in the careful construction 
of the motive power of the vessel. 

This arrangement of duties left Commander Chester free to proceed from point to point where 
he was nee<lecl to decide questions of construction, and to see that all workmanship and material 
were of the best quality :md satisfactory to the inspector. 

The 8team~r, named the Carlile P. Patterson, after the late Superintendent, was launched 
Jan nary 15, 1884, and at the date at which this report closes had made two satisfactor.Y trial trips, 
and was uearly fitted for her voyage to the Pacific coast. 

Charge of the Coast and Geodetic Survey Exhibit at the Southern E.Iposition, Loui1:1ville, Ky.-The 
Southern Exposition, held at Louisville, Ky., in the summer and autumn of 1883, was, as a whole, 
prindpally illustrative of the manufacturing and agricultural interests of the country; but there 
were many fine commercial exhibits, and the displa.y was national in itt:1 character, exhibits being 
cent.red there from all parts of the United States, and the following departments or bureaus of the 
GO\·ernment. hPi11g repreiwnted in addition to tile Coast and Geodetic Snr\'ey, viz: The Geological 
Survey, the Signal Service, the National Musemn, the Bureaus of Bducation and of Engraving and 
Printing, the Life-Sa Ying Service, the Fish Commission, and the United States Mint at Philadelphia. 

Assistant II. W. Blair, having been assigned to the charge of the exhibit made by this Survey 
left Washington for Loui:n-ille in the latter part of July. 

In the arrangements for placing the instruments, charts, and other articles illustrating the 
methods and apptiances of the Coast and Geodetic Sun-ey, Mr. Blair expresses his great indebted
ness for kindness shown and assistance rendered by Maj. J. M. Wright, the manager of the expo. 
sitiou, and by Prof. J. U,. Procter, State geologist, who had general charge of the placing of the 
Government exhiuits. 

Mr. Blair rema1·ks that to the general visitor the display made by the Government seemed to 
be one of the most attractive ones. That of the Coast and Ueodetic Survey showed the principal 
inRtruments used in its geodetic, astronomical, topographic, hydrographic, and magnetic work, 
with illustrations of the results of the work by selections from the published charts, collections of 
the Annual Reports, Coast Pilots, and Tide Tables, and by a model of the basin of the Gulf of 
l\lexico constructed in the office from the results of soundings made between 1876 and 1878. This 
model attracted special attention ; :tpplications for copies of it were ma.de, and it bad many vis
itors from schools and classes of atlvanced studPnts. 

For the exposition management Mr. Blair prepared a concise description of the articles form
ing the Coast an1l Geod~tic Survey Exhibit, together with a. short account of their use. This 
paper appears as Appendix No. 18. 

At the close of the exposition two awards were made to the Survey ; one a medal for the 
exhibit a8 a whole, and the other a diploma for the line-and.end comparator. 

Comparisons of .~tandards of weight and measure, and inoestigations relati1'fl to determinations 
of gravity.-Tbe s1wcial investigations relating to determinations oi gravity and to comparisons of 
standards, carried on in Great Britain and on the "'ontinent during the summer of 1883 by Assist
ant C. S. Peirce have been already referred to in Parts I and II of this report; in the former under 
the heading "Special Scientific Work," and in the latter under the heading of Section UL 
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With reference to the ratio of the meter to the yard, to obtain an exact value of which has 
been one of the objects kept in dew during the course of his investigations, Mr. Peirce makes the 
following statement: 

"The ratio of the meter to the yard is still a matter of considerable uncertainty. Rater's value 
of the meter, 39.3707 inches is universally regarded as too long. Clarke's, 39.3704 inches, though 
undoubtedly more nearly correct, is not founded upon an examination of sufficiently good meters. 
The value given by Prof. W. A. Rogers, 39.37027 inches, is probably the most correct, but may be 
in error by one or two ten thousands of an inch. The main difficulties of the determination are 
four: 

" '1. To obtain a length known to be equal to a meter. 
" '2. To compare quantities practically incommensurable. 
"' 3. To compare two bars, one of which is standard at the freezing point while the other is 

standard at 62° F. 
"' 4. To compare a line-measure with an end-measure.' 
"As the amount in doubt is large as compared with the best measures of the length of the 

second's pendulum, we may obtain a value of the meter not unworthy of consideration by compar
ing the value of the seconds' pendulum at Kew as determined by Captain Heavyside in inches with 
tbe same value as determined in terms of the meter by myself. This gives for the meter 39.3700 
inches. In order to obtain a better comparison, two re\'~rsible pendulums, made on the sa.me pat
tern, one measuriug a yard and the other a meter between the knife-edges, were swung simulta· 
neously, each near its standard temperature at the Coast Survey Office. The pendulums were also 
interchanged so as to determine at the same time their coefficients of expansion. 

Assmmng that by this method a meter and a yard bar can be made which shall bear to each 
other a relation capable of the most accurate determination, it will still be important to devise a 
method by which a check can be kept upon the chauges in length to which all bars are liable by 
molecular action. Mr. Peirce has accordingly devoted much attention to the spectrum meter-a 
meter constmcted so as to be readily compared with the length of a wave of light. 

Attendance of a delegate on the part of the Coast and Geodetic Survey at the International Geodetic 
Conference at Rome.-Shortly before the time fixed for the seventh annual conference of the Inter
national Geodesic Association at Rome, I received from General Ibanez, of Spain, the president of 
the conference, a letter expressing his urgent hope that American science would be represented at 
Rome by a delegate from the United Stares. In view of the international importanoe of fixing 
upon a meridian which should be employed as a common zero of longitude and standard of time
reckoning, and of the great desirability of having the opinions of men of science in the United 
States brought before the conference during its discussions of these subjects, I took the earliest 
opportunity to obtain from the Department its sanction to the appointment of Mr. R. D. Cutts, 
Assistant in charge of the office, as a delegate to the conference. 

But short notice having been given, Mr. Cutts was able to reach Rome only on the morning of 
October 15, the first day of the session. Reference has been made in a preceding pad of this 
report to the part taken by him in its deliberations, and to the resolutions which were finally 
adopted as embollying the conclusions of the conference. 

The subsequent action of this Government upon the final resolution recommending an Inter
national Convention to be held at Washington, as proposed -by the United States and advocated 
by its delegate, is well known. 

T1·ansportation of valuable standards of iveight and measure from England to Franee.-Occasiou 
having arisen for the transportation under responsible personal supervision of two important 
standards of weight and measure from the British Standards Office in London to the International. 
Bureau of Weights and Measures at Breteuil, near Paris, advantage was taken of a contemplated 
visit to Europe of Dr. Thomas Craig, of the Johns Hopkins University, who had kindly offered to 
be of service to the Survey. Dr. Craig's former.connection with the work has sufficed to keep up 
his strong interest in it. 

Upon bis arrival in London, early in Jame, he went to the Standards Office and there received 
the sta.ndard yard (Low-moor iron No. 57), and standard Arago platinum kilogram and transported 

H.E:x:.43-11 
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them to Paris, depositing tbe.m on the 9th of June at Sevres with the International Bureau of 
Weights and Measures. The yard wa.s simply deposited for safe keeping during the summer, and 
the kilogram for comparison. 

On lea\•ing Paris, Dr. Craig stopped at Sevres and received the standards again, took them to 
Washington, and delivered them to the Bureau of Weights and Measures on September 3, 1884. 
Under his care every precaution was taken to protect the standards from concussion or injury 
from any cause whatever. 

Tidal obseruations at Honolulu, Sand1rich Island.8.-The superintendent of the survey of the 
Sandwich Islands, W. D. Alexander, esq., bas continued to transmit to this office the records from 
the s1llf-regil:itering tide-gauge loaned to him by the Coast and Geodetic Survey in June, 1877. 
Blank forms of reduction, and tidal rolls are also supplied to him. The series will have @pecial 
value in the discussion of the tides of the Pacific, and their comparison with those recorded on 
the coasts of Mexico, California, Oregon, and Alaska. 

COAST AND GEODETIC SURVEY OFFICE. 

From the heginning of the fiscal year until early in October, 1883, the charge of the office was 
continued with Assistant Richard D. Cutts. Upon his departnre for Europe to attend the confer
ence of the lntNnational Geodetic Association at Rome, as a delegate on the part of the United 
State.s (reference to which has been made ou pages 4-, 6, 17, and 81 of this report.), Assistant Cutts 
was relim·ed by Assistant Charles A. Schott, who was assigned to act for him during- his absence. 
\V he11 Mr. Cutts returned, towards the close of :November, he resumefl charge of the office, hut, his 
health rapidl,v failed and on the 13th of December, after an illness of about a week, he died. 

'rhe suddenness of this m·ent,, aml the great loRs to the work involved in it, as "'ell as its sev
erance of strong personal friendships, occasioned deep and wide-spread regret. His aRsociates 011 

the Sun·e;r expressed their sense of his loss by resolutions and addresses at a meeting called for 
the purpose December 15. The proceedings of this meeting have been placed on record on pages 
14 and l.'i of this report. 

Until a permanent assignment could be made, A ssiRtant Schott was designat~d to take charge 
of the office. In .Tan nary, 18M, Assistant Charles 0. Bout€lle was pla-0ed in charge, and entered 
upon !tis duties ,January 7. In his report of the office operations during the fiscal year, which 
appears as A1;pendix No. 4, :Mr. Boutelle, who had served nearly forty years in field duty, 
ackowledges bis indebtedness to the method, system, and order introduced by his predecessors in 
lightening his labori,i, and also the kindly aid afforded by those of long experience in offioo details. 

Assistant Andrew Braid was on duty as executive officer in the office of the Assistant in charge 
until January, 1884, when he was transferred to the office of the Superintendent, and Assistant H. 
W. Blair, who had been on duty under the immediate direction of the Superintendent, was assigned 
in Mr. Braid's place. 

The report of the Assistant in charge is accompanied by the reports of the chiefs of the several 
office divisions. It is worthy of note that although the demands for information from the records 
and results of the Survey, and requests for its publications have increased largely during the year, 
while no increase of force has been practicable in the office, nevertheless the extra labor required 
to comply with these demands promptly has been cheerfully given. The distribution of the charts 
bas increased sixteen per cent. during the year, and in the electrotyping department, under the 
direction of Assistant Ogden, a larger amount of work has been done than in any previous year. 
This has been the case also in the engraving division, which, as well as the electrotyping and print
ing divisions, has remained under Mr. Ogden's direction. 

Full reference is made in the report to improvements in methods and processes tending 
towards greater efficiency and economy in the field and office operations. A new set of projec
tion tables based upon the Clarke spheroid and exteqding from the equat.or t.o the poJe has been 
computed, and appears in Appendix No. 6. 

At the request of the Commissioner of Agriculture a measurement has been undertaken, and 
partly completed, of the areas of salt and fresh marsh upon the Atlantic coast. 

The interest aroused by the model of the basin of the Gulf of Menco, which was exhibited 
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by Mr. Hilgard at the November meeting of the National Academy of Sciences, 1880, led the 
Superintendent to direct the construction of another one on the same scale, which includes in its 
limits not only the depths of the sea in the Gulf of Mexioo and the Bay of North America,• but 
also a representation in relief of the islands in the approaches to the Gulf, the Bermuda group, and 
parts of the continent. On the north this model reaches to the Great Lakes, on the south to 
Ouba, and in an east and west direction from Halifax and St. Thomas to the Llanos Estacados at 
the base of the Rocky Mountains and the city of Mexico. 

Its construction was intrusted to Messrs. A. and H. Lindenkohl, the former the chief draughts
man in the office. They had been associated in the construction of the model of the Gulf, and 
were familiar with the data needed for the larger work. The submarine part of this model is 
ba8ed almost entirely upon the recent soundings by the Coast and Geodetic Survey, though the 
Challenger soundings and those of the· Fish Commission have also been taken as authority when 
needed. The construction of the orographic part was greatly facilitated by access to the manu
script of the Dictionary of Altitudes (since published), kindly accorded by l\lr. Henry Gaunett, of 
the Geological Survey. 

The model was exhibited at the Internatioual Fisheries Exhibition in Loudon; at tlw meetiug 
in Washingtou of the National Academy of Sciences iu April, 1884, and at. the meeting in Phila
delphia in September, 1884, of the American Association for the Advancement of Scieuce. Upou 
each of these occasions it attracted great attention and received higl1 commendatiou. lJ pou the 
two occasions last mentfoned the Supe1'intendent read a paper upon the strnctural features of the 
two great basim; which are revealell by the model iu so striking a manner. A description of it 
appear8 in Appendix No. 17. 

It is proposed to exhibit it at the approaching Worltl's Exposition at New Orleans. 
Iu the progres8 of the Sur,'ey, some important questions have arisen iu regard to the proper 

designation and orthography of geogravhical name~;. ln many localities ditforent names h:we 
been found in use for the same characteristic foatures; local authorities difler irreconcilably, and 
the origin of their ditterences is often obscure. Hence the need was long felt of au authoritath·~1 
historical account of the progress of discovery and exploration on the co~i.sts of the U11ited Statel-11 

by the aid of which aboriginal names might be traced to their source, true orthographies estab
lished, corruptions pointed out, and the names given by early discoverer:s referred to the ht1st 
authorities. . 

Iu the Ueports for 1855 a.nd 1856, Professor A. D. Bache, then Superintendent, alluded at, some 
length to this subject, aud stated that he had availed himself of the visit to Utis country of a 
distinguished ethnographer, Dr. J. U. Kohl, t,o reque8t him to prepare a complete historical state
ment of the discoveries and explorations on the Atlantic, Unlf, and Pacific coasts of the United 
State8. Dr. Kohl had previously wade au ex.tensive collection of maps of discovery on this con
tinent, and was peculiarly qualified by his studies and researches for the important work com
mitted to his charge. 

Abstracts of the papers of Dr. Kohl were published in the Coast Survey Reports for 1855 aud 
1856; his manuscripts and maps have been preserved for reference in the Archives. It is believed 
that the occasion has now arrived for the publication of these valuable historical memoirs. They 
appear in Appendix. No. 19. 

Reference was made in my last annual report to the work of Assistant W. H. Dall in the prep
aration for publication of a new edition of the Coast Pilot of Alaska. The first volume has now 
been published under the title "P~cific Coast Pilot, Alaska, Part I, Dixon Entrance to Yakutat 
Bay with the Inland Passage." 

The man.uscript of a new and enlarged edition of the Catalogue of Charts was prepared during 
the summer ot' 1884 by Assistant Blair, and revised for early publication. 

Mr. W. B. Morgan has served with acceptance as Disbursing Agent of the Survey.· He has had 
the aid of Mr. John W. Parsons as accountant and of Mr. V. J. Fagin as examiner. 

•This appellation was auggeated by the Superintendent at the April meeting of the National Academy of Sciences, 
1884, to deeignate that great embayment of the North Atlantic which lies west of a line drawn from Newfoundland 
through the Bel'llludu to Saint Thomae in the We&t Indies. 



 

84 UNITED STATES COAST AND GEODETIC SURVEY. 

In the preparation of this report I have been aided by Assistant Edward Goodfellow. The 
clerical dutieR in my office have been performed by Messr1:1. W. B. Chilton and U. D. Gedney. 

Respectfully submitted. 

Hou. HnGH McOULLocH, 
Secretary uf tlie T1·easury. 

J. E. HILG ARD, 
Super·intendent. 
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APPENDIX No. 1. 

Distribution, of the parties of the Coast and Geodetic Survey upon the A.tla,ntic, Gulf of Mexico, and 
Pacific ooastlJ qnd the interior of the United States during the fiscal year 1883-'84. 

Sections. Operations. Persons conducting operations. Localities of work, 

-------'-·--------------- -

SECTION I. 

Maine, Ne11 Hampshirf', No. 1 Trian~lation ... 0. H. Tittmann. assistant .. , . . . . . . Triangulation of the coast of Maine. between 
West Quoddy Head and Cross Island, (See 
also Sections V and VIII.) 

Vermont. V-llhnet1tta, 
and Rhode Island, iuclud. 
ing coast IWld eeaporte, 
bays and rivera. 

2 ' Tri•ngulation and C.H. Boyd, assistant; T. P. Borden, Triangulation and topography of Machias Bay 
topography. aid. and vicinity. 

3 Hydrograpby .. . . Lient. E. M. Hlll?he&, U.S. N .. all· ; Hydrograpbic snrvey• between Cross bland 
sistant (part of season); Lieut. and Nash Island; in the vicinity of Moos-a· 

• Topography 

5 Hydrography . 

Commander .A.. S. Snow, U.S. bee Reach and in Muecongus Bay, coast of 
N., assistant; Ensigns H. M. Maine. (See also Section XI.) 
Witzel, T.M. Brumby, .A..L. Hall : 
andJ. H. Hetherington, U.S. N. I 

Eugene Ellicott, a88istant. . . . . . . . . Topograpbioal surveys of Harrington River and 

of Chandler's River Bay, Maine. (See al•o 
Section III.) 

Lieut. E, D. F. Heald, U.S. N., as- ; Completion of_ the bydro11rapbic snrvey• of Nar
sistant; Lieut. Da.-id Daniels, 

U. S. N. ; Eneigno O. G. Dodge 

1 and .A.if red J effriee, U. s. N. 

ragugue Bay and River and of Pigeon Hill 

Bay, coast of Maine. (See also Section IX.) 

6 Topography ..... ·I .... w. Longfellow, "88istant; w. Topographical surveys ootween Goul<lsborougb 

. I I. Vinal, MSistant. and Frenchman's Bays, coaat. of Maine. 
7 Tidal observatloll!li J, G. Spaulding ................. " SerieR of tidal observations with self·regist,er-

i iog tide-gauge oontinued, and meteorological 
observ~tlons recorded at Pulpit Cove, North 
Haven !eland, Penobscot Bay. 

8 B:ydfOl!lrapby · .... Lieut. J. E. Pillsbury, U. S. N., : Hydrographic examinations of Pemaqnid and 

aosistant. Outer Heron Island Ledges, co1>11t of Maine. 

(Seealao Sections IV and V.) 
9 JGeodetic .....•••.. I Prof. E. T. Quimby, acting a88ist- Continuation of the t-riangulation of the State of 

: I ant. , New Hampshire. 
10 Geodtll.ic ......... .- Prof. V. G. Barbour, acting aasist- ' Occupation of stations in connection with th 

1 ant. triaognlatlon of the State of Vermont. 
11 Hydrograpby ... ··i Charl.,,,Jnnken, actingaasiatant; Examination of ledges in Lake Champlain. 

I W. I. Vinal, onbaeeiatant. 

12 Beoouuaiuance .. · J Charles 0. Boutelle, Ml!lsta.nt; J. 
B. Boutelle, extra obe<!rvef. 

111 Bydroiraphy... •. Lieut. Commander W. H. Brown. 
aou U. S. N., aMlatant; Lieut. 
F. :0:. Croeby, U. S. N., auiet

nt 1 Eneicu 4. T. Newton, H. 
8. Jbt.»p, ll Simpeon, jr., and 
JL C.Golpa, 11. s. JT, 

Reconna.iesance for the introduction of Midi-
tlonal line• in the t.riangub.tfon between the 
Fire Island, Maasachusetta, and Epping Baoe-
lines. (See alao Section II.) 

Hydropphic exa.minationa in Vineyard Sound, 
and reenrvey of Monomoy Paaaage, N antnoket 

· Shoal& (See also Se<>tion II.) 
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Sections. 

SBCTJOM I-Continued. 

SECTION Il. 

jParties. _~ 

APPENDIX No.1-0ontinued. 

Operations. ! Persons conducting operations. ! 
: I 

Loca.Jities of work. 

.. ··-···----·------------- -------
14 ' Special survey.... Henry L. Whiting, 1111elstant ..•... ; Survey of Ga.y Head Cliffg to fix position or 

j wreoked eteamer. 
15 Tidal obaervations . . . . . . . .....................•...... i Observations continued a.tProvidenoe, R. I., with 

I a ·~·registering tide-gauge loaned to the city 
, engmeer. 

16 Tidal ob&Mvations J.M. Conley ...................... j Continuation of observations with self-register-
, Ing tide-gauge established on the breakwater, 

Block Island. 
Connecticut. New York. No. 1 

New Jersey, Pennaylva. i 
Topograph.r ....... W. C. Hodgkins, suba ... istant; 

J. H. Turner, a.ot!ng a.id. 

: Topographic resurveys of Stonington, Conn., and 
vicinity; aJao of the co"8t of Connecticut in 
the vioinlty of Saybrook and Lyme. (See a.leo 
8eotion VIII.) 

nia.1 and Delawa~, in-
cluding co"8t, bays, and ' 
riven. 2 Hydrography ..... Lieut. A. V. Wadha.ma, U. S. N., 

auista.nt; Ensigns T. D. Grif· 
ftn, A. L. Hall, and W. C. Can· 
field, U. S. N. 

3 Hydrography ..... Lieut. John T. Sullivan. U.S. N .. 
&Mistant; Lieut. W. G. Cutler, 
U.S. N.; Ensigns E. N. Fisher : 

, a11dJ.P.Parker,U.S.N. 
• : Hydrograpby .... : Lieut. CommauderW. H. Brown- 1 

son, U. S. N., 11.1111ietant; Lieut. 
F. H. Crosby, U. S. N., assist· : 

ant; Ensigns J. T. Norton, H. 
S. Knapp, E. Simpson, jr .. and 
M. C. Gorgas, U. 8. N. 

5 ~ Topop:raphy and : Charles HO$mer, assistant; En. 

hydrography. signs, R. P. Sohwerin and D. P. 
Menefee, U. S. N. 

8 ' Tidal observation• E. K.ooh .............•...•...... 

Hydrographic resnrveys of Fisher's Island Sound 
and its adjacent waters completed. 

Hydrographic resurveys of the eastern part of 
Long Island Sound and a portion of Block 
Island Sound. 

Hydrogr&phic work off' Shagwong Point, Mon· 
tauk; resurvey of :Black Rock Harbor, Conn.: 
oxaminatlons for rooke WJd ledges in East 
River, N. Y. (8ee also Section I.) 

Topographic and hydrographic resurveys in 
the vicinity of Montauk Point, Gardiner's 
Bay, a11d Orient Harbor, Long Island; also 
completion of hydrogra.phy between Step
ping Stones light.house and College Point, 
East River. (See also Section VIII.) 

Completion of observations with self·register· 
ingtide-gauge at Fo1tTrnmhull, New London, 
Conn. 

Topography ....... : w. H. Dennis, aesistant; E. L. ! Topographic re•urveyo of the north sborG of 
Long Island Sound between New I.ondou and Tane;v, a.id. 
Four-Mile River and between Saybrook and 
CliDton. 

S Hydrography ..... \Lieut. John D. Keeler, U. S. N., 1 Hydrographic resnney ..J.ong the north shore 
assistant; ED11ign1 F. H. Sher. ' of Long Island Sound between Goshen Point 
man, C. W. Jungen, and T. G. and Ilt.mmonassett Point; also determina· 

' 
Dewey, U. S. N. tlon of dangerous rook in East River, N. Y. 

11 : Topograph)" ...•. ; E. Herge.ohe!mer, assistant ..... . 1'opographic resurvey of the north shore of 
Long Island Sound from Bridgeport to FrORt 
Point. (See sloo No. 24, Section II, and 
Section III.) 

10 : Triangulation.... Spencer C. MoCorkle, Ml!istant .. _: Re-e&tablishment of points of the old trian11u· 
' lation and determination of additional pointa 

on Long Island bet.ween Horton's Point and 
Old Field Point. 

11 I Trlangnlation .... ! Gershom Bradford, aeeU!t&nt •••••• j Supplementary triangulation between Eaton'• 
: i Point and Sands Point, north ooaat of Long 

12 Triangulation 

lB , Hydrography .. 

Isl.and, and of 'the opposite shore for re&urvey 
, of Lotip; !&!And Sound . 

. C. 0. Bontelle, a88ist&nt ........... ; Completion of the primary tt1&11gulaiion aer088 

Lieut. R. B. lhndeld, U. S. N., 
Ulli&tant; Enaign• w. B. Caper. 
tm, J. ll. Oroharcl.C. S. HoCJain, 
ud Barry Phelp&, U.S. Jr. 

' the State of New- York, for connecting the tri· 
angnlation of Hodtion River and Lake Cham
plain with that of the Lake Survey. (See also 
Setltlon L) 

llydrographl.c resurvey of the approach.,. to 

New York. {See also Sections VI and VIl.) 



 

UNITED ST.ATES COAST AND GEODETIC SURVEY. 89 

APPENDIX No. 1-Continned. 

Scctioms. 1Parties. Operatiuus. Persona conducting operations. Lueuli'titti of work. 

SECTION II-Continued. : No.14 , Hydrography .. . . Lieut. J.C. F1·emont. U.S. N., as- Obset·vatiom of cnrre~1ts at stations ofl New 

Si<CT/ON III. 

sistant; Ensigns A. F. Fech- York entrance. (See Section YI.) 
teler, F. ·w. Kellogg, and F. R. 

Brainard. U. S. N. 
15 Tidal observations F. W. Shf?pheard. ___ ........ ·---. Continuation of series of tidal ob8PTTatious with 

16 Geodetic _________ 'Prof.E.A.Bowser, acting aash;t-

1 ant. 

self-rPgistering ti<le-~uugf' at Sands Hook, X. J. 
Triaugulatiou of the nortbe1n part of tl.ie State 

of New Jersey continued, a.nd reconnaissance 

begun for the extension of the triangulation in 

the southern part. 

17 ·, Geodetic .•.....•.. Mansfield Merriman, acting as- Continuation of the triaugnlation and reronnais· 
sistaut. sance of tLe State of Penus~·h-ania. 

18 Special survey._ .. C.H. Sinclair, su.bassistant; C.H. Survey uf tlt{" Uoundary line betweni the States 

Van Oiden. suhassistant. 

i 
19 , Topograph~· ...... C. M. Bache, assistant; W. 13. 

20 Physical hydrog. 
raphy. · 

Mapes. 

Henry Mitchell, assistant; Henry 
L. Marindin. assistant. 

of Pcnni:i.ylvania and \Yest Vinrinia. (Set: also 
Sectiou Ill.) 

Topographic snrV('Y of Uw X e:w t1 f:'T NP.\" coast 

from Cape May Con1t-Ilousf> northward. 

Physical hydro!!raJ1l1y of Delaware Rh Pr and 
Bay aud !oration or Port Warden liDPR in tlw 
harbor of rhihHlt lphiH. 

2l Topography······: R. M.Bache, assistant ............. Topographic re•rirvey of the :New Jersey shore 
of Delaware Bay continued. 

22 : Topography .•.•.. ; C. T. lardella, assistant........... Confirmation of the topographic resurYt>Y of 1!1t• 
j weste1·n shore uf Dc·lawal'e Bay. 

23 I Hy<lrography .. . . Lieut. C. McR. Winslow, U. S. N., Hydroirrapbk resurny of Delaware Bay from 
assistant; Ensigns "Tilliam Mahon's Uiver to Mispillion Crt'•ek light. 
Truxt.un, John S. w·atttlr•, am! 
Louis S. Van Duzer, U.S. N. 

24 ; Topography .•... .; E. Hergesheimer, assistant . . ... . . Topographic resnrv1•y in the vicinity of Cnp•• 
Henlopen. (:See also No. 9, Section II, and 81 <'· 
tion III.) 

25 : Hyclrography .•••. ' Lieut. G. C. Hanus, U. S. N ., as

sistant; Lieut. W. G. Cutler, U.' 
S. N.; Ensigns .E. F. Leiper an<l 

G. R. French, U.S. N. 

IIydroi:n·aphic resnrwy of lower llclawan· ]lay. 
(~ee al•o Secti011s Ill, IV, ancl IX.) 

Mury1and
1 

Vir~inia, and No. 1 Dd..erminations of C. S. f>f',frce, assililt.ant ..... Detf'I'mini1tfon~ of grnYity hy p~-·ndnlum e:!-.p('t·i

ments anti com1uni~ou <lf stm1d:lnl8 in Euru1,t• 

and in the United States. 
West Virginia, includ- gravity. 

ing hays, seaports, aml 
rivers. 2 Determinations of' .Edwin Sn1ith, assh~tant .......... . 

i gra;ity. , 
3 : Magneticobserva- 1 C. A. Schott, assistant ..••...•.... 

1 tions. 

Comparative tlekrminatiou::; of p.rnYi1.\ with the 

Kater pendulums at ""ashingt011. 

.Annna] detl'rmhrntion of tht' map:11t'tic derliua· 
tinn, dip, and inf('llsif,y at tlit• 'tfllion on Ca.pi
tol Hill, Wa.hingtou. 

Telegraphic longi- : J<'rancis H. Parsons, subassistant; Longitude of Covington, Vu .. by telegrapliic 

6 

8 

tudes. C.H. Sinclair, snbassistant. exchanges of si1mals with \\'osh<n;don, D. C. 
Al~o observation for latitude of Co,·ingtun. 

(See also Sections XIII and XIY.) 

Triangulation C.H. Sjnc1R.ir, suba.esistant; J. H. Oeenpation~ of station~ for connt'<'fiJ1g with Ow 

Gray, acting aid. 

Topography .• : •.. i John W. Donn, usistant; D. B. 
Wainwright,, assistant. 

Topography •••••. , E. Hergesheimer, assistant .••••.. 

j 
TopogTaphy ••. _ .. i Eugene Ellicott, as.•ist.ant ..•. 

I . 

triangulatiou tlle corn{~r-stont-s and bountlary 

monument~ of tht:~ Distrirt of Co1nrnbia. (~t·o 

also Section II.) 
Cont.innation of the detailt.~d topographical Rt!l'· 

'V<'Y of the District of Col nm bin.. 

Topograjlhic rnsnrny of t.he shore• of Clierr, .. 
st-One Inlet, Va. (See al•o Sectiou II.) 

Topographic SU1Tcys in thl" dcinity or till' ht>:ul· 

waters of Lynuhaven Bay, Va. (St·P also 

Section I.) 

9 Hydrogra11hy ..... : Lieut. G. C. Hanus, U. 8, N., 86· Hydrographic •nrv~ys in the south branel1 of 
Elizabeth River, and in North J,andinl!' Riwr 

and BM'k Ray, Va. (See also Sections 11, IV, 

antl IX.) 

eiatant; Ensigns E. F. Leiper 

and G. R. French, U. S. N. 

H. E:x:.43-12 
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APPENDIX No. 1-Continued. 

Sections.· !Parties. Persons conducting operations. ! Localities of' work. 

f'Ernox IIT-Coutim1e.<l. .No. 10 Geodesic leveling. John B. \Veir, snbassistant; .John Lines of leveling of precisjon carried from Ha-

S>:CTION 1\. 

N ortb Carolina, inclnding 

co:l:'lt.-., sounds, !oH~aportH, 

nud rin·r~. 

SF.CTIOX V. 

Snuth C<ll'olinn arnl Geor
J!in, inclnrling foa.st. sea

wutf•r cha11ncls, souudH, 

h:.whon'.I, and rivrrs. 

SF.CTJON VJ. 

Nel~on1 acting a.id. gerst-0wn, MU., towards Fortre.Aa llouroe,Va. 
(See also Section VIII.) 

11 Triangulation and C. Il. Sinclair, subassistant; Isaac Conuection of the astrouomical station at Stras-

magi:ietic oln~er- \Vin~ton, aid. 

tinns. 

burg, Va., with the triangulation. Maguetic 
obst•rvationa at Strasburg. (See also Section 
II.) 

12 'Td(1~rapliielongi- Geor,Q't! W. l)errn,assistnnt; ·Pran- Determination of the longitude of Charleston. 

\V. Va., hy exchanges of telegraphic signals 

witl1 tlu~ station at Loui1nflle, Ky. Also olJ· 

servations for the latitude of the Charleston 
Station. (See also Sections XIII and XIY.) 

tutles. cis IL J>arsous1 suhal·l:-1i:.:itant: 

Carlisle Terry,jr., aid; J. ".,.· G. 

Atkins, acting aid. 

13 . 'l'rianj!nlation A. T. Mosmrm, assistant.; J.11• 

Pratt, suba.Rsistant; W. B. lfair. ' 

fil•ld, extra ouserver. 

ExtenBion westwm·d of the primary triangula· 

tion nea1· .the thirt.s-ninth parall,•l in \Vest 

Virginia aud Ohio. 
14 Special survey. __ C.H. Sinclair, subaesistant; C.H. Determination of the houndar,y lines Uetwetm 

the Statt"s ofl1'cnnRylvania and \Vest Virgiuia. 

(Hee also Section l l.) 

No. 1 

2 

Hydrography .. __ 

H,1tlrogmphy .. _ .. 
1 

Yan Ord en. su hassistant. 

Lieut. G. C. Hanus, U.S. N., as- : 'l'riangnJation, topogrHpliy1 and hy'1rograp11y of 
sistant; Ensigns E. 1'". J.~iper ~ Nol'th Hivt'~t·. N. C. (Rtw nlso Sf~etionM II, III, 

and G. R. French, U.S. N. and IX.) 

Lieut. J.E. Pillsbury, U. 8. N .. as- Verification of hsdrogrnpli,· for the Atlantic 
sistanti Ensigns E. F. Leipt.r 

and G. R. French, U.S. N. 

Coast J>ilut. (Sec also RcctionR l and V .) 

H.v1lrogmphy . - .. · Lieut. J.E. Pill•um·y, U.S. N., as- Verification of hydrog1·api1y for the Atlmtic 
sistant; :Ensigns E. F. Leiper : Coast Jl.ilot. (~kt· also Su·timrn 1 anrl TY.) 

and G. R French, U.S. N. 
llccounaissance... O. II. 'l'ittman, assistant: ,V, B. Hecmrnn.is~anc<~ for t.hc extt·nsion of the primary 

Pairfielcl, extra obi·wrvcr; J. H. 

Turner, actiug aid. 
triangulation in !\ ortl1c1 n Georgia and .Ala· 

barua towanlH 11uhile. (Hee also S .. ctions I 
aud VIII.) 

Penlnsnla of F101ida fron1; No. l; rropography, hs· B. A. Colonna., nAAiHtant; En~ign 

T. G. Dewey, U. S. N.; T. P. 
Borden and E. L. Taney, aids. 

Completion of thi~ Rm·vey of tlw N\st coast of 

.Florirla betwllen Lake Wort.Ii nrnl Nl'w mvm" 
(See also Sbction XL) 

Haiut Mary's River, on drograpl1y, and 

the f\ast coast, to arnl 

incluclin~ the Anclote 

Ke_yp;,on thow<'stcoast 1 

with the co"st a11-
vroaches1 l'eefs, kej 8, 
se~ports, nncl l'ivers. 

2 

magnetic 011. 

servatioUE:\. 

Current ou8'"rva- i Lieut. J.C. Fremont, U.S. N., as-

tious. sistant; Ensigns A. F. ]'ech-

1eler, F. W. Kellog11,, and F. R. 

i Brainard, U.S. N. 
'l'riangnlat-ion ..••. ) Joseph HerJ?;esbeimer1 assistant; 

i J. H. Turner, actin11: aid. 

Observations of currents off the •ast coast o! 

Florida coptinued. (Hee al•o Sllct.ion II.) 

Triangulation of tbe west coast of Tiorida in the 
vicinity of Punta Rasa. 

4 H,phogra.pl1y. .•. Lieut. H. B. Manafie1(1, U. S. N., Hydrogrn.phic Rllt"Ve~vs in tho vicinity of the An: 

assistant; Ensigns John M. Or- clofo Keys, in Lmnon Hay, and near 8an Carlo• 
cl1ard, J. P. l'arker, John E. 

Craven, and Harzy Phelps, U. 

S.N. 

llay, west coast of Florida. (See also Section 
II.) 

5 ; Topography W. Irving Vinal, sub8'18istant. Topographic surve~·s of t11e Flori<IJ> coast from 

the Anclote Keys southward. (See a.l•o Sec. 
tion I.) 

8ECTJO!f VIII. 

Alabama, Mississippi Lou- No. 1 
isiana, aud .A rkRl1RaH, 

hicludiug Gulf l"-OR&tR, 

ports, and rivers. 

Reconnaissance 0. H_ Tittmann, assistant: W. R 

}'airfield, extra observer; J. n. 
Tnrner, aeting a.Id. 

Roconnai!l8ftllce for the ext~nsion of the pri. 

mary trta.ngulation in No1·th Georgia aml Ala

ham& towards Mobile. (See also Sections I 
and V.) 

11 .... d...,ic leveling. J. B. Weir, snbassis!Ant: Jolm Line of le\'els of precision carried from the Gulf 

Nelson, aid. ooaet. near Mobile towards a point on the trans· 

continental line of geodesic leveling. (See_alao 
Section Ill.) 

Topography and Charles B08Dler, 1188111taot; En- Survey of the Gnlf l'oast to the westwo.td of tho 

hydrol!l'apby. j sign Alf1.,.J Jeffries, u. s_ N., 

Co.rllale Terry, ,Ir., aid. 
delta of the Mi88i88ippi. (See alao SP.ction IL) 



 

UNITED STATES COAST AND GEODETIC SURVJ<JY. 91 

APPENDIX No. 1-Continued. 

Sections. 'Parties. Operatfons. Persons conducting operations. Localities of work. 

~EcTION VIII-Continued. No. 4 Triangnlation 1 to-

110graphy, and 

bydrography. 

!'. \V. Perkins, ...,sistant,; w·. C. 

Ho<l~kins, snbaAsist.imt; G. F. 

llird and Isaa-0 Winst-0u, aids. 

Continuation of the survey of the Gtilf <·oast of 

LoniRianafromCalcasieu Pass Past ward. (8ee 

also Section XIV.) 

SECTIOJ< IX. 

SECTION X. 

California, includiug the 

co...,t, bays, harbor.a, and 
rivers. 

SKCTION XI. 

Oregon, and Washington 
Territory, including 
coast, interior baya1ports. 

11d riveni. 

No. 1 llytlrograpby., ~ ~, Lieut. E. D. F. H.eald, "C. S. N., as- ' Hydrographic survey of the coasts of Tf'xa~ nnd 

sistant; Lieut. G:. C. Hanus, U. 
S. N., assistant. 

Louisiana continued bet.ween GalYestoll En
trance and Calcasieu Pass. (See also Sections 
I, II, III, and IV.) 

2 i Reoonnaissanc6 ... : R. E. llalter, assistant ............ Reconnaissance for connectini: the triangulation 

No. 1 Triangulation and A. :F'. Rot.lg-tir~, assistant . - .. 

topography. 

in the vicinity of Point Isabel and the month 
of the Rio Gramle with Brownsville, Tex. 

Survey of the colM!t of California bt-twetm Sim 

Diego and Newport. 

2 Magnetic obser- , Marcus Baker, aeting as•i•tant; Continuation of the series of observations at the 
vations. Carlisle Terry, jr., aid; P. A. ' maguetfo self-registering record station at Los 

1 
Welker, aid. 

3 Triangulation . __ .: James S. Lawson, assistaut; P.A. 

W elke1, aid. 

4 Triangulation and; Stehman Forne), assistant ..... 

1 

topography. 
5 H.vdrograpby ..... Lieut.E.D.Taussii:,U. S. N.,assist· 

Ani:eles, Cal. 
Coutinuation of the primary triangulation of the 

, coast of California north of Point Concepcion. 
Survey of the coast of California between lll oro 

Bay and San Simeon Bay. 

ant; Lieut. F. H. J,efavor, U.S. 1 

N.; Ensigns W. L. Bnrdick and 

Hydrograpbic survey in the vicinity of Point 
Buchon, Cal., and examination of bar at en· 

trance to San Francisco Bay. (See al•o No. 9 
P. B. Ribb, U.S. N. of th is section.) 

6 Triangulation ..... George Davidson, assistant; Connection of the main triangulation north of 

7 Tidal observa-

ti one. 

8 Determinations of 
gravity. 

9 Hydrography ..... 

No. 1 Triangulation, t-0· 
pography, and 
hydro~raphy. 

2 Triangulation, to-
pography, and 
hydrography. 

3 Bydrograpl1.v ..... 

! Triangulation &nd 
topography. 

5 Triangulation and 

topography. 

6 Triangulation a.nd 
topography. 

7 Hydrograpby ..... 

James S. Lawson, assh~tant; E. 
F. Dickins, assistant ; P. A. 
Welker, aid. 

E.Gray ......................... . 

R. A. Marr, aeting assistant; A. 
D. Schindler, aetini: aid ; C. B. 

Hill. 

Lieut. E. D. Tanssig, U. S. N., 88· 

sistant; Lieu ts. J.B. Milt-0n aml 
E. P. Elliott, U.S. N.; Ensign P. 

B. Bibb, U. S. N. 

Louis .A. Sengteller, assistant . 

Cleveland R-Ockwell, assistant ... 

Lieut. T. Dix Bolles, U.S. N., as
sistant; Ensign J. N. Jordan, 
U. S.N.,aasistant; EnsignJ. L. 

Purcell, U.S.N. 
J. J. Gilbert, assistant 

J. F. Pratt, snbalisistant ....... . 

B. .A. Colonna, asalstant; T. P. 

:&rd.en, aid.' 
:Lieut. Commander A. S. Snow, U. 

S. N., MBistant; Lieut. G. Bloek· 
linger, lJ. S. N. ; Ensigns, W. V. 

Bronao.gb; F. ¥. Boatwiok, and 
W.P. Whit., tr.S.N. 

Point Concepcion with the transcontineuhl 

triangulation near the thil ty-ninth paralld. 

Tidal observations with seJf.rei:istering .tide· 

gani:e continued at Saucelito, near &rn Fran
cisco Ea.v entrance. 

Determinations of the force of gravity at Sau 
Francisco in connection with similar observ· 

ations in Alaska. 

Hydrographic snr..-ey of the California coast 
betwoon Salmon Point and Brushy Point. (See 

also No. 5 of this sec.ti on ) 

Survey of Siuslaw Rirnr entrance, and contin· 
nation of the triangulation and topography of 
Umpquab River, Oreg. 

Survey of Nestucca Bny aml River, Oreg., and 
continuation of the triani:ulation and topog· 
raphy of the Willamette River aud of thA 

topography of the Colnmbia River. 
Hydrographic surveys of Gray's Harbor and in 

the vicinity of Seabeck, W. T. 

Continuation of the topography of Hood's Ca

nal, W. T. 
Continu&tion of the tri&ngnlation and t-Opn:: · 

raphy of Posse83ion Sound, W. T. (See aleo 

Section XIII.) 
TriBDjt11lstion and topography of the Strait of 

Fuca, W. T. (See also Section VI.) 
Hydrographic eur'"ey of the Strait of Fuea, 

W. T. (See also &ction I.) 



 

UNITED STATES COAST AND GEODETIC SURVEY. 

APPENDIX No. 1-Continued. 

Rections. PartieR. l)p1!rations. Pflrsons conducting operations. Localities of work. 
------------

SF.C'TIOX XII. 

A!a~ka,inrlurlilJgth~coaRt N'o. H.1 tlrni.,'l·apbie no. Lieutenrnt-Commander H. E. Hydrographic reconnai•sance of the bays and 
~rnd thoAltiutian Is1a.rnhL (·oum1iHsauce. :Nicho]151 U.S. N.1 a:.-;si~tant. 

Tidalobr;C'rvations ,V. ,T. },i8ht•r ....... ··-·····--·-· 

3 Force of !'rnvit.y R. A. llfarr, a-rting assistant; 
and m"l(Heti<' A. D. Schin<ller, acting aid. 
obt'lervations. 

SECTION XIIl, 

KP.ntucky ami Tenuesstw .. !>.lo. 1 Tt-'lrµ:raphic lot1- George W. Deau, assistant; Fran
(~is H. Parf{Oli~. subassistant; 

Carl Schenck, acting assistant; 
Carlisle Terry, jr., aid; .J. W. G. 

gitudt1S. 

..A tkins1 acting aid. 

Geodetic......... J. F. Pratt, suhassistant ....... 

harbors of 8outheaHtern Alaska continued. 

Tidal observaliona with self-registerini: tide. 
gauge continued at Saint Paul, Kadiak Island, 
Alaska 

Expedition to Point Barrow, Alaaka, for th• pur
pose of clet<irmining gravity and the magnetic 
elements. (See 1>lso Sect.ion X.) 

Oecupation of Urn longitude •tation at Louis
.vi1le, Ky., for the determination of the longi. 
tudeaofatationsiu Tenne•see, Kentucky, Weat 
Virginia, Indiana, and Illinois by exchanges 
of tdngni.phic signals. Qbaervatione for lati

tude at stations not before determined. (See 

also Sections III and XIV.) 
Extension of reconnaiasanee and triangulation iu 

the St.ate of Kentucky. (See also Section• Ill 
and XI.) 

Geodetic .......... ' Prof. A.H. Buchanan, al'ting as-, Continuation of the triangulation of the St.ate of 
sistant. Tennessee. 

SECTION XIV. 

Ohio. Indiana, Illinois., No. ' Gernletic....... . Prof. R. 8. Devol, acting assistant. Occupation of stations for the extension of the 

Michigan, and Wisconsin. 1 

SllCTIO!i XV. 

2 Geodetic...... . . . Prof. J. L. Campbell, acting 88· 

sistant. 
Triangulation . . . . George A. Fairfield, assistsnt; 

F. W. Perkina, assistant; Isaac 
'Winston, aid. 

4 · Telegraphic Ion- l George W. Dean, assistant; Fran-

gitndes. i cis H. Pa1·sons, snbassistant: 
1 Carlisle Terr)-,jr., aid; J. W. G. 
I Atkins, acting aid. 

. Geodetic .......... 1 Prof. J. E. Daviea, acting assillt

\ ant. 

t1iangulation of the State of Ohio. 
' Reconnaissance for the continuation of the trian 

gnlation of the State of Indiana. 
Continuation to the eaatward. of the p1imary 

triangulation in Illinois near the thirty-ninth 
pa:raJlel. 

Determination of tbe lonl(itudes of Logansport, 
Ind., anu of Ohicago, Ill., by exchl\nges of tele· 
graphic signals with Louisville, Ky. Oboer
vations for latitude at Logansport a.nd Chi· 
cago. (See also Sectiops Ill and XIII.) 

Stations occupied in continua.ti on of the triiingu 
lation of the State of Wisconsin. 

Missouri, Kansas, Iowa, : No. 1 Triangulation ..... ; F. D. Granger, assistant; J, E. 
I :McGrath, aid; A. P. Barnard, 

Occupation of stations for continuing to the 
wootward the primary triangulation in l4ia

eonri and Kansas near the thirty ninth par
allel. 

Nobral\ka, 

l\nd Dakota. 
MiunC'-Rota 1 

S1tcTIOl< XVI. 

Nevada, Utah, Colorado, 
Arizona, and New Mex

ico. 

SPECIAL Ol'li:ll.HIOl<8. 

i 
I 

I 

acting aid. 

I 
No. 1 , Triangulation .... J William Eimbeck, ueiatant; 

Charge of con
Htrnction of the 
Coast and Goo

de tic Survey 
steamer Carlile 

P. Patterson. 

I George F. Bird, aid. 

Lieut. CommauderC. 111. Chester, 
U. S. N., Ilydrogntphic Jn. 
spector; Lieut. Richardson Clo· 
ver, U.S. N., assistant. 

Occupation of 1tationa in Nebraoka a.nd recon
naiuanoe in Utah for the extension tl8o8tward 
of the primary triangulation near the thirty -
ninth parallel. 

Brooklyn, N. Y. 

Charge of the Il. W. Blair, a88i&tant; John LoniBville ][y. 
Coast and Geo
de ti o Survey 
Exhibit at the 
Southern Expo
sition. 

Clark, mechanician. 
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APPENDIX No. 1-Coutinued. 

Opera Hons. Person~ conducting optrations. 

Cmnparis on s of Charles S, Peircr, assistant. 
standards of, 

weight and: 
mea8u1e, an<l : 
investigatl on s : 

. ' 
relating to de-

terminations of 
gravity. 

Localities of work. 

London, Paris, Jlrns•els, Genc·va, and other sta · 
tio11s in :Europe. 

: Attendance of a , Richard D. Cutts, assi,tant in Home. Ital.r. 

delegate on the 
part of the.: 

Coast sud Geo

detic Sunei· at 
tbe Intern a-: 
tional Geodesic , 

Conference. 

charge of office. 

Transportation i Prof. Thomas Craig. Johns Hop-: :From British Standards Office, London, to Inter-
for comparison kins University. national Bureau of ''I eights and Measures. 
of import.ant· Paris. 

standards of i 
weight and I 

measure. 
' Tidal obs e rT a- ' SupBrintendcnt of Hawaiian GoY- . Honolulu, Saurlwich Islands. 

tions. emment Suney. 
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APPENDIX No.~. 

8tnti11tic11 of field and office work of the Coa8t and Geodetic Survey for the year ending June 30, 181'!4. 

Total to Total during Tot:il to 
'June ao, 188~. fiscal r•ar. ,Juue30. 1884. 

URCONXAISBANCR. 

Area in eqnarA Mfatute miles_·-·- __ ................................ . 
Parties, number of. ....... -~ ...... _ ........... __ .. _._ .... . 

BASE-LINES. 

Primary, number of .................................•..•.....•...........•...................... 
l'rimary, length of, in statute miles .............................................................. 1 

8econdary, uumber of ................................•............................................ .' 
Secondary, lhlNJ and line m~aanres 1 lengtb 1 in statute ruiles ..•. , · .. ~ .. , .................. , ........ . 

'J'JUAJ'WULA'rION. 

' 
Area in square statute miles . ., . · ·· .•.. · · · · · · · .... ·' · · ·· · · · · · · · · · · ·· · · · · ·•· ···••· · · • ·· · · ·· · · · · · · · I 
Stations occupied for horizontal mea.Rtues, number of ............................................. . 
Geo)!raphical positions determined, number of. .................................................. , \ 

Stations occupind for vertical measures, number of .............................................. ··J 
Elevat~ons determ'.ned trign~metriral~y, numbrr of •••••...•...•..••••..•.. ······ ... ·····•······· ··i' 
Eleva.hons determmed by sp1rit-leveling, number of bench-marks ............................... .,. 

286 750 

14 

!lO 

127 
426 

190 697 

10 522 

20 058 
656 

1 719 
2 097 

Lines of spirit-leveling, length of, in statute miles ................................................ i 2 4B6 

Triangulation and leveling parties, numb\r of .................... ·••··••••··••···•·••·•••••·•··•·· I · · · · · · · · · 
ASTRONOMICAL WORK. 

i 

~!::;: ::::::':: :::::: ::. : :::::::.::::: :: : : :: :: ::::::::: :::::::::::: :: : :::::: :: : ::::: :: :: ::: : j 
Longltnde stations, telegraphic, number of ...........•..•.•••..........••......................••. i 

183 

296 

ll5 
Longitude stationR, chronometric or lunar, nnmbeir of ......... _... . ..... __ .. _ ..... _ llO 

.A8tronomical patties, number of ............................... _ ...... ·- .............................. ! ........ _. 
I . 

Station• oe.cupitid, number o! ......•.... ~~~~-~~'.~. ~~~-~-- ....•...........••..............•••..... I 664 

~=:~:";.:~::.e:;~!,:~o:rs'. ~~m ~~~ -o~:::::::::::::::::::::.::::::::::::::::::::::::::::::::::: I : : : : : : : : : : .... 
' TOPOGRAPHY. ' 

Area. surveye<l, iu square stature miles ........................................................... 1 28 683 
Length of general e08dlt, in st.a.lute miles .......................................................... i 6 489 , 
Length of shore-line, In eta.lute mike, including rivers, creeks, and ponds .••.•.•.•...••••......••. ! 82 578 , 
Length of roads in statute miles .................................................................. · 1 41 936 t 

Topographical parties, number of ................................................................. 
1 
.............. I 

I , 
HYDROGRAI'HY. 

44 350 

0 
0 

2 

16 

2 723 i 

176 '. 

420 
26 

64 
592 

447 

28 

4, 

16 
gf 
0 
g, 

11 
2 

7 

451 
2:l9 

1 932 

487 

3:ll 100 

14 
90 

129 

442 

193 420 

10 898 

20 478 

682 

1 783 

2 689 

2 933 

187 

312 

124 
110 

675 

.............. 

29 134 

c ns 
84 510 

42 4:J3 

25 .••••••....... 

I Partitl8, number of ................................................................................. 
1

. ... . . . . . . 24 , • · •· • • · · · · · · · · 
Number ofmil68 (geographical) run while sounding ................... ·.•·•·• ...................... 1 356 569 , 12 846 :J69 415 
Area BOUnded, in aquare ge<>graphieal miles ....................................................... I 90 70411 4 631 9;, 3.'l!i 

lllilee run, additional to ontside or deep·eea sounding ............................................ •· I 74 748 .............. ; 74 748 
Nnmb6~ of soundinp ........................................................................... ··j 16 203 402 i 481 008 j 16 684 410 

:::::;::;.;~~~~o~~ :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::J :: =~ /::::::::::::.-:/ :: =~ 
95 
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APPENDIX No. 2-0'oiitinued. 

Total to Total during [ Total 1'1 
June 30, 1883. fiscal year .. June30, lil84. 
__________ !_~--

IlYDROGRArm:-Continned. 

Tidal stations, perman1'nt, nnmber of .................•......•........................•............ 

Tidal stations. temporary, number of. ___ .. --- .... __ . ----· ..... _. ----. _ .......................... . 

Tidal parties, numlwr of .......•.•....... _ .............•.............•.....••..•........ 
Current Rtations, rmmher of_ ...........................................................•........ 

259 

1 910 

587 : 

Current parties, n11ruber of .•..... __ ......... - ........•.. - ..••............ .-. - - .. · - · ·· · - -- · - · · · ·· -- ·, · - - · · - - · ···· - ·I 
Specimens of bot.tom, number of ....................................... --·-·-·----··-----·--····· 12 092 ! 

RECOIWS. 

Triangulation, originals, number of volurnes ......................... _ ................... . 

.lstronomical obst~r'r"ations. orig-ina1s, number of volumes ..•.... ---- .................. . 

Magnetic olHwrvatious, originals, number of volumes ................................... -- -- ....... : 

Dupli<'ateH of ahO\·e, numher uf \'Olumes ...................•..................•... ···- ..••........ ' 
Comput,a.tion~. unmlier of volunH:-s .•...•..•........... _ ... _ ..... __ ..•..................•...•.... 

II.nlrographie sonndings and an~le:-, orij:!:inals, number of Yolumed .••••••••••...••..••.•.•.•.••••.. 

Hy11ro~Tnphic souuilin~s autl angles, dupli.rates, numlwr of voJumes ................................ -I 
Titl<tl arnl cnrrrnt ohilervations, oriirin<tls, number of Yolnmr• .................................... I 

Tidal and current. obst'.n·ationR, duplicates, number of Yolurues ......................................... I 
I Slwets from H•:lf-re~istel"ing tidt:"-gauges, uumher of ........... -- .. ----·· - .... - - .. - · .. - .. - - .. - - · - - - ·I 

Tidal reductions, number of volurnrA .................................................................. 

1

1 

MAI'S AND CHARTS. 

Topographic maps, original~ .............................................................................. i 
Hydro~rraphic ch:uts, originals ........................................................................ i 
Re<hictioua fron1 original oheet>i .....................•......••............ · · · · · · · · · · · · · · ·: · · · · · · · · · · i 
~ota~.nurnfhekr<t1f 1~nannsc1.ri~t. nfiia

1
p
1
s an

1
d 1~arL~ ..... - - .. - - -..••.... - - .. · · - · .. · - · - · · · · - - - · · • · · · · - - · .

1

! 

..... urnuf'ro s·e c:"t>smme1n Pt an( o.11ce .............................................. ~ ..... . 

ENGRAVING AXl> PRINTING. I 
}~ugra.ved plates of finii.:ilrnd r11art!'l, number of .................................... - - - ............ - . -I 
Engravetl plateH of prdirninary el1art.:;., 8ketche~1 and clia~rnms for the Coast and Geoddic Survey ) 

rtiport~, numlJfU' of..................... . ................ ·~····· ................ - .............. j 
Ele.ctrotyp<' plate• made . . . • . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . ................... - ................... ·I 

Finial1ed ('hnrts 1mhliAhed ......... - .. - .... -- .. - - . . · - - · · · · · - • · · ··-- • · · • - · - · · · · • • · • •· · i 
}~UJ..'"l'aYetl platt\M nf Coa~t Pilot clial'1li ... --- .......................... 1 

•Engraved plates of Coast Pilot Yiews ............................. - ............................... · 1 
I•rinted shct~ts of maps and cliarts distrihnted . _ .......... _. _ .. _ ........ _ .......................... i 
I)dntt'd HlH'dR of hwps and cha.1't=--i deposited with salf' agents ................••..•...•............ i 

I 

4 010 

1 651 ' 
536. 

4 200 ' 

3 579 

8 707 

1 699 

3 462 ' 
2 262 ' 

2 924: 

1 880 

I 
1 6421 
1 721 j 

927 i 
2 688' 

3 206'/ 

i 
201 I 

I 

6a9 : 
1 663 '1' 

391 I 
62: 

1s ! 
533 20!i ' 

] 

41 
58 I 

263 

1 968 

21 I •••••••.. 

28 615 

1 1 ......... . 

246 12 338 

295 : 

87 

27 

347 
240 

313 

196 

130 

84 

75 

36 

~7 

38 
18 

18 

40 

Jl 
95 

17 

15 

10 

1r. ?90 

17 418 

4 305 

l 738 

563 

4 54i 
3 819 

9 020 

1 895 

3 592 
2 346 

2 999 

1 916 

l 669 

1 759 
945 

2 706 

~ 246 

274 

650 
1 758 

408 

77 

PB 
549 4?5 

~:W -i~O 



 

APPENDIX '' 3. l~ 0. 

Information furnished to Departments of the Government in reply to official requests, and to individual$ 
upon application,• during the fiscal year ending June 30, 188i. 

Date. i Name. Data furni.ihed. 

---1---------------·-
1883. I i 

J'nly 5 \ R. Templeman, Fort McHenry, Md _ ..................... ' lfairnetic declination at Baltimore. 

.A.ug. 

5 i Prof. T. C. Mentlenhnll, Ohio State L'nin·rsity ' Magnetk intensit\· at Columbns, Ohio. 
6 I Post-Office Department. .. __ ..... - . . ...... _ - . . . Di~tauce in statute miles between B ,yon Sara and Natche.z, Miss. (103 

1

1 
miles). 

7 1 0. O. Knabe1rnbue. Colnmbus, Ohio .................. _ .... ' Length of parallel of 30 de)CrePS. 

9 ! R. A. Atlair, Parkerslmrg, W. Ya . _ ...................... _, Height uf bench.mark at custom-hons•), Parkersburg. 
9 I J. W. Powell, Dire<'tor Uuitetl St.atesi Geologi(•lil 8urv{'y .. · Gea_grnphical position&, azimuths, aud distances of Ri:s: triKonometrical 

i , points in West Virgiula a1Hl Virginia, with <les<.•riptions of station&. 

9 ) Simon Stevens, Nl>."'61 Broa<lway, Xew York.-·. - . . . . . : Hydrograpbic survey of the 'it•iuit.r of High Island, near Hart and 

I 
City I~lam1s, Lon;.r Island Souud. 181"2. 

10 . Major C. W. Raymond, Corps of Engint1ers, U.S. A '. Geo~raphlcal positiou of tri;.m~ulation ptlints. eastern extremity Cape 
Ann, Mass. 

10 ! W. L. LancRster, Hla.. ... k~burg, Va. _ ........... _ .. ·-·- __ . Tal1les of magnetic clec1ination in Virginia. 

10 J. J. Kenned.r. Philadelphia, Pa., 411and413 Walnut street.· .1.bou! bench-mark on light-hou'c nt (.\,pe Ma)·, N .• J. 
10 Jlfajor Cbades W. Raymond, Corps of Engin~ers, U.S.A. [ Desm·iption of 1711it1e.l Stat,~s Coast Snrvey ht>nch·mark at Rockport, 

Mass. 

11 Col. Q. A. Gilhnore, CorpR of Engineer", U.S.A. (Jeo::raphical position and descriptions of stations Savannah River 

below Bird Island (thir,1 commtrnic<ltionl. 
11 E. N.Joues, M. D., Taunton, Mass ......................... , Tbe heigbt above sel·level of a point in Taunton, Mas.•. 
14 Rubert Milikin, county snrve.'"'or, Emporia, Kans ..•...... 

1 
.Magnetic declinltion at Emporia, Kaus. 

16 Thomas P. Morgan, 'Vashington, D. U. The. tides at \Vaf-'hiugtou, a copy of Title Tahle8 for 1883 with notf>s. 

16 J. Francis Le Baron, United States Engineer Office, Jack- Tides and descriptions of bench-marks at New Berlin, Saint John's 
sonville, Fla. River, Fla. 

10 J. H. Morrison, 24 Park Place, N. Y •...•• ······--· ...•.. :Distance on the MissisAippi Ri\Ter b.etweeu New Orleans autl Cairo. 

21 Major Charles W. Raymond, Corps of Engineers, U.S. A. j Tra.cingofbydrogmphicsnrveyof'Sandy Bay. Rockland Haroor, Mas•., 

21 D. Porter, censnM office, Hartford, Conn ...... . 

23 

23, 
27 

28 

Major C. J. Allen, Corps of Engineers, U.S. A ........... , 
Major J. W. Reed. Chincoteague, Accomac Connt.y, Va .. i 
Samuel H. McElrny, <.:.E., Brooklyn, N. Y .............. :, 
General Land Ofl!oe, Int<>l'ior D .. partment ............... . 

aut.1 a prrtjection, sea.le 1-10000, with short•-lioe and points. 

Difforence in height between mBan low w.ttor at .Albany and mean Aea 
le\·cl in New Yo.rk Harbor. 

Position ancl description of station "Balch,'' Portlarnl. Oreg. 
Hydrograpb1c survey ofOystn Ba~', Chincoteague, \a. 
Hy1lrography off Coney Islautl, N. Y., 1881. 

Two hnu~lrtd and eighty-ei:e;ht geographical positions in th~ State of 
Oregou or near its boundary. 

ao' Simon St<•ven•, New York_. .............................. ! Snrvey of llighhland and vicinity; western end Long Islam! Sound, 

1 enla.rge·d to 1-2000. 

I C. C. Perkins, city surveyor office, BoRton, Mass ..••••.... 1 DMclipt.ious of stations near Nahant, Mass . 
2 Past Assistant Engineer N. B. Clark, U.S. N .........•.•. 1 Position and anproximate height of trian11ulatiou station "Clark," near 

2 J. Herbert Shedd, C. E., chairman Rhode l•land Harbor 
Commi•eion. 

6 G. W. Torrence, Philadelphia Bible Society, NW. cor. 
7th and Walnut atreetfl. 

Phiiadelphia, Pa. 
Surveys oftbe western shore of Xarraga11sett Bay, R. I., 18G5--'6g, from 

Rocky Point to Quonset Point, i11cluding Grnenwich. 
Information as to Government pfrr, ChHster, Pa. 

• Tr&einge fro.m topograpbk or hydrographie sheets, transcripts of nnpubli•hed results of the work, and other data, when furn!eW for 
private 1186, are supplied upon p11.yment of the oost of preparation lo the office. 
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!--------------~------- .. ------ ----------·--
! 

1883. 
.Aug. 

Sept. 

Oct. 

7 

8 

9 

11 
11 

13 
14 

15 

15 

16 

20 

22 

24 

29 

%9 

30 

30 

30 

I 

3 

3 
7 

7 
10 

12 

14 

u 
15 

18 

G. Randolph, West Chester, Pa.......................... / Magnetictjeclinationat Millboro, Bath County, Va., a.ndsem1larchange 
' since 1795. 

E. L. Brown, civil engineer ............................... ! Geographical positions of four stations vicinity of Martha's Vineyard, 
Mnsi:1. 1 and descriptions of stations. 

J. P. Bogart, engineer Shell-fishery Commi•sion, Xew i Information respecting boundary line between New York and Connec· 
Haven, Conn. • i ticut .. 

J.M. Trowbridge, Surnmitsville, Rio Grande, Colo ....... -: Method for marking out a trne meridian. 
Lfout. Col. G. Weitzel, Corps of Engineers U. S A. ' A self-registering tide-gauge and supplies for it, fnmished w him for 

nRu at ],ort Miffiin. 

Boundary Commission. Penn•Jlvania and Ohio ...•......• ~ Star lists for determination of two latitude stations. 
Lieut. E. K. Moore, United States Navy ................ ., Telegraphic longitude of tlprinl(field, Ill., and of Chicago, Ill. 
M. Duckett, Bladensburg ................ ------ .......... : Magnetic declination at Baltimore for 1686 and 1883. 

Bureau of Statistics, Washington, D. C ......•. I Dista'nces between Liverpool and San Francisco e.nd Liverpoole.nd New 

I York. 
W. William•. V. E., and city surveyor llackensack, N. J. · 1 Secular variation of magnetic declination at New York City. 

W. C. Kerr, United States &cological Sm-...~ey. -·-· ...... ···1 Dii'itaneea a,nd angles to four Rnbordinate trigonometrical point& in 

. ! North Camlina. 
Missi•sippi River Commission .............. _ ............. ! Topographical survey of sho"es of Mississippi River, Doaaldsonville, 

i La, and vicinity, 1880. 

Ma.jor- L. L. LivinitRton, U. S. A.., Artillf'ry Sd1ool, Fort i Bench-u1ark of Fort Monroe and loan of self-regil4teriug tide-gAUJ::e for 

Monroe. j use the~. . . . . . . 
G. Randolph, West Chestt1r, Pa ......................... ; Informatton about secular vanat1on of the magnetic deolmat1on smce 

I 179.'\. 

,J, J. Bleich, Unit~tl States Internnl-Re"<"enne Service, Pa- i Longitude of Paducah nnd Louis>ill~. K_v., and Wasl1iogton, D. C. 
dncah, Ky. I 

Canthom & Boy le, A ttorneys-nt. Law, Vincennes, In1L . --1' Geographical po•ition of V iuceunes, Iud .. and clescription of astronom. 
ical station. 

T. IL Ed,.,~ll. New York .................................. / Description of Fort InMpendence Stat.ion, on Spnyten Duyvil Creek 

[ Neck. 
Mr. J .... B. R118Rel1 1 ltefagio, Tex ......... _. _ .. _ ..... __ ..... 1 Tracing of upper part of San Antonio Bay, Tex. 

E. R. Von N ardroff, Brooklyn, N. Y ............. _ ..... _ .. I Ma"1Jetic <leclination in direction and intensity oliserved by the Coaet 

I
, and Geodetic Survey; also secular change in the declination in the 

United States. 

E. Pendleton, Attorney-at-Law, Lexington, Va .......... : Magnetic <leclination on line between Bath County and Rockbridge 

I County, Va. 
Ex-Senator John Il. Gordon, Georgi» ..................... Unfinished chart of AranRas and Copano Bays, Tex. 

J.B. Hoeing, Topo~rapbcrGoolo::-icn.l Survey. Kentucky .. Longitude of fi\""e stations in Kentucky and Tennessee, with descrip· 
tions of stations. 

Col. HPnry Stone. South Bo•ton, Mass ................... Topographical snrvey of the approaches to Nashville, Tenn., 1864. 
\V. K. l>nasnn. La Grang-(\, Ky . .. . .. ...•. .... .. . . . . . ....... Maµnetic <leclina.tion at Louisville and La Gra.nA'e, Ky. 

II. F. llothfehl. Unit.,ol8tate•Civil Engineer, llo•too, MaAS.1 Bench-marks at Boston and tides there in Angust, 1866. 

Health office of the Diotrict of Columbi" ................ / Times of high water at Long Bridge, Washington, D. C. 
I . 

Mr. Carrington, Washington, D. C ......................... j Times of high water in the Patuxent, September Iii. 
J. K. Payne1 Knoxville, Tenn ..................................... ·l Information a.bout malo'(netiC' d.oolination a.nil defects ofiostromenta, with . . i compass attachment. 
T. C. Dupont, Central Coal and Iron Company, Louisville, Magnetic declination near Central City, Ky. 

Ky. 

19 Lieutenant E. K. Moore, United St.ates Navy, United Longitude of Syracn11e, N. Y. 

States Naval Observatory. 
19 Civil Engineer R. E. Peary, United States Navy ..•... ···"- Combined hydrographlc surveys of Coasters Island Harbor, R. I. 
20 , E. L. Woodside, South llolli<lay street, Haltimoro, Md . . . . . Information about beneh-m arks and tides in Gunpowder River, Md. 

21 ! J. Herbert t'lhedd, Chairman Rhude Ittlaml Harbor Com- ' Traced copy of the plane-table shore-line of Narragansett Bay, i11elud-
I mission. ing the contours of bottom t-0 limits of 6, 12, and 18 filet, of the Weet-

1 

ern Pass"!:" from Quonset Point tu the "Bonaet," scale 1-10000. 

21 ..... <I<> ............ -.......... _ ..... - .. .. .. .. • . ' Same, from North Point to Dyer'8111land including Bristol H&rbor, seale 

i i 1-10000. 
21 1-- .... <lo .. .. .. .. .. .. . .. .. • .. • . .. .. . .. .. .. • .. . .. .. .. . • .. • • S..me, from Bristol Ferry to Taunton Ferry, includmg Mount Hope Bay, 

I ·1 scale 1-10000. . 

29 ' Simon Stevens. New York ....................... ·····-/Combined 'hart or Riker's Island and vicinity, Rast River, N. Y., IO&le 
I 1-5000, 

29 Appalachllloll Monntaia Club, llost,.n, J. R. Edwards, to-

1

1 Geographical potdtion• llolld bearin1t11ofpointain New Hampshi..., Ver· 

pographer. mont, New York. and Cllolladll,adjacent to boundary. 

Cecil C. Higgins,~ Wall street, New York.-·.-· . • • • . • • • • • Phot.ollth-0gnphlc ebart of Somea Sound, 'Mount Deart lalaatl, Ke., 
scale 140000. 
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-----------··------------· 
1883. I 

Prof. George H. Cook, Swte Geologist, New Jersey ....... 
1 

Topographic suITey, coast of New Jersey, Tum's River to Metiticonk, Oct. 8 

Nov. 

Dec. 

River, 1875, 1-10000. 

10 Ed. Channing, HarYard University, Cambridge, Mass._ ... The time of hig-h water at. Plymouth, Mass., December 21, 16201 when 

the Pilgrims landed. 
12 J.P. Bogart, Engineer Shell Fishery Commissiou, Connoc- Hy~rographic and topographic map of north shore of Long Island 

ticut. S~und, vicinity Manursing !Aland, 1836. 

13 Lieutenant Smith S. I,each, Secretary Missiosippi River , Six blank tide-rolls for self-registerng tide-gauge at Biloxi, Miss. 

Commission, Saint Louis. 
17 R.A. Russell, Cohton, N. C ............................. , Secular variation of magnetic declination at New Berne, N. C. 
17 F. W. HaMtings, C. E., Saint Louis, Mich .............. .' Geographical position of Saint Louis, Mif'h. 
19 Cecil C. Higgins, 48 Wall street., New York ............... Topographic survey, west aide Somes Sound, south of Someeville, 

Mount Desort Island, Me. 
23 Struthers, Scroos & Co., New York ... __ .. _. __ . _ _ 

1 
Prominent geographic.al pm~itions in the UniteU States, det~rmjned as

!, tronomically an<l g•-<1detieally bs the Coast and Geodetic SuITey. 
26 Lieutenant F. V. Abbot, Corps of Engineers, Unit<'d ! Geode.tic data aud descriptions of stations of the triangulation of Poco-

States Army. moke Sound and Chincoteague Bay, vieinity of boun<lary of Mary

land and Viritinia. 
31 ...... do .................. . Geodetic data and descriptions of statit>ns of the triangulation, vicinity 

31 

31 

31 

5 
D 

13 

15 

15 

of Smith's Island, Chesapeake Bay, 
E. W. Muenscher, Chief Eni;:ineer K., St. E. & S. R. R.. Elevation nnd description of bench-marks at Salem and Odin, Ill. 
Prof. E. A. l<'nertes, Cornell University ................. Correction to thermomet<•rs of base bars. 
Cooil C. Higgins, 4~ Wall stroot, New York . .. . .. . . .. . ... Compiled bydrography of surveys of Hell Gate and vicinity, 1856, 

_ I . 1-5000. . 
Henry M1tchl'll, Boston Mass ............................. t '.lopograph1c survey of llfantucket, 1846. 

RobertV.Roosevelt,New York .......................... 1
1 

CQast <'hart No.54, with additions by hand, of the inside passage be
[ tween Stono and Wadmelaw Rivers, S. C. 

Prof. R. W. McFarland, Ohio State Uni varsity ............ I Astronomical po•it.ion of Coast and Geodetic Sur~y stations at Col· 

I umhns, Ohio. 
United States Signal Office ................................ > Ifngitude of Wheeling, W. Va. 
Chief of Engineers, United States Army .................. 1 Antographic maps of Wickford Harbor and Gr.,.,nwich Bay, Narragan-

sett Bay, and traced copy of topoirraphic work between the above. 
17 Capt. J. W. MacMurray, United States Army Topographic survey of Cape Disappointment. Washington Territory, 

lllG9--'73. 

17 C. G. Force, M.A. S. C. E., Cleveland, Ohio ................. Difference of longitude between Washington, D. C., and Cleveland, Ohio. 
17 A.M.Ford,AUanticCity, N.J ........................... lnformation relating to some parts of the tide tabJea.for the Atlantic 

Coast for 1884. 

21 General W.B. Hazen, Chief Signal Officer, United States Copy of sketch of summit of Mount Washington, 1877, scale 1"'"'841. 

Army. 

2ll Lieutenant-Commander T. A. Lyons, United States Navy . Magnetic dip at San Francisco, Cal. 
22 Light-House Board ................................. . List of geographical positions of lights corrected to date for new edi

tion for 1884. 

26 Mr. Traut wine, Philadelphia, Pa...... . .. . . .. . . . . . . • . . . . . . Magnetic declination at Philadelphia, Pa. 
26 George Fisher, Surveyor of Customs, Cairo, Ill . .. . • .. . • . • . Geographical position of Coll8t and Geodetic Snrvey astronomical 

station, Cairo, Ill. 

26 A.S. Penuington, Paterson, N.J ......................... About the tides in Raritan and Newark Bays and connecting waten. 

30 

'n J. W. Powell, Director United States Geological Survey .. Sketch of the Nol'th Mountain Range t'rom Cape Mount, Va., to Casey's 

· 1 Knob, Pa., scale 1-40000. 
Lavalette Wilson, A. Jd.,C. E., and Surveyor, Haverstraw, Togopraphic survey of west shore of Hudson River from Wadlerg 

N. Y. landing to Rockland Lake landing, scale 1-10000. 

BO 

11 
11 
11 

12 

17 

1'1 
17 

17 

lt 
n 

W.H.Ogden,Parkersburg, W. Va ....................... /Longitude of Parkersburg, W. Va. 

B. L. Smedley, Philadelphia --····- .... -- ................ I Si:r geographical positions on the Delaware River. 

Unit.ed States Geological Survey ... -·- ............. '--·---\ The angles obeerved at. station, Hog Baok, 8. C. 
D. E. McComb, A88iat&Dt District Engineer, Washington, I Description of bench-mark at the Washington Navy· Yard, D. C. 

D.C. 
Mr. Volney D. Moody, Prel!ident 1rirat National Bank, I Hydrograpbic survey coast of California, between Piscadore Point and 

Oakland, Cal. 
1
1 Point Carmel, inchtdiog Carmel Bay, 1883, scale 1-10000. 

Dr. W.C. Batch, West's Mills, :Me....................... Height of Bannock Hill and Mount Blue, Me. 

Prof. S. Newcomb, United States Navy .................. ~ I Le~gth of line, Fort Myer to Washington Monument. 
Prof. E. A. Jl'uertes, Cornell Univel'ldty, Ithaca, N. Y . . . • . Photographic views of Coast Snrvey's primary station on Sugar Loaf 

MountA!n, Md. 
Philadelphia Maritlme Exchange... . . • • •• • • . • . . . . . . • . . . • . Hydrographic enrvey vioinity Cape Henlopen, 1883. 

S. G. Gano,~. Fl$11iDPm, N. J . . .. . . .. . . . . . . . . . . . Ma.gnetic declination in the United States. 
ProfeUllrWffecll: .••••••••.. ~ •..••.••••.•.•.•••......••. Geodetic literature in United Statea1880, '81, '82 
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1803. 

Dec. 22 J. S. Boulton, Staff Commamler Royal Navy, Ottawa. Can- Ma~netic information relating to Georgian Ba)" 

ada. 

22 Cole Manufacturin~ Compnny, Lake Vill::age, X. H ---

27 J. Hl'rbert She11c1, C. E., ProvidenC'e, R. I ....... . 
28 Prof. S. Newcomb, I;. S. !\., \'f'a8hington, D. C 

31 Prof'. E. A. Bowser, New BrunRwick, N. J ... 

1884. 

Ma~nPtk dE-wlination at Lakf" Vilfa;:!,e. bf•tween 1845 and 1885. 

Dr·~eliptio11 of bf'nch-mark for ticles, Bristol, R. I. 
Relating to tide• at i:iharp's TR land. Chesapeake Bay. 
G,otktir. <lat a of statiund A pplepie Hill and Ridgewa.v, N. J. 

Jan. 2 J. lif'rbertShenrl, C. E., l'rovirlt·ll<'t', R. I . . . . . . . . . Rclatiug· to ti.Jal hen ch-mark at Bristol, R. I. . 
5 Samuel H. Lyman, Clerk United fit"tes Distiict Court, Water fronts of New York, Brooklyn, aml Jersey City, 8<0ale 1-10000. 

Southern Di•trirt 1''<,w York. 

George R. IIowell, Kew York State Library,Albany, N'. 

A. M. Ford, Salem, N. J . .. . .. .. .. . .................... . 

Rt>ight of three trigonomnrical stations ou Long: lslanrl, N. Y. 

RelHting to the effects of th" Java earthqualrn on the tidal cun·e at 

Saucdi.to, Cal. 

8 Joseph Nimmo, jr., Chief of Bureau of Statistics, Treas
ury Depa1 tment. 

Data rn regard to the lenj!th of the houn<lary line between the United 
States and Mexico. 

10 Charles E. Monrof', \\~aahingfon, D C ...............•.... The time ofbigh water at Pa.1\8 iii l'Outn°•1 on 16th May, 1861. 

11 J. \V. Jlowell. Director l"nited States Geological Survey. 136 geo;rraphical pdsitious District of Columbia and ,-icinity, in Yary· 

fowl and Viqritiia. 
14 G. W. Tate, snr~<'yor, Mt•llaIH'Slillc. N. C .. ""... .. . . . . . . . Seen Lu Yadation of tlrn ru:\gnPti.c dec1ination vicinity R<lleigh, N. C. 
15 James H. Britton, State E11gi1wcr (Jf Texns . _ ... --- _ .. - .. Proof of Coast Chart 109. A ransa~ Pa.i'ls, Aran!i:I~ and Copann Bays, Trx. 

16 Li .. ut.-Col. Gto1 ire II. Elltott, Corp• of Engineers, U. i:i. A .. Shore Jinn of Kan1 ucket Harbor, Ma.• .. 18~6 aAtl 1865. 

17 J. H. Moni"on, New York ............................. Di"tance oJ.-.ng the lltttl•on from New York to Allrnny. 
18 G. P. 8tn1m, General Larnl Olfico ...................... Gt·u~rapltical po~itions 1lt·tl'rmint>d h.v the Coast au•l Geodetic Sut"Yey 

in Nebra~ka aml Colorado. 

23 J. Hotchki••. 8taunton, Va .. . .. Tclegrnphic longitude of Covington, Va. 
24 J. W. Pow1 II, Director Unite1l States Geological Survey ... Geographical po itions of stations Ivs. and Paint Creek, W. Va. 

26 Judge Charles J. McCunly, Ohl Lyme, Conn............. Topographic eurrny of th ti eastern shore of the Connecticut River, 
from Lyme southward. 

31 A. L. Williams, Aiken, S. C ............................... '. Maguetiu declination and secular change at Aiken, S. C. 
31 Charles C. Ilutcbinson, 126 Comrurrci.a1 str~ct, Boston. - .. ' A.bout iu~trument~ for ob~ervin,z tidal cnrMntll. 

31 Georire A. Stockwell, Pro\'idonce, R. I ................... : Explanation of some mattel'll ia tlte ti•le tables. 
Feb. 1 Chmles ll. Carn1Jbell, New York......................... R"1ating to t.i1les in Saint Helona Sound, S. C. 

4. Charles A. Ash burner. Geolo~h1t in Charge Seconfl GeO- : Geographical positions of Harrisburg, P.t. 

lo~ical Snr~ey of Penns;ylvania. 

7 Commissioner General Lan•l Office .... Topographic- survey son th shore --Long Island eastward from Far 
Rockawa.~ to Iongitmle 73° 41', 187&-1879, scale 1-10000 • 

• •• • __ ••••••• _ •••••••••• - •• ·-·-· ••••••••••••••••• ! T!tl.cing showing- comparison of shore line: south shore of Long l8land 

eastward from Far Rockaway sur'<'oys, 1835-'59-'60. 

7 Prof. Uapha.el Pumpelly, Newport, R. l. ................. : Topographic surrey of the island of Rhode Island in two 1eotfon1, 
scale 1-10000. 

7 ...•. do -··-------------------------------:Same, Rhowing-contourlinAROnly, 1-10000. 

9 J. D. Steele, Elmira, N. Y .................................. ! Annual change of dip and declination at New York and Washington, 
I and dip at New York. 

9 General Q. A. Gillmore, United States Army, New York .. De.cripli<m of bench-mark at Fort Monroe. 

9 Lient. Col. Geo. H. Elliot, Corps Engineers, United Stat..s Hydrographic surrey harbor Nantucket, 1872, scale 1-20000. 
Army. 

12 G. J. Brown & J. H. Briggs, Robbinston, Me ............... ChangA in the magnetic declination ooa•t of Haine between 1790 and 

1884. 
18 George A. Stockwell, Providence, R. L .................... Relation of tides at Boston and Newport. 
25 Prof. G. H. Cook, State Geologist, New Jersey ..........•. Description of boundary monument on western end of boundary line 

New York and New Jer"6y. 
25 Roy Stone. 2 West Thirty-ninth •treet, New York •.•...•. · Relating to the plane of mean low water at Sandy Hook tide-gauge. 
2U J. W. Powell, Direct.or Uuited States Geological Survey ... \ Geographical positions of Charleston, W. Va., and Loult!a. Ky. 

Mar. Captain Cbarlrs F. Puwt!l, Corps of Engili.eers, U. &. A., I Rdating to bench-mark!I and 11lane of reference at Astoria, Oreg. 

' 

Portland, Oreg. I 
C. A. Whitmore, Grand Rapids, Mich . • . • • . . .• • . . . • • . . . . . Information respecting dates in connection with early history of ooaai 

Hon. Melvin C. George, 01egon .......................... . 
survey. 

Copies of snrv.,yo of Sinalan River entranoe, and of Nlotnooa Bey and 
J.l,iver, Oreg.,'1883, scale 1-10000. 

W. S. Warner, Palma Sola, Fla ............................ I Survey .of Little Saraeot.a Pass to Caaey'a PBRa, weat coast of Flor. 
ida, 1883. 

George W. Atherton, President Pennoylvanla Stat& UoJ. Coples of triarigalation aketebee, ahowlna prog1'6811 t.o lBN.. 

i... . 
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1884. 

Mar. 7 E. DHille, Technicnl branch, Department of the Interior. Determination of constant• for n mn;:11etic rlip rird~. 

Apr. 

14- Simon Steyens 1 61 Broaclway 1 Nt•w York City .... 

19 Prof. C. Rnncroft, Hirnrn Coll~ge, Ohio 

19 
1

, ",.· II. Hall, 8hte.Enui1wer, California 
21 Hun. Wm. Frt>enum, Ch err.' fidtl, l{n ......... . 

26 Pbiladt·lpl1ia and Rentling Railroad Company. 

28 William Sentel' & Co., Portland, Me 

\\...-t·~t shore Loug Island Sonwl, Throg-~s Ne(.'.):;- to Da,·id'R lf'lan1I, 

1837-'~1-·~~. 

Inf{1rmal iou on W•H'kR on i!PO<h~Ry. 
Lirtt, of geogr·aphiea1 po.-1itiolis <'orr1•ctrd to date. 

H_rdro~raphy off .rrn· D.YPr's Point, I>i~euu Hill, ll~. 

"\\'est a.hore uf Arthur Kil1 or Stat1»n Island Sonnrl, Elizalh"tbport. to 

Tuft.'R Point. 

Precikted t.itl~·~ for Portland 1 ~[t>. 1 a11d llo.-..t-0n, .Mass., for Jauuary, 

Febnrnry, and ~farrh, 18-<5. 

30 A. Ramsas, SPcrefar_r of the Krakatoa Committee Royal Ildating to recor11s of t·arthquakr Wa'l"'e~ on thP. tide--g:aug-es of the 

Societs, J ... ondon. 

GeorJ,!e H. William~. Joh us Ilo11kins l~niY('rsity ... _ ... --

2 ; Milton A nrlros, Engint•('r, finn Fra11d~<·o. Cnl.. _ .• _ ........... ' 

3 ' J. F . .Rrnl::ers, Alhan;c, N. Y 
5 A. L. \\,.elJ:Her, Johns Hopkins luin-rsir~·, Baltinwre. 

M•l. 
7 J. \V. Powell, Director t:Tnited Statt'~ Gr•.o)o~ical ~urH.\\. 

8 

10 

M. Gilh•t & Co., BallimoJ'e ......... ·--·· .. 

W. Liblwy, jr .. Princeton, N . . J. .•..•............ 

10 , VY. E. noRRer, Prairie Grove, Ark ... __ .................. _ .. 

10 ! J. K. Rhec>1t, l'rofessc1r of Geodesy, Colurubin Coll~:!•\ 
! New York. 

10 Ja..,, Gardiner, DirectQr N~w York Stat.eSurvey, Albany, 

N.Y. 

Unit~·r1 Statl·~ Coa:o;t and fi.eo<l1·t.ic Surn•:;. 

Topo_'.,!'.raphh" snrn~.'" of f' .. n.t ioihq1·1~ nf Hiul .. on Ri...-P-r from Cr,)ton to 

PeekHkiH, scale 1-lOUUU, aud of Wt'St· 8hore vicmits of Stony Point, 

!RBI, 8<'ale l-!Oili10. 

Pr1«lideil Title cnrv('"' fin· :M. 4th, &wl 5th Septemhf•r.183:.J, for Clataop 

~pit. m11uth Columbia Uin·r', Ong. 

HPsult:-; ot ~pirit 1e\1•lirrn 011 H1111son R1n•r. 

OnP lmu1ll·l•11 ant! fort.\ -tin~ gd)~T'Hpldcal (HISitions within a radius of 

1:2~ ..... ta1n1i' niill-).; or B.iltin11n·~·. :\hl. 

u~·ifrhh~ of tri,:!onomdrin-il po~itiou~ in DL~trid COlnmhia, Marylan1l, 

:tnd 1"i1ginia. 

Diffon·11cu of time h<'tWN'n Ha:.:!l'r~town, }.I1l.. and the i5th mrridian. 

Fnnunla' for computing tlif' 11·ng;th of a d·.~;rrf'<:> of tlu~ mt·ri1.lian and the 

pi'lr.illt>i; all'lo for computiug length oft,}ie 11nadrant; an1I iuformatiim 
a:-:i to titl•·~. 

1\lsitioo of Fa,rt~tte.,~me, ''\"Va~hin~ton Conut.,y, ,,irk 

Gt·och•tic dat:i. de!'lcription~ of statiou~, and la.titmlPS. lona:itndc-~R, azi

muths and distances of a nutnlJt•r of trigonometrical points in vicinity 

of Ne\v York Ciry. 

Geodetic r~~fin!t~ of t·he Co,1'4t trntl Ge1Hldic Surv(•y trianf!ulation be
twern L1kt~s Chn.mpl1in awl Ontario. 

17 Pet~r Cantine. Attorues at Law, New Yo1·k . . - .. __ - • -· H.\"dro,1?,Tallhic snrYev of Hudson River aboYe and below Ef'opus LiglJt. 

Hou"'" 186 l. ocale 1-10000. 

18 , P. B. Wootl, Pe•htigo, Wis ........••••.•.....•• : .•••.••••. Magnet.it declination, dip antl inten•ity at Marlison, Wi•. 
19 i J. Eaton, Commi•siunerofE<lucatiou ....•..•••••.•.•.. 
19 Prof. George JI. Cook, State Geologist of New Jer.ey .... 

19 ...... do ...................................... .. 

19 .•..•. <lo ............................. •···· ··••••• ·••·· .. 

Re.ply to tho hydrnd.\namir. tprn:-ltion c•lnn<wt~d with ~Us!\is~ippi Ri,fff. 

Topographic snrveyA Xorlh and s,)utb Srewshury River, lRS!--'65. 

T•)pop::raphic Rnrn•ss Long Branch and \pieinit)', 1866. 

Topo;!raphic R'll'YCY" Deal antl Sqtmm beach, 1807. 
10 ..... do ....................... ··----········-···-·····" .... Topographic 1mrn~,YB Manasqna.m and Metiticonk Hivers, lSfiS, 

19 .•••.. do ...•...•.•.........••. -·········· ...••. 
l9 ...... do .••.....••...•.............••.••.. 
19 .••••• do ..••••. ~ ....................................... . 

Topo!rraphic snn~eys New Englan~l Creek t.o Go~lwn Creek, 1883. 

Topo~raphic suneys CoJ.I Sprin.r: Inlnt. to fiprefortl Inlet, 1880. 

T"pographic snrn1~·" lfereford Inlt't to Leaming's Soun<!, 1881. 
19 ........ do ................. ---- ............... Topographic survt."~-s '"ieinity of Learning's Souml, 18:83. 

22 James Gardiner, Director New York Survey, Albany, N, Y.' Abstrads of horizontal directions obsereved aud adjusted, of trian1rula· 

25 Prof. J. L. Howe, Central University, Richmond, Ky .. 
26 W. J, J ohnst-0n, Johnson City, Tenn . . . • . . . . . • . . . . . •.. 

29 E.G. Dyke, Crescent City, Fla .....•..•.•.•..•.....•. 

tion between Lakes Champlain and Ontario. 
Geogrophiral position of Ricbmoml, Ky. 
Length of l' of arc in meridian anti in different parallels, latitude 16° to 

latitutle 36JO. 

Ad \'ice as to maµ:netic declination at Crescent City, Fla. 
Hay 2 Thomas J. Long, A••lstant to Engineer-in.Chief, Depart

ment of Docks, New York City. 
Bench-marks around Nnw York and thoir rehtion to mean level of the 

water-Governor'slt\land1 Brookl;n Navy-Yard, Jersey City,Astoria, 

Pot Co,.e, New Yokk, 4lst, 86tb, and 90t h strel\t•. 

S George W. Emerson, Hoginam. Waah. T .......•.... 

3 W.S. Walker, Saint Auguatlni>, Fla ...•.•......•••..•.... 
5 N. Spo1ford, Jo'nrveyor and Civil Engineer, tiaverhlll, Mass.; 
5 C . .A.. Loeke, Decatur, Ga ...••.....••..•...•.•••...•••..•. 

7 Charles H. Rookwell, Tarrytown, N. v ....... ........... . 
7 J'ohn Cariulehael, C. E., Lexington, Va ................... . 

8 Captain F. v. Greene, Corps of Engineer&, U, S. .A., Aasist
ant to BnJ!neer Commlaa!ouer, DUtrici ol Colnmbla. 

llydrographic snrn~y,Gray'ri liarOOr, Wash. T., 1883. 

Topo;:.Taphy of coast of Flori<la, from Matanz~slnlet to Smith's Creek. 
Information as to tidal wa.-es in connection with rhe1· slopee. 
Information respecting magnetic declination and annual change, at De· 

eatur, Ga.. 
Position of boun<lary-stono marking the New York and New Jeraey 

boundary, on the right bank of the Hudson. 
Magnetio <lecline.tkm at Lexini:t-0n in 1785 and 1790. 

Bench-markaand Hdes in and around Waahingt-On, D. C. 
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APPENDIX No. 3-Continued. 

Date. Name. Data furnished. 

!-------~----

1884. 
May 12 

12 
14 

14 

19 

22 
23 

23 

21 

Captain F. V. dreene, Corps of Eni;:inoors, U. S. A., Aa- Height of the Coast and Geodetic bench-mark above the Potomac and 
siRt11nt. fo En~hw~r CommiRsioner, District. of Columbia.' th A average oct\an level. 

,J. F. Le Baron, Deputy County Survf'lyor, .Jackson ville. Fla. ExplauaJory uot.e ali to mitg-netic declination at Jackson ,·ille, Fla. 
J. Schubert, Ifo;;ineerand Architect, Parkorslmrg, W. Va. Height. of bench-mark at Parkersburg, W. Va. 
Prof. G ll. Cvvk1 State Geologist New Jersey, New Bi uu::;- l>ef>oriptiou of nin .... ty·ei~ht ;{OOgl'aph~cal stations in Now Jorsey south 

wick, N. J. of Raritan Bay. 
E. P. Austin, computer American Nautical Almanac, Salt Copy of tidal predictions for Boston for 1885, to be used for an almanac 

Lako City, Utah. ' to ho published there. 
J, I<'. Le Daron, C. E., Jacksonville, Fla ................. Topo,aphic survey of Jacksonville au1l vicinity, Fla., 1855-'56. 
Captain Charles F. Powell, U.S. A., Engineer Thirteenth 

Light-house District. 
Survey of Gray's Harbor, Wash. T. 

____ do ..... _. .. . .•. . .. . . .. . . . . . . . .. .. .. . . . . . . . . . . . . Reconuais!\ance Deistrllction ltiland, Wash. T. 

J. P. Bogart, Engineer to Connecticut Shell·Fishery Com· • Geographical positions and clescriptiuns of stations, vicinity Stoning. 
mission. ton, C()llil. 

27 R. H. Goode, City Engineer Otlire, ~orfolk 1 Va ..•••...... i Information on m~thml of leaal· SiJUa.re~. 

27 J. W. Powell .. Director Unit<id St ... tes Geological Sor-1 Geographical positions of primary tiiaogulation stations in Northwest-
vey. ern Virginia. 

29 W. J. Johnston. Johnson City, Washington Co110ty, Teno. Chan;::e of magnetic declination between 1796 and 1884 at Johnson 

/ City, Tenn. 
:19 Col. Chas. E. Blunt., Corps of Engineers, U. S. A .••..••••• 

1 
Uydrographic surve.v of part of Mnscle Ritlge Channel, Me., 1863. 

June 2 J. D. 0 Conn1•ll, Treasury Department, Washingt<Jn, D. C i Magnetic declination near Alamosa and near Cimarron, Colo. 

2 1 Dr. Henry J. Big·elow, Boston ...•.. -•....... - .....•...... ; Topo~rapbic survey of Tuckernnck !Blaml, Na11tucket, 1846. 

2 General John Newt-0n, Chief of Engineers Unite<! State• j Hydrographic survey of E"st Ri\·er, showing location of rock off 20th 
Army. I ,atreet, New York, l!.ly 27, 1884. 

li ' G. 1!'. Le Baron, Devutycounty Surveyor, Jacksonville, l Magnetic declination at J:Wksonville, ~'la., in 1833-'49-'80 ant! '8'1, with 
Fla. j annual clungo. 

12 1''. D. French, tidal observer at Biloxi, Mis• ......•.••. -- . -i Five pamphlets on tides by Mr. Ferrel and one by Mr. Avery. 
16 ,J. W. Powell, Dirnctor United States Geological Survey .. i Positions of five primary stations in Georgia ancl angles to seooodary 

J stations. 
191······-·do ·-··--· ......................................... \ Geoi;:raphical positions of Saint Helena, Sulpbnr Park, and Saucellto, 

Cal. 
19 Lieutenant Smith S. Leach, Corps of Engineers, U.S. A., , Five blank tide-rolls sent for the gauge at Biloxi, Miss., to F. B. French. 

19 

20 

23 

I Secretary Mi••i.,.ippi River Comtnission, S11int Loni•, Mo. [ 

' 

Seoat-0r John R. McPherson, of New Jersey .. - ···--- ..••• Area.• oi salt marsh an1l tidal basins of New York Harbor. 
U. T .. Polk, C. E., New Market, Mo -- . -··· .. ---·-· - --·- .•. Information respecting ma.goetic declination instrumentd. 

Department of Mmine, &c., Ottawa, Canada ... --- -- ---• -• .Magnetic resnlts from observations by Limitenant Very, United States 
Navy, Acting Assistant·, Coast and Geodetic Survey, coast of Lab
rador and trip to Hudson Bay from Sault Ste. Marie. 

24 C. W. Ernst, Bost-00, Mass ... ·-·--·---·····---··---·---··- Two hundred and se\'ent.y.four geographical positions of prominent 
places in the United States, and bihliographical references to po8l· 
tions and elevations of cities and towns in the United State&, 

27 Mr. Peter Witzel, Newark, N.J ....••.. -----··--·····-··-, City front of Newark and part of Pas .. .ic Rh·er, 1836 and 1858. 

-~----------·-----



 

APPENDIX No. 4. 

REPORI' OF THE ASSIST.ANT DY CHARGE OF OFFICE AXD TOPOGRAPHr FOR THE YEAR ENDING 

J VNE ao, Hltl4. 

U. t:;. COAS'l' AND GEODETIC SURVEY OFFICE, 

Washington, June 30, 1884. 

SIR: I respectfully submit herewith my annual report from the office, with those from each 
division, showing the character and quantity of the work accomplished dnring the last fiscal year. 

The very large amount of work pl\l'formed in the Computing Di\•isiou, as reported bs ARsistant 
C. A. Schott, in charge of it, attests the ability and industry of himself au<l all the perRons em
ployed under liis direction. 

The incesio;ant calls made upon AR:sistant Schott to enable me to answer the almost daily re
quests from all parts of the conn try for information only obtainable from our records and compu
tatiomi liaxe been invariably, promptly, and fully met. 

I specially ask yonr attention to tlw large increase in calls for the isogonic charts of magnetic 
variation in the United St<ttes, published in your report of 1882, and the tables accompanying 
them. 

The Engraving, Electrotyping, and Printing have continued in charge of Assistant H. G-. Ogden. 
He reports that in addition to the regular work of the di\·ision there· has been an unusual amount 
of ad1litional labor in corrections to engra,·e(l plates collRequent upon new suHeys. About four 
hundred plates have required greater or less correction. Mr. Ogden refers to the death of Mr. A. 
Sengteller, who had been emplo~·ed since 1856 and was one of our best engravers. 

Mr. F. W. Benner also clied in October last. 
Increased efficiency bas been obtained in the electrotype department, where a larger amount of 

work bas been done by Dr. A. Zumbrock, under Mr. Ogden's direction, than in any previous year. 
In the printing department a new press has been added. The demand for and cowseqnent 

printing of charts has i,ucreased 16 per cent. during the year, while t,herc has been so far no increase 
of force. Mr. Ogden awards great credit to Mr. Moore, foreman, and the other pri11ter11 for their 
zealous and effective work. He also calls attention t-0 the efficient services of Mr. J. H. Smoot, 
clerk of the division. 

The report of ·the Tidal Division shows the usual amount of labor, under direction of Mr. R. 
S. Avery. 

The new tide-predicting ma.chine bas betm used with advantage and effect. 
In the Drawing Division seventy special drawings and tracings ba,re been furnished in answer 

to calls for information. 
This has been in addition to the usual regular duties of the diviRion, which has fully kept up 

with the fteld-work of the season. I desire to notice specially the assistance I have received from 
Mr. W. T. Bright, clerk of the division, to whose labor and supervision much of tbe efficiency of 
the division is due. · 

The custody of the Archives has been in the bands of Mr. R. M. Har,•ey, who reports that the 
tota.hnumber of records of every kind registered during the year has been two thousand and thirty
ftve, or one hundred and ninety-nine in excess of the previous year. 
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Mr. Saegmuller, Chief Mechaqician, reports increased precision and efficiency in the dividing 
engine. A. great improvement tending to increased precision in obscr\·ation has heen effected by 
suppl_ying theodolites for the highn order1:< of triangulation, with telescopes of increased power. In 
all matters i11 his department I h:we been imlehtell to him for zealous co-operation in keeping our 
field parties well and snffieientl,\· supvlierl with every means needed for f'ffective work. 

The report of M:r. l\L \V. \Vines, chief of the l\Iiscellaneous Division, gh·es a full account of 
the distrilmtiou and sale of the puLli<'ations of the Survey. 

In addition to this duty, :Mr. \Yin<'S has bad general charge of the office buildings, of the Car· 
penter Shop, and thn l\!ap-mounting and Chart rooms. 

Not, only in these 1ln1ies, hut in otlter special and oiornetimes difficult duties, he has rendered 
zefllous and etiicient senice, 1le111andmg special acknowledgnwnt at my bands. 

A new set of projection tablPs, based npon the Ularke spheroid and extending from the equator 
to the pole, i:,: l>eing; computed, by your or1ler, under my direction, and will soon be ready for the 
pre,;s. 

At tlw I'l'(lUPst of thP Uommissio11er of Aµ:rieultnre n 11wasurement ha,,; he<'n undertaken of the 
areas of' salt and f'n~sh rnar,.:h upon the Atl:rntie coast. Tit is h; still g·oiug on. 

l'allell IH~rf\ hy .YOll last .J:rnnary in COllSt•qW~llCl' of the :,mdden and lameuted death or my pretl

ect>ssor, Af>sistaut R. D. Cutts, I fon!id my lahors liglite1wtl a111l au acquaintanee with thNn facil
itated by tlte method, syl'ltt•m, and or1le1· intrrnltwed h.1' my pr1·11ecessors :111<1 pn•\'ailing in eYery 
dqJartment. Ila1·i11g- st>ITt'tl 11e:1rly forty years i11 field 1lnty, Iliad hut little acquaiutance with 
oflke details, a11d I a111 i111h•hte11 to l'\·e1',Y perstm \rith whom my tlnties !Jam brought rnc iu eou
t:wt fol' kiu<lly aid, each in his sphere, in (•11ali1iilg me to acquire that :-;pecial knowledge ueede(l in 
t lw positio11 you ha n· assignt'd lilt'. 

?11y thanks are speci:tlly dill• lo Assistaut IJ. \\',Blair, assig1wd by JOU (\.,S my as~israut iu thil:l 
oflieP, wlwre l1is fallliliarity ''"ith all the details of the po::;ition autl hiH ability atHl uufailiug; eourtl'SY 
made him of the very greatest sen' ice. 

I heg ahm to aek11011·ledg·e the assi:sta11ce I han~ rccei \·ed from Mr. \\'. lL French, who..ie clerical 
duties lia1·e been lll'Olllptly arnl etlieieutly diRdrnrg:ed. 

Your:-;, reHpcctfully, 
O. 0. BOUTELLE, 

..'1.~8i.ytant, Coa8f and Gwdetic Survey, in charge of O!Jice and Topography. 

Prof. ,J. E. llILGARD, 

Supc1"intcnrle11t United States Coa.~t and Geodetic S11rrcy. 

REPORT OF l'FIE COJ:!ITJ'LV(; Dll!SIOX, COAST A.YD OHOVBTIC SURVEY OFFICE, FOR THE YEAR 
E.YlJl.1.YO J USE :~o, 1!084. 

Co:\IPVTING DIVISION, COAST AND GEODETIC SURVEY 0FFICJ:<~, 

Wa8liington, .htne 30, 1884 . 
. DEAR Srn: In conformit.Y with regulations, I herewith reHpectfnlly submit the usual annual 

report. of work do11e by the several computm·s during the fit.;cal year en11ing June 30, 1884. 
'l'he charge of the Computing Dh·i~iou has lwen continuetl with the und(•rsigned, aud no 

chauge took plaet~ in its iwrso111wl, tlwngh it required all the experience and euergy of its members 
to kP1.•p up with the cmn•11t 1rnrk aml to put the result::; of the older triangulations on the modern 
data demanded awl adopted in Pehruary, 1880. No extra help was afforded this di>ision during 
the year. Dnring the temporary absence of the As"'istant in charge of' the office and topography, I 
was called upon todi,,.~harge thost· duties during October and Xovember, aud again between Dt•cem
ber 12, 1883, and .Jamiary 7, 18M, on whieh last date I was relieved by Assistant C. 0. Boutelle. 
By direction of the Snperiutendent I took charge of the magnetic obserYations made at the inter· 
national polar station, Ooglaamie, Ala.ska, occupied during 1881, 1882, and 1883, directing the com
putations and reporting the results of the absolute and differential observations. 
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For this work special clerical aid was provided by the Chief Signal Officer. On December 19, 
1883, Sergeant ,J, K '.\Iaxfield a11d on January !;ll, 1884, Prh'ate G. W. Kuopf reporte1l for duty. 
The former continued with this dh·ision to the clrn;e of the year; the latter wa8 relieved from this 
special dnt.v i\Iay 11, 1884. On May 10, I submitted in duplicate a foil report of the results obtained. 
After this I was e.nga~ed in completing a discussion of the hypsometric measures undertaken in 
1880 by Assi8tant George Davidson in connection with the stud.) of atmospheric refraction at 
:Mount Diablo and i\1artiuez East, <Jal. l\Iy report on tllese results is dated June 5, 1884. Theise 
two r<:>portis are pnhlished as appendices to the Snperintemleut's auuual report for 1883. The 
usual annual magnetic obsen-ations were made by me at the mag·nctic observatory iu this city. 

The charge of the duplicate records of the astronomical, geodetic, a11d magnetic observations 
was continued with this di,-ision. The calls on this branch of the oflice for certain scit~ntific infor
mation required by office and field varties, in reply to official corrPspornleuee, when refrrred to this 
divh1ion, were promptly <ttternfod to. The registers of geographical positious iu the Uompnting 
and Drawing DiYisions were kept np to date, a111l 11eedful information, geodetic arnl magnetic, for 
the charts issued by the Surwy, was su11plied. 'l'his di,·isiou also atteudPd to the annual statis
tics, astronomical, geodetic, aud mag·netic, a1Hl to proofreading of its scientific papers appearing in 
the annual report; examined for completeuess of statement all a~tronomical, geodetic, and mag
netic records, and reported tile results reached by the several computers. 

The work performed b,y each computer tluri11g the fiscal year is herewith given in detail. 
Mr. Edwartl II. Courtenay attended to the g<>ographical n·gi,-ten; a11<1 tlw prqrnrntion nf g•)o

detic data or information called for by field parties or correspondence; computed and adjusted to 
the old work the ue.w supplementary triangulation!\ executed on the shore8 of J,oug l8laml Sound 
in Comwctient and Long Island, New York, by Assistants G. Bradford aud S. C. ::HcCorkle in 1881-
'82-'83; assisted me in. the completion and reduction of the absolnte determjnatious for magnetic 
declination, dip, and intensity at Ooglaamie, Alaska. 1881-'8'.!-'8~); compnted my magnetic ohser
Tatio11s at \Yashington, D. (), 1884, and those of .Assistant Bontclle's party in New York, 1882-'83; · 
completed the final adjustment of the main triangulation along tlle boundary of New York, Con
necticut, arnl :Massaclmsetts, 1862-'74; arrnng·e1l for the new position computation of the triangula
tion of the Santa Barbara Islands, Cal., and made.good progress witll the final alljnstment of and 
iutrodnction of modern data for the main series of tlie Hudson Hh,er tiiangulation between 1851 
and 1881, incln!!iH . 

.Mr. Myrick H. Doolittle adjusted the main triangulation of Pemrnylnrnia a11d New .Jersey, 
head of Che!<apeake Ba:,' to Treuton; prepared ah8tracts of the Yertical augfo,_ of the primary tri
angulation (D:widson quadrilaterals) of California; computed the length of the '.\latagonla base, 
Tex., 188:~, and connected the same with the triangulation of tlie coaRt; dl-'Yelo1wd tl1e triangula
tion of Pocomoke Sound aud Chincott•agne Bay near the Virginia and Maryland boundary 011 the 
latest data; computed the triangulation and traverse work of 1883 011 the east coast of Florida, 
between Jnpitl'I' Inlet and Cape Florida, carrying the same data through the primary triangulation 
of the Ke~-s to Can:'s Sound; computed the main triangulation connecting L.1ke Uhamplaiu with 
Lake Ontario, N. Y., 1880-'83, and formiug a junction with the J,ake 8nrYey work uear OswPgo; 
computed the triangnlation near Portland, Oreg., junction of Willamette and Columbia HiH•rs; 
introduced tlrn standard geodetic data. into the triaugnlation of Lake George, N. Y., l8i::!, and 
nearl,y completed the computation of the geographical positions of all tertiary points of Lake 
Ohamplain, 18i0-'71-'72, basing them on the same data. 

Mr. Jermain G. Porter revised the longitude computation of Falmouth, Ky.; Ru11pliecl some 
geographical poi;;itions on the SaYannah River, and in the vicinity of Lcuisville, Ky.; cornputed 
the position of McCormick's Observatory, Va.; aRsistecl Mr. Doolittle in tlle solution of uormal . 
equations; developed tbe coast triangulation between Cape Ilenlopen and Cape CluuleR on the 
standard 11plwroid; revised the latitude computation of Carson Sink, Nev., and computed the fol
lowing telegraphic differences oflongitude: Baton Rouge, La., and .Atlanta, Ga., 18SO; San Diego 
and San Francisco, Cat, 1871; Los Angeles and San Francisco, Ual., 1870; Omaha, Nebr., and 
Denver, Colorado Springs, and Trinidad, Colo., 1873; computed the telegraphic longitudes of 
Paducah, Ky,., Cairo, Ill., Hickman, Ky., and Memphis, Tenn.; also of Travis, Burt, and Finn, N. 
Y., 1877, of Harrisburg, Pa., 18771 and of Helena, Ark., Natchez, Greenville, and Vicksburg, Miss., 

H. Ex. 43-14 . 
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1878; re\ised transit reduction at Auckland, New Zeahtml, 1882, and computed the following 
differences of telegraphic longitude: \Yashirlgton and Cape Ma.r, N. J, 1881; \Vnshington aud 
Stra8burg, Ya., 1881; \Vaslungl:on a111l Oiucimmti, 1881, NashYille and Umcinnati, 1881 ; Saint 
LoniR an(l Cincinnati, 1881; Saint J,onis and ~asb,·illP, 1881; Kashdlle and Viucemies, Ind., 1881; 
Saint Lon is a111l Vil1<·1·11nPfl, 1881; Saint Lon is arnl Kansas City, 1882; Saint Louis and Omaha, 
1882; Kansils City and Omaha, 1882; and of CharlottesYille, Va., and \Yashiugton, 1882. He also 
computed the tiiHe and azimuth of stations La!Hfordale aud Ten, iu Eastern Florida, 1883, and 
assisted ia tlie reductimrnf tl1e astronomical ohsenations made at Ooglaarnie, Alaska, Hi81-'82-'83. 

l\lr. Alexander S. Chri1:<tic eornpleted the computation for time and azimuth at l\fouut Tnmalpais, 
Cal., 1882; pre.pare(l abstracts of n~sults of spirit lends hd\we11 Saint Lonis aud Etlah, :Mo.; com
puted time a11d azimuth station CarS(lJl Sink, XeL, 1880; compHl('ll time and azimuth ofToiyabe 
Dome, Xe,-., 1~8!1; eornputl·d time and azimuth of t>tatio11 .'.\Iount Callahan, NeL, 1881; eomputed 
time and azimnth of ;;tatiou Eureka, Nev., 1S81; revised the latitude crnnpntations of Mount Cal
lahan, Ne,-., of Tarnalpai.~, Cal., and of ,foff(•n;on Cit,\-, :Mo.; computed the azimuths of .Jt>ffPrson 
City, Mo., 187!J, awl of llu11ter, .Mo., 1880; reYised the latitude eompntation of Enrnka, Nev., and 
furnished mean plarn•s of stars for field and office parties. 

Mr. Uhmfrs II. Knn1111ell rfwist•d C(l!llputation for n~rtical anglPs at Rtatious .'.\fount Diablo, 
Martinez East, 1880, and Hon11d Top arnl .J ack~;ou's Butte, 1879; computed new or moderM positions 
for the triaugnlatiou of Saint .Tolrn'1:1 Hh·er, Fla., ISrn-'77-'78, and a fow snpplenwutary positions 
coast of }fassaehusetts, 187;"1, :.nd in Counecticnt, 1882-'8;3; made a lll'W position computation with 
im1n·ovrnl length of hase of the main triangulation of the Santa Barbara Channel, Cal., 1853 to 
1878; compnted a few supplemeutary positions triangnfation of the Hndson Ri\·er; assi1:1te1l in 
taking hourly means of hifilar realliugs, Ooglaamie, Alaska; computed Rome points of the tertiary 
triaugnlation, coa:-;t of On·gott; compnt1·cl the triangulatiou of Port Ordrnnl, \V. T., 1880, and 
made progreRs with tiimilar work i11 Hood's Ua11al, \\', 'l'., 1881, 1882, and 188-1. 

l\Ir. Henry Farquhar completed the computation of the spirit levels hetweeu Saint Louis and 
Bt.lah, Mo.; eomputed the fo lowing astrouomical latitudes: Toiyabe Dome, Nev., 1880; Jefferson 
City, l\Io., 187!J; Kansas ( 'ity, ~[o., 1~82; .:\.ncklarnl, New Z1mlaud, 18S2; }fount Tamalpais, Cal., 
1882, and l\ionnt Callahan, Nev., 11'.\81; was temporarily assigned to Assistant Srnitli's pendulum 
party het1n•e11 ,January~. a1Hl March 6, and again between .March ~O and ~la,y 1, 1884. He also 
computed the latitude of Eureka, XeL, 1t~81, arnl of Keeney, \V. Va., 1880, aud compnted cel'taiu 
spirit lenlo:, District of Columbia, 1880 and 1884. 

Mr. Alexander 1'1iwet completed thP- computation connecting the triaugnlation of Suisun Bay 
with .Monnt Diahlo, Cal., 1880; computed some supple111e11tar,r geographical positions on the Cou
neetieut Hin:r; a88iMed in miscellaneouR reYisions, checks, and verificationt>; assisted Mr. Oourte
na,y in the computation of geographical po8itfons of t.he supplementary triangulation of Long 
lsland Sound and vicinity, 188 l-'8~-'83; reYised the triangle sides arnl positions of the survey of 
San Diego Ba.v, Cal., 1851-'71; computed some geographical positions in \Vest Virginia; RUpplied 
hourly means of the Ooglaamie magnetic differential readingi:;, 1882-'83; a1:1siRted in tbe adjustment 
of the series of triangles along the Sew York, Connecticut, and Massachusetts boundary and 
along the H 1Hh;on Hin•r; assisted in checkiug hypsometric measures, California, and computed 
additional geographical positions 011 the h;lands of Santa Barbara Chanuel. 

Mr. P. R Stansbury attended to the clerical duties of the Computing Division, and chiefly to 
the geographical registers for the Drawing Division, the copying of rcpOI'ts, aud of other geodetic 
matter for the use of field parties. 

Mr. Edward A. Trescot was ternporaril,r assigned to this llivisiuu as copyist on April 3, an<l 
was chiefly engaged to the close of the fiscal year in completing the duplicate records of the 
Survey pertaining to geodesy. 

I remain, sir, yours, respectft1lly, 

C. 0. BOUTELLE, Esq., 
.Assistant, in charge of Office and Topography. 

UHAS. A. SCHOTT, 
.Assistant, in charge Oomputing Division. 
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REPORT O,Y THE FIELD A1W OFFICE WOR][ RELA1TNG TO THE T.IJJES FOR THE YEAll ENDING 
JUNE 30, lt'R4. 

U.S. 00.AST AND GEODETIC RPRVEY OFFICE, 

~hrne ~o, 1884. 

DEAR Sm: I rm;pectfully Ruhmit this report on the work of the Tidal Division, of which I have 
been in charge during the ;year. 

OBSERVATIONS. 

Self-registeriug tide-gauges haw been used at tlw followiug stations: Pulpit Harbor, North 
Haven, :\Ie.; Block Island, R I.; "Xew London, Conn.; S,u1<ly Hook, X. J.; Sancelito, Cal.; Saint 
Paul, Kadiak Island, Alal'ika; aiHl Honolulu, Sarnlwich IHlall<ls. lH 8cptemhcr. 1881, on requisi
tion, the last supply of papN mHl bla11k forms wail 1w11t for 11s1· 011 the Helf-n•gisteri11g g-ange loa11ed 
to the city engineers at Pro\·ideuce, R 1., a11d thc,Y promised to sewl to tlti.-; office more of their 
observations soon, but 110 more h:we lweu receiw·cl yet. A self-registcri11g tidt•-g:rnge wa:s sent 
nearly a year ago for use in the J)p.Jaware l{iYer, lllelow Philadelphia, hy thP Cnik<l State8 engi
neers, in accordance with an arraHgement with them. The ohsen·ations are to ht' for tlJPir use 
and also for the u8e of the Coast aml Geo1letic Snrn;_v. I u Septcm bcr, 18:·n, 011 application from 
the officer in co111nm1Hl of tl1e artiller,Y Rclwol at Fort .'.\lonroe, a i>elf-n·;.;i:stcring tide-gauge was 
sent then', furnished with paper and blank forms for ahout a year, to be u8ell by the stnlle11ts, the 
ohser\'atio11s to he retume<l with tLe gauge. 

I make 110 rccomrul'll(latious for occupying new Rtations with Relf.n•giHtl>ring gauges at present, 
except hy hydrograpltic parties for facilitating and impro,·ing the hydrogTaphic work, arnwge
mcnts for which an• in progn•ss; hut tht> reco111111e1Hlatinn8 made iu my last annual n~port are such 
as I would renew, if circum'stauces shonld at any time be <lccuw<l fayora ule. 

In the following taule I give a liist of the obserYations recein•d from self registeriug gauges 
during the fiscal year, with the periods during which tltc seYeral station:-; were occupied: 

Section.' :Same of station. 

i 
Name of observer. Kind of ga nge. Pt>rmant~nt or 

temporary. 

Time of occupation. 

From- To---

TotAI 
days. 

Pnlpit Harbor, Me.· 1.J. G. Spaulding .. __ - -- Self-registering. Permanent May 30, 1883 _ ... - . 1 April 27, 1884 __ .. .. 333 

I Block Island, R. L _ - .J.M. Conley .......... i .•• do ..... - - . -- - Temporary ... _ . .July 1, 108:1 _. ___ .. 
1 

January 19, 1R84 _. 223 

IT New Lond,,n,Conn -I A. Koch----·---··--·-i----do -·--·------ ..•. do---·---·--· .Jul~· J.1883 ...... -; KowmherZ0,1883., 143 
IT 

1
SandyHook,N.J .. _ F.W.Shepheard ...... 

1 
.••. rlo .......... P<'rnmnent. ..... Julyl.l88:l .... ;.Jmwao,1884 ...... · 366 

X I Suncelit.o, Cal ....... : E. Gray ....... _ ..... \ ... do ......... - .. - .. do . .•. . .. . • . ,Tu!y 1, 18&1 ...... ,Tum• 30, 1884 ...... ~ 366 

XII \St. Paul, AlaRka __ : W .. J. Fishct'---······ 1----do ......... ' ... do......... March 1, 1R~3 .. Dt«:emht~r 1, 188:L.' 276 

______ I Houo~ulu, S. I. -~~~:__ W. D. ~:xander _ ~ .. i . __ ~tl~o-~-~:_:_~J_ Tcn~por~r~~:~·:J_~ ~~~~, 1~8~ ~:- - - .Tuue ~8. 1884 . :.:_:_:_:_i~ 

The ohservations at Block Island were st.opped owing to the gange being broken hy a Yel'\sel 
running against the tide house. The observations at New Loudon were stopped ~1ft(~r ha dug heen 
continued a ;veaT. There arP two Relf regist.eriug tide-gauges in tlw oflice for which clocks are 
wanting. The tidal observations made by the hydrographic parties of tht> S1uT1',Y are i118pected 
as soon as received, and reduced in the Tidal Division. Notices.of them may he found in the 1-1tate
ments of work done in the different sections. They are generally made wil ha staff or a box gauge, 
usually during daylight only, and sometimes quite irregularly. It is rnr.v desirable that such ob
servatious should be macfo more continuously, as there is liability to imperfect reduction of sound-· 
ings, especiall~· where there is only one tide in a day or large diurnal iut>q nality. 

OFFICE':-WORK. 

Most of the observers furnished with self-registering gauges have heen taught to tabulate the 
high and low waters and hourly ordinates from the curves before sending these to the office, and 
then send the tables and curves at different times, thus preventing losses by mail and other acci-
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dents. Tllis mo(le of working has been found to make the ohseners more skillful and can•ful, and 
considerabl~· reduce tlrn amount of otlice-work. The results of the obserYations n•ceh-ell from the 
self.n•gistering gauges aJl(l hydrographic parties are i1sed in prediction, chart rnakiug, arnl for 
otlwr purposes. The re<ludions and di:,;cnssious that ha\e been madl1 enable the <lidsion to fur-
11isl1 a large am01mt of information about tit.lPs to officers of tlw Snn·ey, ciYil and lTHited States 
engiueers, aIHl otlwrs, and the demand for it has bePn rapidly iucrf,asing. In Ap}>Pndix No. 3 is 
iuclnt!t•d a Rtate111ent of tidal data Rupp lied to pt>rso11:s not corrnectell with the Survey. Tide tables 
containing the JH'l'(lietions for the Atlantic and Pacifie coasts of the United States for the year 
1S85 han• been com pnted, aud art> iu course of publication, making the nineteenth year of the series. 

'The following co111putt>rs ham been ern1il0Jed in this diyii,;iou in tl1P cours<; of the year: R. S. 
Avery, LP. Sl11<1y, l\I. Thomas, and C. B. Turnbull, in the ofllee, and .T. G. Spanlding out of it. 
'lr. An·r.r was iu diarge of the di,·ision, all{l imq1ected all the tidal obs1~natio11s when reeeiYed, 
attendpd to tl1e e01Tespo11deuee "itlt obst:>n-erR and others relating to tide::;, planned aud 1'UJWrYised 
the work OIL tides a111l tide-gauges, prepart'd tlte predictions for printing and read the proofo, and 
computed when not othrrwio<e engaged. 1\lr. Shidy re<lneetl many ob:st'r\·at1011s rPcei\·ed from the 
self1·t•gisteri11g p:auges aud hydrographic parties, pie.dieted for i;ome of tlw places wlwre the old 
methods had to \i(~ n"t'd and with the predicting machine for others, prepared tables to he used in 
calculating- colllpouents, and aided efficiently in miscellaneous work. Miss Tllo mas worked ou the 
snnplest reductions and 011 the hourly ordinates for permanent stations, aidiug sometime:,:; in mis
cellmwous work all(] copying. l\liss 'l'nrnlmll has been emplo~·e<l copsing, tracing, tabulating tides, 
and sometimes aiding iu mh;ccllaneous work and easy reductions. Mr. Spanldiug made predic
tiom; for some places iu addition to bis sen-iceR as tidal observer at Pulpit Harbor. 

Respectfully submitted. 
R. S. AVERY, 

In charge Tidal Dirision. 
C. 0. BOUTELLE, Esq., 

Assistant, ·in charge of Office and Topography. 

REPORT OF THE DRAWING DIJ'JSION, COAST AND GEODETIC SURVEY OFFICE, FOR THE YEAR 

ENDING JUNE :~O, 1884. 

U. S. COAST AND GEODETIC SURVBY OFFICE, 

Wa~hington, June BO, 1884. 

DEAR SIR: The synopsis here presented of the work done in the Drawing Didsiou under 
my supen·isiou during the fiscal year endiug Juue 30, 1884, will sene to show the character of the 
labor pl'rformed hy eaeh person conneeted with the dh-ision; and the summarized statement 
accompanying gh-rs in detail itb1'tracts of the ,Year's results. 

The charts that were completed or in progress, the plane-table sheets inked, and the miscel
laneous drawings fi11isl1ed, together with the names of the draughtsmen wLo did the work, are 
giYen in the tabular statement appended. 

Year hj· ~-(·ar, a8 the area con•red by the survey increases, the calls on this di\'ision for special 
information, Ruch as tracings, compilations, nnfiuisbed proofs brought up by hand, transcripts of 
records, &c., have grown; but yet, notwithstanding Ute pressure of its regular work, the division 
has met all these demands with faithful promptness. How various a11d numerous have been the 
calls, may be seen by referring to Appendix No. 3, in which t.hose answered by the Drawing Divis
ion are iucluded. 

Forty maps and clrnrts, em bodying the several series of the catalogut>d pn blication clasi;;, have 
been in progress. Of this number eighteen were finished, twel\e of them by photolithograpby, 
the latter including three minute carefnlly-drawn maps, illustrating tlrn entire boundaries of all 
the cmstom districts of the United States, for the use of the Tre'.lsury Department. 'fbirty-four 
plane-table sheets were iuked in the best manner, preparatory to reproduction by photolithographic 
processes; projections were constructed upon fifteen copper plates for the use of the engravers; 
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numerous drawings of iustrumeuts of precisiou, notably the peu;pectiYe Yit>ws of tlie Ferrel tide
predicting machine, and diagrams illustrating profes8io11al pa peril, were made· for issue iu the 
annual report; tliirty-five projeetionR for topographic work aud forty-seYPJJ for lty<ll'og1.·apl1ic de
velopments were constructed; progress was made upon the map of tht• l::uit1'<l Stat1•,.:, scalt~ JO 
mile8 to the inch, and au elaborate llHHlPI, in plaster, of tlit' Atlantic Ha;.:i11 aml Gulf of Mexico, 
was finished. 

'l'he work, as rnmal, i11 this divisio11 has been of a diYersified awl diftienlt kilHl, and it affords 
me plt>asnre to testi(y to tlw faithful maimer with which the draughtsmen, oue and all, baye per
formed the duties allotted to them, all(l to the iligh order of skill displayed b,y thellJ in execution 
thereof. Tht• persomiel ha~ rernai11t•d u11cha11ged. 

N earl_y all dra wi11gs have beeu iuked with a view to rcpro<1udion,. iu order tliat any sudden 
cal! could be met at ouce. 

To make delay as LS}iort a LS po8siblt>, 1111·lirni11ar;y editions of man~ 1ww ehart.s are now drawu 
for, :rnd publiLShed b,y photolithograph;v, imm< diatel_y after the surH\\'S are completed. Thei;e r,;erTe 
until the fiual eugraYed charts an' i,.;sued, thus bri11giug the information th•',V <';mtaiu hefon•. tlie 
puhlie without loiss of time. Tlw draught~nll'IJ han• become b,\· experieIJce qnih• ex put in making 
photolitbogravliic drawings, which require practical i,;killed knowledge in their execution to pro
duce good priuts. 

The names of the draughtsmen, together with an outliue of tl1e distributiou of \rnrk among 
them, are as follows: 

l\lr. A. Lindeukol1l lrns heeu occupied iu the construction of a minntP topograpl1ieal map of the 
United States, scale of 10 miles to the inch, but has fonml time to construct au accurate awl elabo
rate model of the depths of the sea in the Bay of North America and the Gulf of Mexico, aml to 
keep the progress sketches of the surHy :mpplied with the latest iuformatiou . 

. Mr. B. Lindenlwhl has prepared the following photolitltogn1phic drawings: Ilart aud City 
Islands; San Pedro Barbo!', Cal.; Destruction Island, \Y. T., and a new map of .Alaska Tenitory, 
and also numerous n•ductioHs for the annual report. 

Mr. C. Junk en has dt>voted his time principally to the rPduction of hydrography for eugraYiug. 
Mr. E. J. Sommer, who llad bet:u on leani of absence, returne<l t<• tue oflice and resumed his 

position in the division in November. His work has been the maki11g of projections on paper aud 
copper, and reductions of topography and hydrography. He reduced Coast Chart No. Hi'.!, Cape 
Canaveral to Indian River Inlet, and prepared the photolithograpltic drawi11g for the chart of 
Black Hock Harbor. 

l'rlr. T. J. O'Sullirnn reduced the topography for Coast Chart No. 176, Charlotte HarlJor to 
Tampa Bay, gnternl ktteriug; a1ul made the photolithographic <lrawings for charts of tht> iuside 
pa8sage of Indian Hin'r, and tor prngres8 of the tram;contiue11tal triaugulatiou from the Paci tic 
coast westward; also sketch ot" triaugulatiou in l\li;;souri and Jllinofa. 

Mr. P. Eriehseu, in addition to reducing the topography for Coast Clmrt No.141', Bop1e Iulet 
to New; Topsail Inlet., inked fiye plane-table sheets, verified engTaved charts, and made a i;el'ies of 
perspective drawings of the tide-predicting macl1i11e. 

Mr. L. Karcher has been employed chiefly in making the nurn(·rons projedions required hy field 
parties, preparing projects aud <liagrams for office use, tracing and miscellaneous work. 

Mr. Karcher was off duty }larch 29 to.July 1. 
Mr . .A. B. Graham, '"'hi le engaged al most exclusively in consfrnetin g hydrographic projections~ 

plotting geographical positions, and transferring shorr-line to pmjections mit<le by other draughts. 
men, bas inkt•d six topographical field sheets, and made traciugs arnl diagrams of 1lifiere11t kiud8. 

~r. E. Il. Fowler has continued to ink plaue-tahle sheets, and during the ~·ear i11ked ele~Pll 
sheets complete Mr. Fowler also made the smooth drawiug for the photolitlrngraph of Delaware 
Break water. 

Mr. E. :Molkow iuke<l ten plane-table sheets, n)ade redudions, compiled statistics, aud prepared 
a fow diagrams. 

M.r. Barker has been employell in coloring buoys and light-houses and making additions aud 
corrections upon the printed charts. 
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Mr .• T. C. Barr has continued to be employed iu the division. He has colored lights and buoys 
on charts, aud made Huch corrections thereon as were ueces!lary for tbe pnrpo8e of navigation, and 
has assisted in clerical duties. 

Yotmi, respectfully~ 
W. T. BRIGHT. 

0. 0. BOUTELLE, Esq., 
Assistant, in charge of Office mul _Topog1·aphy. 

DI~.A WING DIVISION. 

Charts completed or in pro,qres,y during the yem· endin,q June 30, 1884. 

1. Topography. 2. Il,vdrograph,,,· 8. DrJwin;: for photolitho:rraphie reproduction. 4. Inking and lettering plane-table Rhoots. 5. Projec
tiom!OU copper. 6. Compiling. 7. Venfication. 8. I>ia.~ranu~. 9. Meafmriug: area of eu~ravt'd tmrfat'es. 

Titles of charts. 

ATLANTIC COAST. 

GENERAL COAST CHART. 

14 Cape Canaveral to Cape l<'lorid:1 ......... . 

COAST CHARTS. 

102 Seal Islarn! Liizhtto PetitManan Liizbt. .. .... ---··-
111 Monomoy and Nantucket Sboalt! to Muskei.rat Channel. .... : 
114 : Eastern Entrance to Long Island Sound .................. .. 

120 New York Bay and Harbor ......... ·------ --·-·---··-· 

124 Delaware Entrance (lower sheet) -..................... . 
142 Uoanoke l8htnd t-0 Hatt-0ras Inlet. ......... - ....... - ~ - ... - .. 
145 : Capelfatteras ............................................ ! 

: I 

148 · IlognelnlettoNowTopsaillnlet. ...................... --· 
150 : Cape Fear Rh·er and approaches .......................... . 

i Cape Canaveral to Indian Rivnrlnlet ......•.•.............. 

I Charlotte Barbor and San Carlos Ray ................. --- .. . 

16~ 

175 

176 

204 
208 

209 

210 

'. Charlottti Harbor to Tampa Bay ... -·- .................... · 1 

: Galve.ston Bay . __ ............................ ___ .... ___ •••• 

! Pa8sCave.llo, Lavaca, awl Han .Antonio nays ............... ! 
i AranRRR PAAs, A.ransas aml Copano Bays ...•.........•..•.. J 

Corpus Christi, southward ............................... . 

HAHUOR CHARTS. 

305 i Ca1>e Split to Schoodic Island, Me ..................... .. 

344 Monomoy Passal(e ............................ . 
3f>9 ' Ne.w London Barbor, Conn ............................... _ .j 

I 

361 Hart and City Island _ ........... __ ......... __ ........ ______ · 

363 i Black Rock Harbor ........................................ , 
369 'New York Entrance ..................................... j 

370 t DP!aware Breakwater .. _... . . .. .. .. .. _... . .. ... .. .. .. 
440 1 Savannah River and Wars;1w Sounds ..................... .. 

384 PatapscoRiver, Md ...................................... .. 
464e Indian Rh·er-Elbow Creek to Rock Point ................. . 

464.f Indian River-Rock Point t-0 J. Kelley's house ...... _ .. ~-~· 

464g Indian River-Kelley's house to Bethel Creek .......•...•. _ 

46'11 Indian Rh·er-Bethd Creek to Indian Riv~r Inlet .•.•••.... 
4l!P K•y Wt>•t Harbor ......................................... . 

4551> l Saint John's mver, Jatiltsonville to Hiben1ia .............. . 

Scale. Draughtsmen. Remarks. 

1-40, 000 l, 2. A. Lindenkohl ............... 
1 

Com]Jlet;,d. 

1-80, 000 1, 2. C. JunkPn ..... - . · Con tinned. 
1-80,000 2. H. Lindenkol1l ............ : Addition•. 
1-80,000 1,2. H. Lindenkohl. 2. C.Junkon.1 Commenced. 
1-80, 000 2. L. Karcher, C. Jun ken, E. Mo!- Addit.ions. 

kow. 

1-80,000 1 2. C. Junken ..................... Du, 

1-80,000 2. C. Jnnken .................... Do. 
1-80, 000 

1-80, 000 

l-80, 000 

6. T. J. O'Sullivan ............... 

1 

Commenced. 

1. P. Erichsen .................... Completed. 
l, 2. C. Junken.... .. .. . . . ...... Do. 

1-80, 000 1. E •• J. Sommer .... _ ....... _ .... 

1-80,000 5. e . .Tuuken .................... . 

1-80,000 1. T. ,J. O'Sullivan .............. . 

1-80,000 1,2. H.Lindenkohl ··-·---·····-
1-80, 000 5. H. J,imlenkuhl. ............... . 

1-M,OOO 5. H. Lindenkohl ............... . 

Commt>uced. 

Do. 

Do. 

Additions. 

Do. 

Do. 
1-80, 000 1. H. Lindenkohl. 5. C. Jnnken .. I Completed. 

i 
1-40, 000 1. H. Linc11•nkohl. 2. A. Linden- ! Commenced. 

kohl, E. ,J. Sommer. I 
1-40, 000 2. H. Lindenlrnl1l . __ .... j Addition•. 

1-40, 000 1 . .A. Lin<lenkohl. 2. L. Karcher, I Completed. 
C .. Junke11. 

1 

l-10,0llO 3. lI Lind.,nkohl ................ !Continued. 

1-10, 000 3- E. J. Somm~r ................. I Commenced. 
1-40, ooo 2. f,, Karcher ..................... ! Additions. 

1-20,000 3. EH.Fowler .................. 1 Do. 
f-40, 000 : 1, 2. E. J. Snmmer. .. .. .... .. ...... Do. 

1-60, 000 ; 5. C. Jun ken .................. j Commenc6d. 
1-20, 000 : 3. T. J, O'Snllivan ................ ! Do. 
1-20, 000 3. T. J. O'Sullivan ................ ! Do. 

1-20,000. 3. 'l'.J.O'Snllivan ............. .-.. 1 Do. 

1-20, 000 ' 3. T. J. O'Snlli,•an .•••••••••••. - --1 Completed. 
1-50,1190 · 5. E. J. Sommer .................. Additiona. 

1-80, 000 : 9. P. Eriohaen. •• • • • •• ............ Do. 
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DRAWING DIVISION-Continued. 

Titles of charts. Seale. Dra-nghtsmen. 

_C.:_1---~------ --------------- ___________ ; ______ : __________ _ 

01% 

673 

675 

677 

I 

I 
I 

PACIFIC COAST. 

!!!AILING CHAHT. 

San Francisco to Umquah Rh-er ........................... . 

! GEXHUAI~ COAS'l' CIIAU1'8. 

: Point Conception to Snn Lufa Obispo .... _ 

Point Pluos to Il!Hleµ,a Head .. _ ................. - ... - - - - - - .. 
Point A.reiun to Cape Meudociuo _ ... _ ............. - ... - . - .. 

HARBOR CHAH.T:-;, 

1-1, 250, 000 

1-200, too 
1-200, 000 
1-200, 000 

2. C. Jnnken .................. . 

I. A. Lindenkohl. 5. C . .TUllken . 
I. H. Lindt•nkohl. ............... . 
5. c.,Jnnken ..•.................. 

Remarke. 

Continued. 

Commenced. 
Additions. 
Comrn1·need. 

610 San Pedro Harbor, Cal 1-20, 0011 l, 2. A. J.indenkohl. 3. H. Lin· Commenced. 

denkoJ,]. 

669 San Luis Obispo Bay, Cal ................................. . 1-20, 000 5. E . .J. Sommer ...... .. 

62la San :F'ran<"isco Hay, I~ntrance ..................... ·········- 1-40, 000 I, 2. C. Junken. !. E. Molkow ... 
6J92 Entrance to the Uoluruhia I\iver 1-40, l•OU 1. Il. Lindf'nkohl, E. J. Sommer. 

. . 7. T . .J. O'Sullivan. 

662 Puget 8oun<l, \V. T . . . . . . . . . . . . . . . ......................... - 1-200, 000 A.Lin<lenkohl ............... 
Puget Soun<l, New Dungeness to Seattle ............ . 1-80, 000 1, 2. A, Lind<'nkohl ......... 

643 Destruction Islanrl, W. T .................... . 1-40, 000 3. H. J_,indPnkohl ·-----

PLAKE-TAllLE SHEET~. 

EaRt, Si<k1 Ph~asant Ray, lfe _____ .. _. ___ .......... ·--· .. ----"·.: 1-10, 000 4. P. Erichsen, A. B. Graham ..... . 
Pleasant Ba,,-, Me .................... _ .................... .. 1-10, 000 4. E. II. J<'owlor .............. _ .. . 
.Jordan's River, ~le .. . . .. . . .. ... . .. ... . . . . ............. , 1-10, 000 4. E . .Molkow ......•... , ......... . 

Millbridgo Entrance to Cherryfield ......................•.. ! 1-10, OUO : 4. E . .Molkow .................. . 

~:~ ~=~~~;;:~:~;n_i~:. :· ........ :·_-.-.-.-. ........ ::::: ::: ::: : . ::::. ! 
1-10, 000 , 4. E. Molkow ................... . 

1-10, 000 4. A. B. Graham ................. . 

WestRrn 11art. of I .. ong Iidantl ~ound -·· ..... _ .... _ ....•..... : J-10, 000 4. E. Molkow ................... . 

Hudson Ri\'er, Ilaverst.raw, northward ...................... ' 1-10, 000 4. E. Molkow ........... .. 
Hnrlson Rh·er1 vicinitJ· of Coltl Sprinf! .... __ ...... -........ . 1-10, 000 4. E. H. Fowler .... . 

Hudson River, from Peekskill to Constitution Island ...... . 1-10, 000 4. E. Molkow ........... _ .. _ 

Hudson River, WestPoint .......... --·-····--···-···---· 1-10, 000 ' 4. P. Erichsen ................ . 

New .Jerse,y Coast, Ilerefor<l Inlet ........................ .. 1-10,00!l 4. E. H .• Fowler ............ . 
Dela ware Ba.v Slw1·e. . . . . . .. . . .. . . . . . . . . . . . . . ............. . 1-10.000 4. E. H. Fowler, E. Molkow .... . 

Delaware River-New Castle to l~eedy falaml. ............ . l-lU,000 4. E. H. Fowler ............... .,'. 

Pocomoke Sound ..................... · .... • · .. · · · · · • · · •• j 
Saint John's Ri-vor, }'la. (reconnnissance) ........................ . 

1-10,000 4. P. Erichsen ................ .. 
1-80,000 4. A. B. Graham .......... .. 

Indian Rh-er, Fla ............................... . 1-20,000 
P. Eri<·hsen ......... - __ ---· ... __ 

East coast of Florida ................... ,. ............... ., 1-10,000 4. A. Il. Graham .... .. 

Nueces Bav, Tex .......................................... ! 1-20,000 4. E. II . .!<'owler ....... , ......... . 
Laguna:hfadrc, Tex .........•.. ,,.......... ............... J-20,000 4. P. Erichsen ................. . 

I San Clemente Island, Cal . . . . . . .. . . .• .. •. . .. .. . .... .. •• . ... 1-20,000 : 4. E. Molkow ..................... i 
San Nicolas 1"lant!, Cal....... ... .. . ...... .... . ... . .. ...... 1-20,000 4. E. 11. Fowler ................. ., 1 

~:!;:!lsp:~.~~l:::::::::·::::~:::::::::::::::::::::::::::::::ll 1-10,000. 4. E. H. ]'owler ................... , 
l-10,000 4. C . .Junken ...................... 

1 
Vicinity of Point Arguello, Cal ............................ : 1-10,000 4. E. H. Fowler. A. :)3. Graham ... 

1

' 
ColumbiaRiver,Ore,g ..................................... ! 1-10,000 4. E. H. Fowler ................ . 

Nestuoca Bay Entrance, Oreg ............................... i 1-10,000 4. E . .llfolkow ............. ._ ....... 

1 

Sinsla.uEntrance, Oreg. (r~connaiss1mce) ................... i 4. E. Molkow .................... . 

Case's Inlet, W. T ... ~~:~~:~:~~~~~ ...................... _
1 

1-10,000 4. E. H. Fowler .................. 
1 

Customs map of United States; No.!. ...................... 11-5,000,000 6, 7. T . .J. O'Snllivnn ............ 1 

Customs map of United States, No. 2 ....................... 1 1-1, 250, 000 6. L. Karcher; T J. O'SullivaJL . i 
CnBtoms map of Unit.et! States, No. 3 ...................... 1 1-2, 500,000 1. A. Lind.,nkohl: H. Lindenkohl.I 

Map of the Middle States .................................. ( 10milesto1 1. A. Lindenkohl; H. LindenkohLI 
! inch. 

Yodel of the Gulf of M:e.xico and Atlantie Basin ............ I....... A. Llndenkohl; H. Lint!enkohl. 

Triallgnlat.lon In llf.l880nri and Illinols ...................... ! l...S00,000 3. T. J. O'Snllivan ............... . 

Continued. 
Additions. 
Commenced. 

Continued. 
Commenced. 

Additions. 
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DRA. WING DIVISION-Continued. 
---- --------~----------· 

Titles of charts. Scale. Draughtsmen. 

MISCELJ.AKROUS-Continued. 

TransC'ont.irwnta.l trinnf.n1lation, Pacific coast eastward _ .. _. 

Tran!:wonthwutnl triangulation, eaRt and west of Saint, 

Louili, !fo. 

1-1, 000. 000 3. T. ,J. O'Sullivan .....•.......... 

1-1, 000, 000 3. H. Lindenkohl ................ . 

Prog1·es::-1 skotdl of Southeust Alm~ka. -- ...... - .... --- _ .... . 1-2, 500, 000 6. H. Lirnlenkohl ........... .. 

New map of ~\laska TPrritory ............................. . 1-2. 400, 000 3. H. Liudenkohl 

SmalJ map of Alaska, for·· Sdence" ...................................... 1 H. Lindenkohl .............•.. ' 

Yiewi:; for Alaska Coast Pilot ................... ---- .................... . 

PM·~1wctiv(' flrawings of title-predicting- rnachinP. ....................... . 

Plan of mieroscope1 for wei~hts and measures rf'port .................... . 
Diagrams of solar eclipse of January, 1880 •............... _ .......... . 

3. T. ,J. O'Sullivan (lctt.crin~) ..... · 

P. Ericluwn .................•.. 
1 

P. Ericbeen ................. .. 

:i. 'I'. J. O'Sulli,·au ...... . 

Dia~ramA of eoaHt chartR. ......... ... . .• .....•... . . . . . ... ... ... . . . . . .. . T. J. O'Sullivan ... . 

Diagrams of th" ('etnary of the Delaware ................................ 3. T. J. O'Snllivan ................ . 

:Maps of honndary hetw1•en :Maryland an<l Peunsylvania... . . ... . H. Lindenkohl. .............. .. 
)lap of country bet.wPen Harper's F~rry and Get.ty~hurg ... 

Ditt~!TUmH of the Missi8sippi Rivm· and Galveston Rfrer : ..... . 

jutties. 

T. ,T. O'Sullivan .............. . 

8. H. Limlenkohl and T .• r. O"Sul
livan. 

Remarks. 

REI'OIIT OF THE EXGRJ.rJSG JJIVISIOS FOR THE YE.:lR ES/JING JUSE 30, 1884. 

U. S.· Co A.ST .A.ND GEODETlC SURVEY OFFICE, 

Washington, ,June 30, 1884. 

Sm : I re;;;pectfully submit the following report of work executed in tbe Engraving Division 
during the fiscal ~'ear ending .June 30, 1884: 

In additwn to the regular eugradng we have bad an unu;;;ual amount of cleaning elf-'ctrotypes, 
erasurefi from altos: drawing and arrang"ing titles, general letteriug and notes, marking instruments, 
&c. 'l'he largt> amount of electrot~'piug done would naturally increase this class of work, but it bas 
lieeu still further angrnented during the past ;year by the corrections required i.1 bringiug up new 
printrng plates of many charts, the plates .of which had become mnch worn. The corrections to 
the plate:>, required before priuting··tor issue, ha\·e continued largely in exce:ss of former ~·can:i, and 
while we lmYe only hamlled four hundred plates in this class of work, it hi1s ueen most laborious, 
owing to the uum ber of corrections arising from new surveys. 

Th<:' fore<:' of engraver:,; ha;; been emplo_yed as follows: 
Mt•si-;rs. ,J. Enthoffer and H. F. Bartle on topography; Messrs. E. A. ~.faedel, A. Petersen, .J. 

G. Tlwmp;;;on, and F. Courtenay on lettering; Messrs. W. A.. Thompson and H. C. Evans on topog
rapl1y a11d xarnliug:; MessrR. E. H. Sipe, \V. II. Davis, and~'\... C. Ruebsam on letrnring and miscel
laueons corrections; .Mei,;srs. H. M. Kuight au<l T. Wasserbacb on sanding and miscellaneous cor
rection~. 

The Snrn~y has lost the services of an expert engraver in the <leath of Mr. A. Sengteller, who 
dit'd A ngnst 11, 188:~. ~fr. St'ngtt'ller was engaged in raris in 1850, and immediately reported for 
duty in this otliee, where he remained continuously employed until his death, at the age of seventy. 
The mauy valuable cl~arts Jlnulixhed from the plate8 iutrusted to him bear ample testimony to his 
artistic :skill, full,Y smstaining the high recommendation girnn him when engaged for this special 
work on the surve~'· To within a few months of his death he was still faithful in bis labors, and 
even his latest work, with old age and bodily infirmities oppressing him, evinces that refinement of 
treatnwnt that hrought him reputation in youth. 

I have also to chronicle the death of Mr. F. W. Benner, on October 16, 1883. Mr. Benner had 
been emploJPd for many years on "job work" at his home, and though physically incapable of 
engra·ting a large amount, what he did was satisfactory, and his death has proved a measurable 
loss in that class of work to which be confined himself. 

The electrotyping of the copper plates bas continued under my direction, with the immediate 
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supervision of Dr. A. Zumbrock, assisted by Frank Over. Some of the improvements referred to 
in my last annual re,port have been completed. Two cells and oue vat have been added to the second 
battery, making it of equal capacity with the first. New rod8 for suspending the poles in the cells 
have been substituted since the close of the fiscal year, but sufficient observations have not yet 
been made to determine if they afford any particular advantage beyond that derived from render
ing the batteries more easily taken care of. 

The addition of two cells and the vat to one battery has necessarily increased the results of 
the year's work, but a larger increase has been obtainell frnm a closer study and a more perfect 
knowledge of the req·1ire111ents of the work as it is now carried 011 under my llirection. This is 
seen at once in the quantity of copper deposited in comparison with that of previous years. 

During October, November, and December, 188.3, experiments were made by Mr. \Verner Suess, 
under the direction of Assistant Schott, with a view of improving the galrnnometer, but many 
trials demonstrated the system that had been in use to be the most reliable. A new instrument 
of more perfect workmanship, however, was made and set in place. 

The printing for the chart room has increased 16 per cent. during the year. In the summer 
months the requisitions are greater than the capacit.y of our presses. This necessarily creates some 
delay in the delivery of charts, but it is not believed the delays are yet so great as to demand an 
increase of the force. The capacity of the printing establishment is the same as the preceding 
year, and much credit is due the foreman, Mr. F. Moore, and the other print-ers, for their endeavors 
to keep up the supply of charts during the busy season. 

Mr. John H. Smoot has continued as clerk of the divisitm. It gi,·es me pleasure to commend 
him for the precision with which he keeps such a multiplicity of records, of late years largely aug
mented by the work of the printing and electrotyping. 

Statistics of 1cork. 

ENGRAVING. 
Number of plates completed: 

Charts . . . . . . . . . . . . . . . . . . . . . . • . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 
New editions of charts. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 
Sketches and illustrations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36 

Number of plates continued: 
Charts ............................... . 

Nnmber of plates commenced : 
Charts .•.................. 
Sketches and illustrations ..... 

Number of plates corrected : . 

20 

10 
14 

Charts • • • . • . . • • . • . • • . . . . . . . . . . . . . . . . . . . . . • . • • • • • . . . . • . • • . . . • • 400 
Sketches . . . . . • • . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26 

Number of unfinished plates on hand at the close of the year: 
Charts . . • . . . . . . • . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . • . . . . . . . . . . . . . . 44 
Sketches and illustrations .. . . .. . . • • • ••. ~ .. . • .. . • • • . • .. . • . • . • • 29 

ELECTROTYPING. 

Number of pounds of copper deposited................ . . • . . .... _....... 2, 582i 
Number of square inches on which deposit was made .............•....•. 113, 628 
Number of copper plates made: 

Basso . . . . . . . . . . . . . • • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . 36 
Alto .• - ••• -.. - .............. - -..•. : ...• - . - ..• - - . - . -•. -..... -. - - . • • . 59 

Of this number 4 basso and 4 alto plates were for the Engineer Corps, United States Army 
(Lake Survey plat.es), and 1 basso and 4 alto plates for the Hydrographic Office of the Navy 
Department. 

H.Ex.43-15 
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There was also made a matrix of seal for the General Land Office. 
In photographing, 27 negatives were made and 12S prints. 

PRINTING. 

Number of impressions for chart room ................................... . 
Number of impressions for Assistant in charge .......................... . 
Number of impressions for Engraving Division . . . . • . . ................... . 
Number of impressions for Hydrographic Inspector ....................... . 
Number of impressions for lithographers (transfer proofS) ................. . 
Number of impressions for Atlantic Coast Pilot charts and views . • • . ..... . 
Number of impressions for Alaska Coast rilot views .................•..... 

~1, 057 
9,530 
2,315 
1,148 

96 
1,665 
5,226 

Total.. . . . . . . . . . . . . . . . . . . . • • •..............• ...................... 51, 037 

I append hereto a list of the copper plates that were 
during the year. 

completed, continued, or commenced 

I remain, sir, yours, very respectfully, 

U. 0. BOUTELLE, Esq., 

HERBERT G. OGDEN, 
Assistant, in charge of Engra11ing Division. 

Assistant, in charge of Office and Topography. 

Plates completed, continued, or commenced during the fiscal yea1· ending June 30, 1884. 

1. Outlines. 2. Topography. 3. Sanding. 4. Lettering. 5. Etching. 

ca.ta.I I 
logue j Plate Title. I Scale. Engravers. 
No. i No. --1-- ------ ·--C-OM-l-'L-lt-TE-D-.-------1!-----.1 

21 . 1090 Galveston to the Rio Grande.............. . . .. . . . ··i 1-400, 000 4. E . .A.. Maedel, H. ll. Knight, and J. G. Thompson. 
Pamplico Sound. Middle Shcet.Ocracoke Inlet to Month: l-80, 000 12, 3. H M. Knight. 4. E . .A.. Maedel, J. G. Thompson, and 143 1190 

of Pamplico RiYer. I W. H. Davie. 

San Carlos Bay to Lemon Bay, including Chnrlotte Har-I 1-80, 000 I 1,2, 3. W . .A.. Thompson. 4. E. A. Mae£lel, A. Petersen, 
bor. I and J. G. Thompoon. 

Apalachee Bay ancl Saint Georire'sSound .•.•••... ······,,!. 1-80, ooo, 2. W. A. Thompson. 3. T. Wa.sserbach. 4. F. Co11rte . 
nay, T. Wasserl>ach, J. G. Thompson, and A. C. Rneb-

1 1 sam . 
.Mississippi River, Hrand Prairie t-0 New Orlel\ns... •• • • 1-80, 000 4. E. A. Haedel and J. G. Thompson. 

175 1093 

182 . 1447 

195 : 1823 
455b . 1704 Saint John's River No. 3, Jacksonville to Hibernia.···< 1-40,000 3. R.F.Bartle. i.J.G Thompson. 
455" 

154 

626 

369' 

409 

520 

551 

655 

IHl11 

,25 

834 

1729 

1730 
1758 

1792 

1786 

1803 

1278 
1817 

1065 

786 

11123 

Saint. John's River No. 4, Hibernia to Racey's Point .•• ' 1-40, too 3. R. F. Bartle. 4. E. A. Maedel, F.Cou.rtenay,andJ. G. 

lilEW EOITIOlilS, 1883. 

Long Island to Huntiug Island ......................... / 
Suisun Bay. . . . . . • • . • . . . . . • • . • • . . . . . . • . . . • . • • • . . • • . • • I 

NEW ElH'f!OlilS, 1884. I 
New YClrk Entrance ..•..•..•.••...•....•••.•••.•..••• i 
Key West Harbor ...............................•.••. / 

Galvest-0n Entrance .......•......................•..• ..1
1 

Burlmgoon Harbor, Vt ............................•.••• 
Blakely .Harbor ........................................ I 

' llEl88UES, lSM. II 

Inside Pnasage, Bath to Booth Bay .....•....••....••.... 
Cape Fear River, l'tider11l Point to Wilmington ..•....•. 
Cape Orford and Reef ...• , ••••...•........•.••.•••.•••.• 

PllOGllE6S SKETCHJ!S. 

Thompson. 

1-80, 000 3, 4. H. M:. Knight, J. G. Thompson, o.nd A. C. Ruebsam. 
1-40, 000 3. James H. Bark.er, T. Wasserbach. 4. W. A.. Thomp-

son, J. G. '.l'hompson, and W. H. DaTia. 

1-40, 000 I, 2. W. A. Thompson. 3, 4. H. M. Knight. 4. J. G. 
Thompl!On. 

1-50, 000 3. James H. Barker. W . .A.. Thompson. 4. E. A. Maedel 
and A.. C. Ruebeam. 

1-40, 000 S,4. 1'. Wa.soerbach. 4. A. C. Rnebaam. 

1-10, 000 4. W. H. Davis. 
1-10, 000 2, 3. T. Wa.saerbaeb. %. W. A. Thompson. 4,. T. Wae. 

serbach. 

1-20, OO(J 4. T. W&11serbaeh. 

1-30, 000 3, 4. T. W1111aerbach. 

1-40, 000 2. W. A.. Thompson. 4. E. H. Sipe. 

1745 Hudson and Saint Croix Rivers (extenaion)..... ••• . . .•. ..•••• 1,'- E. R. Sipe. 4. A. C. Ruebaam. 
1749 Maryland and Geor(la Ba.le Lines (extension) • . . . . . . .•. .••• •• . . . • • . . . 4. B. H. Sipe and A. C. R11ebaam. 
17li<I Long Llland and tho Blue Ridge (extension) ............. J •••.••.•••.••• 4. E.H.Sipe and.A..C.RuellUlll. 
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Plates completed, continued, or commenced during the fiscal year ending June 30, 1884-Continued. 

1. Outlines. 2. Topography. 3. Sanding. 4. Lettering. 5. Etching. 

1~;.1 P~WI T;u. I -SW• 1------'"''"~ ---·---
-·--·--r--· ALASKA COAST PILOT CHARTS. i-----i---------.. ·----------

1565 Cape Mudge to CapeCommerell ........••..........••.. ,'. ............. [ 4. E.Ir.Sipeand W.H.Davis. 

1566 Cape Commerell to Poiut Walker ..................................... 14. E. H. Sipe and W. H. Davis. 
1567 Point Walk~r to Swanson Bay .......................... I ............ _ 4. E. H. Sipe and W. H. Davia. 
1568 Swanson Bay to Chatham Sonnd ...••...•.•••........•. [.. ... .. . ..... 4. E. ll. Sipe. 

1569 DixouEntrance ..................................... ·-·l·-----····-·-·i l,4. E.H.SipeandW.H.Davis. 
1570 Portland Canal and Observatory Inlet .................. 1• _ ............ 4 E. H. Sipe. 
1571 Behm Canal and Clarence Strait ........................ ! .............. 12. W. A. Thompson. 4. E. H. Sipe and W. H. Davie. 
1572 WolfRocktoCapeDecision ............................ [ ............. 2. W.A.Thompson. 4. E.H.f'ipeand W.H.Davie. 
1573 Sumner Strait .......................................... j .............. I 2,3. W.A.Thompaon. 1,4. E.H.Sipe. •· w·.H.Davl•. 

15i4 i:edericks Eou~d an:l S~ephens Passage ................ \ .... _._ ...... · I :· 4. ?~- H. ~ipe. , . 
1575 :sandy Bay to Cape E1h.,,111l. ............................ l ............ ··: 2. "W. A. Thompson. 1, 4. E. II. Sipe. 
1576 Cape Edward to L!tuya Bay ............................ i .............. ; 2, 3. W. A. Thompson. 1, 4. E. H. Sipe. 

11819 Lynn Canal ..........................................• -1. ............ ! 2. W.A.Thomp•on. 1,4. E.H.Sipe. 

1
1578 LitnyaBaytoYakutatBay ............................. [ .............. 12. W.A.Thomp•on. 1.4. E.H.Sipe. 

1557 8eymour Nanows ............................ ·····----·I···· ... ---··-·14. E. H. Sipe and W. H. Davis. 

ALASKA COAST PILOT VIEWS. I I 
Sitka or Norfolk Sonml .............................. 1 .............. 

1 
4. E. II. Sipe. 

Anchorage Naas Jlay,&c ············-··········--······I·-···-- ! 4. E.H.Sipe. 
Entrance to Coghlan Anchorage, &c ................... -1- .. ·········· [ 4. E.H.S'.pe. 
False Egg Islaml, &c .................................. ! ............ 4. E H.S1pe. 

1645 

1646 
1644 

1647 
1665 

1663 

1791 
1795 

1700 
1826 

Invisible Point &c ........•.....•.•...........•...... ! ••••••••••••• 4. E.H.Sipe. 

Leading marks over Nabidtti Bar, &c ..•.............. · 1........... 4. E. H. Sipe. 
Point Cra.,en, North Point of Peril Strait, &c ....................... .; 5. John R. Barker. 4. E. H. Sipe. 

Point Windham, &c .......................... -----· .... , ........•.•.•. / 5. John R. Barker. 2. W. A. Thompson. 4. E. H. Sipe. 

New Ed<l'.ston~ Rock, &c ....... ; .................................... ! 5. John R. Barker. 4. E. n:· Sipe. 
Mount Samt Elias and Mount Fw.rweather ............. ·------· ...... , 5. E.H. Fowler. 4. E. H. Sipe. 

MOUNT DllSERT ISLAND VIEWS. I 
1589 Robinson's Mountain, from summit of Brown's:Monnt- ! ............. 4. W. II. Da.,is. 

ain. i 
1549 Robio•on's :Mountain, looking north, Eagle Cliff Mount- i.... 

1 

2. W. A. Thompson. 4. W. Il. Davis. 

aln. 

1510 Brown'sMonntain,lookinirnortbweat .................. : .. --·-······I'· W.H.Davis. 
1511 North Summit, faee of Echo Mountain ................ ·-i .............. 

1

2. W. A. Thompson. 4. IV. H. Davis. 

1513 Brown's Mountain looking south ..••••.....•. --- ..... -·i,---· .......... 4. W. H. Davis. 

1546 EehoMountain,lookingwest. -----·----·--·-- ......... 
1 
............. 

1

2. W.A.Thompson. 4. W.H.Davis. 

TOPOGILU'IIICAL VlEWS. I I 
I I 

1700 Cape Disappointment, from Sandy Island, looking Wllllt . I ........... · j '· W. H. Davis. 

1691 The Dalles, Columbia River, looking southeasterly ... -·1···· ....... ---, 4. W. H. Davis. 

CO>mRNCED. • . ' 
14 1778 CapeCanaveraltoFoweyRocks ........................ j 1-400,000 1,2.R.F.Ba..-tle. 1,3,4.H.M.Knight. 4. E.A. Mae. 

I del and F. Courtenay. 
152 1787 WinyahBay, CapeRomaln,&c ................. ........ 1-80,000 1,2. J. Entholfcr. 4. A. Pet<>raen. 
210 1779 / CorpW! Christi Bay and PMS ...........•......•..•...•.. 1 1-80, 000 I, 2. H. C. E\·ans. 4. J. G. Thomp•on. 

305 1821 I Pleaaant Bay t.o Prospect Ha.rbor. Me .• • • • ••• .. • . • • • . .. l·-40, 000 ! I, 2. R. F. Bartle. 
359a 1798 ThaniesRiverandNewLoodonHarbor................ 1--40,00011,2. R.F.Bartlo. 4. A.l'etersenandJ.G. Thompson. 

073 1800 Point Conception to San Luis Obispo ............. ----· 1-200, 000 i 1. 2. W. A. Thompson. 
876 1741 San Francieoo to Point Arena.............. .• .......... 1-200,000 1, 2. W. A. Thompson. 4. A. Petersen. 

Gllla 1799 AJlt>l"08ehes to the Columbia River...................... 1-200, 000 1, 2. J. Entholl'er. 4. A. Petersen. 
85tG 1762 PortDiscoverya.nd W88hingtonHarbor ................ , 1--40,000 1,2. E.J.Enthoffer. 4. F.CourtenRy. 

111111 1828 San Lui& Obl8po Bay.................................... 1-20, 000 

1
1. 2. E. J. Entholfer. 

1789 Trinidad Harbor ........................................ ! 1--40, 000 l, 2. Ji:. J.Enthoft'er. 3. H.C. Evans and W . .A.. Thomp· 

1793
1 Saint George's Reefand Creacent City ................. i 1-80, 000 
( Cape_OrfordandReef .................................. 

1

' 1-80,000 

1820 Sau Diego Bay.......................................... 1-100, 000 = ::.~==~~;;;;:;;~~~-~;;;~~~;::11 ~=::: 
1819 Alaska Coaat Pilot chart, Lynn Canal ............................... . 

son. 4. F. Courtenay. 
1, 2. E. J. Eotholfer. a. H. M. Knight. 4. F. Co11rtenay. 

1, 2. E. J. Entho1fer. 3. H. M. Knight.. 4. •'-Courtenay 

1,2. E.J.Enthoffer. F. Courtenay. 
1, 2. E. J. Enthoffer. 3, 4. H. H. Knight. 

1, 2, 4. A. C. Ruebeam. 
1,4. Jl:.H. Sipe. 2. W.A.Thompaon. 
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Plates completed, continued, or conimenced during the fiscal year ending June 30, 1884-0ontinued. 
l. Outline. 2. Topography. 3. Sanding. 4. Lctt<iring. 5. Etching. 
--~ -------- ------ ------- ---- -·------------------~ ------------------ --· 

Cata· [ l'late 
lo~ue: No. ; 

No. 
Title. Scale. 

' 

Engravers. 

.. ·- ,---~----- -----~--------------- ----------
' 

COMMENCED. i 

17t3 Atlantic Coast Pilot view, Volume i. Duck Key, Sorn· ... _ ........ · 5. John R. Barker. 
broro Key, &c. 

1765 Atlantic Coast Pilot view, Volnme 4, Dames Point, 
Saint John's River, &c. 

. ............. , 5. John R. Bark~r. 

: 1781 · Atlantic Coast Pilot view, Vol. 4. Green Cove Spnn)!:S, .............. ! 5. John R. Barker. 
&c. ! 

l 7B~ Atlantic Coast Pilot view, Vol. 4, Entrance to Saint 

Augustine, &c. 
' 1791 : Alaska Coast Pilot view, Point Cra-rnu, North Point 

of Peril Strait, &c. 

li95 Alaska Coast Pilot view, Point Windham, approaches 

to Takon lial'bor, &.c. 

: 1796 · A.la.ka Coast Pilot view, NorthwestPoiut of Washing-
. I ton I.lands . 

. 1826 i A.laska Coast. Pilot view, Mount Saint Elias and Mount 

! Fairweather. 

............. 1 5. John R. Barker. 

5,' John R. Barker. 

5. John R. Barker. 

5. John R. Barker. 

5. E. H. Fowler. 

1-2, 100, 000 i 4. E. A. Maedel. 

' 1 CONTI.NUEll. 

D ' 1053 I Sailing chart, Gulf of Mexico .................. . 

102 i 1742 ; Seallsland t-0 Petit Manan, north part ......... . 
145 1725 . Cape Hatteras .................................... - .... . 

152 

15.3 

180 

181 

192 

204 

208 

1787 \Vinyah Hay, Cape Romain, .!.:c ......... - - .. -- --- .. . 

1503 Winyah Bay t-0 Long Island ....................... . 

lHU Cedar Keys to Dead Man's Bay ........................ . 
1450 . .A.palachee Bay ......................................... ! 
1537 Chandeleur and Breton Island Sounds .................. ! 
131C · Galve•fon Bay .......................................... 

1 

1247 Pass Cavallo, Lavaca and San Antonio Bays ............ j 

1-80, 000 1 and 2. J. Entholfor. 

1-80, 000 · 1 and 2. R. F. Bartle. 3. IT. C. Evans. 4. A. Pot.iraen. 
1-80, 000 ' 1 and 2. J. Entholfer. 

1-80, 000 , 4. H. M. Knight. 

1-80, 000 1 and 2. Il. C. Evans. 4 .. !<'.Courtenay. 
1-80, 000 3. F. Courtenay. 
1-80, 000 3. F. Courtenay. 
1-80, 000 4. F. Courtenai•. 
1-80, ooo 3. F. W. Benner. 4. T. \Vasserbach and A. C. Ruebsam. 

209 1248 ! .Aransas Pass, Aransas and Copano Il1tys .............. j 1-80, ooo 2 and 3. W. A. Thompson. 3. F. W. Benner, H. C. Evans. 
I I 
1 

I 4. A. C. Ruebsam. 
212 1715 

1 
Brazos Santiago, &c .................................... : 1-80, 000 3. James H. Barker. 

306 1186 '. Frnnchman'8 Bay and Somes Sound .................... i 1-40, 000 2 and 3. H. C. Evans, W . .A.. Thompoon. 4 . .A.. Petersen 
i I and E. R. Sipe. 

307 1265 i Blue Hill and Union River nays ...................... ·• l 1-40, 000 3. lL C. Evans. 4. A. Petersen and E. H. Sipe. 
308 13i6 Approaches to Blue Hill Bay and Eggemoggin Reach.-] 1-40, ooo a. H. C. Evans. 4. A. Peoorsen. 
359a 1 1798 ' Tbamos River and New London Harbor ................ 1 1-40 000 ' 1and2 R F Bartle 4 A. Peter•en 3 H M Knight 
40lc ; 1679 James Rh·er No. 5, Kingland's Creek to Richmond ...... i 1-20: 000 \ 4. F. C~u~<i~ay. . . . . . . . . 

WOa 1754 San Diego to San Francisco ......................... ····i 1-1, 200, 000 11and4. H. ll:. Knight. 
600b 

1 
1765 8an Francisco Bay to the Stait of .Tuan <le Fuca ... ·····I 1-1, 200, 000 l and 4. H. M. Knight. 

621a. 1532 San Francisco entrance ................................ 

1

1 1-40, 000 I 1 and 2. W. A. Thompson. 3. II. M. Knight. i. J. G. 
j Thompson and A. l'eteroen. 

! I 
--------- - ------- ----------------------------

REPORT OF THE MISCELLAXEOUS DIVISI8N FOR THE YEAR ENDIXfl. JUNE 30, 1884. 

U. S. OFFICE CoAS'l' .A.ND GEODETIC SURVEY, 

Waaltingto'n, June 30, 188!. 
SIR: I have the honor to submit herewith the annual report of this division for the year ending 

June 30, 1884. 
The general work of the division was the same as in former years. The' Annual Reports for 

the years 1881 and 1882 were printed during the year, thus bringing the series much nearer to 
current date than for many years previous. The Annual l~port for 1883 was also sent to press, 
aud considerable progress made towards its publication. This volume will be ready for distribn· 
tion before the Report for 1884 is submitted to Congress, when the whole series of annual reports 
will be up to date. For this much-desired result the office is largely ind6bted to the cordial 
co.operation of the Government Printing Office officials. 

The first ~dition of Sqbdivision 15 of the Atlantic Coast Pilot (Delaware Bay and River) 
was published, and the Pacific Coast Pilot, Alaska, Part 1 (Dixon Entrance to Yakutat Bay, with 
the Inland Passages) was sent to press. 
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During the year the following aggregates of publications of the Survey were received from 
the Public Printer: 

Annual Reports for 18i9, 1880, 1881, and 188:J .................. . 
Appendices to Annual Reports (extra copies) ............................. . 
Tide Tables for the Atlantic and Pacific coasts for 1885 .................... . 
Notices to Mariners, Nos. 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, and 51. .... . 
Atlantic Local Coast Pilot, Subdivision 15 . . . . . . . . . . . . . . . . . . . . . . ......... . 
Summary of Report of Superintendent for 1883 ........................... . 
List of Original Topographic aud Hydrographic Sheets . . . . . . . . . . . . . . . . . .. . 

Copies. 

9,463 
5,400 
4,500 
6,000 

500 
300 
100 

A detailed statement conceruiug the above-mentioned publications is.appended hereto. 
Dh1tribution of the \Tarious pulllications of the Survey to the Departments of Gornrn ment, 

institutions, and indiYiduals was made as usual, and the Notices to Mariners and Appendices to 
the Annual Reports, published in pamphlet form, were distributed gratuitously in the customary 
rnanuer. 

Three thousand three hundred and twenty-two copies of the Annual Reports were distributed 
during the year; also 856 copies of the At.lantic Coast Pilot, including subdivisions. 

There were received in the cha,rt-room during the year 33, 743 sheets of charts, of which 
28,19,'\ were copper-plate impressions, and 5,54.5 were printed from stone. Thirteen thousand three 
hundred and forty-seven copies were furnished to the several Executive Departments and to Sen
ators and Representatives, and 17,418 sheets were supplied to sale agents. The total issue of 
charts during the year was 33,63~ copies, being an increase of 1,626 copies over the l'receding year. 
(See statement appended hereto.) The receipts from sales of publications amounted to $3,966.44, 
which sum was duly deposited iu the Treasury. 

The issue of charts was made under the immediate supervision of Mr. Hugo G. Eichholtz, who 
has continued in charge of the chart-room. 

The carpenter work of the office, inclu1ling the wood work of instruments and packing them 
for transportation, the construction of vats, frames, &c., for the laboratory, repairs of furniture, 
and repairs to the office building, &c., was under charge of Mr. A.. Yeatman up t-0 the time of his 
death, on the 2d of December, 1883. Mr. H. 0. French was appointed by the Superintendent to 
succeed Mr. Yeatman, and reported for dut.v on the 1st of January, 1884, since which date he has 
been in immediate charge of the carpenter shop. Messrs. G. F. Cox and G. W. Clarvoe were 
employed, as heretofore during the whole year, and reIHlered faithful and efficient ser\'ice to tlie 
chief carpenter. 

The map-mounting room bas been in charge of Mr. R. T. Bassett, as heretofore, and Mr. N. Y. 
Cavitt bas continued to discharge the duties of janitor. 

The messengers and laborers employed in the office have discharged their duties with a degree 
of fidelity and zeal that entitles them to commendation. 

Yours, respectfully, 
M. W. WINES, 

C. 0. BOUTELLE, Esq., 
Ohief of Miscellaneous Division. 

.Assistant, in charge of Office and Topography. 
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IMt of publications of the Coast and Geodetic Survey received from the Public Printer durfog the fiscal 
year ending June 30, 1884. 

Number lj Number 
Name ofpnblieation. i of 11 Name of publication. of 

] copies. / copiea. 

-------- -------i----11----------~----------------- ----
Annnal Reportfor 1879 .................................... 1 88411No.8-MeaeurementoftheYolobaee, YoloCounty,Cal. !DO 
Annual Rt>port for 1880 .•••••••.••••••••••••• -••••••••••••. I 822 No. 9-Field·work of the triangulation, third edition..... 700 
Annual Report for 1881 .•••...•••••.••.••••.•.•••••..•.. ·-1- 3, 845 I No. 10-0n the construction of observing tripods and scaf. 200 

Annual Report for 1882 .................................. 1 3, 912 Ii folds. 
Tide Tables. Atlantic Coast, for 1885_ .......•............. : 2, 500 ! No. 11-Resnlta of the transcontinental line of geodetic 
Tide Tables, Pacific Coast, for 1885 ........ _ ... _ ........... ! 2, 000 /I' spirit-leveling near the parallel of 3D0 • 

Atlantic Coast Pilot, Subdivision 15--Delaware Bay and i 500 i No. 12-Secnlar variation of the magnetic declination in 
River. ' !j the United States and at some foreign stations, 

Summary of Report. of Superintendent for 1883 ........... i 
List of original topographic and hydrographic sbeets regis- ! 

tered in the Archive• of the United States Coast and I 
Geodetic Survey. I 

NO'fIClt:S 'fO MARINERS. ; 

No. 40-Dangerous rock off ''Varren'• Point, R. I ...•...•.. 1 

No. 41-Dangerons rock rncently reporttid on the coast of I 
Maine, near Mu•congus and llooth Bays. I 

No. 42-lwok• reported in Eggemoggin Reach, Me., and 
in East River, N. Y., near North Brother and 

Riker's Islands. j' 

N.o. 43-Dangerous shoals off Cape Henlopen, Del. ....... . 
No. 44-Wreck in Potoma<> River, near Blackistone Island.I 

I 

No. 45-Dangerous shoals in Monomoy Passage_ .......... i 
No. 46-Notes on dangers in Neva &nd Peril Straits and i 

anchorages in 1!'isb llay, Southeastern Alaska. 1
1 

No. 47-I>angerous ledges in Fisher's Island Sound ....... . 
No. 48-Dangerous rock in East River, N. Y ..........••. ·I 
No. 49-Dangerons ledge in Englishman's Bay, coast of 

:Maine.· 
No. 50-Development of ledges off Minot's light-house, 

Massachusetts Bay. 
No. 51-Importa.nt changes at and .near Cape Henlopen •.•. 

Al'PENiltC'RS TO '!"HE REPORT FOR 1882. 

No. 7-A. new compensating primary base •pparatns, in· 
clnding I.he determination of the length of the 
corresponding five-meter standard bars. 

300 i ! fifth edition. 
100 ii No. 13-Distribution of the magnetic declination in the 

Ji United States at the epoch January, 1885. 
ii ll" o. 14--Records and results of magnetic observations made 

II at the charge of the "llache fund" of the Na-
:: tional Academy of Sciences, from 1871 to 1876. 

500 ii No. 15-compariseu of the survey of Delaware River of 
500 11j 1819, between Petty's and Tinicum Islands, with 

j more re'-'.e11t surveys. 
500 I No. 16-Study of the effect of river bends in the Lower 

if Mississippi. 

500 j United States. 
II No. 17-Discussion of the tides of the Pacific Coast of the 

500 I No. IS-Report on the Siemens electrical deep-sea th er- : 
500 I mometer. : 
500 I No. 20-The total solar eclipse of January 11, 1880, ob· i 

served at Mount Santa Lncia, Cal. I 

500 No. 21-AnewreductlonofLaCaille'sobservationaof Fun· I 
500 damental stars in the sonthem heavens, 17411- 1 

500 I 1757. I 

I
I No. 22-Report of a conference on gravity determinations .. _ 

500 I No. 24--Tribnte to the memory of -Oat-lile P. Patteroon, 

I
! Superintendent of the Coast and Geodetic Snr. 

500 i vey from 1874 to 1881. 

I
: APPENDIX TO THE REPORT FOR 1883, 

500 i 
: No. 7-Table of depths for barbors on the coasts of the 

1: United States. 

1: 

Chart& received in and issued from the chart-room during the fiscal year ending June 307 1884. 

Number of sheets. 

-------------·-- ---------1 
I 
I r 

I 
Received. I Issued. ;

11

, -----------1 
Jnly 1, June SO, 

1883. 1884. 

-----1 1· i 
', 33, 743 . . . . . . .•. • • . 35, 771 1· 35, 876 

Executive Departments ..............•. ····+···········, 12,248 ............ 
1 
...••.•..••. 

~natorsand Representatives ............... 1 ............ 

1

1 1,099 ............ 1·········· .. 
Institutions .................................. 

1
............ 1,188 ......•..•........•.•••. 

Foreign Governments ....................... 1 ..... ·······1' 149 ....................... . 
S~leagents .................................. 

1

1 ............ _ 17,418
1 
........... .1. .......... . 

ldisoollaneous ....................... ~ ................... 1 l,536 ; ............ f .......... .. 

Total. ................................... , 33,7431 33,038 i--35'Ftl-:i5;876 

To w bom issued. 
On hand. 

200 

500 

100 

100 

100 

500 

200 

100 

200 

200 

300 

500 
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ARCHIVES-UNITED STATES COAST AND GEODETIC SURVEY OFFICE.-REPORT FOR THE FISCAL 
YEAR ENDING JUNE 30, 1884. 

u. s. COAST A.ND GEODETIC SURVEY OFFICE, 

lVashington, June 30, 1884. 

SIR: I respectfully submit herewith the annual report of the receipt and registry in the 
Archives of all original and duplicate records and computations, original topographic and hydro
graphic sheets, and specimens of sea-bottom, turned into the office during the fiscal year ending 
June 30, 1884. 

.. 

!.-Records and computations. 

GEODETIC WORK. 

Number of volumea. 

I ' I 
Ori"inal. Duplicate I Co~pnta- i Total 

------------------- __ :__I · tiona. I · 
ObRervations of horizont.al angles or directions .... 
Observations of vertical angles .•.•.....•...•....•. 

153 
44 

133 .••.•. ······1 
42 .•••••.••.•. 

28G 
86 Descriptions of stations............................ 22 19 . . .• • . .•• •• . 41 :Meaimrement of bases... . . . . . . . . . . . • . . . . . . . • . . . . . . 6 . 4 . . . . . . . . • . . . 10 

Spirit-leveling . . • . . . . . . . . . • . . . . . . • • . . . • • . . . . • • . . • • . 32 
1 

27 i ............ 
1 

59 

Geodetic miscellany . • • . . • • . . • • . . . • . . . . . . . . . . . . . . . . 38 I 33 J · .......... · I 71 

Computations ....•.•.•••.•..•••••.•...........•••••...•.•..••.•...•..•..•.. 

1 

171 I 171 
!~---·'-~·-- , ____ , 

Total .......•.......•..•.•...........................•. ··I····· ............... ····I 724 

ASTRONOMICAL WORK. 

Obaervat'.ons for latit~de ....................... ···I 17 
Observations for longitude ......................... i 38 Observations for tiJne ............................. 1 19 

17 1 ............ 1 34 
11 [············: 49 
22 ····-------· 41 

Observations for azimuth .......................... : 5 1 10 '-·········· 15 
Astronomicalmiscellany ..••.••..••.•••••.•...••••• i 8 j 4 ; .•...••• :... 12 

Comp~:=:~~::::::::::::::::::::::::::::::::::::::J==i==i·······-~--l---~. 
MAGNETIC WORK. 

~::::::::80.~~~-~~-~~~~~~~:::::::::::J ....... ~~--'·····--·~~.J-··-···-~··/ 5! 
Tota1 .•••....•..••.•....•.•..............•... l~~1---·······J=~1--ssj 

HYDROGRAPfilC WORK. 

01.:>servations for aonndinga . . • • • • . . • • . . • . . . • • . • • • . • 286
27 

1

1

, 17
20
6 .· -. -. -. -. -.. · -. -. -_ ·.·.1 462 

Observations of t.uglea. ••• • • . . • . . . . • • • . . • . . . . . . . . . . 47 
Deaeriptioos of bydrograpbic elgnals .•••••.... _... 3 ! 1 . . . . . . . . . . ... 4 

Spe-0imene of --bottom........................... 
1
:i.
30
o ........ ;; •. ·. • .. ·.· •· .· · .. · _· -.. ·.·_I,. 246 

Tidal observations................................ .,.. . 214 ----
Total . • • • • • . • • • • • . • • • . . . . • • •• • • • • • • . • • . . • • • • • . • • . . • . . . • • . . . . . . • . . . • • . . • . . . . • . . .. j 1173 

I 
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II.-Topograpkic and hydrographic surveys. 

TOPOGRAPHIC WORK. 

: I' , 
! Number of !i \Number of 
1 sheets. j: i eheeta. 

----~'--~:1 ----- -- ----;----
!! From Point Conception to Point Arguello, Cal ·--·-· ... i OIUOlNAL TOPOGRAPHIC SHEETS. 

Sh fD l R . i 3 1
1
1 Shores of HarringtonRiverandBay, Me .........•..... .,,' oreeo e aware iver ...........•....•... ············i 

Coast of Florida from Biscayne Bay northward ....... _ .. ! 1 ii Shor~s of Union River Bay and Skillings River, Me ..... , 

Shores of Saint John's River, Fla ..................... ··· I 1 ,: San Nicolas Island, Cal.· -- · - :· - · .. ··· ·· · ...... · ·· · ... · · · i 
Sh fN B T 1 1 :

1 
ShoresofPlea""ntBayandR1ver, Me ................... , oreso ueces ay, ex .............................. 

1 
, , 

w t h f H d R" N y 1 !i Point Surto Kaaler's Point, Cal ......................... ; es s ore o u son 1ver, . . ......... ············! 11 ' 

W '- h fLo I la dSo d Ny 2 ii Cooper'sPointtoPoint Sur, Cal ........................ -: eswrn s ore o ng s n nn , . . ............. : 
11 

, 
East &bore of Hudson River, N. y ....... _ ........ _ .. _ .. _ ! 2 1 San Clemente Island, Cal .....••.....•...•. _ .•... _ .... , .. I 
S f B Fl i 2 .. : North shore of Long Island Sound, Conn ..•.......•..•.. : 

· 2 i Shores of Can's Inlet and Pickering Passa.ee, W. T ..... I 

2 

1 

horeso Sarasota ay, a .............................. , I I 

Shore! of Lemon Bay, Fla ................................ i 
The Narragnague Valley, Me ............................ ; 1 '

1 
Total .............................................. :---27-

·--------'------
HYDROGRAPIDC WORK. 

II : I CoastofTexas ........................................... 
1 

1 'I Offshore soundings, reast of Long Island, N. Y .......... ; 

~!I ~:~°!~a~dv~:~:·;,~·::::·:::::~:::::::::::::::::::::i 
3 : City Island Harbor, N. Y ................................ f 

1 i Examination of the Gulf Stream, Atlantic ooaat .......... ! 

~ :I Lil::~~: ::i·~~ -~~~-~~~~ ~~~-~~i~~-~~-~~~~~~:-~-~-1 
1 !I Profile of the Caribbean Sea ............................ . 

1 
1

1
, Swash Channel, New York Lower Bay, N. Y ............ . 

5 J Hatteras Inlet Bulkhead, N. C .......................... . 

1 !I' Lower Delaware Bay, Del .............................. . 

1 I I : Total ............................................ . 
2 l · I 

OBIGL~AL HYDROGBAPHIC SHEETS. 

.Approaches to New York Harbor, N. Y ................ .' 

Soundings off east shore of Gardiner's Island, N. Y ..... . 
Croatan Sound, N.C .................................... . 
Saint John's 1-tiver, Fla ............................................ : 

:::=.;~~::::······:··::: :::: .• .::::1 
Coast of Lonleuma ...................................... " 
Entrance to Cape Fear River, N. C ...................... 1 

Pacific coast, from Point Pinos to Cooper's Point, Cal .. ·I 
Off Cap" Romain, S. C ....................... ...... : .••.. \ 
Manat~e River Bar, Fla ................................. . 
West coast ofFlorida ................................. .. 

I 

'! 

1 

2 
1 

l 

a 

18 

The foregoing exhibit shows that there were registered in the Archives during the past fiscal 
year 724. volumes of geodetic observations and computations; 215 volumes astronomical observa
tions and computations; 58 volumes magnetfo observations and computations; 974 volumes bydro
gra.phic observations and specimens of sea bottom; 27 original topographic sheets, and 38 original 
hydrographic sheets, making a total in volumes, specimens, and sheets combined of 21035, or 199 
in excess of the registry during the previous fiscal year. 

C. 0. BOUTELLE, Esq., 

Respectfully submitted. 
RICH. M. HARVEY, 

Oustodian. 

Assistant, in charge of Office and Topography. 

REPORT OF WORK DONE IN THE INSTRUMENT DIVISIJN DURING THE YEABENDINGJUNE 30,1884. 

U. S. COAST AND GEODETIC SURVEY 0FFIOE, 
W askington, June 30, 1884. 

DEAR Sm: I have the honor to submit herewith the annual report of this division for the year 
ending June 30, 1884. 

The work of this division includes the keeping of the records and the correspondence relating 
to the receiving and forwarding of instrnment8, their safe-keeping, and their repairs aud adjust
ment. Examination is made as soon as possible of all instruments returned by fteld parties. 'fbose 
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found to be in good order are sent to the fire-proof building; those needing repairs are put in hand 
in the instrument shop. As heretofore, a great part of my time was occupied with the perfecting 
of the divkling engine, and in graduating a number of instruments. The diviHious on a great 
nnmber of onr older theodolites and sextants have by long usage become so injured and indistinct 
that to make them useful they had to he re.graduated. In a majority of cases this involved also 
the insertion of new sil\'er hands, the old ones being too thin to admit of their being turned oft' 
true, and this bad to be doue especially with circles that had suffered a fall. 

A great number of instruments were also supplied with new and more powerful telescopes, 
the increased accuracy of the graduation making an increase iu the telescopic power desirable. 
Our old sextants not being originally supplied with the low-power telPscopes, which the new ones 
possess, it was deemed advisable to supply these telescopes, as far as practicable, to all of the 
sextants; this 11as been dque, and the greater part of our sextants are uow thus proYided. In 
order to be able to furnish, without delay, new mirrors to replace injured ones, it was found to be 
a great convenience to have a uniform standard size of mirror for all.sextants. vVe have there
fore changed a number of our older mirror mountings to conform to those on the ne\\" ones, and new 
mirrors can now be sent out without ha\·ing to grind them to au odd i,;ize. l\'lr. ,John Clarke was on 
duty with the Coast Survey exhibit at the Louis\'ille ·Exposition, and was awar from the office 
for nearly four months. As heretofore, Mr. Clarke had the repairing of the magnetic instruments, 
levels of precision, longitude instruments, aud the ruling of glass diaphragms. In addition he 
reconstructed the old 18 inch theodolite No. 4 (Troughton & Simms), which also recefred a uew grad
uation. He also made from my design a double-image micrometer, which is m~ed as a dynameter 
to measure the magnifying power of telescopes. 

Mr. E. Eshleman assisted me in getting instruments ready for the field; be al8o kept recor1l 
of boxes received and delivered. He has bad charge of the theodolites, plane tables, and sex
tants, and prepared the greater number of the circles for regraduation. 

Mr. P. Vierbuchen has overhauled the base bars, and asssisted in their comparison; he also 
repaired the protractors and made 24 new night signal-lamps. In connection with Louis Fischer 
he made the new 100-foot comparator, by means of which we can now compare our meter chains, 
and tape lines. 

Mr. Louis Fischer assisted me very ably while working on the dividing engine in taking micro
meter readings and in centering circles. He also prepared the silver surfaces of a number of cir
cles for reg1·atluation. Whenever the time permitted he worked on the automatic lPve.l-grinder. 
He b..t.s also mountecl several new reconnoitering telescopes and attached heliotrope fixtures. 

Mr.)'· Kearney uas made a number of new heliotropes and repaired t.he old ones; these are 
also being chau.l{cd to have mirrors of standard size for all. In addition to these duties 110 bas 
repaired druwing instruments, supplied the needed brass work for stands and tdemeters, and 
executed miscellaneous office work. 

Yours, 1espectfully, 

C. 0. BouTF.LLE1 Esq., 
Assistant, in ckarge of Office and Topography. 

H.Ex.43-16 

G. N. SAEGMULLER, 
CMef Mechanician. 



 

Blank page retained for pagination 



 

APPENDIX No. 5 

REPORT OF' THE HFDROGRAPHIC INSPECTOR FOR THE YE.JR ENDING ,TDNE 30, 1&<4. 

UNITED STATES COAST AND GEODETIC SURVEY OFFICE, 

Washington, October 1, 1884. 

DEAR SIR: I have to submit my annual report of the progress of the bydrography, care and 
construction of vessels, and work incidental thereto, with which I am charged, for the fiscal year 
ending June30, 1884. 

HYDROGRAPHY. 

The progress of the work is represented in detail in the reports of the officers in charge of 
bydrograpbic parties, who have mostly been detailed from those assigned by the Navy Department 
for Coast Survey duty. 

It may not be inappropriate, however, to present a synopsis of the work done, in order that a 
more comprehensive view may be bad of what was accomplished during the year. 

Owing to the complete exhaustiou of the appropriation for the previous fiscal year most of 
the parties could do but little more than make an attempt at fittiug out in time to take the 
earliest possible advantage of the new appropriations. In most cases it was necessary to wait 
until the actual commencement, of the year (July 1) in order that means might he aYailable for 
the transportation of the parties, thus delaying the snrve~· until the middle of the working sea8on. 

].\fay and June on our northern coast are usually the most favorable months for surveying 
purposes. The expenses for fitting vessels are nearly the ;;ame for a short season as for a long one, 
and as •propriations made by Congress are only 8nfficient for about four months' work we thus 
lose these two best months in the year. Furthermore, the h~·drographic parties are composed of 
men detailed frorn the Navy, and their experience ii;; necessary for a proper execution of the work. 
They are retained as far as practicable from year to ;year, but while unemployed from a want of 
proper appropriations they are an unavoidable expense to the Government. 

I would recommend that when Congress proposes in the future to reduce the amonuts which 
you deem requisite for carrying on the various surveys, that it be requested to reduce the nnmber 
of subdivisions in the estimates, or authorize a greater limit than ten per cent., to the transfer 
account. This would pennit a more economical administration of the funds, with fewer parties, 
and with fully as good results as at present. It is believed it would not, however, euable the 
Survey to comply with the demands made on it from the commerce of the country for which 
extra appropriations are needed. 

The commencement of the fiscal year found the vessels situated as follows: 
The steamer Illake, Lieut. Commander W. H. Ilrownson, U. S. N., commanding, at work off 

New York entrance. 
The steamer A. D. Bache, Lieut. H.B. Mansfield, U.S. N., commanding, at New York, pre

paring for summer season off New York entrance. 
The steamer Gedney, Lieut. E. M. Hughes, U. S. N., commanding, at sea, making passage to 

the coast. of Maine for summer season's work. 
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Steamer Endeavor, Lieut. John T. Sullivan, U. S. N., commanding, at sea, making passage to 
Long Island Sound, to continue its resurvey. 

The schooner Eagre, Lieut. E. D. l<'. Heald, U. S. N., commanding, making passage to coast of 
Maine, to continufl the bydrograph~- in that. vicinity. 

The schooner Silliman, Lient. John D. Keeler, U. S. N., at New York, preparing as one of the 
parties for the resurvey of I .. ong Isl:rnd Sound. 

Schooner Drift, Lieut. J.C. Fremont, jr., U. S. N., commanding, at New York, preparing for 
current observations off New York entrance. 

The schooner Ready, Lieut. C. McR. Winslow, U. S. N., commanding, at New York, preparing 
for work in Delaware Bay. 

Steamer .Arago, Lieut. G. C. Hanus, U. S. N., commanding, at work in Delaware Bay. 
Schooner Scoresby, Assistant Charles Hosmer in charge, on topography and hydrography at 

Hart and Cit.y Islands, Long Island Sound. 
The schooner Pafarnrus, Lieut. A. V. Wadhams, U.S. N., commanding, at work in Fisher's 

Island Sound. 
The steamer Hassler, I.ieut. Commander Henry E. Nichols, U. S. N., surveying waters of 

Alaska. 
The steamer McArthur, Lieut. E. D. Taussig, U. S. N., commanding, at San Francisco, pre

paring for a summer's season on the California coast. 
The schooner Earu1·st, Heut. T. Dix Bolles, U. S. N., commanding, making a resnn'ey of 

Gray's Harbor: \V. T. 
The remaining ,-essels of the :::;urvey were laid up or undergoing repairs. Lieut. E. M. Hughes' 

term having expired, be was relieved from duty in the Coast Survey, and succeeded in command 
of the steamer Geduey by Lieut. Commander A. S. Snow, U. S. N., who finished the season's work 
on the coast of Maine which was commenced by Lieutenant Hughes. No other change was made 
in the commanding officers of the vessels during the summer season. 

The steamer Blake, after completing the offshore soundings in the approaches to New York, 
resurveyed Monomoy Pastmge and Black Rock Harbor, Conn., and made several special examina
tions of reported rocks and dan~ers. 

The Scoresby, after finishing the survey of Hart and City Islands Harbor, continued work in 
the vicinity of the eastern end of Long Island Sound and in Shelter Island Harbor. 

The parties in the field coutinued until about October 15, when they were withdrawn to 
prepare for their winter season in Boutbern waters. This time was taken to make some changes 
in t.he organization of the parties, necessitated by the expiration of the terms of servic,of some 
of the naval officers attached to the survey. 

Lieut. Commander H. E. Nichols, U. S. N., was deta-0hed from the command of the steamer 
Hassler and Lieut. Commander .A. S. Snow, ordered to relieve him. Lieut. E. D. F. Heald, was 
transferred from the Eagre to the command of the Gedney. Lieutenant Beald's health breaking 
down, he was only able to retain command of the Gedney until May, when he was detached from 
the vessel, and Lieut. G. 0. Hanns was transferred from the Arago to fill the vacancy. 

During the winter the party ou the steamer A. D. Bache was engaged in hydrography on the 
west coast of Florida, finishing the season by an uusucoossful search for sunken wires laid oft' the 
Florida Heefs in 1868, for the purpose of ascertai11i11g the rate of coral growth. 

The parts on board the steamer Gedney was surveying the coal'.it of Texas and Louisiana to 
the eastward of Galveston entrance. The party on boarcl the steamer Arago, with Lieut. G. C. 
Hanus, U. S. N., in charge, was engaged in surveying Back Bay, North, and North Landing 
River!'!, N. C., and later ur11ler Liem. J. E. Pi11sbury, U. 8. N., making special Coast Pilot exam
inations from Cape Henry to Fernandina. 

The party on board the schooner Drift was engaged in making current observations and special 
Coast Pilot examinations in the Gulf Stream aml along the southern coast. 

A party on board the steamer Barataria, under charge of Assistant Charles Hosmer, Wall on 
topography auu byilrograpby in the bayons of Loaisiana. 

The schooner Quick, in charge of Sub-Assistant Joseph Hergesbeimer, was used for his party 
while executing a topogmphica.J survey of the west coast of Fla. 
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Tbe party on board the sloop Steadfast, in charge of Assistant B. A. Colonna, finished the 
survey of the Indian River and Lake Worth, Fla. 

Un the Pacific coast the part;r on board the st-0amer McArthur was engaged in hydro
graphic surveys on the California coast, in the vicinity of Point Buchon and between Salmon Point 
and Brushy Point. 

At the end of the fiscal year the following vessels were preparing for the summer Reason's 
work in the northern waters of the Atlantic coast: The steamers Blake, Bache, Gedney, and En
deavor, and the schooners Eagre, Drift, Ready, and Palinurus; and on the Pacific coast the 
steamers Hassler and McArthur. 

'I'he schooner Earnest, after laying up all winter, was prepared for work in Puget Sound, and 
proceeded to the vicinity of Sea beck in .June, with Ensign ,J. N. Jordan, U.S. N., in charge. Lieut. 
Charles T. Forse, U. S. N., when the new appropriation became available for his party expeuses, 
assumed charge. of the 1mrty. 

Before passing to other topics, I desire to call your attention to the report of Lieutenant-Com
mander Nichols, CT. S. N., 011 a rough plane-table used on board the i;teamer Hassler, for making 
a hydrographic reconnaissance. I have appended to this report a sketch and description made by 
Ensign J. H. Fillmore, U. S. N., who devised the apparatus. 

I would remark also, with reference to the water signal, devised by Lieutenant Hanus, and 
described ou page 3 l of the Anuual Report of the Superintendelit for 1883, that further expe
rience causes it to be commended for economy of construction and ease of placing in position. 
Oare should be taken, however, to make the signal perfectly firm by wedging the heel, as signals 
of this kind need to have tile heels firmly wedged to withstand the heaviest gales. 

I append a list of naval officen; attached to the Survey during the past fiscal sear, showing 
the date of assignment and detachment of each officer, together with a tal>le giving the names of 
vessels, their tonnage, &c., in the Coast Survey service during the same period. Also tabular 
statements showing the actual numbers of officers and of men attached to the several vessels in 
service at different periods during the fiscal year. 

REP .AIRS OF VESSELS. 

The reduced appropriation of $27,000, smaller than that of any year 8ince the war, has made 
it extremely difficult to fulfill any but the most essential requirements in repairing the vessels of the 
Surve;r. 

As mentioned in my last annual report, the steam vessels whieh were added to the organizatjion 
at alw:it the same time, a few years after the war, have almost exceeded the limit of profitable 
repairs, particularly to their boilers. It is impossible t:-0 renew the boilers of all these vessels out 
of the available appropriation, even if there were no other calls for the moue~-. The steamer Blake 
seemed to be most in need of them, and was selected as tbe one to be so equipped this ;rear. A 
contract was made with William J,, Pettit, of Baltimore, Md., in December, 1883, he being the 
lowest bidder of several firms, for the construction of two boilers, planned under my direction 
by Passed Assistant Engineer G. H. Kearny, U. S. N., the engineer officer of the ves1:1el. Expe 
rience bas developed the fact that for the Survey the cylindrical type of boiler affords genemlly 
the most beneficial results, aml was the form adoptei for the Blake. 

The steamers Endeavor and Arago, which were fitted a short time since with this clal's of 
boiler, constructed >ery satisfactorily by the same contractor, proved themselves better steamers. 
An increase of from 10 to .15 per cent. was made in their speed, on no greater, if as great, a con
sumptiou of coal. 

In order to get two boilers in the Blake in the limited spaee occnpieli bs the old ones it 
became necessary to mo<lif~· the type somewhat by putting flattened surfaces in. the side for a sµace 
of nine inches, thus giving them an elliptical shape and gaining the necessary height to girn the 
proper grate and heat.ing surfaces. lt is a source of regret that the boilers ham been delayed in 
construction beyond the contemplated time allowed in the contract, but it is due the contractor 
to state that much of the delay was caused by circumstances over which he had no control. 
While this w<>rk was going on, occasion was taken to line up the main shaft of the engine, dock 
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the vessel, clean and repair her bottom, put in new brasses, and other incidentals, at a total ex
penditure of about $5,528. 

The boiler of the steamer Bache, like those of the Blake, on her return North at the com
mencement of the year owing to age (about twelve ·years), was found to haYe passed beyond 
economical repairs. Yet the state of the appropriations made it necessary to again resort to the 
"patch" system to tide her over another year. 

This was itttended with some risk, and the weakness of the single boiler, with which she is 
fitted, was so strongly developed during the surrny on the west coast of Florida, that I questioned 
whether it would not be advisable to recommend to you that the vessel be retained at Key West 
until a new boiler could be sent to her. This woulcl have been attended with greatly increased 
expense, and Lieutenant Mansfield, her commanding officer, decided to attempt the passage north 
d11l'ing the pleasant weather of the month of June. He accomplished it, very mucl1 to the relief 
of all concerned. It now becomes a matter of absolute necessity to construct a new boiler before 
she again goes into active service. Her total expenses for miscellaneous repairs were about 
$1,325.32. 

The steamer Gednes made the passage to the coast of Texas, with some needed repairs left 
undone, owing to lack of funds, and the surYey suffered in consequence by the increased amount of 
coal consumed. It now becom"'s imperative that her broken propeller be replaced, shaft lined up, 
&c. Her necessary repairs amounted to about $241.69 for year. 

Having submitted a special estimate for new boilers for the steamer Hassler (which was 
jncluded in the appropriation passed by Congress for this ~-ear), as little was done to tl1is vessel as 
was consistent with safet,y and as would enable the party ou board to execute a season's work nearer 
repairing facilities than when at work in Alaskan waters, where she was previously employed. 
Plans for new boilers are in course of preparation, and while being put in other important work 
will be executed. The most important item of sheathing her with wood (referred to in my last 
report) will ha\"e to be left for some future time. 

The steamer McArthur's repairs have been comparatively slight during the year, but it is 
expected that age will soon have made extensive repairs to the boiler necessary. Her command
ing officer has persistently urged that she be titted with a steam windlass, not only as a measure 
of economy in time iu getting under way, but as a matter of safety. During the year Rhe has 
parted her chains twice, leaving the yessel, in one case particularly, in a very precarious poRition, 
a report of which, from Lieutenant Taussig, was submitted to you. This lt>arls to the conclusion 
that her commander's reasonl'l for urging the steam machinery are well founded, and I RhaJl 
submit an estimate for accomplishing this desirable object. 

The experience derived from the steam windlasses put in the Bache, Blake, and Hassler dur
ing the past four years hal'l been vers satisfactory, and I am led to hope for better results from this 
Yessel after she has been fitted with a new windlass of the same type. The McArthur's last year's 
repalr8 amounted to $910.80. 

The steamer Endeavor has had comparatively little work done to her hull, but l10r deck-houses 
have been nearly rehnilt; all the work being done by the crew, no mat~rial expense 11as accrued 
to the Survey. In the engineer's department the smoke-stack has been replaced, and the macl1inery 
generally overhauled, while the vessel was laid up at New York during tlie winter. This was also 
mainly done by the force on board the >essel, at little expense. 

The steamer Baratarht bas been fitted with considerable new planking and guards, quite 
extensive repairs to her boilers, and is believed to be now in generally good condition. This, with 
much of the labor performed by shipped men, at a cost of $1,193.15. 

The Arago has required, to meet cost of repairs, $460.24. 
The schooner Eagre, as stated in m;v last anuual report, was found to require a thorough 

calking of her bottom, which was made tlie occasion for replacing her much-needed copper. 
The work was done at the New York navy-yard, at lower figure1> than were obtained from outside 
estimates. Her bottom, as might be expected from her history, was found in excellent condition, 
while the seams showed the necessity for calking this bea"y craft, to prevent working in a sea 
way. Advantage was taken of her entering the dock to clean and repair the bottom of the Pali
nurus, thus material1y lessening the <'-Ost for each ; and the dock not being required for other ves-
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sels at the time, they were allowed to remain out of water for a period of about three weeks, 
with benefit to the Survey. The Eagre's total expenses for repairs were $2,098.86. 

The schooner Palinurus was made ready for a seasou's work in I_,ong Island Sound, including 
cleaning and repairing bottom sheathing, and an extension of the ward-room by sbiftiug the 
cabin bulkhead, &c. This cha11ge iu tlrn quarters, it is believed, will add to the efficiency of the 
party and the comfort of the subofficers of the ves:·wl, aud will at the sume time make the same 
disposition for the chief of party as exists'on the other schooners of her class. Nearly all tllis 
work was done by the crew, at ii total expense of $11'0.89. 

The schooner Drift. It was found during the preYious year that to permit· this vessel to 
make an attempt to solve the problem of anchoring in deep water it \W1Ild be necessary to fit her 
with uew anchor gear. 

The great resistance brought on a five and one-half inch hawser, while anchoring off jjle coast 
of' Florida in three hundred and four hnndred fathoms of water, produced sucl1 a strain as not only 
to carry away the windlass, but in the stron.g current of the Gulf Stream it was impossible for her 
to maintain a fixed position. To renied_y this, a steel wire rope seven hundred and fifty f'atbomR 
long was purchased, a11d the vessel fitted with an it'ou windlass. 

I regret to state that tbe results were only partially successful. After a slight break down in 
starting out the gear was found to stand, but the strain on the vessel was such as to CilUSe serious 
apprehensions for her safoty. Furthermore, the great length of time required in getting the anchor, 
with ordinary band power, in four hundred fathoms of water, caused the vessel to get into positions 
of danger when occn p~·iug stations near the shore. It is recommended that the next observations 
be tried in tite steamer Blake, where, with her steam power, I anticipate successful results. The 
Drift's repairs have amounted to $1,098.74. 

The schooner Yukon has liad sails and riggfog refitted and hull and decks calked, being 
prepared only for quarters for a topographimtl party in Puget Sound. Cost, $1,163.84. 

The barge Beauty was hauled out of water at l\'faysville, N. J., in the summer of 1881, and in 
attempti11g to repair her in May, 1888, she was found to be so rotten that it was impossible to 
move her. To maintain the "complement of vessels" a new bai·ge was built and sent to replace 
her at a cost of $1,575.10. 

The sloop Steadfast was fttted for her last season's service in Indian River and Lake Worth, 
in Florida, at a cost of $75.79. She being of 110 further use to the Survey, and it being impossible 
to remove her worn out hulk from tlie mud banks on which she had grounded, she was stripped of 
all her equipments, left where she rested, and her name erased from the list of vessels. 

The schooner Brisk and steamer Fathomer, as mentioned in my last report, were beyond 
repairs, and by your direction, being advertised for Rale, were sold to the highest bidders. The 
Fathomer to Mr. S. Bensinger, of Washington, D. C., for the sum of $207.50, and the Brisk to 
Messrs. Woodward, Wight & Co., of New Orleans, La., for $210. 

The schooner Scoresby was repaired for service during the summer of 1883 at a cost of $30.68. 
The schooner Earnest, likewise commissioned, as well as refitted out in the spring of 1884, at 

a cost for repairs of $W7.ll. 
The schooner Ready, under tl1e same conditions as the Earnest, at a cost for repairs of $511.40. 
The steamer Hitchcock, schooners G. M. Bache aud Hesearch, and sloop Kincheloe were the 

only vessels on the lii~t not used at some time during the year. 
One steam launch was purchased to replace the steam launch attached tc the Gedney, which 

was found to be entirely worn out, at a cost of $2,750. In addition, the 1wweral steam launches 
called for an expenditure of $1,371.82: to kt>,ep them in order. 

OFFICE· WORK. 

The routine duties of the office have been ;carried on by the very able assistants, Lieut. J. 
E. Pillsbury, U.S. N., in charge of the chart corrections, &c., up to January 29, 1884, and after 
that dat.e by Lieut. Jefferson F. Moser, U.S. N. 

The special fitness of Lieutenant Pillsbury, with his long experience in the handling of charts, 
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led me to recommend to you that he be ordered to take charge of the publication of the Coast 
Pilot of the southern coast, from Cape Henry southward. 

Entering upon this new work with bis usual zeal, be verified the courses ancl distances with 
the schooner Heady on the outside coast of Virginia and North Carolina, and with the steamer 
.Arago those for tlie sounds of North Carolina. Completing this duty, he returned to the office 
the last of January to prepare his manuscript for the print(lr, which was ready by April 12. He 
then took charge ol" the steamer .Arago, and proceeded'with his party on board that vessel, making 
examinations of the coast and inland waters adjoining the coast. as far south as Savannah, Ga., 
returning in June. 

The work under his charge has been pushed with the rapidity which its importance requireu, 
and it is recommended, as there is a general demand for a suitable publication relating to our 
soutlierl}c, coast, this manuscript be gi,·en preference in printing over all but the most important 
office publications. 

It is a matter for congratulation that the Navy Department should have detailed an oflicer of 
Lieuteuant Moser's well-known standing as a h~·drographer for another tour of duty in the Survey, 
and with tliese two officers left in charge of the office it gave me the opportunity to devote most of 
my attention t~ the important work of the year, the construction of the steamer Carlile P. Pat. 
terson. 

'.l.'he draughtsmen of the office, Messrs. E. Willenbiicber, W. C. Willenbi.icher, and F. 0. Donn, 
have efficiently carried on their various duties. .A synopsis from the records of the hydrographic 
sheets plotted by them I present below, and a detailed statement of their work iR made a matter 
of record in this office : 

Number of-

Names. 
' Deep-sea : 

Volumes. Angles. Soundings. Miles. I soundings. : 

97 24, 796 154, 298 
W. C. Willenbiicher ... i 72 21, 160 I 135, 274 
E. Willenbiicher •••... · 6, 931 2,866 

1, 897 

F.C.Donn ............ 1 ___ 64_
1 

14,387 1--~ 3, 137 ! 
233 60, 343 i 361, 425 

C--·--··· ~--·-----·--[ --·. __ J ______ l . ------ --------·-----
11, 965 2,866 

In addition to his extensirn clerical dutimi, Mr. E. H. Wyvill has assisted very materially in 
making tracings and preparation of data properly belonging to the draughtsmen, but which, owing 
to the accumulation of rcco1'lls, the force was unable to take in hand. 

CONSTRUCTION~OF VESSELS. 

In anticipation of Congress taking some action in the appropriation bill for the fiscal year 1883 
for the "construction of a steamship for the survey of the Pacific coast and sounds," plans and 
specifications were prepared under my direct.ion after the general type of vessels which had given 
such good results in the Survey. 

Through the courtesy of Naval Constructor S. H. Pook, at the navy-yard, Washington, D. C., 
Mr. Frothingham, the draughtsman of his department, prepared the drawings and model with 
much credit to himself, and otherwise gave me valuable assistance. 

The action of Congress being favorable to the prQject, bids were asked for as prescribed by 
law, and on June 1, 1883, were opened, as per advertisement, and the following records were 
made: 

Bidders. Location. Bids. 
--------------1--------1----

JMnes D. Leary ........... Brooklyn, N. Y .•.•... 

Wm. E. Woodall & Co ...•. Baltimore, Md ..•...•. 
Slater & Reid ........•...•. New York, N. Y .••... 

1 
Goss & Ward .............. / .Alexandria, Va .•...•. 
Chas. Reeder & Son ........ Baltimore, Yd ....... . 
l'U8ey Jones Co ............ Wilmington, Del .••.•. 
Union Iron Works .•••..... BanFrtDclaoo, Cal ..•. 

*79,400 

'79,500 
Ill, 000 
90,000 

96, 875 

114-,000 
121,000 
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Mr. James D. J,eary being the lowest responsible bidder, and his facilities for building such a 
vessel as was required proving satisfactory, a contract for her construction was made wit11 him 
by yon 011 .July 1, 1883. 

Your directions appointing me the inspector on the part of the Govflrnment, and assigning 
Lieut. R. Clover, U.S. N., and Passed Assistant Engineer H. N. Stevew,;on, U.S. N., as my assist
ants, were received, and under them the following assignments made: Lieutenant Clm·er, who 
had been associated with me in the preparation of the data from the inception of the project or 
building a vessel especially adapted to the surn\y of Alaskan waters by your predecessor, Mr. 
Carlile P. Patterson, was stationed at New York, taking the immediate charge of the work, aud 
under his constant watchfulness nearly every timber and bolt that we11t into the construction of 
the vessel received careful inspection. It is believed that the scheme of having the officer on whom 
wa:,; to rest the responsibility of a long voyage to the Pacific, aud afterwards possible trying cir· 
cumstances on the coast of Alaska, associated iu the construction of the Yessel hai_; been fraught 
with good results to the Government as well as to himself as her future commander. That be 
acquitted himself with credit you well know. Mr. Stevenson was located at Philadelphia, Pa., 
where the steamer's machinery was being made by Messrs. Neafie & Levy. This officer, as men· 
tioned in my last report, bad also been associated with me in planning the machinery, and, as her 
fut1ue engineer officer, was deeply interested in the careful construction of the moti,·e power of 
the vessel. 

This arrangement of the duties left me to proceed from point to point where I was needed to 
decide questions of construction, and t,o see that all workmanship and material was fir:st class 
aud satisfactory to the inspeot,or. 

As I propose to submit to you a complete report of tlie constructiou, equipment, and the 
trials of the vessel, I shall only mention in passing that her keel was laid Augm;t L 188:), and she 
was launched January 15, 1884. A satisfactory trial was made down New York Bay to Sandy Book 
light, ship May 5, 1884, and later a sea voyage covering over forty-eight hours, ending at W ~shington, 
D. C., June 5. As she was not completely fittetl for ller passage to the Pacific coast at the date on 
which this report <iloses, I prefer to make a full report after :ill the data concerning her trials are 
received. 

Very respectfully submitted. C. M. CHESTER, 

Prof. J.E. HILGARD, 

Commander, Unitrd State11 Sary, 
Hydrographic Inspector U. S. <Joast and Geodetic Survey. 

Superintendent Coast and Geodetic Survey. 

NAVAL OFFICERS ON DU'l'Y AND VESSELS IN sgRVICE. 

The following statements giv.e iu tabular form the nanws aud number of na,·aI officers employed 
in the service of the Coast and Geodetic Survey during the fiscal year, and the names of vesselt'i 
belonging to the Uoast Survey: 

Officers of the Navy on Coast and Geodetic Rurve.IJ sen1foe during the fi.yeal year ending June :10, ISS4 

Name. 

COMllUllDER8, 

Date 
a\,tacbed. Remarks, 

C. M. Chester ........ .'Oct, 2, 1877 ! Still in •enice, 

J.!'llITKKAllT•COMMANl•· 

BR8, 

W. H. Brownson .• , • ! Aug, ll, 1881 Do. 

H. E. Nichols ..... _ ... i Jan, 22, 1879 ' Do. 

A. S. Snow ·--· .. _ .... ! .A.ug. l, 1883 Do. 

LIBUTEllAllT8. 

J. T.Snlllvan .. _ ....... ! Nov. 21, 1882, Do. 
H.B. Manaileld .. _ .... !Feb. 28, 18Sl' Do. 

H. Ex.43-11 

Name. 

! --
' LTKDTEMA~Ts-Cont'•\. 

Date 
attacht'd. 

; E. D. F, Heald ...... Nov, 2:!. 1882 

i Richardson CJO\·er .... ,Juls 26, 18~1 

i E. D. Taussig .. ., .... , Apr, 30, !88:l 
I J, E, Pillslmry . .. .. . Jnly I:l, 1882 

Remarks. 

Still in scrYfrl". 

!Jo, 

Do. 
no. 

Jeff. F. M<>Set' ..... _ .. . Jan. 291 1884 no . 
.A.. V. Wa<lhams ..... , Apr.18,1883 Detached.Tauuary30, 18~4. 
G, Blocklinger,.,. .... ,Jan. 30, 1883 Still in service, 
T, Dix Bolles ........ ,, .Apr, 5,1881 Detached January31, 1884. 

E. M. Ilngbes .... , ... Jane 22, 1880 Detached October l, 188H, 

J. v. Keeler .. ,. ...... June29, 1883 Detached April 15, 1884, 

F. }{, Crosby ......... Nov. 17, 1882 Detached March 25, 1884, 
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Officers of the 1fovy on Coast and Geodetic Suri~ey .service, &c.-Oontinuecl. 

::\ame. 

LIRl"TENA~T!'\--Cont'd. 

Date 
attachetl. Remarks. 

J.B . .Milton ......... . 

G. C. Hanus ...... . 

8ept. 6, 1882 Detached January: 22. 1884. 

Mar. 20, 1883 Still in service. 
W. P. Elliott .... . ·:.Tan. 25, 1879 Detached August31, 1883. 
.I<". H. Lefavor ...... . Sept. 6, 1882 Still in service. 
,J. C'. Fremont 

F. A. Wilner. ...... . 

Lucien Flynn ... . 

W. G. Cutler ....... . 

May 21, 1~81 

Dec. 14, 1880 

. , May 7, 1881 

C. McR. Winslow ... . 

Mar. 29, 1883 

Aug. 16, 1881 

Dfl. 

Detarhed September 30, 188:i. 

Detached Noveruberl, l~S:!. 

Still in service. 

Do. 
David Daniels ......... Apr. 21, 1882 Detached Nonruher 26. 1883. 

K:s'SIGSS. 

W. B. Caperton .. Nov. 11, ?~80 Detached November 30, 1883. 

E. M. Katz .•.......... No..-. 22, 1881 Detached August 9, 1883. 

J, T. Newton ...•.•.... ' Au11:.19, 1882 Detached Decemher26, 1883. 

E. N. :Fisher ......•.... ' Feb. I0, 18R2' Detached January 19. 1884. 
T. D. Grittln.. .. . . . . Ma.'f 2, 18~3 : Still in service. 

F. H. Sherman _ Oct. 31, 1882 : Do. 

H. M. Weitzel. ....... ' l<'eh. 10, 1882.i Detached No...-ember 19.1983. 

O. G. Dodge . .. . . . . May 10, 1881 ! Detached November ao. 1883. 
.J, M.. Orchard Feb. 10, 1882 1

1

' Still in fl.ervice. 

. r. N. Jordan .......... ,Jan. 25, 1881 Do. 

J. P. Parker ........... ' Mar. 5, 1883 Do. 

H. C. Wakenshaw ..... , June 23, 1882 Detaiihed July 28, 1~83. 
A. :F. Jo~ecbteler... June 24, 18R2 Still iu Rervice. 

T. M. Brumby . . .. . Dec. 21, 1882 Do. 

Alfred Jeffries........ July 17, 1882 

W. V. Bronaugh.... Aug. 12, 1881 

F. llf. Bostwick .. . 
A.L.Hall .......... . 

Sept. 28, 1881 

May l, 1883 

Do. 

Do. 

Do. 
Do. 

P. J. Werlick .......... Mar. 15, 1884 Still in service. 

J. H. Fillmore . . ' Jan. 24. 1883 Detached No,•ember ~2. 188R. 

C, S. M1·Clai11 ......... Apr. 14, 1882, Detached November 19, 1883. 
Harry S. Knapp ...••.. July 6, 1882: Detached November 30, 1883. I 

\\"'·. L. Burdick..... Mar. 31, 1884 ! Still iu !\ervicc. 

l'. B. Bibb .......••••. NoY. 30, 1882 1 Do. 

W. C. Caul!el<I ......... , Sept. 26, 1882 : Do. 
"\V. P. White .......... 'Feb. 10, 1883 Do. 

.J.E. Cranm ....... Nov. 28, 1883 Do. 

J. ll. Hetherington . . .Tune 19, 1883 lJo. 

C. C. 1!1a1•ll ....•••••. May 3, 1884 : Do. 

Name. 

ENSJGN&-Continned. 

Date 
attached. Remarks. 

i 
I C. '\\,...Jungen ...... Aug. 25, 1883 Still in service. 

! R. P. Schwerin...... May 3, 1883, lJo. 

I D. P. Menefee ........ , July 28, 1883: Do. 

1''. W. K11llog,I!... Aug. ~3, 1882' Do . 

Jun"30, 1882 Do. 
William Truxton .... , .July 3, 1882 Do. 

E. Simpson. jr ........ · Oct. 21, 1882 Do. 

J. H. Watter• .July 7, 1883 Do. 

E. F. Leiper .......... Apr. 26, 1883 Do. 

M. C. Gorga• ......... Oct. 26, 1882 llo. 

L. S. Van Duzer ...... Aug. 22, 1882 

F. R Brainard __ ...... July 20, 18i3 

T.G.Dewey...... ,Juncl8,J883: 

Detached December 31, 1883. 

Still in service. 
Do. 

G. M. Brown... . Dec. 26, 1882: Detacl1e<l July 5, 188:J 

G. R. :French ......... May 4, 1883 ! Still in •~rvice. 

P J.881W ASSIST A'!\'I' 

~URGEONt:.. 

: W. S. Dixon 

T. H. Streeta 

i 

Apr. 20, 1884 ' 

Mar. 19, 1884 

Do. 

Ilo. 
E.T. llerr.... .. Sept. 7, 1881 Do. 

R Il. McCarty....... Apr. 8, 1881 , Detached .April 1, 1884 . 

S. W. Battle .......... Nov. 17, 1881, Detached February 1, 1884. 

H. C. Beyer ......••••. • :May 31, 1882 I Detached June 2, 1884. 

.I<'. C. Dale .......••... June 6, 1883 Detached December 31. 1883. 

W. Il. Rush .......•.. ' June 3, 1884: Still in service. 

ASSISTANT 8CRGRONS. 

H.B. Fitts ..•••••... 

PASSEL> ASSIST.A.NT 

P AYM:A.STKKB. 

J. 1:. Stanton ..... 

P A1'1BKh ASSIST .\NT 

K!'Wl!iKEllS. 

Jan. 27, 1884. 

' I 
I 

Nov. 1, 1883: 

H. Main . . . . . . . . . . . . . May 29, 1883 

H. N. Stevenson ..... -: Mar. 10, 1883: 
G. H. Kearney...... Oct. a, 1881 

R W. Galt . .•. . . . . Nov. 26, 1879' 

E.T. Warburton ... ·:Feb. 24, 1883' 

R I. Reid .......•..• i .June 9, JR82 
1 

Do. 

Do. 

1Jo. 
Do. 

Do. 

Do. 

Do. 
Do. 

RECAPITULATION. 

Commande1·e ...................................................................................................... . 
Lien tenant-commanders.................................................. ... . . . .. . . . . . .. ...... ..•. •.•. ... . . ... . . . .. . .... .. . ... .... .. •..... a 
Lieutenants .............................................................................................................................. 23 
Ensigns ............................................................................. ·•····•········· ......... ········•··············••· ··• « 
J>asst~d assistant surgeons ... _ ................................................................................... - - ........ - ...•.. - ........ -....... - . . S 
Assistant surj.!eons ...... ...... .......... .......... ........•. ... .•.... .. . . . . .. .............. .......... .. . .. ............ ........................................... 1 
I'asH<•d assilltant paymaster• ..........•....••..............•.......••..••••.................•.••..•.••.•...•.••............•• - - - · · · · • · • · • · • • 
Past aasietant engineers....... . . .. .•.••. .• . . ... ••. . .•.•• ••.• ••• . . . .• . .. •. . .. . . .••.. .... .• . . . • .. . . . . .. . . . . . • . . . . . •.. . ••. . . .. ... . . . . .•. • . 8 

Total ............................................................................................................................... 87 

N OTE.-A n analysis of the preceding tabular statement shows that or the 87 naval oOlcers above named, 14 were not ordered to duty on th• 
~urvey till aftPr the beginning of the fiscal year; 26 were detached during the fiscal year, and 61 were in service at ita cloae. 
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Names of vessels, their tonnage, &c., in the service of the Coast and Geodetic Surrey 
during the fiscal year ending J1lne 30, 1884 . 

. ' Complement of- ' 
jNo. Name of HARel. 'Tonnage 1 -

: Officers. Mf'u. 

Steamer C. P. Patterson .......... . 
: 

45ll I 9 36 
2 8teamer Hasrder .... __ . _ ....................................... _ .. . 243 a 34 
a Steamer Blake...... . . . . . . . . . . . . . . ......................... . 218 :J6 

4 St<>amer Bache ....................•............................... · 186 3;) 

5 Steamer Gedney . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . ............ . 
fi ' Steamer McArthur ............................................•... 
7 , Stean1er Endeavor ................ _ ..••••...............•... _ .. ___ . 
8 i Steamer Hitchcock (laid up) ....................................... . 
9 I st.earner Fathorner(la.i<l up) ........................................ . 

10 , Steamer Barataria ................•••...........................•. 
11 1 Stean1er Arago .....••......................................... __ . 

1 . Schooner Eagre. . . . . . . . . . . . . . . . . . . ....................... . 

2 
1 

Schooner Drift ... -·· ... -.. - - . - --·· - -- - · - · - ... - - - -- - · -- - . -· · - - - . - - - -

3 1 Schooner Earnest ......... - . . . . . .... - ............ -....... . 
4 · Schooner Rea<l)" . . . . . . . • • . • • . . • . • • . ......................... . 
5 Scboom~rYnkon tcivilian pa.rt)) ....................... . 

6 Scboonn Rese"rch (laid np) . . . . ......... . 

Schoont>r Jlalinuru" 
8 &hoouer Silli111au 
9 Schooner Scoresby . . ............ ____ ............... . 

10 : Scltoouer G. M. Boolte (laid up) ........ .,. . . . . . . . . . • . • • . ......... . 
11 Scltoouer Brisk (laid up) .......................................... . 

' 12 Scltooner Quick (civilian party) .................................. _. 
1 Sloop Steadfast . . . .. . . . . . . . . . . . . .. . . . . . .• . . .. . . .•.•................ 

Sloop Kincheloe (civilian party) ...........••...................... 
1 , Barge Beauty (ci'l·i!ian party) ............••••....••............... I 

RECAPl'l'ULA'flON. 
Whole number of vessels: 

133 ' 

112 

105 

83 

50 

50 

38 

202 

~· ' 
80 ' 

80 : 

78 

7t) 

76 

72; 

7~ ' 
46 : 

29 

29 

17 

1 ].I') 

3 ].5 

18 

l4 

12 

14 

.... ········ 

14 

14 

12 

38 .••.•••••. , .•...... , 

38 .................. .. 

39 i 1 ' 12 

~~r::::::::::::::::: 
- ·------~ 

Steamers ............... . . ........................ ' 11 

Schooners .................. - ·. -..... -· - . - . - . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . • . . . . . . . . • • . . . . • . . 1% 

Sloops ....••..•..••.......•...•••. 2 
Barge .........•...•••..•........•...•.....•••...................•••............................ 

Tot.al ..••••...••• .... •• . .•. . . . . •••••. •.•. .. ..•... ..•. .. ....... .. . .... .. •••••. •••.•. ••.•.. 26 

Number of vessels in active service . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21 

131 

This complement does not represent the actual unmber of officers or of men in the Surn>,Y 
lluring the year, owing to the fact that some Yessels were employed only a part of the time. 

Average number of officers for the year. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66 
Average number of men for the year ....................................... 271 

See tabular statements appended showing actual number of officers attached to the se\'eral 
vessels in service and number of officers on otber duty at different periods during the fiscsl year; 
also the number of men actually in service at the end of each quarter of the fiscal year, with the 
names of the vessels in which the:( were serving: 
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Number of naval o:fficen1.attached to Coast and Geodetic Survey ·1.·es.w'lli for .fiscal ]/Hr 

n1din!J .ln11P 30, 1884. 

X ame of vesst·l. 
8eptember !larch 31, Septem her March 31, 

1 

Stearn er Bla kt> 

St<•amer Bache. 
Steanwr Ge<lne,- ...... . 

8teamf'r Endeavor ... . 

Steamer Ara~o . - .. 

Pitearner Hitchcock 
~tt~iuuer Barntarin .. 

Steamer Ha•sler ...... 
Steamer 1.Ie.::\.rt hur 

Schoouei: :Ea~e- ..... . 

Average n11niber. 66. 

:w, 1883 1884. 

Schooner Palinun1s ...... . 
Schooner Drift .. ......... . 
Schooner Silliman . _ ... _ .. 

2 Schooner Ready .... _ ..... . 

Schooner S('oresh;y ........ i 

Schooner Earnest.. __ . 

Sloop St,.arlfast .... .. 

Coast Survey Ofticp .. . 

G Special <luty .... . 

Toto! ..... .. 

" 

30, 1883. 1884. ' 

4 

3 

4 

2 

70 62 

Number of men attached to Coa.~t and Oeodetfr Burrey 1·e.~sels for .fiscal year ending 
.71me 30, 1884. 

X a Ult' of ve~sel. 

Steamer Blake ............................... . 
Steamer Bache ____ ._ ............................... . 
Steamer Gedne\· ............................. _ ....... . 

1, Steamer Endea~or ............. - - .. -- ...... . 
Steamer Ara~o. --- ............... ---- ................. . 

I" teamer Ilitclwock ..................... . 

Steamer Barataria ...... . 
St~amf'r Has~ler ................... -- .. 

Steamer McArthur .................... . 

St.earner Patterson .. . • . 
Schooner Eai:re .... . 
Schooner Palinarus . ................... __ . 

Sch non er Drift.. .. . .............. .. 

Schooner Silhman ................................... .. 

Schooner Rea(l.\ . 
Schooner S<'oresb~- .. __ .... _ 

Schooner Earnest _ ...... - .. 

Sloop Ste.arlfast ............. . 
1'eFiRt'l~ laid up .......................... . 

For quarter ending-

~~ptember December Jllarch 31, June ao. 
30, 1883. 31, 1883. 1884. 1884. 

:m 
33 

26 

19 

15 

2 

3~ 

28 

25 

:w 
22 

12 I 
~i 

13 ·1 

28 

2s I 

30 

;33 

27 

u· 
2 

15 . 
29: 

19 
....... ~1------ 6. 

15 

14 

15 
1: I 
~I lti a 

ll 31 

15 

1~ 1~ I 1: : .... 

37 i 

%2 

27 

i9 

2, 

2 
2 

32 

28 i 

34 

19' 
16 j 

15 ' 

--~----91 __ _'.l_ ___ s 
Total . ... .. .. . . .. .......... ..... . .. .... . .. . . .... .. 307 2:H I 255 288 

A'eraize numl>er, 271 men. 
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DESCRIPTION OF A METHOD OF SKETCHING IN SHORE-LINE, WHEN MAKING PRELIMINARY OR 

RUNNING SURVEYS, AVOIDING THE NECESSITY OF ESTIMATING DIS'fANCES OR OF DEPEND· 

ING ON THE EYE TO GET THE CONFIGURATION OF THE SHORE-LINE. 

By Ensign J. H. FILLMORE, U. S. N., attached to the party of L-ieut. Commat1det· H. E. Ni.chols, r. 8. X., .Assistant, Coast 
and Geodetic Survey. 

The instrument is a modification of the plane table, and 
oonsists of a plane table or drawing board, mounted on a tri
pod, and two rulers. One ruler is attached to the edge of the 
board so as to move freely in the direction of its length across 
the board, with room underneath it for the sketching paper. 
This ruler is pointed at one end, and graduated from that end 
as zero. The other is an ordinary straight-edge ruler, with 
sights at the ends. 

To sketch in a shore-line, the ship or boat is to run along the 
shore at as uniform a speed as possible, an cf with as few courses 
as is consistent with keeping at a convenient distance from the Fi~. 1. 
shore. The distance from the shore being determined b;r the minuteness of the details which it iii 
desired to see and record, the board is mounted on the deck so as to command as much of the 

\ 

\ ,., ''-........ ' \ _,./,/ _ ... 
\ t-----, - .t. __ 
'I _, / 
~/ 

/ 
I' 

/ 

horizon as possible. The pointed ruler is to be parallel to the ship's track. Ordinarily this will be 
parallel to the keel; but if the ship is making drift or steeriug a range, then it is parallel to the 
actual course and not to the keel. A line drawn along the edge of this ruler will L>e the ship's 
track on the paper. The graduations of this ruler are in time, so that if at any instant the point 
of the ruler is at the ship's position on the paper, then at any other time, say three minutes later, 
the point may be moved to the ship's new position by moving the ruler ahead three minutes, or 
three divisions of its graduation. Thus, at any instant when the ship is moving along the shore, 
the point of this ruler may be put at her position on the paper by moving it forward the prOJ)er 
number of time graduations, a watch being before the draughtsman for r.hat purpose. Now, t-0 put in 
the shore, take bearings of points on the shore with the sighting ruler, having its edge against the 

' 
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point of the other ruler, the latter point being at the proper time or place in the ship's track, and 
draw these bearings on the paper. 

As soon as more than one bearing is taken of the same point on shore from different places 
or times in the ship's track that point is fixed by the intersection. · 

It is in fact a triangulati'ln on the point, with the ship's track as a base line. 
By selecting points as they come in sight on the !Jow, taking a bearing then, one when it is 

nearly abeam, and another when well abaft the beam, good angles can always be made. It is not 
necessar,y, of course, to wait for even minutes or divisions of the rnler, but at any instant when a 
bearing is wanted move the ruler to the proper place, estimating the fractions of minutes between 
the divisions. The whole shore-line is thus put in b;y cutting in points as the ship goes by them. 

To change the course, moYe the paper through the angle of change about the point of the 
ruler, occupying the ship's position at the time of turning. The edge of the pointed ruler will 
then be on the ship's new track. 

This angle ma~- be laid off with a protractor, or, if the ship is to head for a visible point, the 
new track may be drawn with the sighting ruler just before turning, and the paper then turned 
until the edge of the pointed ruler is along the new tr~k. 

When the sketch is between known points, as these are passed they are to be cut in the same 
as other points of the shore-line. Or the ship may be cut in by tlJe angles on signals or known 
objects. Then, when plotting the work, the ship's track is laid down from one known point towards 
the other, and the other known point is plotted from the sketch. Then, all known errors baying 
been eliminated, the uifference between the plotted position of the point and its proper poeition is 
an error, which must be distributed throughout the ship's track. This may be done as shown in 
Figure 4: 

A 

Fig.!tc. 

The full Jine represents the plotted track and the broken line the corrected one, the dotted 
lines are drawn through the points where the course was changed and parallel to the line through 
the plotted and true positions of the second known point. The distances Bb Oc, &c., are laid off 
of such lengths that Bb: AB= E F: .A. D and Cc: A C = E F: .A. D, &c., thus proportioning 
the errors throughout the track. When there is only one known point, a run may be made along 
the shore-line to be put in and back to the same point; then plotting the whole course, the error 
in the final position of the point can be distributed in the same manner. 

If the steering is bad or difficult, the draughtsman can, by noting the bearing of some object 
direct!~- ahead, know when the ship is exactly on. her course, and by only taking bearings then, can 
make the method nearly independent of bad steering. If when this precaution is taken the bear
ings of points do not intersect well, then the pointi:ld ruler is not parallel to the ship's actual course. 
This should be corrected by turning the table until the pointed ruler is in the right direction, and 
when the change in drift is equivalent to a change in course, the paper should also be turned 
in the opposite direction the same as for a change in the course; a note being made of the course 
made good. 

The ship should be cal'efu11y logged and a record kept of the courses and distances made good, 
to be used in plotting the work. 

If in asinttbe rulers the pointed one be found to be unsteady, or the end not t;o remain cl<>Be 
to the paper, a }>aper-weight may be -used to bold it in place when taking a bearing. 



 

APPENDIX No. 6. 

TABLES FOR THE PROJECTION OF MAPS, BASED UPOX A POLYCONIC DEVELOPMENT OF THE CLARKE 
SPHEROID, AND COMPVTEp FlWM THE EQUATOR TO THE POLE. 

The tables here given for the projection of niaps upon a polycouic development are hased 
upon our knowledge of the dimensions and figure of the earth as derived by Colonel Clarke, H. E., 
in 186fl. They a.re intended to supersede all former projection tables pulllished by the Surwy, 
and for greater usefulness have been extentle1l to include the entire quadrant from the equator to 
the pole. 

Up to the year 1880, the elements of the earth's magnitutle and figure derived from Bessel 
ball been in use for the representation of all geographical positions, and upon them were based 
the projection tables published in the Coast Survey Reports for 1853, 1856, 1859, and 1865. These 
elements were: Equatorial semi-axis a= 6377397.2 meterl'; polar semi-axis b = 6:)50079.0 meters 

a : b : : 299.153 : 298.15~~ 

The projection tables whiclt appeared in the Report for 18i>3 (A11pendix 39) were the earliest 
published by the Coast Survey, aud were accompanietl b~· an exposition of the method antl its 
special adaptations prepared by E. B. Hunt, U. S. A., Assistant in the Coast Survey. In the 
Heport for 18.)(i (Appendix 58) were published "'l':iblC'S for prqjecting maps of large exteut, 
arranged by Assistant. J. E. Hilganl.'' These tal>les were afterward extended by Mr. Hilgard aud 
republished in Appendix 3~~ Heport for 1859; a further extension, making the tables applicable 
w the pr•\iection of a map of )l°orth America, appeared in the Report for 1865, Appendix 20. 

Iu the Report of the Coast and Geodetic Survey for 1880 (Appendix No. 15) Assistant C. A. 
Schott gives in a very compact form a statement of much that is of practical importance l>eariug 
upon the su~ject of different prqjections, comparing them with the polyconic projection for relative 
value and precision. 

In 1882 was publii;hed by the Sur¥ey a "Treatise on Pr~jections, by Thomas Craig, Ph.D.," 
wltich discusses and develops the mathematical principles upon which all the various forms of pro· 
jections depend. 

Additional and more precise measurements ha,·ing- been made in many parts of the earth, 
notably in India, since the publica.tion of the Bessel elements in 1837 aud 1841, they were C('mpared 
nnd combined by Col. A. R Clarke, H.. E. at the British On1nauct~ Sun·e_y Office, and were pub
lishetl in the volume," Comparisons of the Starnlat'ds of Length, &c., made at the Ordnance Survey 
Office, Southampton, 186tl." 

He gi\·es for the two semi-axes a l'esnltiug value: 

n = 6 378 206.4 meters. b = 6 31:>6 583.8 meters. 
II ; U;; 294.~8 : 293.98 

developing a splleroi<l of sliglttly larger dimensions aud greater eccentricity. 
So neal'ly ha\'e these elements been found to represent tbe CUI'\'ature and magnitude resulting 

trom tlrn trigonometrical work of the Coast and Geodetic Sun·ey, that no subsequent change in 
135 
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the general dimensions would so far affect the territory of the United States as to make it useful 
to seek a better general surface of projection for this country. 

In the Report for 1875 (Appendix 19) tables were given for converting certain co-efficients and 
arcs from the Bessel to the Clarke spheroid of 1866, and in February, 1880, the latter spheroid was 
formally adopted for use on the survey. In Appendix No. 7 to the present volume is given a new 
edition of the tables for the computation of geodetic latitudes, longitudes, and azimuths. 

The formulre used in the following tables are the same as those printed in the projection tables 
of 1853 and 1856, varying in the numerical >alues only to suit the dimensions of the new spheroid. 

For lengths of degrees of the meridian (Dm) and parallel (D~) they now become 
(I.) Dm = lll l32m.09-566n1.(15 COS 2 <p+lm.20 COS 4 <p-Om.003 COS 6 <p 

(II.) DP= 111 415m.10 cos <p-94m.54 cos 3 <P+om.12 cos fi <p, neglecting smaller terms, 
where <p = the latitude. We ham ~lso the square of the eccentricity e2 = 0.006768658 

a1-b2 

where e2= --2 -
a 

(III.) Normal produced to minor axis: N = a 
1 (1- ~ sin2 cp) 

(IV.) Radius of curvature in the meridian: Rm = N 3 ~-=~z az 

(V.) Radius of the parallel: RP = N cos <p 
(VI.) Radius of the developed parallel or side of the tangent cone: r = N cot <p 
(VIII.) If n be any arc of the parallel to be developed, and fl the angle which it subtends at 

the vertex of the cone when developed: 
0=1i sin <p 

(VIII.) For projecting from the middle meridian the points of intersection of the meridiani 
and parallels we have, using rectangular co-ordinates X and Y, 

X = r sin 8; Y = 2 r sin2 1 8 

ARRANGEMENT AND EXPLANATION OF THE TABLES, 

The unit of linear measure of the Coast and Geodetic Survey is the meter, and the relation of the 
meter to the yard now in use upon the work is that derived by Captain Clarke, R. E., in 1866, 
from comparisons of new British standards, with several well accredited copies of the meter. In 
a paper published as Appendix No. 22 to the Coast Survey Report for 1876, and in an amplified 
edition of this paper which appeared as Appendix No. 12 to the Report for 1877, Assistant J.E. 
Hilgard has given a statement of the relation of the lawful standards of measure of the United 
States to those of Great Britain and France, and has presented a concise record and discussion of 
the observations upon which rest the relations assigned to difterent standards of length. 

The ratio of the yard to the meter as stated by Clarke, namely: 1 meter= 1.093623 yard 
=39.370432 inches, is that used in the first and second conversion tables. 

Other tables are for the conversion of meters into statute and nautical miles. The length 
of a nautical mile in use upon the survey, upon which these tables are based, namely, 1 nautical 
mile= 1853.248 meters= 6080.27 feet is that given by J. E. Hilgard, Superintendent, in his paper 
on the subject published in Appendix No. 12, Report for 1881. 

On pages 140 and 141 are table of lengths of degrees of the parallel, for every half degree Of 
latitude, from the equator to the pole, and a table of lengths of each degree of the meridian. 

Then follow the Projection Tables, so arranged that all values expressed in them from any 
degree of latitude to the next greater degree shall be before the reader without the necessity of 
turning a page. 

On the left of each double page are given the values of ares of the parallel for every minute 
of latitude and from 1" to 5' of longitude. 
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On the right of each double page are the corresponding rnlne8 of all meridional arcs from 
111 to 1 o so arranged that intermediate mines may be taken out at will. 

If it is desired to know the number of meters between latitude 400 05' 25" and 400 45' 45" we 
turn to the page for Lat. 40 of the tables and find in ('Olunm headed sum of minutes 

Latitude 400 05' = 9252.Sm 
Latitude 400 45' = 1'3280.0 
Arc 74027.2 
Diff. of seconds= 20" = 616.9 

74644.1 =Length of arc required. 

On the same page are given the values of the co-ordinates X arnl Y for differences of longitude 
up to 300 on each side of the central meridian. 

GRAPHIC CONS:J'B,UCTION OF POL YCONIC PROJECTIONS FOR LIMITED AREAS. 

Having fixed the limiting meridiaus and parallels and the scale, draw a meridian line as near!~· 
through the center of the sheet as possible. Take from the tables of meridional arcs the distances 
from the northern limiting l)arallel to the center and thence to the l'iOutheru limit of the projection, 
and lay off these distances from an assumed point iu the central line near the top of the s!Jeet. 
From the three poiuts thus found draw three lines perpendicular to the central meridian entirel;1· 
across the sheet, and test their precision by diagonal measures. L:1y off 011 each of the peqwudic
ulars both east and west of the central meridian, the tabular ordinates (X) for the latitudl· of the 
perpendicular, and for the longitudes intended to be covered between meridians upon tl1e pr~jec
tion when completed. At eacll point (X1) (X2) (X3), &c., thus found, lay off the correspoudiug 
co·ordinate (Y) parallel to t,!Je central meridian. 

Through the three poi11ts (Y) at each perpendicular draw meridian liues with great care. In 
all pr~jections on single sheets coveriug an area of moderate extent, say ~00 miles square, these 
lines will be so nearly straight that their cun·ature cannot be detected in drawing the meridians. 

Next divide the spaces between the points Yon each meridian into convenient equal parts of 
the same value as the spaces taken between the meridians. <;Jurved lines drawn through the points 
thus found will represent parallels and will complete the projection. 

H. Ex. 43--18 
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CONV1':RSION TABLES. 

METERS INTO YARDS. 

1 meter= 1.093623 yards. 

I ! I ! 

i Meters. Yards. Meters. Yards. Meters. Yards. Meters. Yards. Meters. Yards. 

I 

I ! 
I 

100000 109 362. 3 
I I ' 
I 98 ,p6. I 9 842. 61 984.26 98.426 i 9.843 I 90000 9000 900 90 9 
I 

87 489. 8 8000 8 748. 98 8oo 874.go So 87.490 8 I 8.749 I Soooo i 
I 70000 76 553. 6 7 oOO 7 655. 36 700 I 765.54 70 76.554 7 7.655 I I 

i I 
i 6oooo 65 617. 4 6000 6 561. 74 6oo 656. 17 6o 65. 617 6 ! 6.562 

t 
i 54 681. 2 5 468. 12 

! 
546.81 54.681 5.468 50000 5 000 500 ! 50 5 

I 
40000 43 744. 9 4000 4 374.49 400 I 437.45 40 43. 745 4 4.374 

I 
30000 32 8o8. 7 3 000 3 28o. 87 300 j 328.09 30 32.Sog 3 3.281 

I 
20000 21 872. s 2 000 2 187.25 200 I 218.72 20 21. 872 2 2. 187 

IO 936. 2 
I 

I09.36 10.936 IO 000 I 000 I 093· 62 100 IO I I. 094 I ! I 
'---------~------------~----------------------------------' 

YARDS INTO METi'.RS. 

1 yard= 0.914392 rnetcr. 

I 

I ers. Yards. I Meters. Yards. Meters. Yards. Meters. Yards. Meters. 
I 

39.2 

I 
I 

295.3 9 000 8 229. 53 900 822. 9s 90 82.295 9 8.230 

151. 3 8 000 
I 

7 315. 13 8oo I i'.JI. 51 8o 73. 151 8 7.315 

007.4 7 000 6 400. 74 700 I 64o.01 70 64.007 7 6.401 

__ Yar~l- Met 

I 
100 000 91 4 

90 000 82 

8o 000 73 

70 000 64 

6oooo 54 863.5 6000 5 486. 35 6oo 548.64 6o 54.864 6 5.486 

50 000 45 719.6 5 000 4 571. ¢ 500 457.20 50 45.720 5 4.572 

40 000 36 575. 7 4 000 3 657. 57 400 365.76 40 36.576 4 3.658 

30000 27 431. 8 3 000 2 743- 18 300 274.32 30 27.432 3 2.743 

287.8 2000 I 828. 78 .200 

I 
182. 88 20 18.288 2 1.829 

143.9 J ooo 914-39 JOO 9J.44 JO 9· J44 J o.9J4 
I 

llO 000 J8 

10000 9 



 

Meters. 

100 000 

90000 

Soooo 

70000 

6oooo 

UNITED STATES COAST AND GEODETIC SURVEY. 

CONVERSION TABLES. 

METERS INTO STATUTE AND NAUTICAL MILES. 

I meter= o.ooo62138 statute mile. 
I meter= 0.00053959 nautical mile. 

139 

/ Nautical / Statute 

Statute Miles. l'.--M-i-les_. ~1--M-e-te_r_s· __ 1 Miles. 
II Nautical 

Il

l Miles. 

1---
! 

Meters. [ Statute 
1

1 Nautical Meters. I Statute Nautic:tl II 

___ :

1 

__ M_il_e_s·-:_M_il_es_._
11 

____ 

1

_M_iI_e_s._, __ r._1i_le_s_. _, 

62. 138 1

1 

53.959 ' 

55. 924 ,1 48. 563 9 000 111 

49· 710 43· 1Q7 8 000 

43. 496 I 1 000 ': I 37• 772 ! 
37. 283 I 32. 376 6 ooo i 

5.592 

4.971 

4.350 

3. 728 
! 

900 

8oo 

I 
o. 559 I 

o. 497 I 

0.435 

0.373 

90 

80 

I I 
o. 056 : 

I 0.050 

0.043 I: 

0.037 

0.049 

0.043 i 
0.038 

0.032 

soooo I 

I 

31. o69 

24.855 

18.641 

12.428 

26.~ 
2 r. 584 
16. 188 

10.792 

5 000 

4000 

3 000 

2 000 

3. 107 
2.486 I 

I. 864 

4.856 

4.317 

3.777 

3.238 

2.698 

2. 158 

r. 619 

1.079 

0.540 

700 
6oo 

500 

400 

JOO 
200 

100 

o. 3II 

0.486 

0.432 

0.378 

0.324 

0. 270 

o. 216 

o. 162 

o. ro8 

0.054 

70 

6o 

50 

40 

30 

20 

IO 

0.031 i o. 027 

0.022 

0.016 

40000 

30000 

20000 

10000 6.214 5.396 

Meters in Meters in 
Miles. Statute Nautical 

Miles. Miles. 

100 16o 933· 0 185 324. 8 

90 144 839. 7 166 792. 3 

8o 128 746.4 148 259. 8 

70 112 653. I 129 727.4 

6o 96 559. 8 III 194- 9 

so 8o 466. s 92 662.4 

40 64 373. 2 74 129. 9 

30 48 279-9 55 597.4 
20 32 186. 6 37 o65.o 
IO 16 093. 3 18 532. 5 

I 000 I 
I. 243 

0.621 

o. 249 

0. 186 

o. !24 

o.o62 

Miles. 

9 
8 

7 
6 

5 

4 

3 
2 

I 

STATUTE AND NAUTICAL MILES INTO METERS. 

l statute mile= 16og.330 meters. 
I nautical mile= 1853.248 meters. 

Meters in Meters in Meters in 
Statute Nautical Miles. Statute 
Miles. Miles. Miles. 

I -

14 483. 97 16 679. 23 ·9 I 448. 40 

12 874. 64 14 825. 98 .8 I 287. 46 

II 265. 31 12 972. 74 . 7 l 126. 53 

9 655. 98 II 119. 49 .6 965.6o 

8 046. 65 9 266. 24 . s So4.67 

6 437· 32 7 412. 99 ·4 643. 73 

4 827. 99 

I 

5 559· 74 ·3 482.So 

3 218. 66 3 700. 50 .2 321.87 

1~·33 I 853. 25 . I 16o.93 

. 
1 

Meters in 
' Nautical 

Miles. 

----·-

l 667. 92 

l 482. 6o 

I 297. 27 

i l 111.95 
I 

926.62 I 

74!.)0 

555.97 

370.65 

185.32 

I O. 025 

0.019 

I o. 012 1 

I o.oo6 , 
: i 

0. Oil 

0.005 

l Meters in I Meters in 
Miles. Statute. I N aut1cal 

Miles. Miles. 
_/ 

I I 
I I I 

166.79 .og I 144.84 

.08 I 128.75 148.26 
! 

.07 Il2. 65 129.73 

.o6 96.56 II I. 19 

.05 So.47 92.66 

.04 64- 37 74- 13 

.03 48.28 55.6o 

.02 32. 19 37.o6 

.01 16.09 18.53 
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LENGTHS OF DEGREES OF THE PARALLEL. 

y d I Statute I Nautical 
I I 

Statute j Nautical [ 
Lat. Meters. Yards. 

Statute Nautical Lat. 'Meters.' Lat. I :\'!eters. / Yard,;. 
miles. miles. ar s. I ·1 ·1 miles. miles. i m1 es. m1 es. 

~I--
I I I 

:~-----! ,-~--1 
0 I 

j 
0 I 

105 5~I 159· ~56 I 52. 064 

0 I i 
0 00 I I I 321 • 121 743 69.172 60.068 30 00 96 488 oo oo 55 802 I 61 026 34.674 30. IIO I 

30 I 316 i I 738 9· 169 0.065 30 6 001 4 989 9· 053 I I. 801 30 4 958 ' 0 10' 4.150 29.654 ,) ' 

I 00 I 304 , I 725 i 9.162 0.059 31 00' 5 506 4 448 I 9. 345 I I. 534 61 00 i •4110 59 176 ' 3.623 9. 197 
JO I 283 I I 702 9. 149 0.047 30 5 004 3 899 I 9. 033 I I. 264 30 i 3 257 8 243 3.093 9.737 

2 00 I 253 ' I 669 i 9· 130 0.031 32 00 4 495 3 342 8. 716 0. 989 62 00' 2 400 7 306 2. 560 8.275 

30 II I 215 121 627 i 69. 106 6o.OII 30 93 979 102 i78 ! 58. 396 i 50. 710 30 ' 51 540 I 56 365 32. 025 27. 811 
3 00 I 169 I 577 9.078 59.986 33 00 3 455 2 205 ', 8. 071 0.428 63 00 ' 0 675 ', 5 419 1.488 7.344 

30 l II4 I 517 9.044 9.956 30 2 925 l 625 7.741 0. 142 30 I 49 806 I 4 469 0.948 6.815 
4 00 I 051 I 448 9.oo5 9.922 34 00 2 387 I 037 7 · 4o7 ' 49· 85 l 64 00 ! 8 934 3 515 0.406 6.404 

30 0 980 I 370 8.96o 9.884 30 I 842 100 441 7. 068 i 9. 557 30 ! 8 057 2 556 29.862 5.931 

5 00 !IO 900 121 283 68. 9Il 59.840 35 00 91 290 ! 99 837 56.725 49· 259 65 00 i 47 177 51 594 29· 315 25.456 
30 0 812 I I 187 8.856 9.793 JO 0 - 'I ! 9 226 6. _)78 8.958 30 •294' 0 628 I 8. 766 4.979 "' 6 00 0 715 ! I 081 8.795 9.741 36 00 0 166 8 608 6. 027 8.653 66 00 5 407 I 49 658 8.215 4.501 
30 o 610 I 0 966' 8. 730 9.684 30 89 593 7 981 5.671 8. 344 )0 4 516 8 684 i 7.661 4.021 

7 00 0 497 0 841 8.66o 9.622 37 00 9 014 7 348 5. JI! 8.031 67 00 3 622 7 706 7. 106 3.538 

30 l IO 375 120 709 68.585 59. 557 30 88 428 96 707 54.947 47.715 30 42 724 46 724 26.548 23.053 
8 00 0 245 0 566 8. 504 I 9.487 38 00 7 835 6 058 4. 579 ; 7.395 68 00 I 823 5 739 5.988 2.567 

30 0 lo6 0414 ! 8. 4181 9.412 30 7 235 5 402 4.206 7. 071 30 0 919 4 75° 5.426 2.079 
9 00 109 959 0 254 • 8.326 9.333 39 00 6 629 I 4 739 3.829 6. 744 69 00 0 012 3 758 4.862 I. 590 

30 9 804 120 084 8.230 9.249 30 6 016 i 4 069 3.448 ' 6.413 30 39 102 2 763 4.297 I. 099 

IO 00 109 64I 119 go6 ! 68. I29 : 59.161 40 00 85 396 '1 93 39I 53.063 ~ 46. 079 70 00 38 188 41 763 ' 23. 729 20.6o6 
30 9 469 9 718 8.022 ' 9.068 30 4 770 2 706 2.674 5.741 30 7 272 0 76I 3. 160 0. 112 

II 00 9 289 9 521 7. 9ro: 8.971 4I 00 4 IJ7 2 014 ' 2.281 5.399 71 00 6 ,. ' 39 756 . 2. 589 ' l9.6I6 ,jJ.) 

30 9 IOI 9 315 ' 7. 793 ' 8.870 30 3 498 I JI5 I. 884 5. 054 30 5 431 8 748 2.016' 9· II8 
12 00 8 904 ', 9 IOO ! 7.670 8. 764 42 00 2 853 90 610 I. 483 ' 4. 706 72 00 4 506 7 737 I. 441 8.6I9 

30 108 699 : 118 876 • 67. 543. 58.653 30 82 201 89 897 51. 078 44.355 30 33 578 36 722 20.865 18. 119 
13 00 8 486 : 8 643 7. 4!0 8.538 43 00 I 543 ' 9 .177 0.669 4.000 73 00 2 648 5 705 0.287 7.6I7 

30 8 265 • 8 401 7. 273 ' 8.419 30 0 879 : 8 451 0. 257 3.642 30 I 716 ; 4 685 19.708 7. II4 
I4 00 80361 8 150 7. 131 8.295 44 00 0 208 i 7 717 49.840 3.280 74 00 0 78I 3 663 9. 127 6. 6o9 

30 7 798 7 890 ' 6.983 8. 167 30 79 532 ; 6 978 9·419 2.915 30 29 843 2 637 8. 544 6. 103 

15 00 107 553 : II7 621 66.830 58.034 45 00 78 849 ! 86 231 48.995 I 42. 546 75 00 28 903 31 6o9 17.960 15.596 
30 7299 7 344 6.672 7.897 30 8 160 5 478 8. 567 2. 175 30 7 961 0 579 ; 7 .. 3i4 5. 088 

16 00 7 036 7 057 6.510 7. 756 46 00. 7 466 4 7I9 8. 136 ' I. 801 76 00 7 017 29 546 6. 788 4.5;8 
30 6 766 6 762 : 6.342 7.610 30 ' 6 765 3 952 7• 700 I I. 423 30 6 071 8 512 6. 200 4.067 

: 17 00 6 487 6 457 I 6. 169 7.459 47 00 6 058 3 179 7.261 I. 041 77 00 5 123 7 475 5.611 3.556 

106 201 116 144 ' 75 346 82 400 46. 818 i 40. 656 . '15.020 30 : 65.991 57.305 30 30 24 172 26 435 13.043 
18 00 ' 5 906 5 821 5.808 7. I46 48 00 4 628 I 615 6. 372 : 0.268 78 00 3 220 5 394 4.428 2.529 

30 . 5 604 5 491 5.620 6.983 30 3 904 0 823 5,922 39. 877 30 2 266 4 351 3.836 z.014 
19 00 ', 5 294 5 152 ' 5.427 6.816 49 00' 3 174 0025 5.469 ' 9.484 79 00 I JII 3 306 3· 242 I. 499 

30 4 975 : 4 8o3 5.229 6.644 30' 2 439 ~ 79 221 5. 012 9.088 30 20 353 2 258 2.647 0.983 

20 00 104 649 1 114 447 65.026 56.468 50 00 7I 698 I 78 411 44. 552 38.688 So oo 19 394 21 210 12.051 10.465 
30 j ~;; ! 

4 o8o 4.818 6. 287 30 0 952 ' 7 595 4.088 i 8.285 30 8 434' 0 16o I. 455 9· 947 I 
21 00 3 7o6 I 4.6o6 6. 102 51 00 0 200' 6 772 3.621 7.880 81 00 7 472 I 19 ro8 0.857 9.428 

30 3 622 3 323 ' 4.389 5.913 30 I 69 443 I 5 944 3· 150 7.472 30 6 509 ' 8 055 0.258 8.908 
22 00 3 264 2 932 4. 166 5.720 52 00 ! 8 680 i 5 IIO 2. 676 . 7.o6o 82 00' 5 545 7 000 9.659 8.388 

30 102 898 • II2 532 63.938 55.523 30 67 913 l 74 271 42. 199 i 36. 646 30 i 14 579 ; 15 944 9.059 7.867 
23 00 2 524 2 123 3. 706 5.321 53 00 7 140 : 3 426 I. 719 ' 6.229 83 00 3 612 . 4886 8.458 7.345 

30 2 143 . l 7o6 i 3.469 5. II5 30 6 361 ! 2 574 I. 235 5.8o9 30 2 644 3 828 7.857 6.823 
24 00 I 754 I 281 ! 3.228 4.905 54 00 5 578 I 718 o. 749 5.386 84 00 I 675 2 768 7. 255 6.300 

30 I 357 0 846 i 2.981 4.691 30 4 790 70 856 40.259 4.g6o 30 IO 7o6 I 707 6. 652 5. 776 

25 00 100 952 IIO 403 I 62.729 54.473 55 00 63 996 69 9,88 39.766 34·532 85 00 9 735 IO 646 6.049 5· 253 
30 0 539 10<} 952 ' 2.473 4. 250 30 3 198 I 9 115 9.270 4. IOI 30 8 764 9 585 5.446 4.729 

26 00 0 Il9 9494 2.212 4.024 56 00 2 395 8 237 8.771 3.668 86 00 i 7 792 8 522 4.842 4.205 
30 99 692 9025 I. 946 3.793 30 I 587 7 353 8.269 3.232 30 I 6 819 7 457 4. 237 3.68o 

27 00 9 257 8 550 I. 676 ' 3.558 57 00 6o 774 6464 7. 764 2.794 87 00 I 5 846 6 393 3.632 3· 154 

30 98 814 ro8 o65 6r. 401 I 53.319 30 59 957 65 570 37.256 32·353 30 4 872 5 328 3.027 2.629 
28 00 8 364 7 573 I. 122 3.076 58 00 9 135 4 671 6.745 I. 909 88 00' 3 8<)8 : 4 263 2.422 2. 103 

30 7 f)06 7 072 0.837 2.829 30 8 309 3 768 6.232 i.463 .. ~1 2 9241 3 197 [. 817 [. 578 
29 00 7 441 6 564 o. 548 2.578 59 00 7 478 2 859 5· 716 I. 015 I 949 2 131 [. 211 1.052 

30 I 6968 6046 6o.254 2.323 30 6 642 I 945 5· 196 I 0. 564 30 97~ I I o66 o.6o6 0.526 
30 00 ¢488 I 105 521 59.956 52.o64 6o 00 55 8o2 61 026 34· 674 i 30. I IO 90 00 0 0 0 

I .. 



 

I Lat. 
i 

0 

2 

3 
4 

5 

6 

7 
8 

9 
IO 

II 

12 

I3 

I4 

IS 

I6 

17 

18 

19 

20 

21 

22 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

Meters.* 

IIO 567. 2 

uo567.6 

IIO 568. 6 

110 570. 3 

110 572. 7 

110 575. 8 

110 579· 5 
110 583. 9 

IIO 589. 0 

IIO 594· 7 
110 6oI. l 

IIO 6o8. l 

110 615. 8 

110 624. I 

110 633. 0 

IIO 642. 5 

l!O 652. 6 

IIO 663. 3 

IIO 674. 5 
IIO 686. 3 

110 6<)8. 7 

IIO 711.6 

110 725.0 

IIO 738. 8 

IIO 753· 2 

IIO 768. 0 

lIO 783. 3 

IIO 799· 0 

IIO 815. l 

IIO 831. 6 

IIO 848. 5 

110 865. 7 
110 883. 2 

110 901. I 

110 919. 2 

110 937. 6 

I IO 956. 2 

IIO 975· I 

IIO 994· I 

lH 013. 3 

II I 032. 7 

Ill 052. 2 

Ill 071. 7 
Ill 091.4 

III III. J 

II I I.JO. 9 
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LE::\GTHS OF DEGREES OF THE MERIDIAN. 

Yards.* Statute miles. ! Nautical miles. 
I 

--i--~ 

120 918. 8 

120 919. 3 

120 ,20. 4 

120 922. 2 

120 924. 9 

120 928. 3 I 

120 932. 3 

120 937· I 

I20 942. 7 I 

I20 948. 9 

I20 955· 9 

120 963. 6 

120 972. 0 

120 981. I 

I20 990· 8 

I2I 001. 2 

12I 012. 2 

12I 023. 9 

121 036. 2 

I2I 049· I 

12I 002. 7 

12I 076. 8 

I21 0()1. 4 

121 1o6. 5 

121 122. 2 

121 138. 4 

121 155. I i 

12I 172.3 

121 190. 0 

121 2o8. 0 

12I 226. 5 i 

12I 245. 3 

12I 264. 4 

I2I 284. 0 

12I 303. 8 

121 323. 9 

12I 344· 3 

12I 364. 9 

121 385. 7 
12I 4o6. 7 

121 427. 9 

121 449· 3 
121470.6 

I21 492. I 

121 513. 7 
121 535· 3 

68.704 

68.704 

68.705 

68.706 

68.708 

68. 710 

68.712 

68.715 

68. 718 

68.721 

68.725 

68.730 

68.734 

68.739 

68.744 

68.751 

68. 757 

68.764 

68.771 

68. 778 

68.786 

68.794 

68.8o2 

68. 811 

68.820 

68.829 

68.839 

68.848 

68.858 

68.86g 

68.879 

68.890 

68. ()OI 

68.912 

68.923 

68.935 

68.946 

68.958 

68.96<) 

68. 981 

68.993 

6<). oo6 

6<).018 

69.030 

6g.042 

6<).054 

I 
I 

59.661 

59.661 

59.662 

59.663 

59.664 

59.666 

59.668 

59.670 

59. 673 
59.676 

59.68o 

59.684 

59.687 

59.692 

59.697 

59. 702 

59· 7°7 

59-7 13 

59.719 

59.725 

59. 73 2 

59.739 

59.746 

59. 754 

59. 761 

59.769 

59. 777 
59.786 

59.795 

59.8o4 

59.8I3 

59. 822 

59.83I 

59.841 

59.851 

59.861 

59.871 

59.88I 

59.89I 

59.902 

59.912 

59·923 

59.933 
59.944 

59.954 

59.g65 

Lat. 

51 

52 

53 
54 

55 

56 

57 

58 

59 
6o 

6r 

62 

66 

67 

68 

69 
70 

71 

72 

73 

74 

75 

Meters.* 

III 130. 9 

I II 150. 6 

III 170.4 

III Igo.I 

I II 209. 7 

III 229.3 

III 248.7 

III 268.0 

I II 287. I 

III 306. 0 

I II 324. 8 

I II 343· 3 

III 36r. 5 

III 379·5 

Ill 397. 2 

III 414. 5 

III 431. 5 
I II 448. 2 

I II 46+ 4 

I I I 48o. 3 

Ill 495. 7 

II I 5IO. 7 

III 525. 3 

II I 539· 3 
Ill 552. 9 

III565.9 

II I 578. 4 

Ill 590.4 

HI 001. 8 

III 612. 7 

II I 622. 9 

Ill 632. 6 

II I 641. 6 

III 650.0 

III657.8 

II I 664. 9 

I II 671. 4 

II I 677. 2 

III 682.4 

Ill 686. 9 

III 690. 7 

III 693. 8 
II I 6<)6. 2 

III 6g7.9 

I II 6<)9. 0 

III 699. 3 

Yards.* 
i 

. Statute miles. l\autical miles.I 

I21 535· 3 ', 

I21 556. 9 

I2I 578. 5 

I2I 6oo. I 

I2162r.5 

12I 642. 9 

121 664. I 

121 685. 3 

121 7o6. I 

12I 726. 8 

121 747.4 

121 767. 6 

121 787. 5 

121 807. 2 

121 826.6 

12I 845.5 

121 864. I 1 

121 882. 3 

121 900.0 

121 917. 4 

121 934. 3 

I21 950. 7 

121966.6 

121 q82. 0 

121 996. 8 I 

122 OII.0 

122 024. 7 

122 037. 8 

122 050. 3 

122 o6z. 2 

122073.4 

122 084. 0 

I22 093· 8 

122 IOJ.O 

122 111.6 

122 119. 3 

122 126.4 

122 132. 8 

I22 138. 5 
122 143. 4 

Il2147·5 

122 150. 9 

I22 153. 5 
I22 155. 4 

122 I56. 6 

I22 I56.9 

-----··------! 

69.054 

69.o66 

69.o79 

69.09I 

69. I03 

69. II 5 

69. 127 

69. 139 

69. 151 

6<). I63 

69. 175 

69. I86 

69. 197 

69. 209 

69.220 

69.230 

69. 24I 

69.25I 

69.261 

69. 271 

69.28I 

69.290 

69.299 

69.3oS 

69.316 

69.324 

69.332 

69.340 

69.347 

69.354 

69.36o 

69.366 

b9.372 

69. 37i 

69.382 

69.386 

69.390 

69.394 

69.397 

69.400 

69.402 

6<).404 

69.405 

~.407 

6<).407 

6<).407 

59· 965 

59.976 

59.987 

59.997 
6o.oo8 

6o.019 

6o. 029 

6o.039 

6o.050 

6o.o6o 

6o.070 

6o.o8o 

6o.090 

6o. 100 

6o. 109 

6o. 118 

6o. 128 

6o. IJ7• 

6o. 145 

6o. 154 

60. 162 

60. lib 

6o. Ii8 

6o. 186 

60. 193 

60.200 

60. 207 

6o. 213 

6o. 220 

6o. 225 

60. 231 

6o. 236 

6o. 241 

6o. 246 

6o.250 

6o. 254 

6o. 257 

6o.26o 

6o.263 

6o.;65 

6o.268 

6o.269 

6o. 270 

6o. 27I 

6o.272 

6o. 272 

*These quantities express the number of meters, yards, stattite miles and nautical miles contained within an arc of which the degree of latitude 
uamed is the middle; thw;, the quantity, 111032.7, opposite latitude 40°, is the number of met~rs bej:ween latitude 39° 30' and latitude 40° 3°'· 
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Latitude o0 to 1°-Arcs of the parallel in meters. 

Lat. 1" I 2" I 3" (" i 5" I 8" i i 11 I 8" ; 9" l' 2'1 I 
I I ' i i I 

--------i--1----- --·--------]---:-----------------,· 
O I i ; ~ : ! , j : i 
o oo 30. 92 ; 61. 84 92. 77 123. 69 154. 61 185. 53 i 216. 46 : 247. 38 I 278. 30 1855. 3 I 3710. 7 

I • ,2 I . 84 . 77 ' . 69 . 61 . 53 I • 46 I . 38 I .JO 5. 3 : 0. 7 
2 . 92 I . 84 ; . 11 . . 69 . 61 . 53 · . 46 : . 38 , . 30 5. 3 : o. 1 
3 . 92 ' . 84 ' . 77 . 69 . 61 . 53 . 40 . 38 • . 30 5. 3 ' o. 7 
4 . 92 . 84 . 77 . 69 . 61 . 53 . 46 . 38 ' . 30 5. 3 : o. 7 

0 05 30. 92 61. 84 ' 92. 77 123. 69 154. 61 185. 53 216. 46 i 247. 38 : 278. 30 1855. 3 3710. 7 
6 . 92 . 84 ' . 77 . 69 . 61 . 53 ' . 46 !, • 38 i . 30 5. 3 :, o. 7 
7 . 92 . 84 . 77 . 69 . 61 . 53 . 46 . 38 1 . 30 5. 3 , o. 7 
8 . 92 . 84 : . 77 • . 69 . 61 . 53 . 46 ' . 38 ' . 30 5. 3 ' o. 7 
9 . 92 . 84 . 77 . 69 . 61 . 53 . 46 ' . 38 • . 30 5. 3 o. 7 

0 IO 

II 

12 
13 
14 

0 15 
16 
17 
18 
19 

0 20 
21 
22 

23 
24 

0 25 
26 
27 
28 
29 

30.92 
. 92 
. 92 
. 92 
. 92 

30.92 
. 92 
. 92 
. 92 
. 92 ' 

30.92 
. 92 
. 92 
. 92 I 
. 92 

61.84 
. 84 
. 84 
. 84 
.84 

61. 84 
. 84 
. 84 
. 84 
. 84 

92·77 
. 77 
. 77 
. 77 
. 77 

92.77 
. 77 
. 77 
- 77 
. 77 

61. 84 : 92. 77 
. 84 . 77 
. 84 . 77 
• 84 I • 77 
. 84 . 77 

30. 92 • 61. 84 : 92. 76 
.92 .84 .76 
. 92 ' . 84 . 76 

.· 92 . 84 . 76 
. 92 . 84 . 76 ! 

123.69 
.69 
.69 
. 69 
. 69 

123.69 
. 69 
.6g 
. 6g 
. 69 

123.6g 
. 6g 
. 6g 
. 69 
.69 

123.68 
. 68 
. 68 
. 68 
.68 

154.61 
. 61 
. 61 
. 61 
. 61 

154.61 
. 61 
. 61 
- 61 
.61 

15+ 61 
. 61 
. 61 
. 61 
. 61 

154. 61 
. 61 
. 61 I 
. 61 ' 
. 61 i 

185.53 
.53 
. 53 
·53 
.53 

185. 53 
.53 
.53 
-53 
. 53 

185.53 
.53 
·53 
.53 
.53 

185. 53 
.53 
.53 
.53 
.53 

216.46 
. 46 
.46 
.46 
.46 

247. 38 ' 278. 30 
. 38 . 30 
.38 .30 
. 38 . 30 
.38 .30 

216. 45 247. 38 278. 30 

:!~ i : ~~ : ~~ 
• 45 ' . 38 ' . 30 
.45 .38 .30 

216. 45 : 247. 38 278. 30 
. 45 : . 37 . 30 
. 45 ' . 37 . 30 
. 45 . 37 . 30 
. 45 . 37 . 30 

216. 45 ' 247. 37 278. 30 
. 45 i . 371 . 29 
. 45 i • 37. . 29 
. 45 . 37 . 29 
. 45 ' . 37 . 29 

1855. 3 ' 
5. 3 i 

5-3 
5. 3 ' 
5.3 

1855.3 
5.3 
5.3 
5-3 
5.3 

1855.3 
5.3 
S· 3 
5.3 
5.3 

1855.3 
5.3 
5.3 
5.3 
5.3 

3710.7 
o. 7 
o. 7 
0. 7 
o. 7 

3710. 7 
0. 7 
o.6 
o.6 
o.6 

3710.6 
o.6 
o.6 
o.6 
o.6 

37m 6 
o.6 
o.6. 
0. 6' 
o.6 

3' i 
i 

I 
5566. o I 

6.o 
6.o 
6.o 
6.o 

5566.0 
6.o 
6.o I 
6.o 
6.o I 

5566. 0 ' 

6.o • 
6.o 
6.o 
6.o 

5566.0 
6.o 
6.o 
6.o 
6.o 

5565.9 
5.9 
5·9 
5-9 
5.9 

5565. 9 ' 
5. 9 ' 
5. 9 : 
5. 9 ' 
5.8 

0 30 
31 
32 
33 
34 

30. 92 61. 84 92. 76 123. 68 
. 68 
. 68 
.68 
. 68 

154.61 
. 61 
. 61 
. 61 
. 6o 

185.53 
. 53 
. 53 
.53 
. 53 

216.45 
. 45 
. 45 
.45 
.45 

247.37 
. 37 
.37 
. 37 
.37 

278.29 
.29 
.29 
. 29 
. 29 

18ss. 3 
5.3 
5.3 
5.3 
5.3 

3710. 5 5565. 8 i 

0 '" .)) 

36 
37 
38 
39 

0 40 

41 
42 
43 
44 

0 45 
46 
47 
48 
49 

0 50 
51 
52 
53 
54 

0 55 
56 
57 
58 
59 

0 6o 

. 92 : . 84 . 76 

. 92 ; . 84 . 76 

. 92 ' . 84 . 76 

. 92 i . 84 . 76 

30. 92 i 61. 84 92. 76 123.68 
. 68 
. 68 
. 68 
.68 

. 92 ' . 84 . 76 

. 92 . 84 . 76 

. 92 . 84 . 76 

.92 .84 .76 

30. 92 61. 84 
. 92 . 84 
. 92 . 84 
. 92 . 84 
.92 .84 

30. 92 61. 84 
. 92 . 84 
. 92 . 84 
. 92 . 84 
. 92 • 84 

30.92 
. 92 
. 92 
. 92 
. 92 

30.92 
• 92 
.92 
• 92 
. 92 

30.92 

92.76 
.76 
.76 
. 76 
.76 

92.76 
.76 
.76 
.76 
.76 

123.68 
. 68 
. 68 
. 68 
. 68 

123.68 
. 68 
. 68 
.68 
,68 

92. 76 ' 123. 68 
• 76: . 68 
. 76 I • 68 
.76 • . 68 
. 76 .67 

92. 76 I 23. 67 
. 75 . 67 
. 75 . 67 
'75 . 67 
. 75 . 67 

92. 75 123. 67 

154.6o 
.6o 
.6o 
. 6o 
.6o 

154.6o 
. 6o 
.6o 
.6o 
.6o 

154.6o 
.6o 
.6o 
.6o 
.6o 

154.6o 
. 6o 
.59 
.59 
.59 

154.59 
.59 
.59 
.59 
.59 

154.59 

185. 52 
.s:z 
.52 
.52 
. 52 

185.52 
. 52 
.52 
.52 
.52 

185.52 
.52 
.52 
. 52 
. 52 

185.51 
.51 
.51 
. 51 
'51 

185.51 
. 51 
. 51 
.51 
. 51 

185.51 

216.45 
.44 
.44 
.44 
.44 

216. 44 
.44 
.44 
.44 
.44 

216.44 
.44 
.44 
.44 
.44 

216.43 
.43 
.43 
.43 
.43 

247.37 
-37 
.36 
.36 
.36 

247.36 
.36 
.36 
.36 
.36 

247.36 
.36 
.36 
.36 
. 35 

247.35 
.35 
. 35 
.35 
.35 

:.u6. 43 247· 35 
·43 ·35 
.43 . 35 
.43 ·34 
·43 ·34 

216. 42 ' 247. 34 
! 

278.29 
. 29 
. 29 
. 29 
. 28 

278.28 
. 28 
• :z8 
. 28 
. 28 

278.28 
. 28 
.28 
. 28 
• 27 . 

278.27 
• 27 
. 27 
• 27 
. 27 

278.27 
. 27 
.26 
• 26 
'26 

278.26 

1855. 2 

5.2 
5. :z 
5.2 
5. 2 

1855.2 
5.2 
5.2 
5.2 
5.2 

1855.2 
5.2 
5.2 
5.2 
5.2 

1855. I 

5· I 
5· I 
5. I 

S· I 

1855.1 
5. I 
$.I 
5. I 
5· I 

1855. I 

o. s 5. s I 
0. 5 5. 8 i 
0. 5 5. 8 I 

0.5 5.8 

3710. 5 5565. 7 
0. 5 ' 5. 7 
0. 5 5. 7 
o. 5 5. 1 I 
o. 5 5. 7 

3710.4 
0.4 
0.4 
0.4 
0.4 

3710.4 
0.4 
0.3 
0.3 
0.3 

3710.3 
o. 3 
o. 3 
0.3 
0.2 

3710.2 
0.2 
o. 2 
0.2 
o. I 

3710. I 

5565.7 
5.6 
5. 6 
5.6 
5.6 

5565.6 
s.s 
5. 5 i 

5· 5 · 
5.5 

5565.4 
5.4 
5.4 
5.4 
5.4 

5565.3 
5.3 
5.3 
5. 2 
5.2 

5565.2 

4' 

7421. 4 
I. 4 
I. 4 
I. 4 
I. 4 

7421. 4 
I. 4 
I. 4 
I. 4 
I. 4 

7421. 3 1
, 

I. 3 ' 
1.3 
I. 3·' 
I. 3 : 

7421. 3 
I. 3 i 

I. 3 
I. 3 
I. 3 ' 

7421. 2 : 

I. 2 
I. 2 i 
1.2: 

i 
1.2' 

7421. 2 
I. 2 

I. I 

I. I 
I. I 

7421. I 
I. I 
I. 0 

I. 0 
I. 0 

7421. 0 
I. 0 

I. 0 
0.9 
0.9 

7420. 91 
0.9 
o.8 
o.8 
o. 8 

7420.7 
0.7 
0. 7 
0.7 
o.6 

7420.6 
o.6 
0.5 
0.5 
0.5 

7420.4 
0.4 
0.4 
0.3 
0.3 

7420. 3 

5' 

9276.7 
6. 7 
6.7 
6. 7 
6. 7 

9276.7 
6. 7 
6. 7 
6. 7 
6. 7 

9276.7 
6. 7 
6.7 
6. 7 
6. 7 

9276.6 
6.6 
6.6 
6.6 
6.6 

9276.6 
6.6 
6. 5 
6. 5 
6.5 

9276.5 
6.5 
6.4 
6.4 
6.4 

9276.4 
6.4 
6.3 
6.3 
6.3 

9276.3 
6.2 
6.2 
6.2 
6. l 

9276. I 
6. I 

6.o 
6.o 
6.o 

9275. 9 
5.9 
5.9 
5.8 
5.8 

9275.7 
5. 7 
5.7 
5.6 
5.6 

9275.5 
5.5 
5.5 
5.4 
5.4 

9275.3 
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·---~--·---- -

Latitude o0 to 1°-Meridional arcs. Latitude o0-Co-ordinates of curva ture. 

~---

Lat. I 
I Value of 111 Sums of seconds for middle Value of 11 Sums of'minutcs for middle Longitude. 

I 
x 

latitude. latitude. 
I 

I 

------- ---~-- ----- ----
I 

0 I Meters. II Meters. Meters. I 11.fders. 0 I Meters. I l! 
. 0 00 30.713 

I 
I 

I 3 I 30.71 1842. 79 I I 842. 8 0 I I 855. 3 
2 3 2 

I 
61. 43 .79 2 3 685. 6 2 3 710. 7 

I 3 3 3 92. 14 .79 3 5 528. 4 3 5 566. 0 

4 3 4 

I 
122.85 .79 4 7 371. I 4 7 .p1.4 

0 05 30.713 5 153.56 I842. 79 5 9 213. 9 0 5 9 276. 7 I 6 3 6 I I84. 28 .79 6 II 056. 7 6 II 132. I 

7 3 7 214.99 .79 7 12 899. 5 7 12 9!17.4 
8 3 g 245.70 . 79 g 14 742. 3 8 I4 842. 8 

9 3 9 276.42 .79 9 16 585. I 9 16 698. I 

y 

fdrrs. 

o.o 

0.0 

0 IO 30.713 IO 307. 13 l 1842. 79 10 I8 427. 9 0 IO I8 553. 4 
II 3 l 337.84 .79 I 20 270. 7 I5 27 830. 2 
12 3 2 368.56 .79 2 22 II3. 4 20 37 1o6. 9 
13 3 3 399.27 . 79 3 23 956. 2 25 46 383. 6 
I4 3 4 429.98 .79 4 25 799· 0 30 55 66o. 3 

o.o 

0 I5 30.7I3 15 46o.69 1842.79 I5 27 64r. 8 0 35 64 937· I 
16 3 6 491. 41 . 79 6 29 484. 6 40 74 213. 8 
I7 3 

I 
7 522. 12 . 79 7 31 327. 4 45 83 490. 5 

18 3 s 552. 83 .79 8 33 170. 2 50 92 767. 2 

I9 3 9 583.55 . 79 9 35 OI3. 0 55 102 044. 0 

o.o 

0 20 3o.713 20 614.26 I 18f2. 79 20 36 855. 8 I 00 III 320. 7 
21 3 I 644.97 .79 I 38 t>,8. 5 05 I20 597· 4 
22 3 2 675.69 .79 2 40 541. 3 IO 129 874. I 

23 3 3 700.40 .79 3 42 384. I I5 139 150. 9 
24 3 4 737· I I .79 4 44 226. 9 20 I48 427. 6 

o.o 

0 25 30. 7I3 25 767.82 1842.79 25 46 009. 7 I 25 I57 704. 3 
26 3 6 798.54 .79 6 47 912. 5 30 I66 981. 0 
27 3 7 829.25 .79 7 49 755. 3 35 i 176 257. 8 
28. 3 8 859.96 .79 8 51 598. I 40 I I85 534. 5 
29 3 9 8go. 68 .79 9 53 440. 9 45 I 194 Su. 2 

00 

0 30 30.7I3 30 921. 39 1842.79 30 55 283. 6 I 50 204 087. 9 
31 3 I 952. JO .79 I 57 !l6. 4 55 213 364. 7 
32 3 2 982.82 .79 2 58 969. 2 2 00 222 64I 

33 3 3 I 013. 53 .79 3 6o 812. 0 3 00 333 962 

34 3 4 I 044· 24 .79 4 62 654. 8 4 00 445 283 

o.o 

0 35 30.713 35 I 074. 95 1842.79 35 64 497. 6 5 00 556 6o3 
36 3 6 I 105. 67 .79 6 66 340. 4 6 00 

I 
667 924 

37 3 ' I 136. 38 .79 7 68 183. 2 7 00 779 245 
38 3 8 I 167. 09 .79 8 70 026. 0 8 00 890 566 

39 3 9 I 197. 81 .79 9 71 868. 7 9 00 I 001 88e 

0.0 

0 40 30.7I3 40 I 228. 52 1842.79 40 73 711. 5 IO 00 I IIJ 207 
41 3 I I 259. 23 . 79 I 75 554. 3 II 00 I 224 528 
42 3 2 I 289. 95 .79 2 77 397• I 12 ()() I 335 848 

43 3 3 I 320. 66 .79 3 79 239. 9 13 ()() I 447 16i9 

44 3 4 1351.37 . 79 4 ii o82. 7 14 ()() I I 558 490 

0 45 30.713 45 I 382. 08 1842.79 45 82 925. 5 15 00 I 66g 810 

46 3 6 I 412. 8o .79 • 84 768.3 16 ()() I 781 IJI 

47 3 7 I 443· 51 .79 7 86 6II.O 17 00 I 89<1 452 

48 3 g I 474· 22 .79 8 88 453- 8 18 00 2 003 77:i 

49 3 9 I 504· 94 .79 9 90 296.6 19 00 2 115 093 

o.o 

0 50 30.713 50 I 535· 65 18f2.79 50 92 139.4 20 00 2 226 414 

51 .3 I I 566. 36 ·'19 I 93 ~2.2 21 00 2 337 735 
52 3 I 2 I m.o8 .79 2 9f'82'5.o 22 00 2 449 055 
53 3 3 I 627. 79 .79 3 97 667.8 23 00 2 56o 376 

54 3 4 I 658.-So .79 4 99 510. 6 24 00 2 671 697 

0 55 JO. 713 55 I 68g. 21 1842.79 55 IOI 353· 4 25 00 2 783 017 

56 3 6 r 719· 93 .79 6 103 I96. 2 26 00 2 894 338 

57 3 7 I 750. 64 .79 7 105 038.9 27 00 3 005 659 

58 3 8 r 781. JS .79 8 100 881. 7 28 00 3 116 979 

59 3 9 I 812.07 . 79 9 1o8 724· 5 29 00 3 228 300 

0 6o 30.713 6o I 8.42. 79 1842. 79 6o no 567.3 JO 00 3 339 621 o.o i 

---.I 
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Latitude 1° to 2°-Arcs of the parallel in meters. 

!---~-----,---------------~-----,-----.,-----;-- --··----··--··---;-----

i I i i I I i II ' I 

l __ ~t~ _:_r __ :__i~~'- ____ i' __ ' __ 
1

_s_"_!_6_.,_,_
1
_._' __ ' _

1
_s_'_' _ 1_9_''__ ~-1_,_ 1 __ 2_'_/· ___ s_'_

1 

__ 1_'_i __ s_, __ 

I I I I ! i ! I 0 I 

I 00 

I 
30. 92 61. 84192. 75 123. 67 154. 59 . 185. 51 I 216. 42 : 247. 34 I 278. 26 1855. I I 3710. I ' 

. 92 . 84 . 7 5 .,67 . 59 . 5 I I . 42 I • 34 I . 26 5. I o. I i 
2 . 92 . 83 . 7 5 . 67 . 59 . 50 I . 42 I . 34 I . 26 5. 0 0. I I 
J .92 .83 .75 .67 .59 .50 .42 .34 .26 5.0 O.lf 
4 . 92 . 83 . 75 . 67 . 59 . 50 . 42 . 34 I . 25 5. 0 0. 0 I 

I 05 
6 

30. 92 61. 83 92. 75 123. 67 154. 58 185. 50 :216. 42 247. 34 278. 25 1855. o 3710. O I 

7 
8 

.92 .83 .75 .67 .581 .50 .42 .33 .25 5.0 0.0[ 

. 92 . 83 . 75 . 67 . 58 . 50 . 42 . 33 . 25 5. 0 0. 0 i 

.92 .83 .75 .67 .58 .50 .41 .33 .25 5.0 10.01 

. 92 . 83 . 75 . 66 . 58 I • 50 . 41 . 33 · 24 5· 0 9· 9 , 9 

I JO 30. 92 
I I • 92 
12 . 92 
13 . 92 
14 . 92 

I 15 30. 92 
16 . 91 
17 . 91 
18 . 91 
19 .91 

I 20 
21 
22 

23 
24 

I 25 
26 
27 
28 
29 

I JO 
31 
32 
" .).) 

34 

I 35 
36 
37 
38 
39 

[ 40 
41 
42 
43 
44 

I 45 
46 
47 
4-8 
49 

I 50 
51 
52 
53 
54 

I SS 
56 
57 
58 
59 

I 6o 

30.91 
.91 
. 91 
. 91 
. 91 

30.91 
. 91 
. 91 
. 91 
.91 

30.91 
. 91 
. 91 
. 91 
. 91 

30.91 
. 91 
. 91 
. 91 
. 91 

30.91 
.91 
. 91 
. 91 
.91 

30.91 
.91 
.91 
. 91 
.91 

30.91 
.91 
.91 
. 91 
. 91 

30.91 
·90 
. 90 
.90 
.90 

30.90 

61. 83 
. 83 
. 83 
. 83 
. 83 

61. 83 
. 83 
. 83 
. 83 
. 83 

61. 83 
. 83 
. 83 
. 83 
. 83 

61. 83 
. 83 
. 83 
. 82 
. 82 

92. 75 
. 75 
. 75 
. 75 
·75 

92.75 
.74 
.74 
.74 
. 74 ' 

92.74 
.74 
.74 
.74 
.74 

92.74 
.74 
.74 
.74 
.74 

61. 82 92. 74 
. 82 . 73 
. 82 . 73 
. 82 . 73 
. 82 . 73 

61. 82 92. 73 
. 82 . 73 
. 82 . 73 
. 82 . 73 
. 82 . 73 

61.82 92.73 
. 82 . 73 
. 82 . 73 
. 82 . 73 
. 82 . 73 

61. 82 92. 72 
. 82 . 72 
. 82 . 72 
. 81 . 72 
. 81 . 72 

61. 81 92. 72 
. 81 . 72 
. 81 . 72 
. 81 . 72 
. 81 . 72 

61. 81 92. 72 
. 81 . 71 
. 81 . 71 
. 81 . 71 
. 81 . 71 

123. 66 
. 66 
. 66 
. 66 
. 66 

123.66 
. 66 
. 66 
. 66 
. 66 

123.66 
. 66 
. 65 
. 65 
. 65 

123. 65 
. 65 
. 65 
. 65 
. 65 

123. 65 
. 65 
. 65 
. 64 
. 64 

123.64 
. 64 
. 64 
. 64 
.64 

123.64 
. 64 
.64 
. 63 
. 63 

123.63 
. 63 
. 63 
. 63 
. 63 

123.63 
.63 
. 62 
. 62 
. 62 

123.62 
. 62 
. 62 
. 62 
. 62 

123.61 

I ! 
154. 58 ' 185. 50 ; 216. 41 247. 33 278. 24 1855. 0 

. 58 . 50 . . 41 . 33 . 24 5· 0 

.58 .49 .41 .33 .24 4.9 

. 58 ·49 .41 .32 .24 4.9 

. 58 . 49 . 41 . 32 . 24 4· 9 

154.58 185.49 216.41 247.32 278.24 1854.9 
.57 .49 .40 .32 .23 4.9 
·57 ·49 .40 .32 I .23 4·9 
.57 .49 .40 .32 .23 4.9 
. 57 . 49 . 40 . 31 . 23 4. 9 

154 57 
.57 
·57 
.57 
.57 

154·57 
.56 
.56 
.56 
.56 

154.56 
.56 
.56 
.56 
. 55 

154.55 
.55 
. 55 
. 55 
. 55 

154·55 
. 55 
.54 
.54 
.54 

154.54 
.54 
.54 
.54 
. 53 

154.53 
.53 
. 53 
. 53 
. 53 

154· 53 
.52 
.52 
. 52 
. 52 

154.52 

185. 48 216. 40 247. 31 278. 23 1854. 8 
.48 .40 .31 .23 4.8 
. 48 . 40 . 3 I . 22 4- 8 
.48 .39 .31 .22 4.81 
. 48 . 39 . 31 . 22 4. 8 

185. 48 216. 39 247. 30 278. 22 1854. 8 
.48 .39 .30 .22 4.8 
. 48 . 39 . 30 . 2 I 4. 8 
. 47 . 39 . 30 . 21 4. 7 
.47 .38 .30 .21 4.7 

185.47 
. 47 
. 47 
. 47 
. 47 

185.46 
.46 
.46 
.46 
.46 

185.46 
. 45 
. 45 
. 45 
.45 

185.45 
. 45 
.45 
.44 
.44 

185.44 
.44 
.44 
.43 
.43 

185.43 
.43 
.43 
.43 
.42 

185.42 

216. 38 247. 30 278. 21 1854. 7 
. 38 . 29 . 20 4. 7 
.38 .29 .20 4.7 
.38 .29 .20 4.7 
. 38 . 29 . 20 4. 7 

216. 37 247. 29 278. 20 1854. 6 
.37 .28 . 19 4.6 
. 37 . 28 . 19 4. 6 
. 37 . 28 . 19 4· 6 
. 37 . 28 . 19 4. 6 

216.37 
. 36 
. 36 
.36 
. 36 

216.36 
. 35 
. 35 
. 35 
. 35 

216.35 
. 34 
. 34 
. 34 
·34 

216. 34 
. 33 
. 33 
. 33 
. 33 

216.33 

247.28 
.27 
. 27 
. 27 
. 27 

247.26 
. 26 
.26 
. 26 
.26 

Z47-25 
. 25 
. 25 
. 25 
. 24 

247.24 
. 24 
. 24 
. 23 
. 23 

247.23 

278. 18 I 854. 6 
. 18 4.5 
. 18 4.5 
. 18 4. 5 
. 18 4.5 

278. 17 1854.5 
. 17 4. 5 
. 17 4. 5 
. 17 4.4 
. 16 4.4 

278. 16 1854. 4 
.16 4.4 
.15 4.4 
. 15 4. J 
. 15 4.3 

278. 15 1854.3 
. 14_ 4·3 
. 14 4.3 
. 14 4.3 
. 14 • 4. 2 

278. 13 1854. 2 

3709· 9 i 
9· 9 I 
9. 9 I 
9. 8 .

1 

9.8 

3709.8 
9· 8 I 

9. s \ 
9· 7 
9.7 

3709.7 
9.7 
9· 6 I 
9. 6 I 
9.6 

3709.6 
9· 5 
9· 5 
9.5 
9· 5 

3709.4 
9.4 
9.4 
9· 3 
9· 3 

3709·3 
9. 2 
9.2 
9· 2 
9. 2 

3709· I 
9. I 
9.0 
9.0 
9.0 

37o8.9 
8.9 
8.9 
8.9 
8.8 

37o8.8 
8.8 
8. 7 
8. 7 
8. 7 

37o8.6 
8.6 
8.5 
8.5 
8.5 

3708.4 

5565. 2 
5.2 
5. I 

5. I 
5. I 

5565.0 
5. 0 

5.0 
5.0 
4.9 

5564.9 
4.9 
4.8 
4.8 
4.8 

5564.7 
4. 7 
4.6 
4.6 
4.6 

5564.5 
4. 5 
4. 5 
4.4 
4.4 

5564.3 
4. 3 
4. 3 
4. 2 

4. 2 

5564. I 
4· I 
4· I 
4.0 
4.0 

5563.9 
3.9 
3.8 
3.8 
3.7 

5563.7 
3.6 
3.6 
3.6 
3.5 

5563.5 
3.4 
3.4 
3.3 
3.3 

5563.2 
3· I 
3. I 

3.0 
3.0 

5562 .9 
2.9 
2.8 
2.8 
z. 7 

5562. 7 

7420.3 
0.2 
0.2 
O. I 
0. I 

7420. I 
0.0 

o.o 
19.9 
9.9 

7419.9 
9.8 
9.8 
9.7 
9.7 

7419.6 
9.6 
9· 5 
9.5 
9.4 

7419.4 
9.3 
9.3 
9.2 
9.2 

7419. I 

9· l 
9.0 
9.0 
8.9 

7418.9 
8.8 
8.8 
8. 7 
8.6 

7418.6 
8. 5 
8.4 
8.4 
8.3 

7418.3 
8.2 
8. I 

8. I 
8.o 

7417.9 
7.9 
7.8 
7.7 
7.7 

7417.6 
7.5 
7.4 
7.4 
7.3 

7417. 3 
7.2 
7. I 
7.0 
7. 0 

7416.9 

9275.3 
5· 3 
5. 2 

5. 2 
5· l 

9275. I 

5.0 
5. 0 

4.9 
4.9 

9274.8 
4.8 
4. 7 
4.6 
4.6 

9274. 5 
4. 5 
4-4 
4.4 
4.3 

9274.2 
4. 2 
4. I 

4.0 
4.0 

9273.9 
3.8 
3.8 
3.7 
3.6 

9273.6 
3· 5 
3.4 
3· 4 
3·3 

9273.2 
3. I 

3· I 
3.0 
2.9 

9272.8 
2.7 
2. 7 
2.6 
2.5 

9272.4 
2.3 
2.3 
2.2 
2. I 

9272.0 
I. 9 
I. 8 
I. 7 
I. 7 

9271. 6 
I. 5 
1.4 
I. 3 
I. 2 

9271. I 61. 81 192. 71 
~~--'L-~-L.~~-'--~"'--~~-'--~~-'--~~-'-~~--'-~~-'--~-'--~~L-~---'--~__J'-----....!-~~-
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Lat. 

Latitude 1° to 2°-Meridional arcs. 

I 
I' 

a ue o I latitude. 1 va ue o I 
; Sums of minutes for middle 

latitude. 

Latitude I 0-Co-ordinates of curvature. 

Longitude. V 1 f 11 Sums of seconds for middle 

1

1: " 1 f / 

! I 

1---Mi-et-,-,.s-. -1 /1 I llleters. i'~.-
____________ ,__ ____ --------- -~ --· 

0 

.I 00 30.713 I I 

I 3 I 30. 71 I 

2 3 1 2 61.43 1 ~:·.· 
3 3 3 92. 14 
4 3 4 122.85 1,: 

I 05 30.713 5 I53·57 
6 3 6 184. 28 
7 3 7 215.00 
8 3 8 245.71 
9 3 9 276. 42 

IO 
II 
I2 
13' 
14 

I I5 
16 
17 
I8 
19 

I 20 

21 
22 

23 
24 

I 25 
26 
27 
28 
29 

I 30 
31 
32 
33 
34 

I 35 
36 
37 
38 
39 

I 40 
41 
42 
43 
44 

I 45 
46 
47 
48 
49 

I 50 
51 
52 
53 
54 

I 55 
56 
57 
58 
59 
6o 

30.713 
3 
3 
3 
3 

30.7I3 
3 
3 
3 
3 

30.713 
3 
3 
3 
3 

30. 713 
3 
3 
3 
3 

30.713 
3 
3 
3 
3 

30.713 
3 
3 
3 
3 

30.713 
3 
3 
3 
3 

30. 713 
3 
3 
3 
3 

30.713 
3 
3 
3 
3 

30. 713 
3 
3 
3 
3 

JO. 713 

10 

2 

3 
4 

15 
6 
7 
8 
9 

20 
I 
2 

3 
4 

25 
6 
7 
8 
9 

30 
I 
2 

3 
4 

35 
6 
7 
8 
9 

40 
I 
2 

3 
4 

45 
6 
7 
8 
9 

50 
I 
2 

3 
4 

55 
6 
7 
8 

~ 

H.Ex.43-19 

307. 14 
337. 85 
368.56 
399. 28 
429.99 

46o.70 
491. 42 
522. 13 
552.84 
583.56 

6I4.27 
644.98 
675.70 
7o6. 41 
737. 12 

767.84 
798.55 
829. 26 
859.98 
890.69 

921. 40 
952. I2 
982.83 

I OI3. 54 
I 044· 26 

I 074. 97 
I rn5. 68 
I 136.40 
I I67. II 
I 197. 82 

I 228. 54 
I 259. 25 
I 289. 96 
I J20. 68 
I 351. 39 

I 382. IO 

I 412. 82 
I 443· 53 
[ 474· 24 
I 504. 96 

I 535· 67 
I 566. 38 
I 597· IO 
I 627. 81 
I 658. 52 

I 689. 23 
I 719. 95 
I 750. 66 
I 781. 37 
I 812. og 
I 842.8o 

,lfeters 
1842. 79 

.79 

. 79 

.79 

.79 

1842. 79 
. 79 
.79 
.79 
.79 

I842.79 
.79 
. So 
. 80 
. 8o 

1842.8o 
·80 
. 8o 
.80 
. So 

I842.80 
. So 
. 8o 
. 80 
. 80 

I842.80 
.8o 
.80 
. So 
. So 

1842.So 
. So 
.So 
. 8o 
. 80 

1842.8o 
.So 
.So 
. 8o 
.So 

1842.8o 
.So 
.80 
.So 
. 81 

1842.81 
. 81 
. 81 
. 8I 
. 8I 

I842. 8I 
. 81 
. 81 
. SI 
. 81 

1842.81 
. 8I 
. 81 
. 81 
. 81 

1842. 81 

Jlleters. 

I 842. 8 
2 3685.6 
3 5 528. 4 
4 7 37 I. 2 

5 9 214. 0 
6 II 056. 8 
7 12 899.6 
8 14 742. 3 
9 16 585. I 

IO 

II 

12 
13 
14 

15 
16 
17 
18 
19 

20 
21 
22 

23 
24 

25 
26 
27 
28 
29 

30 
31 
32 
33 
34 

35 
36 
37 
38 
39 

40 
41 
42 
43 
44 

45 
46 
47 
48 
49 

1

1 ll 
55 

I
I· ii 

59 
6o 

18427.9 
20 270. 7 
22 I 13. 5 
23 956. 3 
2 5 799· I 

27 641. 9 
29 484. 7 
JI 327·5 
33 170. 3 
35 013. I 

36 855. 9 
38 698. 7 
40 541. 5 
42 384. 3 
44 22]. I 

46 o69. 9 
47 912. 7 
49 755. 5 
51 598. 3 
53 44!. I 

55 283. 9 
57 126. 7 
58 969. 5 
6o 812. 3 
62 655. I 

64 497. 9 
66 340. 7 
68 183. 5 
70 026. 3 
71 869. I 

73 7u. 9 
75 554· 7 
77 397. 5 
79 240. 3 
8I 083. I 

82 925. 9 
84 768. 7 
86 611. 5 
88 454. 3 
90 297. I 

92 IJ9·9 
93 982. 7 
95 825. 6 
97 668. 4 
99511.2 

IOI 354· 0 
103 196.8 
ms 039. 6 
I06 882. 4 
I08 725. 2 

I IO 568. O 

0 

0 

2 

3 
4 

0 5 
6 
7 
8 
9 

0 IO 

15 
20 
25 
30 

0 35 
40 
45 
50 
55 

I 00 

05 
10 
15 
zo 

I 25 
30 
35 
40 
45 

I 50 
55 

2 00 

3 00 
4 00 

5 00 
6 00 

7 00 
8 00 

9 00 

IO 00 

II 00 
12 00 

13 00 
14 00 

15 00 
16 00 

17 00 
18 00 

19 00 

20 00 

21 00 
22 00 

23 00 

24 00 

25 00 
26 00 

27 00 
28 00 

29 00 

30 00 

1855.1 Q,Q 

3il0.I o.o 
5565.2 0.0 
7 420. J 0. I 

9275.3 0.1 
II IJ0.4 0. 2 

12985.4 0.2 
!4 840. 5 I 0. 3 
16 695. 6 ' 0. 4 

IS 550. (, 
:1 826. 0 

37 IOI. J 
46 376. 6 
55 651. 9 

64 927. 2 

74 202. 5 
83477.8 
92 753. 2 

!02 028. 5 

I I I 303. 7 
120 579.0 
129 854 3 
139 129.6 
148 404. 9 

157 68o. 2 

166 955· 5 
176230.8 
185 506. I 
194 781. 4 

204 056. 7 
213 331. 9 
222 607 
333 911 
445 214 

556 518 
667 822 
779 126 
890 429 

I 001 733 

I IIJ 037 
I 224 340 
I 335 643 
I 446 946 
I 558 249 

I 669 551 
I 78o 854 
I 892 157 
2 003 459 
2 114 761 

2 226 063 
2 337 364 
2 448 666 
2 559 967 
2 671 268 

2 782 569 
2 893 869 
3 005 170 
3 I16 470 
3 227 no 
3 339 070 

0. 5 
I. I 

I. 9 
2.9 
+z 
5.8 
7 5 
9.5 

I I. j 

q. 2 

16. ~f 
19.9 
23. 0 

26.4 
30. I 

;34.0 
38. I 

42.4 
47. 0 

51. 8 

56. 9 
62.2 
(,8 

153 
271 

424 
6Io 
831 

I 085 
I 373 

I 695 
2 051 
2 441 

2 865 
3 323 

3 814 
4 340 
4 899 
5 492 
6 120 

6 78I 
7 476 
8 205 

. 8 967 
9 764 

IO 595 
II 459 
12 358 
I3 290 
I4 256 
15 256 

---'--···---~------~-
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Latitude 2° to 3°-Arcs of the parallel in meters. 

~~-~-~,---~--~~-------~-.---~-~~-~·~~--.-~--_,,.-~---,-~~~-,-~--~~~--1 

1' I Lat. 

0 f 

2 00 

I 
2 

3 
4 

2 05 
6 
7 
8 
9 

• 2 10 
II 
12 
13 
14 

2 15 
16 
17 
18 
19 

2 20 

21 
22 
23 
24 

2 25 
26 
27 
28 
29 

2 30 
31 
32 
33 
34 

2 35 
36 
37 
38 
39 

2 40 
41 
42 
43 
44 

2 45 
46 
4i 
48 
49 

311 5" 1'' 

'~---- ----~----- --~--i--- --- ---1--- 1-~---~-
30. 90 61. 81 

. 90 ! • S1 

.90' .81 

. 90 • . S1 

. 90 · . Sr 

30. 90 ' 61. Sr 
. 90 . 80 
. 90 .So' 
. 90 ' . bo 
.go .So, 

30. 90 61. So 
. go, .So 
.90 . So 
. 90 .So 
.go .So 

30. 90 6r. 80 
. 90 ' . 79 
. 90 . 79 
. go . 79 
. 90 . 79 

92. jl 
. 71 
. 71 
. 71 
. jl 

92.71 
. 70 
. 70 
. 70 
. 70 

92. 70 
. 70 
.70 
.70 
. 70 

92.70 
. 69 
. 69 
. 69 
. 69 

30.90 
.90 
.90 
. 90 
. 90 

Gr. 79 92. 69 

30.90 
. 89 
. 89 
. 89 : 
. 8<)1 

. 79 . 69 

. 79 . 69 

. 79 . 69 

. i9 . 69 

6r. 79 92. 69 
. 79 ' . 68 ' 
. 79 ' . 68 ' 
. 79 : . 68 
. 79 . 68 • 

30. 89 i 61. 79 ' 92. 68 
. 89 I . 79 ' . 68 
.89: .. 79 .68 
. 89 i . 79 ; . 68 
. 89 ! . 79 . 67 

30. 89 6I. 79 92. 67 
. 89 . 78 . 67 
. 89 ' . 78 . 67 
. 89 . 78 . 67 
. 89 : . 78 . 67 

30. ~9 : 6I. ~8 : 92. 67 I 
. 89 ' . ,s i . 67 : 
. 89 . 7 8 : . 67 ' 
. 89 . 78 . 66 ' 
. 89 . 78 . 66 ' 

123. (lJ 

. 61 

. (lI 

. 61 

. 6r 

123.6r 
.60 
.60 
.60 
.60 

123. 6o 
. 60 
.6o 
. 6o' 
.60 

r23.60 
.59 
.59 
. 59 : 
. 59 • 

123. 59 ' 
. 59 ' 
.59 
.58 
. 5S ' 

123. 58 : 
. 58 . 
. 58 ; 
. 57 
. 57 

rs4.52 
.52 
. 52 
. 5r 
. 51 

154. 51 
. 51 
. 51 
.50 
.50 

154. 50 ' 
. 50 • 
. 50 ' 
. 50 ' 
.50 

r54· 50 ' 
.49 
.49 
.49 
. 49 ' 

154.49 
. 49 
.49 
. 48 
. 48 

154.48 
. 48 ' 
.48 
. 47 
. 47 

123. 57 154. 47 
.57 .47 
. 57 . 47 
. 57 . 46 
. 57 . 46 

123. 57 i 154. 46 
. 56 ' . 46 
.56 .46 
. 56 . 45 
. 56 : 45 

1 

1 S5. 42 216. 33 247. 23 
. 42 . 33 . 23 
.42 .32 .22 

.41 .32 .22 

.41 .32 .22 

185.4r 
.41 
.41 
.40 
.40 

185. 40 
.40 
.40 
·39 
. 39 

185.39 
.39 
.39 ' 
. 38 ! 
. 38 

216.31 
. 31 
. 31 
. 3 I 
. 30 : 

247.21 
. 21 
. 21 
. 2r 
. 20 

216. 30 ' 247. 20 
.30 .20 
.30 .20 
. 29 . 19 
. 29 . 19 

216. 29 247. r9 
. 29 . 19 
. 29 . 19 
. 28 . 18 
. 28 . I8 

185. 38 ; 216. 28 247. 18 
. 18 . 38 : . 28 

. 38 

. 37 

.37 

185.37 
.37 
.37 
.36 
.36 

185.36 
.36 
. 35 
. 35 
. 35 

185.35 
·34 
.34 
·34 
.33 

. 27 

. 27 

. 27 ! 
I 

. 17 

. 17 

. 17 

216. 26 ' 247. I6 
. 26 . 16 
. 26 . r6 
. 26 . 16 
. 25 . 15 

216.25 
. 25 
.24 
.24 
.24 

216.23 
. 23 
. 23 
. 23 
.22 

247. IS 
. rs 
. I4 
.I4 
. r3 

247. r3 
. 13 
. 12 
. 12 
. II 

278. I3 
.13 
.12 
.12 
.12 

278. II 
. II 

. II 

. II 

.IO 

278. IO 
.IO 
·09 
.09 
.09 

278.08 
.08 
.08 
. 08 
. 07 

278.07 
. 07 
.06 
.06 
.06 

278.05 
. 05 
. 05 
.05 
.04 

278.04 
.04 
. 03 
. 03 
.02 

278.02 
.02 

.. 01 
. 01 
.00 

1854. 2 

4.2 
4.2 
4. I 

4.1 

I854. I 

4. I 
4. r 
4.0 
4.0 

1854.0 
4.0 
4.0 
3.9 
3.9 

l853.9 
3.9 
3.9 
3.8 
3.8 

1853. 8 
3.8 
3.8 
3.7 
3.7 

1853.7 
3·i 
3.7 
3.6 
3.6 

1853.6 
3.6 
3.5 
3.5 
3.5 

1853.5 
3.4 
3.4 
3. 4 
3.3 

3708.4 
8.4 
8.3 
8.3 
8.2 

3708.2 
8.2 
8.2 
8. l 
8. I 

3708. I 
8.o 
8.o 
7.9 
7.9 

3707.8 
7.8 
7.7 
7.7 
7.6 

3707. 6 
7.6 
7-5 
7.5 
7.4 

3707.4 
7.4 
7.3 
7.3 
7.2 

5562. 7 1· 7416. 9 927!. I 
2. 6 6. 8 : I. 0 
2.6 6.7 0.9 
2.5 6. 7 o.8 
2.5 6.6 0. 7 

5562. 4 7416. 5 9270. 6 
2.3 6.4 0. 5 
2.3 6.3 0.4 
2.2 6.3 0.3 
2.2 6.2 0.2 

5562. 1 
2.0 
2.0 
I. 9 
I. 9 

5561. 8 
I. 7 
I. 7 
I. 6 
I. 6 

5561. 5 
1.4 
I. 3 
I. 3 
J. 2 

556r. I 
1.0 
I. 0 

0.9 
0.9 

7416. l 
6.o 
5.9 
5.9 
5.8 

7415.7 
5.6 
5.5 
5.5 
5.4 

7415. 3 
5.2 
5· l 
5.0 
4.9 

7414.8 
4. 7 
4.6 
4. 6 
4· 5 

9270. I 
70.0 
69.9 
9.8 
9.7 

9269.6 
9. 5 
9.4 
9.,3 
9.2 

9269. I 

9.0 
8.9 
8. 7 
8. 6 

9268. 5 
8.4 
8.3 
8. 2 
8. I 

3707. 2 556o. 8 7414. 4 9268.0 
7.9 
7. 7 
7.6 
7.4 

7· I 0. 7 4· 3 
7· I 0.6 4.2 
7.0 o.6 4.0 
7.0 0.5 3·9 

3706.9 556o.4 7413.8 
6.9 0.3 3.7 
6.8 0.2 3.6 
6.8 0.2 3.6 
6. 7 0. I 3· 5 ' 

9267.3 
7.2 
7. I 
6.9 
6.8 

12J. 56 154· 45 185. 33 216. 22 247. II 278. 00 1853. 3 3706. 7 556o. 0 7413. 4 f 9266. 7 
. 56 ' . 45 . 33 . 22 . I I 8. 00 3. 3 6. 6 59· 9 3· 3 ' 6. 6 
.56 ·44 ·33 .21 .IO 7.99 3.3 6.6: 9.8 3.2i 6.5 
. 55 . 44 . 32 . 21 . IO ' • 99 3. 2 6. 5 I 9· 8 3· 0 6. 3 
. 55 . 44 . 32 . 21 . to . 98 3. 2 6. 5 I 9. 7 2. 9 6. 2 

30. 89 61. 78 92. 66 , 123. 55 154· 43 185. 32 216. 20 247. 09 : 277. 98 1853. 2 3706. 4 i 5559· 6 7412. 8 9266. I 
. 88 . 77 . 66 . 55 . 43 . 32 . 20 . 09 • . 98 3. 2 6. 4 i 9. 5 2. 7 6. 0 

. 88 . 77 . 66 ' . 55 . 43 . 32 . 20 . 09 I . 97 3. 2 6. 3 1
1 9. 5 I 2. 6 5. 9 

. 88 . 77 I . 66 ' . 54 . 43 . 31 . 20 . 09 . 97 3. I 6. 3 I 9· 4 I 2. 6 5. 7 

30: :: 61: :: 92: :: 123: :: 154: :: 185: :: 216: :: 
1

i 247:: 211:: 185::: 

6

. 

2 

l m::: : 741::: 926::: 2 ~~ . 88 . ii , . 65 . 54 . 42 . JI . 19 . 08 , · 96 3· r 
37~:: 1

1 

9· 2 : 2. 3 5. 3 
52 . 88 . 7i • . 65 . 54 . 42 . 31 . 18 I . 07 . 95 3. o 6. I 9. 1 · 2. 2 5. 2 

53 . 88 · 77 i • 65 · 53 • 41 . 30 . 18 \ . 07 . 95 J. 0 6. 0 9· I 2. 0 i 5· 0 

54 · 88 · 77 l . 65 , · 53 · 41 · 30 . 18 · o6 · 94 3. 0 6. 0 I 9· 0 I. 9 4. 9 

2 55 30. 88 61. 77 I 92. 65 • 123. 53 154· 41 185. 29 216. 17 \ 247. o6 277. 94 1852. 9 3705. 9 I 5558. 9 74u. 8 9264. 1 
56 .88 .76 .65 .53 .41 .291 .17 .o6 ·94 2.9 5.81 8.8 1.7 4.6 
57 . 88 . 76 I • 64 . 53 . 41 . 29 . 17 . 05 . 93 2. 9 5. 8 I 8. 7 I. 6 4. 5 
58 .88 .761' .64 .52 .40 .29 .17 I .051 .93 2.9 5.7 8.7 1.5 4.3 
59 .88 .76, .64 .52 ·¥> .28 .161 .04 .92 2.8 5·7'1' 8.6 1.4 4.2 

' 2 6o 30. 88 161. 76 I 92. 64 123. 52 154. 40 185. 28 216. 16 247. 04 277. 92 1852. 8 3705. 6 5558. 5 7411. 3 ' 9264. I 

L_~-'-~~-"-~-'-~~-'--~-~~--'~~-'-~~-'-~~-'-~~..L-~~-'-~~-'-~~~~~-~~-~ 
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I Latitude 2° to 3°-Meridional arcs. Latitude 2°-Co-ordinates of curvature. 

\ 
Lat. 

! Sums of minutes for middle I I 
Value of 1" Sums of seconds for middle Value of 11 Longitude. x \' latitude. I latitude. 

I - ! I • I I 
! 

0 I Mi!ters. II Meters. Meters. I 11-feters. 0 I I Meters. 
I 

Meters. 
2 00 30.714 1842.81 ! 

I 
-

i I 4 I 30. 71 . 81 I I 842. 8 0 I I 854. 2 
2 4 2 61.43 . 81 2 3 685. 6 2 3 708. 4 I 
3 4 3 92. 14 I . 81 3 5 528. 4 3 5 562. 7 I 0. I 

4 4 4 122.86 . 81 4 7 3i I. 2 4 i 416. 9 I 0.2 

2 5 30.714 5 153.57 1842.81 5 • 9 214. l 0 5 9 2j J. I I o. 2 
6 4 6 184.28 . 81 6 I I 056. 9 6 ll 125. 3 I 0.3 
7 4 7 215.00 I . 81 7 12 899. 7 7 12 979. 6 0.5 ! 
8 4 8 245.71 I . 81 8 14 742. 5 8 14 833. 8 I 

o.6 
9 4 9 276.43 . 81 9 16 585. 3 9 16 688. 0 

I 

o.8 

2 IO 30. 714 IO 307. 14 • 1842. 81 IO 18 428. I 0 10 18 542. 2 0.9 
II 4 I 337.85 

! 

. 81 l 20 270. 9 15 27 813. 3 2. I 
12 4 2 368. 57 . 81 2 22 113. 8 20 37 084. 4 

I 
3.8 

13 4 3 399.28 . 81 3 23 956. 6 ~- 46 355. 6 5. 9 -~ 
14 4 4 430.00 . 81 4 2 5 799· 4 30 55 626. 7 I 8.5 

2 15 30.7 14 15 460.71 1842.82 15 

I 
27 642. 2 0 35 64 897. 8 I I. 5 

16 4 6 491. 42 . 82 6 29 485. 0 40 74 168. 9 15.0 
17 4 7 522.14 . 82 7 31 327. 8 45 83440.0 19.0 
18 4 8 552.85 . Sz 8 ; 33 170. 7 50 92 7 I I. I 23·5 
19 4 9 583.57 . 82 9 I 35 013. 5 55 IOI 982. 2 28.4 ! 

2 20 30.714 20 614.28 1842.82 20 

i 
36 856. 3 I 00 \ I II 253. 4 33·9 

21 4 I I 644.99 . 82 1 I 38 699. I 05 ! 120 524. 5 39.8 I 
22 4 I 

2 I 675. ii . Sz 2 I 40 541. 9 IO 129 795. 6 46. I 
23 4 3 706.42 . 82 3 I 42 384. 8 1• 139 066. 7 52 ·9 ::i 
24 4 I 4 737. 14 .82 4 44227.6 20 148 337. 8 6o. 2 

2 25 30.7 14 25 767.85 1842.82 25 46 070. 4 I 25 157 6o8. 9 68.o 
26, 4 6 798.56 . 82 6 4i 913. 2 30 166 88o."o 76. 2 
27 4 7 829.28 . 82 7 49 756. 0 35 I 176 151.1 84.9 
28 4 8 859.99 . 82 8 51 598.9 40 185 422. 2 94· I 
29 4 9 890.71 . 82 9 53 44r. 7 45 194 693. 3 103.8 

2 30 30.714 30 921. 41 1842.82 30 55 284. 5 I 50 \ 203 964. 5 11 3· 9 
31 4 I 95 2· 13 . 82 I 57 127.3 55 l 213 235. 6 124. 5 
32 4 2 982.85 . 82 2 58 970. I 2 00 I 222 506 136 
33 4 3 I 013. 56 . 82 3 6o 813.0 3 00 333 759 305 
34 4 4 I 044. 28 . 82 4 62 655. 8 4 00 445 012 542 

' 2 35 30.714 35 I 074. 99 1842. 83 35 64 498. 6 5 00 556 266 847 
36 4 6 I 105.70 . 83 6 66 341. 5 6 00 667 517 l 220 
37 4 7 I 136. 42 . 83 7 68 184. 3 7 00 778 7~ I 66o 

I 
38 4 

I 
8 I 167. 13 . 83 8 70 027. I 8 00 890 023 2 169 

39 4 9 I 197. 85 . 83 9 71 869. 9 9 00 I 001 275 2 745 

I 
2 40 30.714 40 I 228. 56 I 1842.83 40 i3 712.8 IO 00 I Il2 527 j 388 

41 4 I I 259. 27 . 83 I 75 555. 6 II 00 I 223 778 4 100 
42 4 2 I 289. 99 . 83 2 77 398. 4 12 00 I 335 028 4 879 
43 4 3 I 320. 70 . 83 3 79 2.p. 3 13 00 I 446 278 5 726 
44 4 4 I 351. 42 . 83 4 81 084. I 14 00 I 557 52~ 6 641 

2 45 30. 714 45 l 382. 13 1842.83 45 82 926. 9 15 00 I 668 778 7 624 
46 4 6 I 412. 84 . 83 6 84 769. 8 16 00 I 780 027 8 674 
47 4 7 I 443· 56 . 83 7 86 612. 6 17 00 I 891 275 9 792 
48 4 8 l 474. 27 . 83 8 88 455. 4 18 00 2 002 522 10 978 
49 4 9 I 504. 99 I . 83 9 90 298. 2 19 00 2 II3 768 

i 
12 232 

2 50 30.714 50 I 535· 70 1842.83 50 I 92 14!. I 20 00 2 225 012 13 553 
51 4 I I 566. 41 

I' 
. 83 l 93 983. 9 21 00 2 336 257 14 942 

52 4 2 l 597· 13 .84 2 95 826. 7 22 00 2 447 501 16 399 
53 4 3 I 627. 84 

!I 

. 84 3 97 669. 5 23 00 2 558 744 17 923 
54 4 

I 
4 I 658. 56 .84 4 99512.4 24 00 2 669 986 19 515 

2 55 30.714 55 I 689. 27 1842.84 55 IOI 355· 2 25 00 2 781 227 21 176 
56 4 I 

6 I 719. 98 ii .84 6 103 198. 0 26 00 2 892 466 22 904 
57 4 7 I 750. 70 l1 . 84 7 105 041. 9 27 00 3 003 705 24 700 , 58 4 8 I 781. 41 

I 
.84 8 1o6 883. 7 28 00 3 I 14 943 26 563 I 

59 4 9 I 812. 13 
i . 84 ! 9 108 726. 5 29 00 3 226 179 

I 28494 
:2 6o 30'.714 6o I 842. 82 I 1842.84 I "° I IO 569. 4 30 00 3 337 415 30 494 

i I I I I 



 

148 UNITED STATES COAST AND GEODETIC SURVEY. 

Lat. 1" 2" 
, ______ , ___ ~~----! __ _ 

o I 

3 00 
I 

2 

3 
4 

3 °5 
6 
7 
8 
9 

3 JO 
II 

12 
13 
14 

3 15 
16 
17 
18 
19 

3 20 
21 
22 
23 
24 

3 25 
26 
27 
28 
29 

3 30 
31 
32 
33 
34 

3 35 
36 

3 40 
41 
42 
43 
44 

3 45 
46 
47 
48 
49 

)0. 88 ' 61. 76 
- . 88 . 76 . 

. 88 . 76 

. 88 . 76 

. 88 . 76 

92.64 
.64 
. 64 
. 64 
.64 

30. 88 : 61. 76 i 92. 63 
. 88 i . 75 ' . 63 
. 88 . . 75 ' . 63 
. 88 . . 75 . 63 
. 88 . . 75 . 63 ' 

30. 88 . 61. 75 
. 88 . 75 
. 88 . 75 
. 88 : . 75 
. 88 . 75 

30. 88 I 61. 75 
. 87 . . 74 
. 87 . 74 
. 87 . . 74 
. 87 . 74 

30. 87 
. 87 
. 87 
. 87 
. 87 

61. 74 
.74 
.74 
. 74 
.74 

30. 87 ' 61. 74 
. 87 . 73 
. 87 . 73 
. 87 . 73 
. 87 . 73 

30.87 
. 87 
. Si 
. 87 
. 87 

J0.87 
. 86 
. 86 
. SG 
. 86 

61. 73 
.73 
. 73 
.73 
. 73 

61. 73 ., ., .... 
. 72 
. 72 . -, . . 1-

92. 63 
.. 63 

'62 
'62 
. 62 

92.62 
'62 
.62 
. 61 
. 61 

92.61 
. 61 
. 61 
. 61 
. 61 

92.6o 
. 6o 
. 6o 
. 6o 
. 6o 

92.6o 
.59 
. 59 
. 59 
.59 

92.59 
.59 
. 58 
.58 
.58 

.io. s6 61. 12 
1

i 92. 58 
. 86 . 72 I . 58 
. 86 . . 72 . . 58 
.86 .jl .57 
.86 .71 .57 

;o. 86 
.. 85 

. 85 . 

. 85 . 
. 85 

61. 71 
. 71 
. 71 
. 70 '. 
.70 

92. 57 
.57 
. 57 
.57 
.56 

123.52 
.52 
.52 
. 51 
. 51 

123.51 
. 51 
• 5 I 
.50 
.50 

123.50 
.50 
.50 
. 49 
. 49 i 

J23. 49 . 
. 49 : 
. 49 ' 
. 48 : 
.48 

123. 48 ' 
. 48 . 
. 48 
. 47 
. 47 

I:?J. 4i i 
. 47 i 
. 47 I 
. 46 : 
.46 ' 

123.46 
.46 
.46 
. 45 
. 45 

123.45 
. 45 ' 
. 45 : 

.441· .44 

123. 44 I 
.44. 
· 43 I 
. 43 ' 
. 43 

123.42 
. 42 
. 42 i 
. ·+2 
. 41 

Latitude 3° to 4°-Arcs of the parallel in meters. 

6" 8'' 9" 1' 2' S' 4' 5' 

:----------·-·--+--------1---~1--,.•'---l·----I 

154.40 
.40 
.40 
'39 
. 39 

154·39 
. 39 
.39 
. 38 . 
. 38 

154.38 
. 38 
'37 
. 37 
. 37 

154.36 
. 36 
. 36 
. 36 
. 35 

154.35 
. 35 
. 35 
. 34 
. 34 

154.34 
. 34 
. 34 
. 33 
. 33 

185. 28 ' 
. 28 I 

. 28 i 

216.16 247.04 277.92 
. 16 . 04 . 92 
.15 .03, .91 

. 27 ! • 15 . 03 . . 91 

. :;1 : . J 5 . 02 . . go 

J85. 27 : 216. 14 i 247. 02 : 277. 90 
. 27 : . 14 . . 02 . go 
. 26 j • 14 . OJ : • 89 
. 26 ' . 14 . 01 . 89 

. 13 

J85. 25 2J6. 13 
. 25 . 13 
. 25 . J2 
. 24 "1 • 12 

. 24 . II 

185. 24 : 216. II 
. 23 . II 
. 23 . JO 

. 23 . IO 

. 22 ' . og 

185.22 
.22 
. 22 . 
. 21 
.. 21 

185.21 
. 20 
.20 
.20 
.19 

216. 09 
.og 
.08 
.08 
. 08 

216.07 
. 07 
. 07 
. 07 
. o6 

.00 • . 88 

247. oo I 277."68 
7.00' . 88 
6. 99 : . 87 

. 99 . 87 

. 98 . 86 

246.98 
. 98 
. 97 
. 97 
.96 

277.86 
. 85 
. 85 

•. 84 
. 84 

246. 96 2]7. 83 
. 96 i . 83 
. 95 j . 82 
. 95 i . 82 
. 94 . . 81 

246.94 
· 94 I 

. 93 

. 93 

. 92 

277.8J 
. 8J 
. 8o 
. 8o 
.79 

1852. 8 i 
2.8 
2.8 I 

2.7 
2.7 

1852. 7 
2.7 
2.6 
2.6 
2.5 

1852. 5 ~ 
2. 5 I 
2.5 
2.4. 
2.4 

J852. 4 i 
• I 

2 ·3 i 
2. 3 . 
2.3 
2.2 

3705.6 
5.5 
5.5 
5.4 
5.4 

3705.3 
5·3 
5.2 
5.2 
5. I 

3705. I 

5. 0 
5.0 
4.9 
4.9 

3704.8 
4· 7 
4. 7 
4.6 
4.6 

1852.2' 3704.5 
2.2 4.4 
2. 2 4. 3 
2. I 4· 3 
2. I 4. 2 

1852. I I 3704. l 

5558. 5 
8.4 I 
8. 31 
8.2 
8. I 

5558.0 
7.9 
7.8 
7.8 
7.7 

5557.6 
7. 5 
7.4 
7.4 
7.3 

5557.2 
7· l 
7. 0 

6.9 
6.8 

7411. 31' 
I. 2 

I. I 1 
0.9: 
o.8 i 

I 

7410. 7 i 
o.6 ! 
0. 5 ' 
o. 3 . 
o. 2 ' 

7410. I 
IO.O 

09.9 
9.7 
9.6 

7409. 5 
9·4 
9.3 
9· I 
9.0 

5556. 7 7 408. 9 
6.6 8.8 
6.5 8.7 
6. 4 8. 5 
6.3 8.4 

5556. 2 7408. 3 
2. l 4. 0 i 6. I 8. 2 

2.0 4.0 6.o 8.o 
2.0 3.9 5.9 7.9 
1.9 3.9 5.8 7.7 

154. 33 185. 19 216.o6 I 246.92 277.79 1851.9 3703.8 5555·7 7407.6 
. o6 i . 92 . 79 I. 9 3. 7 5. 6 7. 5 
. 05 . 9J . 78 I. 8 3· 7 i 5. 5 7. 4 
.05 .91 .78 1.8 3.6 I 5.4 7.2 
. 04 . · 90 · 77 I. 7 3· 6 i 5· 3 7 · I 

. 33 . 19 

. 32 ' . 18 

. 32 . 18 

. 32 . 18 

216. 04 I 246. 90 1 277. 77 J351. 1 3703. s , 5555. 2 7407. o 
. 04 ! • 90 i • 76 I. 7 3· 4 5· J 6. 9 
. 03 i • 89 . 76 I. 7 3· 3 5. 0 6. 7 
. 03 . . 89 . . 7 5 I. 6 3· 3 4. 9 : 6. 6 
. 02 I . 88 I . 7 5 I. 6 3· 2 4. 8 i 6. 4 

154. 31 185. 17 
. 31 . 17 
. 3J . 17 
. .)I . J7 
. 30 : . 16 

9264. I 

4.0 
3.8 
3.7 
3.5 

9263.4 
3.3 
3.1 
3.0 
2.8 

9262.7 
2.5 
2.4 
2.2 
2. I 

9261. 9 
I. 7 
I. 6 
I. 4 
I. 3 

9261. I 
I. 0 

o.8 
o. 7 
o. 3 

926o.4 
0. 2 

6o.o 
59.9 
9· 7 

9259.5 
9.3 
9· 2 
9.0 
8.9 

9258.7 
8. 5 
8.4 
8.2 
8.1 

i 
216. 02 i 246. 88 I 277. 74 1851. 6 3703. I 5554. 7 I 7406. 3 9257. 9 

. 02 : . 88 : . 7 3 I. 6 3· 0 4· 6 i 6. 2 7. 7 
154. 30 : 185 16 

. 30 . . 16 

. 29 

. 29 I 

. 29 

154. 28 
. 28 ' 
. 28 . 
. 28 
. 27 

. 15 

. 15 

.14 

185. 14 
.J4 
.J3 
. 13 . 
.12 

. OJ · 87 ! • 7 3 I. 5 3· 0 4· 5 r 6. 0 7 · 5 

.01 I .87 i · 72 J.§ 2.9 1 4.4 §.9 7.4 

.00 i .86 j .72 ·1.4 2.9 4·3 5.7 7.'.{ 

216. oo i 246. 86 i' 277. 7J 1851. 4 3702; 8 I 5554· 2 7405· 6 9257. O 
6. 00 I . 85 , . ]O I. 4 2. 7 · 4· I 5· 5 6. 8 
5· 99 ; · 85 ! · 70 I. 3 I 2. 6 4· O · 5· 3 6. 6 

. 99 . 84 I . 69 I. 3 ! 2. 6 3. 9 • 5. I 6. 5 
. 98 . 84 . 69 I. 2 2. 5 3· 8 I 5· o 6. 3 

i i 
J 50 JO. 85 61. jO 92. 56 I 23. 4J I 54. 27 185. J2 215.<)8 246. 83 I 277. 68 185 I, 2 i 3702. 4 5553· 7 7404. 9 9256. l 

$1 . 85 . jO i . 56 . 41 . 27 . 12 . 98 . 83 ,

1

· . 68 I. 2 I 2. 3 3· 6 4. 8 5· 9 
52 . 85 . 70 . . 56 . . 41 . 26 . . 1 I . 97 i . 82 . 67 I. l I 2. 3 3. 5 4. 6 5. 7 
53 . 85 . 70 l . 56 . 40 . 26 . II . 97 . 82 \ . 67 l, l 1 2. 2 3· 3 4· 5 S· 6 
54 . 85 . 70 . 55 . 40 . 26 . II . 96 . 81 I . 66 I. 0 . 2. 2 3· 2 4. 3 • S· 4 

3 55 30.85 61.70 I 92.55 123.40 154.25 185.10 215.96 246.8J 277.66 1851,0 ! 3702.1 5553.1 7404.2 925$.2 
56 .85 .70, .55 .40 .25 .JO .95 .8o .65 I.0 1 2.0 3.0 4.0 5.0 
57 . 85 . 70 • . 55 . 40 . 25 ' 10 . 95 . 8o . 65 I. 0 i I. 9 2. 9 3· 9 4. 8 
58 . 85 . 70 ' . 55 . 39 . . 25 . IO • 94 . 79 ! . 64 o. 9 I I. 9 2. 8 3· 7 4- 7 
59 .85 .70, .54 ·39· .24: .09· .94 .79! .64 0.91' 1.8 2.7 3.6 4.5 

__ 3_6o--~-30_._8s--'-_6_1._1_0_1 _9_2_. 5-4--~23.~.1~~~~--~~:·:_~--5-· _93_, _24_6_. _1s-.:.._2_11_._6_3 ..L--18_s_o_. 9--'--31_0_1_. 1_.!.._s_s_s_2_. 6_!.._1_40_3_. 4-.!.._9_2_s_4·-3-= 



 

UNITED STATES COAST AND GEODETIC SURVEY. 149 

I Latitude 3° to 4°-Meridional arcs. Latitude 3°-Co-ordinates of curvature. 

I Lat. :1 ' 
Value of 111 Sums of seconds for middle lj Valueof1 1 , .Sums of minutes for middle Longitude. x y 

I latitude. i ! latitude. 
,, I I I! ________ --1------- -- --

i 

0 

I 

' i 

I 
I Meters. II .l:feters. 11 .Veters. I .Veters. 0 I I Aleters. Meters. 

I . 3 00 30.714 1, 1842.84 , I 
l I; .84 I 842. 8 ' I 852. 8 

I 
4 I 30.71 I 0 I I I 2 4 2 61.43 

11 

.84 2 
' 3 685. 7 2 3 705. 6 0. I 

3 4 3 92. 14 .84 3 5 528. 5 3 I 5 558. 4 O. I 
4 4 4 122.86 

11 
.84 4 7 3i I. 4 4 I 7 4I I. 3 o. 2 

: i I 3 °5 30.7I4 5 153·57 i! I842.84 5 9 214. 2 0 5 ' 9 264. I 0.4 
6 4 6 184.29 ii .84 6 I I 057. 0 6 i II 1I6.9 0.5 ; i I 7 4 7 215.00 It .84 I 7 i 12 899. 9 7 12 969. 7 o. 7 
8 8 I .84 I 8 I 8 14 822. 5 

I 
4 245.71 I 14 742. 7 l 0.9 

9 4 9 276.43 1: . ~ 84 I 9 16 585. 6 9 I 16 675. 3 I. I 

I I 

3 JO 30.714 IO 307. 14 i' 1842.84 I IO 18 428. 4 0 IO 

I 
I8 528. I I I. 4 

II 4 I 337.86 1: . 85 i I 20 271. 3 15 27 792. 3 I 3· 2 :, 
12 4 2 368.57 11 . 85 2 22 II4. I 20 37 056. 4 I 5.6 
13 4 3 399.29 ! 

. 85 3 23957.0 25 46 320. 5 
I 

8.8 
14 4 4 430.00 , . 85 4 

I 
25 799· 8 30 55 584. 6 Iz.7 

3 15 30. 714 15 46o. 71 i 1842.85 15 I 27 642. 7 0 35 64 848. 7 I 17. 3 
16 4 6 491. 43 . 85 6 29 485. 5 40 14 112. 8 22. 6 
17 4 7 522. 14 

1l 
. 85 7 31 328. 4 45 83 376. 9 I 28.6 

18 8 552.86 . 85 8 92 641. I 
I 

4 33 171. 2 50 i 35.3 
19 4 9 583.57 . 85 9 I 

_ 35 014. I 55 IOI 905. 2 ! 42. 7 

3 20 30. 714 20 614. 29 ; 1842.85 20 36 856. 9 I 00 111169.3 50.8 
21 4 1 645.00 

I . 85 I 38 699. 8 05 !20 433. 3 59.6 
22 4 2 675.71 I . 85 2 40 542. 6 IO 129 697. 4 69. 1 
23 4 3 706.43 .85 3 42 385. 5 15 138 961. 5 79.3 
24 4 4 737· 14 '85 4 44 228. 3 20 148 225. i 90.3 

3 25 30.714 25 767.86 1842.85 25 46 071. 2 I 25 157 489. 8 JOI. 9 
26 4 6 798.57 ' 

. 85 6 47 914. 0 30 166 753. 9 114. 2 
27 4 7 829.29 I .85 7 49 756. 9 35 176 018.0 127.3 
28 4 8 86o.oo . 86 8 51 599.7 40 185 282. 0 141. 0 
29 4 9 890. 71 .86 9 53 442. 6 45 194 546. I 155.5 

3 3° 30. 714 30 921. 43 
I 1842.86 30 55 285. 5 I 50 203 8IO. I 170.7 ! 

31 4 I 952. 14 . 86 I 57 128. 3 55 213 074. I 186.5 
32 4 2 982.86 . 86 2 58 971. 2 2 00 222 338 203 

33 4 3 I 013. 57 .86 3 6o 814.0 3 00 333 507 457 
34 4 4 I 044· 29 .86 4 62 656. 9 4 00 444 676 8,12 

i 

3 35 30.714 35 I 075. 00 1842. 86 35 64 499· 8 5 00 555 844 I 269 
36 4 6 I 105. 71 .86 6 66 342. 6 6 00 667 Ol2 I 828 

37 4 7 I 136. 43 .86 7 68 185. 5 7 00 778 179 2 488 

38 4 8 I 167. 14 .86 8 70 028. 3 8 00 889 346 i 3 249 

39 4 9 I 197. 86 .86 9 7 I 871. 2 9 00 1000512 4 112 

3 40 30.714 40 1 228. 57 18.p. 86 40 73 714. I IO 00 I I II 677 5 °77 
41 4 I I 259. 29 .86 I 75 556. 9 II 00 I 222 841 ' 6 144 
42 4 2 I 2<)0. 00 .86 2 77 399. 8 12 00 I 334 005 i 7 312 

43 4 3 I 320.71 . 87 3 79 242. 7 13 00 I 445 166 8 581 

44 I 351. 43 .87 4 81o85.5 14 00 I 556 327 ' 9952 4 4 : 

3 45 30.714 45 I 382. 14 1842.87 45 82 928.4 15 00 I 667 487 II 424 
46 4 6 I 412.86 .87 6 84 771. 3 16 00 I 778 645 12 998 

47 4 7 I 443· 57 . 87 7 86 614. I 17 00 I 889 802 14 673 
48 4 8 I 474· 29 I .87 8 88457.0 18 00 2 000 957 16450 

I 

49 4 9 I 505. 00 . 87 9 90 299.9 19 00 2 112 110 18 329 

3 50 30.715 50 I 535· 71 1842.87 50 92 142. 7 20 00 2 223 26o 20309 

51 5 I l 566. 43 .87 I 93 985. 6 21 00 2 334 410 22 391 

52 5 2 I 597· 14 .87 2 95 828.4 22 00 2 445 557 24 574 

53 5 3 1 627. 86 .87 3 97 671. 3 23 00 2 556 703 - 26 859 

54 s 4 I 658. 57 . 87 4 99 514. 2 24 00 2 667 846 29 245 

l SS 30. 715 SS I 689. 29 1842.87 55 IOI 357.0 25 00 2 778 988 31 732 

56 5 6 I 720.00 .87 6 ro3 199.9 26 00 2 890 127 34 321 

Si 5 7 I 750. 71 .88 7 105 042. 8 27 00 3 001 265 37 012 

58 5 8 I 781. 43 .88 8 1o6 885. 7 28 00 3 ll2 399 398o4 

59 5 ~ 
I 812. 14 .88 9 ro8 728. 5 29 00 3 223 530 42 697 

3 &> JO. 115 I 842. 86 1842.88 6o no 571. 4 30 00 3 334 659 45 693 
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Latitude 4 ° to 5°-Arcs of the parallel in meters. 

I i i I 
I 

I 
I I 

Lat. 1" 2" 1_:_ 4" 
I 

IV' I 6" 'l" 

I 
8" 

r 
9" 1' 2' lV 41 

I 
51 

I 

i I 
I 

I 

I I 

3701. 71 
0 I 

4 00 30.85 61. 70 I 92.54 123.39 154.24 185.09 215.93 246.78 277.63 1850. 91 5552.6 7+03·4 9254.3 
I . 85 .70 .54 . 39 .24 .09 .93 .78 . 62 0.9 1.6· 2.5 3.3 4· I 
2 . 85 .70 .54 . 39 . 23 .o8 .92 . i7 . 62 o.8 I. 6 2.+ 3· I 3·9 
3 .85 .69 ·54 .38 • 23 .08 . 92 . 77 . 61 o.8 I. 5 2.2 3.0 3.8 
4 . 85 .69 .54 . 38 . 23 .07 . 91 .76 . 61 0.7 I. 4 2. I 2.8 3.6 

4 05 30.85 61.69 92.53 123.38 154.22 185.07 215. 91 246.76 277. 6o 1850. 7 3701.4 5552.0 7402. 7 9253.4 
6 .84 .69 .53 "38 . 22 .07 . 91 . 75 .59 0.7 I. 3 I. 9 2. 5 3.2 
7 .84 .69 .53 • 38 . 22 .o6 ·90 . 75 ·59 o.6 I. 2 I. 8 2.4 3.0 
8 .84 .68 .53 . 37 . 22 .o6 .90 .74 .58 o.6 I. I I. 6 2.2 2.8 
9 .84 .68 .53 . 37 . 21 .05 .89 .74 .58 0.5 I. l I. 5 2. I 2.6 

4 IO 30.84 61.68 92.52 123.37 154.21 185.05 215.89 246.73 277. 57 1850. 5 3701. 0 5551. + 7401. 9 9252.4 
II .84, .68 .52 . 37 . 21 .05 . 89 .73 .56 0.5 0.9 I. 3 I. 8 2.2 
12 .84 .68 .52 . 36 .20 .04 . 88 . 72 . 56 0,4 o.8 I. 2 I. 6 2.0 
13 . 84 . 68 .52 .36 . 20 .04 .88 . 721 . 55 0.4 o.8 I. 0 I. 5 I. 8 
14 .84 .68 .52 .j6 . 19 .03 . 87 . 71 . 55 0.3 0.7 0.9 I. 3 I. 6 

4 15 30.84. 61. 68 92.51 123.35 154. 19 185.03 215. 87 246. 71 277. 54 1850. 3 3700.6 5550.9 7401. 2 9251. 4 
16 .83 .67 . 61 . 35 . 19 .03 . 86 .70 ·53 0.3 o. 5 0. i I. 0 I. 2 

17 . 83 .67 •. 51 . 35 . 18 .02 . 86 .70 .53 o. 2 0.4 o.6 o.8 I. 0 
18 . 83 .67 . ,SI . 35 . 18 .02 .851 . 69 .52 o. 2 I 0.4 0.4 o. 7 o. 8 
19 . 83 .67 . 51 ·34 . 17 .01 . 85 .69 .52 o. l 0.3 0.3 0. 5 o.6 

4 20 30.83 61.67 92.50 123.34 154. 17 185. 01 215. 84 , 246. 68 277- 51 1850. I 3700.2 5550. 2 74oo. 3 9250. 4 
21 .83 .67 .50 ·34 . 17 .01 .84 .67 .50 0. I 0. I 0. l 0. I 0. 2 
22 . 83 .67 .50 . 33 . 16 .00 . 83 . 67 .50 0.0 700.0 50.0 400.0 50.0 
23 . 83 .67 .50 .33 • 16 5.00 . 83 .66 .49 50.0 699.9 49.8 399.8 49.8 
24 .83 .67 .50 ·33 • 16 4.99 .82 .66 .49 49.9 9.8 9·i 9.7 9.6 

4 25 30.83 61.67 92.49 123.32 154. 15 184.99 215. 82 246.65 277.48 1849.9 3699.8 5549.6 7399.5 9249.4 
26 .83 .66 .49 .32 . 15 .99 . 81 .64 .47 

ii I 
9.7 9.5 9·3 9.2 

27 .83 .66 .49 .32 . 15 .98 . 81 .64 .47 9.6 9.4 9.2 9.0 
28 . 83 .66 .49 .32 . 15 .98 . 8o .63 .46 9.8 9.5 9.2 9.0 8.7 
29 . 83 .66 .49 . 31 . 14 . 97 .8o . 63 .46 9.7 9·4 9· I 8.9 8.5 

246. 62 I 277. 45 
' 

4 3° 30.83 61.66 92.48 123.31 154.14 184.97 215.79 1849. 7 3699.3 5549.0 7398.7 9248.3 
JI .83 .66 .48 .31 .14 .97 . 79 . 61 ·44 9.7 9.2 8.9 8. 5 8. I 
32 . 83 .66 .48 .30 . 13 .96 . 78 . 61 ·44 9.6 9· I 8.8 8.3 7.9 
33 . 83 .65 ·4B .30 . 13 .96 . 78 .6o .43 9.6 9· I 8.6 8. 2 7.7 
34 .83 .65 ·4B .30 .12 .95 • 77 .60 .42 9.5 9.0 8.5 8.o 7.5 

4 35 30.83 61.65 . 92.47 123.29 154.12 184.95 215.77 246.59 277. 41 1849.5 3698.9 5548.4 7397.8 9247.3 
36 .82 .65 .47 .29 . 12 ·94 .76 .58 .41 9.4 8.8 8.3 7.6 7· I 

37 .82 .65 .47 .29 . II ·94 .76 .58 .40 9.4 8.7 8. I 7. 4 6.9 
38 .82 .64 . 47 .29 • JI .93 . 75 .57 . 39 9.3 8.7 8.o 7.3 6.6 
39 .82 .64 .46 .28 • IO . 93 • 75 . 57 .38 9·3 I 8.6 7.8 7· l 6.4 

4 40 38.82 61. 64 92.46 123.28 154.10 184. 92 215.74 246.56 277.38 1849. 21 3698.5 5547.7 7396.9 9246.2 
41 . 82 .64 .46 .28 • JO .92 .74 .56 ·37 9.2 8.4 7.6 6.7 6.o 
42 . 82 .64 .46 . 27 .09 . 91 . 73 .55 .37 9. I 8.3 7.5 6.6 5.8 
43 .82 .64 .46 .27 ·09 . 91 . 73 . 55 .36 9. I 8.2 7.3 6.4 5.5 
44 .82 .64 .45 .27 ·09 ·90 • 72 . 54 .36 •9.0 8. I 7.2 6.3 5.3 

4 45 30.82 61. 64 92.45 123.26 154.o8 184. 90 215.72 246.54 277- 35 1849.0 3698.0 5547· I 7396. I 9245· I 

46 . 81 .63 .45 . 26 .o8 .90 . 71 .53 ·34 9.0 8.o 7.0 5.9 4.9 
47 . 81 .63 .45 .26 .o8 .89 . 71 . 53 .34 8.9 7.9 6.8 5.7 4.7 
48 . 81 .63 .44 .26 .o8 .89 .70 .52 .33 8.9 7.8 6.7 5.6 4·4 
49 .81 .63 .44 . 25 .07 .88 .70 . 52 .33 8.8 7.7 6. 5 5.4 4.2 

4 so 30. 81 I 61. 63 92.44 123.25 154.07 184. 88 215.69 246.51 277- 32 1848. 8 3697.6 5546.4 7395.2 9244-0 
51 .81 ! .63 .44 .25 .07 .88 .69 .50 . 31 8.8 7.5 6.3 5.0 3.8 
52 .81 . 63 .44 .24 .o6 . 87 .68 .50 . 31 8. 7 7.4 6. I 4.8 3.5 
53 .81 .62 .43 .24 .o6 .87 .68 .49 .30 8.7 7. 3 6.o 4.7 3.3 
54 .81 . 62 .43 .24 .05 .86 .67 .48 . 29 8.6 7.2 5.8 4.5 3.0 

4 55 30.81 61.62 92.43 123.23 154.05 184. 86 215.67 246.47 277.28 1848. 6 3697. I 5545.7 7394.3 9z.4z.8 
56 . 81 . 62 . 43 . 23 .05 .85 .66 .47 . 28 8.5 7. I 5.6 4· I 2.6 
57 .81 .62 . .µ . 23 .04 • 85 .66 .46 . 27 8.5 7.0 . 5.4 3·9 2.4 
58 .81 . 61 .42 .23 .04 .84 .65 .45 .26 8.4 6.9 5.3 3.7 2.1 
59 .81 • 61 .42 . 22 .03 .84 .65 .45 .26 8.4 6.8 5. I 3.5 1.9 

4 6o 30.81 61. 61 92.42 123.22 154. 03 184. 83 215.64 246.44 277- 25 1848.3 3696.7 5545.0 7393·3 9241.7 . . 
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Latitude 4° to 5°-Meridional arcs. Latitude 4°-Co-ordinates of curvature. 

Lat. 
Sums of seconds for middle !J 

I 
Sums of minutes for middle i 

Value of 111 
latitude /i Value of 1' latitude. Longitude. I x y 

I Mdm. 11 

I 
1 

-----~~ 

0 i Meters. II Meters. I llfeters. 0 I Meter.;. illeter.;. 

A 00 30. 715 1 1842.88 
I 5 I I 30.72 ·1 . 88 I I 842. 9 0 I l 850. 9 I. 
2 5 2 61. 43 

Ii 
. 88 2 

! 3 685. 8 2 3 701. 7 0.1 
3 5 3 92. 15 . 88 3 5 528. 6 3 ! 5 552. 6 0.2 
4 5 4 122.86 

II 
. 88 4 7 3i [. 5 4 7 403. 4 0.3 i 

4 05 30.715 5 153. 58 
1: 

1842.88 5 9 214. 4 0 5 9 254. 3 o. 5 I 
6 5 6 184.29 . 88 6 II05i·3 p II !05. I 0. i I 

7 5 ' 7 215.01 l' . 88 7 12 900. 2 7 12 956. 0 0.9 ' 

8 5 8 245.72 

I 
. 89 8 14 743· I 8 14 8o6. 9 I. 2 

9 5 9 276.44 . 89 9 16 585. 9 9 16657.7 I I. 5 
! 

4 IO 30.715 10 3o7.15 1842.89 IO I8 428. 8 0 IO I8 508. 6 I I. 9 
II 5 I 337.87 i 

·~ I 20 271. i 15 27 762. 8 4· 2 
12 5 2 368.58 . 89 2 22 II+. 6 20 37017.1 7 5 I 

13 5 3 
I 399.30 .89 3 23 957. 5 25 46 271. 4 II. i I i 

14 5 4 I 430.oI . 89 4 25 8oo. 4 30 55 525. 7 
! 

16 9 

4 15 30.715 15 I 46o.73 1842.~ 15 27 643. 3 0 35 64 78o.o 23. 0 

16 5 6 ' 491. 44 . 89 6 29 486. 2 40 74 034. 3 l 30.0 
17 5 7 

! 522.16 . 89 7 31 329. 0 45 83 288. 5 38.0 
18 5 8 ! 552.87 .89 8 33 171. 9 50 92 5-1-2.8 46 9 
19 5 9 583.59 . 89 9 35 014. 8 55 IOI 797. I ' 56. 8 

i 
4 20 30· 715 20 614.30 1842.89 20 36857.7 I 00 III 051.4 ! 67.6 

21 5 I 645.02 I .go I 38 700. 6 05 I20 305. 7 79·3 
22 s 2 675.73 .go 

I 
2 40 543. 5 IO 129 559. 9 ' 92.0 

23 5 3 7o6.45 .go 3 42 386. 4 15 138 814. 2 105.6 
24 5 4 737. 16 ·90 I 4 44 229. 3 20 148 o68. 5 I20.2 

' 
4 25 30. 715 25 767.88 1842.90 25 46 072. 2 I 25 157 322. 7 1357 

26 5 6 798. 59 .90 6 47 9I5. I 30 166 577.0 152. I 

27 5 7 829.31 .go 7 49 758. 0 35 175 831. 3 169.5 
28 5 8 86o.02 .go 8 51Qoo,9 40 185 085. 5 187.8 
29 5 9 890. 74 .90 9 53 443· 8 45 194 339. 8 207.0 

4 30 30.715 30 921. 45 1842.go 30 55 286. i I 50 203 594.0 227.2 
31 5 I 952.17 .go l 57 129.6 55 212 848. 3 248.3 
32 5 2 982.88 .90 2 58 972. 5 2 00 222 102 270 
33 5 3 l 013. 6o ·90 3 6o 815.4 3 00 333 153 6o8 
34 5 4 I 044· 31 .go 4 62 658. 3 4 00 444 203 I 082 

4 35 30.715 35 I 075.03 1842. 91 35 64 501. 2 5 00 555 253 I 691 
36 5 6 I I05. 74 . 91 6 66 344. I 6 00 666 302 2 434 
37 5 7 I 136. 46 . 91 7 68187.0 7 00 777 35° 3 31 2 
38 5 8 I 167. 17 .91 8 70 029.9 8 00 888 397 4 326 
39 5 9 I 197. 89 . 91 9 71 872. 9 9 00 999 442 5 476 

4 40 30.715 40 I 228.6o 1842.91 40 I 73 715. 8 IO 00 I !IO 487 6 76o 
41 5 I 1 259. 32 . 91 I 75 558. 7 II 00 l 221 529 8 18o 
42 5 2 I 290.03 . 91 2 77 401. 6 12 00 I 332 570 9 735 
43 5 3 I 320. 75 . 91 3 79 244. 5 13 00 I 443 6o8 II 425 
44 5 4 I 351.46, • 91 4 81 087.4 14 00 l 554 644 13 250 

4 45 30.715 45 I 382. 18 1842.91 45 82 930. 3 15 00 l 665 678 15 2!0 
46 5 6 I 412. 89 .92 6 84 773. 2 16 00 I 776 7!0 17 305 
47 5 7 I 443· 61 I .92 7 86 616. 2 17 00 I 887 739 19 536 I 
48 5 8 I 474· 32 .92 8 88 459· I 18 00 I 998 765 21 902 
49 5 9 I 505.04 .92 9 90 302.0 19 00 2 109 789 24403 

4 50 30.715 50 I 535· 75 1842.92 50 I 92 144. 9 20 00 2 220 So<) 27 039 

I 51 5 I I 566.47 . 92 I 

I 
93 987. 8 21 00 2 331 825 29 810 

52 5 2 I 597· J8 . 92 2 95 830. 8 22 00 2 442 839 32 717 
53 s I 3 I 627. go . 92 3 97 673. 7 23 00 2 553 848 35 758 I 

54 s 4 I 658. 61 .92 4 99 516 .. 6 24 00 2 664 854 38 935 

4 55 30· 715 55 I 68<). 33 1842.92 55 IOI 359·5 25 00 2 775 856 42 248 
56 5 6 I 720.04 ·93 6 103 202. 4 26 00 2 886 854 45 696 

57 s 7 I 750.76 ·93 7 105 045. 4 27 00 2 997 848 49 278 
58 5 s I 781.47 ·93 

I 
8 100 888. 3 28 00 3 1o8 837 52 995 

59 5 ~ 
I 812. 19 .93 9 1o8 731. 2 29 00 3 219 821 I 

56 848 
4 6o 30. 715 I &µ.go .93 6o IIO 574. I 30 00 3 330 Sol I 6o835 
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1· 
! Latitude 5° to 6°-Arcs of the parallel in meters. 

l-----~--~~--,-~~-,-~~-,.-~~----,-~~----,-~-~;-----;-----~--.--~----,.-~----,.--~-,--~-,----------------1 

\_ hC--------1------1-'
1 _,_2_"_1 ,,, I ,,, I ,,, I 6'' I ,,, 8" •" 1' ! ,, 8' I ,, ~ 

r-1--1--1--11-----1---1---1--,~-i i 
6I. 61 : 92. 42 I 123. 22 i 154. 03 : 184. 83 215. 64 246. 44 277- 25 1848. 3 3696. 7 5545.0 . 7393· 3 I 9241. 7 

. 61 ' . 42 ! . 22 . 03 . 83

1

. . 63 . 43 . 24 8. 3 6. 6 4. 9 3. I I I. 5 

o I 

5 00 30. 81 
I . 81 

. 61 . 41 1 . 21 . 02 . . 82 . 63 . 43 . 24 8. 2 6. s 1 4- 1 2. 9 
1

: I. 2 

.61 .41 1· .21 .02 I .82 .62 .42 .23 8.2 6.4 4.6 2.8 r.o 

.61 I .41' .21 .OJ i .81 I .62 .42 .22 8.1 6.3 4.4 2.6 i 0.7 

2 . 81 
3 . 81 
4 . 81 

6I. 61 ' 92. 40 ' 12J. 20 154· 01 ! 184. 81 
1 

215. 61 246. 41 277. 21 1848. I 3696. 2 5544. 3 7392. 4 I 9240. 5 
. 60 i . 40 ' . 20 . 01 ! • 81 1 . 6o . 40 . 21 8. I 6. I 4. 2 2. 2 : O. 3 

5 5 30. 81 
6 . So 
7 . 8o . 6o ; . 40 . 20 . 00 . 8o I . 6o . 40 . 20 8. 0 6. 0 4· 0 2. 0 I 40. 0 

.6o .40 .20 4.00 .. 8o .59 .39 .19 8.o 5.9 3.9 1.81 39.8 8 . 8o 
9 .So .60' -39 .19: 3.991 -79• -59 -39 .19 7-9 5.8 3.7 1.6 9·5 

5 IO JO. 8o 
II 
12 

I' ·' 14 

. So 

. 80 

.So 

.So 

61. 60 92. 39 
. 60 ' . JQ 
. 60 -39 
. 59 . 38 
. 59 . 38 

I 5 15 30. 8o 61. 59 
-59 
. 5c; 
_58 
-5~ 

I 16 _ 70 
17 . 79 
18 . i9 

! 19 . 79 .37 

5 20 
21 

22 

23 
24 

5 25 
2(1 

27 
28 
29 

5 30 
31 
32 
33 
34 

5 35 
36 
37 
38 
39 

5 40 
41 
42 
43 
44 

5 45 
46 
47 
48 
49 

5 50 
51 
52 
53 
54 

5 55 
56 
57 
58 
59 

5 6o 

30. 79 i (11. 58 
. i9 . . 58 
. 79 . 58 
. 79 : 
-79 

.57 

. 57 

30. 79 ' 61. 57 
. i8 i • 57 
- 78 ·Si 
. 78 . :;6 
. 78 . 56 

92. 35 
.35 
. ~;s 
. 35 
.. i4 

30. 78 , 61. Sl> 'JZ. 34 
. 78 . 56 ' . 34 
. 78 . 56 . 34 i 

.78 .55 .33 

. 78 : . 55 : . 33 

30. 78 : 61. 55 ' 92. 33 . 
. 77 ! • 55 : . 33 
. 77 ,! • 55 . 33 
. 77 ! • 54 . 32 . 
. ii : . 54 . . 32 

30. i7 ' 61. 54 ' 92. 32 
·77: .54 .31 
-77: -54 .31 
· 77 · 54 ' · 3 I 
. 77 . 54 . 31 

30. n i 61. 54 I 92. 30 
. 76 i . ~ l I . 30 : · j6 • · s:l 1 ·JO : 
. 76 . . 53 : . 30 ' 
. 76 : . 53 . . 21) 

30. 76 : 61. 53 
. 76 . . 53 
. 76 . 53 
. 76 . 52 
. 76 . . 52 

30. 76 I 61. 52 
. 75 : . 52 
. 75 : . 52 

. 75 . 51 

. 75 . 51 

30. 75 6r. 51 

92.29 
. 29 
. 28 
.28 
.28 

92.27 
. 27 
. 27 
. 27 
.26 

92.26 

I 
123. 19 ; 153. 99 184. 79 i 215. 58 ! 246. 38 2ji. 18 1847. 9 3695. 7 5543- 6 

. 18 , . s8 I . 31 . 11 1. s 5- 6 3- 4 
7391. 4 92 39· 3 

.HJ ·99 I. 2 9- 0 

. 18 . 98 . 78 . . 57 . . 37 . 16 7. 8 5. 5 3· 3 I. 0 8. 8 

. 18 . . 98 ·77 ·57 I .36 .!6 7.7 5.4 3.1 0.9. 8-5 

. 18 . 

123, 17 
] - . . ' 

' 17 
. I 7 
.16 

123. 1(1 

. 16 

. I 5 

. 15 

. 14 

12_1. 14 . 
. 14 
. 13 
. 13 
. I 2 

123. 12 

. 12 

. II 

. II 

.II 1 

123. JO 
. IO 
. JO. 

. IO . 

.09: 

123.og : 
.09 
.08 
.08' 
.07 

123. 07 : 
.07 ' 
.06. 
.06 
-05 

123. 05 . 
. 05 ; 
.04 
.04 
.04 

123.03 
.03 
.03 
.03 
.02 

123.02 

-97 

I 53· 97 : 
. 97 ; 
. 96 ' 
. 96 
. 95 ' 

-77 .56 .36 .15 7.7 5.3 3.0' 

184.76 215.56 i 246.35 277.14 1847.6 3695.2 5542.8 I 
· 76 · 55

1 

,· · 34 · IJ 7· 6 5· I 2. 7 
-75 -55. ·34 .12 7-5 i 5.0 2.5 
-75 -54: -33 i .12 7-5 I 4·9 2.4 
. 7 4 . 54 I . 33 . II 7. 4 I 4. 8 2. 2 

o. 7 ! 8. 3 

7390· 5 9238. 0 
o. 3 7· 8 

90· I 7. 5 
89.9 7·3 
9. 7 7. 0 

153. 95 • 184. 74 215. 53 246. 32 277. 10 
·09 
·09 
.08 

1847. 4 3694. 7 5542. I 
I. 9 
I. 8 
I. 6 
I. 5 

7389. 5 i 
9· 3 : 
9. I 

8. 8 i 
8. 6 i 

9236.8 
6.5 
6.3 
6.o 
5.8 

. 95 . 73 

. 94 . 73 

. 94 . 72 

. 93 . 72 
153. 93 : 

. 92 

.92 
-91 
.91 

153·9° 
_90 
. 89 ; 
. 89 
.88 

153.88 
.88 
. 87 
.87 
. 86 

153.86 
. 86 
. 85 
. 85 
. 84 

153.84 
. 84 
. 83 
. 83 ! 
. 82 

153. 82 : 
. 82 . 
. 81 
. 81 
. 8o 

153.80 
-79 
.79 
.78 
.78 

153.77 

184.71 
. 71 
.70 
.70 
.69 

1B4.69 
.68 
. 67 
. 67 
.67 

184.66 
. 65 
. 65 
.64 
. 64 

184.63 
. 63 
. 62 
. 62 
. 61 

184.61 
. 6o 
.6o 
.59 
.59 

184. 58 
. 57 
. 57 
.56 
.56 

184.55 
.54 
.54 
.53 
. 53 

184.52 

. 52 . 31 

. 52 . . 31 

. 51 I • JO 

. 51 ' . 29 

215. 50 i 246. 28 i 277.06 
. 49 : . 28 ' . o6 
. 49 . 27 . 05 
. 48 . 26 .04 
. 48 .26 .04 

215.47 
. 46 
.46 
. 45 
. 45 

215. 44 
. 43 
. 43 
.42 
.42 

215.41 
.40 
.40 
. 39 
.38 

215.37 
. 37 
.36 
. 35 
. 35 

215.34 
. 33 
.33 
.32 
. 32 

215.31 
.30 
·30 
.29 
.29 

215.28 

246.25 
. 24 
.24 
. 23 
• 22 

246.21 
. 21 
.20 
. 19 
.19 

246. 18 
. 17 
. 17 
.16 
. 15 

246. 14 
. 14 
. 13 
.12 
.12 

246. II 
.IO 
.09 
·09 
.o8 

246.07 
.o6 
.05 
.05 
.04 

246.03 

277.03 
.02 
.Ol 
.01 

7.00 

276.99 
.98 
·97 
-97 
.96 

276.95 
·94 
. 93 
-93 
. 92 

276.91 
. 90 
. 89 
.89 
. 88 

276.87 
. 86 
. 85 
. 85 
.84 

276.83 
. 82 
. 81 
• 81 
.So 

276. 79' 

7- 3 4- 6 
7- 3 4· 5 
7- 2 4.4 
7- 2 4· 3 

1847. I 3694. 2 
7- I 4- I 

7.0 i 4.0 
7. 0 . 3· 9 
6.9 3- 8 

1846. 9 
6.8 
6.7 
6.7 
6.7 

1846.6 
6.5 
6.5 
6.4 
6.4 

1846.3 
6.3 
6.2 
6.2 
6. I 

3693.7 
3.6 
3.5 
3.4 
3-3 

3693. 2 

3. I 

3.0 
2.9 
2.8 

3692.7 
2.6 
2.5 
2.3 
2. 2 

5541. 3 
I. 2 
I. 0 

0.9 
0.7 

5540.6 
0.4 
0.3 
0, l 

40.0 

5539.8 
9.6 
9·5 
9.3 
9.2 

7388. 4 
8. 2 i 

8.o, 
7. 8 • 
7- 6 . 

7.2 
7.0 
6.8 
6.6 

7386.4 
6.2 
6.o 
5.8 
5.6 

5539· 0 7J85. 4 
8.8 5.2 
8. 7 5.0 
8. 5 4. 7 
S,.4 4. 5 

1846.1 
6.o 
6.o 
5.9 
5. 9 ' 

3692.1 5538.2 7384.3 
2. 0 8. 0 4. I 

1.9 7.9 3.9 
1.8 7.7 3-7 
I. 7 7· 6 3· 5 

I 

1845.8 36g1.6 5537.4 7383. 2 

5.7 1.5 7.2 3.0 
5. 7 I. 4 7. 0 2. 8 
S· 6 I. 2 6. 9 2. 5 
5.6 I.I 6.7 2.3 

1845. 5 36g1. 0 5536. 5 73llz. I 
5· 4 O. 9 6. 3 I. 9 
5-4 o.8 6.2 1.7 

1845. 2 369<>· 5 5535· 7 7381. 0 

92 35-5 
5. 3 
5.0 
4.8 
4.5 

9234.3 
4.0 
3.8 
3·5 
3-3 

9233.0 
2.7 
2.5 
2.2 
2.0 

9231. 7 
1.4 
I. I 

0.9 
o.6 

9230.3 
30.0 
29.8 
9· 5 
9·3 

9229.0 
8. 7 
8.4 
8.2 
7.9 

iµ27.6 
7.3 
7.0 
6.8 
6. 5 

9226.2 
n I ~:l ~:: ::~ 

,__ __ _...__ ____ -'--- --- -----'-----'-----''-----'----.._ __ __:_I ___ ...._ __ ~---~!'-----
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UNITED STATES COAST AND GEODETIC SURVEY. lf>3 

Latitude 5° to 6°-Meridional arcs. 

Lat. ! 1: I 
Value of 111 i Sums of sec~nds for middle \I Value of 1' ' Sums of minutes for middle 

latitude. :[ latitude. 
I, 
ii I ' 

0 I Meters. It : Meters. I· ilfeters. I 
I 

.l!eters. 

5 00 30.715 'I 1842.93 
I . 

I s I 30. 72 . 93 I I 842.9 
z 6 2 61. 43 . 93 2 

I 
3 685. 9 

3 6 3 92. 15 . 93 3 I 5 528. 8 
4 6 4 1z2.86 . 93 4 i 7 371. 7 

5 05 30.716 5 153.58 I[ 1842.93 5 9 214. 7 
6 6 6 184.30 . 93 6 II057.6 
7 6 7 215.01 I 

. 94 7 12 900. 5 
8 6 8 245.73 ! ·94 8 14 743. 5 
9 6 9 276.44 

11 

.94 9 16 586. 4 

5 IO 30. 716 IO 307.16 1842.94 IO IS 429. 3 
II 6 I 337.88 

!! 

. 94 I 20 2j2. 3 
12 6 2 368.59 ·94 2 22 115. 2 

13 6 3 39931 .94 3 23 958. 2 
14 6 4 430.02 r ·94 4 ' 25 80!. I 

5 15 30.716 15 46o.74 'I 1842.94 15 I 2/ 644. I 
16 6 6 491. 46 

I 

.94 6 ' 29 487.0 
17 6 7 522. 17 . 95 7 I 31 329. 9 
18 6 8 55z.89 . 95 8 I 33 1 72 · 9 
19 6 9 583.6o . 95 9 ' 35 m5.8 

1! 

5 20 30. 716 20 614.32 ii 1842.85 20 36 858. 8 
21 6 I 645.04 

Ii 
. 95 I 38 701. 7 

22 6 2 675.75 Ii . 95 2 40 544. 7 
23 6 3 7o6.47 I' . 95 3 42 387. 6 
24 6 4 737. 18 i! . 95 4 44 230. 6 ., 

" 5 25 30.716 25 767.go Ii 1842.95 25 46 073. 5 
26 6 6 798.62 ii . 95 6 47 916. 5 
27 6 7 829.33 

I! 

.96 7 49 759. 5 
28 6 8 86o.05 . 96 8 5 I 6o2. 4 
29 6 9 890.76 .96 9 53 445. 4 

30. 716 921. 48 1842.96 
I 

5 30 30 ii : 30 55 288. 3 
31 6 I 952.20 I' . 96 I 57 131. 3 
32 6 2 982.91 

:1 
.96 2 58 974. 3 

33 6 3 I 013.63 .96 3 6o 817. 2 
34 6 4 I 044. 34 :1 .96 4 62 66o. 2 

5 35 30. 716 35 I 075. o6 

11 

1842.96 35 64 503. l 
36 6 6 I I05. 78 .97 6 66 346. l 

37 6 7 I 136. 49 ·97 7 68 189. I 
38 6 8 I 167. 21 .97 8 70 032. 0 
39 6 9 I 197. 92 ! 

·97 9 71 875. 0 I 

5 40 30.716 40 I 228. 64 1842.97 40 73 718. 0 
41 6 I I 259, 36 .97 I 75 56o.9 
42 6 2 I 290.07 .97 2 77 403. 9 
43 6 3 I 320. 79 . 97 3 79 246. 9 
44 6 4 I 351. 50 ·97 4 81 089. 9 

5 45 30.716 45 I 382. 22 1842. 97 45 82 932. 9 
46 6 6 I 412. 94 .98 6 84 775. 8 
47 6 7 I 443· 65 .g8 7 86 618. 8 
48 6 8 I 474· 37 .98 8 8S 461. 8 
49 6 9 I 505.o8 .g8 9 go 304. 8 

5 50 30.716 50 I 535· 8o 1842.98 50 92 147. 7 
51 6 I I 566. 52 .98 I 93 990· 7 
52 6 2 I 597· 23 .98 2 95 833. 7 
53 6 3 I 627. 95 .98 3 97 676. 7 
54 6 4 I 658. 66 .98 4 99519.7 

s 55 30.716 SS I 689. 38 1842.98 55 101 362. 7 
56 6 6 I 720. 10 ·99 6 103 205. 6 
57 6 7 I 750. 81 .99 7 105 048. 6 
58 6 8 J 781. 53 ·99 s 1o6 891. 6 
59 6 9 I 812. 24 .99 9 lo8 734· 6 

s 6o JO· 716 6o I 8'µ. g6 1842.99 6o 110 577-6 

H. Ex. 43--20 

--- --------

Latitude 5°-Co-ordinates of curvatur c. 

I Longitude. x 
I 
I 

-~--·-
___ i ______ . -- ----

0 I ! 11feten. I 

0 I I 848.] 
2 3 696. 7 
3 5 545. 0 
4 7 393· 3 

0 5 9 241. 7 
6 II ogo.o 
7 12 938. 3 
8 14 786. 7 
9 16 635.0 

0 10 IS 483. 3 
15 27 725. 0 
20 36 966. 6 
25 46 208. 3 
30 55 449· 9 

0 35 64 6<jr. 6 
40 73933.3 
45 83 174. 9 
50 92 416. 6 
55 IOI 658. 2 

I 00 I IO 899. 9 
05 120 14!. 5 
IO 129 383. 2 
15 138 624. 8 
20 147 866. 4 

l 25 157 1o8. o 
30 166 349· 7 
35 175 591.3 
40 184 832. 9 
45 194 074. 5 

I 50 203 316. 2 
55 212 557. 8 

2 00 221 799 
3 00 332 699 
4 00 443 597 

5 00 554 494 
6 00 665 390 
7 00 776 284 
8 00 887 177 
9 00 998 o68 

IO 00 I 108 956 
II 00 I 219 842 
12 00 I 330 725 
13 00 I 441 004 
14 00 I 552 481 

15 00 I 
I 663 354 

16 00 I 774 223 
17 00 I 885 088 
18 00 I 995 948 
19 00 2 1o6 8o4 

20 00 

I 
2 217 655 

21 00 2 328 502 
22 00 2 439 342 
23 00 2 550 177 
24 00 2 661 oo6 

25 00 2 771 829 
26 00 2 882 645 
27 00 2 993 455 
28 00 3 104 259 
29 00 3 215 055 
30 00 3 325 844 

: 

v 

----

Mete rs. 

l 

l 

l 

I 
l 

O. I 

o. 2 

0.4 

o.6 
o.8 
I. I 

I. 5 
I. 9 • 

2.3 
5.3 
9.4 I 

14. 6 : 
21. I 

28. 7 
37 5 
47.4 
58. 6 
70.9 

84.4 
99.0 
14.8 
31. 8 
50.0 

2 

69. 3 
89.8 
I I. 5 
34.3 
58.3 

2 
2 

2 83.5 
09.9 
37 
59 

3 
3 
7 

I 349 

2 I 

30 
08 
36 
33 
98 
32 

4 l 

5 3 
6 8 

84 
10 z 
12 I 

14 2 
16 5 
18 9 
21 5 
24 3 
27 3 
30 

33 7 
37 l 
40 8 

. 44 6 
48 5 
527 
57 0 
61 4 
66 I 

70 9 
75 

37 
95 
21 

16 
79 



 

154 UNITED STATES COAST AND GEODETIC SURVEY. 

------------------------·····~----------------------

Latitude 6° to 7°-Arcs of the parallel in meters. 

Lat. 1" 
' I II i i : I I I 

3' 2" i 3" 4" . 511 
I 6" i 7" I 8" I 9" 1' Ill 2' I 

I i ' i I I 
l--~l---l---,------1---·---1---1-----------1---.---

~ ~ 30. 75 61. 51 I 92. 26 123. 02 I 153. 77 184. 52 I 215. 28 i 246. 03 276. 79 1845. 2 I 3690. 5 II 5535. 7 i 
5· 5 '. 
5.4 ' 

I • 75 . 51 I! . 26 . 02 I . 77 . 52 I • 27 I • 02 . 78 5. 2 I 0. 4 
2 .75 .51 .26 .011 .76 .51i .27i .02 .77 5.11 0.3\ 
3 • 75 . 50 I • 25 . 01 Ii . 76 . 5 I I . 26 I . 01 . 76 5· I . o. l 

4 . 75 . 50 I . 25 . 00 I • 75 . 50 . 25 I 6. 00 . 75 5· 0 I 90. 0 

6 05 30. 75 61. 50 I 92. 25 123. 00 .1153. 75 184. 50 I 215. 24 ! 245. 99 276. 74 1845. 0 l 3689. 9 
6 .74 •50 I .24 .00 •74 •49 .24 I •99 •74 4·9 I 9.8 
7 .74 .50 ·24 3.00 i ·74 ·491 .23 .98 .73 4·9 I 9.7 
8 .74 ·49 .24 2.991' .73 .48 .22 i .97 .72 4.8: 9.6 
9 •74 •49 •24 •99 •73 .48 II .22' •97 ,71 4.8 I 9.5 

6 IO 30.74 61.49 92.23 rz2.98·I 153.72 184.47 215.21 245.96 276.70 1844.7 3689.4 
II · 74 • 49 • 23 · 98 : · 72 · 46 • 20 • 95 • 69 4• 6 9· 3 
12 .74 .49 .23 ·97: .71 .461 .20 ·94 .68 4.6 9.2 
13 . 74 . 48 . 22 . 97 . 71 ' . 45 . 19 . 94 . 67 4· 5 9· 0 
14 . 74 . 48 . 22 • 96 • 10 · . 45 I . 18 . 93 . 66 4· s 8. 9 

6 15 30. 74 61. 48 92. 22 122. 96 153. 70 184. 44 i 215. 17 245. 92 276. 65 1844. 4 3688. 8 
16 . 73 . 48 . 22 • 96 . 6g . 431· . 17 . 91 . 65 4· 3 8. 7 
17 .73 .48 .21 .95 .6g .43 .16 .90. .64 4·3 8.6 
18 .731 .47 .21 ·95 .68 .42 .15' .90 l .63 4.2 8.4 
19 • 73 • 47 • 21 • 94 • 68 • 42 • 15 I • 89 • 62 4• 2 8, 3 

6 20 30. 73 61. 47 92. 20 122. 94 153. 67 184. 41 215. 14 245. 88 276. 61 1844. I 368$. 2 
. 73 · 47 · 20 · 94 · 67 , • 40 · lJ . 87 . 6o 4. 0 8. I 21 

22 
23 
24 

6 25 
26 

6 30 
31 
32 
33 
34 

6 35 
36 
37 
38 
39 

6 40 
41 
42 
43 
44 

6 45 
46 
47 
48 
49 

6 50 
51 
52 
53 
54 

6 55 
56 
57 
58 

6~ 

.73 ·47 .20 .93 .66 i .40 .13 .86 .59 4.0 8.o 

.73 .46 .20 ·93 .66i ·39 .12 .86 .58 3·9 7.8 

. 7 3 . 46 . l 9 . 92 . 65 ' . 39 . II I . 85 . 5 7 3. 9 7. 7 
30.73 61.46 92.19 122.92 153.65 184.38 215.10 1 245.84 276.56 1843.8 3687.6 

.72 .46 .19 .92 .64 ·37 .JO I .83 .56 3.7 7.5 

.72 .46 .18 .91 .64 I ·371 •09 I .82 ·55 3·7 7.4, 

. 72 I • 45 . 18 i • 91 . 63 . 36 . 08 I . 82 . 54 3· 6 7. 2 I 

. 72 I . 45 . 18 ' . 90 . 63 . 36 . 08 ' . 81 . 53 3· 6 7. I 

30. 72 6r. 45 92. 17 122. 90 153. 62 ! 184. 35 ! 215. 07 245. 8o 276. 52 1843. 5 3687. 0 
.72 .45 .17 ·90 .62: ·34 .o6 .79 .51 3.4 6.9 
.72 ·45 .17 .89 .61' ·34 .o6 .78 .50 3.4 6.8 
. 72 . 44 . 16 . 89 . 61 ' . 33 . 05 . 78 . 49 3· 3 6. 6 
. 72 . 44 . 16 . 88 . 6o . 33 . 04 . 77 . 48 3. 3 6. 5 

30.72 
. 71 
. 71 
. 71 
.71 

30.71 
.71 
.71 
. 71 
. 71 

30.71 
.70 
.70 
.70 
.70 

61.44 
.44 
·44 
·43 
·43 

92. 16 
. 16 
. 15 
. 15 
. 15 

61. 43 92. 14 
·43 . 14 
. 43 . 14 
.42 . 13 
. 42 . 13 

61. 42 92. 13 
. 42 i .12 
· 42 I .12 
.41 . I2 
. 41 . 12 

122.88 
. 88 
. 87 
.87 
.86 

122.86 
.86 
.85 
.85 
.84 

122.84 
.84 
.83 
.83 
.82 

30. 70 61. 41 92. II 122. 82 
· 70 · 41 . II . 82 
• 70 . 41 . 11 • 81 
· 70 • 40 · IO '. . 81 
. 70 . 40 . 10 . 8o 

30. 70 I 61. 40 192. IO 122. 8o 
• 6g i • 4° . 09 . 79 
· 69 i · 40 . 09 . 19 
• 6g ; • 39 • 09 • 78 
. 6g : . 39 . o8 . 78 

30. 6g 161. 39 92. o8 u2. 77 I 

153· 6o 
.59 
·59 
.58 
.58 

153.57 
. 57 
.56 
.56 
·55 

153·55 
·54 
.54 
. 53 
·53 

153.52 
·52 
• 51 
. 51 
• 50 

153. 50 
·49 
.49 
.48 
.48 

153.47 

184.32 215.03 
.31 I .03 
. 31 .02 
. 30 .01 
. 30 .or 

184.29 
. 28 
. 28 
. 27 
. 27 

184.26 
. 25 
. 25 
.24 
·24 

215. 00 

4.99 
·99 
.98 
·97 

214.gfi 
.g6 
·95 
.lj4 

·94 

184. 23 214. 93 
.22 .92 
. 21 .91 
. 21 . 91 ; 
,20 •90 I 

184. 19 214. 8g 
.19 .88 
. 18 I .87 
. 11 I .87 
• 17 . 86 

184. 16 .1 214. 85 

245. 76 
. 75 
.74 
.74 
.73 

245.72 
. 71 
.70 
.6g 
.68 

245.67 
. 67 
. 66 
. 65 
.64 

245.63 
.62 
. 61 
. 61 
.6o 

245.59 
.58 
.57 
. 57 
.56 

245.55 

276.47 
.47 
. 46 
.45 
.44 

276.43 
.42 
. 41 
.40 
. 39 

276.38 
. 38 
. 37 
• 36 
• 35 

276.34 
• 33 
. 32 
. 31 
.30 

276.29 
. 28 
• 27 
.26 
.25 

276.24 

1843. 2 3686. 4 
3· I 6. 3 
3. I 6. 2 
3.0 6.o 
3.0 5.9 

1!42. 9 3685. 8 
2. 8 5. 7 
2. 8 5. 5 
2. 7 5.4 
2. 7 5. 2 

1842. 6 3685. I 
2.5 5.0 
2.5 4·9 
2.4 4.7 
2.4 4.6 

1842. 3 3684. s 
2. 2 4.4 
2. I 4·3 
2.1 4, I 
2.0 4.0 

1841. 9 3683. 9 
1.9 3.8 
1. 8 3· 6 
l. 7 3· 5 
I, 7 3• 3 

1841. 6 36&3. 2 

5.2 
5. I , 

5534-9 
4.7 
4.5 
4.4 
4.2 

5534.0 
3.8 
3.7 
3.5 
3.4 

5533· 2 

3.0 
2.8 
2.7 
2, 5 

5532 • 3 
2. I 

[, 9 
I. 8 
l. 6 

5531.4 
I. 2 

I. 0 

0.9 
o. 7 

5530.5 
0.3 
0, J 

30.0 
29.8 

5529.6 
9·4 
9. 2 

9· I 
8.9 

5528.7 
8.5 
8.3 
8. I 

7.9 

5527.7 
7. 5 
7.3 
7. 2 
7.0 

5526. 8 
6.6 
6.4 
6.2 
6.o 

5525.8 
5.6 
5·4 
5. 2 
5.0 

5524.8 

5' i' I 
1----t 

7381. 0 I o.8 
o.6 
o.3 I 

So. I ! 

7379. 9 I 
9· 7 i 
9·41 9.2 
8. 9 ! 

7378.7 
8.5 
8.3 
8.o 
7. 8 

7377.6 
7.4 
7. I 

6.9 
6.6 

7376.4 
6.2 

5·9 
5.7 
5.4 

7375.2 
5.0 
4. 7 
4. 5 
4. 2 

7374.0 
3.8 
3.5 
3.3 
3.0 

7372.8 
2.6 
2.3 
2.1 
I. 8 

7371. 6 
I. 3 
I. I 
o.8 
o.6 

7370.3 
70.0 
6g.8 
9.5 
9.3 

7369.0 
8.7 
8.5 
8. 2 

8.o j 
7367.7 

7.4 
7. 2 

6.9 
6.7 

7366.4 

9226.2 
5. 9 
5.6 
5.4 
5· I 

9224. 8 
4. 5 
4.2 
4.0 
3.7 

9223.4 
3· l 
2.8 
2.5 
2.2 

9221. 9 
[, 6 
I. 3 
I. 1 
o.8 

9220. 5 
20. 2 
19·9 
9.6 
9.3 

9219.0 
8.7 
8.4 
8. I 

7.8 

9217.5 
7.2 
6.9 
6. 5 
6. 2 

9215.9 
5.6 
5.3 
5.0 
4. 7 

9214.4 
4. l 

3.8 
3.4 
3. I 

9212.8 
2. 5 
2.2 
I. 9 
I. 6 

9211. 3 
I. 0 
o.6 

10.3 
09.9 

9209.6 
9.3 
9.0 
8.6 
8.3 

gd.o 



 

UNITED STATES COAST AND GEODETIC SURVEY. 155 

Latitude 6° to 7°-Meridional arcs. Latitude 6°-Co-ordinates of cur,·ature. 

I 
Lat. 

Longitude. I 
I 

Value of 1" 
Sums of seconds for middle Value of 1' 

Sums of minutes for middle x y I 
latitude. 

1, 
latitude. I 

I I 

i ! 
l ! I 

" I Mtten If ll{eters. Meters. I Meters. 0 I I fileters. Meters. : 
i 6- 00 30.716 1842.99 i 

l 7 I 30.72 ·99 : I 1 843. O 0 I l 845. 3 
2 7 2 61. 43 .99 2 3 686. 0 2 3 690. 5 0. I 

3 7 3 92. 15 ·99 3 5 529. 0 3 5 535. 8 I 0.2 

4 7 4 122.87 ·99 4 7 372. 0 4 7 381. 0 0.4 

6 05 30.717 5 153. 59 1843.00 5 9 2I5. 0 0 5 9 226. 3 o. 7 
6 7 6 184. 30 .00 6 I I 058. 0 6 lI 071. 5 1.0 

7 7 7 215.02 .00 7 12 901. 0 7 12 916. 7 I. 4 
8 7 8 245.74 .oo 8 14 744. 0 8 14 762.0 I. 8 I 

I 

9 7 9 276.45 .00 9 16 587. 0 9 166o;i.2 2.3 I 

6 JO 30.717 JO 307. 17 1843.00 IO 18 430. 0 0 IO 18 452. 5 2.S I 

JI 7 I 337.89 .oo l 20 273. 0 15 27 678. 8 6.3 
12 7 2 368.61 .00 2 22 Jl6. 0 20 36 905. 0 I I. 2 
13 7 3 399.32 .oo 3 29 959· 0 25 46 131. 2 17. 5 
14 7 4 430.04 . 01 4 

I 
25 802. 0 30 55 357. 5 25.3 

6 15 30.717 15 46o.76 1843. (>I 15 27 645. 0 0 35 64 583. 8 34.4 
16 7 6 491. 47 . OJ 6 I 29 488. 0 40 I 73 810.0 44·9 
17 7 7 522.19 • OI 7 

I 31 331. 0 45 83 036. 2 56.8 
18 7 8 552·91 . 01 8 33 174. 0 50 gz 262. 5 70. I 

19 7 9 583.63 .01 9 35 017. 0 55 IOI 488. 7 84.9 

6 20 30.717 20 614. 34 1843.01 20 36 86o.o I 00 110 714. 9 IOI. 0 
21 7 I 645.o6 .01 I 38 703. I 05 119 941. 2 118. 5 
22 7 2 675.78 . en 2 40 546. I IO 129 167.4 137.5 
23 7 3 7o6.49 .02 3 42 389. I 15 138 393. 6 157.8 
24 7 4 737. 21 . 02 4 # 232.1 20 147 619. 9 179.5 

6 25 30.717 25 767.93 1843.02 25 46 075. I I 25 156 846. I 202.7 
26 7 6 798.65 .02 6 47 918. 2 30 166 072. 3 227.2 
27 7 7 829.36 .02 I 7 49 761. 2 35 175 298. 5 253.2 
28 7 8 86o.o8 .02 8 51 004. 2 40 184 524. 7 28o.5 
29 7 9 Sgo.So . 02 9 53 447· 2 45 193 750. 9 309·3 

6 30 30. 717 JO 921.51 1843.03 30 55 290· 3 l 50 202 977. I 339.4 
31 7 I 952• 23 .03 I 57 133. 3 55 212 203. 3 371. 0 
32 7 2 gSz.95 .03 z 58 976. 3 2 00 221 429 404 
33 7 3 I 013. 67 .03 

i 3 6o 819. 4 3 00 332 143 909 
34 7 4 I 044• 38 .03 4 62 662. 4 4 00 41-2 856 I 616 

6 35 30.717 35 I 075. 10 1843. 03 
/I 

35 64 505. 4 5 00 553 567 2 525 
36 7 6 I 105. 82 .03 6 66 348.4 6 00 664 277 3 636 
37 7 7 1 136. 54 .03 

I 
7 68 191. s 7 00 774 984 4 949 

38 7 8 I 167. Z5 .04 8 70 034. 5 8 00 885 689 6 464 

39 7 9 I 197. 97 .04 9 71 877-6 9 00 996 390 8 18o 

6 40 30.717 40 I 228. 69 1843.04 40 73 720. 6 IO 00 I 107 088 10099 
41 7 I I 259.40 .04 I 75 563. 6 II 00 I 217 783 12 220 

42 7 2 I 290. 12 .04 2 77 4o6. 7 12 00 I 328 474 14 543 
43 7 3 I 320. 84 .04 3 79 249· 7 13 00 I 439 16o 17 o67 
44 7 4 I 351. 56 ~ .04 4 81 092. 8 14 00 I 549 841 19 793 . 

6 45 JO· 717 45 1 382. 27 1843.04 45 82 935. 8 15 00 I 66o 518 22 721 
46 7 6 I 412. 97 .os 6 84 778. 9 16 00 I 771 189 25 852 

47 7 7 I 443· 71 .05 7 86 621. 9 17 00 I 88I 854 29 185 
48 7 8 I 474· 42 .05 8 88 464.9 18 00 I 992 512 32 719 

49 7 9 I 505. 14 .05 9 go 3o8.o 19 00 2 103 164 36 454 

6 50 JO· 718 so I 535· 86 1843.05 50 92 151. I 20 00 2 213 8<'9 40 392 
51 8 I I 566. 57 . 05 I 93 ~4· I 21 00 2 324 446 44 532 
52 8 2 I 597· 29 .05 2 95 837. 2 22 00 2 435 076 48 874 

S3 8 3 I 628.01 .05 3 97 68o. 2 23 00 2 545 698 53 418 

54 8 4 I 658. 72 .o6 4 99 523. 3 24 00 2 656 31! 58 163 

6 55 JO. 718 s~ I 689. 44 1843.o6 Si IOI 366. 3 25 00 2 766 915 ~109 
56 8 I 720. 16 .o6 IOJ 209. 4 26 00 2 877 5II 257 
57 8 7 I 750. 88 .o6 7 105 052. 4 27 00 2 988 097 73 6o7 

58 8 8 t 781. 59 .o6 8 loo 895.'S 28 00 3 098 672 79 IOO 

~ 8 9 I 812. 31 .o6 
~ 

1o8 738. 6 29 00 3 209 237 84 915 
6 30· 718 6o I 143.03 1843.o6 110 581. 6 30 00 3 319 792 go 871 

i 



 

lfi6 UNITED STATES COAST AND GEODETIC SURVEY. 

Latitude 7° to S0-Arcs of the parallel in meters. 

Lat. 1" 2" 311 4'' 511 6" l'' •"I 8tl t' 21 3' 4/ 

-~-----------i-------------11-------'---
I o I 

7 00 
I 
2 

3 
4 

7 05 
6 
7 
8 
9 

30.69 
. 69 
.69 
.69 
.69 

30.69 
. 68 
. 68 
. 68 
. 68 

7 10 30. 68 
II • 68 
12 . 68 
IJ . 68 
14 . 68 

7 15 30. 68 
16 .. 67 
17 . 67 
18 . 67 
19 . 67 

7 20 
21 
22 

23 
24 

7 25 
26 
27 
28 
29 

7 30 
31 
32 
33 
34 

7 35 
36 
37 
38 
39 

7 40 
41 
42 
43 
44 

7 45 
46 
47 
48 
49 

7 50 
51 
52 
53 
54 

7 55 
56 
57 
58 
59 

7 6o 

30.67 
. 67 
. 67 
. 67 
. 67 

30.67 
. 66 
. 66 
.66 
. 66 

30.66 
. 66 
. 66 
. 66 
. 66 

30.66 
. 65 
. 65 
. 65 
. 65 

30.65 
. 65 
. 65 
. 65 
.65 

30.65 
.64 
.64 
.64 
.64 

30.64 
.64 
.64 
. 63 
.63 

30.63 
.63 
. 63 
. 62 
• 62 

30.62 

61. 39 
.39 
·39 
.38 
.38 

61.38 
.38 
.38 
·3i 
.37 

61. 37 
.37 
.36 
.36 
.36 

61. 35 
. 35 
. 35 
. 35 
.34 

61. 34 
.34 
.34 
. 33 
.33 

61. 33 
.33 
.33 
.32 
. 32 

61.32 
.32 
.32 
. 31 
. 31 

61. 31 
. 31 
.31 
.30 
.30 

61. 30 
.30 
.29 
.29 
.29 

61.28 
. 28 
. 28 
.28 
. 27 

61. 27 
. 27 
. 27 
. 26 
.26 

61. 26 
.26 
.26 
. 25 
. 25 

61.25 

92.08 
.08 
. 07 
. 07 
. 07 

92.06 
. 06 
.06 
. 05 
.05 

92.05 
.04 
.04 
.04 
. 03 

92.03 
. 03 
. 02 
. 02 
.02 

92.01 
.OT 

.01 

.00 

.00 

92.00 
I. 99 
. 99 
. 99 
. 98 

91. 98 
. 98 
. 97 
. 97 
. 96 

91. 96 
. 96 

95 
. 95 
. 95 

91. 94 
. 94 
-94 
. 93 
. 93 

91. 92 
. 92 
. 92 
.91 
. 9I 

91. 9I 
·90 
.90 
.go 
.89 

91.~ 
.89 
.88 
. 88 
• 87 

91. 87 

122.77 
. 77 
.76 
.76 
. 75 

122.75 
. 75 
. 74 
.74 
. 73 

122. 73 r 

. 73 . 

.72 

. 72 

. 71 

122.71 
.70 
.70 
. 69 
.69 

122.68 
.68 
. 67 
.67 
. 66 

122.66 
.66 
. 65 
. 65 
.64 

122. 64 
.64 
.63 
.63 
. 62. 

122. 62 
.6I 
. 6I 
.6o 
.6o 

153.47 I' 184.16 
. 46 . I5 
. 46 II . I5 
. 45 . I4 
· 45 I · I3 

153. 44 i 184. I3 
.43 i • I2 
. 43 i . II 
· 42 i . II 

· 42 i . IO 

' 153. 41 i 
.41 ; 
.40. 
.40: 
. 39 ! 

"" •~I 

. 37 

153· 36 ; 
-35 . 
-35 
·34 
.34 

153.33 
. 32 
.32 
. 31 
. 31 

153.30 
.29 
. 29 
.28 
.28 

153.27 
.26 
.26 
.25 
. 25 

184.0() 
. o8 
. oS 
. 07 
. o; 

184.06 
. 05 
. 05 
.04 
.04 

I84.03 
. 02 

.01 

. Ol 

4.00' 

183.99 
. 99 
. 98 
. 97 
. 97 

183.96 
. 95 
. 94 
. 94 
. 93 

183.92 
. 92 
. 91 
. 90 
. l)O ' 

214.85 I 245.55 
. 841 . 54 
. 84 . 53 
. 83 I . 52 
. 82 . 51 

2I4.81 
.81 
. So 
. 79 . 
. 79 ' 

245.50 
.50 
-49 
.48 
. 47 

276.24 
.23 
.22 
. 21 
- 20 

276. 19 
- I8 
- 17 
. 16 
. 15 

214. 78 i 245. 46 276. 14 
• 77 i • 45 I ' 1 3 
· 76 , -44 ' . I 2 

· 76 · 43 I ·II 
. 75 . 42 . . JO 

21+ 74 245. 41 I 276. og 
.73 .411 .08 
. 72 I 

. 72 ' 

. 71 i 

2I4. 70 i 245. 37 
. 69 1 . 36 
· 68 I • 35 
. 68 ' . 34 
. 67 . 33 

214. 66 245,:;2 
. 65 . 32 
. 64 . 31 
. 64 .30 
. 63 . 29 

214.62 
.61 
.6o 
.59 
.58 

214.57 
. 57 
.56 
. 55 
.54 

245.28 
. 27 
. 26 
. 25 
.24 

245.23 
. 22 

. 21 

. 20 

. 19 

. 07 

. o6 

. 05 

276.04 
. 03 
. 02 
. 01 

6.oo 

275.99 
. 98 
.97 
. 96 
. 95 

275.94 
. 93 
. 92 
.91 
·90 

275.88 
. 87 
. 86 
. 85 
.84 

122. 59 i 153. 24 183. 89 214. 53 
. 88 . . 52 

245. t8 
. I7 
. 16 
. 15 
.14 

275.83 
.8z 
. 81 
.8o 
·79 

. 59 • . 23 

. 58 -23 

. 58 . 22 

. 57 - 22 

122.57 
.56 
.56 
. 55 
.55 

122.54 
.54 
.53 
.53 
. 52 ' 

122.52 
. 51 
.51 
.50 
.50 

1:!2.49 

I53:21 
.20 

.20 

. I9 I 

. I9: 

153. 18 
. 17 
. 17 
. 16 
.16 

153· 15 
. 14 
.14 
. I 3. 
. 13 

153. 12 

. 87 . SI 

. 87 . 51 

. 86 . 50 

183. 85 214. 49 245. 13 
. 13 
.12 
. II 
• JO 

. 84 . 48 

. 83 . 47 

. 83 . 47 

. 82 . 46 

183.8I 
. 8o 
. 8o 
.79 
.79 

I83.78 
. 77 
.76 
. 76 
• 75 

I83.74 

214. 45 245. og 
.44 .08 
. 43 .07 
.42 .o6 
.4I .05 

214. 40 245· 04 
.40 .OJ 
.39 .02 
.38 .01 

.37 5.00 
2I4. 36 . 244. 99 

275.77 
.76 
.75 
.74 
.73 

275.72 
. 71 
.70 
. 69 
. 68 

275.66 
65 

.64 

. 63 

.62 
275.61 

1841. 6 
I. 5 
I. 5 
I. 4 
[. 3 

1841. 3 
I. 2 

I. I 

I. I 
I. 0 

1840.9 
o.8 
o.8 
0. 7 
0.7 

1840.6 
0.5 
0.5 
0.4 
0.4 

1840.3 
0.2 
O. I 

0. I 
40.0 

1839.9 
9.9 
9.8 
9.7 
9·7 

1839.6 
9.5 
9.4 
9.4 
9·3 

1839.2 
9.2 
9. I 

9.0 
9.0 

1838.9 
8.8 
8.7 
8.7 
8.6 

1838.5 
8.4 
8.3 
8. 3 
8.2 

1838.1 
8.o 
8.o 
7.9 
7.9 

I837.8 
7.7 
7.6 
7.6 
7-5 

1837.4 

3683. 2 I 
3· I I 
3.0 I 
2. 8 I 

368:: ~ I 
2 • 5 i 

~: ~ i 
2.0 : 

I 

3681. 9 ' 
I. 8 
I. 6 
I. 4 
[. 3 

3681. 2 

I. I 

0.9 
o.8 
o.6 

368o.5 
0.4. 
0.2 i 

80. l i 
79.9 

3679.8 
9.7 
9.6 
9.4 
9·3 

3679.2 
9.0 
8.9 
8.7 
8.6 

3678.4 
8.3 
8. I 
8.o 
7.8 

3677.7 
7. 6 
7. 4 
7.3 
7. I 

36n,o 
6.9 
6.7 
6.6 
6.4 

3676.3 
6.1 
6.o 
5.8 
5-7 

3675.5 
5.4 
5.2 
5. I 

4·9 
3674.8 

5524.8 
4.6 
4.4 
4.2 
4.0 

5523.8 
3· 6 I 

3. 4 : 
3• z I 

3.0 

5522.8 
2. 6 ! 
2.4' 
2. 2 : 

2.0 

5521. 8 : 
I. 6 
[. 4 
I. 2 
I. 0 

7366.4 
6. I 

5.9 
5.6 
5. 4 

7365. J 
4.8 
4.6 
4. 3 . 
4-l I 

7363.8 
3·5 
3.2 
3.0 
2.7 

7362.4 
2. I 

I. 9 
I. 6 
I. 4 

5520. 8 ! 7 361. I 
o.6' o.8 
0.4 
0.2 

20.0 

5519.8 
9.6 
9.4 
9· I 
8.9 

5518.7 
8.5 
8.3 
8. I 

7.9 

5517.7 
7· 5 
7.3 
7.0 
6.8 

5516.6 
6.4 
6.2 
5.9 
5.7 

5515.5 
5.3 
5. l 
4.8 
4.6 

5514.4 
4.2 
4.0 
3.7 
3.5 

5513.3 
3. I 

2.9 
2.6 
2.4 

5512 .. 2 

0.5 
0.3 

60.0 

7359.7 
9.4 
9. I 
8.9 
8.6 

7358.3 
8.o 
7-7 
7.5 
7. 2 

7356.9 
6.6 
6.3 
6. I 

5.8 

7355.5 
5.2 
4.9 
4.6 
4.3 

7354.0 
3· 7 
3·4 
3.2 
2.9 

7352.6 
2.3 
2.0 

[, 7 
1.4 

7351.1 
o.8 
0.5 

50.2 
49·9 

7349.6 

5' 

9208.0 
7.7 
7.4 
7.0 
6.7 

92o6.4 
6. I 

5.7 
5.4 

. 5.0 

9204.7 
4.4 
4.0 
3.7 
3.3 

9203.0 
2.7 
2.4 
2.0 
I. 7 

9201. 4 
I. 0 

0.7 
0.3 

200.0 

9199.6 
9.3 
8.9 
8.6 
8.2 

9197·9 
7.5 
7. 2 
6.8 
6.5 

9196. l 
5.8 
5.4 
5· I 

4. 7 

9194.4 
4.0 
3:6 
3.3 
2.9 

9192.5 
2. I 
I. 8 
I. 4 
I. I 

9190.7 
0.3 

go.o 
89.6 
9.3 

9188.9 
8.5 
8. I 
7.8 
7.4 

9187.0 



 

UNITED STATES COAST AND GEODETIC SUHVEY. 157 

! Latitude 7° lo 8°-Meridional arcs. Latitude 7°-Co-ordin~te' of curvature. 

--
Lat. I 11 [ Sums of minutes for 111id 

Value of 11 1 
Sums of seconds for middle 

1
! Value of 11 

latitude. ' I latitude. 
die Longitude. x v 

---~~ ------- I 

? I Meters. II I llfetcrs. .Meters. I I llfetcrs. 

7 00 30.718 I 1843.o6 
I 8 I 30.7z . 07 I I 843. I 

---1 
Llfders. I Jffeters. 

0 I 841. 6 
2 8 2 61. 44 . 07 2 3 686. I 2 3 683. 2 0. I 

3 8 3 92. 16 .07 3 5 529. 2 
4 8· 4 122.87 . 07 4 

I 
7 372. 3 

7 05 30.718 5 153.59 184]. 07 5 9 215. 3 
6 8 6 184.31 . 07 6 II 058. 4 

3 5 524. 8 0. 3 
4 7 366. 4 0.5 

0 5 9 208.0 o.8 
6 II 049· 7 I. 2 

7 8 7 215.03 . 07 7 12901.5 
8 8 8 245.75 .o8 8 14 744. 6 
9 8 9 276.47 .o8 9 16587.6 

7 12 891. 3 I. 6 
8 14 ;32. 9 2. l 
9 16 574· 5 2.6 

7 IO 30.718 IO 307.18 1843.08 IO 18 430. 7 
II 8 l 337.90 .08 I 20 273. 8 
12 8 2 368. 62 .08 2 22 II6. 9 

I lJ 8 3 399·34 .o8 3 23 960. 0 
14 8 4 430.06 .08 4 25 803. 0 

0 IO 18 416. I 3·3 
15 2j 624. I 7. 3 
20 36 832. I IJ. I 
25 46 040. 2 20.4 
30 55 248. 2 29.4 

7 15 30. 718 15 46o.78 1843.og 15 27 646. I 0 35 64 456. 2 40.0 
16 8 6 491. 49 .og 6 29 489. 2 

17 8 7 522.21 .og 7 JI 332.3 
18 8 8 552.93 .09 8 33 175. 4 

40 73 664. 3 52. 2 
45 82 872. 3 66. l 
50 92 o8o. 3 81. 6 

19 8 9 583.65 .og 9 35 018. 5 55 IOI 288. 3 98.7 

7 20 30.718 20 614.37 1843.og 20 36 861. 6 I 00 110496.4 117. 5 
21 8 I 645.09 . 09 I 38 704. i 
22 8 2 6i5· 81 . IO 2 40 547. 8 

05 119 704.4 137-9 
IO 128912.4 16o.o 

23 8 I 3 706.52 • IO 3 42 390. 9 
8 ' 737.24 24 4 . IO 4 44 234. 0 

15 138120.4 183.6 
20 147 328. 4 208.9 

7 25 30.718 25 767.96 I 1843. ro 25 4607;.1 
26 8 6 798.68 I . IO 6 47 920. 2 

27 8 7 829.40 . IO 7 49 763. 3 

I 25 156 536. 4 235.8 
30 165 744· 4 264.4 
35 174 952.4 294.6 

28 8 8 86o. 12 • I.Q 8 516o6.4 
29 8 9 890.83 . 10 9 53 44q. 5 

40 184 100. 4 326.4 
45 193 368. 4 359.9 

7 30 30.718 30 92 1. 55 1843. II 30 55 292. 6 
31 8 I 952.27 . II I 57 135. 7 
32 8 2 98z.99 •II 2 _58 97S. 8 
33 8 3 I OIJ. 71 . II 3 6o821.q 

34 8 4 I 044- 43 • ll 4 62 065. 0 

I 50 202 5j6. 3 395.0 
55 2ll 784. 3 431.7 

2 00 220 992 470 
3 00 33I 487 I 058 
4 00 441 981 I 88o 

7 35 30.719 35 I. 075. 15 I 1843. II 35 64 508. I 

36 9 6 I 105. 86 . II 6 66 351. 2 
5 00 552 4;2 2 938 
6 00 662 961 4 231 

37 9 7 I 136.58 . II 7 68 194. 4 
38 9 8 I 167. 30 • l l s 70 037. 5 

7 00 7i3 447 5 758 
8 00 883 929 7 521 

39 9 9 I 198. 02 . 12 9 71880.6 9 00 994 40; 9 519 

7 40 30.719 40 I 228. 74 1843. 12 40 73 723. 7 IO 00 I rn4 SSr 11 i5 J 

41 9 I I 259. 46 . 12 I 75 566. 8 
42 9 2 I 290. 17 I . 12 2 77 409· 9 

II 00 I 215 J50 q. 218 
12 00 I 325 813 16 921 

43 9 3 I 320. 89 . 12 3 79 25j. I IJ 00 1436271 19 859 
44 9 4 I 351. 61 . 12 4 81 096. 2 14 00 I 546 722 2"' O""I ,) .) 

7 45 30.719 45 l 382. 33 1843. 13 45 82 939. 3 
46 9 6 I 413. 05 . 13 6 84 782. 4 
47 9 

I 
7 I 443· 77 I . 13 7 86 625. 6 

48 9 8 I 474· 48 I . 13 8 88 468. 7 
49 9 

I 
9 I 505. 20 . 13 9 90 311. s 

7 50 30.719 50 I 535· 92 1843. 13 50 92 155.0 
5.1 9 

I 
l I 566. 64 . 13 I 93 998. I 

52 9 2 I 597· 36 . 14 2· 95 841. 2 

53 9 I 3 I 628. o8 . 14 3 97 684. 4 
54 9 

I 
4 

I 
l 658. 8o . 14 4 99 527. 5 

7 55 30.719 55 ! l 689.51 1843. 14 55 JOI 370. 7 
56 9 6 

I 
I 720. 2J . 14 6 103213.8 

57 9 ! 7 l 75o, 95 . 14 7 105 056. 9 
58 9 I 8 I 781. 67 it . 15 8 ld6 <)00. l 

59 9 I 9 l Su. 39 .15 9 1o8 743· 2 
7 6o 30.719 I 6o I I 843. II I 1843. 15 6o !IO 586. 4 

I I I 

15 00 I 657 166 26 438 
16 00 I j6/ 6oz 30 080 

17 00 l 8;8 O.JO 33 958 
I8 00 1 988 +so 38 070 
I9 00 2 09l'\ 8tJI 42 417 

20 00 2 20() 263 46 999 
2I 00 2 319 654 51 815 
22 00 2 430 035 56 866 
23 00 2 540 405 62 I52 
24 00 2 650 764 67 673 

25 00 2 761 1 I I 73 429 
26 00 2871444 79 420 
27 00 2 981 166 85 644 
28 00 3 092 073 92 I03 
29 00 3 202 367 98 797 
30 00 3312640 105 727 



 

158 UNITED STATES COAST AND GEODETIC SURVEY. 

Latitude 8° to 9°-Arcs of the parallel in meters. 

Lat. 111 I I l I 
211 3'l I (" 5n I 6'' : 711 9" 1' 2' 4' Ii' 

: I I I 1--0-,.....-------· .---:---,---1---:---111--------+----1----1----+l,----1----1 
8 00 30. 62 61. 25 ; 91. b7 j 122. 49 : 153. 12 ; 183. 741214. 361244. 99 275. 61 1837. 4 3674. 8 55I2. 2 7349. 6 9187~0 

I .62 .25 -~7 .49 .II .73 •35 1 .98 .6o 7·3 4·7 2.0\ 9·3 6.6 
z . 62 . 24 i . 86 l . 48 . I I • 72 . 34 I . 97 . 59 7. 2 4. 5 I. 8 I 9· 0 6. 2 

3 .62 .241 .86 i .48 . IO .72 ·34 .96 .58 7.2 4·4 1.5 I 8.7 5.9 
4 .62 .24 .S5f .47 ·09 .71\ ·331 .95 ·57 7.1 4.2 1.31 8.4 5.5 

8 05 30. 62 61. 23 91. 85 i I22. 47 153. 08 : !8). 70 I 214. 32 I 244. 94 275. 55 1837. 0 3674. I 551 I. I 7348. I 9185. I i 
6 . 61 . 23 . 85 ! . 46 . oS . . . 69 I . 31 II . 93 . 54 6. 9 3· 9 0. 9 I 7. 8 4. 7 ' 
7 .61 .23 .84: .46 .07: .691 .30 .92 .53 6.9 3.8 0.7 7.5 4.4 
8 . 6 I . 23 . ~4 : . 45 . o(, . . 68 . 29 I . 91 . 52 6. 8. 3. 6 0. 4 7. 2 .4· 0 

9 . 61 . 22 . s4 · . 45 . of> · . 6s l . 29 I . 90 . 51 6. s 3· 5 o. 2 6. 9 3· , 

8 IO 

II 

12 
13 
14 

8 15 
16 
17 
18 
19 

8 20 
21 
22 
23 
24 

8 25 
26 
27 
28 
29 

8 30 
31 
32 
33 
34 

g 35 
36 
37 
38 
39 

g 40 
41 
42 
43 
44 

8 45 
46 
47 
48 
49 

8 50 
51 
52 
53 
54 

30.61 
. 6I 
. 61 
. 6I 
. 61 

61. 22 91. S3 I 122. 44 153. 05 1S3. 67 i 214. 28 11· 244. 89 275. 50 1836. 7 367]. 3 5510. 0 7346. 6 9183. 3 
. 22 . 83 : . 44 • . 04 : . 66 . 27 . 88 · 49 6. 6 3· I 09. 8 6. 3 2. 9 
. 22 . 82 . 43 ' . 04 ' . 65 . 26 . 87 . 48 6. 5 3. 0 9· 5 6. 0 2. 5 
. 21 . 82 . 43 . Oj i , 65 . 25 . 86 · 46 6. 5 2. 8 9· 3 5· 7 2. I 

. 21 . 82 . 42 · . 03 . 64 . 24 I . 85 . 45 6. 4 z. 7 9. o 5. 4 1. i 

30.61: 61.21 
. 6o . 21 

. 21 .6o 
. 60 
.60 

30. 6o 
. 6o 
.6o 
.6o 
. 60 

30.6o 
. 59 
. 59 
·59 
.59 

.20 

.20 

61. 20 
.20 
.19 
.19 
. 19 

61. 18 
. 18 
. 18 
. 18 
. 17 

30. 59 61. 17 
. 59 . 17 
. 59 . lb 
. 58 . 16 
. 58 . 16 

30. 58 61. 15 
. i;8 .. 15 
. 5s . 15 
. 57 . 15 
. 57 ' . 14 

3°· 57 \ 61. 14 
. 57 I . 14 
. 57 : . 14 
. 57 . IJ 
. 57 i .. 13 

30. 57 I l>I. IJ 
. 56 i . 13 
. 56 l . IJ 
. 56 I • 12 
. 56 . 12 

61. I2 
. 12 
. II 

. II 

I 
gr. 81 

. 81 

. So 

. So 

. So 

122. 42: 1s3.02 
1 .. p: .. Cl! 

.. p ' .01 

I83. 63 21+ 23 ! 244. 83 275.44 1836. 3 3672. 5 5508. 8 7345· I 918r. 3 
. 62 . 23 . 82 . 43 6. 2 2. 4 8. 6 4· 8 0. ') 

,61 .22 .81 .42 6.I 2.2 8.4 4.5 0.5 
.40 .00 .6I .2I .8o .40 6.1 2.1 8.1 4.1 80.2 

.40 3.00; .60 .20 .79 .39 6.o 1.9 7.9 3.8 79.8 

91. 79 
. 79 
.79 
. 78 
.78 

122. 39 152. 99 I83. 59 214. 19 244.78 
.77 
.76 
.j5 
.74 

275.38 1835.9 3671.8 5507.7 7343.5 
. 39 : . 98 . 58 . 18 ·37 5.8 1.6 7.5 3.2 
. 38 I • 98 i 
. 38 ! • 9i ; 

. 57 . 17 .36 5.7 r.5 7.2 2.9 

. 57 . 16 .35 5.7 r.3 7.0 2.6 
. 37 . 97 : . 56 . 15 ·34 5.6 1.2 6.7 

91. ii 
. 77 
. i7 
.76 
.76 

122. 37 : 152. <j6 : 183. 55 214. 14 244.73 
.72 
. 71 
.70 
.69 

275.32 1835.5 367r.o 5506.5 
. 36 . . 95 · 54 I · 14 .31 5.4 o.8 6.3 
. 36 ' . <15 . 30 5. 3 0. 7 6. 0 

.29 5.3 0.5 5.8 
. 53 i . I3 
. 531 . 12 . 35 . 94. 

• 35 1 

• 94 I . 52 . I l . 28 5. 2 o. 4 5. 5 

91.76 I22.34 
. 75 . 34 
. 75 . 33 : 
. 74 . 33 
. 74 . 32 ; 

91. 74 122. 32 i 

· 73 ·JI , 
· 73 ·JI I 

. 72 . 30 I 

. 72 . 30 

91. 72 i 122. 2() 

. 71 i . 28 

. 71 . 28 
. 27 

91. 70 122. 26 ' 
. ti9 ' . 25 : 
. 69 . 
. 68 : 
68 . . I 

'25 
. 24 i 
. 24 

91. 67 ! 122. 23 
. 67 . 23 
. 67 : 
. 66 \ 

. 22 

• 22 

152. 93 : 183. 51 214.10 
. 09 
. 08 

.07 

.06 

244.68 
. 67 
.66 
. 65 
.64 

275.27 
.26 
. 25 
. 23 
.22 

. 92 . 50 

. 92 . 49 
· 9I I • 49 
.go I .48 

I 
152. 89 i 

. 89 : 

. 8S I 

. 87 I 

. S7 

. Sz f 

183.47 214.05 244.62 275.21 
.46 .04 .61 .20 

. 45 . 03 . 6o . 19 

: ll : ~: I : ~~ : : ~ 
183.43 214.00 244.57 275.15 

. 42 3· 99 . 56 . 14 

.41 .98 .55 . 12 
· 4I • 97 • 54 · 11 
. 40 . 96 . 53 . 10 

I83. 39 213. 95 244. 51 275. og 
.38 .95 .50 .07 

. 81 . 37 . 94 . 49 . o6 

. so I . 36 . 93 . 48 . 05 

.~i ·~ ·~ -~ ·~ 
! 

I 83. 35 213. 91 244. 46 I 275. 02 
·34 ·90 ·45 .or 
.33 .89 .44 5.00 

1835. I 

5.0 
4.9 
4.9 
4.8 

1834.7 
4.6 

4· s 1' 4. 5 
4.4 i 

1834.3 
4.2 
4.1 
4· I 
4.0 

I833.9 
3.8 
3.7 
3.6 
3.6 

I 
3670.2 

70.0 
69.9 
9.7 
9.6 

3669.4 
9.2 
9· I 
8.9 
8.8 

3668. 6 i 
8.4 
8.3 
8. I 

8.o 

3667.8 
7.6 
7.5 
7.3 
7.2 

55o5. 3 
5. I 

4.8 
4.6 
4.3 

55°4· 1 

3.9 
3.6 
3.4 
3· I 

5502.9 
2.7 
2.4 
2.2 
I. 9 

5501. 7 
I. 5 
I. 2 
I. 0 

o. 7 

2.3 
7342.0 

I. 7 
I. 4 
I. 0 

0. 7 

7340.4 
40. I 

39.8 
9·4 
9· I 

7338.8 
8.5 
8.2 
7.8 
M 

7337.2 
6.9 
6.6 
6.2 
5·9 

7335.6 
5.3 
4.9 
4.6 
4· 2 

7333·9 
3.6 

9I79.4 
9.0 
8.6 
S.3 
7.9 

9I]7.5 
7. I 

6.7 
6.3 
5. 9 

9175.5 
5· I 

4. 7 
4·3 
3.9 

9r73.5 
3. I 
2.7 
2.3 
J. 9 

9171.5 
I. I 
o. 7 

70. 3 
69.9 

9I6g.5 
9· I 
8. 7 
8.2 
7.8 

30. 56 
.56 
.56 
.55 
. 55 . II . 66 : . 21 

91. 651122. ZI 

I52. 79 
. ;8 
. 78 
. 77 
.76 

.33 .88 .43 4.98 

. 32 . 87 . 42 . 97 

1833.5 
3.4 
3.3 
3·3 
3. 2 

3667.0 
6.8 
6.6 
6.5 
6.3 

5500. 5 
o. 2 

5500. 0 

499. 7 
9· 5 

3·3 
2.9 
2.6 

9167.4 
7.0 
6.6 
6. I 

5-7 
30. 55 61. IO 

. 55 . IO . 65 . 20 . 30 . 85 . 39 . 95 
7332.3 

2.0 
9165.3 

4·9 
8 55 

56 
57 
58 
59 

8 6o 

· 55 •IO 
· 54 ·IO 

· 54 I .09 
30. 54 l 61. 09 

I 

. 641· . 20 

. 64 . 19 

. 64 . 19 
91. 63 i 122. 18 

i 

152. 75 
. 75 
.74 
.73 
.73 

152. 72 

183. 31 1213. 86 244. 40 274. 96 

·~ ·~ ·~ ·94 
. 28 . 8 3 . 37 • 92 
:28 .82 .36 .91 

183. 27 213. 81 ' 244. 35 274. 90 
i 

1833.1 
3.0 
2.9 
2.8 
2.8 

I832.7 

3666. I 

5.9 
5.8 
s. 6 
5.5 

3665.3 

5499.2 
9.0 
8.7 
8.5 
s. 2 

5498.0 

I. 6 
J. 3 
0.9 

7330.6 
i! ! 

9r63.3 
l 
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Latitude 8° to 9°-::'tleridional arcs. Latitude 8°-Co·ordinates of curvature. 

Lat. ·-----~--------·---------------~-----'-----.,..---------- -

a ue 0 1 latitude. latitude. Longitude. v V 1 f /1 1

1 

Sums of seconds for middle I! Value of 11 ! Sums of minutes for middle 

1--------1 1-----1----------1----------------1 

I 11 .1feters. I o I 

8. 00 

l 
2 

3 
4 

8 05 
6 
7 
8 
9 

8 IO 

lI 
~ 12 

13 
l4 

8 15 
16 
17 
18 
19 

8 20 
21 
22 

23 
24 

8 25 
26 
27 
28 
29 

8 30 
31 
32 
33 
34 

8 35 
36 
37 
38 
39 

8 40 
41 
42 
43 
44 

8 45 
46 
47 
48 
49 

8 50 
51 
52 
53 
54 

,8 55 
56 
57 
58 
59 

8 6:> 

.1Jfeters. 
30.719 

9 
9 
9 
9 

30.719 
9 
9 
9 

-9 

30. 719 
9 

19 
20 
0 

30.720 
0 

0 
0 
0 

30.720 
0 
0 

0 
0 

30.720 
0 
0 

0 

0 

30. 720 
0 

0 
0 

0 

30.720 
0 

0 
0 
0 

30.720 
0 

0 

0 

0 

30. 720 
0 
0 
0 
0 

30.720 
0 

0 
I 
l 

30.721 
J 

l 
J 
I 

30.721 

2 

3 
4 

5 
6 
7 
8 
9 

IO 

1 
2 

3 
4 

15 ! 
6 
7 
8 
9 

20 
I 
2 

3 
4 

25 
6 
7 
8 
9 

30 
I 

2 

3 
4 

35 
6 
7 
8 
9 

40 

2 

3 
4 

45 
6 
7 
8 
9 

50 
I 

2 

3 
4 

5~ 

~ 
~ 

30.72 
61. 44 
92. 16 

122.88 

153. 6o 
184.32 
215.04 
245.76 
276.48 

307.20 
337.92 
368.64 
399.36 
430.08 

460.80 
491. 52 
522.24 
552.96 
583.68 

614.40 
645. 12 
675.84 
706.56 
737.28 
768.00 
798.72 
829.44 
86o. 16 
890.88 

921. 60 
952.32 
983.04 

I 013. 76 
l 044. 48 
I 075. 20 
I 105. 92 

I 136. 64 
I 167. 36 
1198. 08 

I 228. 80 
l 259. 52 
I 290. 24 
I 320. 96 
l 351. 68 

I 382. 40 
I 413. 12 
l 443· 84 
l 474· 56 
I 505. 28 

I 536. 00 
I 566. 72 
I 597· 44 
I 628. 16 
l 658. 88 

I 689. 6o 
I 720. 32 
I 751. 04 
l 781. 76 
I 812. 48 
I 843. 20 

I 

I! 

ltfeters. 
1843. 15 

. 15 

. 15 

.16 

. 16 

1843. 16 
. 16 
. 16 
. 16 
.16 

1843.17 
. 17 
. 17 
. 17 
. 17 

1843. 17 
. 17 
. 18 
. 18 
.18 

1843. 18 
. 18 
. 18 
. 19 
.19 

1843. 19 
. 19 
. 19 
. 19 
. 19 

1843.20 
.20 
.20 
. 20 
• 20 

1843.20 
,20 

. 21 

• 21 
. 21 

1843.21 
• 21 

. 21 
• 22 
. 22 

1843.22 
. 22 
. 22 
• 22 
. 22 

1843. 23 
. 23 
. 23 
. 23 
. 23 

1843. :.i3 
. 24 
. 24 
. 24 
·24 

1843. 24 

1 ,Jfeter~. 

I I 843.2 
2 3 686. 3 
3 5 529. 5 
4 7 372. 6 

5 9 215.8 
6 II 058. 9 
7 12902.1 
8 14745.3 
9 16 588.4 

10 
1 

2 

3 
4 

15 
6 
7 
8 
9 

20 
I 

2 

3 
4 

25 
6 
7 
8 
9 

30 
1 

z 
3 
4 

35 
6 
7 
8 
9 

40 
I 
2 

3 
4 

45 
6 
7 
8 
9 

50 
I 
2 

3 
4 

55 
6 
7 
8 

~ 

18 431. 6 
20 274. 8 
22 u7.9 
23 96!. I 
25 So+ 3 

27 647. 4 
29 490. 6 
31 333· 8 
33 I/j.O 
35 020. 2 

36 863. 3 
38 7o6. s 
40 549· 7 
42 392 · 9 
44 236. I 

46 079. 3 
47 922. 5 
49 765. 6 
51608.8 
53 452. 0 

55 295. 2 

57 138. 4 
58 98!. 6 
6o 824. 8 
62 668.o 

64 511. 2 

66 354· 4 
68197.6 
70 040. 8 
71 884.0 

73 727. 2 

75 570. 4 
77 413. 6 
79 256. 8 
81 100. 1 

82 943· 3 
84 786. 5 
86 629. 7 
88 472. 9 
90 316. 2 

92 159. 4 
94 002. 6 
95 845. 9 
97 689. I 
99 532. 3 

101 375. 6 
103 218. 8 
105 062.0 
ro6 905. 3 
108 748. 5 
110 59r. 8 

o I 

0 I 
2 

3 
4 

0 5 
6 
7 
8 
9 

0 IO 

15 
20 

25 
30 

0 35 
40 
45 
50 
55 

I 00 

05 
IO 

15 
20 

l 25 
30 
35 
40 
45 

I 50 

55 
2 00 

3 00 
4 00 

5 00 
6 00 

7 00 
8 00 

9 00 

IO 00 

I I 00 
12 00 

13 ()() 
14 00 

15 00 
16 00 
17 00 
18 00 

19 00 

20 00 
21 00 
22 00 

23 ()() 
24 00 

25 00 
26 00 

27 00 
28 00 

z9 oo 
30 {)() 

Jlfeters. 

I 8,7. 4 
3 674. 8 
5 512. 2 

7 349· 6 

9 lbi.0 
II 02.f. 4 
12 SG1. 9 
14 099. 3 
16 536. 7 

18 374· I 
2/ 561. I 
36 748. 2 

45 935. 2 
55 122. 3 

64 309. 3 
73 496. 4 
82 683. 4 
91 870. 4 

IOI 057. 5 

I IO 244. 5 
I 19 431. 5 
128 618. 5 
137 805. 5 
146 992. 5 

156 179. 5 
165 366. 5 
174553.4 
183 740. 4 
192 927. 4 

202 I 14. 3 
211 301.3 
220 488 
33° 73° 
440 971 

551 209 
661 444 
771 675 
881 901 
992 122 

I 102 33i 
I 212 546 
I 322 i4i 
I 432 940 
l 543 126 

I 653 302 

l 763 469 
1 873 626 
I 983 771 
2 093 904 

2 204 024 
2 314 131 
2 424 225 
2 534 305 
2 644 370 

2 754 420 
2 864 454 
2 974 470 
3 o84 468 
3 194 449 
3 304 411 

Meters. 

0. I 

0.3 
o.6 

0.9 
I. 3 
!. s 
2. 4 
3.0 

3.7 
8.4 

14.9 
~' ' ... .). -
33· 5 

45. 6 
59· 5 
75.3 
93.o 

!12. 5 

133.9 
157. I 
182.2 
209.2 
238.0 

268.7 
301. 3 
335.7 
37I· 9 
410.0 

450.0 
491. 9 
536 

I 205 
2 142 

3 347 
4 820 
6 561 
8 569 

IO 845 

13 389 
16 200 

19 2 79 
22 626 
26 240 

30 123 
34 274 
38 692 
43 378 
48 330 

53 548 
59 034 
64 789 
70 Sii 
7'7 JOI 

83 658 
90 482 
97 573 

104 932 
U2 558 
120 451 
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Latitude 9° to I0°-Arcs of the parallel in meters. 

I 
Lat. 1" 2" 3" 4" 511 6" 7" 8" 9" 1' 2' 

I 
!V 4/ !V 

I 1---
I 

0 i 

9 00 30. 54 . 61. 09 ! 91. 63 122. 18 152. 72 183. 27 213. 81 244.35 274.C)O 1832.7 3665. 3 I 5498.o 733o.6 9163.3 
l . 54 • .09 . 63 . l 7 . 71 .26 . 8o . 34 .89 2.6 5· l I 7. 7 30.3 2.9 
2 . 54 ' .08 . 62 · l 7 . 71 . 25 .79 . 33 . 87 2.5 5.0 7. 5 29·9 2.4 
3 .54 .08 . 62 . 16 .70 . 24 .78 .32 .86 2.4 4.8 7.2 9.6 2.0 
4 .54 . 08 . 61 . 16 .69 . 23 . 77 . 31 . 85 2.3 4. 7 7.0 9.2 !. 5 

9 05 30. 54 ' 61. 07 9r. 61 122. 15 152.68 183. 22 213.76 244.29 274.83 1832.2 3664.5 5496.7 7328.9 9161. I 

6 . 53 .07 . 61 . 14 . 68 . 21 . 75 .28 . 82 2. l 4.3 6.4 8.6 o. 7 
7 . 53 .07 . 6o . 14 . 67 . 21 . 74 . 27 .81 2. I 4· I 6.2 8.2 6o.3 
8 . 53 .07 . 6o . 13 . 66 . 20 . 73 . 26 .So 2.0 4.0 5. 9 7. 9 $9·8 
9 ·53 .06 . 59 . 13 . 66 ! . 19 . 72 . 25 .78 I. 9 3.8 5.7 7-5 9.4 

9 IO 3o.53 61. 06 91. 59 122. I2 I52. o5 I 183. 18 213.71 244.24 274.77 1831. 8 3663.6 5495.4 7327. 2 9159.0 
II . 53 .o6 .59 . II .64: . 17 .70 . 23 .76 I. 7 3.4 5. I 6.9 8.6 
12 .53 . 05 .58 . II .64 I . 16 . 69 . 22 .74 I. 6 3·3 4.9 6.5 8.2 
13 .53 .05 . 58 .IO . 63 ' . 15 . 68 . 21 . 73 I. 5 3. I 4.6 6.2 7. i 
14 . 53 ; .05 . 57 .IO . 62 . 15 . 67 .20 .72 I. 5 3.0 4·4 5.8 7-3 

9 15 30. 53 . 61. 04 91. 57 122. 09 152.61 183. 14 213.66 244. 18 274. jO 1831. 4 3662.8 5494· l 7325.5 9156.9 
16 .52 .04 . 57 .08 .61 . 13 . 65 . 17 . 69 I. 3 2. 6 I 3.8 5.2 6.5 
17 . 52 .04 .56 .08 .6o . 12 .64 . 16 .68 I. 2 2.4 i 3.6 4.8 6.o 
18 .52 .04 . 56 ! . 07 .59 . II .63 . 15 . 67 l. I 2.3 3.3 4.5 5.6 
19 . 52 .03 . 55 .07 .59 . IO . 62 . 14 . 65 1.0, 2. I 3· I 4• I 5· I 

9 20 30. 52 ' 61. 03 91. 55 : 122.06 152.58 183. 09 213.61 244· 13 274.64 1830.9 J 3661. 9 5492.8 7323.8 9154.7 
21 . 52 : .03 . 54 ' .05 .57 .08 .6o .12 . 63 o.8 I. 7 2. 5 3·4 4. 3 
22 . 52 : .02 . 54 i .05 .57 . 07 .59 . II . 61 o. 7 I. 5 2.3 3· I 3.8 
23 . 51 .02 .53 .04 .56 . 07 .58 .og .6o o. 7 1.4 2,0 2.7 3.4 
24 . 51 . 02 .53 .04 · 55 . 06 .57 .08 .59 o.6 I. 2 I. 8 2.4 2.9 

9 25 30.51 61.01 91. 53 122.03 152.54 183.05 213.56 244.07 274.57 1830. 5 I 366r. 0 i 549r. s j 7322.0 9152.5 
26 . 51 . OI . 52 .02 .54 . 04 .55 .o6 .56 0.4 I o.8 I I. 2 !. 7 2. I 

27 . 51 .01 .52 .02 .53 . 03 .54 .05 . 55 0.3 I o.6 I.0 !. 3 I. 6 
28 .50 .01 . 51 .OI . 52 . 03 .53 .03 .54 o. 3 ! 0.5 0. 7 !. 0 I. 2 
29 .50 .00 . 51 .01 .52 .02 .52 .02 .52 0.2: 0.3 0.5 o.6 0. 7 

: 61.00 152.51 183.01 213.51 244.01 274.51 1830.1 366o. I 5490. 2 7320.3 9150. 3 9 30 30. 50 91. 50 122. 00 
• 31 .50 I. 00 .50 I. 99 .50 3.00 .50 4.00 .50 30.0 59.9 89.9 19.9 49.9 

32 .50 0.99 . 49 .99 .49 2-99 .49 3.99 .48 29.9 9.7 9. 7 9.6 9.4 
33 .50 ·99 . 49 . 98 .49. . 98 .48 ·97 .47 9.8 9.6 9·4 9· 2 9.0 
34 .50 .99 . 48 .98 .48 . 97 .47 .96 .46 9.7 9.4 9.2 8.9 8.5 

9 35 JO. 50 60.98 9r. 48 121. 97 152.47 182.96 213.46 243.95 274.44 1829.6 3659.2 5488.9 7318.5 9148. I 

36 . 49 . 98 . 48 .96 .46 . 96 .44 .94 .43 9.6 9.0 8.6 8.1 7.7 
37 . 49 . 98 . 47 .96 ·45 . 95 ·43 . 93 . 42 9· s 8.9 8.3 7.8 7.2 
38 . 49 .98 . 47 . 95 .45 . 94 .42 . 91 . 41 9.4 8. 7 8. I 7.4 6.8 
39 . 49 : . 97 . 46 . 95 ·44 . 93 .41 .go . 39 9·3 8.6 7.8 7. I 6. 3 

9 40 30.49 ' 6o.97 i 91. 46 121. 94 152.43 182.92 213.40 243.89 274.38 1829.2 3658.4 5487.5 73x6.7 91459 
41 .49 . 97 . 45 . 93 .42 . 91 .39 .88 . 37 9· I 8.2 7.2 6.3 5.4 
42 . 49 . 96: . 45 ·93 .42 . 90 . 38 . 87 ·35 9.0 8.o 7. 6.o 5.0 
43 . 48 . 96 i . 45 .92 .41 . 89 . 37 . 85 . 34 8.9 7.8 6.7 5.6 4· 5 
44 . 48 . 96 . 44 . 92 .40 . 88 . 36 .84 . 32 8.8 • 7.6 6.5 5.3 4.1 

9 45 30. 48 ' 6o. 95 91. 44 121. 91 152.39 182.87 213.35 243.83 274.31 1828. 1 j 3657.4 5486.2 7314.9 9143.6 
46 . 48 . 95 . 43 .go .39 . 86 . 34 . 82 . 30 8.6 7.2 5·9 4. 5 3. I 

47 . 48 ' . 95 . 43 .90 . 38 . 85 . 33 . 81 . 28 8. 5 ' 7.0 5.6 4. 2 2.7 
48 . 47 ·95 . 42 . .89 . 37 . 85 . 32 ' . 79 i . 27 8. 5 ' 6.9 5.4 3.8 2.2 
49 . 47 .94 . 42 .Sg . 37 . 84 . 31 . 78 ! . 25 8.4' 6.7 5. I 3.5 I. 8 

9 50 30.47 6o.94 91. 41 121. 88 152.36 182.83 213.30 243. 77 274. 24 1828. 3 : 3656. 5 5484.8 7313. I 9141. 3 
51 .47 .94 .41 . 87 . 35 . 82 . 29 .76 . 23 8.2 6.3 4. 5 2.7 o.8 
52 .47 ·93 .40 . 87 ·34 . 81 . 28 . 75 . 21 8. I 6. I 4. 2 2.3 40.4 
53 .47 . 93 .40 . 86 34 . 8o . 27 . 73 .20 8.o 6.o 4.0 2.0 39.9 
54 . 47 . 93 . 39 .86 . 33 ·79 .26 .72 . 18 7·9 5.8 3.7 I. 6 9.5 

9 55 30.47 6o.92 91. 39 12l. 85 152.32 182.78 213.25 243. 71 274. 17 1827.8 3655.6 5483.4 7311. 2 9139.0 
56 .46 .92 ·39 .84 .31 . 77 . 23 .70 . 16 7. 7 5.4 3· I o.8 8.5 
57 .46 . 92 .38 .84 . 30 . 76 . 22 .69 '14 7.6 5.2 2.8 o. 5 8. I 

58 .46 . 92 . 38 .83 .30 . 75 • 21 .67 . 13 7-5 S· I 2.6 10. l 7.6 
59 .46 . 91 . 37 . 831 . 29 .74 .20 .66 . II 7.4 4.9 2.3 09.8 7. 2. 

9 6o 30.46 6o. 91 91. 37 121. 82 152. 28 ! 182. 73 213. 19 243. 65 274. IO 1827. 3654.7 5482.0 7309·4 9lJ6.7 
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I Latitude 9° to 10°-Meridional arcs. Latitude 9°-Co-ordinates of curvature. 

1 
Lat. i 

i 

Value of 1" 
Sums of seconds for middle Value of 1' 

Sums of minutes for middle Longitude. x i y 
latitude. latitude. I I 

I I 

I 
I 

0 I Meters. II I llfeters. Meters. I I Meters. 0 I llfeters. frfeters. 
I 

I 9 00 30.721 1843.24 
I I I 30.72 . 25 I I 843. 2 0 I i 

I 832. 6 i 2 I 2 6r. 44 . 25 2 3 686. 5 2 I 3 665. 3 0.2 

3 I 3 92. 16 . 25 3 5 529. 7 3 ' 5 498. 0 I 0.4 

4 I 4 12:2. 89 . 25 4 7 373· 0 4 7 33o. 6 I 0.7 

9 05 30.721 5 153.61 1843.25 5 9 216. 2 0 5 9 163. 3 I I. 0 
6 I 6 184. 33 . 25 6 II 059. 5 6 IO 995· 9 

I 
I. 5 

7 I 7 2I5.05 .26 7 I2 902. 8 7 I 12 828. 6 2.0 
8 I 8 245.77 .26 8 14 746. 0 8 

I 
I4 661. 2 2.7 

9 I 9 276.49 . 26 9 16 589. 3 9 I6 493· 9 I 3.4 

9 10 30.721 IO 307.22 1843.26 IO 18 432. 5 0 IO 

I 
18 326. 5 I 4.2 I 

II I I 337.94 . 26 I 20 275. 8 15 27 489. 8 

I 
9.4 

12 I 2 368.66 .26 2 22 119. I 20 36 65J. I 16.7 
13 I 3 399.38 . 27 3 23 962. 3 25 45 816. 4 26.1 

14 I 4 430. 10 . 27 4 25 So5. 6 30 54 979· 6 I 37.5 
I 

I 9 15 30.721 15 46o.82 1843.27 15 27 648. 9 0 35 64 142.9 I 51. l 

16 I 6 491. 55 . 27 6 29 492. I 40 73 306.2 I 66.7 

7 31 335·.4 
I 

82 469.4 84.4 17 I 522. 27 . 27 7 45 I 

18 l 8 552.99 . 28 8 33 178. 7 50 I 
91 632. 7 

I 
104.2 

I9 I 9 583. 71 . 28 9 35 022. 0 55 100 795· 9 126. l 

9 20 30.72I 20 614.43 1843.28 20 36 865. 3 I 00 !09 959· 2 ljO. I 
I 

21 l I 645. 15 .28 I 3s 10s. s• 05 1!9122.4 •I 176.2 
22 I 2 675. 88 . 28 2 40551.8 IO 128 285. 6 204.3 
23 l 3 7o6. 6o . 28 3 42 395· I 15 137 448. 9 234.6 
24 I 4 737.32 .29 4 44 238. 4 20 146 612. I 266.9 

9 25 30.721 25 768.04 1843.29 25 46 o8r. 7 I 25 155 775. 3 301. 3 
26 I 6 798.76 . 29 6 47 925. 0 30 164 938. 5 337.8 
27 2 7 829.48 . 29 7 49 768. 3 35 174 IOI. 7 376.3 
28 2 8 860.21 . 29 8 51 6II. 5 40 183 264. 8 417. 0 

29 2 9 890.93 . 29 9 53 454· 8 45 192 428. 0 459.7 

9 30 30.722 30 921. 65 1843.30 30 55 298. I I 50 201 591. 2 504.5 
31 2 I 952.37 .30 l 57 141. 4 55 210 754· 3 551.4 
32 2 2 983.09 .30 2 58 984. 7 2 00 219 917 6ro 

33 2 3 I 013. 81 . 30 3 6o 828. 0 3 00 329 874 l 351 

34 2 4 I 044. 53 .30 4 62 671-. 3 4 00 439 828 2402 

9 35 30.722 35 I 075. 26 1843.31 35 64 514. 6 5 00 549 779 3 753 
36 2 6 I 105. 98 •JI 6 66 357· 9 6 00 659 726 5 404 
37 2 7 I 136. 70 .31 7 68 201. 2 7 00 769 668 7 355 
38 2 8 I 167. 42 . 31 8 70 044. 6 8 00 879 6o4 9 6o7 

39 2 9 I 198. 14 .31 9 71 887. 9 i) 00 989 534 12 158 

9 40 30.722 40 I 228. 86 18{3.31 40 73 731. 2 10 00 I 099 456 15 OIO 

41 2 I I 259. 59 .32 I 75 574. 5 II ()() I 209 370 18 162 

42 2 2 I 2gD. 31 .32 2 77 417. 8 12 00 I 319 275 21 614 

43 ·2 3 I 321. 03 .32 3 79 261. I 13 ()() I 429 171 25 367 

44 2 4 I. I 351 · 75 .32 4 8I 104. 5 14 00 I 539 o55 29 419 

9 45 30.722 45 1 382. 47 1843.32 45 82 947. 8 15 00 I 648 928 33 770 
46 2 6 I 413. 19 .33 6 84 791. I 16 00 I 758 789 38 422 

47 2 7 I 443· 92 . 33 7 86 634. 4 17 00 I 868 637 43 374 

48 2 8 I 474· 64 . 33 8 88 477. 8 18 00 I 978 471 48 626 

49 2 9 I 505. 36 .33 9 go 321. I 19 00 2 088 289 54 178 

9 50 30.722 50 I 536. o8 18{3.33 50 92 164. 4 20 00 2 198 093 6oo29 

51 2 I I 566. 8o .33 I 94 007. 7 21 00 2 307 88o 66 18o 

52 2 2 J 597. 52 ·34 2 95 851. I 22 00 2 417 650 72 631 

53 2 3 I 628. 25 .34 3 97 6g4. 4 23 ()() 2 527 402 79 382 

54 2 4 J 658. 97 ·34 4 99 537· 8 24 00 2 637 136 86 433 

9 SS 30.722 55 I 689. 6g 1843. 34 SA IOI 381. 1 25 00 2 746 848 93 783 

56 2 6. J 720.41 ·34 103 224.4 z6 00 2 856 541 IOI 432 

57 2 7 I 751. 13 .35 . 7 105 o67. 8 27 00 2 966 213 109 381 

58 2 8 J 181. 8§ .35 8 to6 911. I 28 00 3 075 862 117 629 

~ 
2 9 

I 
I 12. 5 .35 9 1o8 75+4 29 00 3 185 488 126 177 

9 JO. 723 6o 1843.JO 1843.35 6o IIO 597· 8 30 00 3 295 091 135 024 

H.Ex.43-21 



 

162 UNITED STATES CO.AST AND GEODETIC SURVEY. 

Latitude !0° to u 0 -Arcs of the parallel in meters. 

Lat. 111 
! ' ' I I 

1' 21 
2" ! 8" 4

11 

Ii 5" I 6" 7" ~'1 D" 

1---0-/--t---·1-·--i---~·-i------i---

1827. 3 I 
7. 2 
7. l 

7· I 
7.0 

10 00 

2 

3 
4 

10 05 
6 
7 
8 
9 

JO JO 

II 
12 

I3 
14 

JO J5 
16 
17 
18 
19 

JO 20 
21 
22 
23 
24 

JO 25 
26 
27 
28 
29 

JO 30 
31 
32 
33 
34 

IO 35 
36 
37 
38 
39 

10 40 
41 
42 
43 
44 

IO 45 
46 
47 
48 
49 

IO 50 
51 
52 
53 
S4 

JO SS 
56 
57 
58 
59 

IO 6o 

30.46 
.46 
.46 
.45 
.45 

30.45 
.45 
.45 
.44 
.44 

30.44 
.44 
·44 
.43 
·43 

30.43 
. 43 
·43 
.42 I 

.42 

30.42 
.42 
.42 
.42 
.42 

30.42 
.41 
.41 
.41 
. 41 

30.41 
.41 
. 41 
.40 
.40 

30.40 
.40 
.40 
·39 
. 39 

30.39 
. 39 
. 39 
. 38 
. 38 

30.38 
. 38 
. 38 
. 37 
. 37 

:p.37 
. 37 
. 37 
.37 
. 37 

30.37 
.36 
.36 
.36 
.36 

30.36 

6o. 9l 91. 37 121. 82 I 152. 28 182. 73 213. l9 243. 65 274. IO 
.91 .36 .81 .27 .72 .r8 .64 .09 
·90 .36 .81 .26 .71 .171 .62 .07 
.90 .35 .8o .:ro .. 71 .r6 .6r .o6 
. 90 . 35 . 8o . 25 . 70 . 15 . 6o . 04 

6o. 89 91. 34 121. 79 152. 24 182. 69 213. 13 ,, 243· 58 274. 03 
.89 .34 .78 .23 .68 .12 .57 .02 
. 89 . 33 . 78 . 22 . 67 . II I . 56 4. 00 

. 8g • 33 I . n . 22 . 66 . 10 . 55 3· 99 

.88 .33 .77 .21 .65 .09 .53 .97 

6o. 88 91. 32 121. 76 152. 20 182. 64 213. 08 243. 52 j 273. g6 
. 88 . 32 . 75 . 19 . 63 . 07 . 51 • 95 
. 87 . 31 . 75 . 18 I . 62 I • o6 . 50 . 93 
.87 .31 .74 . 18 .61 .05 .48 .92 
. 87 . 30 . 74 . 17 . 6o . 04 . 47 . 90 

6o. 86 91. 30 12!. 73 152. 16 182. 59 213. 02 243· 46 273. 8g 
. 86 . 29 . 72 . 15 . 58 . 01 . 45 · 88 
• 86 • 29 . 72 . 14 . 57 3· 00 • 44 . 86 
.86 .28 .71 .14 .57 2.99 .42 .85 
.85 .28 .71 .13 .56 .98 .41 .83 

6o.83 
.83 
.83 
.83 
.82 

6o.82 
.82 
• 81 
. Sr 
.8o 

6o.8o 
.So 
.79 
.79 
.78 

6o.78 
.78 
. 77 
• 77 
. 77 

6o.76 
.76 
.76 
.76 
. 75 

6o.75 
. 75 
.74 
. 74 
.74 

6o.73 
.73 
.73 
.73 
• 72 

6o.72 

91. 27 
. 27 
.26 
. 26 
. 25 

9I. 25 
. 24 
.24 
. 23 
. 23 

91. 22 
• 22 

. 21 

. 21 
• 20 

91. 20 

. 19 

. 19 

. 18 

. 18 

91. 17 
. 17 
. 16 
. 16 
. 15 

91. 15 
. 14 
. 14 
. 13 
. 13 

91. 12 
. 12 
. II 

'II 
.10 

91. 10 

.09 
·09 
.o8 
.oS 

9I.07 

• I?J. 70 
.69 
.691 

152. 12 182. 55 212.97 
.96 
. 95 
·94 
. 93 

·II I · 54 

.681 
• IO • 53 
.IO 

. 67 ·09 

121. 671 152. o8 
. 66 .07 
. 65 .o6 
. 64 .o6 
. 64 .05 

121.63 
. 62 
.62 
. 61 
. 61 

121(.0 

. '9 
S9 

. sS 

. 5S 

152.04 
.03' 
.02 
.02 
.or 

152. 00 

I. 99 
. 98 
. 98 
. 97 

121. 57 151.96 
. 56 . 95 
. 56 . 94 
. 55 i . 93 
. 54 I .92 

121. 531 15!. 91 
. 53 .91 
. 52 .go 
. 51 . 89 
. 51 . 88 

121. 50 
.49 
.49 
,48 
• 47 

121. 47 
.46 
.45 
.44 
.44 

121.43 

151.87 
.86 
.85 I 

. 85 

.84 

151. 83 
.82 
.Sr 
.81 
.8o 

rp. 79 

.52 

. 51 

182. 50 
. 49 
. 48 
.47 
.46 

212.91 
.go 
. 89 
. 88 
. 87 

182. 45 212. 86 
.44 . 85 
.43 .84 
. 42 . 82 
.41 . 81 

182. 40 I 212. 8o 
·39 . 79 
. 38 . 78 
. 37 . 76 
.36 . 75 

182.35 
.34 
·33 
.32 I 
• 31 I 

182.30 
.29 
. 28 
. 27 
.26 

182.25 
.24 
.23 
.22 
.21 

182. 20 

. 19 

.18 
• I'] 
.16 

182. 15 

212. 74 
.73 
.72 
.70 
.6g' 

2IZ. 68 
. 67 
.66 
.64 
.63 

212.62 
'61 
.6o 
• 59 
.58 

212.56 
.55 
·54 
.53 
.52 

212.51 

243.40 
·39 
.37 
.36 
.34 

243.33 
.32 
.30 
. 29 
. 27 

243.26 
. 25 
. 23 
• 22 

. 21 

243.20 
. 18 
.17 
. 16 
.14 . 

243· 13 
. 12 
• IO 

.og 

.o8 

243.o6 
.05 
.04 
.03 
•OJ 

243.00 
2.99 
.97 
.g6 
·94 

242·93 
.92 

:~ 
.87 

2.42· 86 

273.82 
.81 
. 79 
.78 
.76 

273.75 
. 73 
. 72 
,70 
.69 

273.67 
.66 
.64 
. 63 
. 61 

27J. 6o 
.58 
. 57 
. 55 
. 54 

273.52 
.51 
·49 
.48 
.46 

273.45 
.43 
.42 
.40 
·39 

273.37 
.36 
·34 
• 33 
. 31 

273.3o 
.28 
.27 
. 25 
·24 

273.22 

1826.9 
6.8 
6.7 
6.6 
6.5 

1826.4 
6.3 
6.2 
6. I 
6.o 

1825. 9 
5.8 
5.7 
5.7 
5.6 

1825.5 
5.4 
5.3 
5.2 
5. I 

1825. 0 

4.9 
4.8 
4.7 
4.6 

18z4.5 
4.4 
4.3 
4.2 
4· I 

1824. 0 

3.9 
3.8 
3.7 
3.6 

1823.5 
3.4 
3.3 
3.2 
3· l 

1823. 0 

2.9 
2.8 
2. 7 
2.6 

1822.5 
2.4 
2.3 
2. 2 
2. I 

1822.0 
I. 9 
1. 8 
I. 7 
J. 6 

1821. 5 

3654.7 
4.5 
4·3 
4· I 
3.9 

3653.7 
. 3· 5 

3.3 
3.2 
3.0 

3652.8 
2.6 
2.4 
2.3 
2. I 

365i.9 
I. 7 
I. 5 
I. 3 
I. I 

3650.9 
0.7 
0.5 
0.3 

50.1 
3649.9 

9.7 
9.5 
9.4 
9.2 

3649.0 
8.8 
8.6 
8.4 
S.2 

3648.0 
7.8 
7.6 
7.4 
7.2 

3647. 0 
6.8 
6.6 ! 

6.4 
6.~ 

3646.0 
5.8 
5.6 
5.4 
5.2 

3645.0 
4.8 
4.6 
4.4 
4.2 

36{+0 
3.8 
3· 6 
3.4 
3.2 

364~. 0 

31 

5482.0 
r. 7 
I. 4 
I. 2 

0.9 

5{8o.6 
0.3 

So.o 
79.8 
9.5 

5479.2 
8.9 
8.6 
8.4 
8. I 

54n.8 
7. 5 

·7.2 
7.0 
6. 7 

5476.4 
6. I 
5.8 
5.5 
5.2 

5474.9 
4.6 
4.3 
4.0 
3.7 

5473.4 
3.1 
2.8 
2.6 
2.3 

5472.0 
I. 7 
I.4 
I, I 
o.8 

5470.5 
70.2 
69.9 
9.6 
9.3 

546g.o 
8.7 
8.4 
8. I 

7.8 

5467.5 
7. 2 
6.9 
6.6 
6.3 

5466.0 
5.7 
5.4 
5.0 
4.7 

546+4 

(1 

7309.4 
9.0 
8.6 
8.3 
7· 9 I 

7307.5 
7. I 
6.7 
6.4 
6.o, 

7305. 61 
5. 2 
4.8 
4,5 
4- I 

7303.7 
3.3 
2.9 
2.6 
2.2 

7301. 8 
r.4 
I.0 

o. 7 
300.3 

7299.9 
9.5 
9. J 

8.7 
8.3 

7297.9 
7.5 
7. J 
6.7 
6.3 

7295.9 
5.5 
5. I 
4.8 
4.4 

7294.0 
3.6 
3.2 
2.8 
2.4 

7292.0 
x.6 
I. 2 

o.8 
0.4 

7290.0 
8g.6 
9· 2 
8.7 
8.3 

7287.9 
7.5 
7.1 
6.7 
6.3 

7285.9 

51 

9136.7 
6. 2 

5.8 
5.3 
4·9 

9134.4 
3.9 
3.4 
3.0 
2.5 

9132.0 
I. 5 
I.O 

o.6 
30.1 

9129.6 
9. I 

8.7 
8.2 
7.8 

9127.3 
6.8 
6.3 
5.8 
5.3 

9124.8 
4.3 
3.8 
3.4 
2.9 

9122.4 
I. 9 
1.4 
0.9 

20.4 

9u9. 9 
9·4 
8.9 
8.5 
8.o 

9117. s 
7.0 
6.5 
6.o 
5.5 

9n5.o 
4. 5 
4.0 
3.5 
3.0 

9112. 5 
2.0 
I. 5 
0.9 

10.4 

9109.9 
9.4 
8.9 
8.4 
7·9 

9107.4 



 

Lat. 

o I 

JO 00 

2 

3 
4 

IO 05 
6 

7 
8 
9 

10 JO 

2 

3 
4 

IO I5 
6 
7 
8 
9 

IO 20 

2 

3 
4 

JO 25 
6 
7 
8 
9 

IO 30 
I 
2 

3 
4 

10 3~ 

i 
9 

10 40 
I 

2 

3 
4 

10 45 
6 

i 
9 

IO 50 
I 
2 

3 
4 

IO Si 
~ 

IO ~ 
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Latitude 10° to 11°-Meridional arcs. Latitude 10°-Co-ordinates of currnture. 

1--------------------------------1-------------------~-~,---

Value of 111 I Sums of secl'.nds for middle 

1 

Value of 1 , 

Mtfff'S. 
30.723 

3 
3 
3 
3 

30.723 
3 
3 
3 
3 

30.723 
3 
3 
3 
3 

30.723 
.3 
3 
3 
3 

30.723 
3 
3 
3 
3 

30.723 
3 
3 
3 
3 

30.723 
3 
4 
4 
4 

3o.724 
4 
4 
4 
4 

30.724 
4 
4 
4 
4 

30.724 
4 
4 
4 
4 

30.724 
4 
4 
4 
4 

30-724 
4 
4 
4 
4 

30.724 

II 

I 

2 

3 
4 

~ 
7 
8 
9 

JO 

2 

3 
4 

15 

~ I 
8 
9 

20 

I 
2 

3 
4 

25 
6 
7 
8 
9 

30 
I 
2 

3 
4 

3~ 

k 
9 

40 
I 
2 

~-I 
45 

6 
7 
8 
9 

50 
J 
z 
3 
4 

Si 

~ 
~ 

latitude. 
Sums of minutes for middle 

latitude. Longitude. x y 

JI;,~~:.<. --- ll--Ml.-e-te_rs_. --4--,-~--ll;-fe-te_r_s_--~l--o-- ,--1 ~=--: fifet-::-

30.72 
61. 45 
92. 17 

122.89 

153.62 
184.34 
215.06 
245.79 
276.51 

307.23 
337.96 
368.68 
399.4J 
430. 13 

46o.85 
491.58 
522.30 
553.02 
583.75 

614.47 
645.19 
675.92 

7o6.64 
737.36 

768.09 
798.81 
829.53 
86o.26 
890.98 

921.70 
952.43 
983. 15 

I 013, 87 
I 044- 6o 

I 075. 32 
I 100. 05 
I 136, 77 
I 167. 49 
I lg8. 22 

I 228. 94 
I 259. 66 
I 290. 39 
l 321. II 

I 351. 83 

I 382. S6 
I 413. 28 
I 444.00 
I 474· 73 
l 505. 45 

l 536. 17 
J 566. 90 
I 597· 62 
I 6:28. 34 
I 659. 07 

I 68g. 79 
I 720, 51 
175I.24 
l 781. g6 
I 812.69 
I 843.~ 

1843. 35 
. 35 
. 35 
. 36 
. 36 

184J. 36 
.36 
. 36 
. 37 
. 37 

1843.37 
. 37 
. 37 
. 38 
. 38 

I843.38 
. 38 
. 38 
·39 
.39 

I843.39 
·39 
.39 
.40 
.40 

1843.40 
.40 
.40 
.41 
.41 

I843.41 
.41 
.41 
.41 
.42 

i843.42 
.42 
.42 
.42 
.43 

i343.43 
·43 
.43 
·43 
.44 

1843.44 
.44 
.44 
.44 
.45 

I843.45 
.45 
.45 
·45 
.46 

1843.46 
.46 
.46 
.46 
.47 

I84J. 4:7 

J I 843.4 
2 3 686. 7 
3 5 530. I 

4 7 373. 4 
5 9 216.8 
6 II o6o. I 

7 12 903·5 
8 14 746.9 
9 16 590· 2 

IO J8 433· 6 
I 20 277.0 
2 22 120.4 
3 23 963. 7 
4 25 8o7. J 

15 27 650. 5 
6 29 493.9 
7 31 337-3 
8 33 18o, 7 
9 35 024.0 

20 
I 
2 

3 
4 

25 
6 
7 
8 
9 

30 
J 
2 

3 
4 

35 
6 
7 
8 
9 

40 
I 

2 

3 
4 

45 
6 

~ 
9 

so 
1 
z 
3 
4 

. 5~ 
7 
8 

~ 

36 867. 4 
38 710.8 
40 554- 2 

42 397. 6 
44 24!· 0 

46 084. 4 
47 927.8 
49 771. 2 
51 614. 6 
53 458.0 

55 301. 4 
57 144. 8 
58 988. 2 
6o 831. 6 
62 675. 0 

64518.5 
66 361. 9 
68 205. 3 
70 048. 7 
71 892. 2 

73 735. 6 
75 579. 0 

77 422.4 
79 265. 9 
81 109. 3 

82 952. 7 
84 796. 2 

86 639.6 
88 483. I 
90 326. 5 

92 170.0 
94013.4 
95 856.9 
97 700·3 
99 543. 8 

101387.2 
103 230. 7 
105 074. l 
ro6 917. 6 
Jo8 761. I 
no1io4.5 

0 I 

2 ! 
3 I 
4 

0 5 
6 
7 
8 
9 

0 10 
15 
20 

. 25 
30 

0 35 
40 
45 
50 
55 

I 00 

05 
10 
15 
20 

I 25 
30 
35 
40 
45 

I 50 
55 

2 00 

3 ()() 
4 00 

5 00 
6 00 
7 00 
8 00 

9 ()() 

10 00 

ll 00 

12 00 

13 00 

14 00 

15 ()() 
16 ()() 
17 00 
18 00 
19 ()() 

20 00 
21 00 
22 00 
23 00 
24 ()() 

25 ()() 
26 00 
27 ()() 
28 00 

29 00 

30 00 

I 827. J 
3 654. 7 
5 482.0 
7 309. 4 ! 

9 136. 7 
IO 964. I I 

12 791. 4 
14 618. 7 
16446.1 

18 273. 4 
27 410. 2 

36 546. 9 
45 683. 6 
54 820. 3 

63 957- 0 

73 093· 7 
82 230.4 
91367.1 

100 503. 8 

109 640. 5 
118 777. 2 

127913.9 
137 050. 5 
i46 187. 2 

155 323. 8 
164 46o. 5 
173 597· I 
i82 733· 7 
191870.3 

201 oo6.9 
210 143. 5 
219 28o 
328 917 
438 552 

548 182 
657 8o8 
767 427 
877 040 
986 644 

I og6 239 
I 205 824 
I 315 398 
I 424 96o 
I 534 509 

l 644 044 
l 753 564 
I 863 o67 
I 972 554 
2 082 022 

2 191 471 
2 300 goo 
2 410 308 
2 519 694 
2 629 057 

2 738 395 
2 847 709 
2 956 996 
3 o66 256 
3 175 488 
3 28f 6go 

0.2 

0.4 
o. 7 

I. 2 

I. 7 
2.3 
3.0 
3.7 

I0.4 
18. 5 
28.8 
41. 5 

I 

I 

56.5 
13. s I 
93.5 

115.4 
139.6 

!66. I 
195.0 
226. I 

259.6 
295.4 

333.4 
373.8 
416.5 
461. 5 
508.8 

558.4 
610.3 
665 

I 495 
2 658 

4 154 
5 981 
8 J40 

IO 632 
13 457 

16 614 
20 102 
23 922 

28 075 
32 56o 

37 375 
42 522 
48002 
53 815 
59 962 

66440 
7J 246 
80 385 
87 855 
95 658 

103 792 
II2 256 
IZl 053 
130 18o 
139 639 
149 428 
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Latitude II 0 to I2°-Arcs of the parailel in meters. 

I I I I I I I I Lat. 1" 2" 3" 411 

I 
:;11 

I 
6" 

I 
'i" 8'' 

I 
911 1' 2' 3' i' 5' 

I 

30. 3616o. 72 

I 
0 I 

121.431151.79 JI 00 91.07 182. I5 212.5I 242.86 273.22 I821. 5 3643.0 5464.4 7285.9 . 9107. 4 
l .36 . 72 .07 .42 I . 78 .14 .50 . 85 . 21 I. 4 2.8 4. I 5.5 6.9 
2 .36 .71 .o6 . 42 I . 77 . 13 .49 . 83 . 19 I. 3 z.6 3.8 5. I 6.4 
3 . 35 . 71 .o6 . 41 .76 . 12 .47 . 82 .18 I. 2 2.3 3.5 4.7 5.8 
4 . 35 . 70 .05 .40 575 . 11 .46 . 81 .16 I. I 2. I 3.2 4. 3 5.3 

II 05 30.35 6o.70 91.05 121. 39 151. 74 I82. IO 212.45 242.79 27J. IS 1821. 0 3641. 9 5462.9 7283.9 9104.8 
6 . 35 . 70 .04 . 39 .74 ·09 .44 .78 . I3 0.9 I. 7 2.6 3.5 4. 3 
7 .35 .69 .04 .38 . 73 .08 .43 . 77 . 12 o. 8 I. 5 2.3 3. I 3.8 
8 ·34 .69 .03 .37 . 72 .07 .41 .76 . IO 0.7 I. 3 2.0 2.6 . 3.3 
9 ·34 . 68 .03 . 37 . 71 .o6 .40 .74 ·09 o.6 I. I I. 7 2.2 2.8 

II IO 30.34 6o.68 91.02 121. 36 151. 70 i 182. 05 212.39 242.73 273.07 1820.5 3640.9 5461. 4 728!. 8 9102.3 
II .34 .68 .02 . 35 . 69 i .04 .38 .72 .05 0.4 o. 7 I. I 1.4 I. 8 
12 .34 .67 . 01 • 35 . 68 I • 03 .36 .70 .04 0.3 o. 5 o.8 I. 0 I. 2 
13 . 33 .67 .01 .34 .681 .01 .35 .69 .02 O. I 0.3 0.4 0.5 0.7 
14 ·33 . 67 .oo .33 . 67 2. 00 ·34 I . 67 3.01 20.0 40, I 6o. I 8o. I 100, I 

II I5 30.33 6o.66 9r.oo I2I. 32 151. 66 ! I8I. 99 2I2.32 242.66 272.99 18I9.9 3639.9 5459.8 7279.7 9099.6 
16 ·33 . 66 o.99 .32 . 65 I . 98 . 31 . 65 . 97 9.8 9· 7 9· 5 9· 3 9· l 

I I7 . 33 .66 .99 .31 :i! i . 97 .30 .63 .96 9. 7 9. 5 9.2 8. 9 8.6 
I I8 • 32 .66 .98 ' .30 • 96 . 29 .62 ·94 9.6 9.2 8.8 8.4 8.o 

I9 . 32 . 65 .98 .30 .6~ . 95 .27 .6o . 93 9. 5 9.0 8. 5 8.o 7.5 

II 20 30.32 6o.65 90.97 121.29 151.62. I8I. 94 212.26 242. 59 272.9I 18I9.4 3638.8 5458.2 7277.6 9097.0 
21 .32 . 65 . 97 .28 , 61 I . 93 .25 .58 . 89 9.3 8.6 7.9 7.2 6. 5 
22 . ,2 .64 .96 .28 .6o . 92 .24 .56 . 88 9.2 8. 4 7.6 6.8 6.o 
23 .32 .64 . 95 . 27 .59 . 91 .22 . 55 . 86 9. I 8.1 7.2 6. 3 5.4 
24 .32 . 63 . 95 . 26 .58 .90 . 2I .53 . 85 9.0 7.9 6.9 5.9 4.9 

II 25 30.32 6o.63 90.94 121. 25 151. 57 181. 89 212.20 242.52 272.83 1818.9 3637.7 5456.6 7275. 5 9094.4 
26 . 31 . 63 .94 . 25 .57 . 88 .19 .51 . 81 8.8 7.5 6. 3 5. I 3.9 
27 .31 . 62 .93 .24 .56 . 87 .18 .49 .80 8. 7 7.3 6.o 4. 7 3.3 
28 .31 .62 ·93 . 23 .55 . 85 .16 .48 .78 8. 5 7. I 5.6 4.2 2.8 
29 .31 . 6I .92 .23 .54 .84 . 15 .46 . 77 8.4 6.9 5.3 3.8 2.2 

6o. 61 I 
1818.3 3636. 7 II 30 30.31 90.92 121. 22 151. 53 • 181. 83 212.14 242.45 272.75 5455.0 7273.4 9091. 7 

31 .31 . 61 .91 . 21 .52 . 82 .13 .44 • 73 8.2 6. 5 4. 7 3.0 I. 2 
32 .31 .6o . 91 . 21 .51 . 81 . II .42 . 72 8. I 6. 3 4.4 2.5 o.6 
33 .30 .6o .90 ,20 .50 .So • IO . 41 .70 8.o 6.o i 4.0 2. I 90.1 
34 . 30 .6o .90 .19 .49 . 79 ·09 .39 . 69 7.9 5.8 3.7 I. 6 89.5 

II 35 30.30 6o. 59 90.89 121. 18 151. 48 181. 78 212.07 ;z42.38 272.67 1817.8 3635. 6 5453.4 7271.2 9089.o 
I 36 .30 .59 . 88 . 18 .48 . 77 .o6 .36 . 65 7.7 5.4 3.1 o.8 8. s 

l 
37 .30 ·59 .88 . 17 ·47 .76 .05 . 35 .64 7.6 5.2 2.8 70.4 7.9 
38 . 29 .59 . 87 .16 .46 i . 75 .04 . 33 i .62 7.5 4.9 2.4 69.9 7.4 
39 .29 .58, .87 .16 . 45 • 74 .02 • 32 . .61 7.4 4· 7 2, I 9.5 6.8 

I I 

II 40 30.29 6o. 58 : 90· 86 121. 15 151. 44 I 181. n 212.0I 242.30 272.59 18I7.3 3634. 5 545I.8 7269.1 go86.~ 41 . 29 . 58 I • 86 . 14 .43 ' . 72 2.00 .29 .57 7.2 4.3 I. 5 8. 7 5. 
42 .29 ·57 . 85 . 14 .42 • 7I 1.99 . 27 .56 7• I 4.1 I, 2 8.2 5.2 
43 .28 . 57 . 85 . 13 . 41 .69 .97 .26' . 54 6.9 3.8 o.8 7.8 4· 7 
44 .28 .56 .84 . I2 .40 . 68 .96 . 24 . 53 6.8 3.6 0.5 7.3 4· I 

II 45 30.28 6o.56 90.84 121. II 151. 39 181.67 211. 95 242.23 272.51 18J6.7 3633.4 5450.2 7266.9 9083.6 
46 .28 .56 .83 . II ·39 .66 ·94 .22 .49 6.6 3.2 49.9 6. 5 3. I 
47 .z8 . 55 .83 . IO .38 . 65 .93 .20 I .48 6. s 3.0 9.5 6.o 2.5 
48 .27 · 55 .82 .09 .37 .64 .9I .I9 .46 6.4 2.8 9.2 5.6 2.0 
49 .27 .54 .81 ·09 .36 .63 .90 . 17 .45 6.3 2.6 8.8 S· I 1.4 

II 50 30.27 6o.54 90.81 121. 08 151.35 181. 62 \ 211. 8g 242. 16 272.43 1816.2 3632.4 5448. s 7264, 7 go8o.9 
SI .27 .54 .8o .07 I .34 . 6I .88 . I5 .. p 6. I 2.2 8.2 4.3 8o.3 
52 .27 . 53 .8o .o6 . 33 .oo I .86 .13 .40 6.o I I. 9 7.9 3.8 79.8 
53· .26 .53 .79 .o6 .32 .58 .85 .12 .38 5.8 1.7 M 3·4 9.2 
54 .26 . 52 .79 .05 .31 .57 .84 , 10 .36 5.7 1.4 7.2 2.9 8 .. 7 

JI SS 30.26 6o. 52 90.78 121. 04 1s1.30 181. 56 2II. 82 242. 09 I 272. 34 1815.6 3631. 2 5446.9 7262.5 9078.I 
56 .26 .52 .77 .03 .30 ·55 . Si ·07 ·33 5·5 1.0 6.6 2, I 7.5 
57 .26 . 51 .77 . 02 .29 .54 .So .o6 .31 5.4 . o.8 6.2 1.6 7.0 
58 .25 . 51 .76 .02 .28 ·53 .79 ·04 • 29 5.3 0.5 5.9 J, 2 6.4 
59 . 25 .50 .76 .01 . 27 .52 .77 .03 .28 5.2 0.3 5.5 0.7 5.9 

11 6o 30.25 6o.50 90·75 121.00 151 • .z6 181. 51 211. 76 :&.J%.OI .z72.26 1815.1 3630, I 5445.2 736o.3 9075.3 .. --
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O I 

II. 00 

2 

3 
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JI 05 
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9 

II IO 
II 
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13 
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II 15 
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r7 
18 
19 

II 20 
21 
22 

23 
24 

II 25 
26 

27 
28 
29 
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31 
32 
33 
34 

II 35 
36 
37 
38 
39 

II 40 
41 
42 
43 
44 

II 45 
46 
47 
48 
49 
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Latitude n° to 12°-Meridional arcs. Latitude n°-Co-ordinates of curvature. I 
----------,-----------11------------- -I 

I 1 Sums of seconds for middle 
Valu• 1" latitude. 

Meters. 
30.724 

4 
5 
5 
5 

30.725 
s 
5 
s 
5 

30.725 
5 
5 
s 
s 

30.725 
s 
5 
5 
5 

30.725 
5 
s 
s 
s 

30.725 
s 
s 
5 
5 

30.726 
6 
6 
6 
6 

30.726 
6 
6 
6 
6 

II 

I 
2 

3 
4 

l 
~ 
9 

IO 

2 

3 
4 

15 
6 
7 
8 
9 

20 

I 
2 

3 
4 

25 
6 
1 
8 
9 

30 
I 
2 

3 
4 

3~ 

~ 
9 

Meters. 

30.73 
61.45 
92. 18 

122. 90 

153. 63 
184.35 
215.08 
245.So 
276.53 

307.26 
337.98 
368.71 
399·43 
430. 16 

.¢o.88 
491. 61 
522.33 
553.o6' 
583.78 

614.51 
645.24 
675.96 
7o6.69 
737.41 

768.14 
798.86 
829.59 
86o.31 
891. 04 

921. 77 
952.49 
983.22 

I 013.94 
I °'14· 67 

I 075. 39 
I I06. 12 
I 136. 84 
I 167. 57 
I 198. 30 

Value of 1' 

Meters. 
1843.47 

.47 

.47 

.47 

.48 

1843.48 
.48 
.48 
.49 
.49 

1843.49 
.49 
.49 
.50 
.50 

1843.5° 
.50 
.50 
. 51 
. 51 

1843. 51 
. 51 
. 51 
.52 
.52 

1843. 52 
.52 
.52 
.53 
.53 

1843- 53 
.53 
.54 
.54 
.54 

1843.54 
.54 
.55 
.55 
.55 

30. 726 40 I 229. 02 1843. 55 
6 I I 259. 7 5 · 55 
6 2 I 29c>. 47 . 56 
6 3 I 321. 20 • 56 
6 4' I 351.92 .56 

30. 726 45 I 382. 65 18.1-3. 56 
6 6 I 413. 37 • 57 
6 7 I 444· IO • 57 
6 8 I 474· 82 · 57 
6 9 l 505. 55 • 57 

Sums of minutes for middle 
latitude. 

I 
2 

3 
4 

5 
6 
7 
8 
9 

IO 
I 
2 

3 
4 

15 
6 
7 
8 
9 

20 

I 
2 

3 
4 

25 
6 
7 
8 
9 

30 
I 
2 

3 
4 

35 
6 
7 
8 
9 

40 
I 

2 

3 
4 

45 
6 
7 
8 
9 

.tlleters. 

I 843. 5 
3 686. 9 
5 530. 4 
7 373. 9 

9 217. 4 
II o6o. 8 
12 904. 3 
14 747. 8 
16 591. 3 

18 434. 8 
20 278. 3 
22 121.8 
2 3 965. 3 
25 8o8. 8 

27 652. 3 
29 495. 8 
31 339. 3 
33 182. 8 
35 026. 3 

36 86g. 8 
38 713. 3 
40 556. 8 
42 400.3 
i42.us 
46 o87. 3 
47 930. 9 
49 774.4 
51617.9 
53 461. 4 

55 305. 0 
57 148. 5 
58 992. 0 
6o 835. 6 
62 679. l 

64 522. 7 
66 366. 2 

68 209. 8 
70 053. 3 
71896.9 

73 740. 4 
75 584. 0 

77 427. 5 
79 271. I 

81 114. 6 

82 958. 2 
84 801. 8 
86 645. 3 
88 488. 9 
90 332. 5 

Longitude. X Y t 

\ 

0 

0 

0 

2 

3 
4 

~ 
7 
8 
9 

0 IO 

15 
20 
25 
30 

0 35 
40 
45 
50 
55 

I 00 

05 
IO 

15 
20 

I 25 
30 
35 
40 
45 

I 50 
55 

2 00 

3 00 
4 00 

~ : 
k : 
9 00 ! 

JO 00 
II 00 

12 00 

13 00 

14 00 

15 00 
16 00 

17 00 
18 00 

19 00 

Meters. 

I 821. 5 
3 643. 0 

5 464. 4 
7 285. 9 

9 107.4 
10 928. 9 
12 750. 4 
14 571· 8 
16 393· 3 

18 214. 8 
27 322. 2 

36 429. 6 
45 537· 0 
54 644. 4 

63751.8 
72 859. 2 
81 966. 5 
91 073. 9 

100 181. 3 . 

109 288. 7 
118 396. 0 

127 503. 4 1 

136 610. 7 
145 718. 0 

154 825. 3 
163 932. 7 
173 039. 9 
182 147. 2 

191 254. 5 

200 361. 7 
209 46g.o 
218 576 
327 861 
437 143 

546 419 
655 690 
764 953 
874 208 
983 453 

I 092 687 
I 201 909 
I 311 rJ7 
I 420 3II 

l 529 490 

I 638 652 
I 747 795 
I 8:;6 919 
r 966 022 

2 075 104 

Met~rs. 

0. I 
0.2 
o. 5 
o.8 

I. 3 
I. 8 
2.5 
3.2 
4• I 

5· I 
I I. 4 
20.2 
31. 6 
45.5 

61. 9 
8o.9 

100.4 

126.4 
152. 9 

182.0 
213.6 
247.7 
284.3 
323·5 

365.2 
409.4 
456.2 
505.5 
557.3 

611. 6 
668.5 
728 

I 638 
2 911 

4 549 
6 551 
8 916 
II 646 
14 739 

18 196 
22 016 
26 201 
30 i49 
35 663 

40 937 
46 5i7 

I 52 579 
I 58 944 
I 65 674 

II 50 30. 726 50 I 536. 28 1843. 57 50 92 176. I 20 00 2 184 162 72 764 
51 6 I 1567.00 .58 I q4019.6 21 00 2293196 8o221 
52 6 2 I 597· 73 . 58 2 95 8(>3. 2 22 00 2 402 205 88 039 
53 6 3 I 628. 45 . 58 3 ! 9j 706. 8 ZJ 00 2 _Ill 187 96-221 
.)4 6 4 I 659. 18 . 58 4 99 550. 4 24 00 2 620 142 104 765 

rr 55 30. 726 55 1
1 

I 689. 90 1843. 58 55 101 394. o 25 oo 2 729 o67 113 671 
56 6 6 I 720. 63 • . 59 6 103 237. 6 26 00 2 837 962 122 94o 
57 6 ~7 I I 751. 35 • 59 '7 105 081. I 27 00 2 946 S25 132 573 
58 7 I 782. o8 . 59 8 1o6 924. 7 28 00 3 055 C,56 142 569 
59 7 I 812. 81 • 59 9 108 768. 3 29 00 3 164 453 I ,z <)26 

...__u_6o_,i__J0_._1_21_--'-_6o __ -,_j __ 1_84_3_·_53 ______ 1_s4_3_._oo __ l__~ _ _1 __ 1_10 __ 0_·1_1_.9 _ _.__3_0_00 ____ 3_ 2732_'~·-· _____ ,<,~ 1>~:__ 
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Latitude 12° to 13°-Arcs of the parallel in meters. 

Lat. 1" ll" 311 .f:11 IV' I 6" 'J" 8" 011 1' 
l 2' 3' 4' 5' 

• ---
0 ' 12 00 30.25 6o.50 90· 75 IZl.00 151. 26 181.51 211. 76 242.01 272.26 1815. I 3630. I 5445.2 726o.3 9075. 3 

I . 25 .50 . 75 120.99 . 25 .50 . 75 2.00 .24 5.0 29.9 4.9 59· 8 4. 7 
2 . 25 .49 . 74 · 99 I · 24 , .49 . 73 I. 98 . 23 4.9 9·7 4.5 9.4 4.2 
3 . 24 .49 .74 . 98

1 

. 23 I .47 .72 .97 . 21 4. 7 9.4 4.2 8.9 3· 6 
4 . 24 .48 . 73 • 97 • 22 I .46 . 71 . 95 . 19 4.6 9.2 3.8 8.5 3. I 

12 05 30. 24 6o.48 90.73 120. 96 151. 21 181. 45 2II. 69 241. 93 272. 17 1814.5 3629.0 5443·5 7258.0 9072. 5 
6 . 24 .48 . 72 • 96 I .20 ·« .68 .92 . 16 4.4 8.8 3.2 7.6 I. 9 
7 .24 .47 . 71 . 95 . 19 .43 . 67 .90 .14 4.3 8.6 2.8 7· I I. 4 
8 . 23 .47 . 71 .94 .18 . 41 .66 .89 .12 4· I 8.3 2.5 6.7 o.8 
9 . 23 .46 .70 ·94 . 17 .40 .64 . 87 . II 4.0 8. I 2. I 6.2 70.3 

12 IO 30.23 6o.46 90.70 120.93 151. 16 181.39 211. 63 241. 86 272.09 1813.9 3627.9 5441. 8 7255.8 9069.7 
II . 23 .46 . 69 .92 . 15 . 38 . 62 . 85 .07 3.8 7.7 I. 5 5.3 9· I 

12 . 23 .45 . 69 .91 .14 . 37 .6o .83 .o6 3.7 7.4 I. I 4.9 8.6 
13 . 22 .45 . 68 .91 . 13 .36 .59 .82 ,04 3.6 7.2 0.7 4.4 8.o 
14 • 22 .45 .68 ·90 . 12 . 35 • 57 .So .02 3.5 6.9 0.3 4.0 7. 5 

12 15 30.22 oo. 44 I go. 67 120.89 151. 12 181. 34 2II. 56 241. 7S 272.00 1813.4 3626.7 5440. I 72 53·5 \)066.9 
16 . 22 ·44 . 66 .88 . II . 33 . 55 .77 1.99 3.3 6.5 39.8 3.0 6.3 
17 . 22 .44 . 66 .87 • IO . 32 .53 . 75 .97 3.2 6.3 9·4 2.6 5.7 
18 • ZI .44 . 65 . 87 ·09 . 30 .52 .74 .95 3.0 6.o 9.1 2. I 5.2 
19 .21 .43 •. 65 .86 .o8 .29 .50 .72 .94 2.9 5.8 S.7 I. 7 4.6 

12 20 30.21 6o.43 go.64 120.85 151. 07 181.28 211.49 241. 71 271. 92 1S12.8 3625.6 5438."4 7251.2 go~.o 
21 . 21 .43 . 63 .S4 ,06 . 27 .48 .69 .go 2.7 5.4 8. l 0.7 3.4 
22 . 21 .42 . 63 .84 .05 .26 .46 .68 . S9 z.6 5.2 7.4 5o.3 z.8 
23 • 1'> .42 . 62 .83 .04 .24 .45 .66 .87 2.4 4.9 7-7 49.8 2.3 
24 . 20 .41 . 62 .82 .03 . 23 .44 . 65 .85 2.3 4· 7 7.0 9·4 1. 7 

12 25 30.20 6o.41 go.61 120.81 I 15r.02 181.~2 211. 42 24!. 63 271. 83 1812.2 3624. 5 5436.7 724S.9 gOOI. I 

26 . 20 . 41 .6o . Sr .01 . 21 .41 . 61 .82 2. I 4.3 6.4 8.4 0.5 
27 . 20 .40 . 6o .So 1.00 .20 .40 .6o .So 2.0 4.0 6.o 8.o 6o.o 
28 . 19 .40 · 59 I . 79 0.99 . 19 . 39 .58 .78 I. 9 3.8 5.7 7-5 59.4 
29 . 19 .39 .59 ·79 .gS . 18 . 37 .57 . 77 I. 8 3.5 5.3 7. I 8.9 

12 30 30. 19 6o.39 go. 58. 120.78 150~~7 181. 17 211. 36 241. 55 271.75 1S1 I. 7 3623.3 5435. 0 7246.6 go58.3 
31 . 19 .39 . 58 ·77 .g6 .16 . 35 .54 .73 I. 6 3. I 4.6 6.1 7.7 
32 . 19 .38 .57 .76 .95 . 15 . 33 .52 . 71 I. 5 2.8 4.3 5.7 7• I 

33 .18 . 38 .56 . 76 ·94 .13 . 32 . 51 .70 I. 3 2.6 3.9 5.2 6.5 
34 . r8 -37 .56 . 75 .93 . 12 .30 .49 . 68 [, 2 2.3 3.6 4.8 5·9 

12 35 30. 18 6o.37 go. 55 120.74 150.92 181. II 21 I. 29 241. 47 271. 66 l8II. I 3622.1 5433.2 7244.3 9055· 3 
36 . 18 . 37 . 55 .73 .91 , IO . 28 .46 .64 I.O I. 9 2.9 3.8 4.7 
37 • 18 .36 ·54 .72 . go .og . 26 .44 .62 0.9 I. 7 2.5 3.3 4.1 
38 . 17 .36 .54 .72 .Sg .07 . 25 .43 . 61 0.7 1.4 2.2 2.9 3.6 

I 39 . 17 . 35 ·53 . 7r .88 .o6 . 23 .41 .59 o.6 I. 2 I. 8 2.4 J.O 
i 

12 40 30. 17 6o.35 go. 52 IZO, 70 150.87 181.05 2II. 22 24t.40 271.57 1810.5 3621.0 5431. 5 7241. 9 9051.4 
41 . 17 ·35 .52 .69 .86 .04 • 21 .38 .55 0.4 o.S I. I 1.4 1.8 
42 . 17 ·34 .51 .68 .85 .03 .19 .37 .54 0.3 0.5 o.8 l.O I. 2 
43 . 17 ·34 .51 .68 .84 .01 .18 . 35 .52 0. I 0.3 0.4 0.5 0.7 
44 . 17 ·33 • 50 .67 .83 1,00 . 17 ·34 .50 10.0 20.0 30.1 40.1 50.1 

12 45 30. 17 6o.33 go.50 120. 66 150.83 18o. 99 21 I. 15 241. 32 271.48 18og.~ 3619.8 5429.7 7239.6 9049·5 
46 .16 ·33 .49 .65 .82 .98 .14 .30 .47 9· 9.6 9.3 9.1 8.9 
47 .16 .32 .48 .64 . 81 .97 .13 .29 .45 9.7 9.3 9.0 8.6 8.3 
48 .16 . 32 .48 .64 .So . 95 .12 . 27 .43 9.5 9.1 8.6 8.2 7.7 
49 .16 .31 .47 .63 .79 ·94 • IO .26 .42 9.4 8.8 8.3 7-7 7. J 

12 50 30. 16 6o. 31 go.47 120.62 150.78 l8o. 93 2Il. 09 241.24 271.40 18og.3 3618.6 5427·9 7237.2 9046.5 
51 .16 . 31 .46 .61 .77 .92 .o8 .22 .38 9.2 8.4 7.5 6.7 5.9 
52 .16 .30 ·45 .6o .76 . 91 .o6 . 21 . 36 9. I 8. l 7.2 6.2 5.3 
53 . 15 .30 .45 .6o .75 . 89 .05 . 19 . 35 8.9 7.9 6.8 5.8 47 
54 . 15 . 29 ·44 ·59 ·74 . 88 .03 .18 ·33 8.8 7.6 6.5 5.3 4- J 

12 55 30.15 6o.29 go.44 120.58 150.73 18o.87 211.02 241. 16 271. 31 18o8. 7 3617.4 5426. I 7234.8 9043·5 
56 . 15 .29 ·43 • 57 .72 . 86 1.01 . 14 . 29 8.6 7.2 5.7 4·~ 2.9 
57 . 15 .28 .42 .56 .71 .85 0.99 . 13 ·2f 8.5 6.9 5.4 3· 2.3 
58 . 14 .28 .42 .56 .70 • 83 .gS •II .26 8.3 6.7 5.0 3.4 I. 7 
59 .14 .27 .41 .55 .69 .82 .96 .10 .24 8.2 6.4 47 2.9 1.1 

H6o 30.14 6o.27 go.41 120.54 150.68 1So.81 :no.95 241.o8 271. !2 I8o8. I J616.2 5424- 3 7232.4 9040.5 
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Latitude 12° to I3°-Meridional arcs. Latitude I2°-Co-ordinates of curvature. 

Lat. 
. 
I 

Value of 1'1 Sums of seconds for middle V 1 f / I Sums of minutes for middle Longitude. x I y 
latitude. a ue o l latitude. I 

I 
0 I Meters. II Meters. I Meters. I Mt ten. 0 I Meters. Meters. 

I2 00 30.727 1843. 6o 
I 7 I 3o.73 .6o I I 843. 6 0 I I 815. I 0. l 

2 7 2 61.46 .6o 2 3 687. 2 2 3 630. I 0.2 

3 7 3 92.I8 .6o 3 5 53o. 8 3 5 445. 2 o. 5 
4 7 4 122.91 .6o 4 7 374. 4 4 7 26o. 3 0.9 

12 05 30.727 5 153.64 1843. 61 s 9 218.0 0 5 9 075. 3 I. 4 

6 7 6 I84.37 . 61 6 II 001. 6 6 IO 890.4 2.0 

7 7 7 2I5.09 .6I 7 12 905. 2 7 12 705. 5 2.7 

8 7 8 245.82 . 6I 8 14 748. 8 8 14 520. 5 3.5 

9 7 9 276.55 .62 I 9 16 592. 5 9 I6 335· 6 4.5 

I2 IO 30.727 IO 307.28 1843.62 IO 18 436, I 0 IO 18150.7 5.5 
II 7 I 338.01 .62 I 20 279. 7 15 27 226.0 12.4 

I2 7 2 368.73 .62 2 22 123. 3 20 36 3o1. 3 22.0 

13 7 3 399.46 . 62 3 23 966. 9 25 45 376. 7 34.3 

14 7 4 430.I9 .63 4 25 810. 6 30 54 452.0 49·4 

I2 I5 30.727 IS 46o.92 

I 
1843.63 15 27 654. 2 0 35 63 527. 3 67.2 

16 7 6 491.64 . 63 6 29 497· 8 40 72 6o2. 6 87.8 

17 7 7 522.37 .63 7 31 341. 5 45 81677.9 III. I 

18 7 8 553.10 .64 8 33 185. I 50 90 753· 2 137.2 

19 7 9 583.83 .64 9 35 028. 7 55 99 828. 5 166.0 

12 20 3o.727 20 614.55 I843.64 20 36 872.4 I 00 I08 903.8 197.6 
21 7 I 645.28 .64 l 38 716. 0 05 117 979.0 231.9 
22 7 2 676.0I . 65 2 4° 559· 7 IO 127 054. 3 268.9 

23 7 3 7o6. 74 .65 3 42 403.3 15 136 129. 6 3o8.7 

24 7 4 737.47 . 65 4 44247.0 20 145 204.8 351. 3 

12 25 30.728 25 768. 19 1843.65 25 46 ogo.6 I 25 154 zSo.o 3¢.6 
26 8 6 798.92 .65 6 47 934· 3 30 163 355. 2 444.6 

27 8 7 829.65 .66 7 49 777· 9 35 172 430.4 495·4 
28 8 8 86o.38 .66 8 51 62I. 6 40 181 505. 6 548.9 

29 8 9 89I. IO .66 9 53 465. 3 45 l!)O 58o. 7 005. I 

12 30 30.728 JO 921.83 1843.66 30 55 3o8. 9 I 50 199 655. 9 664. l 

31 8 I 952. 56 .67 I 57 152. 6 55 2o8 731.0 725·9 
32 8 2 983. 29 .67 2 58 996. 3 2 00 217 8o6 790 

33 8 3 I 01402 .67 3 6o 839.9 3 00 326 7o6 l 778 

34 8 4 I 044· 74 .67 4 62 683.6 4 00 435 6o1 3 161 

Ill 35 30.728 31 I 075,47 1843.67 3~ 64 527. 2 5 00 544490 4940 
36 8 I Io6. 20 .68 66 370.9 6 00 653 372 7 113 

37 8 7 I 136, 93 .68 7 68 214.6 ~ 
00 762 246 9682 

38 8 8 I I67. 65 .68 8 70058.3 00 871 IIO I2 646 

39 8 9 I 198. 38 .68 9 71 902. 0 9 00 979 962 16004 

12 40 30.728 40 I 229. II 1843.69 40 73 745. 6 IO 00 I o88 8o1 19 757 
41 8 I I 259• 84 .69 I 75 589. 3 II 00 I 197 626 23 905 
42 8 2 I 290.56 .69 2 77 433.0 12 00 I 3o6 435 28449 

43 s 3 I J21. 29 .69 3 79 276. 7 13 00 I 415 227 33 387 
44 8 4 I 352.02 . 70 4 81 120. 4 14 00 I 524 000 38 719 

12 45 30.728 4~ I 382. 75 1843.70 45 82 ¢4. I 15 00 l 632 753 44447 
46 8 I 413.48 .70 6 84 8o7. 8 16 00 l 741 485 50 569 

47 8 7 I 444.20 .70 7 86 651. 5 17 00 l 850 I94 57 o85 

48 s s I 474.93 .70 8 SS 495. 2 18 00 I 958 879 63 997 
49 8 9 I 505· 66 .7I 9 90 338. 9 19 00 2 o67 537 71 303 

12 50 30.728 50 I 536. 39 1843.71 so 92 182. 6 20 00 2 176 168 ~9003 
51 9 I . I 567. II • 71 I 94 026. 3 21 00 2 284 771 7 og6 
52 9 2 I 597· 84 .7I 2 95 870. I 22 00 2 393 344 95 584 

53 9 3 I 628. 57 .72 3 97 713. 8 23 00 2 501 885 104 466 

54 9 4 l 659. 30 . 72 4 99 557. s 24 00 2 610 394 IIJ 741 

Ill 55 JO. 729 55 I 69o.03 1843.72 55 IOI 40I. 2 25 00 2 718 867 123 4ro 

56 9 6 I 720. 71 • 72 6 103 244. 9 26 00 2 827 305 133 473 

57 9 7 J 751. 4 .73 7 105 o88. 7 27 00 2 935 7o6 143 930 

58 9 8 I 782.21 .73 . 8 Io6 932.4 28 00 3 044 o68 154 78o 

~ 9 9 I 812.94 .73 9 ro8 776. I 29 00 3 152 390 I66 023 

I2 30.729 6o I 843.66 1843. 73 6o 110 619. 8 30 00 3 26o 671 177 658 
I 



 

168 UNITED STATES COAST AND GEODETIC SURVEY. 

Latitude 13° to 14°-Arcs of the parallel in meters. 

-------~--~--~-~~~~~--.,..-~--,-~~-.----,----•---,----,-~--~-,-~~~---I 
I I i I I i I 

Lat. 111 2
11 J 

3
11 t11 j 

5
,, I 6

11 711 __ s_,1_,I __ 9_"_+--_1_'_,j __ 2_' __ , __ a_' __ , __ '_' __ (~_ 
1--1---1-i---:-,·

o I 

13 00 
I 
2 

3 
4 

13 05 
6 

~ 
9 

13 IO 
II 
12 
13 
14 

13 15 
16 
17 
18 
19 

13 20 
21 
22 

l 23 

l 
24 

13 25 
26 
27 
28 

29 

13 30 
31 
32 
33 
34 

13 35 
36 
37 
38 
39 

13 40 
41 
42 
43 
44 

13 45 
46 
47 
48 
49 

13 50 
51 
52 
53 
54 

13 55 
56 
57 
58 
59 

13 6o 

30. 14 
.14 
.13 
.13 
.13 

6o. 27 90· 41 120. 54 150. 68 180. 81 
. 27 . 40 . 53 ' 67 . 8o 

210.95 
.94 
'92 
. 91 
. 89 

.26 ·39 .52 .66 .79 
• 2.6 • 39 • 52 I • 65 • 77 
, 25 , 38 , 51 i • 64 • 76 I 

30. 12 
.12 
.12 
.12 
. 11 

! 
6o. 25 90. 371' 120. 50 150. 62 18o. 75 I 2IO. 88 

. 25 . 37 . 49 . 61 . 74 i • 86 

.24 .36 .48 .6o .73 i .85 

.24 .36 .48 .59 .71 .83 

.23 ·35 .47 .58 .70 .82 

30, II 6o. 23 90· 34 
. II · 23 · 34 
, II • 22 . 33 
. IO • 22 · 33 
• 10 .21 '32 

30. IO 6o. 21 
. 10 . 21 
. IO .20 
·09 .20 
'09 . 19 

30.09 
·09 
.09 
.08 
.08 

30.08 
.08 
.08 
. 07 
. 07 

30.07 
. 07 
. 07 
.06 
. 06 

30.o6 
.06 
.06 
. 05 
. 05 

6o. 19 
.19 
.IS 
.18 
. 17 

6o.17 
. 17 
. 16 
. 16 
. 15 

6o. 15 
. 15 
. 14 
. 14 
. 13 

6o. 13 
. 13 
.12 
.12 
, II 

go. 31 
. 31 
.30 
. 29 
.29 

90.28 
'28 
. 27 
. 26 
. 26 

90· 2 5 
. 25 
. 24 
. 23 
. 23 

90. 22 
. 21 
. 2I 
. 20 
. 20 

90. 19 
'19 
. 18 
' 17 
. 16 

30.05 
. 05 
.05 
. 04 
.04 

6o. II 90. 16 
• II • 15 
• IO , 15 
·IO • 14 
·09 . 13 

120.46 
.45 
·44 
.44 
·43 

120.42 
.41 
.40 
·39 
.38 

120.38 
.37 
.36 
'35 
. 34 

120.33 

. 33 

. 32 

. 31 

.30 

120.29 
. 28 
'27 
.27 
.26 

120. 25 
.24 
. 23 
. 23 
. 22 

120.21 

. 20 

. 19 

.18 

. 17 

30.04 
.04 
.04 
. 03 
.03 

6o.09 
.08 
.08 
.07 
.07 

90. 13 ; 120. 16 
, 12 I • !6 
'II I . 15 
'II I • 14 
, IO , IJ 

30. 03 6o. 06 90. 09 
.03 .o6 I . 09 
. o3 .o5 I . os 
. 02 . 05 . 07 
.02 : .04 .07 

30. 02 ' 6o. 04 90. 06 
.02 i .04 .o6 
. 02 ! .03 . 05 
.Ol .03 ·04 
, OJ • OZ • 04 

30. OI : 6o. 02 go. 03 I 

120. 12 
. II 
• IO 

• IO 

·09 
120.08 

.07 

.06 

.o6 

.05 
120.04 

150.57 
.56 
. 55 
.54 
. 53 

150.52 
.51 
.50 
. '49 
.48 

150.47 
.46 
.45 
·44 
.43 

150.42 
. 41 
,40 
.39 
. 38 

150. 37 
.36 
. 35 
·34 
. 33 

150.31 
.30 
. 29 
.28 
. 27 

150.26 
. 25 
.24 
. 23 
. 22 

150.21 
• 20 

. 19 

.18 

. 17 

150. 16 : 
. 15 ! 

.14 

. 13 

.12 

150. IO 

.09 

.08 

.07 

.o6 
150.05 

lSo. 69 
. 68 
. 67 
. 65 
. 64 

18o.63 
. 62 
. 61 
.59 
.58 

210.So 
. 79 
. 77 
.76 
·74 

210. 73 
. 72 
.70 
. 69 
. 67 

18o. 57 210. 66 
. 56 . 65 
. 54 . 63 
. 53 . 62 
. 51 I . 6o 

18o. 50 210. 59 
.49 . 58 
.48 . 56 
. 46 . 55 
. 45 . 53 

18o.44 
.43 
.42 
.40 
. 39 

18o. 38 
. 37 
.36 
.34 
·33 

18o. 32 
. 31 
.29 
. 28 
. 26 

18o. 25 
.24 

210. 52 
. 51 
.49 
. 48 
.46 

210.45 

'43 
.42 
.40 
·39 

210. 37 
. 36 
. 34 
. 33 
. 31 

210. 30 
. 28 

. 23 . 27 

. 21 . 25 

.20 .24' 

180. 19 [ 210. 22 
. 18 . 21 
. 16 . 19 
. 15 . 18 
. 13 . 16 

180. 12 2!0. 15 
. II . 13 
, IO • 12 
.o8 . IO 

.07 .og 
18o. o6 210. 07 

241. o8 
.o6 
.05 
.03 
.02 

241. 00 
0.98 
. 97 
.95 
.94 

.:?40.92 
.go 
.89 
.87 
.85 

240.84 
.82 
.So 
.78 
• 77 

240.75 
.73 
.72 
.70 
.69 

240.67 
. 65 
.64 
.62 
.61 

240.59 
.57 
.56 
.54 
.52 

240.51 
·49 
.47 
.45 
·44 

240.42 
.40 
·39 
.37 
. 35 

240.33 
.32 
.30 
.28 
. 27 

240.25 
. 23 
• 22 
.20 
. 18 

240. 16 
.15 
.13 
. II 

.IO 
240.oS 

271. 22 
.20 
.18 
. 16 
.14 

271. 12 
•II 

·09 
.07 
.05 

271. 03 
I. 01 
o.99 

.98 

.96 

270.94 
.92 
.go 
.89 
• 87 

270.85 
.83 
. 81 
.79 
. 77 

270.76 
.74 
.72 
.70 • 
.68 

270.66 
.64 
.62 
.6o 
.58 

270.57 
.55 
.53 
. 51 
.49 

270.47 
.45 
.43 
.41 
.39 

270.38 
.36 
.34 
.32 
.30 

270.28 
.26 
·24 
.22 
.20 

z70. 19 
. 17 
. 15 
.13 
. II 

270.09 

18o8. I 

8.o 
7.9 
7.7 
7.6 

18o7. 5 
7.4 
7.3 
7• I 
7.0 

18o6. 9 
6.8 
6.7 
6.5 
6.4 

1So6. 3 
6.2 
6. I 

5.9 
5.8 

18o5. 7 
5. 6 
5.4 
5.3 
5· I 

18o5. o 
4.9 
4.8 
4.6 
4.5 

18o4.4 
4.3 
4. 2 
4.0 
3.9 

18o3.8 
3.7 
3.6 
3.4 
3.3 

1803. 21 
J. I 
2.9 
2.8 
2.6 

I8o2. 5 
2.4 
2.3 
2. I 
2.0 

180I.9 
I. 8 
I. 6 
I. s 
I. 3 

18o1.2 
I. I 
I.O 
o.8 
0.7 

1Soo.6 

3616.2 
6.o 
5.7 
5.5 
5.2 

3615.0 
4.8 
4.5 
4.3 
4.0 

3613.8 
3.5 
3·3 
3.0 
2.8 

3612.5 
2.3 
2.0 
I. 8 
I. 5 

361I. 3 
I. I 

o.8 
o.6 
0.3 

3610. I 

09.8 
9.6 
9.3 
9.1 

3608.8 
8.6 
8.3 
8. I 

7.8 

36o7.6 
7.3 
7. I 
6.8 
6.6 

36o6.3 
6.o 
5.8 
5.5 
5.3 

36o5.o 
4.8 
4. 5 
4.3 
4.0 

36o3.8 
3.5 
3·3 
3.0 
2.8 

36o2.5 
2.2 
2.0 
I. 7 
I. 5 

36o1. 2 

. 5424· 3 
3.9 
3.6 
3.2 
2.9 

5422.5 
2. I 
I. 8 
1.4 
I. I 

5420.7 
20.3 
19.9 
9.6 
9.2 

5418.8 
8.4 
8. I 

7.7 
7.4 

5417. 0 
6.6 
6.2 
5.9 
5.5 

5415.1 
4.7 
4.3 
4.0 
3.6 

5413.2 
2.8 
2.5 
2. I 

I. 8 

5411. 4 
1.0 
o.6 

10.3 
09·9 

5409.5 
9· I 
8.7 
8.4 
8.o 

5407.6 
7.2 
6.8 
6.4 
6.o 

5405.6 
5.2 
4.8 
4.5 
4· I 

5403.7 
3.3 
2.9 
2.6 
2.2 

5401. 8 

7232·4 
I. 9 
1,4 
I. 0 

0.5 i 

7230.0 : 
29.5 
9.0 
8.6 
8. I 

7227.6 
7. I 
6.6 
6. I 
5.6 

7225.1 
4.6 
4• I 
3.6 
3. l 

7222. 6 
2. I 

I. 6 
I. l 

o.6 

7220.1 
19.6 
9. I 
8.7 
8.2 

7217. 7 
7.2 
6.7 
6. l 

5.6 

7215.1 
4.6 
4· I 
3.6 
3. I 

7212.6 
2. I 
I. 6 
I. I 
o.6 

7210. I 
09.6 

9· l 
8.6 
8. I 

7207. 5 
7.0 
6.5 
5.9 
5.4 

7204.9 
4.4 
3.9 
3.4 
2.9 

7200.4 

904°·5 
39.9 
9.3 
8.7 
8. I 

9037. 5 
6.9 
6.3 
5.6 
5.0 

9034.4 
3.8 
3.2 
2.6 
2.0 

9031. 4 
o.8 

30. 2 

29.5 
8.9 

9028.3 
7-7 
7. I 
6.4 
5· 8 

go25.2 
4.6 
4.0 
3.3 
2.7 

9022. I 
I. 5 
o.8 

20.2 

19.5 
9018. 9 

8.6 
7.7 
7.0 
6.4 

9015.8 
5.2 
4.5 
3.9 
3.2 

9012. 6 
2.0 
I. 3 
0.7 

10.0 

9009·4 
8.8 
8. I 

7. 5 
6.8 

goo6.z 
5.6 
4·9 
4-3 
3.6 

9003.0 



 

UNITED STATES COAST AND GEODETIC SURVEY. 169 

Latitude 13° to 14°-Meridional aics. Latitude 13°-Co-ordinates of curvature. 

Lat. i 
Longitude. I Value of 1" Sums of seconds for middle Value of 1' 

I Sums of minutes for middle x y 
latitude. latitude. 

I I 

0 I Maers. II llfeters. Meters. I Meters. 0 I I Meters. Meters. 

}3 00 3o.729 1843.73 
I 9 I 30.73 .73 I I 843. 7 0 I I 808. I 0.1 
2 9 2 61.46 .74 2 3 687. 5 2 3 616. 2 0.2 

3 9 3 92. 19 .74 3 s 531. 2 3 5 424. 3 o. 5 
4 9 4 122.92 . 74 4 7 375. 0 4 7 232. 4 0.9 

13 05 30.729 5 153.65 1843.74 5 9 218. 7 0 5 9 040.5 I. 5 
6 9 6 184.38 . 75 6 II 062. 4 6 10 848. 6 2. I 

7 9 7 215. II . 75 7 12 go6. 2 7 12 656. 7 2.9 
8 9 8 245.84 .75 8 14 750. 0 8 14 464. 8 3.8 
9 9 9 276.57 . 75 9 r6 593· 7 9 16 272. 9 4.8 

13 IO 30.729 IO 307.30 1843.76 IO 18 437. 5 0 IO IS o81. 0 5.9 
II 9 I 338.03 .76 l 20 281. 2 15 27121.5 13·3 
12 9 2 368.76 .76 2 22 125. 0 20 36 162. 0 23.7 
13 9 3 399.49 . 76 3 23 968. s 25 45 202. 5 37.o 
14 9 4 430.22 ·77 4 25 812. 5 30 54 Z4J. o 53.2 

13 15 30.729 15 46o.95 1843.77 15 27 656. 3 0 35 I 63 283. 5 72.5 
16 30 6 49r. 68 I . 77 6 29 500. l 40 72 32+ 0 94.7 
17 0 7 522.41 .77 7 31 343. 8 45 81 364. 5 II9. 9 
18 0 8 553.14 .78 8 33 187. 6 50 90 405.0 148.0 
19 0 9 583. 87 .78 9 35 031. 4 55 99 445. 4 I/9. I I 

13 20 30.730 20 614.6o 1843.78 20 36 875. 2 I 00 108 485. 9 213.0 
2r 0 I 645.33 .78 I 38 719.0 05 117526.3 249·9 
22 0 2 676.o6 . 79 2 40 562. 7 IO 126 566. 7 289.8 

23 0 3 7o6.79 ·19 3 42 406. 5 15 r35 6o7. I. 332.7 
24 0 4 737.52 .79 4 44 250. 3 20 I 144 647. 5 378. 6 

13 25 30.730 25 768.25 18{3.79 25 46 094· l I 25 rs3 687. 9 427.4 
26 0 6 798.98 .So 6 47 937. 9 30 162 728. 3 479· I 

27 0 7 829.71 .80 7 .49 781. 7 35 r1r 768. 6 533.8 
28 0 8 86o.44 .So 8 51 625. 5 40 18o 8og.o 591. 6 
29 0 9 891. 17 .So 9 53 469. 3 45. 189 849. 2 65z. I 

13 30 30.730 30 921. 90 lBu 81 30 55 313. I l 50 198 889. 5 715·2 
31 0 I 952.63 . Sr I 57 156. 9 55 207 929. 6 j82.3 
32 0 2 983.36 .81 2 59000. 8 2 00 216 970 852 

33 0 3 r or+ og . 81 3 6o 844. 6 3 00 325 451 f 917 

34 0 4 I 044. 82 . 82 4 62 688.4 4 00 433 927 3 407 

13 35 30.730 35 l 075. 55 1843.82 35 64 532. 2 5 00 542 396 5 32 4 
36 0 6 I 1o6. 28 . 82 6 66 376.0 6 00 650 857 7 666 

37 0 7 I 137· 01 .82 7 68 2r9. 8 7 00 759 307 10 434 

38 0 8 I 167. 74 .83 8 70 063. 6 8 00 867 ?46 13 628 

39 0 9 I 198. 47 .83 9 71907.5 9 ()() 976 172 17 248 

13 40 30.731 40 r 229. 21 1843.83 40 73 751. 3 IO 00 I 084 583 zr 294 
41 I I l 259. 94 . 83 I 75 595· I II 00 I 192 977 25 765 
42 I 2 l 290. 67 .84 2 77 439.0 12 00 I 3or 352 30 661 

43 J 3 I 321. 40 .84 3 79 282. 8 13 00 I 40<) 708 35 983 

44 I 4 l 352. 13 .84 4 81 126. 7 14 ()() I 518042 41 730 

13 45 30.731 45 I 382. 86 1843 .. 84 45 82 970. 5 15 00 I 626 352 47 903 

4> J 6 J 413, 59 . 85 6 14 814. 3 16 ()() I 734 637 54 501 

47 l 7 I 444, 32 .85 7 86 658. 2 17 00 I 842 896 61 524 

48 t 8 I 475· 05 . 85 8 88 502. 0 18 00 I 951 !26 68 972 

49 I 9 I 505. 78 . 85 9 90 345. 9 19 ·oo 2 059 326 76 845 

13 50 30.731 50 I 536. 51 1843.86 50 92 189. 8 20 00 2 167 494 85 143 

51 I l I 567. 24 . 86 I 94 033.6 21 00 2 275 629 93 865 

52 I 2 l 597· 97 .86 2 95 Sn. 5 22 00 2 383 729 103 012 

53 I 3 I 628. 70 .86 3 97 721. 3 23 00 2 491 792 II2 583 

54 I 4 I 659.43 .87 4 99 565. 2 24 00 2 599 817 l22 578 

13 55 30.731 55 I 6go.16 1843.87 SS IOI 409. I 25 00 2 707 801 132 997 

56 I 6 I 720.89 . 87 6 103 252. 9 26 00 2 8r5 744 143 840 

57 I 7 I 75l. 62 .87 7 105 096. 8 27 00 2 923 644 155 107 

58 I 8 I 782. 35 .88 s 106 940. 7 28 00 3 031 498 166 798 

59 I 
~ 

I 813.oS .88 9 Io8 784.6 29 00 3 139 305 178 912 

13 6o '30. 731 J 843.81 1843.88 6o uo6.z8.4 30 00 3 247 o65 191 441! . 
R.Bx.43-22 



 

170 UNITED STATES COAST AND GEODETIC SURVEY. 

Latitude 14° to 15°-Arcs of the parallel in meters. 

Lat. 1" 3' 
,, 51 2" i 3" i !" I 011 6" 7" 8" I 9" 1' I 2' i 

1--0-f-I----'--·-:--! ___ ! ___ ------ ---!----l-I-8oo--. 6-11, ____ !:----·1----1---~ 
14 oo 30. 01 oo. 02 

1

1 go. 03 120. 04 150. os 18o. o6 210. 01 240. o8 270. 09 36o1. 2 5401. 8 1202. 4 9003· o 
I . 01 . 02 . . 02 . 03 . 04 . 05 • o6 . o6 . 07 o. 5 I o. 9 I. 4 I. 9 2. 3 
2 . 01 . 01 , 02 . 02 . 03 , OJ • 04 , 04 , 05 0. 3 0. 7 I. 0 I· 3 I. 6 
3 .oo .01 .01 .01 .02 .02 .03 .03 .03 0.2 0.4 o.6 o.8 1.0 
4 . 00 . 00 go. 00 20. 00 50. 01 So. 01 . 01 40• 01 70, 01 8oo. I 6oo. 2 400· 2 200. 2 90CJC>· 4 

14 05 30:00 6o. 00 go. 00 119. 99 149. 99 179. 99 210. 00 239. 99 26g. 99 1799. 9 3599. 9 5399· 8 7199. 7 8999. 7 
6 . 00 6o. 00 89. 99 . 99 . 98 . 98 09. 98 . 97 . 97 9· 8 9. 6 9. 4 9. 2 . 9. 0 
7 30. 00 59· 99 . 98 . 98 . 97 . 97 . 97 . 95 . 95 9· 7 9. 4 9· 0 8. 7 8. 4 
8 29. 99 · 99 · 98 · 97 · 96 · 95 · 95 • 94 · 93 9· 5 9· l 8. 7 8. I 7 · j 
9 ·99 .98 ·97 .96 ·95 ·94 ·94 .92 .91 9·4 8.9 8.3 7.6 7· I 

14 IO 
II 

12 
13 
14 

14 15 
16 
17 
18 
19 

14 20 
21 
22 

23 
24 

14 25 
26 
27 
28 
29 

14 30 
' 31 

32 
33 
34· 

14 35 
36 
37 
38 
39 

14 40 
41 
42 
43 
44 

14 45 
46 
47 
48 
49 

14 50 
51 
52 
53 
54 

14 55 
56 
57 
58 
59 

14 6o 

29.99 
·99 
.99 
. 98 
.98 

59· 98 89. 96 119. 95 149. 94 . 179. 93 209. 92 239. 90 26g. 89 1799· 3 3598. 6 5397· 9 7197. I 8996. 4 
.98 .96 .94 ·93j .92 .go .88 .87 9.2 8.3 7.5 6.6 5.7 
. 97 , 95 . 93 . 92 I • go . 89 , 87 . 85 9· 0 8. 0 7. I 6. I 5· I 
. 97 . 94 . 92 . 91 I . 8g . 87 . 85 . 83 8. 9 1. 8 6. 1 5. s 4. 4 
._96 .94 .91 .go' .88 .86 .83 .81 8.8 7.5 6.3 5.0 3.8 

59.96 89.93 II9.90 149.88 179.86 209.84 239.81 26g.79 1798.6 3597.2 5395·9 7194·51 8993.1 29.98 
.98 
.98 
. 97 
. 97 

. 95 . 92 . go . 87 . 85 . 82 . So . 77 8. 5 6. 9 5. 5 4. 0 2. 4 

.95 .92 .89 .86 .84 .81 .78 .75 8.4 6.7 5.1 3·5 1.8 
• 94 . 91 . 88 · 85 . 82 · 79 . 76 . 73 8. 2 6. 4 4. 7 2. 9 I. I 

.94 .91 .87 .84 .81 .78 .75 .71 8.1 6.2 4.3 :q go.5 

29. 97 59· 93 
. 97 . 93 
.96 . 92 
. 96 . 92 
. 96.1 . 91 

29. 95 ' .59· 91 
. 95 . 91 
.95 . go 
. 95 . go 
. 94 . 89 

29. 94 59· 89 
.94 .89 
.94 .88 
. 93 .88 
. 93 . 87 

29. 93 59· 87 
. 93 . 86 
. 93 .86 
. 92 . 85 
. 92 I . 85 

29.92 
.92 
.92 
.91 
.91 

59.84 
.84 
. 83 
. 83 
. Sz ' 

29. 91 59. 82 
.91 . 82 
. 91 . 81 
. go . 81 
.go .So 

I 

89.90 
. 89 
. 89 
. 88 
. 87 

89·86 
. 86 
. 85 
.84 
. 84 

89.83 
. 82 
. 82 
. 81 
.8o 

89.So 
.79 
. 78 
.78 
• 77 

89.76 
.76 
. 75 
.74 
.74 

89.73 
. 72 
.72 
. 71 ' 
. 70 . 

29. 90 I' 59· 8o I 89. j0 
.go .80 .69 
.90 .79 .68 
.89 .79 .68 
.89 .78 .67 

29. 89 59. 78 89. 66 
. 89 . i7 . 65 
. 89 . 77 . 65 
.88 . 76 .64 
.88 . 76 . 63 

29. 88 59· 75 89. 63 

II9. 86 149· 83 179. 8o 209. 76 239. 73 269. 69 1798. O 3595· 9 5393· 9 7191 9 8989. 8 
.85 .82 .79 ·75 .71 .67 7.9 5.6 3.5 1:41 9.1 
. 84 . 81 . 77 . 73 . 69 . 65 7. 7 5· 4 3· I 0. 8 8. 5 
. 84 . 8o • 76 • 72 • 68 . 63 7· 6 5· I 2. 7 go. 3 7- 8 
.83 ,79 •74 .70 .66 .61 7.4 4•9 2.3 89.7 I 7.2 

119. 82 149. 77 179. 73 209. 6g 239. 64 26g. 59 1797. 3 3594· 6 5391. 9 7189. 2 8986. s 
.81 .76 .72 I .67 .62 .57 7.2 4.3 1.5 8.7 5.8 
.So .75 .70 .66 .6o .55 7.0 4.1 I.I 8.I 5.1 
. 8o . 74 . 69 . 64 . 59 . 53 6. 9 3· 8 o. 7 7. 6 4. 5 
. 79 . 73 . 67 • 63 . 57 . 51 6. 7 3. 6 go. 3 7. 0 3· 8 

•119. 78 149· 721 179. 66 209. 61 239. 55 269. 49 1796. 6 3593• 3 538g. 9 7186. 5 8983. I 

• 77 · 7 I • 65 · 59 · 53 • 47 6. 5 3· 0 9· 5 6. 0 2. 4 
.76 .70 .64 .58 .51 .45 6.4· 2.7 9.1 5.4 1.8 
, 75 , 6g , 6:i · 56 . 50 , 43 6. 2 2. 5 8. 7 4· 9 I. I 
. 74 . 68 . 61 · 55 . 48 . 41 6. l 2. 2 8. 3 4• J 8o. 5 

119. 73 149. 66 179. 6o 209. 53 239. 46 269. 39 1796. 0 3591. 9 5387. 9 7183. 8 8979 8 
. 73 . . 65 · 58 · 5 l • 44 . 37 5· 8 I• 6 7 • 5 3· J 9· I 

• 72 · 64 • 57 · 50 • 42 • 35 5· 7 I. 4 7 · I 2. 7 8 4 
.71 .63 .56 .48 .41 .33 5.6 I.I 6.6 2.2 7.8 
• 70 • 62 • 54 • 47 • 39 · JI 5· 4 0. 9 6. 2 I. 6 7 I 

II9. 69 149. 61 179. 53 , 209. 45 2J9· 37 26g. 29 1795. 3 3590· 6 5385. 8 7181. I 8976 4 
.68 .6o .52 .43 .35 .27 5.2 0.3 5.4 o.6 5.7 
.67 .59 .50 .42 .33 .25 5.0 go.o 5.0 So.c 5.0 
. 66 . 57 . 49 . 40 . 32 . 23 4. 9 8g. 8 4. 5 79· 5 4· 4 
· 65 · 56 • 47 • 39 • 30 • 21 4• 7 9• 5 4· I 8. 9 3· 7 

II9. 64 149. 55 179 46 20<). 37 239. 28 269. 19 1794. 6 3589. 2 5383. 7 7178. 4 8973. 0 
. 63 . 54 . 45 . 35 • 26 . 17 4. 5 8. 9 3· 3 7. 9 • 2. 3 
.62 .53 .43 ·34 .24 .15 4.3 8.6 2.9 7.3' 1.6 
.61 .51 .42 .32 .23 .13 4.2 8.4 2.5 6.8 1.0 
· 6o . 50 I • 40 . 31 . 21 . II 4. O 8. I 2. I 6. 2 70. 3 

119. 59 
.58 
. 57 
.56 
. 55 

II9. 54 
·54 
.53 
.52 
.51 

119. 50 

I 

149. 49 I 179. 39 209. 29 239. 19 26g. og 1793. 9 3587. 8 5381. 7 7175. 7 ; 8969. 6 
.48 .38 .27 .17 .07 3.8 7.5 1.3 5.1 8.9 
. 47 . 36 . 26 . 15 . 05 3· 6 7. 2 o. 9 4. 6 : 8. 2 
. 46 . 35 . 24 . 13 . 03 3. 5 7. 0 o. 5 4. 0 . 7. 5 
• 45 • 33 • 23 • Jl 9· OI 3· 3 6. 7 So. I J· 5 ; 6. 8 

149. 43 
.42 
. 41 
.40 
.39 

149.38 

179.32 
. 31 
. 29 
. 28 
. 26 

1 79· 25 

209. 21 239. 09 268. 98 1793· 2 3586. 4 5379· 7 7172. 9 8966. I 
. 19 . 08 . 96 3· I 6. I 9· J 2. J 5· 4 
.18 .o6 .94 2.9 5.9 8.9 1.8 4.7 
. 16 .04 .92 :z.S 5.6 8.4 J. 2 4. I 
. 15 . 02 . go 2. 6 5. 4 8. 0 0. 7 3· 4 

209· 13 239. 00 268. SS 1792. s 3585. I 5377· 6 7170. l 8¢2. 7 
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Latitude 14° to 15°-Meridional arcs; Latitude 14°-Co-ordinates of curvature. 
I 
I 

Lat. I 

I 

I 

Value of 111 Sums of seconds for middle i V 1 f / I Sums of minutes for middle Longitude. x y I latitude. i a ue 0 1 , latitude. 

i 

I 

i • 
\ 

0 I Meters. II llfeters. Meters. I .Meters. 0 I 

\ 
Meters. ll1eters. 

14 00 30.731 

I 
1843. 8S 

I I I 30.73 .SS I I 843. 9 0 I I I 8oo. 6 0, l 

2 I 2 61.47 .89 2 3 687. 8 2 

I 
3 6o1. 2 O.J 

3 I 3 92.20 I .89 3 5 531. 7 3 5 401. s o.6 
4 2 4 122.93 .89 4 7 375. 6 4 7 202. 4 1.0 

14 05 30.732 5 153. 66 1843.89 5 9 219. 4 
I 

I. 6 0 5 i 9 002. 9 
6 2 6 184.40 .90 6 II o63. 3 6 IO 8o3. 5 2.3 
7 2 7 215. 13 . .go 7 12 907. 2 7 

i 12 6o4. 1 J. I I 
8 2 8 245.86 .go 8 14 75L I 8 

I 
14 404. 7 4.1 

9 2 9 276.59 .91 9 16 595. 0 9 16 205. 3 5. I 

I 
14 10 30.732 10 307. 33 1843.91 10 18 438. 9 0 IO I 18 005. 9 6.3 

II 2 I 338. o6 . 91 l 20 282. 9 15 

I 
27 008. 8 14.2 

12 2 2 368. 79 . 91 2 22 126. 8 20 360!1.8 25-3 
13 2 3 399.52 . 92 3 23 970. 7 25 45 014. 7 39.6 
14 2 4 430.26 . 92 4 25 814. 6 30 

I 
54 017. 7 57.0 

14 15 30.732 15 46o.99 1843.92 rs z7 658. 5 0 35 63 020.6 77. 6 
16 2 6 491. 72 . 92 6 29 502. 5 40 72023.5 

I 
IOI. 4 

17 2 'I 522.46 . 93 7 31 346. 4 45 81 026.4 128.3 
18 2 ~· 8 553.19 . 93 8 33 190. 3 50 90029.3 158.4 
19 2 9 583.92 . 93 9 35 034. 3 55 99 032. 2 19!. 7 

14 20 30.732 20 614.65 1843.93 20 36 878. 2 1 00 1o8 035, I 2'28. I 

21 2 I 645.39 ·94 1 38 722. I 05 1I7037.9 267.7 
22 2 2 676. l2 .94 2 40 566. l IO 126 040. 8 310.4 
23 2 3 7o6. 85 . 94 3 42 410.0 15 135 043. 6 356.4 
24 2 4 737.58 .94 4 44 254.0 20 144046.4 405.5 

14 25 30.732 25 768.32 1843- 95 25 46 097. 9 I 25 153 049. 2 457.7 
26 2 6 799.05 . 95 6 47 941. 9 30 162 052. 0 513. 2 
27 3 7 829.78 . 95 7 49 785. 8 35 171054.8 571. 8 
28 3 8 86o.52 .96 8 51629.8 40 18oo57.5 63;. 6 
29 3 9 891.25 .96 9 53 473. 7 45 189 o6o. 2 698.5 

r4 30 30.733 30 921.98 r843.g6 30 55 317. 7 1 50 198 o62.9 766.6 
31 3 I 952.71 . 96 1 57 161. 6 55 207 o65. 6 837.9 
32 3 2 983.45 . 97 2· 59 005. 6 2 00 216 o68 912 

33 3 3 1 014. 18 • 97 3 6o 849.5 3 00 324 098 2 053 

34 3 4 I 044· 91 . 97 4 62 6g3. 5 4 00 432 121 3 649 

14 35 JO. 733 35 I 075, 64 1843. 97 35 64 537. 5 5 00 540 137 5 702 
36 3 6 I lo6. 38 . 98 6 66 381. 5 6 00 648 143 8 210 

37 3 7 I 137• II . 98 7 68 225.4 7 00 756 138 II 175 
38 3 8 I 167. 84 . 98 8 7oo6g.4 8 00 864119 14 595 
39 3 9 I 198. 57 .98 9 71913.4 9 00 972 o85 18 472 

14 40 30.733 40 I 229. 31 1843.99 40 73 757·"4- IO 00 I o8o 033 22 8o5 
41 3 I J 26o. 04 ·99 I 75 6oI. 4 II 00 I 187 962 27 593 
42 3 z J 290. 77 . 99 2 77 445.4 12 00 I 295 870 32 837 
43 3 3 I 321. 51 3.99 3 79 289.4 13 00 1 403 755 38 536 
44 3 4 I 352. 24 4.00 4 81 133.4 14 00 I SII 615 44 6g1 

14 45 30.733 45 1 382. 97 1844. 00 45 82977.3 15 00 I 619 448 51 301 

46 3 6 I 413. 70 .oo 6 84 821.4 16 00 I 727 252 58 366 

47 3 7 I 444· 44 .oo 7 86 665.4 17 00 I 835 025 65 887 
48 3 8 I 475· 17 • OJ 8 88 509.4 18 00 I 942 766 73 863 

49 3 9 I 505. 'JO . 01 9 90 353.4 19 00 2 050 472 82 294 

14 50 30. 734 50 r 536. 63 1844, Ol 50 92 197. 4 20 00 2 158 142 91 179 
51 4 I 1 567. 37 • Ot I 94041.4 21 00 2 265 772 IOO 518 
52 4 2 I 598 .. 10 .02 2 95 885.4 22 00 2 373 362 110312 

53 4 3 I 628. 83 .02 3 97 729.4 23 00 2 480 911 120 56o 
54 4 4 I 659. 57 .02 4 99 573- 5 24 00 2 588 415 131 262 

14 SS 30.734 55 I figo. 30 1844.02 SS IOI 417. 5 25 00 2 695 873 142 418 

56 4 6 I 721. 03 .03 6 xo3 261. s 26 00 2 8o3 283 154 028 

57 4 7 I 751.~6 .03 7 105 105.5 27 00 2 910 642 166 091 

58 4 8 I 782. 0 .03 8 106 949.6 28 00 

I 
3 017 950 178 6o7 

59 4 ~ 
I 813.23 .04 9 108 793· 6 29 00 3 125 204 191 576 

14 6o 30.734 I 843. 96 1844. 04 6o no 637.6 30 00 3 232 402 204 998 

-



 f 
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-·- --

\ 
Latitude 15° to 16°-Arcs of the parallel in metei:s. 

) i I I I I 
Lat. 1" 2" 3" l 4" 5" I 6'' I 1" 8" 

I 
D" 1' 2' 3' 

,, 51 
' I • I 

I 
I 

! I I I ___ , ___ , _________ , ___ 
I i 

0 I 
I 

15 00 29.88 59.75 89.63 119. 50 149.38 179.25 209.13 239.00 268.88 1792.5 3585. I 5377· 6 I 7170.1 8962. 7 
I . 88 . 75 .62 .49 . 37 . 24 . II 8.98 . 86 2.4 4.8 7.2 69.6 z.o 
2 . 87 .74 . 61 .48 .36 • 22 ,IO .96 . 84 2.2 4. 5 6.8 9.0 I. 3 
3 . 87 .74 . 6r .47 . 34 . 21 .08 . 95 . 82 2. I 4. 3 6.3 8.4 60.6 
4 . 87 . 73 .6o .46 . 33 . 19 . 07 ·93 .So I. 9 4.0 5.9 7.9 59.9 

15 05 29.86 59.73 89.59 119. 45 149.32 179 18 209.05 238.91 26S.77 1791. 8 35S3. 7 I 5375. 5 7167.3 8959.2 
6 .S6 . 72 .59 .45 . 31 . 17 .03 .89 . 75 I. 7 3.4 5. I 6.8 8.5 
7 .86 . 72 .58 .44 .30 . 15 .02 .87 .73 I. 5 3· I 4. 7 6. 2 7,8 
8 .86 . 71 .57 .43 . 28 .14 9.00 .86 . 71 I. 4 2.9 4.2 5.7 7· I 

9 .85 .71 .56 .42 . 27 . 12 8.99 .84 . 69 I. 2 2.6 3.8 5. I 6.4 

IS IO 2g.85 59· 70 89.56 119. 41 149.26 179. II 208.97 238.82 26S.67 17g1. I 3582.3 5373.4 7164. 6 8955.7 
II .85 .70 .55 .40 . 25 . IO .95 .8o . 65 I. 0 '2.0 3.0 4.0 5.0 
f2 . 85 .6g .54 .39 .24 .08 ·94 .78 . 63 o.8 I. 7 2.6 3.4 4.3 
13 .84 . 69 .54 .38 . 22 .07 .92 .76 . 61 o. 7 I. 5 2. I 2.9 3.6 
14 ,84 .68 .53 .37 . 21 .05 ·90 .74 .59 o. s 1.2 I. 7 2.3 2.9 

15 15 29.84 59.68 89. 52 ng. 36 149.20 179.04 208.89 238.72 268.56 1790.4 358o.9 5371.3 7161. 7 8952.2 
16 .84 .68 .52 . 35 19 .03 . 87 . 71 .54 0.3 0. 6 o.g I. l I I. 5 
17 .84 . 67 .51 .34 . 18 .01 .85 .69 . 52 O. I 0.3 o. 5 o.6 o.8 
18 .83 . 67 .50 . 33 .16 9.00 .83 . 67 .50 go.o 8o.o 70.0 6o.o 50.0 
19 . 83 .66 .4g .32 . 15 8.98 .82 . 65 .4S 89.8 79.7 69.6 59· 5 49·3 

15 20 29.83 59.66 Sg.49 119. 31 149. 14 178.97 2o8.8o 23S.63 26S.46 1789.7 3579.4 536g.2 7158.9 8948.6 
21 . 83 .66 .48 .30 . 13 . 96 .78 .61 .44 9.6 9. l 8.8 S.3 7.9 
22 . 83 . 65 .47 .2g .12 .94 . 77 .59 .42 9.4 S.8 8. 3 7.7 7.2 
23 . 82 . 65 .46 . 28 . II .g3 . 75 .57 .40 9.3 8.6 7.g 7.2 6.4 
24 . 82 .64 .46 . 27 •IO . 91 .74 .55 . 38 9· I 8.3 7.4 6.6 5. 7 

IS 25 2g.82 59.64 S9.45 119. 26 149.o8 178.go 208.72 23S. 54 268.35 17S9.o 357S.o 5367.0 7156.0 8945.0 
26 .82 . 63 .44 . 26 .07 . 8g .70 .52 . 33 S.9 7.7 6.6 5.4 4. 3 
27 . 82 . 63 .44 . 25 .o6 . 87 .6g .50 . 31 S.7 7.4 6. 2 49 3.6 
28 . 81 ,62 .43 .24 .05 . 86 .67 .48 . 29 8.6 7.2 5.7 4.3 2.9 
29 .SI . 62 .42 .23 .04 .84 .66 .46 . 27 8.4 6.9 5.3 3.S 2.2 

15 30 29.81 59.61 S9.42 Ilg. 22 149.03 l7S.83 208.64 23S.44 268.25 1788.3 3576.6 5364.9 715J. 2 8941. 5 
31 .81 . 61 .41 . 21 .02 . 82 .62 .42 . 23 8.2 6.3 4.5 2.6 o.8 
32 .So .6o .40 .20 9.01 .So . 61 .40 . 21 S.o 6.o 4.0 2.0 40.1 
33 .8o . 6o .39 . 19 8.99 • 79 ·59 .3S .18 7.9 5.8 3.6 I. 5 39.3 
34 .So ·59 . 39 .18 . 98 . 77 .57 . 36 .16 7,7 5.5 3. I 0:9 8.6 

15 35 29.79 59· 59 89.38 119. 17 148. 97 178.76 208.55 23S.35 268. 14 1787.6 3575.2 5362.7 7150.3 8937.9 
36 .79 .5S . 37 . 16 . 96 . 75 .54 . 33 . 12 7.5 4.9 2. 3 49.7 7.2 
37 . 79 .58 .36 . 15 . 95 . 73 .52 .31 . Io 7.3 4.61 1. 9 9. l 6.5 
38 .79 .57 .36 . 14 . 93 . 72 .50 • 29 .07 7.2 4.3 I. 4 8. 6 ! 5-7 
39 .78 . 57 • 35 . 13 . 92 .70 .49 . 27 .05 7.0 4.0 I. 0 S.o 5.0 

15 40 29.78 59.56 Sg.34 119. 12 148. 91 178.69 208.47 238.25 268.03 1786.9 3573.7 536o.6 7147.4 8934.3 
41 .7S .56 .34 . II .go .67 .45 . 23 S.OI 6.7 3.4 6o.2 6.8 3.6 
42 . 78 : . 55 .33 . IO . 88 . 66 .44 . 21 7.99 6.6 3. I 59.7 6.2 2.8 
43 . 11 I . 55 . 32 ·09 . 87 .64 .42 . 19 . 96 6.4 2.9 9.3 5.7 2. I 

44 . 77 i . 54 . 31 .08 . 86 .63 .40 . 17 ·94 6.3 2.6 8.S 5· I I. 3 

15 45 29. 77 i 59. 54 89.31 119.07 148.84 178.6! 208.39 238. 15 267.92 1786. I 3572. 3 5358.4 7144. 5 8g30.6 
46 • 77 I '53 .30 .07 . 83 .6o . 37 . 13 .go 6.o 2.0 8.o 3.g 2g.9 
47 . 771 . 53 .29 .o6 . 82 .58 . 35 •II .SS 5.8 I. 7 7.5 3.3 9.2 
48 . 76 . 52 .28 .05 . 81 .57 .33 .09 . 85 5.7 '· 4 7• I 2.8 8.4 
49 . 16 I . 52 . 28 .04 . 791 . 55 .32 .07 .83 5· 5 I. I 6.6 2.2 7.7 

I 
89.27 2o8. 30 267.81 17S5.4 5356. 2 7141. 6 15 50 29. 76 l 59. 51 119.03 14S. 78 178. 54 238.05 3570.8 S927.o 

51 . 761 . 51 .26 .02 . 77 .53 . 2S .03 . 79 5. 3 I 0.5 5.8 J. 0 6.3 
52 • 75 I • 50 .26 •OJ . 76 . 51 • 27 S.01 .77 5· I 70.2 5.3 40.4 5.5 
53 . 75 I • 50 . 25 9.00 . 74 .50 . 25 7.99 . 74 5.0 69.g 4-9 39.9 4.8 
54 • 751 . 4g . 24 8.99 .73 .48 .23 ·97 ·7Z 4.8 9.6 4.4 9·3 4.0 

15 SS 29. 74 5g. 49 S9.23 118. 98 148.72 178. 47 2o8.22 237.g6 267.70 1784.7 3569.3 5354.0 7138.7 8923.3 
56 .74 j .48 .23 . 97 .71 ·45 .20 ·94 .68 t! 9.0 3.6 8.1 2.6 
57 . 741 . 48 .22 .96 .70 .44 .18 .92 .66 8.7 3.1 7.5 1.9 
58 • 74 ·47 . 21 • 95 .68 .42 . 16 .go .63 4.2 8.5 2.7 6.9 I. I 

59 . 73 . 47 .20 .94 . 67 .41 • IS .88 . 61 4.1 8.2 2.2 6.3 20.4 
15 6o 2g. 731 5g. 46 Sg.20 us. 93 148.66 178. 39 208. 13 237. 86 267.59 1783.9 3567.9 m1.s 7135.7 8g19. 7 



 

UNITED STATES COAST AND GEODETIC SURVEY. 173 

Latitude 15° to 16°-Meridional arcs. Latitude 15°-Co-ordinates of curvature. 

Lat. 
Val f /1 ! Sums of seconds for middle 

i 
I Value of 1' 

Sums of minutes for middle Longitude. 
I 

x y 
ue 0 1 latitude. latitude. 

I 
I 

I 
I I I 

g I Mttws. II Meters. Meters. I Meters. 0 I Meters. I 1}feters. 

I I5 00 30.734 1844.04 ' 

I 
I I 

I 4 I 30.74 .04 I I 844.0 0 I I I 792. 5 I 0. I 
2 4 2 61.47 . 05 z 3 688. I 2 

I 

3 585. I 
I 

0. 3 
I 3 4 3 92.21 . 05 3 5 532. I 3 5 377. 6 o.6 

4 4 4 I22.94 .05 4 7 376. 2 4 7 170. I 

I 
I. I 

I IS 05 30.734 s 153.68 1844.05 5 9 220. 2 0 5 I 8 962. 7 I. 7 
6 4 6 184.41 ,o6 6 II o64. 3 6 IO 755· 2 i 2.4 

7 4 7 215. 15 .o6 7 12 908. 4 7 12547.7 3.3 I 
8 8 

I 
245.88 .o6 8 14 752. 4 8 I I 

4 • 14 340. 2 i 4- 3 I 

4 276.62 .o6 16 596. 5 16 132. 8 I 5.5 I 

9 9 9 9 I 

I 15 10 30.734 10 307.35 1844. 07 IO IS 440. 6 0 IO 17 925. 3 I 6.8 
II s I 338.09 . 07 I 20 284. 6 15 26 887. 9 15. 2 
12 s 2 368.82 .07 2 22128.7 20 35 850. 6 27.0 

\ 
13 5 3 399.56 .08 3 23 972. 8 25 44 813. 2 42.2 i 
14 5 4 430.30 .08 4 25 816. 9 30 53 775· 9 6o.7 I 

15 15 30.735 IS 
. 461. 03 1844.08 15 27 66o. 9 0 35 62 738. 5 8.:q ! 

16 5 6 491·77 .08 6 29 505. 0 40 71 701. 2 rn8.o 
17 5 7 522.50 i .09 7 131 349· I 45 So 663. 8 136.7 i 
18 s 8 553· 24 I .og 8 33 193. 2 50 89 626. 4 168.7 

! 
19 s 9 583.97 .09 9 35 037. 3 55 98 589. 0 204. I 

15 20 30.735 20 614.71 1844. IO 20 36 881. 4 I 00 IO/ 551. 6 242.9 
2I 5 I 645.44 . IO I 38 725. 5 05 116 514· I 28j. I 
22 s 2 676. 18 •IO 2 40 569. 6 IO 125 476. 6 330. 7 
23 s 3 7o6. 91 . 10 3 42 413. 7 15 134 439· 2 379.6 
24 5 4 737. 65 I 

. II 4 44 257. 8 20 143 401. 7 431. 9 

15 25 30.735 25 768. 39 1844. II. 25 46 IOI. 9 I 25 152 36+ 2 487.5 
26 s 6 799· 12 . II 

I 
6 47 946.0 30 161 326. 6 546.6 

27 5 7 829.86 • 12 7 49 790· I 35 170 289. I 609.0 
28 5 8 86o.59 . 12 8 51 634. 3 40 179 251.5 674.8 

I 

29 s 9 891. 33 . 12 I 9 53 478. 4 45 1S8 213. 9 743.9 
! 

15 30 30.735 30 922.o6 1844. 12 I 30 55 322. 5 I 50 197 176. 3 816.5 
31 5 I 952.So . 13 I 57 166. 6 55 2o6 138. 6 892.4 
32 5 2 983.53 . 13 2 59 OIO. 8 2 00 215 IOI 9i2 
33 6 3 I 014. 27 . 13 3 6o 85+ 9 3 00 322 646 2 186 

34 6 4 I 045.00 . 13 4 62 699.0 4 00 430 184 3 887 

15 35 3o.736 35 l 075. 74 1844. 14 35 64 543. 2 5 00 537 713 6 072 
36 6 6 I 100. 47 .14 6 66 387. 3 6 00 645 232 s 744 
37 6 7 I 137. 21 .14 7 68 231. 4 7 00 752 738 II 901 
38 6 8 I 167. 95 . IS 8 70 075. 6 8 00 86o 228 15 545 
39 6 9 I 198, 68 . 15 9 71 919· 7 9 00 967 701 19 674 

15 40 30.736 40 I 229. 42 1844. 15 40 73 763. 9 IO 00 I 075 153 24 288 
41 6 I I 26o. 15 . 15 I I 75 6o8. 0 II 00 l 182 584 29 387 
42 6 2 I 290. 89 . 16 2 n 4a2· 2 I2 00 I 289 991 34 972 
43 6 3 I 321. 62 . 16 3 79 296.3 13 00 l 397 371 41 042 

44 6 4 I 352. 36 . 16 4 i 81 140. 5 14 00 I 504 723 47 597 

15 45 30.736 4S I 383. 09 1844. 17 45 I 82 984. 6 15 00 I 612 046 54 636 
46 6 6 I 413. 83 . 17 6 84 828. 8 16 00 I 719 333 62 16o 

47 6 7 I 444· 56 . 17 7 86 673.0 17 00 I 826 586 70 169 
48 6 8 I 475· 30 I . 17 8 88 517. 2 18 00 I 933 802 78 662 

49 6 9 I 5o6. 03 I . 18 9 90 361. 3 19 00 2 040 978 87 639 

15 50 30.736 50 I 536. 77 I 1~.18 50 92 205. s 20 00 2148113 97 IOI 

51 6 I I 567. 51 . 18 l 94049. 7 21 00 2 255 204 107 047 

52 6 z I 598. 24 .19 2 95 893. 9 22 00 2 362 248 117 476 

53 6 3 I 628. 98 . 19 3 97 738. I 23 00 2 469 245 128 388 

54 7 4 I 659. 71 • 19 4 99 582. 3 24 00 2 576 192 139 784 

15 SS 30.737 SS I 6go.45 1844. 19 SS IOI 426. 5 25 00 2 683 o86 151 663 

56 7 6 I p.1. 18 . 20 6 103 270. 6 26 00 2 789 925 164024 

57 1 7 I 751. 92 .20 7 105 114. 8 27 00 2 896 708 176 868 

58 7 8 I 782. 65 .20 s 1o6 959.o 28 00 3 003 430 190 194 

59 1 ~ I 813. 39 .zo ~ 
Io8 8o3. 3 29 00 3 110 091 204003 

15 6o JO. 737 l 844. 12 I 1844 21 no 647. S 30 00 3 216 6go 218 294 

1! 
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Latitude 16° to 17°-Arcs of the parallel in meters. 

I I I I I I I I ! ! 

Lat. -~~~f-2_'_' _l_3_"_t_"_"_i_5_'1--6-1'_1_7_11_)_8_'_'_,_9_'_'_. __ •_' __ ,I ___ 2_' _1 __ 3_'_111--'-'--l--·-5' __ , 
0 I I I l I I 

16 oo 29. 73 59· 46 l 89. 20 118. 93 I 148. 66 178. 39 I 208. 13 1 237. 86 
I . 7J · 46 ' · 19 · 92 I • 65 · 38 1 • II i • 84 
2 • 13 . 45 . 1s . 91 I . 64 . 36 : . 09 i . 82 
3 .72 .45 .17 .90: .62 .35 I .os 1 .8o 
4 .72 ·44 .17 .89! .61 .331 .o61 .78 

16 05 29. 72 59. 44 89. 16 u8. 881 148. 6o 178. 32 i 208. 04 237. 76 
6 . 72 . 43 . 15 . 87 I • 59 . 30 I . 02 •. 74 
7 . 72 . 43 . 14 . l'6 i . 58 . 29 I 8. 00 , • 72 
8 . 71 . 42 . 14 . 85 : . 56 . 27 II 7. 99 : . 70 
9 . 11 . 42 . 13 . 84 i . 55 . 26 . 97 I . 68 

! I I 
16 IO 29. 71 59· 41 , 89. 12 II8. 83 f 148. 54 178. 24 207. 95 237. 66 

II .71 .41 .II .82 I .53 .23 ·93 .64 
12 .70 .40 .II .81 i .51 .21 .9!z .62 
13 . 70 . 40 . IO • 8o j , 50 . 20 • 90 . 60 
14 . 70 . 39 . 09 . 79 i . 49 . 18 . 88 . 58 

16 15 29.69 59· 39 89.os us. 18 I 148.47 178.11 201.81 237.56 
16 . 69 . 38 . 08 . 77 I . 46 . I 5 . 85 . 54 
I 7 . 69 . 38 . 07 · 76 i · 45 · 14 · 83 • 52 
18 .69 .37 .06 .75 .44 .12 .81 .50 
19 .68 .37 .o6 .74 .42 •II .8o .48 

16 20 
21 
22 
23 
24 

16 25 
26 
27 
28 
29 

16 30 
31 
32. 
33 
34 

16 35 
36 
37 
38 
39 

16 40 
41 
42 

43 
44 

16 45 
46 
47 
48 
49 

16 50 
51 
52 
53 
54 

16 SS 
56 
57 
58 
59 

16 6o 

29.68 
.68 
.68 
. 67 
. 67 

29.67 
. 67 
. 67 
. 66 
.66 

29.66 
. 66 
. 65 
. 65 
. 65 

29.64 
. 64 
. 64 
. 64 
. 63 

29.63 
. 63 
.63 
. 62 
. 62 

29.62 
. 62 
. 62 
. 61 
. 61 

29.61 
.61 
.6o 
.6o 
.6o 

29.59 
. 59 
.59 
.59 
• 58 

29.58 

59.36 
.36 
. 35 
. 35 
.34 

59.34 
. 33 
.33 
. 32 
.32 

59.31 
•JI 
.30 
.30 
.29 

59. 29 
.28 
.28 
. 27 
. 27 

89.05 
.04 
. 03 
.02 
. 02 

89.01 
9.00 
8.99 

. 99 

.98 

88.97 
. 96 
. 96 
. 95 
.94 

88.93 
. 92 
. 92 
. 91 
. 90 

59· 26 88. 89 
'26 . 89 
. 25 . 88 
. 25 . 87 
. 24 . 86 

59. 24 ! 88. 86 
. 23 . 85 
. 23 . 84 
. 22 . 83 
. 22 .83 

59. 21 
. 21 
. 20 
.20 
.19 

59· 19 
.18 
.18 
.17 
.17 

5g.16 

·88. 82 
.81 
.80 
• 79 
. 79 

88.78 
. 77 
• 76 
.76 
• 75 

88.74 

118. 73 148. 41 
. 72 . 40 
. 71 . 39 
· 70 · 37 I 
. 6g . 36 

118. 68 148. 35 
.67 . 34 
. 66 . 33 
. 65 . 31 
.64 .30 

IIS. 63 148. 29 
.62 . 28 
. 61 • 26 
. 6o . 25 
. 59 . 24 

118. 58 148. 22 

• 57 : . 21 
. 56 ' . 20 
. 55 : . 19 
. 54 i . 17 

118. 53 : 148. 16 
. 52 I . 15 
.51 ' . 13 
. 50' . 12 
·49 ·II 

us. 47 
.46 
.45 
.44 
.43 

148. 09 
.o8 
. 07 
.06 
.04 

us. 42 i 148. 03 
. 41 I . 02 
.40: 8. 00 

·391 7.99 
.38 .98 

us. 37 147. 96 
. 36 . 95 
·35 ·94 
.34 .93 
• 331 • 91 

118. 32, 147· 90 

178. 09 ' 207. 78 
. 08 . 76 
. o6 . 74 
. 0 5 . 73 
. 03 . 71 

178. 02 207. 6g 
8.oo .67 
7. 99 . 65 
. 97 .64 
. 96 .62 

177-94 
. 93 
. 91 
·90 
. 88 

177- 87 
. 85 
'84 
• 82 
. St 

207.6o 
.58 
.56 
. 55 
. 53 

207.51 
.49 
.47 
.46 
.44 

t77. 79 207. 42 
. 77 .40 
. 76 . 38 
• 74 I • 37 
. 73 i . 35 

177- 71 i 207. 33 
. 70 . 31 
. 68 I . 29 
. 67 I • 28 
.651 .26 

177. 64 ' 207. 24 
. 621' • 22 
. 61 . 20 

• 59 • 19 
. 58 . 17 

177- 56 
.54 
·53 
. 51 
.50 

177.48 

207. 15 
. 13 
.n 
.IO 
.o8 

20'J.c6 

237. 46 
.44 
.42 
.40 
·.38 

237.36 
.34 
. 32 
.30 
. 28 

237.26 
.24 
• 22 
.20 
.18 

237. 15 
. 13 
. II 

·09 
.07 

237.05 
.03 

7.01 
6.99 
·97 

236.95 
·93 
.91 
.89 
.87 

236.85 
.83 
• 81 
• 79 
. 77 

236.74 
.72 
.70 
.68 
.66 

236.64 

267.59 
. 57 
'55 
.53 
.51 

267.48 
.46 
.44 
.41 
. 39 

267.37 
. 35 
. 32 
.30 
. 28 

267.26 
. 23 
'21 
. 19 
. 16 

267. 14 
. 12 

. 09 

. 07 

. 05 

267.02 
7.00 
6.98 

'96 
. 93 

266.91 
. 89 
.86 
.84 
. 82 

266.79 
. 77 
. 75 
. 73 
.70 

266.68 
. 66 
. 63 
. 61 
.59 

266.56 
.54 
. 52 
.50 
.47 

266.45 
.43 
.40 
. 38 
.36 

266.33 
. 31 
. 29 
.27 
.24 

266.22 

1783.9 
3.8 
3.6 
3.5 
3.3 

1783.2 
3.0 
2.9 
2. 7 
2. 6 I 

1782.4 
2.3 
2. I 
2.0 
I. 8 

1781. 7 
I. 5 
I. 4 
I. 2 
I. I 

178o.9 
o.8 
o.6 
0. 5 
0.3 

178o. 2 I 
8o.o 
79.9 
9.7 
9.6 

1779.4 
9.3 
9.1 
9.0 
8.8 

1778. 7 
8.5 
8.4 
8. 2 
8. I 

1777.9 
7-7 
7.6 

~:j I 
1777. I 

7.0 
6.8 
6.7 
6.5 

1776.4 
6.2 
6. I 

5.9 
S· 8 

1775.6 
5.4 
5·3 
5.1 
5.0 

1774-8 

3567.9 
7.6 
7.3 
7.0 
6.7 

3566.4 
6. I 

5.8 
5.5 
5.2 

3564.9 
4.6 
4.3 
4.0 
3 . ., 

3563.4 
3· l 
2.8 
2.5 
2.2 

3561.9 
J.6 
1.3 
I. 0 

0.7 

356o.4 
6o. I 

59.8 
9.5 
9.2 

3558.9 
8.6 
8.3 
7.9 
7.6 

3557.3 
7.0 
6.7 
6.4 
6. I 

3555. 8 
5.5 
5. 2 
4.8 
4. 5 

3554.2 
3.9 
3.6 
3.3 
3.0 

3552.7 
2.4 
2. I 
I. 7 
1.4 

3551. 1 
o.8 
o.s 

50.2 

49·9 
3549.6 

5351. 8 
I. 4 
0.9 
o. 5 

50.0 

5349.6 
9· I 
8.7 
8. 2 

7.8 

5347.3 
6.9 
6.4 
6.o 
5-5 

5345· l 
4.6 
4.2 
3.7 
3.3 

5342.8 
2.4 
I. 9 
I. s 
J.O 

5340.6 
40. I 

39.7 
9.2 
8.8 

5338.3 
7.8 
7.4 
6.9 
6.5 

5336.0 
5·5 
5. J 
4.6 
4.2 

5333.7 
3.2 
2.8 
2.3 
I. 9 

5331. 4 
0.9 
o.s 

30.0 
29.6 

5329. I 
8.6 
8. I 

7.7 
7.2 

5326. 7 
6.2 
5.8 
5.3 
4-9 

5324-4 

7135.7 
5. I 

4.5 
3.9 
3·3 

7132. 7 
2. I 

I. 5 
I. 0 

30.4 

7129.8 
9.2 
8.6 
8.o 
7.4 

7126.8 
6. 2 
5.6 
5. 0 
4.4 

7123.8 
3.2 
2.6 
I. 9 
I. 3 

7120. 7 
20. I 

19.5 
8.9 
8.3 

7117. 7 
7. I 

6.5 
5.8 
5.2 

7114. 6 
4.0 
3.4 
2.8 
2.2 

7n1. 6 
I. 0 

10.4 
09.7 

9· I 

7108.5 
7.9 
7.3 
6.6 
6.o 

7105.4 
4.8 
4. 2 
3.5 
2.9 

7102.3 
1.7 
I. I 

100. 4 
099.S 

7099. 2 

89r9.7 
8.9 
8.2 
7.4 
6.7 

8915.9 
5.2 
4,4 
3. 7 
2.9 

8912.2 
I. 5 
0.7 

10.0 
09· 2 ' 

Sgo&.5 
7.7 
7.0 
6.2 
S·S 

Sgo.i.. 7 
3.9 
3. I 
2.4 
I. 6 

Sgoo.8 
900.0 
899. 3 

8.6 
7. 9 ') 

8897. I 

6. 3 
5.6 
4.8 
4• I 

8893.3 
2.5 
I. 8 
1. 0 

90.3 

8889.5 
8.7 
7.9 
7.2 
6.4 

8885.6 
4.8 
4. I 

3·3 
2.6 

8881. 8 
J,O 

8o. 2 
79.4 
8.6 

8877.8 
7.0 
6. 2 

5.5 
4- 7 

8873.9 



 

UNITED STATES COAST AND GEODETIC SURVEY. 

--------

Latitude 16° to 17°-Meridional arcs. Latitude 16°-Co-ordinates of curvature. I 
: La.t. ·--~--

I 
Value of 111 

Sums of seconds for middle 
Value of 1' Sums of minutes for middle 

Longitude. x 
I 

l&titude. latitude. y 
I 

- I 
0 I Mtten. II Meters. Meters. I ltfeters. 0 ' .Meiers. I Meters. 
16 op 30.737 1844. 21 i 

I 7 I 30. 74 . 21 I I 844. 2 0 I l 783. 9 ! O. I 
2 7 2 61.48 . 21 2 3 688. 4 2 3 567. 9 0.3 
3 7 3 92. 21 . 22 3 5 5J2. 6 3 5 351. 8 o.6 
4 7 4 122. 95 .22 4 7 376. 9 4 7 135. 7 I. I 

16 05 30.737 5 153. 6g 1844. 22 5 9 221. I 0 5 8 919. 7 T. 8 
6 7 6 184.43 .23 6 II o65. 3 6 IO 703. 6 2. 6 
7 7 7 215.17 .23 7 12 909. 5 7 12 487. 5 3.5 8 7 8 245.91 .23 8 14 753. 7 8 14 271. 4 4.6 
9 7 9 276.64 .23 9 I6 598. 0 9 16 055. 4 5.8 

16 JO 30.737 JO 307.38 1844. 24 IO 18 442. 2 0 IO I7 839. 3 I 7.2 
JI 7 l 338. 12 .24 .I 20 286. 5 I5 26 758. 9 16. I 
J2 7 2 368.86 .24 2 22 I30. 7 20 35 678. 6 28.6 
13 7 3 399.6o . 25 3 23 975. 0 25 44 598. 2 44.7 
14 7 4 430.34 • 25 4 25 819. 2 30 53 517. 9 64.4 

16 15 30. 738 15 461. 07 1844.25 15 27 663. 5 0 35 I 
62 437. 5 I 87. 6 

J6 8 6 491. 81 . 26 6 29 507. 7 40 71 357.1 

I 
II4.4 

17 8 7 522.55 . 26 7 31 352. 0 45 8o 276. 7 144. 8 
J8 8 8 55j.29 .26 8 33 196. 3 50 89 196. 3 178.8 
19 8 9 584.03 .26 9 35 040. 5 55 98 II5.9 216.4 

16 20 30. 738 20 614.77 1844. 27 20 36 884. 8 I 00 107 035. 4 257·5 21 8 I 645.50 . 27 I 38 729. l 05 115 955. 0 302.2 
22 8 2 676.24 .27 2 40 573. 3 JO 124 874. 5 350.4 
1'3 8 3 7o6.98 . 28 3 42 417. 6 15 133 794. 0 402. 3 
24 8 4 737.72 .28 4 44 261. 9 20 142 713. 5 457.7 

J6 25 30. 738 25 768.46 1844.28 25 46 Io6. 2 J 25 151633.0 516.7 
26 8 6 799.20 . 28 6 47 950. 5 30 16o 552. 4 579· 3 
27 8 7 829.93 .29 7 49 794. 7 35 16g 471. 8 645.4 
28 8 8 86o.67 .29 8 51 639.0 40 178 391. 2 715. 2 
29 8 9 891.41 .29 9 53 483. 3 45 187 310. 5 788.5 

J6 30 30. 738 30 922.15 1844. 30 30 55 327.6 I 50 196 229. 8 865.4 
31 8 l 952.89 .30 I 57 171. 9 55 205 149. I 945.8 
32 8 2 983.63 .30 2 59 016. 2 2 00 214 o68 I OJO 
33 8 3 I 014. 36 .31 3 6o86o. 5 3 00 321 097 2 317 
34 8 4 I 045· IO • 31 4 62 704. 8 4 00 428 117 4 119 

16 35 30.739 35 l 075. 84 1844. 31 35 64 549. 2 5 00 535 127 6 436 
36 9 6 I 1o6. 58 . 31 6 66 393· 5 6 00 642 126 9 268 
37 9 7 I 137. 32 .32 7 68 237. 8 7 00 749 110 12 614 
38 9 8 I 168. o6 .32 8 70 082. I '8 00 856 075 16 476 
39 9 9 I 198. 79 .32 9 71 926. 4 9 00 963 022 20 ~52 

16 40 30.739 40 I 229. 53 1844.33 40 73 770. 8 IO 00 l o69 946 25 741 
41 9 I I 26o. 27 ·33 I 75 615. I Jl 00 l 176 845 31 145 
42 9 2 I 291. 01 .33 2 77 459. 4 12 00 I 283 717 37 o64 
43 9 3 I 321. 75 ·34 3 79 303. 8 13 00 I 390 559 43 497 
44 9 4 I 352. 48 . 34 4 81 148. I 14 00 I 491 369 50 444 

16 45 30.739 45 I 383. 22 1844. 34 45 82 992. 4 15 00 ( 6o4 146 57 904 
46 9 6 I 413. 96 .34 6 84 836. 8 16 00 I 710 883 65 878 
47 9 7 1444. 70 . 35 7 86 681. I 17 00 I 817 582 74 365 
48 9 8 I 475· 44 . 35 8 88 525. 5 18 00 I 924 239 83 366 
49 9 9 I 5o6. 18 . 35 9 90 369. 8 19 00 2 030 851 92 88o 

16 50 30.739 so I 536. 91 1844.36 50 92 214. 2 20 00 2 137 416 102 906 
51 9 I I 567.65 .36 l 94 058. 5 21 00 2 243 932 I IIJ 445 
52 9 2 I 598. 39 .36 2 95 902. 9. 22 00 2 350 395 I 124496 
53 9 3 I 629. 13 .36 3 97 747. 2 23 00 2 456 8o4 136 059 
54 39 4 I 659. 87 . 37 4 99 591. 6 24 00 2 563 157 148 134 

16 55 30.740 SS I 6go. 61 1844.37 .ss JOI 436. 0 25 00 266g451 100 720 
56 0 6 I 721. 34 .37 6 IOJ 28o. 3 26 00 2 775 682 173 818 
57 0 7 I 752.oS .38 7 105 124. 7 27 00 2 881 849 187 427 
58 0 8 I 782.82 .38 8 100 g6g. I 28 00 2 ')87 949 201 546 

~ 0 
~ I 813. 56 .38 9 ro8 813. 5 29 00 3093 98o 216 175 

16 30-1'40 I 8#30 1844. 39 6o 110 657. 8 30 00 3 199 941 2JJ 315 
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---
Latitude I 7° to 18°-Arcs of the par.illel in ·meters. 

\ I I 

l I i 

I Lat. tn 2" 311 f:" i" 6" 'l'" 8" 9" 1' 

I 
2' 3' f/ 5' 

- ---------~----- I 
I 

0 I 

7099. 21 I7 00 29.58 59. 16 88.74 us. 32 147.90 1n.48 207.o6 236.64 266.22 1774.8 3549.6 5324- 4 8873.9 
I .58 . 16 .73 . 31 .89 .46 ·04 . 62 .20 4.6 9·3'. 3.9 8.6 i 3· I 

2 . 57 . 15 . 72 .30 • 87 .45 .02 .6o . 17 4.5 9.0 3.4 7·91 
2.3 

3 .57 . 15 ,72 . 29 . 86 .43 7.01 .58 . 15 4· 3 8.6 3.0 7.3 I. 6 
4 .57 .14 • 71 . 28 • 85 .42 6.99 • 56 . 12 4.2 8.3 2.5 6.6 . o.8 

17 05 29. 56 59. 14 88.70 us. 26 r47. 83 177. 40 2o6.97 236.53 266.10 1774.0 3548.o 5322.0 7096.0 8870.0 
6 .56 .IJ .69 . 25 . 82 . 38 . 95 .51 .08 3.8 7.7 I. 5 5. 4 69.2 
7 . 56 . 13 .68 ·24 . Sr . 37 ·93 .49 . os 3.7 7.4 1.0 4.8 8.4 
8 .56 . 12 .68 . 23 . 8o . 35 .92 .47 .03 3.5 7.0 o.6 4· l 7.7 
9 .55 . 12 .67 .22 .78 .34 ·90 .45 6.oo 3.4 6. 7 20. I 3.5 6.9 

17 JO 29.55 59· II 88.66 u8. 21 147· 77 177.32 2o6.88 236.43 5.98 1773.2 3546.4 5319.6 7092.9 8866. I 

fl . 55 .IO .6s I .20 . 76 .30 .86 .41 . 96 3.0 6.I 9· I 2.3 5.3 
J2 .55 • IO .64 .19 .74 • 29 .8~4 .39 . 93 2.9 s. 8 I 8.7 I. 6 4.5 
13 .54 .09 . 64 .18 .73 • 27 . 82 .37 . 91 2. 7 ' 5.4 8.2 I. 0 3.7 
14 .54 ,09 . 63 • 17 .72 . 26 .So . 35 . 88 2.6] 5. I 7.8 90.3 2.9 

17 15 29.54 59.o8 88.62 118. 16 147.70 177· 24 2o6.79 236.32 265.86 1772.4 ' 3544. 8 I 5317·3 7089.7 8862. I 

16 .54 .07 . 61 .15 .69 ,22 ;77 .JO . 84 2. 2 I 4. 5 6.8 9· I I. 3 
17 .54 ,O'J .6o .14 .68 . 2J . 75 .28 . 81 2. l ' 4· 2 6.3 8.4 60. 5 
18 . 53 ,o6 .6o . 13 . 67 . 19 • 73 • 26 .79 I. 9 3.8 5. 9 7.8 59.7 
19 . 53 .o6 . 59 .)2 .65 . 18 .71 .24 .77 I. 8 3.5 5.4 7• l 8.9 

59.os 88.58 II8. II 147.64 177. 16 206.69 236.22 265. 74 1771. 6 3543· 2 5314·9 ' 7086.5 8858. I 17 20 29.53 
21 .53 .05 • 57 .IO .63 . 14 . 67 .20 .72 I. 4 2.9 4.4 5.9 7.3 
22 . 52 .04 . 56 I ·09 . 61 . 13 .65 . 18 -~ I. 3 2.6 3.9 5. 2 6. 5 
23 .52 .04 .56 .o8 .6o . II . 63 • IS . 67 I. I 2.2 3.5 4.6 5.7 
24 .52 .03 . 55 .07 .58 ,IO . 61 . 13 . 64 I. 0 I. 9 3.0 3·9 4·9 

17 25 29.51 59.03 88.54 II8. 05 147.57 177.08 zo6.6o 236. II 265.62 1770.8 3541. 6 5312.5 7o83. 3 8854.1 
oi6 .51 ,02 '53 I .04 .56 .o6 .58 .09 .6o o.6 I. 3 2. l 2.7 3·3 
27 . 51 .02 . 521 .03 .54 .05 • 56 .07 .57 0.5 I.0 I. 6 2.0 2.5 
28 . 51 . 01 .52 .02 .53 .03 • 54 .04 .55 0.3 o.6 I. I 1.4 I. 7 
29 .50 .OI • 5 I .01 .51 ·02 . 52 .02 .52 0.2 0.3 o.6 0.7 0.9 

17 30 29. 50 59.00 88.50 n8.oo 147.50 177. 00 2o6.50 236.00 265.50 1770.0 3540.0 5JIO, l 7o8o. l 8850. l 

31 .50 9.00 . 49 7.99 .49 6.g8 .48 5.98 .48 69.8 39.7 09.6 79.4 49.3 
32 ·49 8.99 .48 .98 .47 .97 .46 .96 ·45 9·7 9.4 9. l 8.8 8.5 
33 .49 .99 .48 . 97 .46 .95 .44 .94 .43 9.5 9.0 8.6 8.1 7.6 
34 ·49 .98 .47 .g6 ·45 .94 ·+2 .92 .40 9·4 8.7 8.1 7-5 6.8 

17 35 29.48 58.98 88.46 117.94 147.43 176.92 2o6.41 235.Sg 265.38 1769.2 3538.4 5307.6 7076.8 8846.0 
36 .48 . 97 .45 . 93 .42 I .go . 39 . 87 .36 9.0 8.I 7. l 6.2 5.2 
37 .48 .97 .44 .92 .41 .89 . 37 • 85 ·33 8.9 7. 8 6.6 5.5 4.4 
38 .48 .¢ .44 . 91 .40 .87 . 35 .83 .31 8.7 7.4 6.2 4·9 3.6 
39 ·47 .96 .43 ·90 .38 .86 • 33 . Sr .28 8.6 7. I 5.7 4.2 2.8 

17 4CJ 29.47 58.95 88.42 117. 8g 147.37 176.84 206. 31 235.79 265.26 1768.4 3536.8 5305.2 7073.6 8842.0 
41 .47 • 94- . 41 . 88 .36 .82 . 29 • 77 .24 8.2 6.5 4.7 2.9 I. 2 
42 ·47 • 94 .40 . 87 .34 .81 . 27 • 75 . 21 8. I 6.2 4.2 2.3 40·4 
43 .46 .93 .40 .86 . 33 . 79 . 25 . 72 • 19 7.9 5.8 3.7 l.6 39.5 
44 .46 .93 ·39 . 85 . 31 .78 .23 . 70 • 16 7. 8 5.5 3.2 I. 0 8.7 

17 45 29.46 58.92 88.38 117. 83 147.30 r76.76 2o6.22 235.68 265.14 1767.6 3535.2 5302.7 7070.3 8837.9 
46 .46 . 91 .37 . 82 . 29 .74 .20 .66 . lI 7.4 4.9 2.2 6g.6 7. I 
47 .46 .91 .36 . 81 • 27 .73 .18 .64 .09 7-3 4.5 I. 7 9.0 6.3 
48 .45 .90 . 35 .So . 26 .71 .16 . 61 .o6 7• I 4.2 I. 3 8.3 5.4 
49 .45 .90 .35 .79 .24 .70 .14 .59 .03 7.0 3.8 o.8 7. 7 4.6 

17 50 29.45 58.89 88.34 JJ7. 78 147.23 176.68 2o6.12 z35.57 265, OJ 1766.8 3533.5 5300.g 'fo67.o 8833.8 
51 .45 .89 .33 . 77 . 22 .66 .JO .55 4·99 6.6 3.2 299 . 6.3 3.0 
52 .44 • 88 .32 • 76 .zo .64 .o8 .53 .96 6.4 2.9 9.3 5.7 2 • .2 

53 ·# .88 .31 . 75 • 19 .63 .o6 .50 ·94 6.3 2. 5 8.8 5.0 I. 3 
54 ·# .87 . 31 .74 '\ 7 .61 .04 .48 . 91 6. l 2.2 8.3 4·4 30.5 

17 SS 29.43 58.87 88.JO rr7. 72 f47· r6 176.59 206.03 z35.46 264.89 1765.9 3531. 9 5297.8 7o6.;. 7 $8,.7 
56 ·43 ,86 .29 .71 • 15 .58 6.01 ·# .87 5.8 I. 6 7.3 3.0 .9 
57 .43 .86 .28 .70 • 13 .56 5.99 .42 .84 5.6 I, 2 6.8 :z.4 8.o 
58 ·43 .85 .27 .6g .1a .54 ·97 .39 .82 5.4 0.9 6.3· 1. 7 7.2 

17 ~ .42 .85 .26 .68 .IO .53 .95 .37 . 79 5,3 0.5 5.8 1. l 6. 3 
zg • .µ 58.&f 88.26 117. 6'/ 147.09 176. 51 205.93 235.35 z64. 77 1765.1 3530. 2 5295.3 ?o6o.4 8825.5 

I I 



 

Lat. 

O I 

17 00 

2 

3 
4 

17 05 
6 
7 
8 
9 

17 10 
JI 
12 
13 
14 

17 15 
16 
17 
18 
19 

17 20 
21 

22 
23 
Z4 

17 25 
26 
27 
28 
29 

17 30 
31 
32 
33 
34 

17 35 
36 
37 
38 
39 

r7 40 
41 
42 
43' 
44 

r7 45 
46 
47 
48 
49 

17 50 
51 
52 
53 
54 

17 55 
56 
57 
58 

17 ~ 

UNITED STATES COAST AND GEODETIO SURVEY. 177 

Latitude 17° to 18°-1ieridional arcs. Latitude 17°-Co-ordinates of curvature. 

t-~~~~,..--~~~~~~~~-;;~~~~~-,--~~~~~~~~-1~~~~~~~~-~~~~~----

1 I i 
ValueofI" Sumsofsecondsformi<ldle Val f, !sumsofminutesformiddle Lo. d : 

latitude. ue 0 1 ; latitude. ngitu e. , y 

Meters. 
30.740 

~ 

0 
0 

0 

II 
Jfeters.- -1--,--i- Jllet~~-,~-- ~-:--,--:--_-)J_d_"'·--;.- - . --"~-Jet.,: ... 
18«- 39 I ! 

30. 740 
0 

0 

0 

0 

30.740 
0 

0 

0 
0 

30.741 
I 

l 
l 

l 

30.741 
I 
l 

l 

l 

30.741 
I 

l 
I 
I 

30.741 
I 
I 
I 
2 

30.742 
2 
2 

2 
2 

30.742 
2 
2 
2 
2 

30.742 
2 
2 

3 
3 

30.743 
3 
3 
3 
3 

30-743. 

I 

2 

3 
4 

5 
6 
7 
8 
9 

10 
l 

2 

3 
4 

15 
6 
7 
8 
9 

20 
I 
2 

3 
4 

25 
6 
7 
8 
9 

30 
l 
2 

3 
4 

3~ 
7 
8 
9 

2 

3 
4 

45 
6 
7 
8 
9 

50 
l 

2 

3 
4 

55 
6 
7 
8 

~ 

30.74 
61.48 
92.22 

122.97 

153.71 
184.45 
215. 19 
245·93 
276.67 

307. 41 
338. 15 
368.90 
399.64 
430.38 

461. 12 
491.86 
522. 6o 
553.34 
584.09 

614.83 
645.57 
676.31 
707.05 
737.79 

768.53 
799 2 7 
830. 02 
86o. 76 
891. 50 

922.24 
952.98 
983. 72 

I 014. 46 
I 045. 21 

I 075. 95 
l 1o6. 69 
I 137. 43 
I 168. 17 
I 198. 91 

I 229. 65 
I 26o. 39 
I 291. 14 
132r.88 
I 352. 62 

I 383. 36 
I 414. JO 

l 444· 84 
l 475. 58 
I 5o6. 33 

I 537- 07 
1 567. 81 
I 598. 55 
l 629. 29 
I 66o.OJ 

l 6go. 77 
I 721. 51 
I 752. 26 

I 783.00 
r 813. 74 
I 844-48 

· 39 i I i I 844. 4 o I 
. 39 1· 2 ! 3 688. 8 2 

. 39 3 I s s 33. 2 3 

. 40 I 4 I 73;7.6 4 

1844, 40 I 5 I 9 222. 0 0 5 : 
. 40 • 6 

1 
I I 066. 4 6 

. 41 7 i 12910.8 i 

. 41 I s 14 755. 2 s 
· 41 9 I 6 599· 6 9 

1844.42 
.42 
.42 

.43 

. 43 

1844. 43 

-44 I 
·44 
,44 
·44 

1844. 45 
. 45 
.45 
. 46 
. 46 

1844.46 
. 47 
. 47 
. 47 
. 48 

1844. 48 
. 48 
.49 
.49 
·49 

1844. 50 
.50 
.50 
.50 
. 51 

1844.51 
. 51 
. 52 
.52 
.52 

1844.53 
. 53 
. 53 
. 54 
.54 

1844.54 
. 55 
.55 
. 55 
.55 

1844. 56 
.56 
.56 
.57 
. 57 

1844. 57 

20 

21 
22 

23 
24 

25 
26 
27 
28 
29 

30 
31 
32 
33 
34 

35 
36 
37 
38 
39 

40 
41 
42 

43 
44 

45 
46 
47 
48 
49 

50 
51 
52 
53 
54 

55 
56 

. 57 
58 

~ 

I8 444.0 
20 288. 5 
22 I32- 9 
2 3 977- 3 
25 821. 7 
27 666. 2 

29 510. 6 
31 355· 0 

33 I99· 5 
35 043. 9 

36 888. 4 
38 7J2. 8 
40 577. 3 
42 421. i 
44 266. 2 

46 IIO. 7 
47 955- I 

49 799· 6 
5I 644. I 

53 488. 6 

55 333· 0 

57 177. 5 
59 022. 0 

6o 866. 5 
62 711.0 

64 555. 5 
66 400.0 
68 244. 5 
70 o8g.o 
71 933. 5 

73 778. 0 

75 622. 5 
77 467.0 
793 1 1.6 
S1 156. I 

83 ooo.6 
84 845. I 
86 689. 7 
88 534. 2 

go 378. 7 

92 223. 3 
94 o67. 8 
95 912. 3 
97 756. 9 
99 6o1. 4 

IOI 446.0 
103 290. 6 
105 135. I 

100 979. 7 
1o8 824. 3 
110 668. 8 

0 IO 
r· 
' 20 

25 
30 

0 35 
40 
45 
50 
55 

I 00 

05 
JO 

15 
20 

I 25 
30 
35 
40 
45 

I 50 
55 

2 00 

3 00 
4 00 

5 00 
6 00 

7 00 
8 00 

9 00 

IO 00 
II 00 

12 00 
13 00 

14 00 

15 00 
I6 00 
17 00 
18 00 
19 00 

20 00 
21 00 

22 00 
23 00 

24 00 

25 00 
z6 oo 
27 00 
28 00 
29 00 
30 00 

1 ii+ s 
3 549. 6 
5 324- 4 
7 099. 2 

8 873. 9 
IO 648. 7 
12 423. 5 
14 I98. 3 
15 973- I 

17 74i·9 
26 621. 8 
35 495. 8 
44 369. 6 
53 243. 6 

(12 I r7. 5 
/0 991. 4 
79 S65 3 
88 7 39· 1 
97 613. 0 

106 486. 9 
11536o.7 
124 2 34-5 
133 108. 3 
141 982. 0 

I)O 855. 7 
159 729. 4 
168 6o3. I 

ljj 476. 8 i 
186 350. 4 

195 223. 9 
204 097. 5 
212 97I 
319 450 
425 920 

532 378 
638 824 
745 253 
851 662 
958 o49 

I o64 4Il 
I IjO 745 
I 277 049 
I 383 320 
I 489 555 

l 595 750 
I 701 905 
I 8o8 015 
I 914 078 
2 020 <J91 

2 I26 051 

2 231 956 
2 337 8o3 
2 443 589 
2 549 312 

0. 

0. J 
0 . 

I. 

2 . 

7- 5 I 
I/.O 

30.2 
47.2 
fi7.9 

92.4 
120. i 
152. 8 
188. i 
22S. 3 

271. 8/ 
318. 
369.8 
424. 
483.0 

545- 2 
61 I. 3 
~I. I 

754· 
832. 

913.2 
998 . 

I 087 
2 445 
4 347 

6 792 
9 779 

13 310 
17 386 
22 004 

27 164 
32 867 
39 112 
45 899 
53 229 

61 IOI 

69 515 
78 4;0 
87 967 
98 005 

108 583 
I 19 702 

131 362 
143 5G2 
156 301 

16g 57S i 
183 395 I 
197 75I 
212 646 

2 654 968 
2 76o 554 
2 866 o69 
2 971 510 
3 076 874 
3 182 157 

228 079 
1 244048 I 
I ___ _j 

-~~_:~~~---'--~-1--~~~......L-'.!.~~--~'--~~--~~-~_..:.-------'----~---~~ 

H. Ex. 43--23 
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Latitude 18° to 19°-Arcs of the paralld in meters. 
1--------·
I ------------------------~-----------------1 

\ Lat. 1" 2" 311 411 

0 

18 00 

2 

3 
4 

18 05 
6 
7 
8 
9 

!8 IO 
II 
12 
13 
14 

18 15 
16 
17 
18 
19 

18 20 

21 
22 
23 
24 

18 25 
lt(i 

27 
28 
29 

18 30 
31 
32 
33 
34 

18 35 
36 
37 
38 
39 

18 40 
41 
42 
43 
44 

18 45 
46 
47 
48 
49 

29. 42 58. 84 88. 26 
.42 .s3 • .25 I 
.41 .83 i .24 ! 
. 41 . 82 ' . 23 i 

. 41 . 82 . 22 ! 

117.67 
. 66 I 

. 65 ' 

.64 

. 63 

29.40. 58. 81 . 88. 21 i 117. 61 
.40 .80- .21 .60 
. 40 ! . 8o . 20 . . 59 
. 40 . 79 . 19 i . 58 
· 39 · 79 • · 18 : · 57 

29.39 58.78 88.17 i 117.56 
. 39 . 78 . 16 : . 55 
• 38 : • 77 • I 5 · 54 
• 38 · 7 7 · I 5 : · 5 3 ' 
. 38 i . 76 . 14 : 

29. 37 • 58. ~~ , 88. I~ i 
· 37 "I) · 1 ~ 
· 37 · 75 : . I I 
· J7 • ~4 ! •II 

· 36 , · 14 : · IO 

29 36 • 58. 73 i 88. 09 
. 36 ; . 7Z i • 08 
. 35 . 72 ' . 07 ' 
. 35 . ii ; . o6 
. 35 . 71 . 05 

i 

29·34 
. 34 
.34 
. 34 i 
. 33 : 

58. 70 i 88. 05 I 

. 69 i .04 : 

. 69 ' .03 

. 68 . 02 

. 68 .OI 

l 
29. 33 i 58. 67 88. ()() 

. 33 : . 66 7. 99 

. 33 i . 66 ! • 99 

. 32 : . 65 . 98 

. 32 ! . 65 . 97 

29.32 58.64 87.96 
. 32 . 63 . 95 ' 

. 94 . 32 . . 63 
. 31 I . 62 
. 31 • . 62 ' 

. 94 
·93 

29. 31 
. 31 
.30 
-JO 
.30 

29.29 
. 29 
.29 
. 29 
. 28 ' 

I 
58. 61 i 87. 92 

. 60 .91 

. 6o . 90 

. 59 . 89 I 

. 59 . 88 . 

58. 58 87. 87 
. s1 . 87 I 
. 57 . 86 
.56 .85 
. 56 . 84 

. 52 

117. 50 ' 
. 49 : 
.48 
. 47 
. 46 

rr7.45 
·44 
. 43 
.42 
.41 

u7. 39 
.38 
. 37 
.36 
. 35 

117. 34 
. 33 
'32 
.30 
. 29. 

117. 28 
. 27 ' 
. 26 ' 
. 24 
. 23 

I 17. 22 
. 21 
. 20 
. 19 
. 18 

I 17. 16 
. 15 
. 14' 
. 13 ! 
. 12 : 

5'' 

147.09, 
. 08 ! .o6: 
. 05 i 
. 03 ' 

147.02 
7.01 
6. 99 

. 98 

. 96 

4111 i" 

176. 51 205. 93 
. 4CJ ' . 91 
,48 I • 89 
.46 . 87 
. 44 . 85 

176.43 
.41 
. 39 
. 38 
. 36 

205.84 
.82 
.So 
.78 
.76 

146. 95 f 176. 34 : 205. i4 
. 94 : . 32 : . 72 
. 92 : . 31 . 70 
. ')I ; . 29 . 68 
. 89 . 28 . 66 

8'1 91.' 

235. 35 264. 77 
• JJ I '75 
. JI . j2 
. 28 . 70 
. 26 . 67 

235, 24 264. 65 
. 22 . 62 
. 20 . 60 
. 17 . 57 
. 15 . 55 

235. 13 ! 264. 52 
. II . 49 
. 08 . 47 
. o6 . 44 
. 04 . 42 

146. 88 i 176. 26 205. 64 ' 235. 01 ' 264. 39 
. 62 4- 99 ' . 36 . 87 i • 24 

. 85 i . 23 . 6o . 97 ' . 34 

. 84 I . 21 . 58 . 95 . 31 

. 82 ' . 20 . 56 . 92 • 29 

146.81 
. 80 
. 78 
'ii 
. 75 

146. 74 
. 73 
. 71 
.70 
. 68 

146.67 
. 66 
. 64 
. 63 
. 61 

146.6o 
.59 
.57 
.56 
. 54 

I46.53 
.52 
.50 
. 49 
. 47 

146.46 
. 45 
.43 
. 42 . 
.40 

176. 18 
. I6 
.14 : 
. 13 i 
. II 

205. '54 
.52 
.50 
,48 I 

.46 

176.og' 205.44 
. 07 .42 
.06 i .40 
.04 . 38 
.03 . 36 

I76. 01 205. 34 
5·99 .32 

. 97 i . 30 

.96 : . 28 

.94 ! .26 

175. 92 205. 24 
. 90 l . 22 
. 89 i . 20 
. 87 . 18 
. 86 . 16 

175.84 
. 82 
.So 
. 79 
. 77 

175.75 
·73 
. 71 
.70 
. 68 

205. I4 
.12 
• IO 
.08 
.o6 

205.04 
.Q2 

5.00 
4.98 

. 96 

234.90 
. 88 
. 86 
. 83 
. 81 

234. 79 
. 77 
. 75 
. 72 ' 
. 70 i 

264.26 
. 24 
. 21 
. 19 
. 16 

264. I4 
. I I 

.09 

.. 06 

.04 

234. 68 264. 01 
. 66 ' 3· 98 
. 63 ' . 96 
. 6I . 93 
. 59 . 91 

234. 56 263. 88 
. 54 : . 85 
. 52 ! -83 
. 50 i . 8o 
. 47 ! • 78 

234. 45 263_ 75 
.43 ' . 72 
.40 .70 
. 38 . 67 
. 36 . 65 

234.33 
. 31 
. 29 ' 
. 27 ' 
. 24 

263.62 
.59 
. 57 
.54 
.52 

1' 

I765. I 

4.9 
4.8 
4.6 
4.4 

1764. 3 
4.1 
3.9 
3.8 
3.6 

1763.4 
3.2 
3. I 

2.9 
2.8 

i762.6 
2.4 
2.3 
2. I 

z.o 

1761.8 
I. 6 
r. 4 
J. 3 
I. l 

i76o. 9 
0.7 
o.6 
0.4 
0. 3 

176o. I 

59.9 
9.7 
9.6 
9.4 

1759. 2 ' 

9.0 
8.9 
8.7 
8. 6 

1758. 4 
8.2 
8. 0 

7.9 
7. 7 

1757.5 
7.3 
7. I 

1. o I 
6.8 

2' 

353o. 2 
29.9 
9· 5 
9. 2 
8.8 

3528.5 
8.2 
7.9 
7.5 
7.2 

3526. 9 
6.6 
6. 2 

5.9 
5.5 

3525.2 
4.9' 
4. 5 
4. 2 ' 

3· 8 ' 

3523.5 
3. 2 
2. 8 ' 
2. 5 ' 
2. I ; 

3521. 8 : 
I.5 I 
I. I : 
o. 8 
0.4 

3520. I 

19.8 
9.4 
9.1 
8. 7 i 

3518. 4 ! 
8. I '. 

7. 7 ' 
7.4 
7_0 

3516. 7 . 
6.4 . 
6.o 
5. 7 ' 
5. 3 . 

3515.0 

1: ~ I 
4.0 
3. 6 

3' 

5295. 31 
4.8 
4. 311 
3.8 
3· 3 I 

5292. 8 I 
2. 3 ' 
I. 8 
I. 3 
o.8 

5290. 3 . 
89. 8 ' 
9. 3 : 
8.8 
8.3 

5287.8 
7.3 
6.8 
6.3 
5.8 

5285.3 
4.8 
4. 3 
J.7 
3· 2 

5282. 7 
2. 2 
I. 7 
I. 2 

o. 7 

528o. 2 . 

79. 7 i 
9. 2 ! 
8.6 
8. l 

5277- 6 I 

7. I I 
6.6 
6.1 
5.6 

5275. I I 

4.6. 
4· I : 

3· 5 I 

3.0 

5272.5 
2.0 
I. 5 
0.9 

70.4 

41 

7o6o.4 
59. 7 

9.1 
8. 4 
7.8 

7057. l 

6.4 
5.8 
5· I 
4-5 

7053.8 
3· I 
2.4 
1. 8 
I. I 

7050.4 
49. 7 

9· I 

8. 4 
7.8 

7047. 1 
6.4 
5.7 
5. I 
4.4 

7043.7 
3.0 
2.3 
I. 7 
I. 0 

7040.3 
39.6 
8.9 
8. 2 

7. 5 
7036.8 

6. I 

5.4 
4· 8 
4.1 

7033.4 
2. 7 : 
2.0 i 
1.41 
0. 7 ' 

7030. 0' 
2CJ. 3 i 
8. 6 I 

7. 9 ' 
7. 2 

5' 

8825. 5 
4. 7 
3.9 
3.0 
2.2 

8821. 4 
20. 6 
19.7 
8. 9 
Ko 

88I7.2 
6.4 
5.5 
4· 7 
3.8 

88I3.o 
2. 2 

I. 3 
IO. 5 
og.6 

88o8.8 
8.o 
7. I 

6.3 
5.4 

8804.6 
3. 7 
2.9 
2.0 
I. 2 

88oo. 3 
799. 5 

8.6 
7. 7 
6.9 

8796. I 
5.2 
4.4 
3· 5 
2. 7 

8791. 8 
0.9 

CJO. I 
89. 2 
8. 4 

8787. 5 
6. 6" 
5.8 
4.9 
4· I 

18 50 29.28 58.55 87.83 117.11 I46.39 I I75.66; 204.94 234.22 263.49 1756.6 3513.3 526g.9 7026.5 8783.2 
51 .28 .55 .82 .IO .38, .64: .92 .20 .46 6.4 2.9 9·4 5.8 2.J 

52 · 27 I · 54 . 8I · 09 I • 36 . 63 ! • go . I7 . 44 6 J 2. 6 8. 9 5· I I. 4 
53 . 27 . 54 . 81 . 07 . 35 . 6J . 88 . 15 . 41 6: I I 2. 2 8. 3 4. 4 So. 6 
54 .27 .53 .So .o6• ·33 ·59 .86 .I3 1 ·39 5.9 1.9 7.8 3.7 79.7 

18 55 29.26 I 58.53 87.79 JJ7.05 J46,3z 175.58 204.84 234,JO' 263,37 1755.8 3511.5 5267.3 7oz3.0 8778.8 
56 . 26 . 52 . 78 . 04 . 30 . 56 . 82 . 08 ' . 35 5. 6 r. 2 6. 8 2. 3 7. 9 
57 . 26 • 52 . 77 I . 03 . 29 , 54 , 8o , 00 , 3I 5· 4 0. 8 6. 3 I. 6 7· I 

58 . 26 . 51 . 76 ' . 01 . 27 . . 52 . 78 . 04 ' . 28 5· 2 0. 5 5- 7 I. 0 6. 2 
. 26 i I 59 .25 .51 .75 7,00 .51 .76 4.01 .26 5.1 IO.I 5.2 20.3 5·4 

~- ~--2-5 _· _5_s._5_0;.._8_1_. 7_4_i _11_6_. 9-9--14_6_. 2_4_, _11_s_· 49-'--204_. 1_4_. _23_3_. 9-9-· _26_3_. 2_3_:.._1_1_s4_·_9...;__3_500_,_· _8 __ s2_&i_. 1 __ 1_0_1_9._6 __ s_r_14-____.S 
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Latitude 18° to 19°-Meridional arcs. Latitude 18°-Co-ordinates of curvature. 

-- --·- ·--~----- ---- - -- ---

Lat. 
Su= of seconds for middle I' 

Value of r" Value of 1' \ Sums of minutes for middle Longitude. x y 
latitude. ! latitude. ! 

! 

' 
I 

-~------- ----- ----~------

i I 0 I Meters. II Meters. Meters. I I llfeters. 0 I .lrlcters. Meters. ! 

18 1844. 57 I 
I 

00 30.743 I . 
I 3 I 30.74 .58 l I 844. 6 0 l I i65. l 0. I I I i 
2 3 2 61.49 .58 2 

I 3 689. 2 2 3 530. 2 I I I 0. 3 

3 3 3 92.23 .58 3 I 5 533. 7 3 5 295. 3 I 0.7 I 
4 3 4 122.98 ·59 4 I 7 378. 3 4 i o6o. 4 ! I. 3 

18 05 30.743 5 153.72 1844. 59 5 I 9 222. 9 0 5 8 825. 5 i 2.0 
6 6 184.47 6 

I 
II 067. 5 6 10 590· 6 3 .59 I 

I 

2.9 
l 

7 3 7 215.21 .6o 7 I 12 912. I 7 12 355. 7 3.9 
8 3 8 245.96 .6o 8 14 756. 7 8 14120.8 5· I 

9 3 9 276.70 .6o 9 16 6o1. 3 9 15 886. 0 6.4 

18 IO 30.743 10 307.45 1844. 61 10 rs 445. 9 0 IO 17 651. I I i·9 
II 3 l 338.19 . 61 I 20 290. 5 15 ! 26 476. 6 I 17. 8 
12 4 2 368.93 . 6I 2 22 135. 1 20 35 302. I 31. 7 
13 4 3 399.68 . 62 3 23 979. 8 25 441'.!i-7 49.6 
14 4 4 430.42 . 62 4 25 Sz+ 4 30 52 953· 2 ii. 4 

18 15 30. 744 15 461. 17 1844.62 15 27 669. 0 0 35 61 778. 7 97.2 
16 4 6 491. 91 . 62 6 29513.6 40 70 604. 2 126.9 
17 4 7 522.66 . 63 7 

I 
31 358. 2 45 79 429. 7 16o. 6 

18 4 8 553.4o .63 8 I 33 202. 9 50 88 255. l 198.3 
19 4 9 584. 15 . 63 9 

I 35 047. 5 55 97 080. 6 240.0 
' 

18 20 30.744 20 614. 89 1844.64 20 
I 

36 892. 2 I 00 105 906. 0 285.6 
21 4 I 645.64 .64 I 38 736. 8 05 11 4 731.4 335· 2 

22 4 2 676.38 .64 2 40 581. 4 IO 123 556. 8 388.7 
23 4 3 707. 12 .65 3 42 426. I 15 1}2 382. l 446.2 
24 4 4 j37.87 . 65 4 44 270. 7 20 141 207. 5 507.7 

18 25 30.744 25 768.61 1844.65 25 46 115. 4 l 25 : 150 032. 8 573.2 
26 4 6 799.36 . 66 6 47 96o. 0 30 158 858. 0 642.6 
27 4 7 830. IO .66 7 49 8o4. 7 35 1(J7 683. 3 716.0 
28 4 8 86o.85 .66 8 51649.4 40 176 508. 5 793·3 
29 4 9 891. 59 .67 9 53 494. 0 45 185 333. 6 874.6 

18 1844.67 55 338. 7 194 158. 8 
I 

30 30.744 30 922.33 30 I I 50 ! 959.9 
31 5 I 953.08 . 67 I 57 183. 4 55 202 983. 8 I 049. 2 

32 5 2 983.83 .68 2 59 028. I 2 00 21 I 809 I 142 

33 5 3 I 014. 57 . 68 3 6o 872. 7 3 00 317 io6 z 570 
34 5 4 I 045. 31 . 68 4 62 717. 4 4 00 423 593 4 569 

18 35 3o.745 35 l 076.o6 1844. 69 ! 35 64 562. I 5 00 529 468 7 139 
36 5 6 I 106. 8o .69 6 66 4o6. 8 6 00 635 328 10 28o 

37 5 7 l 137. 55 . 69 7 68 251. 5 7 00 741 169 13 992 

38 5 8 I 168. 29 .70 8 70 096. 2 8 00 846 989 18 275 

39 5 9 l 199. 04 .70 9 71 94o. 9 9 00 95 2 784 23 129 

18 40 30. 745 40 I 229. 78 1844.70 40 73 785. 6 IO 00 l 058 552 28 553 
41 5 I I 26o. 53 . 71 I 75 630.3 II 00 I 164 289 34 547 
42 5 2 I 291. 27 • 71 2 7i 475. 0 12 00 l 269 991 41 112 

43 5 3 I 322. 02 . 71 3 79 319. 7 13 00 I 375 657 48 246 

44 5 4 I 352. 76 .72 4 81 164. 4 14 00 I 481 283 55 95° 
18 45 30. 745 45 I 383. 50 1844. 72 45 83 009. 2 15 00 l 586 865 64 224 

46 5 6 I 414. 25 .72 6 84 85J. 9 16 00 I 692 402 73 o67 

47 5 7 I 444.99 • 73 7 86 698. 6 17 00 I 797 890 82 479 
48 5 8 I 475· 74 • 73 8 88 543· 3 18 00 l 903 324 92 461 

49 6 9 I 5o6.48 .73 9 90 388. 0 19 00 2 008 704 103 Oii 

18 50 30.746 50 l 537· 23 1844. 74 50 92 232. 8 20 00 2 Il4 025 Il4 128 

51 6 I I 567.97 .74 l 94 077. 5 21 00 2 219 285 125 813 

52 6 2 I 598. 72 • 74 2 95 922. 3 22 00 2 324 480 138 066 

53 6 3 l 629.46 

I 
. 75 3 97 767. 0 23 00 2 429 007 150 887 

54 6 4 I 66o. 21 . 75 4 99 611. 8 24 00 2 534 664 r64 274 

18 55 30. 746 55 I 6go. 95 i 1844. 75 55 IOI 456. 5 25 co 2 639 647 i 178 2z7 

56 6 6 r 721. 69 

1! 

. 76 6 lOJ JOI. 3 26 09 2 744 554 192 746 

57 6 ? I 752. 44 . 76 . 7 !05 14(\. I 27 00 z 849 381 207 831 

I 58 6 8 I 783. 18 .76 8 106 990 8 z8 00 2 954 l 24 223 482 

59 6 9 I 813. 93 
11 

. 77 9 loll li35. 6 29 00 3 058 782 239 697 

18 6o JO. 746 6o I 844. 67 1844. 77 6o 110 680.4 30 00 ' 3 16J 350 256 476 

11 
! I : 
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Latitude I9° to 20°-Arc;; of the parallel in meters. 

i' I i • 
1" I 2'' i 3'' • 4" ii" : 6" 7" 8" , 

1------i------ --·--- --- --- ---· ___.___._. 
Lat. 5' 9'' t' 

i 

2' 

o I 

19 00 
I 
2 

3 
4 

19 05 
6 
7 
8 
9 

19 IO 
II 
12 
13 
14 

19 I5 
16 
17 
18 
19 

19 20 
21 
22 
23 
24 

19 25 
26 
27 
28 
29 

19 30 
31 
32 
33 
34 

19 35 
36 
37 
38 
39 

29.25 
• 25 
.24 
.24 
. 24 

58. 50 
.49 
'49 
'48 
'48 

87.74 
.74 
. 73 
. 72 ' 
. 7I I 

29.23 
. 23 
. 23 
. 23 
. 22 

58. 47 
. 46 
'46' 
. 45 : 
'45 ~ 

8no; 
. 69' 
. 68 i 
. 68: 
. 67 i 

I 
I 

29.22 
. 22 

. 21 

. 21 

. 21 

58. H 
. 43 ' 
. 43 ; 
. 42 ' 

87. 66 i 

. 65 

29.20 
. 20 
. 20 

. 20 

.19 

.42 

58.41 
.40 
.40 
.39 
. 39 ' 

. 64 

. 63 

. 62 

87.61 
.6o 
. 6o 
. 59 
. 58 

29. 19 58. 38 i 87. 57 
. 19 . 37 . 56 
. 18 . 37 . 55 
. 18 . 36 . . 54 
. 18 . 36 : . 53 

29. 17 . 58. 35 ; 87. 52 
. 17 : . 34 ' . 52 
. 17 ! • 34 . . 5I 
· I 7 · 33 , · 50 
. l6 . 33 . 49 

29. 16 i 58. 32 . 87. 48 
. 16 l . 31 . 47 
.15: ·3' .46 
. I5 . 30 ' . 45 
. 15 ' . .10 ' . 44 

29. 14 ' 58. 2Q ' 87. 43 ' 
. 14 . 28 . '43 ; 
' 14 . 28 ! '42 ' 
'14 . 27 ' . 41 
• 13 • 27 • 40 I 

' 

116. 99 
.98 
. 97 
. 96 
. 95 ; 

n6. 93 ! 

. 92 

. 91 

.90 

. 89 

116. 88 i 

. 87 

. 86 

. 84 

. 83 

II6. 82 
. 8I 
. So 
. 78 
. 77 

116. 76 
. 75 ' 
. 74 ' 
. 72 
. 7I 

116. 70 ' 
. 69 
. 68 
. 66 
. 65 • 

116. 64 
.6,; 
. 62 
.6o' 

·59 
116. 58 

. 57 

. 56 ' 
·54 
.53 

ll) 40 2Q. 13 58. :6 87. 39 f I 16. 52 
. z5 . . 38 I . 51 41 '13 

42 . 12 

43 . 12 
44 . 12 

19 45 29. II 
46 . II 
47 ·II 
48 . II 

49 ·IO 

. 25 ' . 37 

. 2,+ . . 36 ' 

. 24 . . 35 ; 

58. 23 l 87. 34 
. 22 : . 34 
. oz: .33' 
. 21 I 
. 21 ! . 3I 

.50 

. 48 

. 47 

116. 46 
. 45 
.44' 
. 42 . 
. 41 I 

! 

146.24 
. 23 I 
. 21 I 

. 20 

. I8 

146. 17 
. 16 
'I4 I 

. 13: 

. II 

146. IO 
. og 
. 07 : 
.06 
.04 

146. 03 
. 01 

6.oo 
5.98 

. 97 

145·95 
.94 
. 92 
. 91 
. 89 

145. 88 ' 
.86 
. 85 
. 83 
. 82 

I45.80 
. 79 ' 
. 77 i 

. 76 

. 74 

q.5.73 
. 71 
.70 
. 68 
. 67 

145. 65 
.64 
. 62 
'61 
.59 

145· 58 
. 56 
.55 
. 53 ' 
. 52 

175.49 
. 47 
. 45 
.44 
. 42 

175.40 
. 38 
. 36 
. 35 
'33 I 

175. 3I 
. 29 
. 28 
. 26 
. 24 

204.74 
.72 
. 70' 
. 68 
.66' 

233.99 
. 97 
.94 
. 92 
. 89 

204. 63 1 233. 87 
. 6I . 85 
. 59 . 82 
. 57 : . So 
. 55 ' . 77 

204.53 
. 51 
.49 
. 47 
. 45 

233.75 
. 73 
.70 
.68 
. 66 

263.23 
. 20 
. 18 
. 15 
. 13 

263. IO 
.07 

.. 05 
.02 

63.00 

262.97 
. 94 
. 92 
. 89 
. 87 

1754. 91 
4.7 
4.5 
4.4 
4.2 

1754.0 
3.8 
3.6 
3.5 
3·3 

1753. 1 

2.9 
2.8 
2.6 
2.4 

3509.8 
9.4 
9· I 
8.7 
8.4 

3508.0 
7.7 
7.3 
~.o 
t>.6 

3506.3 
5.9 
5.6 
5- 2 

4.9 

4.2 
3.6 
3. I 
2.5 

5262.0 
I. 5 
I. 0 

6o.4 
59·9 

5259·4 
8.9 
8.4 
7. 8 
7. 3 

7019, 6 I 

8. 9 i 
8.2 
7. 5 : 
6.8 

7016.1 
5. 4 ' 
4. 7 ' 
4.0 
3·3 

7012. 6 
I. 9 
I. 2 

I0.4 
09·7 

8774. 5 
3.6 
2. 7 
I. 9 
I. 0 

8770. I 
69.2 
8.3 
7.5 
6.6 

8765.7 
4.8 
3·9 
3. I 
2.2 

175. 23 
. 21 
. I') 

. I7 

. 16 

20.\. 43 
.4I 
. 39 
. 37 
. 35 

233. 63 262. 84 1752.3 
2. l 

I. 9 
I. 7 
I. 6 

3504.5 
+1 
3.8 
3.4 
J. I 

5256.8 
6.3 
5. 7 
5· 2 

4. 6 ! 

7009.0 
8.3 
7.6 
6.9 i 

6. 2 ! 

8761. 3 
6o.4 
59.5 

8.7 
7.8 

. 6I . 81 

. 59 . 79 

. 57 '76 

. 54 . 74 

175· 14 
. 12 

. JO 

. 09 

. 07 

I75.05 
. 03 
. 01 

5.00 
4.98 

204- 33 
. 3I 
. 29 
. 27 
. 25 

204.22 
.20 
. 18 
. 16 
. I4 

233.52 
•. 50 

.47 

. 45 

. 42 

233.40 
. 38 
. 35 
. 33 
. 30 

I74· 96 ' 204. 12 233.28 
. 26 
. 23 
. ZI 
. 18 

· 94 ·IO 
. 92 . 08 
. 91 . 06 
. 89 ' . 04 

174. 87 
. 85 
. 83 
. 82 ' 
. 8o 

174. 78 ' 
. 76 I 

. 74 

. 73 
· 7 I 

174.69 
. 67 
. 65 
. 64 
. 62 

204.01 

3.99 
. 97 
. 95 
. 93 

203.91 
. 89 
. 87 
. 85 
. 83 : 

233. 16 
. 14 
• I I 

.Of) 

.o6 

233.04 
3.02 
2 ·99 : 

. 97 ' 

.94' 

203. 8o ' 232. 92 
. 78 ! . 90 
. 76 . 87 
. 74 : . 85 
. 72 ! . 82 

262.71 
. 68 
. 66 
. 63 
. 6o 

262.57 
.. 55 
.52 
. 49 
. 47 

262.44 
. 41 
.39 
. 36 
·33 

262.30 
. 28 
. 25 
. 22 
.20 

262. 17 
. 14 
. 12 
.09 
.o6 

I 751. 4 
I. 2 

I. 0 

0.9 
0.7 

I750·5 
0.3 
0. I 

50.0 

49.8 

1749.6 
9.4 
9.2 
9· I 
8.9 

1748.7 
8.5 
8.3 
8.2 
8.o 

3502.7 
2.4 
2.0 
I. 7 
I. 3 

3501.0 
o.6 

500. 3 ' 
499· 9 : 

9. 6 ' 

3499.2 
8.8 
8.5 
8. I 

7. 8 • 

3497· 4 • 
7. 0 
6. 7 i 

6. 3 i 

6.o 

5254. I 
3.6 
3.0 
2.5 
l. 9 

5251. 4 ' 
0.9 

50.4 
49.8 

9. 3 ' 

5248. 8 t 

8.3 
7. 7 ' 
7.2 
6.6 

5246. l 

5. 6 
5· 0 

4. 5 
3.9 

7005. 5 ; 
4.8 
4. I 

3. 3 ! 
2. 6 ' 

7001. 9 
I. 2 

7000. 5 
6999.7 

9.0 

8756.9 
6.o 
5. I 
4.2 
3.3 

8752.4 
I. 5 

50.6 
49· 7 
8.8 

6998. 3 8747. 9 
7· 6 7. 0 
6. 9 6. I 

6. I 5· 2 

5. 4 4. 3 

6994. 7 8743. 4 
4.0 2. 5 
3· 3 I. 6 
2. 6 40. 7 
I, 9 39· 8 

1747. 8 3495· 6 5243· 4 6991. 2 8738. 9 
7.6 5.2 i 2.8 90.5 8.o 
7 · 4 4· 9 2 • 3 89. 7 7 • I 
7. 3 4. 5 I. 7 9. 0 6. 2 
] • I 4. 2 I. 2 8. 2 5• 3 

262.03 1746.9' 3493.8 5240.6 6987.5 8734.4 
2. 01 6. 7 3· 4 40. I 6. 8 3· 5 
I. 98 6. 5 3· 0 39· 5 6. I 2. (j 
. 95 6. 4 2. 7 9. 0 5. 3 I. 7 
. 93 6. 2 2. 3 8. 4 ' 4. 6 30. 8 

' I 

19 50 29. IO 58. 20 \ 87.30 i IIh.40 I I45·50 174.6o. 203.70: 232.So 261.90 1746.0 3491.9 5237.9 6()83.9: 8729.9 
51 .IO .19, .29 .39 1 .49! .58 .68' .78 .87 5.8 I.5 7.4 3.2 9.0 
52 . Cl!) . 19 : . 28 . 38 1 . 47 . 56 . 66 ; . 75 . 84 5• 6 I. 2 6. 8 2. 4 8. I 

53 .og .18: .27 .36· .46 .54· .63 .73 .82 5.4 o.8 6.3 1.7 7.1 
I 54 . Cl!) . 18 I • 26 . 35 . 44 .. 52 ' • 61 . 70 . 79 5. 2 o. 5 5· 7 o. 9 6. 2 

I
I 19 55 29. 08 58. I7 ! 87. 25 u6. 34 : 145. 43 174. 51 , 203. 59 232. 68 261. 76 1745. 1 3490. 1 5235. 2 698o. 2 8725. 3 

56 .08 . 16; .24 ·33 i .41 .49 ·57 .65 .73 4·9 39.7 4.6 79.5 4.4 
57 .o8 .161 .24 .32 .40 .47 .55 .63 .70 4.7 9.4 4.1 8.8 3.5 
58 .o8 .15 .23 .30 .38 .45 .. 52 .6o .68 4.5 9.0 3.5 8.o 2.5 

l~9 ~-~-:_~~ __ s8_:_:_~_,_s_1:_~_~ _ _,_1_1_6:_~_~...:._1_4_5:_~_;-'-I-7_+_!_;_2_0_3:_!s_
0

~2-3_2:_~_~-'-2-6_1:_~_~~-1-744_4_:3_1_,___J488_
8

:_~-'--5-2_3~_:_~..;..._69_1_~_:_i..:.-._s1_2_~_·~..J 
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-

Latitude 19° to 20°-Meridional arcs. Latitude 19°-Co-ordinatcs of curvature. 

Lat. 
Value of 111 l Sums of sec~nds for middle ; 

I I 

; Sums of minutes for middle I 
Vahie of 11 Longitude. I :'\ y latitude. I ! latitude. 

I ' ! 
, 

I I 

" ' Meters. I fl i 
.Meters. llfeters. ' Jlfete,..'· 0 I ! 

I .Jleten. Meters. 
l9 00 30.746 1: 1844. 77 I i 

i ! 
' I 6 l 30.75 . 77 , I I !44.8 0 I I I 754· 9 0. I 

2 6 2 61. 50 . 78 2 3 689. 5 2 ! 3 509.8 0.3 I 

3 6 3 92.24 . 78 3 5 534· 3 3 I 5 264. 7 0.7 
! 

I 
4 6 4 122.99 .78 I 4 7 379· I 4 7 019. 6 I. 3 

19 05 30.746 5 153.74 I 1844. 79 i 5 9 223. 9 0 5 8 774· s 2. I 
6 6 6 184.49 . 79 6 II o68. 7 6 IO 529. 3 3.0 
7 7 7 i 

I 215.24 ' .79 7 12 913· 5 7 12 284. z 4· I 
8 7 8 245.98 .So 8 14 758. 3 8 14 039. I 5· 3 
9 7 9 276.73 . 80 9 16 6o3. I 9 15 794· 0 6. 7 

19 lO 30. 747 IO 307. 48 1844. 8o IO 18 447. 9 0 IO 17 548. 9 8. 3 
II 7 l 338.23 .81 I 20 292. 7 15 26 323. 4 18.7 
l2 7 2 368.97 . 81 2 22 137. 5 .?O 35 097. 8 33.2 
13 7 3 399.72 .81 3 23 982. 3 25 43 872. 3 51.9 
14 7 4 430.47 . 82 4 25 827. I JO 52 646. 7 74.8 

19 15 30.747 15 461. 22 1844.82 rs 27 672. 0 0 35 61 421. I ror.8 
16 7 6 491. 97 .82 6 29 516. 8 40 70 195. 5 133.0 
17 7 7 522.71 . 83 7 31 361. 6 45 i8 969.9 168.3 
18 7 8 553.46 . 83 8 33 zo6. 4 50 87 744. 3 207.7 
19 7 9 584.21 . 83 9 35 o51. 3 55 96 518. 7 251.4 

• 
19 20 30. 747 20 614.96 1844.84 20 36 896. I I 00 105 293.0 :199.2 

21 7 I 645. 7I . 84 l 38 741.0 05 1 Il4 o67. 3 351. I 
22 7 2 676.45 .84 2 40 585 8 10 122 841. 6 407. 2 

23 7 3 707.zo . 85 3 42 430. 6 15 131 615. 9 467.4 
24 8 4 737.95 . 85 4 44 275· 5 20 140 390· I 531. 8 

19 25 30.748 25 768.70 1844. 85 25 46 IZO. 4 I 25 149 164. 3 6oo.4 
26 8 6 799.45 . 86 6 47 965. 2 30 157 938. 5 67J- l 
27 8 7 830. 19 . 86 7 49 810. I 35 166 712.6 750.0 
28 8 8 86o.94 . 86 8 51 654. 9 40 175 486. 7 831.0 
29 8 9 89r. 69 . 87 9 53 499. 8 45 184 26o. 7 916. I 

19 30 30.748 30 922.44 1844.87 30 55 344. 7 I 50 193 034. 7 l 005.5 

31 8 l 953· 18 . 87 I 57 189. 6 55 201 8o8. 7 I 099.0 

32 8 2 983.93 . 88 2 59 034. 4 2 00 2IO 583 l 197 
33 8 J J 

I 014. 68 . 88 3 6o 879. 3 3 00 315 866 2 692 
34 8 4 l 045. 43 .89 4 62 124. 2 4 00 421 138 4786 

19 35 30.748 35 1 076. 18 1844.89 35 64 569. I 5 00 526 397 7 478 
36 8 6 I 100. 92 . 89 6 66 414.0 6 00 631 639 JO 768 
37 8 7 I 137. 67 ·90 7 68 258. 9 7 00 736 861 14 656 
38 8 8 I 168.42 .90 8 70 IOJ. 8 8 00 842059 19 142 
39 8 9 IJ99· 17 .go 9 71948.7 9 00 I 947 230 24 226 

' I < 

19 40 30.748 40 I 229. 92 I 1844.91 40 73 793. 6 IO 00 I 052 369 29 f1)7 
41 8 I I I 26o. 66 . 91 I 75 638. 5 II 00 l 157 475 36 186 
42 9 2 I 291. 41 . 91 2 77 483. 4 12 00 J 262 544 43 o6z 
43 9 3 I 322. 16 . 92 3 79 328. 3 13 00 I 367 572 50 534 
44 9 4 I 352. 91 . 92 4 81 I7J. 3 14 00 l 472 556 58 6o3 

19 45 30. 749 45 l 383. 66 1844. 92 45 83 018. 2 15 00 

I 
J 577 492 67 268 

46 9 6 I 414. 40 . 93 6 84 863. I 16 00 I 682 377 76 530 
47 9 7 I 445· 15 .93 7 86 7o8.o 17 00 I I 787 208 86388 
48 9 8 I 475· 90 . 93 8 88 553.0 18 00 I 891 981 96 841 
49 9 9 I 5o6. 65 ·94 9 90 397. 9 19 00 I 996 6<J3 107 889 

! 

19 50 30.749 50 I 537·;J9 •844. 94 50 92 242. 8 2-0 00 2 IOI 342 u9 532 
SI 9 l r 568. r4 .94 l 94 o87. 8 21 00 2 205 922 131 770 
52 9 2 I 598. 8g . 95 2 95 932. 7 22 00 2 JIO 430 144 6ol 
53 9 3 J 629. 64 • 95 3 97777.7 23 00 2 414 864 158 026 

54 9 4 I 66o. 39 . 95 4 99 622. 6 24 00 2 519 221 172 044 

19 55 30.749 55 1 6g1. 13 1844.96 55 IOI 467. 6 25 00 2 623 495 186 655 
56 9 6 J j'2l. 88 . 9'i 6 103 312. 6 26 00 2 727 685 201 859 
.57 9 i' 1752.6s .97 7 105 157. 5 27 00 2 831 787 217 654 
58 49 8 J 783. 3 ·97 8 107 ()()2. 5 28 00 2 935 798 234040 
59 • 50 ~ 

l 814, IJ . 97 9 Io8 847. 5 29 00 3 039 714 251 017 
19 6o 30.750 l &14. 87 18+f.. 98 j 6o uo 692.4 JO 00 3 143 531 268 585 
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Latitrnle 20° to 21°-Arcs of the parallel in meters. 

-~------ -----------

i 
I 

i i I 
: i 

I Lat. 1 // 2" 
I 

3" 4" ii" 6" 7" I 8" I I 
I 

I 

! ! 
1 

_, _ _I 
1----- ---- I 

58.14187. 21 145. 351174. 41 

I 
I 

0 I I I 

I 
20 00 ::9.07 n6. 28 203. 48 232. 55 

I .07 I' ' ,20 . 27 . 33 . 39 .46 .53 ' . .) 

I 2 .06 . 13 . 19 . 25 . 32 . 37 .44 .50 
: 

3 .o6 • 12 . 18 . 24 . 30 .36 .42 .48 
i 4 .o6 . 12 . 17 . 23 . 29 .34 .40 . 45 

~ 
9" 1' 

i 
2' 4' 

261. 62 1744. I ! 3488.3 6976.6 8720.7 5 3 4 
.59 3.9 7.9 1.9 5-9 19.8 
. 57 3.7 7.5 I. 3 5. I 8.9 
.54 3.6 7.2 o.8 4.4 7.9 
. 51 3.4 6.8 30.2 3.6 7.0 

i 20 c5 29.05 58. II 87.16 116.21 145.27 174.32 203.37 232.43 
I (, .05 . 10 . 15 . 20 . 25 .30 ·35 .41 

7 .05 . 10 .14 .19 . 24 .28 .33 .38 
g .05 ·09 . 13 . 18 . 22 . 27 . 31 . 36 
9 .04 ·09 .12 . 16 . 21 . 25 ·29 . 33 

261. 48 1743.2 3486.4 5229.7 6972.9 8716. I 

.46 3.0 6.o 9. I 2.2 5. 2 
·43 2.8 5.7 8.6 I. 4 4· 3 
.40 2.7 5.3 8.o 70. 7 3.3 
. 38 2.5 5.0 7.5 69.9 2:4 

20 IO 29.04 58. 08 87. 12 116. 15 145. 19 174.23 203.27 232.31 
11 .04 . 07 •II .14 . 18 . 21 .25 . 29 
12 . 03 . 07 • IO . 13 . 16 .19 • 23 . 26 

261. 35 1742.3 .3414·6 5226.9 6969.2 871 I. 5 
. 32 2. I 4.2 6.3 8.5 I0.6 
• 29 I. 9 3.8 5.8 7 i ' 09· 7 

IJ .03 .06 ·09 . II . 15 .17 .20 . 24 . 27 I. 7 3.5 5.2 7.0 8.7 
14 .03 . 05 .o8 • IO . 13 . 16 .18 . 21 . 24 I. 6 3· I 4. 7 6. 2 7.8 

20 15 29.02 58.04 87.07 116. 09 145. 12 174- 14 203. 16 232. 19 
IO . oz .oq. .o6 .o8 .IO • 12 • 14 . 16 

261. 21 1741. 4 3482.7 5224- I 6965.5 87o6.9 
. 18 I. z 2.3 3·5 4· 8 6.o 

17 .02 . 03 .05 .07 .09 .IO . 12 . 14 
18 .02 • 02 .04 .05 .07 .o8 ·09 •II 
19 .01 .02 .03 .04 .o6 .o6 .07 .09 

. 15 I. 0 2.0 3.0 4.0 5.0 

. 13 o.8 I. 7 2.4 3·3 4.1 
• IO o.6 I. 3 I. 9 2. 5 3. I 

• 
20 20 29.or 58.01 87.02 116. 03 145.04 174.04 203.05 232.o6 

21 .Ol .oo .OI .02 .02 .02 .03 .04 
22 .00 8. ()() 7.00 6.oo .5.01 4-00 3.01 2.01 

261. 07 348o.9 
I 

1740.4 5221. 3 6961. 81 8702.2 
.04 0.2 0.5 0. 7 I. 0 I. 3 

I. 01 40.0 8o. I 20. 2 6o.3 700. 3 
23 .00 7.99 6.99 5. 99 4.99 3.99 2.98 1. 99 
24 9.00 ·99 .98 .98 .98 .97 • <;6 . <;6 

0.99 39.9 79.8 19.6 59.5 699.4 
• <;6 9.7 9.4 9.1 8.8 8.4 

20 25 28.99 57.98 86.97 u5. <;6 144.96 173.95 202.94 231. 94 z6o.93 1739.5 3479.0 5218.5 6958.0 8697.5 
26 ·99 . 97 ·97 .95 ·94 ·93 .92 . 91 
27 ·99 . 97 .96 .94 . 93 . 91 ·90 .89 
28 . 991 . 96 . 95 ·93 . 91 ·90 .87 .86 
29 .9s .96 I .94 . 91 ·90 .88 .85 .84 

I 
20 30 28. 98 57. 95186. 93 115. 90 144.88 173. 86 202.83 231.81 

I 31 .98 ·94 .92 .89 .86 .84 • 81 .79 

i 
32 . 97 ·94 . 91 .88 . 85 .82 .79 .76 
33 . 97 . 93 .90 .86 • 83 .So .76 .74 
.34 .96 . 93 .89 .85 .82 .78 .74 . 71 

.90 9. 3 8.6 7.9 7.3 6.6 

. 87 9· I 8. 2 7.4 6. 5 5.7 

. 85 9.0 7.9 6. 8 5.8 4.7 

. 82 8.8 7.5 6.3 5.0 3.8 

z6o.79 1738. 61 .3477· I 5215. 7 6954.3 8692.9 
. 76 8.4 6. 7 5. I 3.5 I. 9 
. 73 8. 21 6.4 4.6 2.8 I. 0 
• 70 8.o 6.o 4.0 2.0 90.0 
. 67 7.8 5.7 3.5 I. 3 89. I 

I 20 35 <18.96 57.92 86.88 115. 84 144. So 173.76 202.72 231.69 
36 .96 . 91 .87 . 83 . 78 .74 .70 .66 

'j 

37 .95 . 91 .86 . 82 . 77 .72 .68 .64 j 38 ·95 ·90 . 85 .So . 75 . 71 .65 . 61 

I 39 .94 .90 .84 .79 .74 • 64) .63 .59 

20 40 28.94 57.89 86.83 115. 78 144. 72 173. 67 202. 61 231.56 
41 ·94 .88 .82 .77 . 71 .65 .59 .53 
·P .93 .88 . 81 . 75 .69 .63 .57 . 51 
43 ·93 • 87 . 81 . 74 . 68 .61 .54 .48 
44 .93 . 87 .So .73 .66 .59 .52 .46 

z6o.65 1737.6 3475·3 5212. 9 695o. 5 8688. I 
. 62 7.4 4.9 2.3 49. 7 7. 2 
.59 7.2 4· 5 l. 8 9.0 6.2 
.56 7. I 4. 2 I. 2 8.2 5.3 
. 53 6.9 3.8 o. 7 7.5 4. 3 

26o. 50 1736.7 3473.4 5210. I 6946. 7 8683.4 
. 47 6. 5 3.0 Cl<). s 5.9 2.5 
.44 6. 3 2.6 8.9 5.2 1. 5 
. 42 6. I 2.3 8.4 4.4 So.6 
. 39 5.9 I. 9 7.8 3.7 79.6 

20 45 28.92 57.86 86.79 us. 71 144. 65 173.57 202.50 231. 43 I 
46 .92 . 85 .78 .70 . 63 ·SS .48 •40 I 

·~ . 92 . 85 .77 . 69 . 62 .54 .46 . 38 
.92 . 84 . 76 .68 .6o .52 .43 . 35 

49 . 91 . 84 . 75 .66 . 59 .50 . 41 . 33 
i 

26o.36 1735.7 3471. 5 5207.2 6942.9 8678.7 
. 33 5.5 I. I 6.6 2. I 7.7 
. 30 5.4 o. 7 6. I I. 4 6.8 
. 28 5.2 0.4 5.5 40.6 5.8 
• 25 5.0 70.0 5.0 39.9 4.9 

20 50 28. 91 57.83 86. 74 ' 115. 65 144. 57 173-48 202.39 ''':r.1 51 . 91 .82 .73 .64 . 55 .46 .37 
52 .90 .82 . 72 . 62 . 54 .44 .35 . 25 
53 ·90 . 81 . 71 .61 . 52 .42 .32 . 23 
54 ·90 . 8o .70 .6o . 51 .40 .JO .20 

20 55 28.89 57.79 86.69 115. 58 144.49 173.38 202.28 231. 18 
56 .89 • 79 .68 . 57 .47 .36 .26 • 15 
57 .89 • 78 .67 . 56 .46 ·34 .24 • 13 
58 .89 .17 .66 • 55 .44 ·33 . 21 .IO 
59 .88 . 77 .65 .53 .43 . JI .19 .o8 

20 6o 28.88 57.76 86.64 115. 52 144- 41 173.29 202.17 231.05 
L I 

z6o.22 17,34. 8 3469.6 5204.4 6939. I 8673,9 
. 19 4.6 9· 2 3.8 S.3 2.9 
.16 4.4 8.8 3.2 7.6 2.0 
.13 4.2 8. s I 2.7 6.8 I. 0 
.IO 4.0 8. I 2. I 6. I 70. I 

26o.07 1733.8 3467. 71 5201. 5 6935.3 8669. I 
.05 3.6 7.3 0.9 4.5 8. I 

6o.02 3.4 

1: I 200.3 3.8 7.2 
59.99 3.3 199.8 3· I 6.2 

• <;6 3· r 6. I 9. 2 2. 3 5.3 
a59.93 1732.9 3465.7 5198.6 6931. s 11664- 3 

--·-



 

Lat. 

0 I 

20 00 
I 

2 
3 
4 

20 05 
6 
7 
8 
9 

20 10 
11 

12 
13 
14 

20 15 
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17 
18 
19 

20 20 

21 
22 
23 
24 

20 25 
26 
27 
28 
29 

j 20 30 
31 
32 
33 
34 

20 35 
36 
37 
38 
39 

20 40 
41 
42 
43 
44 

20 45 
46 
47 
4B 
49 

20 50 
51 
52 
53 
54 

20 55 
56 

~~ 
59 
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Latitude 20° to 21°-Meridional arcs. 

Val f ,, I Sums of seconds for middle 
ue 0 1 latitude. Value o I' 

I Sums of minutes fo~ middle 
latitude. 

r 
Meters. II Meters. hfeters. I Meters. 
30.750 1844. 98 

0 l 30.75 .98 I l 845. 0 
0 2 61. 50 .98 2 3 6<)o. 0 
0 3 92.25 ·99 3 5 534· 9 
0 4 i 123. 01 .99 4 7 379. 9 ! 

3o.75o 5 153.76 1844.99 5 9 224. 9 
0 I 6 184.51 5.00 6 II o69. 9 
0 I 7 215.26 .oo 7 12 914. 9 
0 i s 246.01 .00 8 I 14 759· 9 
0 9 276.76 .01 9 I 16 004. 9 

30.750 10 307.51 1845. QI ro r8 450. o 
0 I 338.27 .01 I 20 295. 0 
0 2 36g.02 _02 2 22 140. 0 
0 3 399·77 .02 3 23 985. 0 
0 4 430.52 _02 4 25 830. 0 

30.750 15 461. 27 1845.03 15 27 675. I 

I 6 492.02 .03 9 29 520. I 

I 7 522.77 .04 7 31 365. I 

l 8 553- 53 .04 8 33 210. 2 
I 9 584.28 ·04 9 35 °55· 2 

30. 751 ·20 615.03 1845.05 20 36 900· 3 
I I 645.78 .05 I 38 745. 3 
I 2 676.53 .05 2 4° 5go.4 
I 3 707.28 .o6 3 42 435. 4 
I 4 738.03 .o6 4 44 28o. 5 

30.751 25 768.79 1845.o6 25 46 125. 5 
I 6 799-54 .07 6 47 970. 6 
I 7 830. 29 .07 7 49 815. 7 
I 8 861.04 .07 8 51 66o. 8 
I 9 891.79 .o8 9 53 505. 8 

JO· 751 30 922. 54 1845.o8 30 55 350. 9 
I I I 953-29 .09 I 57 196. 0 
I 2 984.04 ·09 2 59 041. l 
2 3 r 014. 8o .09 3 6o886. 2 

2 4 I 045· 55 .IO 4 62 731.3 

30.752 35 I 076. 30 1845. 10 35 64 576. 4 
2 6 r 107.05 .IO 6 66 421. 5 
2 7 l 137.So •II 7 68 266. 6 
2 8 I 168. SS .II 8 70 III. 7 
2 9 I 199. JO . II 9 -71956.8 

30. 752 40 l 230.o6 1845. I2 40 73 8o1. 9 
2 r I 26o. 81 .12 I 75 647. I 

2 2 r 291. 56 . 12 2 77 492. 2 
2 3 l 322. 31 . 13 I 3 79 337· 3 
2 4 1 353· o6 . 13 4 81 182. 4 

33,752 45 I 383. 8I 1845. 14 45 83 027. 6 
2 6 l 414. 56 .14 6 84 872. 7 
2 7 I 445• 32 . 14 7 86717.9 
2 8 I 476.07 • 15 8 88 563. 0 
2 9 l 5o6. 82 . 15 9 go4o8. 2 

. 
30.753 50 I 537· 57 1845. 15 so 92 253. 3 

3 I I 568. 32 • 16 I 94098. 5 
3 2 l 599.07 . 16 2 95~.6 
3 3 I 629. 82 .16 3 97 7 .8 
3 4 I 66o. 58 . 17 4 99 634.0 

30-753 SS I 691. ~ 1845. 17 s~ JOI 479· I 
3 6 I 722. • 18 103 324. 3 
3 7 t 7t.8l .18 7 105 I69-S 
3 8 I 7 3· S • 18 8 107 014. 7 
3 ~ 1 Br+~ .19 9 1o8859.9 

30.753 I 845. 1845. 19 6o 110 705.1 

Latitude 20°-Co-ordinates of cun-a lure. 

Longitude. ) x 
i 
i 
-----·-------~ 

0 I i JJfeters. 

I 0 l l 744· I 
2 3 488. 3 
3 I 5 z32.4 
4 I 6 976. 6 

0 5 I 8 720. 7 
6 . 10 464_ 9 
7 I 12 209. 0 
8 

I 
13 953· I 

9 15 6g7. 3 

0 JO 17441.4 
15 I 26 162. l 

20 34 882. 8 
25 

I 

43 6o3. 5 
30 52 324. 2 

0 35 61044.9 
40 6g 765. 6 
45 78 486. 2 

50 87 2o6. 9 
55 

I 
95 92 7·5 

I 00 104 648. 0 
05 113 368. 6 
IO 

I 
122089. I 

15 130 8<>9- 6 
20 139 530. I 

I 25 148 250. 5 
30 156 970. 9 
35 165 691. 3 
40 174 41r. 6 
45 183 lJI. 8 

I 50 I 191 852. I 

55 200 572. 3 
2 00 I 209 292 
3 00 313 929 
4 00 418 555 

5 00 523 166 
6 00 627 758 
7 00 732 328 
8 00 836 87r 
9 00 941 385 

10 ()() I 045 865 
II 00 1 150 308 
12 00 I 254 710 
13 00 1 359 o67 
14 00 1 463 376 

15 00 I 567 633 
16 00 I 671 834 
17 00 I 775 975 
18 00 I 88o 054 
19 00 I 984 o64 

20 00 2 o88 005 
21 00 2 191 871 
22 00 i 2 295 659 
23 00 2 399 364 
24 00 2 502 985 

25 00 2 6o6 516 
26 00 2 709 955 
2'/ 00 2 813 297 
z8 00 2 916 538 
29 00 3 019 676 
30 00 3 122 7o6 

I 

I 

i 

j 

I 

--~-I 

y 

M. eters. 

I 

I 

I 
2 
4 

7 
IJ 

15 
19 
25 

31 
37 
44 
52 
61 

70 
79 
go 

101 
Il2 

124 
137 
150 
164 
1.79 

194 
2l0 
227 
Z44 
262 
z8o 

0. I 

0. 3 
o.8 
I. 4 

2.2 

3· I I 

4. 3 
5.6 
7.0 

8. 7 
19· 5 
34. 7 
54· 2 

78. I ! 

1o6. 3 
138.8 
175.7 
216.9 
262.5 

312.3 
366.6 
425, I 

488.0 
555.3 
626.8 
702. 8 ' 
783.0 
867.6 
956.5 

049.8 
147.4 
249 
Sn 
997 
So8 
243 
3oz 
986 
294 

225 
78o 
958 
76o 
184 

230 
8g9 
lgD 
102 
635 

789 
563 
957 
970 
6o2 

853 
721 
2o6 
308 
026 
359 
--1 
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Latitude 21° to 22°-Arcs of the parallel in meters. 

Lat. 

O I 

1'' I 2" I 311 i (11 : 5" ; 8"11 711 
I 811 I 911 

1-----1--- ---- --1--- ---------,---- --
1 I 

21 00 
I 
2 

3 
4 

21 05 
6 
7 
8 
9 

21 IO 

II 
12 

13 
14 

21 15 
16 
17 
18 
19 

28. 88 ' 57· 76 86. 64 i 115. 52 144. 41 
.88 ! .75 .63 i .51: .39 
. 87 : ' 7 5 . 62 i . 50 : . 38 
.87 i .74 .61: .48' .36 
.87' ·74 .6o. .47' .34 

28.86 57. 73 i 86. 59 115. 46 ' 144. 32 
. 86 . 72 ' . 59 ' . 45 . 31 
. 86 . 72 . 58 . 44 '29 
.86 .71 ,57 .42 .27 
.85 .71 .56 .41 .26 

28.85 
. 85 
.84 
.84 
. 84 

I 
57· 70 ' 86. 55 ' 115. 40 

. 69 . . 54 . . 39 
'69 : '53 ' . 37 
. 68 . . 52 . 36 
'67 . 51 . 35 

144. 24: 

~; 1' '19 
'18 

173.29 
. 27 
. 25 
. 23 

202. 17 I 231.05 
. 15 . 02 

. 21 

. 12 

. IO 

.o8 

I. 00 

0.97 
.95 

173. 19 I 202. 05 230. 92 
. 17 . 03 ' . 89 
. I 5 2. DI j • 87 
. 13 1.99 .84 
. II . gU .82 

173. O<) 1201. 94 
. 07 '92 
.05 'go ' 
. 04 ' . 87 
, 02 I • 85 , 

230. 79 
.76 
.74 
. 71 
. 69 

28. 83 ' 57. 66 86. 50 : 115. 34 ' 144. 16 i 173. 00 
. 83 : '66 . 49 : . 32 '14 2. 98 

201. 83 i 230. 66 
. ~I , . 63 
. 79 ' . 61 
. 76 '58 

• 83 • 65 • 48 I • 31 · 13 • 96 
· 83 · 64 • 47 ' ·JO ·I I , · 94 
. 82 . 64 . 46 . 28 . IO . 92 . 74 . 56 

21 20 28. 82 57.63 
.62 

86.45 
.44: 
• 43 I 

.42 

.41 

144.08 
'06 

172. 90 
. 88 
. 86 
. 84 
. 82 

201. 72 
.70 
. 67 
. 65 

230.53 
.50 
.48 
'45 
.43 

21 .82 
22 . 81 
23 . 81 
24 . 8o 

21 25 28. 8o 
26 .8o 
2 7 . 79 
28 . 79 
29 . 78 

21 30 
31 
32 
33 
34 

28.78 
.78 
. 77 
. 77 
. 77 

'62 
'61 
'61 

57.6o 
.59 
.59 
. 58 ' 
.58 

57.57 
.56 
.56 
. 55 
. 54 

86.40 
. 39 
. 38 
. 37 
.36 

86.35 
. 34 
.33 
. 32 
.31 

. 24 ' 
• 23 
. 22 

II). 21 
'19 
. 18 
. 17 
. 15 

. 05 
'03 
'02 

144. 00 172. 8o 
3. 98 ' . 78 

'97 • . 76 
'95 ' . 74 
. 94 1 • 72 

. 63 ' 

201. 6o ' 230. 40 
. 58 ' . 37 
. 56 . 35 
. 54 . 32 
. 51 . 30 

115. 14 ' 143. 92 172. 70 201.49 
. 13 . go I . 68 ' . 47 

230.27 
.24 
.22 
.19 
. 17 

.II .89 .66 .44 

. to . f!'j . 64 . 42 

. 08 ' . 85 . 62 . 40 

259·93 
.go 
. 87 
.84 
. 81 

259.79 
.76 
.73 
.70 
. 67 

259.64 
. 61 
.58 
.55 
.52 

259. 50 
'47 
.44 
. 41 
.38 

259· 35 
. 32 
.29 
.26 
. 23 

259. 21 
. 18 
. 15 
. 12 
• O<J 

259.o6 
.03 

9.00 
8.97 
.94 

21 35 
36 
37 
38 
39 

28.76 
.76 
'76 
.76 
. 75 

57. 53 
. 53 
.52 
. 51 

86. 30' 
. 29 

u5. 07 i 143. 83 172. 6o 
.58 
.56 
.S'j 
.53 

201. 37 
·35 
. 33 
.31 
.28 

230. 14 i 258. 91 

I 21 40 
' 41 

42 
43 
44 

21 45 
46 
47 
48 
49 

28. 75 
. 75 
.74 
. 74 
.74 

28.73 
.73 
.73 
.73 
. 72 

. 28 

. 51 ' 
. 27 : 
. 26 : 

I 

57- 50 ' 86. 25 ' 
. 49 ' . 24 
'49 ' . 23 
. 48 ' . 22 
'48 : . 21 

57. t7 : 86. 20 
. 46 I .19 
. 46 . 18 
. 45 . 17 
. 45 . 16 

.o6 : . 82 

.04 i .80 

.OJ ! . 78 

.01 I . n 
I 

115. 00 ' 143. 75 
4. 99 . 73 

'97 . 71 
'96 . 69 
. 95 ' . 67 

114. 94 I 

. 92 
'91 
'90 
'88 

143.66 
. 65 
.64 
. 62 
.61 

21 50 28. 72 57· 44 ' 86. 15 114. 87 143. 59 
51 • j2 • 43 • 14 . 86 I • 57 
52 . 71 . 43 . 13 . 84 . 56 

I
I 53 . 71 i . 42 • 12 . 83 I • 54 

54 . 70 I . 41 . II . 82 ! . 52 

I 21 55 28. 70 I! 57. 40 86. IO 114. 8o 143. 50 
I s6 . 10 . 40 : . 09 . 19 . 49 
I 57 . 69 I • 39 : . o8 : . 78 . 47 
i s8 . 69 I . 38 , . 01 . 11 . 45 
I 59 .681 .38 I .o6 ·75 ·44 
!~-- 28. 68 I 57. 37 1 86. 05 · 114. 74 143. 42 

172.51 
.49 
.47 
. 45 
. 43 

201. 26 
.24 
. 21 
.19 
.16 

172. 41' 201. 14 
. 39 ' . 12 
.37 : .og 
. 35 .07 
. 33 .04 

172.31 
. 29: 
.27 
. 25 
. 23 

172.21 
. 19 
. 17 
. 15 
. 13 

172. ll 

201.02 
1.00 
0.97 
.95 
·93 

200.90 
.88 
.86 
.84 
. 81 

200. 79 

• IJ • SS 
.09 '85 
. o6 . 82 
'04 . 79 

230.01 
29.98 

.g6 

. 93 
·90 

229.87 
. 85 
.83 
.79 
.77 

229. 74 
.71 
.6g 
.66 
. 64 

229.6t 
. 58 
.56 
. 53 
. 51 

229.48 

258.76 
. 73 
.70 
. 67 
. 64 

258.61 
.58 
. 55 
. 52 
.49 

258.46 
. 43 
.40 
. 37 
·34 

258.31 
.28 
.25 
. 22 

.19 
258.16 

1732·9 
2.7 
2.5 
2.3 
2. I 

1731. 9 
I. 7 
I. 5 
I. 3 
I. I 

1730.9 
o. 7 
0.5 
0.4' 
0.2' 

1730.0 
29.8 
9.6 
9.4 
9.2 

1729. 0 ' 

8.8 
8.6 
8.4 
8.2 

1728.0 
7.8 
7.6 
7. 4 ; 
7. 2 : 

1727. 0 
6.8 
6.6 
6.4 
6.2 

1726.0 
5.8 
5.6 
5.5 
5.3 

1725. I 

4.9 
4· 7 
4. 5 
4.3 

1724. I 
3.9 
3· 7 ' 
3. 5 ; 
3.3 

1723. I 

2.9 
2.7 
2. 5 
2.3 

1722. I 

I. 9 
I. 7 
I. 5 
I, 3 

1721. I 

!!' 

3465.7 
5. 3 
4.9 
4.6 
4.2 

3463.8 
3.4 
3.0 
2.7 
2.3 

3461. 9 
I. 5 
I. I 

o. 7 
6o.3 

3459.8 
9.4 
9• I 
8.7 
8.4 

3458.0 
7.6 
7.2 
6.8 
6.4 

3456.0 
5.6 
5.2 
4.9 
4· 5 

3454· I 
3.7 
3.3 
2.9 
2.5 

3452. I 
I. 7 
I. 3 
0.9 
0.5 

3450. I 

49.7 
9· 3 
8.9 
8.5 

3448.1 
7-7 
7.3 
6.9 
6. s 

3446.1 

5. 7 
5.3 
4-9 
4·5 

3444• I 

3.7 
3·3 
2.9 
2.5 

3442.1 

31 

5198.6 
8.o 
7. 4 
6.9 
6.3 

5195.7 
5. I 

4.5 
4.0 
3.4 

5192.8 
2.2 
I. 6 
I. I 

go.5 

5189.9 
9· 3 I 

8. 7 ' 
8. 2 . 

7· 6 

5187.0 
6.4 
5.8 
5.2 
4.6 

5184.0 
3.4 
2.8 
2.3 
I. 7 

5181. I 

8o.5 
79.9 
9.3 
8.7 

5178. I 

7.5 
6.9 
6.4 
5.8 

5175. 2 

4.6 
4.0 
3.4 
2.8 

5172.2 
I. 6 
I. 0 

70.4 
6g.8 

5169.2 
8.6 
8.o 
7.4 
6.8 

5166.2 
5.6 
5.0 
4.4 
3.8 

5163.2 

,, 

6931. 5 ' 
30. 7 i 
2 9· 9 ' 
9.2 
8.4 l 

6927.6 
6. 8 ' 
6.o 
5. 3 
4.5 ' 

6g23.7 
2.9 
2. I 

I. 4 
20.6 1 

6g19. 8 : 
9.0 
8.3 
7. 5 ' 
6.8 : 

6g16.o 
5.2 
4.4 
3.6 
2. 8 

6g12.o 
I, 2 

10.4 
09-.7 : 
8.9 

6go8. I 

7.3 
6. 5 ' 
5. 8 . 
5.0 

69o4-2 
3.4 
2.6 
I. 8 
l.O 

6goo.2 
899.4 

8.6 
7.8 
7.0 

68g6.2 
5.4 
4.6 
3.9 
3· I 

6892. 3 
I. 5 

go.7 
89.9 
9. I 

6888. 3 
7. 5 
6. 7 
5.9 
S· i 

6884-.'.l 

51 

86~.3 
3.3 
2.4 
I. 4 

6o.5 

8659.5 
8.5 
7. 6 
6.6 
5.7 

8654.7 
3.7 
2.7 
I. 8 

50. 8 

8649.8 
8.8 
7.9 
6.9 
6.o 

8645.0 
4.0 
3.0 
2. I 
I. I 

8640. I 

39· I 
8. I 

7.2 
6.2 

8635.2 
4. 2 

3.2 
2. 2 

I. 2 

8630.2 
29.2 
8.2 
7.3 
6.3 

8625.3 
4.3 
3.3 
2.3 
I. 3 

8620.3 
19.3 
8.3 
7.3 
6.3 

8615.3 
4·3 
3.3 
2.3 
1.3 

8610.3 
09.3 

8. 3 
7.3 
6.3 

8005. 3 



 

I 

Lat. 

0 I 

~I ()() 

I 
2 
3 
4 

21 05 
6 
7 
8 
9 

21 10 
II 
12 
13 
14 

21 15 
16 
17 
18 
19 

21 20 
2I 
22 
23 
24 

2I 25 
26 
27 
28 
29 

2I 30 
3I 
32 
33 
34 

2I 35 
36 
37 
38 
39 

21 40 
41 
42 
43 
44 

21 45 
46 
47 
48 
49 

21 50 
51 
52 
53 

- 54 

21 55 
56 
57 
58 

.59 
21 6o 
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Latitude 21° to 22°-Meridional arcs. 

- - ··---~--~-

Val f 111 I Sums of seconds for middle Ii Value of 1' 
i Sums of minutes for middle 

ue 0 latitude. : latitude. 

I ! I 

Meters. fl Meters. JJfeters. I liieters. 

30. 753 1845. 19 
3 I 30. 76 .20 I l 845. 2 

3 2 6r. 5I . 20 2 3~-4 
3 3 92.27 . 20 3 5 535. 6 
3 4 I23.02 . 21 4 7 38o. 8 

30.753 5 I ISJ. 78 I845.21 5 9 226. 0 
4 6 

I. 
184.53 . 2I 6 II 071. 2 

4 7 215. 29 . 22 7 I2 916. 4 

4 8 246.04 • 22 8 14 761. 7 
4 9 

I 
276.80 . 23 9 16 6o6. 9 

30.754 IO 307.55 1845.23 : 18 452. I IO 

4 l 338.3 1 . 23 I 20 297. 3 
4 2 369.o6 i .24 2 22 142. 6 

I 

4 3 399.82 I . 24 3 23 987. 8 I 
4 4 430.57 I . 24 4 25 833. I 

30.754 15 461. 33 1845.25 15 ~7 678. 3 
4 6 492. o8 . 25 6 29 523. 6 
4 7 522.84 . 25 7 31 368. 8 
4 8 553- 59 i . 26 8 33 214. I 

4 9 584.35 

I 
. 26 9 35 °59 3 

30.754 20 I 615. IO 1845.27 20 36 904. 6 
4 I 645.86 . 27 I 38 749· 9 
5 2 676.61 

I 
.27 2 4o 595· l 

s 3 707.37 . 28 3 42 440. 4 
5 4 738. 12 .28 4 44 285. 7 

30.755 25 768.88 I845.28 25 46 IJI. 0 
5 6 799.63 .29 6 47 976. 3 

s 7 830.39 . 29 7 49 821. 5 
s 8 861. 14 

' .30 8 5I 666. 8 

5 9 89r. 90 .30 9 53 5I2. I 

l 
922.65 1845.30 3o.755 30 30 55 357. 4 

5 I 953.41 . 31 I 57 202. 7 
5 2 984. 16 . 31 2 59 048. 0 
5 3 I 014. 92 . 31 3 6o 893.4 
5 4 I 045. 67 .32 4 62 738. 7 

30.755 35 I 076. 43 1845.32 3~ 64 584. 0 
5 6 I 107. 18 -33 66 429. 3 
5 7 ' I 137. 94 . 33 7 68 274. 6 
6 8 I I68. 69 ·33 8 70 I20. 0 
6 9 I 199. 45 .34 9 71 965. 3 

30.756 40 I 2J0.20 1845.34 40 73 810. 6 
6 I I 26o. 96 .34 I 75 656. 0 
6 2 I 29I. 71 -35 2 77 5ox. 3 
6 3 I 322. 47 ·35 3 79 346. 7 
6 4 [ 353- 22 .36 4 81 192. 0 

30.756 45 I 383. 98 
I 

1845.36 45 83 037. 4 
6 6 I 414. 73 .36 6 l4 882. 8 
6 7 I 445· 49 

11 

. 37 7 86 728. I 

6 8 I 476. 24 . 37 8 88 573- 5 
6 9 I 507. 00 .37 9 90 418. 9 

30. 756 50 1537.75 

,1 

1845.38 50 92 264. 2 
6 I . I 568. 51 .38 I 94 109. 6 
6 2 I 599- 26 -39 2 95 955. 0 
6 3 I 630.02 

11 

-39 3 97 8oo. 4 
7 4 [ 66o. 77 . 39 4 99 645. 8 

30. 757 55 I 6'JI. 53 1845.40 55 IOI 491. 2 

7 6 I 722. 28 

11 

.40 6 103 336. 6 
7 7 I 753· Of .40 7 105 182.0 

7 8 I 783. 79 .41 8 107 027. 4 

7 9 I 814. 55 .41 9 108 872. 8 

30.757 6o I 845. 30 1845.42 6o 110 718. 2 

H I 

Latitude 21°-Co-ordinates of cun-ature. 

---------------------

Longitude. x 

·-- -···-u ·---~ -~ 
0 I Meters. 

0 I l 732. 9 
2 I 3 465. 7 
3 5 198.6 
4 

: 6 931. 5 

0 5 
I 8 664. 3 

6 : 
IO 397· 2 : 

7 12 130. 0 
8 13 862. 9 
9 15 595. 8 

: 
17 328. 6 0 IO i 

15 I 25 993· 0 . 20 I 34 657. 3 
I 25 43 J2I. 6 

30 I 51985.9 
! 

0 35 6o 650. 2 
40 69 31+ 5 
45 77 978. 7 
50 86 643. 0 
55 95 307. 2 

I ()() 103 971. 3 
05 112635.5 
IO 121 299. 6 
15 129 963. 7 
20 138 627. 7 

I 25 147 29x. 8 
30 I55 955. 7 
35 

I 
164 6I9. 7 

40 I73 283. 6 
45 I8I947.4 

I 50 I90 61I. 2 

55 I99 274. 9 
2 00 207 939 
3 ()() 31 l 898 
4 00 415 8+5 

5 00 519 775 
6 00 623 686 
7 00 727 572 
8 ()() 831 429 
9 00 935 254 

IO 00 I 039 042 
II 00 I 142 790 
12 ()() I 246 493 
lJ ()() I 350 147 
I4 ()() I 453 749 

15 00 I 557 294 
I6 ()() I 66o 777 
17 ()() I 764 195 
18 00 I 867 545 
I9 00 l 970 822 

20 00 2 074 021 
2I ()() 2 I77 139 
22 00 2 28o 173 
23 00 2 383 117 
24 ()() 2 485 967 

25 ()() 2 588 720 
26 00 2 691 373 
27 00 2 793 920 
28 00 2 896 358 
29 ()() 2 998 682 
30 00 3 100 88g 

I 

---

! 

: 

I 

l'Ieters. 1 

. 

0. l 

0.4 
o.8 
I. 4 

2.2 

3.2 
4.4 
5.8 
7 3 

9.0 
20.3 
36. r 
56.4 
81. 3 

llO. 7 
144. 5 
182.9 
225.8 
273.2 

325. 2 
381. 6 
442.5 
508.0 
578.0 

652. 5 
731.6 
815. I 

903· 2 

9958 

I 092. 9 
I 194· 5 
I 30I 
2 926 
5 202 

8 I28 
I I 704 
l 5 93° 
20 8o6 
6 331 2 

3 
3 
46 
54 
63 

73 
!!3 
93 

105 
117 

129 
143 
157 
17·1 
186 

202 
2I9 
236 
254 
27a 
291 

893 
188 
128 
712 

939 
8og 
322 
476 
272 

7o8 
784 

H~ Ex. 43--24 
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--------···--· -
Latitude :::2° to 23°-Arcs of the parallel in meters. 

·-----

! I I I 
I I Lat. 1" 

I 
2" 3" ! '" I 511 I fi" 'l'' 

' 
8" 9" 1' 2' 3' 4' 5' 

I : I 
I 

j I i 
I i 

I I 
: 

' ' I ! 
I 

I 

0 I I i 
22 00 28.68 57.37 86. 051 114. 74 143· 42 172. II 200.79 229. 48 1 258. I 6 IJ2I. I 3442. I 5163.2 6884. 31 86o5.3 

I .68 .36 .04 . 73 .40 • O<) . 77 . 45 : . 13 0.9 I. 7 2.6 3. 5 4.3 
2 .67 . 36 .031 . 71 . 39 .07 .74 . 43 • IO 0. 7 I. 3 2.0 2. 7 i 3.3 
3 .67 . 35 .02 . 70 . 37 .05 . 72 .40 i . 07 0. 5 0.9 I. 4 I. 8 2.3 
4 .67 ·34 . OI I . 68 . 35 .03 .6g . 37 .04 0. 3 0. 5 o.8 I. 0 I. 3 

22 05 28.66 57.33 86. 00 
1 

II4. 67 143.33 Ip.or 200.67 229·35 258.01 lj20. I 3440. I 516o. 2 688o.2 86oo.3 
6 .66 . 33 5.99 I .66 . 32 I. 99 .65 . 32 7. 98 19·9 39· 7 59.6 79.4 599.3 
7 .66 . 32 .98 .64 . 30 .97 .62 . 29 . 95 9. 7 9.3 9.0 8.6 8.3 
8 .66 .JI .97 . 63 . 28 ·94 .6o .26 . 92 9.4 8.9 8.3 7.8 7- 2 

9 .65 • 31 .96 . 61 . 27 . 92 . 57 . 24 . 89 9.2 _8. 5 7. 7 7.0 6. 2 

22 IO 28.65 57.30 85.95 II4. 6o 143. 25 I 111. go 200.55 229.21 257.86 1719.0 3438. I 5157. I 6876.2 8595.z 
II .65 . 29 .94 .59 . 23 ' . 88 ·53 . 18 . 83 8.8 7. 7 6.5 5.4 4. 2 

12 .64 . 29 ·93 .57 . 22 I . 86 .50 . 16 .So 8.6 7.3 5.9 4.6 3.2 
13 .64 .28 .92 .56 . 20 . 84 -~ . 13 . 7i 8.4 6.9 5.3 3.7 2. 2 

14 .64 . 27 . 91 .55 . 18 . 82 .46 . IO .74 8. 2 6. 5 4. 7 2.9 I. 2 

22 15 28.63 57.26 85.90 n4. 54 143. 16 171.80 200.43 229.07 257.70 ljI8.o 3436. I 5154. I 6872.1 8590. l 

16 .63 .26 .89 .52 . 15 . 78 . 41 . 05 . 67 7.8 5-7 3·5 I. 3 89. I 

17 .63 . 25 . 88 . 51 . 13 . 76 . 39 9.02 • <>4 7.6 5 3 2.9 70. 5 8. I 

18 .63 . 24 . 87 .50 . II .74 . 37 8.99 . 61 7.4 4.8 2. 2 6g. 7 I 7· I 

I9 .62 . 24 . 86 .48 . 10 . 72 ·34 . 97 .58 7. 2 . 4.4 I. 6 8. 9 I 6. I 

22 20 28.62 57· 23 85.85 II4. 47 143.oS Iii. 70 200.32 228.94 2 57·55 1717. o I 3434.0 5151. 0 6868. l 8585. l 

21 .62 • 22 .84 .46 .o6 . 68 .30 . 91 . 52 6.8 3.6 50.4 7.3 4.0 
22 . 61 . 22 . 83 .44 . 05 . 66 . 27 .88 . 49 6.6 3.2 49.8 6. 5 3.0 
23 . 61 . 21 j . 82 .43 .03 . 64 . 25 . 86 . 46 6.4 2.8 9. 2 5.6 2.0 

24 .6o . 21 ' . 81 . 4I I . 01 . 62 . 22 . 83 .43 6. 2 2.4 8.6 4.8 81. 0 

22 25 28.6o 57. 20 j 85. 8o II4. 40 , 143.00 171. 6o 200.20 228. 8o I 257. 40 17I6.o 3432.0 5148.0 6864.0 8579.9 
26 .6o . Ig .79 .39 2.98 .58 . 18 i . i7 . 37 5.8 I. 6 7.4 3.2 8.9 
27 .591 . 19 .78 . 37 . 96 .56 . I5 . 74 ' . 34 5.6 1.2 6.8 2.4 7.9 
28 .59 . 18 .77 .36 .94 .54 . I3 i . 72 . 31 

5. 41 
o. 7 6. I I. 5 6.9 

29 . 581 . 18 . 76 .34 . 93 . 52 . 10 .6g . 28 5.2 30.3 5.5 6o. 7 5.9 
j 

85. 75 I 114. 33 200.oS ' 228.66 . 5144.9 6859.9 8574. 8 22 30 28. 58 57. 17 142.91 I 7 I. 50 257· 25 1715.0 3429.9 
31 .58 . 16 I . 74 ! .32 . 89 . 48 .o6 .63 . 22 4.8 9. 5 4. 3 9· I 3.8 
32 .57 .16 ! . 73 .30 . 88 .46 ,03 .6o .19 4.6 9· l 3.7 8.3 2. 7 
33 .57 . I 5 . 72 .29 . 86 .43 200.0I .58 . 16 4.3 8. 7 3.0 7.4 I. 7 
34 .57 . 14 . 71 . 27 . 84 .41 199.98 . 55 . 13 4· I 8.3 2.4 6.6 70.7 

22 35 28.56 57. 13 85.70 114. 26 142.82 171. 39 199.g6 228.52 257.09 1713.9 3427.9 5141. 8 6855.8 8569.7 
36 .56 . IJ .69 . 25 . 81 . 37 ·94 .49 .o6 3-7 7.5 I. 2 5.0 8.6 

37 .56 . 12 . 68 . 23 .79 . 35 .91 .46 . 03 3. 5 7• I 40.6 4.1 7.6 
38 .56 • II . 67 . 22 . 77 • 33 89 ·44 7.00 3·3 6.6 39.9 3.3 6.6 

39 . 55 . II .66 .20 .76 .31 .86 . 41 6.97 3. I 6. 2 9.3 2.4 5.6 

22 40 28.55 57· IO 85.65 114. 19 142.74 171. 29 199.84 228.38 256.94 1712. 9 3425.8 5138.7 6851. 6 8564.5 
41 . 55 .09 .64 . 18 . 72 . 27 .82 . 35 .91 2.7 5.4 8. I o.8 3· 5 
42 .54 . 09 ' .62 . 16 . 71 . 25 .79 . 33 .88 2.5 5. 0' 7. 5 50.0 2.4 
43 .54 .o8 . 61 . 151 .6g . 23 . 77 .30 • 84 2.3 4. 5 ! 6.8 49· l J. 4 
44 .53 .07 .6o .14 i . 67 . 21 .74 . 27 . Sr 2. I 4. I 6.2 8.3 6o.4 

22 45 28.53 57.o6 85. 59 n4. 12 ; 142. 66 171. 19 199.72 228.25 256.78 17 n. 9 3423.7 5135.6 6847.5 8559. 3 
46 .53 .o6 .58 . II ~ .64 .17 .70 . 22 • 75 l. 7 3.3 5.0 6.7 8.3 
47 .52 .05 .57 .IO . 62 . 15 .67 .19 . 72 I. 5 2.9 4.4 I 5.8 7.3 
48 .52 ·04 .56 ·09 .6o .I2 .65 .16 .68 I. 2 2.5 3.7 5.0 6.2 
49 . 51 ·04 . 55 .07 .59 .10 .62 . r4 . 65 1.0 2. r 3. l 4· l 5. 2 . 

22 so 28. 51 57.03 85. 54 114.o6 142.57 171. o8 I99. 6o 228. II 256.62 1710. 8 3421. 7 5132. 5 6843.3 8554. I 

51 . 51 .02 .53 .05 .55 .o6 .58 .o8 .59 o.6 l. 3 I. 9 :JI 3· I 

52 .50 .02 .52 .03 .53 .04 ·SS .05 .56 0.41 0.9 I. 2 2.0 
53 .50 . 01 . 51 .02 .52 .02 .53 .03 .53 0.2 0.4 30.6 40.8 I. 0 
54 .50 57.00 .50 4.00 .50 1.00 .50 8.oo .50 10.0 20.0 29. 9 39.9 50.0 

22 55 28.49 56.99 85.49 1t3. 99 142.48 170.98 199.48 227.97 256.46 1709.8 3419.6 5129. 3 6839.1 8548.9 
56 .49 .99 .48 .98 .46 .96 .45 ·94 .43 9.6 9. 2 8.7 8.3 7·x 
57 .49 .98 ·4i .96 .44 ·94 ·43 . 91 .40 9.4 8.8 8. I 7.4 6. 
58 .49 .97 .46 .95 .43 . 92 . 40 . 89 . • 37 9. 2 8. 3 7.4 6.5 5.8 
59 .48 • 97 .45 i ·93 .41 . 89 . 38 ' . 861 . 34 8.9 7. 9 6.8 5.7 4.7 

22 6o 28.48 56. !}6 85.44 113. 92 142.39 170. 871199. 35 ! 227. 83 256. 31 17o8. 7 3417. 5 5126.2 6834-9 854J. 7 



 

UNITED STATES COAST AND GEODETIC SURVEY. 

Latitude 22° to 23°-Meridional arcs. Latitude 22°-Co-ordinatt:> oi cunalure. ' 
: 

Lat. 

Longitude. i Value of 1" 
Sums of seconds for middle Value of 11 

Sums of minutes for middle x y I 

latitude: latitude. 
i 
' - I 

i 0 I 
I 

Meters. 0 I I Meters. fl Meters. Mekri. : Meters. 11-feters. 
I 2:3- 00 30.757 1845.42 

I 
I 7 l 30.76 . 42 I I 845. 4 0 I I 721. I O. I 

2 7 2 61.52 .42 2 3 6rp.8 2 

I 
3 442. 2 0.4 

3 7 3 92.28 .43 3 5 536. 3 3 5 163. 2 o.8 I 
4 7 4 123.04 ·43 4 7 381. 7 4 

I 
6 884. 3 I. 5 I 

22 05 30.757 5 153·79 1845. 44 5 9 227. I 0 5 8 6o5. 4 2.3 
6 7 6 184.55 .44 6 II 072. 6 6 10 326. 5 3.4 
7 7 7 215.31 .44 7 12 918. 0 7 12 047. 5 4.6 
8 7 8 246.07 .45 8 14 763. 4 8 13 768. 6 6.o 
9 7 9 276.83 . 45 9 16 6o8. 9 9 15 489. 7 7.6 

22 JO 30.758 IO 307.59 18.j.5. 45 10 18 454. 3 0 10 17 2!0. 7 9.4 
II 8 I 338.35 .46 I 20 299. 8 15 25 816. 0 21. I 
12 g 2 369. ll .46 2 22 145. 3 20 34 421. 3 37.5 
13 8 3 399.86 .47 3 23 990. 7 25 43 026. 6 58.6 
14 8 4 430.62 .47 4 25 836. 2 30 51631.8 &j..4 

22 15 30.758 15 461. 38 1845. 47 15 27 681. 7 0 35 6o 237. I u4.9 
16 8 6 492. 14 . 48 6 29 527. I 40 68 842. 3 150.0 
17 8 7 522. <)O .48 7 31 372. 6 45 77 447. 6 189.9 
18 8 8 553.66 .48 8 33 218. I 50 86 052. 8 234.4 
19 8 9 584. 42 ·49 9 35 o63. 6 55 

I 
94 657. 9 283.7 

22 20 30.758 20 615. 18 1845.49 20 36 909.1 I 00 IOJ 263. I 337.6 
21 8 I 645.94 .50 l 38 754· 6 05 111868.2 396. 2 
22 8 2 676.69 .50 2 40 6oo.1 10 120 473. 3 459.5 
23 8 3 707.45 .50 3 42 445. 6 15 129 078. 3 527.5 
24 8 4 738.21 .51 4 44 291. I 20 137 683. 3 6oo. I 

22 25 30.759 25 768.97 1845. 51 25 46 136. 6 I 25 146 288. 3 677.5 
26 9 6 799.73 .52 6 47 982. I 30 154 893. 2 759.5 
27 9 7 830.49 .52 7 49 827. 6 35 163 498. I 846.3 
28 9 8 861. 25 .52 8 51 673. I 40 172 102. 9 937.7 
29 9 9 8g2.01 .53 9 53 518. 7 45 18o 70j. 7 I 033. 8 • 22 30 30.759 30 922. 77 1845. 53 30 55 364. 2 I 50 189 312. 4 I 134. 6 
31 9 I 9~·52 ·53 I 57 209. 7 SS 197 917. I I 240. I 

32 9 2 9 .28 . 54 2 59 055. 3 2 00 2o6 522 I 350 
33 9 3 J 015.04 ·54 3 6o900.8 3 00 309 772 3 037 
34 9 4 I 045· 8o . 55 4 62 746. 3 4 00 413 008 s 400 

22 35 JO. 759 35 l 076. 56 1845. 55 35 64 591. 9 5 00 516 227 8 438 
36 9 6 I 107. 32 .55 6 66 437.4 6 00 619 424 12 151 
37 9 7 I 138.o8 . 56 7 68 283.0 7 00 722 595 16 538 
38 9 8 I 168. 84 .56 8 70 128. 6 8 00 825 734 21 6oo 

39 9 9 I 199. 59 .57 9 71 974· I 9 00 928 838 27 336 

22 40 30.759 40 I 2JO• 35 1845. 57 40 73 819. 7 10 00 I 031 903 33 746 
41 6o I I 261. II .57 I 75 665. 3 II 00 I 1]4 923 40829 
42 0 2 I 291. 87 .58 2 77 510. 8 12 00 I 237 895 48 586 
43 0 3 I 322.63 .58 3 79 356.4 13 00 I 340 814 57 016 

44 0 4 I 353· 39 .58 4 81 aoz.o 14 00 I 443 675 66 119 

22 45 30.76o 45 I 384. 15 1845.59 45 83 047. 6 15 00 l 546 475 75 894 
46 0 6 I 414.91 .59 6 84 893.2 16 00 I 649 20<) 86 341 
47 0 7 I 445· 67 .6o 7 86 738.8 17 00 I 751 873 97 459 
48 0 8 I 476.42 .6o 8 88 584.4 18 00 I 854 461 109 248 
49 0 9 l 507. 18 .6o 9 90430.0 19 00 I 956 970 121 7o8 

22 50 30.76o so I 537·94 1845. 61 50 92 275. 6 20 00 2 059 3¢ 134838 
51 0 I I 568. 70 .61 I 94 121. 2 21 00 2 161 733 148 637 
52 0 2 I 599.46 .62 2 95 9')6. 8 22 00 2 263 978 I6J 105 
53 0 3 I 630. 22 .62 3 97 812.4 23 00 2 366 126 r78 241 
54 0 4 I 66o.98 .62 4 99 658.0 24 00 2 468 174 194045 

22 55 30.700 55 I 691. 74 1845.63 s1 IOI 503. 7 25 00 2 570 116 210 515 

I 56 I 6 I 722.50 .63 103 349· J 26 00 2 671 947 227 652 
57 I 6 I 753· 2§ .64 7 105 194- 9 27 00 2 773 664 245 454 
58 I I 784.01 

11 

.64 8 107 040. 6 28 00 2 875 264 263 921 

59 I 9 I 814. 77 .64 9 1o8 886. 2 29 00 :i 976 740 z8J 051 
:ta 6o 30-761 6o t 845. SJ iS+s-6s 6o IIO 7JI. 8 JO 00 

I 
3 078 o8g ! 302 845 

II l 
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Latitude 23° to 24°-Arcs of the parallel in meters. 

Lat. 1" 2" 3" '" 511 6" I 1" 8" 9" 1' 2' I 3' " ;:." 
I I .. 

i I ! 
1--:~-! I I I 

---i---1---·------'---- --1 
' 

0 I ' 
I ! 

I I I 
23 00 28. 48 . 56. 96 85.44 113. 92 ' 142 ·39 170.87 199. 35 22j.83 256.31 1708. 7 i 

3417. 51 
5126. 2 6834.9 8543.7 

I .48 I . 95 ,43 . 91 . 37 . 85 . 33 . So • 28 8. 5 I 7. I 5.6 4· I z.6 
2 . 47 : '95 . 42 : '89 . 36 . 83 . 30 . . 77 . 25 

l 11 
6. 7 5.0 3.2 1.6 

3 . 47 : .94 . 41 1 . 88 . 34 i . 81 . 28 . 75 • 22 6. z 4.3 2. 4 I 40.5 
4 . 46 i ·93 .40 . 86 . 32 . . 79 . 25 . 7:!. . 19 7. 9 5. s I 3. 7 1. 5 I 39.5 

23 05 28. 46 : 56. 92 85.38 IIJ. 85 . J.}2. 31 170.77 199. 23 227. 69 256. 15 17°7- 7 3415. 4 I 5123. I 6830. i : 8538. 4 
6 . 46 : . 92 . 37 '84 . 29 . 75 . 21 . 66 . 12 1. 5 I 5. 0 i 2. 5 29. 9 I 7.4 

7 • 45 I .91 . 36 . . 82 .27 .73 . 18 . 63 .. og 7. 3 ! 4. 6 I I.8' 9. 0 i 6. 3 
8 . 45 . 90 . 35 . 81 i . 25 . 71 . 16 . 61 .06 7. I j 4· I i 1.2' 8.21 5. 3 

9 ·44 I .90 . 34 . 7q .24 . 68 I . 13 .58 .03 6. 8 ! 371 20.5 j. 3 : 4.2 
i 

23 IO 28. 44 56. 89 85. 33 113. 78 : 142. 22 170. 66 199. JI 227. 55 I 256.00 17o6. 6 : 3413. 3 i 5119.9 6826. 5 ; 8533.2 
II .44 . 88 .32 . ii ' . 20 . 64 . 09 . 52 ' 5.97 6. 4 1 2. 9 I 9· 3 5. 7 i 2. I 

12 .43 . 88 . 31 . i 5 . 18 . 62 . 06 · 49 I .94 6. 2 i 2. s I 8.6 4. 8 i I. I 

13 .43 . 87 . 30 . 74 . 17 ,(jo .04 . 47 i .90 6. 0 ~ 2.0 8. 0 4.0 30.0 
14 .43 . 86 .29 . i2 . 15 .58 9.01 ·44: . 87 5. 8 ! 1.61 7. 3 3. I 28.9 

227. 41 i 255. 84 1105. 6 I 3411.2! 
: 

23 15 28.42 56.85 85.28 113. 71 142. 13 170.56 198.99 5II6. 7 6822. 3 : 8527.9 
16 . 42 . 85 . 27 . 69 . I! .54 .96 . 38 ' . 81 5. 41 0. 8 i 6. I I. 5 6.8 
17 . 42 . 84 .26 . 68 .09 '52 . 94 . 35 . j8 5. 2 10. 3 i 5· 4 20.6 5.8 
18 .42 . 83 . 25 . 66 .08 .49 . 91 . 33 : .74 4. 9 i og. 9 I 4.8 19.8 4. 7 
19 . 41 . 83 . 24 . 65 ' .06 .47 '89 . . 30 . 71 4· 7 ! 9· 4 I 4· I 8.9 3.6 

113. 6) ; 
I 

170+ s I 3409· o I 23 20 28.41 56.Sz 85. 23 142.04 170.45 198, 86 I 227. 27 255. 68 511 3· 5 6818. I 8522.6 
21 .41 . 81 . 22 . 62 ' . 02 .43 . 84 . 24 . 65 

4. 31 
8. 6 ! 2.9 7. 2 I. 5 

' 22 .40 . 81 .20 . 6o: 2.01 .41 . 81 ! • ZI . 62 4· I 8. 2 2.2 6.4 20.4 

23 .40 . 80 '19 '59 • I. 99 : . 39 79 ! . 18 .58 3. 9 7.7 I. 6 5.5 19.4 
24 .39 . i9 '18 . 57 . 97 . 37 . 76 . 15 . 55 3.7 7.3 0.9 4.7 8.3 

28.39 56.78 85. 17 113. 56 141. 96 170. 34 ! 198.74 
: 

1703. 41 34o6.9 6813.8 8517.2 23 25 227. 13 255.52 5110. 3 
26 .39 .78 .16 . 55 . 94 . 321 . 71 • IO .49 3.2 6. 5 og.7 2.9 6.2 

27 .38 . 77 . 15 . 53 ' . 92 .30 . 69 . 07 .46 3.0 6. I 9.0 Z. I 5. I 

28 .38 . 76 . 14 . 52 i .90 '28 . . 66 .04 .42 2.8 5. 6 8.4 I. 2 4.0 
29 . 37 .76 . 13 • 50 I . 89 . 26 . 64 7· 01 . 39 2.6 5.2 7. 7 I0.4 3.0 

' 
4\702.4 23 30 28. 37 56.75 85. 12 113. 49 i 141. 87 170.24 198.61 I 226. g8 255.36 3404.8 5107. I 68og.5 8511. 9 

31 . 37 . 74 . XI .48 ! . 85 . 22 .59 . 95 . 33 2.2 4.4 6.5 8.6 10.8 
32 .36 . 73 . IO . 461 '83 • 20 .56 . 92 . 29 2.0 3·9 5.8 7.8 09.8 

33 .36 . 73 ·09 . 45 I . 82 . 17 .54 '90 . 26 I. 7 3.5 5. 2 6.9 8.7 
34 . 36 .72 .08 .43: .So . 15 '51 • 87 . 23 I. 5 J·O 4.5 6. l 7. 6 

23 35 28.35 56.71 85.o6 n3. 421 141. 78 170. 13 198. 49 i 226. 84 255.19 1701. 3 3402.6 5103.9 68o5.2 85o6.5 
36 . 35 .70 . 05 .41 . .76 . II . 46 i • 81 . 16 l. I 2.2 3.3 4.3 5.5 
37 . 35 . 69 .04 · 39 I .74 ·09 .44 . 78 . 13 0.9 I. 8 2.6 3.5 4.4 
38 '35 . 69 .03 '381 . i3 .o6 . 41 . 76 .IO o.6 I. 3 2. 0 2.6 3.3 
39 . 34 . 68 .02 . 36 '71 I ·04 . 39 . 73 .o6 0.4 0.9 I. 3 I. 8 2.2 

I 
I 

2~6. 70 255. 03 23 40 28.34 56.67 85.01 11 3· 35 ! 141. 69 ' 170.02 198.36 1700. 2 3400.5 5100. 7 68oo.9 8501. 2 

41 . 34 . 66 5.00 . 34 I . 67 70.00 . 34 .671 5.00 700.0 400. l 100.0 8oo.o 500. I 

42 . 33 '66 4.99 . 32 I .65 69.98 . 31 .64 I 4.97 6g9.8 399.6 5099.4 799.2 499.0 
43 '33 '65 . 98 . 31 . 64 .96 . 29 . 61 .93 9.6 9.2 8.7 8.3 7.9 
44 . 32 '64 '97 . 29 f . 62 ·94 . 26 .58 .90 9.4 8.7 8. I 7.5 6.8 

23 45 28. 32 56.63 84.96 n3. 28 l 141. 6o 169.92 198. 24 226.56 254.87 1699.2 3398.3 5097.4 67g6.6 8495.8 
46 . 32 .63 . 95 . 26 : . 58 . 89 . 21 . 53 . 84 8.9 7.9 6.8 5.7 4.7 
47 '31 . 62 . 94 . 25 ! .56 .87 '19 .50 .81 8.7 7.4 6. l 4.9 3.6 
48 . 31 .61 . 93 . 23 ! . 55 .85 '16 '47 . 77 8.5 7.0 5.5 4.0 2.5 
49 .30 .61 . 91 . 22 I .53 '83 .14 ·44 . 74 8.3 6.5 4.8 3.2 I. 4 

! 
23 50 28.30 56.6o 84.C)O 113. 20 I 141. 51 169.81 198. II 226.41 254.71 I6g8. I 33g6. I 5094.2 6792.3 84CJ0·4 

51 . 30 .59 . 89 : !~ ! .49 .79 .08 . 38 . 68 7. 9 5· 7 3.5 I. 4 Sg.3 
52 . 29 ·59 . 88 . 47 .77 .o6 . 35 .64 7. 7 5.3 2.9 90.5 8.2 

53 . 29 . 58 . 87 .16 I '45 .74 . 03 . 32 . 61 7.4 4.8 2.2 Sg.7 7. I 

54 . 28 . 57 . 86 · 14 I · 43 .72 8. 01 . 29 .58 7.2 4.4 1.6 8.8 6.o 

23 55 28. z8 56.56 34.85 113. 13 I 141. 42 16g.70 197.98 226.27 254.54 16<)7. 0 3394.o 5090·9 6787.9 Sf&4.9 
56 . 28 .56 . 84 . 12 I .40 .68 . 95 ·24 . 51 6.8 3.6. 90.3 7.0 3.8 
57 . 27 .55 . 83 • 10 ! '38 • 66 . 93 . 21 .48 6.6 3· I 89.6 6.2 2.7 
58 . 27 . 54 . 82 ·091 .36 . 63 .!)O .18 .45 6.3 2.7 9.0 5.3 1.6 

59 . 26 · 54 I • &J '07 . 34 .61 . 881 . 15 .41 6.1 2.2 8.3 4.5 80.5· 
23 6o 28. 26: s6. s3 I 8+ 19 113. o6 1141. 32 169. 59 197. 85 I 226. 12 I 254. 38 1695.9 3391.8 So87-7 6783.6 3479. s 
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Latitude 23° to 24°-Meridional arcs. Latitude 23°-Co-ordinates of curvature. I 
I 

I Lat. I I I 
Value of 1" Sums of seconds for middle I Value oft' Sums of minutes for middle Longitude. I x I y latitude. latitude. I 

I I 
I 
I 

0 I Meters. II . Meters. Meters. I Meters. 0 I Meters. 

I 
Meters. 

2J 00 30. 761 1845.65 
l I I 30. 76 . 65 I I 845. 6 0 I I 708. 7 

I 
0. I 

2 l 2 61. 53 . 66 2 3 691. 3 2 3 417. 5 0.4 
3 l 3 92.29 . 66 3 5 537. 0 3 5 I26'. 2 0.9 
4 l 4 123.05 .66 4 7 382. 6 4 6 835. 0 I.6 

23 05 30.761 5 153.81 1845.67 5 9 228. 3 0 5 8 543. 7 2.4 
6 l 6 184.58 . 67 6 II 073. 9 6 IO 252. 4 3.5 
7 I 7 215.34 - 67 7 12 919. 6 7 • II 961. 2 4.8 
8 I 8 246. IO . 68 8 14 765. 3 8 13 66g. 9 6.2 
9 I 9 276.86 . 68 9 16 611.o 9 15 378. 6 7.9 

23 10 30. 761 IO 307. 63 1845. 69 IO 18 456. 7 0 IO 17 o87. 4 9.7 
II 2 I 338.39 . 69 I 20 302. 3 15 25 631.0 21. 8 
12 2 2 369. 15 . 69 2 22 148. 0 20 34 174· 7 38.8 
I3 2 3 399.92 .70 3 23 993. 7 25 42718.4 6o.7 
14 2 4 430.68 .70 4 25 839. 4 30 51 262. 0 87.4 

23 15 30.762 15 461. 44 1845.71 15 27 685. I 0 35 59 8o5. 7 us. 9 
16 2 6 492.20 . 71 6 29 530. 8 40 I 68 349· 3 155.4 
17 2 7 522. 9'Z. . 7 I 7 31 376. 6 45 I 76 892. 8 I96.6 
I8 2 8 553.73 . 72 8 33 222. 3 50 I 85 436. 4 242.8 
19 z 9 584.49 .72 9 35 o68.o 55 93 979. 9 293.7 

23 zo 30.762 20 615. 26 1845. 73 20 36 913. 7 I 00 102 523. 4 349.6 
21 2 I 646.02 .73 I 38 759. 4 05 III o66.9 410.3 
22 2 2 676. 78 . 73 2 40 6o5. 2 10 119 610. 3 475.8 
23 2 3 707.54 .74 3 42 450. 9 15 128153.7 546.2 
24 2 4 738. 31 .74 4 44 296. 7 20 136 697. I 621. 5 

23 25 30.762 25 769.07 1845.75 25 46 142. 4 1 25 145 240. 4 701. 6 
26 2 6 799· 83 . 75 6 47 988. I 30 153 783. 6 7!)6.6 
27 3 7 830.59 . 75 7 49 833. 9 35 162 326. 8 876.4 
28 3 8 86r. 36 .76 8 51 679. 7 40 170 870. 0 971. I 
29 3 9 892. 12 .76 9 53 525· 4 45 179 413. I I 070.6 

} 

I 23 30 30.763 30 922.88 I845. 77 30 ; 55 37!. 2 I 50 187 956. I I 175. 0 
31 3 I 953.65 . 77 I 

I 57 216. 9 55 196 499· I I 284. 2 
32 3 2 984.41 . 77 2 59 062. 7 2 00 205 042 I 398 
33 3 3 I 015. 17 . 78 3 I 6o 908. 5 3 00 307 551 3 146 
34 3 4 I 045. 93 .78 4 6z 754. 3 4 00 4I0046 s 593 

23 35 30.763 35 I 076. 70 1845.79 35 64 6oo. I 5 00 512 522 8 739 
36 3 6 I I07. 46 . 79 6 66445. 8 6 00 614 974 12 583 
37 3 7 I 138. 22 - 79 7 68 291. 6 7 00 717 397 17 126 
38 3 8 I 168.99 .So 8 70137.4 8 00 819 787 22 368 
39 3 9 I 199· 75 .So 9 71 983. 2 9 00 922 139 28 307 

23 40 30.763 40 I 230. 51 1845. 81 40 73 829. 0 10 00 I 024 448 34 945 
41 3 I I 261. 27 . 81 I 75 674. 8 [J 00 I 126 709 42 28o 
42 4 2 1 292. 04 . 81 2 77 520. 7 12 00 I 228 918 50 312 

' 43 4 3 I 322. 8o . 82 3 79 366. 5 13 00 I 331 070 59041 
44 4 4 I 353· 56 . 82 4 81 212. 3 14 00 I 433 160 68466 

23 45 30. 764 45 l 384. 32 1845. 83 45 83 058. I 15 00 I 535 183 78 588 
46 4 6 I 415. 09 . 83 6 84 903.9 16 00 I 637 1J5 Sg 405 
47 4 7 I 445· 85 . 83 ~ 86 749. 8 lj 00 I 739 Oil 100 917 

I 
48 4 8 I 476. 61 .84 88 595. 6 18 00 I 840 So5 113 123 
49 4 9 I 507. 38 . 84 9 90 441. 5 19 00 1942514 126 023 

23 50 30.764 50 I 538. 14 1845. 85 50 92 287. 3 20 00 2 044 133 139 617 
51 4 I I 568. go . 85 I 94 133· 2 21 00 2 145 657 153 903 
52 4 2 I 599· 66 . 85 2 95 979.0 22 00 2 24.7 081 168 882 
53 4 3 I 630. 43 .86 3 97 824. 9 23 00 2 348 400 184 552 
54 4 4 I 661. 19 . 86 4 99 670. 7 24 00 2 449 611 zoo 911 

I 23 55 30.764 55 I 691. 95 1845.87 55 IOI 516. 6 25 00 2 550 707 217 g6o 
56 5 6 I 722. 72 . 87 6 lOJ 362.4 26 00 2 &51 685 235 700 

I 
57 5 7 I 7~· 48 . 87 7 105 208. 3 27 00 2 752 540 254 l'J.7 
58 s 8 1 7 . 24 .88 8 107 054. 2 28 00 2 853 266 273 242 

~ s ~ I 815. 00 . 88 
~ 

I08 goo. I 29 00 2 953 859 293 043 
.23 30.765 l !145. 77 1845. 8g IIO 746. 0 30 00 3 054 316 

I 313 53° 
I 

----······-~ 
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Latitude 24° to 25°-Arcs of the parallel in meters. 

1" I '" I •" '" I .,, II 6" 1
11 

8
11 

9" 1' I 2' ll' ,, ~ 
i--------·--~---'---------1---1---1----1----1----1----

1 1· I I' 

Lat. 

o I 

! 24 ()() 
I 

28. 26 I 56. 53 84. 79 II]. 06 l 141. 32 169. 59 197. 85 226. 12 254. 38 1695. 9 J391. 8 5087. 7 6783. 6 
. 26 I . 52 . 78 . 05 . 30 I . 57 . 83 . 09 . 35 5. 7 I. 4 7. 0 2. 7 I 8. 4 

2 

3 
4 

. 26 I . 52 I . 77 . 03 . 28 ! . 55 . 80 . 06 . 32 5. 5 o. 9 6. 4 I. 8 I 

. 25 . 51 , 76 . 02 . 27 . 52 . 78 . OJ . 28 5· 2 I O. 5 5· 7 I. 0 

.251· .50
1 

.75 3.00 .25 .50 .75 6.oo .25 5.0 90.0 5.1 80.1 I 

7.3 
6.2 
5. I 

24 05 
6 

28.25 l 56.50 j 84.74 112.99 14r.23 169.48 197.73 225.98 254.22 1694.8 3389.6 5084.4 6779.2 i 84i4 0 
.24 •. 49f .73 .97 .21 .46 .70 .95 .19 ·4.6 9.2 3.7 8.311 2:9 

7 
8 

.2.; .. 481 .72 .96 .19 ·44 .68 .92 .16 4.4 8.7 3.1 7.4 1.8 

. 24 : · 471 • . 71 . . 94 · 18 · 41 · 65 . 89 . 12 4. I 8. 3 2. 4 6. 6 70. 7 

.23 I .47 .10 • .93 .16 .39 .63 .86 .09 3.9 1.8 1.8 5.1
1 

69.6 

28. 2~ ! 56.46 1 84. 69 112. 91 141. 14 169. 37 197. 6o 225. 83 254. 00 1693. 7 3387. 4 5081. l 6774. 81 8468. 5 

9 

24 IO 
II 
12 
13 
14 

.23 1 ·45 .67 .90 .12 .35 .57 .80 4.03 3.5 7.0 8o.4 3·9 7.4 

. 22 . 44 . 66 . 88 . IO . 33 . 55 . 77 3· 99 3. 3 6. s I 79. 8 3. 0 6. 3 
• 22 • 44 . 65 . 87 . 09 . 30 . 52 . 74 . 96 3· 0 6. l I 9· I 2. 2 I 5. 2 

.21 .43 .64 .85 .07 .28 .50 .71 .92 2.8 5.6 8.5 1.3 4.1 

24 15 
16 
17 
18 
19 

28. 21 56. 42 
. 21 . 41 
. 20 .40 
. 20 .40 
• 19 . 39 

24 20 28. 19 56. 38 
21 . 19 .37 
22 • 18 ·37 
23 . 18 . 36 
24 . 17 . 35 

24 25 28. 17 56. 34 
26 . 17 .34 
27 . 16 . 33 
28 .16 .32 
29 . 16 . 32 

24 30 28. 15 56. 31 
31 .15 .30 
32 .14 .29 
33 . 14 . 29 
34 . 14 . 28 

24 35 28. 13 56. 27 
36 .13 .26 
37 . 13 . 25 
38 .13 .25 
39 . 12 . 24 

56. 23 

84.63 
. 62 
. 61 
. 60 
.59 

8+ 57 
.56 
'55 
.54 
.53 

84. 52 
. 51 
.50 
. 49 
. 47 

84.46 
. 45 
·44 
. 43 
. 42 

84.41 
.40 
. 39 
. 37 
.36 

112. 84 
. 83 
. 81 
. 80 
.7S 

112.77 
. 76 
. 74 
. 73 
.71 

I 41. VS 
. 03 
. OJ 

I. 00 

0.98 

140.96 
. 94 
. 92 
. go 
. 88 

II 2. jO i 140. 87 
. 68 . 85 
. 66 '. . 83 
. 65 ' . 81 
. 63 I • 79 

112. 62 
. 61 
.59 
.58 
.56 

112. 55 
.53 
. 51 
.50 
.48 ' 

140.77 
. 75 
.73 
. 72 
.70 

140.68 
.66 
. 64 
. 63 
. 61 

84. 35 IIZ. 47 140. 59 24 40 
41 
42 
43 
44 

28. 12 
. II 

. II 
. 22 I • 34 · 46 · 57 

24 45 
46 
47 
48 
49 

24 50 
51 
52 
53 
54 

24 SS 
56 
57 
S8 
59 

24 6o 

'II 
.10 

28. IO 
. IO 

·09 
·09 
.08 

28.08 
.08 
.07 
.07 
.o6 

. 22 

. 21 

. 20 

56. 20 
. 19 
. 18 
. 17 
. 17 

56. 16 
. 15 
.14 
.14 
. 13 

28. o6 56. 12 
.o6 'II 
.05 . 10 
.05 . IO 
·04 .·09 

28. 04 I 56. o8 

. 33 . 44 i • 55 

. 32 . 43 1 . 53 

.JI .41 .51 

84.30 112.40 140. 50 
. 28 . 38 ' . 48 
. 27 . 37 . 46 
. 26 1 . 35 1 . 44 
. 25 i . 34 ' . 42 

I 
84. 24 i I 12. J2 140. 40 

. 23 i . 31 . 38 

. 22 I . 29 . . 36 

.21 / .28 I .34 

. 19 • . 26 . 3Z 

84. 18 I 112. 25 140. 31 
. 11 I . 23 . 2 9 
. 16 ,

1 

. 22 . 27 
• 15 . 20 . 25 
. 14 . 19 . 23 

84. 13 
1

112. 17 I 140. 21 

169.26 
.24 
. 22 

. 19 

. 17 

169. 15 
. 13 
. II 
.08 
.06 

169.04 
. 02 

9.00 
8.97 

. 95 

168.93 
. 91 
. 88 
. 86 
. 84 

168.82 
. 79 
. 77 
. 75 
. 72 

168.70 
. 68 
. 66 
. 63 
. 61 

168.59 
. 57 
.55 
.52 
.50 

168.48 
.46 
·43 
.41 
·39 

168.37 
. 34 
. 32 
.30 
. 27 

168.25 

197. 47 225. 68 253. 89 1692. 6 3385. 2 5077. 8 6770. 4 8463. 0 
. 44 . 65 . 86 2. 4 I' 4. 8 7. I 6g. 5 I. 9 
.42 .62 .82 2.2 4·3 6.5 8.6 6o.8 
· 39 · 59 · 79 I. 9 I 3· 9 5. 8 7 · 8 59· 7 
. 37 . 56 . 75 I. 7 3· 4 5· 2 6. 9 8. 6 

197.34 
. 31 

. 29 

. 26 

. 24 

197. 21 
. 18 
.16 
. 13 
. 11 

225.53 
.50 
. 47 
.44 
.41 

225.39 
.36 
. 33 
.30 
. 27 

253.72 
. 69 
. 65 
.62 
.59 

253.55 
.52 
·49 
.46 
. 42 

197.08 
.05 
.OJ 

7.<:X) 
6.98 

225. 24 253. 39 
. 21· I . 36 
. 18 . 32 
. 15 . 29 
. 12 . 26 

196.95 
.92 
.90 
. 87 
. 85 

225.09 
.o6 
.03 

5.00 
4.97 

I 96, 82 224. 94 
. 79 . 91 
. 77 . 88 
. 74 . 85 
. 72 . 82 

196. 69 224. 79 
.66 . 76 
. 64 . 73 
. 61 . 70 
. 59 . 67 

196. 56 224. 64 
. 53 . 61 
. 51 . 58 
.48 . SS 
.46 . 52 

lg6. 43 224, 49 
.40 .46 
.38 .43 
. 35 .40 
.33 • 37 

196. JO 224. 34 
i 

253. 22 
.19 
. 16 
. 13 
·09 

2 53.o6 
3.03 
2·99 
. 96 
. 92 

252.89 
.86 
. 82 
. 79 
. 75 

252.72 
. 69 
. 65 
. 62 
.58 

252.55 
.52 
.48 
. 45 
.41 

252.38 

1691. 5 3383. 0 5074. 5 6766. 0 
I. 3 2. 6 3· 7 5. l 
I. I 2. I 3· I 4• 2 
0. 8 I. 7 2. 5 3. 3 
o.6 1.2 1.9 2.4 

1690.4 338o.8 5071.2 6761.5 
0. 2 8o. 4 70. 5 6o. 6 ' 

go. 0 79. 9 6g. 8 59· 71 
89. 71 9. 5 9. 2 8. 9 

9· 5 9· 0 8. 5 8. 0 

1689.3 3378.6 5o67.8 6757.1 1' 

9. I 8. I 7. I 6. 2 I 
8.8 7.7 6.5 5.3 
8. 6 7. 2 5. 8 4. 4 
8. 4 6. 8 5· 2 3· 5 

1688. 2 3376. 3 5o64. 5 67 52. 6 
7. 9 5· 9 3· 8 I. 7 
7.7 5.4 3.1 o.8 
7.5 5.0 2.5 s0 . 0 I 
7 · 2 4· 5 I. 8 49· I ' 

1687. 0 3374. 1 $001. I 6748. 2 
6.8 3.6 6o.4 7.3 
6. 6 3. 2 59. 8 6. 4 
6. 3 2. 7 9· I 5· 5 
6. I 2. 3 8. 5 4. 6 

1685. 9 3371. 8 5057. 8 6743. 7 
5.7 1.4 7.1 2.8 
5. 5 o. 9 6. 4 I. 9 
5· 2 o. 5 5· 8 I. 0 
5· 0 70. O 5· I 40. l 

1684. 8 3369. 6 5054 4 
4.6 9.1 3.7 
4.3 8.7 3.0 
4.1 8.2 2.4 
3·9 7.8 1.7 

1683. 7 3367. 3 5051. 0 
3.4 6. 9 50.3 
3· 2 6.4 49· 6 
3.0 6.o 9.0 
2. 7 5. 5 8. 3 

1682. S 3365. I 5047. 6 

6739.2 
8.3 
7.4 
6.4 
5. s 

6734.6 
3.7 
2.8 
1. 9 
J,0 

6730.1 

8457.5 
6.4 
5.3 
4. I 

3.0 

8451. 9 
50.8 
49. 7 

8.6 
i·5 

8446.4 
5.3 
4· I 
3. 0 

I. 9 

8440.8 
39 7 
8.6 
7 4 
6.3 

8435.2 
4· I 

3.0 
I. 8 

30. 7 

8429.6 
8.5 
7.3 
6.2 
5. I 

84Z<1.0 
2.8 
I. 7 

20.6 
19.4 

8418.3 
7. 2 
6.o 
4.9 
:.;.8 

8412. 7 
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Latitude 24° to 25°-Meridional arcs. 

Lat. I 

V l f 11 i Sums of seconds for middle 

i-----1--a-ue_o_1_·1, latitude. 

0 1 Meters. " Meters. 
3o.765 

5 
5 
5 
5 

24 00 
. I 

2 

3 
4 

24 05 
6 
7 
8 
9 

24 IO 
II 
12 

I3 
14 

24 15 

I
I ~~ 

18 
19 

24 20 
21 

22 

23 
24 

24 25 
26 
27 
28 
29 

24 30 
3I 
32 
33 
34 

24 35 
36 
37 
38 
39 

24 40 
41 
42 
43 
44 

24 45 
46 
47 
48 
49 

24 50 
51 
52 
53 
54 

24 SS 
56 
57 
58 
59 

24 6o 

30.765 
5 
5 
5 
5 

30.765 
6 
6 
6 
6 

30.766 
6 
6 
6 
6 

30.766 
6 
6 
6 
6 

30.766 
7 
7 
7 
7 

30.767 
7 
7 
7 
7 

30.767 
7 
7 
7 
7 

30.768 
8 
8 
8 
8 

30.768 
8 
8 
8 
8 

30.768 
8 
8 
8 
8 

30.769 
9 
9 
9 
9 

30.769 

2 

3 
4 

5 
6 
7 
8 
9 

IO 

I 
2 

3 
4 

15 
6 
7 
8 
9 

20 
I 

2 

3 
4 

25 
6 
7 
8 
9 

30 
I 
2 

3 
4 

35 
6 
7 
8 
9 

40 
J 
2 

3 
4 

45 
6 
7 
8 
9 

50 
I 
2 

3 
4 

5~ 

~ 
~ 

30. 77 
61. 53 
92.30 

123.07 

153.83 
184.6o 
215.37 
246. 13 
276.90 

307.67 
338.44 
369. 20 
399.97 
430.74 

461. 50 
492. 27 
523.04 
553.80 
584. 57 

615.34 
646. IO 

676.87 
707.64 
738. 40 

769. 17 
799·94 
830.70 
861. 47 
892. 24 

923.00 

953.77 
984.54 

I 015. 31 
I 046. 07 

l 076. 84 
I 107. 61 
I 138. 37 
I 169. 14 
l 199. 91 

I 2JO. 67 
I 261. 44 
I 292. 21 

I 322. 97 
I 353· 74 

I 384. 51 
I 415. 27 
I 446. 04 
I 476. 81 
I 507. 57 

I 538. 34 
I 569. II 
I 599· 87 
I 630. 64 
J 661. 41 

I 6g2. 17 
I 722. 94 
I 753· 71 
I 784. 48 
I 815. 24 
I 846. OJ 

Vaine of 11 I Sums of minutes for middle 
latitude. 

Meters. 
1845. 89 

. 89 

. 89 

. 90 
·90 

1845.91 
. 91 
. 92 
. 92 
. 92 

1845.93 
. 93 
.94 
. 94 
. 94 

i&j.5. 95 
. 95 
. 96 
. 96 
. 96 

18.j.5. 97 
. 97 
. 98 
. 98 
. 98 

1845.99 
5.99 
6.oo 
.oo 
.Ol 

1846.01 
• 01 
. oz 
. 02 
• 03 

I846. 03 
.03 
.04 
.04 
. 05 

1846.05 
.05 
.o6 
.o6 
. 07 

1846. 07 
.08 
.08 
.08 
.og 

1846. og 
, IO 

• 10 
. 10 
. II 

1846. II 
. 12 
• IZ 
. 13 
. 13 

l&f.6.13 

I 
2 

3 
4 

l 
7 
8 
9 

10 
I 

2 

3 
4 

15 
6 
7 
8 
9 

20 
I 
2 

3 
4 

25 
6 
7 
8 
9 

30 
I 

2 

3 
4 

35 
6 
7 
8 
9 

40 
I 
2 

3 
4 

45 
6 
7 
8 
9 

so 
I 
2 

3 
4 

sl 
,7 
8 

~ 

1Vetei-s. 

I 845. 9 
3 691. 8 
5 537. 7 
7 383. 6 

9 229. 5 
11075.4 
12921.3 
14 767. 2 
16613:1 

18 459. I 
20 305.0 
22 150. 9 
z3 996. 9 
25 842. 8 

27 688. 8 
29 534. 7 
31 380. 7 
33 226. 6 
35 072. 6 

36 918. 6 
38 764. 5 
40610. s 
42 456. 5 
44 302. 5 
46 148. 4 
47 994.4 
49 840.4 
51 686. 4 
53 532. 4 

55 378. 4 
57 224. 4 
59 070. 5 
6o 916. 5 
6z 76z. s 
64 6oS. 5 
66 454· 6 
68 300. 6 
70 146. 6 
71 992. 7 

73 838. 7 
75 684. 8 
77 530. 8 
79 376. 9 
81 223. 0 

83 o69.o 
84 915. I 
86 761. 2 

88 6o7. 3 
90 453· 3 

92 299.4 
94 145. 5 
95 991. 6 
97 837. 7 
99 683.8 

101 529. 9 
!03 376. I 
105 2;?2. 2 

!07 o68.3 
1o8 914. 4 
110 76o.6 

Latitude 24°-Co-ordinates of curvature. 

Longitude. 

o I 

0 I 
2 

3 
4 

0 5 
6 
7 
8 
9 

0 10 
15 
20 
zs 
30 

0 35 
40 
45 
50 
55 

I 00 

05 
IO 

15 
20 

I 25 
30 
35 
40 
45 

I 50 
55 

2 00 

3 00 
4 ()() 

5 ()() 
6 00 

7 ()() 
8 00 

9 00 

IO 00 

II 00 
12 00 

13 00 
14 ()() 

15 ()() 
16 00 
17 00 
18 00 

19 00 

20 00 
21 00 

22 00 

23 00 
24 00 

25 ()() 
26 00 
27 00 

28 00 
29 00 
30 00 

x 

Meters. 

l 6g5. 9 
3 391. 8 
5 087. 7 
6 783. 6 

8 479. 5 
IO 175.4 
II 87 I. 2 

IJ 567. I 
15 263. 0 

16 958. 9 
25 438. 4 
33 917. 8 
42 397· 2 
50 876. 6 

59 356. 0 

67 835. 4 
76 314. 8 
84 794· I 
93 273. 4 

IOI 752. 7 
!IO 231. 9 
J18jII.I 
127 190. 2 
135 669. 3 

144 148. 3 
152 627. 4 
161 106.3 
169585.2 
178004.0 

186 542. 8 
195 021. 5 
203 500 

305 237 
4o6 959 

508 66o 
610 336 
711 981 
813 590 
915 159 

I 016 681 
I 118 152 
I 219 566 
I 320 919 
I 422 205 

I 523 420 
I 624 558 
I 725 614 
I 826 583 
I 927 46o 

2 028 240 
2 128 918 
2 229 488 
2 329 946 
2 430 287 

2 530 505 
2 630 596 
2 730 554 
2 830 374 
2 930 052 
3 029 582 

Meters. ! 

~i 1,1 

I. 6 

2.5 
3. 6 l 
4· 9 I 

6. 4 : 
8. I 

IO.O 
22.6 

40. I 

62.7 
90.3 

122.9 

16o. 5 
203.2 
250.8 
303.5 

361. 2 

423.9 
491. 6 
564.3 
642. I 

724.8 
812.6 
<J05·4 

I 00,. 2 
I IOG. I 

I 213. 9 
I 326. 8 
I 445 
3 250 
5 778 
9 028 

13 001 

17 695 
23 109 
29 245 

36 !02 
43 679 
51 977 
6o 994 
70 731 

81 186 
92 36o 

104 251 
116 859 
130 184 

144 225 
158 981 
174 451 
190 634 
207 530 

225 138 
243 458 
262 487 
282 225 
302 671 
323 825 



 

192 UNITED STATES COAST AND GEODETIC SURVEY. 

l Latitude 25° to 26°-Arcs of the parallel in meters. 

I ! I I I ' 
I I Lat. ,,, •" I .,, i "' I ,,, ! ,,, I ,,, ! 8" 9'' 1' 

I 
2' lV (I 51 

--1-•-l-1__J_1 I 

o I 
1 I , I I ~ I 

25 00 28.04 56. 08 84. 13 ; 112. 17 i 140. 21 1168. 25 196.30 224.34 252.38 1682. 5 I 3365. I 5047.6 6730. I 8412.7 
I .04 .07 .121 .161 .19 .23 . 27 . 31 . 35 2. 31 4.6 6.9 29.2 I. 5 
2 .03 . 07 . IO : • 14 i . 17 i . 21 . 25 . 28 . 31 2. I 4.2 6.2 8.3 I0.4 
3 .03 . o6 . 09 . . 13 I • 15 I . 18 • 2Z . 25 .28 I. 8 3.7 5. 6 7.4 09.2 
4 .02 . 05 . 08 ·

1 
• I I i . Ii; 

1 
• 16 . 19 .22 .24 I. 6 3.3 4.9 6.5 8. I 

25 05 28.02 56. 04 84. 07 .· II2. IO I 140. 12 / 168. 14 196. lj 1224. 18 252.21 1681. 4 3362.8 5044.2 6725.6 8407. 0 
6 ' 8 I . 14 . 15 .18 5.8 .02 . 04 . o6 i . 0 I . IO I . 12 I. 2 2.3 3.5 4. 7 
7 .01 . 03 . 05 . . 07 I . 08 . IO . II . . 12 .14 I. 0 I. 9 z.8 3.8 4.7 
8 . 01 . 02 . 03 . 05 . o6 I . 07 .o8 I .09 . II o. 7 I. 4 2.2 2.8 3.5 
9 .01 .02 . 02 . . 04 I . 04 . 05 .o6 I .o6 .07 0. 5 I. 0 I. 5 I. 9 .2.4 

I 

25 10 28. 00 I 56. Ol 84.01 112.02 \ 140.02 168.03 196.03 224.03 252.04 168o. 3 336o.5 5040.8 6721. 0 8401. 3 
II 8.oo I 6.oo 4.00. 2.00 I 40.00 8.oo 6.oo +oo 2. 01 8o.o 6o.o 40.1 20, I 400. l 
12 7.99 5.99 3. 99 ' I. 99 39. 98 7. 98 5.98 3.97 I. 97 79.8 59.6 39.4 19.2 399.0 
13 . 99 ·99 .98 i .97 i .96 .96 . 95 ·94 ·94 9.6 9· l 8.7 8.2 7.8 
14 . 99 .98 . 97 i • 96 I . 94 .93 . 92 . 91 I . <)O 9.3 8.7 8.o 7.3 6.7 

25 15 27.98 55.97 83. 95 i II I. 94 I 139. 93 167.91 195. go 223. 88 I 251. 87 1679. I 3358.2 5o37.3 6716.4 8395.5 
16 . 98 . 96 ·94. .92 .91 . 89 . 87 . 85 . 83 8.9 7. 7 6.6 5.5 4.4 
17 98 . 95 . 93 . 91 I . 89 .86 .84 . 82 .So 8.6 7.3 5· 9 4.6 3.2 
18 . 118 . 95 . 92 . 891 . 87 .84 . 81 .79 .76 8.4 6.8 5.3 3.6 2. l 

19 . 97 . 94 . 91 I • 88 . 85 .82 .79 . 76 ·73 8.2 6.4 4.6 2.7 91. 0 

25 20 27.97 55.93 83. go : I II. 861139. 83 167. 8o 195. 76 223. 73 251. 69 1678.0 3355.9 5033.9 671 I. 8 838g.8 
21 .96 . 92 . 89 ; . 85 . 81 .78 .73 .70 .66 7.8 5.4 3.2 0.9 8.7 
22 .96 . 92 . 88 i . 83 . 79 I . 75 . 71 . 67 .62 7-5 5.0 2.5 IO.O 7.5 
23 '' j ,, . 86 : . 82 I . 11 , . 73 .68 .64 .59 7.3 4. 5 I. 8 09.0 6.3 
24 .95 . 90 . 85 : . 8o I . 75 I .70 .65 . 61 • 55 7.0 4.1 I. I 8. l 5.2 

.25 25 27. 95 55. 90 83. 84 ! 11 I. 79 : 139.74 167.68 195.62 223.57 251. 52 1676.8 3353.6 5030.4 6707.2 8384.0 
26 . 95 . 89 .83 . 77 .72 . 66 . 6o . 54 .48 6.6 3.1 29. 7 6.3 2.9 
2j ·94 \ . 88 . 82 . 76 ! .70 .63 .57 . 51 . 45 6.3 2.7 9.0 5.4 I. 7 
28 .94 . 87 .81 . 74 1 . 68 . 61 .54 .48 .41 6. l 2.2 8. 4 4.4 8o.6 
29 .93 . 87 . 79 . 73 : .66 .59 .52 .45 .38 5.9 1.8, 7.7 3.5 79.4 

25 30 27.93 55.86 83. 78 : III. jl 139. 641167. 57 195·49 223.42 251. 34 1675. 7 335 I. 3 5027.0 6702. 6 8378.3 
31 .93 . 85 . 77 i .70 . 62 . 55 .46 .39 . 31 s.s o.8 6.3 I. 7 7. I 
32 .92 .84 .76 1 . 68 . 6o .52 ·44 .36 . 27 5· 2 50.4 5.6 700.8 6.o 
33 .92 .84 . 75 ; . 67 .58 .50 .41 .33 . 24 5.0 49.9 4.9 699.8 4.8 
34 . 91 . 83 . 74 I . 65 .56 .47 .38 .30 .20 4·7 9· 5 4.2 8.9 3.7 

25 35 27.91 55· S:z 83. 72 i III. 64 139.55 167. 45 195.36 223. 26 I 251. 17 1674.5 3349.0 5023. 5 66g8.o 8372. 5 
36 . 91 . 81 . 71 . 62 .53 ·43 ·33 . 23 I .14 4· 3 8. 5 2.8 7. I J. 3 
37 .90 . 80 . 70 . 61 . 51 .40 . 30 . 20 I . IO 4.0 8. I 2. l 6.2 70.2 
38 .go . 8o .6g .59 .49 .38 . 27 . 17 .07 3· 8 7.6 I. 4 5.2 6g.o 
39 . 89 .79 .68 .58 .47 .36 • 25 .14 .03 3.6 7.2 0.7 4.3 7.9 

25 40 27.89 ss. 1s I s3. 61 II I. 56 139.45 167.33 195.22 223. II 251. 00 J67J. 3 3346.7 5020.0 6693. 4 8366. 7 
41 . 89 "' . 66 ' .54 ·43 .31 .19 .08 0.97 3· l 6. 2 19.3 2.5 5·5 . /I 

42 .88 . 76 .64; .53 .41 . 29 . 17 .05 . 93 2.9 5.7 8.6 I. s 4.4 
43 . 88 . 76 .63 ; .51 ·39 .26 . 14 3.02 ·90 2.6 5.3 7.9 90.6 3.2 
44 . 87 . 75 .62 .50 . 371 . 24 . II 2.99 . 86 2.4 4.8 7. 2 89.6 2.0 

25 45 27.87 55.74 83. 6I III. 48 139.35 167.22 195. 09 222.95 250.Sz 1672.2 3344· 3 5016.5 6688.7 836o.8 
46 .87 . 73 .6o .46 . 33 • . 19 .o6 .92 . 79 I. 9 3.8 5.8 7.8 59.7 

1 47 . 86 . 72 .59 .45 . 31 . 17 .03 . 89 . 75 t. 7 3.4 5. I 6.8 8. 5 
48 .86 . 72 . 57 .43 . 29 . 15 5.00 .86 . 72 I. 5 2.9 4.4 5·9 I 7.4 
49 .85 • 71 .56 .42 . 27 . 12 4.98 . 83 . 68 I. 2 2.5 3.7 4.9' 6.2 

25 50 27.85 55. 70 83.55 111.40 139.25 167. IO 194.95 222.80 250.65 1671.0 3342.0 5013. 0 6684.0 8355.0 
51 .85 ' .6g .54 . 38 . 23 .08 .92 . 77 . 62 o.8 J. 5 2.3 3. I 3.8 
52 .84 i .6S .53 .37 • ZI . 05 .go .74 . 58 o. 5 I. I I. 6 2. I 2.7 
53 .84 .68 . 51 . 35 . 19 .03 .87 . 71 • 55 o. 3 o.6 0.9 I.2 1.5 
54 .83 . 67 .50 . 34 . 17 7.01 .84 .68 . 51 70. I 40. 2 10.2 So. 2 5o.3 

25 55 27.83 55.66 83.49 u1.32 139· 16 166.98 194.82 222.64 250.48 166g. 8 3339·7 5oog. 5 6679.3 8349.z 
56 .83 .65 .48 . 30 . 14 .96 .79 . 61 .44 9.6 g. 2 8.8 . 8.4 8.o 
5.7 .82 .64 .47 .29 . 12 .94 .76 .58 .41 9.4 8.7 8.1 7.4 6.8 
58 .82 .64 .46 . 27 .10 .91 . 73 . 55 . 37 9, I 8.3 7.4 6.5 5.6 
59 . 81 .63 .44 . 26 .o8 .Sg . 71 .52 . 34 8.9 7.8 6. 7 5.5 4·5 

25 6o 27.81 55.62 83.43 Jll. 24 139.o6 166.87 194.68 za2.49 250.30 1668. 7 3337.3 5oo6. () 6674.6 8343.3 
I 
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Latitude 25° to 26°-Meridional arcs. Latitude 25°-Co-ordinates of curvature. 

Lat. I S\Ullli of minutes for middle 
I 

Value of 111 Sums of seconds for middle \ Value of JI Longitude. 

! 
x y 

latitude. latitude. 

0 I Meters. ,, lYEeten. Meters. I Meters. 0 ' i llfeters. Meters_ 
2s 00 30.769 J846. J3 I 

J 9 I 30.77 .14 J I 846. I 0 I I I 682. 5 o. I 

2 9 2 61.54 • 14 2 3 692. 3 2 3 365. I 0.4 

3 9 3 92. 31 . 15 3 5 538. 4 3 I 5 047. 6 0.9 

4 9 4 tz3.oS .15 4 7 384. 6 4 I 
6 730. l I. 7 

25 05 30.769 s 153. 86 J846. J5 5 9 230. 7 0 5 8 412. 7 2.6 
6 9 6 184.63 . I6 6 II 076. 9 6 10 095· 2 3.7 
7 9 7 215.40 ,J6 7 12 923. 0 7 II 777• 7 5· l 

8 6g 8 246.17 . 17 8 14 769. 2 8 13 46o. 3 6.6 

9 70 9 276. 94 .J7 9 16 615. 4 9 15 142. 8 8.4 I 
25 IO 30.770 IO 307.71 1846. I8 JO 

' 

18 461. 5 0 10 16 825, 3 10.3 
II 0 I 338.48 . 18 I 20 307. 7 15 25 238.0 23.3 
12 0 2 369.25 • I8 2. 22 153. 9 20 33 650. 6 41. 4 
13 0 3 400.02 .19 3 24 000. I 25 42 o6J. 2 64.6 
I4 0 4 430.79 . I9 4 25 846. 3 30 50 475. 8 93· I 

25 15 30. 770 15 461. 57 1846.zo 15 27 692. 5 0 35 58 888.4 126.7 
16 0 6 492.34 . 20 6 29 538. 7 40 67 301. 0 165.5 
17 0 7 523. II . 21 7 31 384. 9 45 75 713. 5 209.4 
18 0 8 SSJ. 88 . 21 8 33 231. I 50 14 126, 0 258.5 
19 0 9 584.65 . 21 9 35 on. 3 55 92 538. 5 3I2.8 

25 20 30.770 20 615.42 1846.22 20 36 923.5 I 00 100 950. 9 372.3 
21 0 l 646. 19 

11 

. 22 I 38 769. 7 05 109 363.4 436.9 
22 0 2 676.96 . 23 2 40 615. 9 IO 117 775. 7 5o6.8 
23 I 3 7o7. 73 • 23 3 42 462. 2 15 126 188. 0 581. 7 
24 I 4 738. 50 • 23 4 44 3o8.4 20 134 6oo. 3 661. 9 

25 25 30.771 2!) 76<). 28 I 1846.24 25 46 154. 6 l 25 r43 012. 5 147.2 
26 1 6 800.05 . 24 6 48 000.9 30 151424.7 837. 7 
27 l 7 830.82 . 25 I 7 49 847. I 35 159 836. 8 933.4 
28 I 8 861. 59 . 25 8 51 693. 4 40 168 248. 9 I 034. 2 
29 l 9 892.36 . 26 9 53 539. 6 45 176 66o. 9 I 140. 2 

25 30 30. 771 30 923. 13 1846.26 30 55 385. 9 I 50 185 072. 8 J 251. 4 
31 I I 953·90 . 26 I 57 2J2. I 55 193 484. 6 I 367. 7 
32 I 2 984.67 . 27 2 59 078.4 2 00 201 896 I 4l19 
33 I 3 I 015. 44 . 27 3 6o 924. 7 3 00 302 ll31 3 351 
34 I 4 I 046. 21 . 28 4 62 771. 0 4 00 403 749 5 957 

25 35 30.771 35 I 076. 99 1846.28 35 64 617. 2 s 00 504 645 9307 
36 I 6 I 107. 76 . 29 6 66 463. 5 6 00 6o5 514 13 401 
37 I 7 I 138. 53 .29 7 68 309· 8 7 00 7o6 349 I I8 239 
38 2 8 I 16g. 30 .29 8 70 156. I 8 00 8o7 146 23 821 

39 2 9 ,I 200.07 .30 9 72 002.4 9 00 fJ07 899 I 30146 

25 40 30.772 40 I 230. 84 1846.30 40 73 848. 7 IO 00 I oo8 6o3 37 215 
4I 2 I I 261. 6I . 31 I 75 695. 0 II 00 I 10!) 252 45 026 
42 2 2 I 292. 38 .31 2 77 541. 3 12 00 ( 209 841 53 578 
43 2 3 I 323. 15 .32 3 79 387. 6 13 00 I 310 364 62 873 
44 2 4 I 353· 92 . 32 4 8I 233. 9 I4 00 I 410 815 . 72 909 

25 45 30.772 45 I 384. 70 1846.32 45 83 o8o. 3 15 ()() I 511 IfJO 83 685 
46 2 6 I 415.47 ·33 6 84 926. 6 16 00 I 611 483 95 202 
47 2 7 I 446. 24 ·33 7 86 772. 9 17 00 I 711 688 107 458 
48 2 8 1 477.or ·34 8 88 6J9. 3 18 00 I 8II 800 120 453 
49 2 9 ( 507. 78 ·34 9 go 465.6 19 00 I 911 813 134 186 

25 so 30. 772 50 I 538. SS r846. 35 50 92 JII. 9 20 00 2 Oil 722. 148 656 
51 2 I I 569. 32 .35 I 94 158. 3 21 00 2 III 522 163 862 

s2 3 2 I 6oo. <l9 ·35 2 g6 004. 6 22 ()() 2 211 207 119 Bos 
53 3 3 I 630.86 .36 3 97 851.0 23 00 2 310 771 19,(i 4l12 

54 3 4 I 661. 63 .36 4 99 6g7.4 24 00 2 410 ZJO I 213119'4 

25 ~~ 30.773 55 I 692. 41 18f,6.37 SS IOI 543· 7 25 ()() 2 50!) 518 232 038 
3 6 l 72.;. 18 ·37 6 IOJ 390· I z6 00 2 6o8 689 250 914 

~' 
3 ~ l 753.95 .38 7 105 236.5 27 00 2 '/07 718 2'JO 521 

3 J 78+72 .38 8 107 o8z.8 z8 00 2 8o6 6oo 390859 
59 3 9 I 8JS.49 .38 9 1o8929.2 29 00 2 905 329 JU 925 

25 fio 30.773 6o I S.6. 26 1&¢.39 6o 110775.6 30 00 3 003 goo 333 718 
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Latitude 26° to 27°-Arcs of the para.Ile! in meters. 

Lat. 1" 2" 3" 4:" 5" 6" 
I 

1" 8" 911 1' 2' 3' 

' 

4:' 51 

----------- . 
0 I 

26 00 27.81 55.62 83.43 111.24 139.o6 166.87 194- 68 222.49 250.30 1668.7 3337.3 5006.0 6674.6 8343.3 
I .81 . 61 .42 . 23 .04 . 85 . 65 .46 .26 8.5 6.8 5.3 3.7 2. I 

z .So .6o .41 . 21 . 02 . 82 .62 .43 . 23 8. 2 6.3 4.6 2.7 40.9 
3 .So . 6o .40 . 20 9.00 .80 .6o .39 .19 8.o 5.9 3.8 I. 8 39.7 
4 .79 .59 .39 .18 8.98 . 77 .57 .36 . 16 7.7 5.4 J· I 70.8 8.6 

I 
26 05 z7.79 55. 58 83.37 III. 17 138.96 . 166. 75 194.54 z22.33 250. 12 1667. 5 3334.9 5002.4 666g.9 8337.4 

6 .79 .57 .36 . 15 .94 . 73 .51 .30 .o8 7.3 4.4 l. 7 9.0 6.2 
7 .78 .56 . 35 . 14 . 92 .70 .48 .27 . 05 7.0 4.0 I. o 8.o 5.0 
8 . 78 . 56 .34 . 12 .90 . 68 .46 . 23 50.01 6.8 3.5 5000.3 7· I 3.8 
9 .77 • 55 ·33 . II . 88 . 65 .43 . 20 49.98 6. 5 3· I 4999.6 6. I 2.7 

26 IO 27.77 55.54 83.31 III. og 138.86 166.63 194.40 22.?. 17 249.94 1666.3 3332.6 4998.9 6665.2 8331.5 
II . 77 .53 .30 .07 .84 .61 .37 . 14 • 91 6. I z. I 8.2 4- 2 30.3 
12 .76 . 52 .29 .o6 . 82 .58 ·.34 •II . 87 5.8 I. 6 7.5 3.3 29. I 

13 .76 .52 .28 .04 .8o .56 .32 .o8 .84 5.6 I. 2 6. 7 2.3 7.9 
14 ·75 . 51 . 27 .03 .78 ·53 .29 .05 .8o 5.3 o. 7 6.o 1.4 6. 7 

26 15 27.75 55.50 83.25 1 II. or 138.76 166.51 194.26 222.01 249.77 1665. I 3330.2 4995·3 666o.4 8325.5 
16 .75 ·49 ·24 o.99 .74 ·49 . 23 J. 98 . 73 4.9 29· 7 4.6 59.5 4-4 
17 .74 .48 . 23 . 98 . 72 .46 .20 .95 . 70 4- 6 9.2 3.9 8. 5 3.2 
18 .74 .48 .22 . 96 . 70 ·44 .18 .92 .66 4.4 8.8 3.2 7.6 2.0 
19 .73 .47 . 21 .95 . 68 . 41 . 15 .8g . 63 4• I 8.3 2.5 6.6 20.8 

26 20 27.73 55.46 83.20 110.93 138. 66 166.39 194. 12 221. 86 249.59 1663.9 3327.8 4991.8 6655.7 8319.6 
21 .73 .45 .18 . 91 .64 ·37 .og . 83 .55 3.7 7.3 I. I 4-7 8. 4 
22 . 72 .44 .17 .go . 62 .34 .07 .8o .52 3.4 6.9 90.4 3.8 7.2 
23 .72 .44 . 16 .88 .6o . 32 .04 .76 .48 3.z 6.4 89.6 2. 8 6.o 
24 . 71 . 43 . 15 . 87 .58 . 29 4.0I .73 . 45 2.9 6.o 8.9 l. 9 4- 8 

26 25 27.71 55.42 83.14 110. 85 138.56 166.27 193.98 221. 70 249.41 1662. 7 3325.5 4988.2 6650.9 8313.6 
26 .71 . 41 . 12 . 83 .54 . 25 .96 . 67 . 37 2.5 5.0 7.5 49.9 2.4 
27 .70 .40 . II .82 . 52 . 22 .93 .64 . 34 2.2 4.5 6.8 9.0 I. 2 
28 .70 .40 .JO .8o .50 .20 .90· .6o . 30 2.0 4. I 6.o 8.o 10.0 
29 .6g . 39 .09 . 79 .48 . 17 .88 .57 . 27 I. 7 3.6 5.3 7. I 08.9 

26 30 27.69 55.38 83.08 no. 77 138.46 166. 15 193.85 221. 54 249.23 1661. 5 3323. I 4984 6 6646. I 8307. 7 
31 .69 .37 .07 . 75 ·44 . 13 .82 .51 . 19 I. 3 2.6 3.9 5. I 6.5 
32 .68 .36 .05 .74 . 42 .IO .79 .48 . 16 I. 0 2. I 3.2 4.2 I 5. 3 
33 .68 .36 .04 .72 .40 .08 .76 ·44 . 12 o.8 I, 7 2.4 3. 2 4.0 
34 . 67 . 35 .03 . 7 I . 38 .05 . 73 . 41 .09 o. 5 1.2 I. 7 2.3 2.8 

26 35 27.67 SS·34 83. 021 110. 69 138.36 166.03 193.71 221. 38 249.05 166o. 3 3320.7 4981. 0 6641. 3 8301. 6 
36 .67 . 33 3.00 . 67 . 34 6.01 .68 . 35 9.01 6o.1 20. 2 8o.3 40. 3 300.4 
37 .66 . 32 2. 99 . 66 . 32 5.98 .65 . 32 8.98 59.8 19.7 79.6 39.4 299.2 
38 .66 .32 .98 .64 . 30 . 96 .62 . 28 .94 9.6 9·3 8.8 8.4 8.o 
39 .65 . 3·1 ·97 . 63 . 28 ·93 ·59 . 25 . 91 9·3 8.8 8. I 7. 5 6.8 

26 40 27.65 55.30 82.96 110. 61 138.26 165.91 193.56 221. 22 248.87 1659. I 33i8.3 4977.4 6636.5 829). 6 
41 .65 . 29 .94 .59 .24 .89 .53 . 19 . 83 8.9 7.8 6.7 5.5 4.4 
42 .64 . 28 ·93 .58 . 22 .86 .50 . 16 .8o 8.6 7.3 6.o 4.6 3.2 
43 .64 .28 .92 .56 . 20 .84 .48 .12 .76 8.4 6.8 5. 2 3.6 2.0 
44 .6i . 27 .91 .55 .18 . 81 .45 .og .73 8.1 6.3 4· s 2. 7 90.8 

26 45 27.63 55.26 82.90 uo. 53 138. 16 165.79 193.42 221. o6 248.69 1657. 9 3315.8 4973.8 6631. 7 8z8g.6 
46 .63 . 25 .88 . 51 .14 .77 .39 .03 . 65 7.7 5.3 3· l 30.7 8.4 ~ 

47 .62 .24 . 87 .50 . 12 .74 .36 1.00 . 62 7.4 4.8 2.3 29.7 7 .. 2 ' 
48 .62 . 24 .86 .48 • IO .72 .34 o.g6 .58 7.2 4.4 I. 6 8.8 6. 0 ~ 

49 .61 . 23 .85 ·47 .o8 .69 . 31 . 93 ·SS 6.9 3.9 o.8 7.8 4.8 ! 
~ 

26 50 27.61 55.22 82.84 110.45 138. o6 165. 67 193.28 220.90 248.51 1656.7 3313.4 4970. I 6626.8 8283.6 ! 
51 . 61 . 21 .82 ·43 .04 .65 .25 .87 .47 6. s z.9 6g.4 5.8 2. 3 ~ 
52 .6o . 20 . 81 .42 .02 .62 .2.2 .83 ·44 6.z 2 . .f. 8.7 4.9 '81. I 

53 .6o .20 .8o .40 8.oo .6o .20 .So .40 6.o .2.0 7.9 3.9 79.9 
S4 .59 .19 .79 ·39 7.98 ·57 .17 .77 • 36 5.7 l. s 7.2 3.0 8.7 

26 SS 27.s9 SS· 18 82.78 110. 37 137.96 165.ss 193. 14 220.73 248.32 1655. 5 3311.0 4966.5 6622.0 8l177.5 ~ 
56 ·S9 .17 .76 ·JS ·94 ·SJ • JI .70 .29 5.3 0.5 s.8 1.0 6.3 
51 .58 • 16 . 75 .34 .92 .50 .o8 .(17 .25 5.0 10.0 5.0 20.0 5.0 
58 .58 . r6 .74 .J2 .go .48 .o6 .64 .21 +s 09-6 +3 19- l 3.8 
S9 .57 • 15 .73 • 31 .88 . .45 .03 .6o .18 4o s 9• I 3-i 8. I 2.6 

26 6o 27.57 SS· 14 82. 71 110.29 137· 86 165.43 193.00 :13(), S7 :z.tS. ... •654-3 3308.6 4962. 6617.1 8271.4 
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Latitude 26° to 27°-Meridional arcs. Latitude 26°-Co-ordinates of curvature. I 
Lat. 

Vd f ,,, I s~ "' ~'®" fonllidtllo : 

I I 
I 

i Sums of minutes for middle 
I I I 

Value of 1' Longitude. 

I 
x i I 

ue 0 latitude. ; latitude. · y i 

I 
i 

I i 

I I ' I i I 

! I 
0 I Meters. II l'ifeters. I Meters. 

I 
I 

' 
Meters. 0 I i Meters. .1.l1eters. ! 

26 30.773 
I 

1846.39 I i 00 I 

I 
I 

I 3 I 30.78 .39 I I I 846.4 0 I I 668. 7 0.1 I 

I I 
2 3 2 61. 55 .40 2 3 692. 8 2 3 337. 3 0.4 

I 3 3 3 92.33 I .40 3 5 539. 2 3 5 oo6.o I. 0 

4 3 4 123. IO I .41 4 7 385. 6 4 6 674. 6 I. i I 

I 26 05 30. 773 5 153.88 I 1846.41 5 9 232.0 0 5 8 343. 3 2.7 

I 

6 4 6 184.65 I .41 6 II 078.4 6 !0011.9 3.8 
7 4 7 215.43 .42 7 12 924. 8 7 II 68o. 6 5.2 
8 4 8 246.20 

I 
.42 8 I4 771. 2 8 13 349. 2 6.8 

9· 4 9 276.98 .43 9 16617.7 9 15 017.9 8.6 
I 

26 IO 30. 774 IO 307.75 I 1846.43 
I 

IO I8 464. I 0 IO 16 68Q. 6 10.6 
II 4 I 338.53 .44 I 20 310. 5 I5 25 029. 8 23·9 
12 4 2 369.30 ·44 I 2 22 157. 0 20 33 373· I 42.6 I 

13 4 3 400.oS 

I 
.44 3 24003.4 25 I 41 716. 4 66. 5 

I 14 4 4 430.85 ·45 4 25 849. 9 30 .I 50 059. 6 95.8 

26 15 30. 774 15 461. 63 1846.45 15 27 696. 3 0 35 I 58 402. 9 130.3 
16 4 6 492.40 .46 6 29 542. 8 40 66 746. l 170. 2 I 
17 4 7 523.18 .46 7 31 389. 2 45 75 089. 2 215.4 I 18 4 8 553.96 ·47 8 33 235. 7 50 83 432. 4 266.0 
I9 5 9 584. 73 .47 9 35 082. 2 55 91 7~5· 5 321. 8 

I 
26 20 30.775 20 615.51 1846.47 20 I 36 928. 6 J 00 100 I 18. 5 383.0 I 

21 5 I 646.28 .48 J 38 775· I 05 1o8 461, 5 449·5 

I 22 s 2 677- o6 .48 2 40 621. 6 10 JI6 8cJ4. 6 521. 3 
23 5 3 707.83 ·49 3 42 468.1 15 125147.5 598.4 I 
24 5 4 738. 6! .49 4 44 314. 6 20 133 490. 4 68o.9 I 

' 
26 769.38 1846.50 46 161. I 141 833. 2 768. i 25 30.775 25 25 l 25 I 

I 
26 5 6 8oo. 16 .50 6 48007.6 30 150 176. 0 861. 7 I 
27 5 7 830.93 .51 7 49 854. I 35 158518.7 96o.2 I 

I 

28 s 8 861. 71 .51 8 51 700. 6 40 166 861. 3 I o63. 9 

I 29 s 9 892.48 .51 9 53 547. l 45 175 203. 9 I 172. 9 

26 30 30.775 30 923.26 1846.52 I 30 55 393. 6 I 50 183 546. 4 I 287. 3 I 
31 5 I 954.03 .52 I I 57 240. I 55 191 888. 9 I 407. 0 

' 

I 
32 5 2 984.81 .53 I 2 59 o86. 7 2 00 200 231 I 532 
33 6 3 I 015. 59 ·53 I 3 6o 933· 2 3 00 300 332 3447 I 

34 6 4 I 046. 36 .54 4 62 779. 7 4 00 400 416 6 128 

26 35 30.776 
3& 

I 077. 14 1846. 54 35 64 626. 2 s 00 500 476 9 574 I 

' 36 6 l 107. 91 .54 6 66 472. 8 6 00 6oo 5o6 13 786 

37 6 1 I 138. 69 ·55 7 68319.3 7 00 700 501 i 18 763 

38 6 8 I 169. 46 .55 8 70 165. 9 8 00 8oo456 24 505 

39 6 9 l 200. 24 .56 9 72012.4 9 00 90<' 364 JI Oii 

26 40 30.776 40 I 231. 01 1846.56 40 73 859. 0 IO 00 I 000 218 38 282 
41 6 I J 261. 79 . 57 l 75 705. 6 II 00 I 100 015 46 316 

42 6 2 I 292. 56 .57 2 77 552. I I2 00 I 199 747 55 114 
43 6 3 I 323. 34 .58 3 79 398. 7 13 00 I 299 409 64 675 

44 6 4 I 354· II .58 4 81 245· 3 14 00 I 398 994 74998 

26 45 30-776 45 I 384. 89 1846.58 4~ 83 091. 9 15 00 I 498 498 86 082 

46 6 6 I 415. 66 .59 84 938.4 16 00 I 597 914 97 928 

47 7 7 I 446. 44 .59 ~ 
86 785.0 17 00 I 697 237 !IO 534 

48 7 8 I 477· 21 .6o 88 631. 6 r8 00 I 796 46o 123 899 

49 7 9 I 507. 99 .6o 9 90478. 2 19 00 I 895 578 I 138 023 

26 I 538. 77 1B46.61 so 92 324.8 I 994 585 
I 

152 905 so 30.777 50 20 00 I 
51 7 I I 569. 54 .61 l 94 171. 4 21 00 2 093 475 

I 
168 544 

52 7 2 i 6oo. 32 . 61 2 96 018. I 22 00 2 192 243 184 939 

I 53 7 3 I 631. og .62 3 97 864.7 23 00 2 290 882 . 202 089 

54 7 4 I 661. 87 .62 4 99 7u. 3 24 00 2 389 387 219 993 

26 SS 30-777 SS J 6g2.64 1846.63 SS IOI 557· 9 25 00 2 487 753 238 650 

56 7 6 I 723.42 .63 6 103 404.6 26 00 2 585 973 258o61 

57 7 i I 7t· 19 .64 7 105 251. 2 27 00 2 684042 278 222 

58 7 l 7 .97 .6.f. 8 107097.8 28 00 2 781 953 2991~ 

59 7 .: I 815. 74 .65 9 m8944.5 29 00 a 879 702 3207 

a6 (Jo ~777 1 8¢.s:z 1B46.65 (Jo JIO 791. J 30 00 2 977 281 343 197 
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Latitude 27° to 28°-Arcs of the pamllel in meters. 

I I I 
i" I 8" 

I 

Lat. 1" 2" ' 3" ,; II I 1)11 6" 9" 1' 2' 3' 
\ 

4' 5' 

I -1-i---1-- I 

0 I I 
27 00 27.57 55.14 82.71 110.29 I 37. 86 165. 43 193. oo I 220. s1 248. 14 1654.3 3308.6 4962.8 6617. I 8271.4 

I ·57 .13 .70 . 27 .84 .41 2.97 .54 .IO 4· I 8. I 2. I 6. I 70.2 

2 .56 .12 . 69 . 26 .82 . 38 .94 .50 .07 3.8 7.6 I. 4 5. l 68.9 

3 .56 . 12 . 68 . 24 .So I .351 . 91 .47 8.03 3.5 (.I 6o.6 4.2 7.7 

4 .55 . II .66 . 22 . 78 .33 . 88 .44 7.99 3· 3 6.6 59· 9 3.2 6.5 

27 05 27.55 55.10 82.65 l IO. 21 137.76 165. 31 192. 861220. 40 247.96 1653.1 33o6.1 4959.2 6612.2 8265.3 

6 .55 ·09 . 64 . 19 . 73 . 28 . 83 . 37 .92 2.8 5.6 8.5 1.2 4. l 

7 .54 .o8 . 63 . 17 .71 .26 .So .34 .88 2.6 5. l 7.7 10.2 2.8 

8 .54 .o8 .62 . 15 .69 . 23 '77 I '31 .84 2. 3 4. 7 6.9 09·3 I. 6 

9 ·53 .07 .6o . 14 .67 . 21 .74 • 27 .81 2. I 4.2 6. 2. 8.3 6o;4 

27 10 27.53 . 55.o6 82.59 uo. 12 137.65 165.18 192.71 220.24 247. 77 1651. 8 3303.7 4955.5 66o7.3 8259.2 

II .53 .05 .58 , IO . 63 .16 .68 • 21 . 73 J. 6 3.2 4.8 6. 3 7.9 

12 .52 .04 .57 .09 . 61 ,13 .65 .18 .70 r. 3 2.7 4.0 5.3 6.7 

13 .52 .04 . 55 .o8 . 59 . II .63 . 14 .66 1. 1 2.2 3·3 4·4 5.5 
14 • 51 •• 03 ·54 .o6 .57 .o8 .6o •II .63 o.8 I. 7 2.5 3.4 4.:; 

27 15 27.51 55.02 82.53 uo.04 137· 55 165. oo I 192. s1 220.08 2.1-7· 59 1650. 6 33or. 2 4951.8 66o2.4 8253.0 
16 .51 . 01 .52 .03 .53 .04 .54 .05 ·SS 0.4 o. 7 I. I 1.4 I, 8 

17 .50 .00 . 51 I0.01 .51 5.or . 51 20.02 i .52 50. I 300.2 5o.3 6ocq 50.6 
18 .50 5.00 :!§I og.99 ·49 4.99 ·49 19.98 ; .48 49·9 299.7 49.6 599.5 49.3 

19 ·49 4.99 .98 .47 . 96 .46 .95 .45 9.6 9.2 8.8 8. 5 8. I 

27 20 27.49 54.98 82. 47 I iCX). 96 137·45 164.94 192·43 219.92 247.41 1649·4 3298.7 4948. I 6597.5 8246.9 

21 ·49 . 97 .46 I ·94 .43: . 91 .40 .Sg .37 9· l 8.2 7.4 6.5 5.6 

22 .48 .96 ·44: ·93 . 41 l . 89 .37 .85 • ·33 8.9 7-7 6.6 5.5 4.4 

23 .48 .96 . 43 i . 91 . 39 : . 86 .34 .82 . 30 8.6 7.3 5.9 4.5 3.2 

24 . 47 .95 . 42 .Sg . 31 ; .84 . 31 .79 . 26 8.4 6.8 5· I 3·5 I. 9 

27 25 27.47 54·94 82.41 I09.88 137.34 164.81 192.29 219.75 247.22 1648. I 3296.3 4944·4 6592. 5 8240.7 
26 . 47 .93 . 39 : .86 . 32 . 79 .26 .72 . r8 7.9 5.8 3.7 l. 5 39.4 

27 . 46 .92 . 38 ' .84 .30 .76 . 23 .6g . 14 7.6 5.3 2.9 go. s I 8.2 

28 .46 .92 . 37 ', .82 .28 • 74 .20 4166 . II 7.4 4.8 2.2 89.6 i 7.0 

29 .45 . 91 .36 : . 81 .26 . 71 . 17 .62 . 07 7· I 4·3 I I. 4 8.6 ' 5.7 
I 

27 30 27.45 54.go' 82.34 109. 79 137· 24 I 164. 6g 192.14 2r9.59 247.03 1646.9 3293.8 4940. 7 6587.6 8234.5 

31 .45 .89. . 33 . 77 .22 i ,67 •II .56 6.99 6.7 3.3 40.0 6.6 3.3 

32 ·44 .88 . 32 .76 .20 .64 .08 .52 . 96 6.4 2.8 39.2 5.6 2.0 

33 .44 .87 . 31 .74 . 18 . 62 .05 .49 .92 6.2 2.3 8. 5 4.6 30.8 

34 .43 .86 . 29 . 73 .16 .59 .02 .46 . 88 5·9 I. 8 7.7 3.6 29. 5 

27 35 27.43 54.86 82. Ul 109. 71 137.13 164. 57 192. 00 219.42 246.84 1645.7 3291. 3 4937.0 6582.6 8228.3 

36 .43 .85 . 27 . 69 . 11 .54 I. 97 I ·39 . 81 5·4 o.8 6.2 I. 6 7.0 

37 .42 .84 . 26 .68 .og .52 .94 I .36 . 77 5.2 90.3 5.5 8o.6 5.8 

38 .42 . 83 ·24 .66 .07 i .49 • 91 ·331 .73 4·9 Sg.8 +7 79.6 4·5 
39 .41 .82 . 23 . 65 .051 .47 .88 .29 .70 4.7 9.3 4.0 8.6 3.3 

i 

27 40 27.41 54. 81 82.22 109.63 137.03 164.44 191.85 219.26 246.66 1644.4 3288.8 4933.2 6577. 6 8222. l 

41 .40 .Bo . 21 . 61 7.01 .42 .82 .23 .62 4.2 8.3 2.5 6.6 20.8 

42 .40 . 79 .20 .6o 6.99 .39 . 79 .19 .59 3.9 7.8 I. 7 5.6 19.6 

43 .40 . 79 .18 .58 .97 .37 .76 . 16 . 55 3.7 7.3 1.0 4.6 8.3 

44 ·39 . 78 . 17 .56 .95 .34 .73 .12 . 51 3.4 6.8 30.2 3.6 7. I 

27 45 27.39 54.77 82.16 109. 55 136.93 164.32 191. 71 219.09 246.48 1~3.2 3286.~ 4929.5 6572.6 8215.8 

46 .38 .76 .15 .53 :!; i 
. 29 .68 .o6 .44 2.9 5 . 8.7 1.6 4.6 

47 .38 . 75 .13 . 51 .27 .65 9.02 .40 2. 7 5.3 8.o 70.6 3·3 
48 .38 • 75 . 12 .49 .87 .24 .62 8.99 .36 2.4 4.8 7.2 6g.6 2. I 

49 ·37 . 74 .11 .48 .85 .22 .59 ·95 .33 2.2 4.3 6.5 8.6 10.8 

27 50 27.37 54· 73 82.10 109.46 136.83 164. 19 191. 56 218.92 46.29 1641. 9 3283.8 4925.7 6567.6 8209.6 

51 .36 • 72 .o8 .44 . 81 .17 .53 .Sg .25 I. 7 3.3 5.0 6.6 8.3 
52 .36 • 71 .07 .43 .79 .14 .50 .85 . 21 1. 4 2.8 4.2 5.6 7.0 
53 .36 . 71 .o6 .41 .77 .12 .47 .82 • 18 1. 2 2.~ 3·5 4.6 5.8 
54 • 35 .70 .05 .39 . 75 .og .44 . 79 .14 0.9 I. 2.7 3.6 4·5 

27 s.i; 27.35 54.69 82.03 IOC).38 136.72 16.j..07 191. 41 218.75 246. IO 16.to. 7 3281. ~ 4922.0 6562.6 8zo3.3 
56 ·34 .68 .oz • 36 . 70 .04 .38 . 72 .o6 0.4 0. I.2 1.6 2.0 

57 .34 .67 .OJ .34 .68 +02 .35 .69 6.02 40.2 8o.3 20.5 6o.6 200. 7 
58 ·33 .67 2.00 .32 .66 3,99 .32 .66 5.99 39.9 79.8 19. 7 59.6 199.5 
59 .33 .66 r.98 . 31 .6.j. .g6 .291 .62 ·95 9.6 9.3 8.9 8.6 8.2 

I 
27 6o 27. 32 s+ 6s 81.97 109.29 136. 62 163.94 191. 26 218. 59 245. 91 163g.4 3278.8 4918. 2 6557.6 8197.0 
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Latitude 27° to 28°-Meridional arcs. Latitude 27°-Co-ordinates of curvature. 

Lat. 

I Value of l" 
Sums of seconds for middle Value of 11 Sums of minutei; for middle Longitude. x y 

latitude. latitude. 

I 
I I 0 I Mdn-s. II Meters. Meten I Meters. 0 I I Meters. Meters. 

27 00 30.777 1846.65 I . 
I 8 I 30.78 .65 l I 846. 7 0 I I 654. 3 0. I 
2 8 2 61.56 .66 2 3 693. 3 2 ' 3 3o8. 5 0.4 
3 8 3 92·34 .66 3 5 540. 0 3 4 962. 8 1.0 
4 8 4 123.12 .67 4 7 386. 6 4 6 617. I I. 7 

27 05 JO. 778 s 153· go 1846.67 5 9 233. 3 0 5 8 271. 4 2.7 
6 8 6 184.68 .68 6 II o8o. O 6 9 925· 7 3.9 
7 8 7 215.46 .68 7 12 926. 7 7 II 579· 9 5.4 
8 8 8 246.24 .6g 8 14 773. 3 8 

I 
13 234. 2 7.0 

9 8 9 277.02 .69 9 16 620.0 9 14 888. 5 8.8 

3.7 JO 30.778 10 307.So l846.6g 10 18 466. 7 0 IO I 16 542. 8 10.9 
II 8 I 338.58 .70 I 20 313. 4 15 24 814. I 24.6 
12 8 2 369.36 .70 2 

I 
22 100. I 20 33 085. 5 43.7 

13 8 3 400. 14 . 71 3 240<>6.8 25 41 356. 9 68.3 
14 9 4 430.92 .71 4 I 25 853- 5 30 49 6z8. 2 98.3 

27 15 30.779 15 461. 70 1846. 72 15 27 700. 2 0 35 57 899. 5 133.8 
16 9 6 492.48 .72 6 29 547.0 40 66 170. 8 174.8 
17 9 7 523.26 .73 7 31 393. 7 45 74 442. I 221. 2 
18 9 8 554·04 .73 8 33 240.4 50 82 713. 3 273.1 
19 9 9 584. 81 .73 9 35 o87. 2 SS go 984.s 330.4 

27 20 30-779 20 615.59 1846. 74 20 36 933· 9 I 00 99 255. 7 393.2 
21 9 l 646.37 .74 l 38 78o.6 05 107 526. 8 461.5 
22 9 2 677.15 .75 2 40627.4 IO IIS 797.9 535.2 
23 9 3 707.93 . 75 3 42 474· I 15 124 o68. 9 614.4 
24 9 4 738.71 .76 4 44 320.9 20 132 339·9 699. I 

27 25 30- 779 25 769.49 1846.76 25 46 167. 6 l 25 140 6IO. 8 789.2 
26 9 6 8oo.27 .77 6 48014.4 30 148 881. 6 884.8 
27 9 7 831.05 .77 7 49 861. 2 35 157 152. 3 985.8 
28 8o 8 861. 83 .77 8 51 707.9 40 165 423. I I 092. 3 
29 0 9 8g2.61 .78 9 53 554. 7 45 173 693. 7 I 204. 3 

27 JO So· 78o So 923.39 1846.78 30 55 4or. 5 l 50 181 964. 3 I 321. 7 
31 0 I 954. 17 .79 I 57 248.3 55 lgo 234. 7 I 444. 6 
32 0 2 984.95 .79 2 59 095· I 2 00 198 505 I 573 
33 0 3 I 015. 73 . So 3 6o 941. 9 3 00 297 742 3 539 
34 0 4 I 046. 51 .So 4 62 788. 7 4 00 396 96o 6 291 

27 35 30.78o 35 I 077. 29 1846.81 35 64 635. 5 5 00 496 154 9 829 
36 0 6 r 1o8.07 . 81 6 66 482. 3 6 00 595 316 14 154 
37 0 7 l 138. 85 .81 7 68 329. I 7 00 694440 19 264 
38 0 8 I 169. 63 . 82 8 70175.9 8 00 793 522 25 159 
39 0 9 I 200.41 . 82 9 72 022. 7 9 00 892 554 31 839 

27 40 30.78o 40 I 231. 19 1846.83 40 73 86g. 6 IO 00 991 529 39 303 
41 I l l 261. 97 . 83 I 75 716. 4 II 00 I ogo 442 47 551 
42 I 2 r 292. 75 .84 2 77 563. 2 12 00 I 189 287 56 503 
43 I 3 I 323. 53 .84 3 79 410. I 13 00 I 288 057 66 398 
44 I 4 I 354· 31 . 85 4 81 256. 9 14 00 1 386 746 76 995 

27 45 30.781 45 I 385. 09 1846.85 45 83 103. 7 15 00 I 485 348 88 374 
46 I 6 I 415. 87 .86 6 84 950. 6 16 00 I 583 857 100 534 
47 r 7 I 446. 65 . 86 7 86 797. 5 17 00 I 682 267 113 474 
48 I 8 I 477·43. . 86 8 88 644. 3 18 00 I j80 570 127 193 
49 r 9 I 508. 2I . 87 9 90 491. 2 19 00 I 878 762 141 690 

27 so 30. 781 50 I 538. 99 1846.87 50 92 338. I 20 00 I 976 836 156 966 
51 I I l 569. 77 . 88 I 94 184.9 21 00 2 074 786 173 018 
52 I 2 I 6oo. 55 . 88 2 ·90 031. 8 22 00 2 172 6o6 189 845 

53 I 3 I 631. 33 . 89 3 97 878. 7 23 00 2 270 289 207 447 

54 2 4 I 662. II . 89 4 99 725. 6 24 ()() 2 367 830 225 823 . 
2'J 55 30.782 55 I 6g2. 88 t846.90 s~ IOI 572· 5 25 00 2 465 222 244 970 

56 2 6 I 723. 66 .90 103 419.4 2Q. 00 2 562 459 264 889 

57 2 7 I 754·44 ·90 7 105 266.3 27 00 2 659 S35 285 577 
58 2 8 I 785.22 .91 8 107 113. 2 28 00 2 756 445 307 035 

i a ~ 
I 816.00 .91 9 Io8 96<>· I 29 00 2 853 181 329 259 

27 J0.782 I 846.78 18.¢.92 6o no8o7.o 30 00 2949 739 352 249 
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Latitude 28° to 29°-AJcs of the parallel in meters. 

I I i 
Lat. 1" 2" 3" (" 5" 6" 2' 3' (' Ii' 7" I 8

11 I D" 1' l 
_____ _, ___ _. ___ ---------l---·---1---j...---11----1----1----1----1 

191. 2611218. 591245. 91 
0 f 

28 00 

2 

3 
4 

28 05 
6 
7 
8 
9 

28 IO 

II 
12 
13 
14 

28 15 
16 
17 
18 
19 

28 20 
21 
22 

23 
24 

28 25 
26 
27 
28 
29 

28 30 
31 
32 
33 
34 

28 35 
36 
37 
38 
39 

28 40 
41 
42 
43 
44 

28 45 
46 
47 
48 
49 

28 50 
51 
52 
53 
54 

28 SS 
56 
57 
58 
59 

28 6o 

27.32 
. 32 
. 31 
. 31 
.30 

27.30 
.30 
. 29 
. 29 
. 28 

27.28 
. 28 
. 27 
. 27 
. 26 

27.26 
. 26 
. 25 
. 25 
. 24 

27.24 
. 24 
. 23 
• 23 
• 22 

27.22 
• 22 
. 21 
. 21 
.20 

27. 20 
.19 
.19 
.19 
. 18 

27. 18 
. 17 
. 17 
. 16 
.16 

27.15 
. 15 
. 14 
.14 
• 13 

27.13 
.13 
.12 
.12 
. II 

27. II 
. II 
.IO 
.IO 
·09 

27.09 
·09 
.o8 
.oS 
.07 

27.07 

54.65 
.64 
.63 
.62 
. 61 

54.6o 
.6o 
.59 
.58 
.57 

54.56 
.55 
·54 
.54 
.53 

54.52 
. 51 
.50 
.50 
.49 

54.48 
.47 
.46 
.45 
.44 

54.44 
.43 
.42 
. 41 
.40 

54.39 
.38 
. 37 
.37 
. 36 

54· 35 
.34 
. 33 
. 33 ' 
. 32 

54.31 
.30 
• 29 
. 28 
.27 

54.27 
. 26 
. 25 
.24 
. 23 

54.22 
. 21 
.20 

.19 

.18 

54.18 
.17 
. 16 
.15 
.14 

54- IJ 

81. 97 
.96 
. 94 
. 93 
• 92 

81. 91 
. 89 
. 88 
. 87 
• 86 

81. !4 
. 83 
. 82 
.8o 
. 79 

81. 78 
. 77 
. 75 
. 74 
. 73 

81. 72 
.70 
. 69 
. 68 
. 67 

81. 65 
.64 
. 63 
.61 
.6o 

Sr. S9 
.58 
.56 
.55 
-54 

81. 52 
. 51 
.50 
.49 
·47 

81.46 
.45 
·43 
.42 
.41 

81.40 
.38 
. 37 
.36 
.34 

81. 33 
. 32 
.30 
.29 
.28 

81.27 
.25 
.24 
.23 
.21 

81.20 

109.29 
.27 
.26 
.24 
• 22 

109. 21 
. 19 
. 17 
. 15 
.14 

109. 12 
• IO 
.og 
.07 
. 05 

109.04 
.02 

9.00 
8.98 
.97 

1o8. 95 
·93 
.92 
.go 
.88 

108.87 
.85 
.83 
. Sr 
.So 

108.78 
. 76 
.75 
. 73 
. 71 

1o8.70 
.68 
.66 
.64 
.63 

1oS. 61 
.59 
.58 
.56 
.54 

. 

1o8. 53 
.51 
.49 
.47 
,46 I 

108.44 
.42 
.41 
.39 
. 37 

108.36 
.34 
.32 
.30 
.29 

1oS. 27 

136.62 
.6o 
.58 
.56 
.54 

136. 51 
.49 
.47 
. 45 
.43 

136. 41 
.39 
.37 
.34 
.32 

136. 30 
.28 
.26 
.23 
. 21 

136. 19 
. 17 
. 15 
.13 
. ll 

136.08 
. 06 
.04 
. 02 

6.oo 

135.98 
. 96 
.94 
. 92 
.90 

135.81 
• 85 
. 83 
.81 
. 79 

135.77 
• 75 
. 73 
.70 
.68 

135.66 
.64 
.62 

. 59 

. 57 

135. SS 
.53 
. 51 
.48 
.46 

135. 44 
.42 
.40 
• 37 
• 35 

135.33 

163. 94 
.91 
. 89 
. 86 
,84 

163.81 
.79 
. 76 
.74 
. 71 

163.69 
. 66 
. 64 
. 61 
.59 

163.56 
.53 
. 51 
.48 
.46 

163.43 
. 41 
. 38 
. 36 
. 33 

163.30 
. 28 
. 25 
• 23 
• 20 

163. 18 
. 15 
.13 
. 10 
.o8 

163.05 
.02 

3.00 
2.97 
. 95 

162.92 
. 89 
. 87 
.84 
.82 

162.79 
.76 
.74 
.71 
.6g 

162.66 
.64 
.61· 
.58 
.56 

162.53 
.51 
.48 
.45 
·43 

162.40 

. 23 . 56 . 87 

.20 I .52 j .83 

.17 .49 .So 

. 141 .45 . 76 
191.12 218.42 245.72 

. 09 . 39 . 68 

. 06 . 35 . 66 

.03 .32 .61 
I.DO .28 .57 

190.97 
.94 
. 91 
. 88 
. 85 

190.82 
.79 
.76 
.73 
• 70 

190.67 
.64 
.61 
.58 
.55 

190.52 
.49 
.46 
.43 
.40 

190. 37 
.34 
. 31 
.28 
• 25 

190- 22 
.19 
.16 
• 13 
. IO 

190.07 
.04 

90.01 
Sg.98 

.95 
189.92 

.89 

.86 

.83 

.So 

189. 77. 
.74 
.71 
.68 
.65 

18g.62 
.59 
.56 
.53 
.50 

18g.47 

218.25 
.22 
.18 
. 15 
. lJ 

218.oS 
.05 

8.01 
7.98 
·94 

217. 91 
.88 
.84 
. 81 
. 77 

217.74 
.71 
.67 
.64 
.6o 

u7. 57 
.54 
.50 
.47 
.43 

217.40 
. 37 
.33 
.30 
.26 

217.23 
.20 
. 16 
. 13 
.og 

217.o6 
7.02 
6.99 

. 95 

.92 

216.88 
.85 
. 81 
.78 
. 74 

216.71 
.68 
.64 
. 61 
.57 

216.54 

245.53 
·49 
.45 
.42 
.38 

245·34 
.30 
. 26 
. 23 
.19 

245. 15 
. II 
• 07 

.03 
5.01 

244.g& 
.92 
. 88 
.84 
. 8o 

244· 76 
. 72 
. 68 
. 65 
.61 

244. 57 
. 53 
.49 
.46 

.. 42 

244.38 
·34 
.30 
• 26 
• 22 

244. 18 
. 15 
, II 

.07 
4-0J 

243.99 
. 95 
. 91 
• 87 
.83 

243.So 
.76 
.72 
.68 
.64 

243.6o 

1639.4 
9.1 
8.9 
8.6 
8.4' 

1638. I i 
7.9 
7.6 
7.4 
7. I 

1636. 9 i 
6.6 
6.4 
6. I 

5. 91 
1635.6 

5.3 
5. I 

4.8 
4.6 

1634.31 
4, I I 

3.8 
3.6 
3.3 

1633.0 
2.8 
2.5 
2.3 
2.0 

1631.8 
I. 5 
1.3 
I. 0 
o.8 

1630. 5 ' 
0.2 

30.0 
29. 7 
9.5 

1629.2 
8.9 
8. 7 
8.4 
8.2 

1627. 9 
7.6 
7.4 

• 7• I 
6.9 

1626.6 
6.4 
6. I 

5. 8 
5.6 

1625. 3 
5. I 
4.8 
4.5 
4.3 

1624.0 

3278.8 
8.3 
7.8 
7.3 
6.8 

3276.3 
5.8 
5.3 
4· 7 
4.2 

3273.7 
3.2 
2. 7 
2.2 
I. 7 

3271. 2 

o. 7 
70.2 

69.6 
9.1 

3268.6 
8. I 
7.6 
7· I 
6.6 

3266. I 1' 

5.6 
5. I 

4. 5 
4.0 

3263.5 
3.0 
2.5 
2.0 
I. 5 

3261. 0 
0. 5 

6o.o 
59.4 
8.9 

3258.4 
7.9 
7.4 
6.8 
6. 3 

3255.8 
5. 3 
4.8 
4.2 
3.7 

3253. 2 
2.7 
2.2 

I. 6 
I. I 

3250.6 
50.1 
49.6 
9.0 
8.5 

3248.0 

4918.2 
7.4 
6.7 
5.9 
5.2 

4914.4 
3.6 
2.9 
2. I 

1.4 

4910.6 
og.8 
9.1 
8.5 
7.6 

4906.8 
6.o 
5.3 
4.5 
3· 8 

4903- 0 

2. 21 
1.4 

goo. 7 i 
899.9 

4899. I 
8.3 
7.6 
6.8 
6. I 

4895.3 
4. 5 
3.7 
3.0 
a.2 

4891.4 
go.6 
89.9 
9· I 
8.4 

4887.6 
6.8 
6.o 
5.3 
4.5 

4883.7 
2.9 
2. I 
1.4 

8o.6 

4879.8 
9· r 
8.2 
7.5 
6.7 

4875. 9 
5.2 
4·3 
3.6 
2.8 

4872.0 

6557. 6 
6.6 
5.6 
4.5 
3.5 

6552.5 
I. 5 

50. 5 
49.5 
8.5 

6547.5 
6.5 
5.4 
4.4 
3.4 

6542.4 
I. 4 

40.3 
39·3 
8.3 

6537.3 
6.3 
5.2 
4.2 
3.2 

6532.2 
I. 2 

30.1 
29. I 
8. I 

6527. I 
6.o 
5.0 
4.0 
2.9 

6521. 9 
20.9 
19.9 
8.8 
7.8 

6516. 8 
5.7 
4- 7 
3· 7 
2.6 

65u. 6 
10.6 
09.5 
8.5 
7.5 

65o6.4 
5.4 
4.4 
3.3 
2.3 

6501. 2 
500.2 

499· 2 
8.1 
7.r 

6496.1 

8197.0 
5.7 
4.4 
3.2 
I. 9 

8190.7 
89.4 
8. I 

6.9 
5.6 

8184.3 
3· I 
1.8 

8o.5 
79.3 

8178.0 
6.7 
5.4 
4.2 
2.9 

8171. 6 
70.3 
69. 1 
7.8 
6.5 

8165.2 
3.9 
2.7 
I. 4 

6o. I 

8158.8 
7.5 
6.3 
5,0 
3.7 

8152.4 
51. I 
49.8 

8. 5 
7.3 

8146.0 
4- 7 
3.4 
2.1 

40.8 

8139.5 
8.2 
6.9 
5- 6 
4-4 

8133. I 
l. 8 

30.5 
29.2 
7.9 

8126;6 
5.3 
4.0 
2. 7 
1.4 

8uo.1 
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Latitude 28° to 29°-Meridional arcs. Latitude 28°-Co-orclinates of curvatu11:. 

Lat. 

Value of 1" Sums of acconds for middle Value of 1' Sums of minutes for middle Longitude. x y 
latitude. latitude. 

0 I Meltl's. II ltleltl's. Metel"s. I Meters. 0 I Metel"s. Metel"s. 
28 00 30.782 1846.92 - I 2 J 30.78 .92 I I 846. 9 0 I I 639.4 0.1 

2 2 2 61.57 ·93 2 3 693. 8 2 3 278. 8 0.4 
3 2 3 92.35 .93 3 5 540. 8 3 4 918. 2 1.0 
4 2 4 123.14 ·94 4 7 387. 7 4 6 557. 6 1. 8 

28 05 30. 782 5 153.92 1846.94 5 9 234. 6 0 5 8 197. 0 2.8 
6 2 6 184.71 .95 6 11 o81. 6 6 9 836. 4 4.0 
7 2 7 215.49 .95 7 12 928. 5 7 II 475· 7 5.5 
8 3 8 246.27 .95 8 14 775. 5 8 13 115, I 7.2 
9 3 9 277.o6 .96 9 16 622. 5 9 14 754. 5 9.1 

28 IO 3o.783 IO 307.84 1846.96 10 18 46g. 4 0 10 16 393. 9 I I. 2 
II 3 I 338.63 .97 I 20 316.4 15 24 590.9 25.2 
12 3 2 36g.41 ·97 2 22 163. 3 20 32 787. 9 44.8 
13 3 3 400.20 . 98 3 24 OIO. 3 25 40984.8 70.0 
14 3 4 430.98 .98 4 25 857. 3 30 49 181. 7 100. 7 

28 15 30.783 IS 461. 76 1846.99 15 27 704. 3 0 35 57 378. 6 137.1 
16 3 6 492·55 6.99 6 29 551.3 40 65 575. 5 179. I 
17 3 7 523.33 7.00 7 31 398. 3 45 73 772. 4 226.7 
18 3 8 554· 12 .oo 8 33 245· 3 50 81969.2 279.8 
19 3 9 584.90 .oo 9 35 092.3 55 90 165. 9 338.6 

28 20 30.783 20 615.69 1847.01 20 36 939. 3 I 00 98 362.6 403.0 
21 4 I 646.47 .01 I 38 786. 3 05 io6 559.3 472.9 
22 4 2 677.25 .02 2 -40 633. 3 10 114 756.0 548.5 
23 4 3 708.04 .02 3 42 48o.3 15 122 952. 5 629.6 
24 4 4 738.82 .03 4 44 327.4 20 131 149. 0 716.4 

28 25 30.784 25 76g.61 1847.03 25 46 174. 4 I 25 139 345. 5 8o8.7 
26 4 6 Soo. 39 .04 6 48 021. 4 30 147 541. 9 go6.7 
27 4 7 831.17 .04 7 49 868.5 35 155 738. 2 I OIO. 2 
28 4 8 861. 96 .05 8 51 715. 5 40 163 934. 5 I 119. 4 
29 4 9 892.74 .05 9 53 562. 5 45 172 130. 7· I 234. I 

28 30 30.784 30 923.53 1847. o6 30 55 409.6 I 50 18o 326. 8 I 354·4 
31 4 I 954.31 ·.o6 I 57 256. 7 55 188 522. 8 I 48o.4 
32 4 2 985.10 .o6 2 59 103. 7 2 00 196 719 I 612 
33 4 3 l 015. 88 .07 3 6o950.8 3 00 295 o62 3 627 
34 5 4 I 046.66 .07 4 62 797. 9 4 00 393 385 6447 

28 35 30.785 3~ I o77. 45 1847. o8 35 64 644.9 s 00 491 682 10073 
36 5 I 108.23 .oS 6 66492.0 6 00 589 945 14 505 
37 s 7 I 139. 02 ·09 7 68 339· I 7 00 688 168 19 741 
38 5 8 I 169. 8o .09 8 70 186. 2 8 00 786 347 25 782 
39 s 9 

. 
I 200. 59 ,IO 9 72 033.3 9 00 884 472 32 627 

28 40 30. 785 40 I 231, 37 1847. 10 40 73 88o.4 IO 00 982 537 40276 
41 5 I I 262. 15 •II I 75 727. 5 II 00 I o8o 537 48 728• 
42 s 2 I 292.94 •II 2 77 574.6 12 00 I 178 464 57 '}83 
43 5 3 I 323. 72 • [I 3 79 421. 7 13 00 I 276 312 68 04-0 
44 5 4 I 354· 51 • 12 4 81 268.8 14 00 I 374 075 78899 

28 45 30.785 45 I 385. 29 1847. 12 45 83 II5. 9 15 00 I 471 745 go 558 
46 ~ 

6 I 416.oS • 13 6 84 963. I 16 00 I 569 315 103 017 
47 7 I 446.86 • 13 7 86 810. 2 17 00 1 666 781 116 275 
48 6 8 1477.64 .14 8 88 657. 3 18 00 I 764 135 130 331 
49 6 9 I 5o8.43 • 14 9 90 504.5 19 00 I 861 371 145 185 

28 50 30. 786 50 I 539· 21 1847. 15 50 92 351. 6 20 00 I 958 481 J6o 835 
51 6 I I 570.00 • 15 I 94 198. 8 21 00 2 055 46o 177 28o 
52 6 2 I 6oo. 78 • 16 2 96 045.9 22 00 2 152 302 194 518 
53 6 3 I 631. 57 • 16 3 97 893. I 23 00 2 248 998 212 550 
54 6 4 I 662, 35 • 17 4 99 740.2 24 00 2 345 544 231 374 

28 SS 30.786 5~ I 6g3. 13 1847. 17 55 IOI 587. 4 25 00 2 441 932 250988 
56 6 I 723. 92 • 17 6 103 434.6 26 00 2 538 156 271 391 
57 6 1 I 7!4· 70 . 18 7 I05 281. 8 27 00 2 634 210 292 582 
58 6 1 7 5.49 .18 8 107 128. 9 28 00 2 730 087 314 559 
59 6 9 I 816.27 .19 9 1o8 976.1 29 00 2 825 779 337 321 

28 6o 30.787 6o I 847.o6 1847.19 6o 110 823. 3 30 00 2 921 284 36o 866 
I 

, 
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Latitude 29° to 30°-arcs of the parallel in meters, 

Lat. 1" 2" 3" '" 511 6" ~II 8" 911 1' 2' 3' 4' Ii' 

-------

0 I 

29 00 27.07 54· 13 81.20 108.27 135·33 162.40 189.47 216. 54 243.6o 1624.0 3248.0 4872.0 6496, I 8120.1 
I .o6 . 12 .19 . 25 . 31 . 38 .44 . 50 .56 3.8 7.5 I. 2 5.0 18. 8 
2 .o6 . II . 17 . 23 .29 . 35 .41 . 47 . 52 3· 5 7. 0 70.4 4.0 7.5 
3 .06 . II . 16 . 22 . 27 . 32 .38 . 43 .48 3. 2 6.4 69.7 2.9 6. I 

4 .05 • IO . 15 . 20 . 25 .30 . 35 . 40 .44 3.0 5·9 8.9 I. 9 4.8 
29 05 27.05 54.09 81. 13 j 108. 18 135.22 162.27 189.31 216.36 243.40 1622.7 3245.4 4868. I 6490.8 8u3. 5 

6 .04 . 08 . 12 . 16 . 20 . 24 . 28 . 33 . 37 2.4 4.9 7.3 89.8 2.2 

7 .04 . 07 •II . 14 . 18 . 22 . 25 . 29 . 33 2.2 4.4 6. 5 8.7 10.9 
8 .03 .07 .IO . 13 . 16 . 19 . 22 . 26 . 29 I. 9 3.8 5.8 7. 7 09.6 
9 .03 .o6 .08 . II . 14 . 17 . 19 . 22 . 25 I. 7 3.3 5. 0 6.6 8.3 

29 10 27.02 54.05 81. 07 108.09 135. 12 162.14 189.16 216. 19 243.21 1621. 4 3242.8 4864.2 6485.6 8107. 0 
II .02 .04 .06 .07 • IO . II . 13 . 15 . I 7 I. I 2. 3 3. 4 4.6 5. 7 
12 . 01 .03 .04 .o6 .08 ·09 . IO . 12 . 13 0.9 I. 8 2. 6 3. 5 4-4 
13 .OI .02 .03 .04 . 05 .06 .07 . 08 .09 o.6 I. 2 I. 9 2.5 3· I 
14 .oo .01 .02 .02 . 03 .03 .04 .05 .05 0.3 0.7 I, I I. 4 I. 7 

29 15 27.00 54.00 81.00 108.00 135.01 162.01 189.01 216.01 243.02 1620. I 3240. 2 486o.3 6480.4 8100.4 
16 7.00 4.00 0.99 7.99 4.99 I. 98 8.98 5.98 2.97 19.8 39.6 59·5 79.3 099.1 
17 6.99 3.99 . 98 .97 . 97 .96 . 95 . 94 . 93 9.6 9. I 8. 7 8.3 7.8 
18 ·99 . 98 . ·.97 . 95 . 94 . 93 . 92 . 91 . 90 9·3 8.6 7.9 7.-1. 6.5 
19 .98 . 97 i . 95 .94 . 92 .go .89 . 87 . 86 9.0 8. I 7. I 6. 2 5.2 

29 20 26.98 53. 96 . So. 94 107.92 134.90 161. 88 188.86 215.84 242.82 1618.8 3237.6 4856.3 6475. l 8093.9 
21 .98 . 95 . 93 . 90 . 88 . 85 . 83 .So .78 s. 5 7.0 5·5 4. I 2. 6 
22 .97 .94. . 91 . 88 . 85 . 82 .So . 77 .74 8. 2 6.5 +7 3. 0 9r. 2 
23 .97 . 93 l .go . 87 . 83 . 8o . 77 .73 .70 8.o 6.o 4.0 I. 9 89. 9 
24 . 96 . 92 ! . 89 . 85 . 81 .77 . 74 . 70 . . 66 7.7 5. 4 3· 2 70.9 8.6 

29 25 26.96 53. 91 i 8o. 87 107.83 134.79 161. 75 188.70 215. 66 242.62 1617.5 3234.9 4852. 4 6469.8 8o87.3 
26 . 96 . 91 . 86 . 81 . 7i . 72 . 67 .62 .58 7.2 4.4 I. 6 8.8 6.o 
27 . 95 • <)O . 85 .79 . 75 . 69 .64 .59 .54 6.9 3.8 o.8 7.7 4.6 
28 . 95 . 89 . 83 .78 . 72 . 67 . 61 . 55 .50 6.7 3.3 50.0 6.6 3·3 
29 .94 . 88 I . 82 .76 . 10 I .64 .58 .52 .46 6.4 2. 8 49.2 5.6 2.0 

I 

29 30 26.94 53. 87 I So. 81 107. 74 134.68 161. 61 188.55 215. 48 242.42 1616. I 3232 .3 4848.4 6464.5 8o80.7 
31 .93 . 86 .79 .72 . 66 . 59 .52 . 45 . 38 5·9 I. 8 7.6 J.5 79.4 
32 . 93 . 85 ' . 78 . 71 . 64 .56 .49 .41 . 34 5.6 I. 2 6.8 2.4 8.o 
33 . 92 . 84 ' . 77 . 69 . 61 . 53 .46 . 38 . 30 5·3 0.7 6.o I. 4 6.7 
34 .92 . 83 ' . 75 .67 .59 . 51 .43 .34 . 26 5. I 30. 2 5.2 6o.3 5.4 

29 35 26.91 53.83 80.74 107.66 134- 57 161.48 188.39 215.31 242.22 1614.8 3229.6 4844-4 6459.2 8074.0 
36 . 91 . 82 . 73 . 64 · 55 I .45 . 36 . 27 . 18 4. 5 9· l 3.6 8.2 2.7 
37 • <)Cl • . 81 . 71 .62 . 53 I ·43 ·33 . 24 . 14 4· 3 8.6 2.8 7• I 1.4 
38 .90,; . 80 .70 .6o . 50 ' .40 .30 . 20 . IO 4.0 8.o 2.0 6.o 70. I 
39 .90 . 79 . 69 I . 59 . :.s I . 37 . 27 . 17 .06 3.7 7.5 I. 2 5· 0 68.7 

29 40 26.Sg 53. 78 So. 67 107. 57 134.46 161. 35 188.24 215. 13 242.02 1613.5 3227.0 4840.4 6453.9 8o67.4 
• 41 . 89 . 77 . 66 . 55 .44 .32 . 21 . 10 I. 98 3.2 6.4 39.6 . 2.9 6. I 

42 . 88 . 76 . (,5 ·53 .41 . 29 .18 .o6 . 94 2.9 5.9 8.8 I. 8 4. 7 
43 . 88 . 7 5 .63 . 51 .39 . 27 . 15 5.02 . 90 2.7 5.4 8.o 50. 7 3·4 
44 . 87 . 75 . 62 .50 . 37 . 24 . 12 4.99 . 86 2.4 4.8 7.2 49. 7 2. I 

I 29 45 26.87 53.74 8o.6I 107.48 114· .>5 161. 21 188.08 214.95 241. 82 1612. I 3224.3 4836.4 6448.6 8o6o.7 
46 . 87 . 73 . 59 .46 . 33 . 19 . 05 . 92 . 78 I. 9 3.8 5.6 7.5 59.4 

I 47 . 86 . 72 .58 .44 .:;1 .16 8.02 . 88 . 74 I. 6 3.2 4.8 6. 5 8. t 

/ 
48 .86 . 71 . 57 . 43 . 28 . 13 7.99 . 85 . 70 I. 3 2.7 4.1 5.4 6.7 
49 .85 .70 . 55 . 41 . 26 . II .96 . 81 .66 I. I 2. 2 3.3 4.3 5.4 

I 29 50 26.85 53.6<) 80.54 107. 39 134.24 161. 08 187.93 214. 18 I 241. 62 1610. 8 3221.6 4832.5 644]. 3 8o54. l 
51 .84 . 68 . 53 . 37 . 21 .05 .90 . 74 . 58 0. 5 I. I I. 7 2.2 2.7 

I 52 . 84 . 67 . 51 . 35 . 19 .03 . 87 . 70 I • 54 o. 3 o.6 0.9 I. l I, 4 

I 
53 . 83 . 67 .50 . 34 . 17 I. 00 .84 . 67 .50 10.0 20.0 30.0 40. l 50 .. I 
54 . 83 . 66 ·49 . 32 . 15 0.97 .81 . 63 .46 og.7 19.5 29.2 39.0 48.7 

29 55 26.82 53.65 8o.47 107.30 134. 12 16o.95 187.77 214. 6o 241. 42 1609. 5 3219. 0 4828.4 6437.9 So47-4 
56 . 82 . 64 .46 . 28 . 10 . 92 . 74 .56 . 38 9.2 8.4 7.6 6.8 6.o 

I 57 . 82 . 63 .45 . 26 . o8 . 89 . 71 .53 . 34 8.9 7.9 6.8 5.8 4. 7 
58 .81 . 62 ·43 . 25 .06 .87 .68 ·49 .30 8. 7 7.4 6.o 4.7 3.4 

l 
59 . 81 . 61 .42 . 23 .03 .84 .65 .45 . 26 8. 4 6.8 5.2 3.6 2.0 

29 6o 26.80 53.6o So.41 107. 21 134.01 16o. 81 187.62 214 42 241. 22 I6o8. l 3216.3 4824 4 6432. 5 8o.4o-7 



 

UNITED STATES COAST AND GEODETIC SURVEY. 201 

Latitude 29° to 30°-Mericlional arci;. Latitude 29°-Co-ordinates of curvature. 

Lat. I I 
Value of 1" Sums of seconds for middle Value of 111 

Sums of minutes for middle 
Longitude. x I y latitude. latitude. 

i 
0 I Me:ten. II Meters. Meters. I ll:feters. 0 I llfeters. ll:feters. 
~9 ()() 30.787 1847. 19 I I 7 I 30.79 .20 l l 847. 2 0 l I 624. 0 0. I 

2 7 2 61. 58 .20 2 3 694.4 2 3 248.0 0.5 
3 7 3 92.37 . 21 3 5 541. 6 3 4 872. 0 l. 0 
4 7 4 123. 16 . 21 4 7 388. 8 4 6 496.] l. 8 

29 05 30.787 5 153.94 I847.22 5 9 236.0 0 5 8 120.1 2.9 
6 7 6 184.73 . 22 6 ll o83. 2 6 9 744· I 4.1 
7 7 7 215.52 . 23 7 12 930. 5 7 II 368. l 5.6 
8 7 8 246. 31 • 23 8 14 777- 7 8 12 992. I 7.3 
9 7 9 277. IO . 24 9 I6 624. 9 9 14 616. I 9.3 

29 IO • 30.787 10 307.89 1847.24 IO I8 472. 2 0 IO I6 240. I II. 5 
II 7 I 338.68 . 24 l 20 319. 4 15 24 36o. 2 25.8 
12 7 2 36g.47 . 25 2 22 166. 7 20 32 48o. 2 45.8 
13 8 3 400;26 . 25 3 24 013. 9 25 40 6oo. 2 I 71.6 

I 
14 8 4 43I. 04 . 26 4 25 861. 2 30 48 720. 3 I . 103. l 

29 15 30.788 IS 461.83 1847.26 15 27 708.4 0 35 56 840. 2 140.3 
16 8 6 492.62 . 27 6 29 SSS· 7 40 64 96o. 2 183.2 
17 8 7 523.41 . 27 7 31 403.0 45 73 o8o. I 231. 9 
18 8 8 554.20 . 28 8 33 250. 2 50 81 200. 0 286.3 
I9 8 9 584.99 • 28 9 35 097. 5 55 89 319. 8 346.4 

29 20 30.788 :zo 61s.78 1847.29 20 36 944.8 I ()() 97 439. 6 412.2 
21 8 I 646.57 . 29 I 38 792. I 05 105 559. 4 483.8 
22 8 2 6]7. 36 . 30 2 40 639.4 IO II3 679. I 561. I 
23 8 3 708. I4 . 30 3 42 486. 7 f 15 121 798. 7 644. I 
24 8 4 738. 93 . 31 4 44 334.0 ' 20 129 918. 3 732.9 

29 25 30.788 25 76g. 72 1847. 31 25 46 181. 3 l 25 138 037. 8 827.4 
26 9 6 8oo. 51 . 31 6 48 028.6 30 146 157. 3 ~z7. 6 
27 9 7 83r.30 . 32 7 49 875. 9 35 154 276. 7 I 033. 5 
28 9 8 862.og . 32 8 51 723. 2 40 162 396. 0 I 145. I 
29 • 9 9 892.88 . 33 9 53 570. 6 45 170515.2 I 262. 5 

29 30 30. 789 30 923.67 1847.33 30 55417.9 I 50 178 634. 3 I I 385. 6 
31 9 I 954.46 . 34 I 57 265. 2 55 186 753. 4 I l 514. 4 
32 9 2 985.24 .34 2 59 II2. 6 2 00 194 872 I 649 
33 9 3 l 016. 03 . 35 3 6o 959· 9 3 00 292 291 3 710 
34 9 4 I 046, 82 . 35 4 62 8o7. 3 4 00 389 689 6 595 I 29 35 30. 78g 35 I 077.61 1847.36 35 64 654. 6 5 00 487 o59 IO 305 
36 9 6 I 108.40 • 36 6 66 502.0 6 00 584 394 14 838 
37 9 7 I 139· 19 . 37 7 68 349· 3 7 00 681 687 20 194 
38 90 8 I 169, 98 . 37 8 70196.7 8 ()() 778 931 26 374 
39 0 9 I 200. 77 . 38 9 72 04+ I 9 00 876 120 33 376 

29 40 3o.790 40 I 231. 56 1847.38 40 73 891. 5 IO 00 973 246 4r 199 
41 0 I I 262. 34 . 38 I 75 738. 9 II 00 I 070 302 49 &is 
42 0 2 I 293. 13 . 39 2 77 586. 2 12 00 I 167 282 59 313 
43 0 3 I 323. 92 .39 3 79 433. 6 13 00 I 264 178 69 6o1 
44 0 4 13s4.71 .40 4 81 281. 0 14 00 I 36o 983 8o7o6 

29 45 30.790 45 I 385. 50 1847.40 45 83 128. 4 15 00 1 457 6g1 92 631 
46 0 6 l 416. 29 .41 6 84 975. 8 16 00 I 554 295 105 375 
47 0 7 l 447· o8 .41 7 86 823. 2 17 00 I 650 787 JI8 935 
48 0 8 I 477. 87 . 42 8 88 670. 7 18 00 I 747 161 133 3II 
49 0 9 l 5o8. 66 .42 9 go 518. I 19 00 I 843 410 I48 502 

29 50 30.790 50 l 539.44 1847.43 50 92 365. 5 20 00 I 939 527 164 5o6 
51 l l l 570. 23 . 43 l 94 212. 9 21 00 2 035 505 181 324 
52 J 2 J 6o1. 02 ·44 2 96 o6o.4 ,22 00 2 131 338 198 953 
53 I 3 I 631.81 .44 3 97 907. 8 23 00 2 227 020 217 392 
54 I 4 I 662,6o ,45 4 99 755. 3 24 00 2 322 539 "236 640 

29 SS 30. 791 55 J 693. 39 1847.45 55 IOI 002. 7 25 00 2 417 893 256 695 
56 I 6 l 724. 18 .46 6 103 450. 2 26 00 2 513 074 277 558 
S7 I 1 I 754.97 .46 7 IDS 297. 6 27 00 2 6o8 075 299 224 
58 I 8 l 785. 76 .46 8 107 145. I 28 00 2 702 890 321 694 

~ 
I 9 I 816. 54 ,47 9 ro8 992. 5 29 00 2 797 5II 344 964 

30.791 6o l 347. 33 1847.47 6o 110 84o.o 30 00 2 891 931 369 036 

H.Ex.43-26 



 

202 UNITED STATES COAST AND GEODETIO SURVEY. 

Latitude 30° to 31°-Arcs of the parallel in meters. 

I I 
I 

I 

Lat. 1" 2" 
I 

3" 411 i)I' I 6" 'l" 8" 
I 

9" j/ 2' 3' 41 5' I 
' 

--- I --- -
I 

'34· o• I •6o. '' 

I 

0 I I I I 

30 00 z6.8o 53. 6o I So. 41 · 107.21 187.62 214.42 241. 22 16o8. I 3216. 3 4824.4 6432.5 8040.7 
I .So .59 . 39 . 19 3-99 .79 .59 . 38 . I8 7.9 5.7 3.6 I. 4 39.3 
2 .79 .58 .38 . 17 . 97 . 76 .56 • 35 • 14 7.6 5.2 2.8 30.4 8.o 

3 .79 . 57 . 37 . 16 .94 .73 .5z . 3I .IO 7.3 4.6 2.0 29.3 6.6 

4 .78 .56 . 35 .14 . 92 . 71 .49 . 28 .o6 7· I 4· I I. 2 8.3 5.3 

30 05 26. 78 53.55 So.34 107. 12 133. 90 l6o.68 187.46 214-24 241.02 16o6. 8 3213.6 4820.4 6427. 2 Son 9 
6 .78 . 55 .33 . IO . 88 . 65 .43 . 20 0.98 6.5 3.0 19. 6 6. I 2.6 

7 . 77 . 54 . 3I I . 08 . 86 .62 .40 . 17 ·94 6. 2 2. 5 8.8 5.0 31. 3 
8 . 77 .53 . 30' . 07 . 83 .6o .36 . I3 .90 6.o 2. 0 7. 9 4.0 29.9 

9 .76 . 52 . 29 i . 05 . 81 .57 ·33 •IO .86 5.7 I. 4 7. I 2.9 8.-0 

30 IO 26.76 53. 51 So.27 107.03 133.79 16o.54 187.30 214.o6 240.82 16o5. 4 3210.9 4816.3 6421. 8 8o27. 2 
!I . 75 .50 . 26 7. 01 . 77 .52 . 27 4.02 . 78 5.2 I0.4 5. 5 20. f' 5.9 
12 . 75 .49 .24 6.99 .74 .49 .24 3·99 .74 4·9 og.8 4. 7 19.6 4.5 
IJ . 74 .48 . 23 . 98 .72 .46 . 21 . 95 .70 4.6 9.3 3.9 8.6 3.2 
14 .74 . 47 . 22 . 96 . 70 .44 .18 . 92 • 65 4·4 8. 7 3· I 7.5 I. 8 

30 15 26.73 53.46 . So.20 1o6.94 133.68 16o.41 187.14 2I3.88 240.61 I6o4. I 3208. 2 4812.3 6416.4 &no.4 
16 . 73 .46 I . 19 . 92 . 65 .38 . II .84 . 57 3.8 7.6 I. 5 5·3 19. I 

17 . 73 .45 . 18 .go . 63 . 35 .08 . 8I . 53 3.5 7. I IO. 7 4. 2 7.7 
18 .72 ·44 . 16 .89 . 61 . 33 .05 • 77 ·49 3· 3 6.6 09.8 3• I 6.4 
19 . 72 . 43 . I5 . 87 .58 .30 7.02 . 73 .45 3.0 6.o 9.0 2.0 5. 0 

30 20 26.71 53.42 So. 14 1o6.85 133- 56 16o. 27 186. 99 213.70 240.41 16o2.7 3205.5 48o8.2 6410. 9 8o13. 7 
21 . 71 . 41 . 12 .83 .54 ·24 .96 .66 37 2.4 4·9 7.4 09.8 2.3 
22 .70 .40 . II . 81 .52 . 22 ·93 . 63 . 33 2.2 4-4 6.6 8. 7 II. O 

23 .70 .39 .IO .So ~49 . I9 .Sg .59 . 29 I. 9 3.8 5. 7 7.7 og.6 

24 . 69 . 38 . 08 . 78 ~7 . I6 .86 .56 . 25 I. 6 3·3 4-9 6.6 8.2 

30 25 26.69 53.37 So.07 1o6.76 133.45 I6o. I4 IS6.83 2I3.52 240. 21 16oI.4 3202. 8 48o+ I 6405.5 8oo6.9 
26 . 6g .37 .o6 .74 .43 •II .So .48 . 16 I. I 2.2 3.3 4.4 5.5 
27 . 68 .36 .o+ .72 . 4I .oS . 77 .45 . 13 o.8 I. 6 2.5 3·3 4.2 
28 . 68 . 35 .03 . 71 . 38 .o6 .73 . 41 .oS o.6 l. I I. 6 2.3 2.8 
29 . 67 .34 .01 .6g .36 .03 .70 .38 .04 0.3 o.6 o.8 I.~ 1.4 

30.30 26.67 53. 33 So.co Io6.67 I33·34 I6o. 00 186.67 2I3.34 240.00 16oo.o 3200.0 48oo.o 6400. I 8ooo. I 

31 . 66 . 32 79.99 • 65 .32 59.97 .64 .30 39.96 599·7 199. 5 799.2 399.0 7998.7 
32 .66 .31 . 97 . 63 . 29 .95 .61 . 27 .92 9· 5 8.9 8.4 7.9 7.3 
33 . 65 .JO .96 .62 . 27 .92 .57 . 23 .88 9.2 8.4 7.5 6.8 6.o 
34 . 65 .29 . 95 .6o . 25 .Sg ·54 . I9 .84 8.9 7.8 6. 7 5. 7 4.6 

3° 35 26.65 53· 29 79.93 1o6.58 133.22 159.86 186. 51 213. 15 239.So 159B.6 3r97.3 4795·9 6394.6 7993· 2 
36 . 64 .28 . 92 .56 .20 .84 .48 . I2 .76 8.4 6.8 5. I 3.5 I. 9 
37 . 64 • 27 .90 .54 .18 . 81 .45 .oS . 71 8. I 6.2 4.3 2.4 90. 5 
38 . 63 . 26 . 89 .52 .16 . 78 .41 .04 .67 7.8 5.7 3.4 I. 3 89. I 

39 . 63 . 25 . 88 . 51 I . I3 .76 . 38 3.01 .63 7.6 5• I z.6 90.2 7.8 

30 40 26.62 53.24 79.86 1o6. 49 133· II 159·73 I86.35 2I2.97 239.59 I597·3 3194.6 4791. 8 638g.1 7986.4 
41 . 62 . 23 . 85 .47 .09 .70 . 32 ·93 . 55 7.0 4.0 I. 0 8.o 5.0 
42 . 61 • 22 .84 .45 .o6 .67 .29 .90 .5I 6.7 3.5 90.2 6.9 3.6 
43 . 61 .21 • 82 . 43 .04 . 65 . 25 .86 .47 6.5 2.9 Sg.3 5.8 2.3 
44 . 6o .zo . 81 .41 .oz .62 . 22 .82 .43 6. 2 2.4 8.5 4· 7 80.9 

30 45 26.6o 53. 19 ;9.80 106.40 133. 00 159.59 I86.19 212.79 239.39 1595.9 319I. 8 4787.7 6383.6 7979.5 
46 .6o .19 .78 .38 2.97 . 56 .I6 . 75 . 35 5.6 I. 3 6.9 2.5 8.2 
47 .59 .18 . 77 .36 . 95 .53 • I3 . 71 . JO 5.3 o. 7 6. I I. 4 6.8 
48 . 59 . 17 . 75 .34 . 9J . 51 .09 .68 . 26 5· I 90.2 5.2 So.3 5.4 
49 .58 . 16 .74 . 32 .go .48 .06 .64 . 22 4.8 89.6 4.4 79. 2 4.0 

30 50 26.58 53· 15 
I 106.30 132.88 186.03 zu.6o 239.18 3I8g. I 4783.6 6378. I 79.73 159.45 I594- 5 7972.7 

51 . 57 . I4 . 71 . 28 .86 .42 6.oo . 57 .14 4.2 8.5 2.8 7.0 71.3 
52 • 57 . 13 .70 . 26 .8J .40 5.97 .53 .10 4.0 8.o 2.0 5.9 6g.9 
53 .56 . I2 . 69 . 25 . 81 . 37 . 93 .49 .o6 3·7 7.4 I. I 4.8 8.5 
54 .56 •II . 67 . 23 . 79 .34 .go .46 9.01 3.4 6.9. 478o.3 3.7 7. I 

30 55 26.55 53.10 79.66 !06.21 132.76 159.32 185.87 2I2.42 238.97 IS93.2 3186.3 4779.5 , 6372.6 7g65.8 
56 . 55 • IO .64 .19 .74 . 29 .84 .38 ·93 2.9 5.8 8.7 I. 5 4.4 
57 . 55 .09 . 63 . 17 .72 . 26 .81 .35 .89 2.6 5.2 7.8 70.4 3.0 
58 ·54 .o8 . 62 . 16 .70 . 23 . 77 . 31 . 85 2. 3 4.6 7.0 6g.3 I. 6 
59 .54 .071 .6o . 14 . 67 . 2I . 74 . 27 . 81 2. I 4. I 6. I 8.2 6o.2 

30 6o 26.53 53· o6 79. 59 1o6. IZ 132.65 159. 18 185.7r 212.24 238.77 1591. 8 3183.5 4775. 3 6367. I 7958.9 



 

UNITED ST.A.TES CO.A.ST AND GEODE.TIC SURVEY. 21)3 

Latitude 30° to 31°-Meridional arcs. Latitude 30°-Co-ordinates of curvature. 

Lat. I 

I 
Value of 111 

Swm; of second& for middle Value of I' I Sums of minutes for middle Longitude. I x y 
latitude. latitude. I 

I I - . - -

I 
I 0 I Jlfrtl!T'S. n ll:feten. ll:feters. I llfeters. 0 I I Jlfete.-s. Meters. I 

3<? 00 30. 791 1847.47 I I I I 30.79 ,48 I . I 847. 5 0 I I 6o8. I 0.1 
2 I 2 61. 59 .48 2 3 695.0 2 I 3 216. 3 o. 5 
3 I 3 92.38 .49 3 5 542.4 3 I 4 824.4 I. I 

4 2 4 IZJ. 17 .49 4 7 389. 9 4 6 432. 6 I. 9 

30 05 30.792 5 153.97 1847. 50 5 9 237. 4 0 5 I 8 040. 7 2.9 
6 2 6 184.76 .50 6 II 084.9 6 I 9 648. 8 4· z 
7' 2 7 215. 56 . 51 7 12 932.4 7 II 257. 0 5. 7 I 
8 2 8 246.35 . 51 8 14 779. 9 8 12 865. I i·5 I 
9 2 9 277- I4 .52 9 I6 627. 4 9 14 473. 2 9.5 I 

30 IO 30.792 IO 307.94 

I 
1847.52 IO 

I 
18 475. 0 0 IO r6 081. 4 IL 7 ) 

II 2 I ~8.73 .53 I 20 322.5 15 24 122. 0 26.3 
12 2 2 • 369.52 .53 2 22 170.0 20 32 162. 7 46.8 
I3 2 3 400.32 .54 3 24 017. 5 25 40203.3 73.1 
I4 2 4 431. II . 54 4 25 865. I 30 48 244.0 105.3 

JO 15 J 30.792 IS 461. 90 1847.55 15 27 712. 6 0 35 56 284. 6 143.3 
16 3 6 492.70 • 55 6 29 56o. 2 40 64 325.1 187.1 
17 3 7 523.49 .56 7 31407.7 45 72 365. 6 236.8 
18 3 8 554.29 . 56 8 33 255· 3 50 8o 4o6. I 292.4 
19 3 9 585.o8 . 56 9 35 102. 8 55 88446.6 353.8 

30 20 30. 793 20 615.87 1847.57 20 36 950.4 I 00 96 487. 0 421.0 
21 3 l 646.67 .57 I 38 798.0 05 104 527. 3 494· I 
22. 3 2 677. 46 .58 2 40 645. s Jo Il2 567. 6 573- 0 
23 3 3 708.25 .58 3 42 493· I 15 120 6o7.9 657.8 
24 3 4 739.05 .59 4 44 340. 7 20 128 648.0 748.4 

30 25 30.793 25 769.84 1847. 59 25 46 188. 3 J 25 136 688. J 844.9 
26 3 6 8oo.63 . 6o 6 48 035. 9 30 144 728. 2 947·3 
27 3 7 831. 43 . 6o 7 49 883. 5 35 152 768.2 I 055. 4 
28 3 8 862.22 . 61 8 51 731. 1 40 16o 8o8. 0 I 169.4 
29 . 4 9 893.01 . 61 9 53 578. 7 45 168 847. 8 I 289. 3 

30 30 30.794 30 923.81 1847.62 30 55 426. 3 I so 176887.5 J 415. 0 
31 4 I 954.6o .•62 I 57 2 73· 9 SS 184 927. I I 546. 6 
32 4 2 985.40 .63 2 59 I2I. 6 2 00 192 967 I 684 
33 I 4 3 I 016. 19 . 63 3 6o 969. 2 3 00 289 432 3 789 
34 4 4 J 046. 98 .64 4 62 816. g 4 00 J85 875 6 735 

30 35' 30.794 35 J 077. 78 1847.64 35 64 664. 5 5 00 482 288 10 523 
36 4 6 I Io8. 57 . 65 6 66 512. I 6 00 578 665 15 153 
37 4 'J J 139· 36 . 65 7 68 359. 8 7 00 674 998 20 623 
38 4 8 I 170. 16 .66 8 70 207. 4 8 00 771 279 26 934 
39 4 9 l 200.95 .66 9 72 055, I 9 00 867 502 34o84 

30 40 3o.794 40 I 231. 74 1847.66 40 73 902. 7 10 00 963 658 42 074 
41 4 I I 262.54 . 67 I 75 750.4 II 00 l 059 741 50 903 
42 s 2 I 293·33 .67 2 77 598. I 12 00 I 155 744 6o 570 

I 43 5 3 J 324. 13 .68 3 79 445· 8 13 00 I 251 658 71 074 
44. s 4 I 354.92 .68 4 81 293. 4 14 00 l 347 477 82 415 

30 45 30.795 45 I 385. 71 1847. 69 45 83 t41. I 15 00 I 443 193 94 591 
46. 5 6 I 416. 51 .69 6 84 988. 8 16 00 J 538 8oo 107 6o3 
47 s i 1447.30 .70 'l 86 836. 5 17 00 J 634 290 121 449 
48 s r 478.09 .70 8 88 684. 2 I8 00 J 729 654 136 127 
49 5 9 l ~.89 . 71 9 90 531. 9 19 00 I 824 887 151 637 

30 so 30.795 50 l 539· 68 1847. 71 50 92 379. 6 20 00 I 919 982 167 977 
51 s I [ 570.47 . 72 l 94 227. 4 2[ 00 2 014 9~0 

I 
185 147 

52 s 2 l 001. 27 • 72 2 96 075. I 22 00 2 109 725 203 143 
53 s 3 I 632. o6 .73 3 97 922. 8 23 00 2 204 359 221 966 

54 6 4 I 662.86 • 73 4 99 770.5 24 00 2 298 825 241 616 

30 55 30.796 SS I 6g3. 65 1847.74 SS ror 618. 3 25 00 :I 393 r16 262 oS9 ' 
. 56 6 6 l 724·44 .74 6 103 466.0 26 00 2 487 224 283 383 

57 6 7 r 7ll· 24 .75 7 ro5313.7 27 00 2 581 144 305 498 
58 6 8 [ 7 . 03 • 75 8 107 161. 5 28 {)() 2 674 867 328 432 

59 6 9 I 816. 82 .76 9 109 oog. 2 29 00 2 768 385 352 183 

30 6o J0.7¢ 6o J 847. 62 • 76 6o JIO 857.0 30 {)() 2 861 694 376 749 



 

204 UNITED STATES COAST AND GEODETIC SURVEY. 

Latitude 31° to 32°-Arcs of the parallel in meters. 

I 
I 

I I 
Lat. 1" 2" 3" !" !i" 6" 7" 8" D" 11 2' S' (' I Ii' 

_I_ I 
---------

I 0 I : I 
31 00 26.53 53.06 79. 59 I io6. i2 132.65 159. 18 185.71 212.24 238.77 1591. 8 3183.5 4775.3 6367. I 7958.9 

I .53 .05 .58 •IO . 63 . 15, .68 .zo . 73 I. 5 3.0 4. 5 6.o 7.5 
2 . 52 .04 .56 .08 . 6o .12 .64 .16 . 68 I. 2 2.4 3.6 4.9 6. I 

3 .52 .03 . 55 .06 .58 .09 . 61 . 13 .64 0.9 I. 9 2.8 3.8 4· 7 
4 .51 .02 .53 .04 .56 .07 ,58 .09 . 6o o. 7 I. 3 I. 9 2.6 3.3 

31 05 26.51 53.02 79. 52 1o6.03 132.53 159.04 185.55 212.05 238.56 1590. 4 3180.8 4771. I 6361.5 7951. 9 
6 .50 .01 .51 6.0l . 51 9.01 . 51 2.01 . 52 90· I So. 2 70. 3 6o.4 5o. 5 
7 .50 3.00 .49 5.99 . 49 8.98 .48 l.98 .48 89.8 79.7 69.5 59. 3 49· I 

8 .49 2.99 .48 . 97 ,47 .96 .45 .94 .43 9.6 9· I 8.6 8.2 7.8 
9 .49 .98 .46 . 95 .44 . 93 .41 .90 .39 9.3 8.6 7.8 7. I fq 

31 IO 26.48 52· 97 79.45 105. 93 132. 42 158. 90 185.38 2II. 87 238.35 1589.0 3178.0 4767.0 6356.0 7945.0 
II .48 . 96 .44 . 91 .39 . 87 . 35 . 83 . 31 8.7 7.4 6.2 4.9 3.6 
12 .47 . 95 .42 .go . 37 . 84 .32 .79 . 27 8.4 •6.9 5.3 3.8 2.2 
13 .47 .94 .41 .88 . 35 . 82 • 28 .75 • 22 8.2 6. 3 4. 5 2.6 40.8 
14 .46 ·93 ·39 .86 . 32 . 79 . 25 .72 . 18 7.9 5.8 3.6 I. 5 39.4 

JI IS 26.46 52.92 79.38 105.84 132. 30 158.76 185. 22 211. 68 238. 14 1587.6 3175. 2 4762.8 635o.4 7938.0 
16 .46 . 91 .37 .82 . 28 .73 .19 .64 •IO 7.3 4.6 2.0 49.3 6.6 
I7 ,45 .90 • 35 .So . 25 .70 .16 . 61 ,o6 7.0 4• I I. I 8.2 5.2 
18 ·45 .89 . 34 .78 . 23 .68 . 12 .57 8.01 6.8 3.5 6o.3 7. I 3.8 
I9 .44 . 88 .32 . 77 • 21 .65 ·09 .53 7.97 6. 5 3.0 59.4 5.9 2.4 

JI 20 26.44 52.87 79.31 rn5. 75 132. 18 158.62 185. 06 2n,49 237. 93 1586.2 3172.4 4758. 6 6344.8 7931. 0 
21 ·43 . 86 .30 .73 . 16 .59 5.o3 .46 .89 5.9 1. 8 7.8 3.7 29.6 
22 .43 . 85 • 28 . 71 . 13 .56 4.99 .42 . 85 5.6 I. 3 6.9 2.6 8.2 
23 ·42 .84 • 27 .69 •II ·54 .96 .38 .So 5.4 0.7 6. I I. 5 6.8 
24 .42 . 83 . 25 . 67 .09 .51 .93 ·34 . 76 5. I 70.z 5.2 40. 3 5.4 

JI 25 26.41 52. 83 79.24 105.65 132. o6 158.48 184.89 211. 31 237.72 1584.8 3169.6 4754.4 6339.2 7924.0 
26 .41 . 82 . 23 .63 .04 .45 .86 . 27 . 68 4. 5 9.0 3.6 8. l 2.6 
27 .40 . 81 . 21 .62 .02 .42 .83 . 23 . 64 4· 2 8.5 2.7 7.0 21. 2 

28 .40 . 8o .20 .6o 2.00 .40 .So . 20 .59 4.0 7.9 I. 9 5.9 19.8 
29 .39 .79 .18 .58 I. 97 . 37 .76 .16 .55 3.7 7.4 I. 0 4.7 8.4 

31 30 26.39 52. 78 79. 17 105.56 131.95 158.34 184.73 ZII, 12 237.51 1583.4 3166.8 4750.2 6333.6 7917.0 
31 . 39 • 77 . 16 .54 . 93 . 31 .70 .08 .47 3. I 6. 2 49.4 2.5 5.6 
32 .38 . 76 . 14 . 52 .90 • 28 .66 .05 ·43 2.8 5.7 8. 5 I. 4 4· 2 
33 . 38 . 75 . 13 .50 . 88 .26 .63 I. 01 . 38 2.6 5. I 7. 7 30. 2 2.8 
34 . 37 . 74 . II .49 • 86 . 23 .60 0.97 ·34 2.3 4.6 6.8 ;z9. I I. 4 

31 35 26.37 52. 74 79. IO 105. 47 131. 84 158.20 184.56 210. 93 237.30 1582.0 3I64.o 4746.0 6328.0 7910.0 
36 . 36 . 73 .09 . 45 . 81 . 17 .53 .go . 26 I. 7 3·4 5.2 6.9 08.6 
37 .36 . 72 .07 . 43 . 79 . 14 .50 .86 . 22 I. 4 2.9 4.3 5.7 7. 2 
.18 . 35 . 71 .06 . 41 . 77 .12 .47 . 82 . 17 l. 2 2.3 3.5 4.6 5.8 
39 . 35 . 70 .04 .39 . 74 .09 .43 . 78 . 13 0.9 I. 8 2.6 3.5 4.4 

31 40 26.34 52.69 79.o3 105.37 131.72 158.ot'i 184.40 210.75 237.09 158o. 6 3161. 2 4741. 8 6322.4 7903.0 
41 . 34 . 68 .02 . 35 . 69 .03 . 37 . 71 .05 o. 3 o.6 0.9 I, 2 I. 5 
42 . 33 . 67 9.00 . 33 . 117 8.oo .33 . 67 7.00 8o.o 6o.o 40. I 20. I 900. I 

43 .. B . 66 8.99 .32 . 65 7. 98 ' .30 • 63 6.96 79.8 59.5 39.2 19.0 898.7 
44 .32 . 65 .97 . 30 . 62 . 95 .27 .59 .92 9.5 8.9 8.4 7. 8 7.3 

31 45 26.32 52.64 78.96 105.28 131. 6o 157.92 184.24 210, 56 236.87 1579.2 3158.3 4737.5 6316.7 7895.9 
46 .32 . 63 . 95 . 26 .58 . Sq .20 .52 . 83 8.9 7.8 .6.7 5.6 4. 5 
47 . 31 . 62 .9:; .:24 . 55 . 86 . 17 . 48 .79 8.6 7.2 5.8 4.41 3.0 
48 . 31 .61 .92 . 22 .53 . 84 .14 .44 . 75 8.4 6.6 5.0 3·3 I I. 6 
49 .30 .60 .go o 20 I .50 . 8o ~ •II . 41 .70 8.o p. I 4· l 2. 2 I 90.2. 

31 50 26.30 52·59 78.89 105. 18 ' 131. 48 157.78 184.07 210. 37 236.66 1577. 8 3155.5 4733.3 63II. O 7888.8 
51 • 29 .58 • 87 . 16 . 46 . 75 .04 . 33 . 62 7.5 4.9 2.4 09·9 7.4 
52 . 29 .57 . 86 . 15 . 43 I . 72 4.00 . 29 .. 58 7.2 4.4 I. 6 8.8 6.o 
53 . 28 .56 . 85 . 13 .41 .69 3.97 . 25 .53 6.9 3. 8 30. 7 7.6 4. 5 
54 . 28 . 55 .83 • JI . 38 .66 ·94 • 22 .49 6.6 3.3 29.9 6.5 83. l 

31 55 26.27 52. 55 78.82 105.og 131. 36 i57.63 183.90 210. 18 236.45 i576.3 3r52. 7 4729.0 6305.4 7881.7 
56 . 27 . 54 .So .07 . 34 . 61 . 87 . 14 . 41 6.1 2. I 8. 2 4.2 8o.3 
57 . 26 .53 .79 . 05 . 31 .58 .84 'IO . 37 5· 8 I, 5 7.3 J• I 78.9 
58 . 26 . 52 . 77 .03 . 29 .55 . 81 .07 . 32 5. s I.O 6. 5 2.0 7.4 
59 • 25 . 51 I . 76 5. 01 .26 • 52 .77 10.03 • 28 5. 2 50.4 5.6 300.8 6.o 

31 6o 26.25 52. 50 78. 75 104. 99 131.24 157.49 183.74 209.99 236.24 1574. 9 3149.8 4724- 8 6299. 7 7874.6 
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Latitude 31° to 32°-Meridional arcs. Latitude 31°--Co-ordinates of curvature. 

Lat. 

Longitude. I I Value of ill SUlllli of second:; for middle Value of 1' S= of minutes for middle x y 
latitude. latitude. I 

---·· 

I 0 I Meters. I/ Meters. Meters. f Meters. 0 f liftters. Jrfeten 

I 3I.1 

30.796 1847. 76 
6 J 30.8o .77 I I 847. 8 0 I I 59r. 8 I 0. I 

6 2 61.6o . 77 2 3 695. 5 2 3 183. 5 

I 
0. 5 

6 3 92.40 .78 3 5 543. 3 3 4 775. 3 I. l 

4 6 4 123.19 .78 4 7 391, I 4 6 367. I l. 9 

JI 05 30.796 5 153·99 1847. 79 5 9 238.9 0 5 7 958. 9 

I 
3.0 

6 7 6 184.79 .79 6 II 086. 7 6 9 550. 6 4.3 

7 7 7 215.59 .So 7 12 934.4 7 ll 142. 4 I 5.8 

8 7 8 246.39 .8o 8 14 782. 2 8 12734.2 

I 
7.6 

9 7 9 277. 19 .So 9 16 630.0 9 14 325· 9 9· 7 

31 Io 30.797 10 307.98 1847.81 IO 18 477· 9 0 IO 15 917. 7 I II. 9 
II 7 I 338.78 .SI I 20 325. 7 15 23 876. 5 

I 

26.8 
I 

12 7 2 369.58 .82 2 22 173· 5 20 31 835. 4 47.7 
13 7 3 400.38 .82 3 24 02I. 3 25 39 794· 2 74.5 

14 7 4 431. 18 .83 4 25 869. 1 30 47 753· 0 107.3 

31 15 30.797 15 46r. 98 1847.83 15 27717.0 0 35 557n.7 146.1 

16 7 6 492.78 . 8.4 6 29 564. 8 40 63 670. 4 I 1go. 8 

17 7 7 523.57 .84 7 31412.6 45 71 629. 2 I 241. 5 
18 7 8 554.37 . 85 8 33 z6o. 5 50 79 587. 8 

I 
298. I 

19 8 9 585. 17 . 85 9 35 108. 3 55 87 546. 4 36o. 7 

31 20 30.798 20 615. 97 1847.86 20 36 956. 2 I 00 I 95 505. 0 429.3 
21 8 I 646.77 .86 l 38 8o4.o 05 103 463. 5 503.S 
22 8 2 677. 57 . 87 2 40 65r. 9 IO 111421.9 584. 3 
23 8 3 708.3& . 87 3 42 499· 8 15 119 380. 3 670.7 

24 8 4 739.16 . 88 4 I 44 347. 7 20 r27 338. 6 763. I 

31 25 30.798 25 769.96 1847.88 25 46195.5 l 25 135 296. 9 86I. 5 
26 8 6 Soo.76 . 89 6 48 043.4 30 143 255. I 965. 8 

27 8 7 831. 56 . 89 7 49 891. 3 35 151 213. I r 076. r 
28 8 8 862.36 .go 8 51 i39· 2 40 I 159i;1.1 I 192.4 

29 8 9 893. 15 .90 9 53 587. l 45 I 167 129.0 l 314. 6 
! 

31 30 30. 798 30 923.95 1847.91 30 55 435.0 I 50 175 086.8 I 442. S 

31 9 I 954.75 . 91 I 57 28z. 9 55 183 044. 6 l 576. 9 

I 32 9 2 985.55 .92 2 59 130. 8 2 00 191 002 I 717 

33 9 3 I 016. 35 . 92 3 6o 978. 8 3 00 286 484 3 863 

34 9 4 1047.15 . 93 4 6z 826. 7 4 00 381 943 6 867 

31 35 30.799 35 1 077.95 1847.93 35 64 674. 6 s 00 477 371 IO 729 

36 9 6 l 108. 74 .94 6 66 522. 5 6 00 572 760 15 450 

37 9 7 I 139. 54 ·94 7 68 370. 5 7 00 668 103 21 027 

38 9 8 I ljO. 34 . 95 8 70 218.4 8 00 763 392 27 461 

i 
39 9 9 I 201, 14 .95 9 72 o66. 4 9 00 858 619 34 75 1 

31 40 3o.799 40 1 231. 94 1847.96 40 73 914. 3 IO 00 953 777 42 897 
41 9 I I 262. 74 .¢ I 75 762. 3 II 00 l 048 858 51 898 

42 799 2 1 293. 53 . 97 2 77 610. 2 12 00 l 143 854 61 753 

43 8oo 3 I 324. 33 i1 . 97 3 79 458. 2 13 00 1 238 758 72 462 

44 0 4 l 355· 13 . 98 4 81 3o6. 2 14 00 1 333 561 84024 

31 45 30.Soo 45 I 385. 93 1847.98 45 83 154. 2 15 00 I 428 257 96437 

46 0 6 I 416. 73 . 98 6 85 002. I 16 00 1 522 837 109 701 

47 0 7 l 447· 53 . 99 7 86 850. l 17 ()() l 617 294 123 815 

48 0 g. I 478. 33 I 7.99 8 88 698.1 18 00 I jll 621 

I 
138 777 

49 0 9 l 509. 12 I 1848.00 9 90 546.1 19 ()() I 805 810 154 586 

Jl 50 30.Soo 50 l 539· 92 1848.00 50 92 394• I 20 00 l 8g9 852 I 
171 241 

I 51 0 I I 570. 72 .01 l 94 242• I 21 00 I 993 740 

I 
188 741 

52 0 2 I 6o1. 52 •OJ 2 96 090· J 22 00 2 o87 468 207 085 

53 0 3 1 632. 32 .02 3 97 938. 2 23 00 2 181 027 226 270 

54 0 4 I 663. 12 .02 4 99 786. 2 24 OQ 2 274 411 zj6 295 

31 55 30.Soo 5~ l 6g3. 91 1848.03 55 IOI 634. 2 25 00 2 367 610· 267 159 

56 I I 724. 71 .03 6 103 482. :z 26 00 :z 46o 618 288 86o 

57 I ~ I 755· 51 .04 7 105 330. 3 27 00 2 553 427 JU 396 

58 I I 786. 31 .04 8 107 178. 3 28 00 :z 646 029 334 765 

~ I ~ 
I 817. II .05 ~ 

log 026. 4 29 ()() 2 738 418 .3$8 966 

31 30,SoJ J 847. 91 184-8.05 IIO 874.4 30 00 2 830 585 383 997 

-
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Latitude 32° to 33°-Arcs of the Pnrallel in meters. 

I 

511 I fill 

I I I I 
Lat. 111 211 __:_\__:_ 711 g11 911 1' 2' 

I 
31 4' 

I 51 

------
I 

0 I 

78. 75 I 104. 99 32 00 26.25 52.50 131. 24 157.49 183. 74 209.99 236.24 1574.9 3149.8 4724.8 6299. 7 7874.6 
I .24 .49 . 73 .98 . 22 .46 . 71 . 95 .20 4.6 9·3 3.9 8.5 3.2 
2 .24 ,48 .72 .96 . 19 . 43 . 67 .91 . 15 4.3 8.7 3. I 7.4 I. 7 

3 . 23 . 47 . 70 .94 . 17 .41 .64 .87 • 11 4• I 8. I 2.2 6.2 7o.3 
4 . 23 . 46 . 69 .92 . 15 . 38 . 61 .84 .07 3.8 7.6 I.4 5· I 68.9 

32 05 26.22 52.45 78.67 104. 90 !JI. 12 157.35 183. 57 209. 8o 236.02 1573-5 3147.0 4720.5 6294.0 7867.4 
6 .22 .44 .66 .. 88 .IO . 32 .54 .76 5.98 3.2 6.4 19.6 2.8 6.o 

7 . 22 .43 . 65 .86 .08 . 29 . 51 .72 . 94 2.9 5.8 8.8 I. 7 4.6 
8 . 21 . 42 . 63 .84 .o6 . 26 .48 .68 .90 2.6 5.3 7. 9 90. s 3.2 

9 . 21 . 41 . 62 . 82 . 03 . 23 .44 . 65 . 85 2.3 4· 7 7. I 89.4 ], 7 

32 IO 26.20 52.40 78.6o 104.80 13r.01 157. 21 183.41 209. 61 ?.35.81 1572. I JI# I 4716.2 6288.3 786o.3 
II .20 .39 ·59 . 79 o.99 . 18 . 38 .57 . 77 I. 8 3.6 5.3 7. I 58. 9 
12 . 19 .38 .57 . 77 . 96 . 15 .34 . 53 . 72 I. 5 3.0 4.5 6.o 7.4 
13 . 19 . 37 .56 . 75 ·94 . 12 . 31 ·49 . 68 I. 2 2.4 3.6 4.8 6.o 
14 . 18 .36 . 55 .73 . 91 .09 . 27 .46 . 64 0.9 I. 9 2. 8 3.7 4.6 

32 15 26. 18 52.35 78.53 104.71 130.89 157.o6 18j.24 209.42 235.59 1570.6 3141. 3 471r. 9 6282. 5 7853. I 

16 . 17 .34 . 52 .69 . 87 . 03 .21 .38 .55 o. 3 0.7 I. 0 1.4 I. 7 
17 . 17 .34 . 50 .67 .84 7.01 .17 ·34 .51 70.1 40. I JO. 2 So. 2 5°· 3 
18 .16 .33 .49 . 65 . 82 6.98 .14 .30 . 47 6g.8 39.5 09.3 79· I 48.8 
19 . 16 . 32 ·47 . 63 .79 . 95 .10 . 26 .42 9·5 9.0 8.5 7. 9 7.4 

32 .20 26. 15 52.31 78.46 104.61 130.77 156.92 183.07 209.23 235.38 1569.2 3138.4 4707.6 6276.8 7846.0 
21 . 15 .30 . 45 .59 . 75 . 89 .04 . 19 .34 8.9 7.8 6.7 5.6 4. 5 
22 . 14 . 29 . 43 . 57 .72 .86 3.00 . 15 . 29 8.6 7. 2 5.9 4·5 3· l 

23 . 14 .28 .42 .56 .70 . 83 2. 97 . II . 25 8.3 6. 7 5.0 3.3 I. 6 

24 . 13 . 27 .40 .54 . 67 . So I .94 .07 .21 8.o 6. I 4• I 2. 2 40.2 

32 25 26. 13 52.26 78. 39 104.52 130. 65 156.78 182.go 209.03 235.16 1567.8 3135.5 4703.3 6271.0 7838.8 
26 . 12 . 25 .37 .50 . 63 . 75 . 87 9.00 . 12 7.5 4.9 2.4 69.9 7. 3 
27 . 12 .24 .36 .48 .6o .72 .84 8.96 .08 7.2 4.3 I. 5 68.7 5.9 
28 . II . 23 .34 .46 .58 . 69 . 81 . 92 5.04 6.9 3.8 700. 7 7.6 4.4 
29 . l I . 22 . 33 ·44 · 55 . 66 . 77 .88 4.99 6.6 3.2 699.8 6.4 3.0 

32 30 26. II 1 52. 21 78.32 10+42 130.53 156.63 182.74 208.84 234.95 1566.3 3132.6 4698.9 6265.3 j831. 6 
31 . JO ! . 20 .30 .40 .51 . 6o . 70 .8o .go 6.o 2.0 8.o 4· I 30.1 
32 . JO . 19 .29 '38 .48 ,57 . 67 .76 .86 5.7 I. 5 7.2 2.9 28.7 ' 
33 .09 . 18 .27 . 36 .45 .54 .64 . 73 .82 5.4 0.9 6.3 I. 8 7. 2 

34 . 09 . 17 . 26 ·34 .43 ,52 .6o .69 . 77 5.2 3o.3 5· 5 6o.6 5.8 

32 35 26.08 52.16 78.24 104.32 130.41 156.49 182.57 208.65 234.73 1564. 9 3129.7 4694.6 6259.5 7824.3 
36 . 08 . 15 . 23 . 30 . 39 .46 ·54 . 61 .69 4.6 9• I 3.7 8.3 2.9 

37 . 07 '14 . 21 . 29 . 36 .43 .50 .57 .64 4.3 8.6 2.9 7. I 1.4 
38 .07 . lJ . 20 . 27 ·34 .40 .47 .53 .6o +o 8.o 2.0 6.o 20.0 

39 .06 • I 2 . 18 . 25 . 31 -37 .43 .49 .55 3.7 7.4 I. I 4,8 18.5 

32 40 26.06 52. II 78. 17 104.23 130.29 156.34 182.40 2o8.46 234- 51 1563.4 3126. 8 4690.3 625J. 7 7817. I 
41 .05 • IO I . 161 . 21 . 26 . 31 . 37 .42 .47 3· I 6.2 Sg.4 2.5 5.6 
42 .05 .09 .14 . 19 .24 . 28 . 33 . 38 .42 2.8 5.7 8.5 I. 3 4.2 
43 .04 .08. . 13 . 17 . 22 . 25 .30 . 34 :j 2. 5 5· I 7. 7 50.2 2.7 

44 .04 .08 . II . 15 .19 . 23 . 26 .30 2.3 4.5 6.8 49.0 II.J 

32 45 26.03 52.07 78. IO 104. 13 130.17 156. 20 182. 23 208.26 2J4.. 29 1562.0 3123. 9 4685.9 6247.9 78og.8 
46 .03 .o6 .08 . II .14 . 17 . 20 . 22 . 25 I. 7 3.3 5.0 6.7 8.4 

47 .02 .05 .07 .09 . 12 .14 .16 .18 . 2I I. 4 2.7 4.1 5. 5 6.9 
48 .02 .04 . 05 . 07 .09 . II . 13 . 15 . 17 I. I 2.2 3.3 4.4 5.4 
49 . 01 .03 .04 . 05 . 07 .o8 .09 . II .12 o.8 I. 6 2.4 3.2 4.0 

32 50 26.01 52. 02 78.03 104.03 130.04 156.05 182. o6 2o8.07 2J4..o8 156o. 5 3121. 0 4681. 5 6242.0 78o2.5 
51 .oo • OI .01 4.01 30.02 6.02 2.03 8.03 4.03 6o.2 20.4 So.6 40.9 8o1.1 
52 6.oo 2.00 8.oo 3.99 29.99 5.99 I. 99 7.99 3.99 59· 9 19.8 79. 7 39.7 799.6 
53 5.99 I. 99 7.98 . 98 .97 .96 .g6 .95 ·95 9.6 9.3 8.9 8.5 8.2 

54 .99 .98 . 97 r . 96 ·94 .93 .92 . 91 .go 9.3 8.7 8.o 7.4 6.7 

32 SS 25.98 51. 97 77-95 w3.94 129.92 1S5· go 181. 8g 207.87 233.86° 1559.0 3118. I 4677. I 6236.2 7795.2 
56 .98 .96 .94 . 92 .go .88 .86 .83 .81 8.8 7. 5 6.2 5.0 3.8 
57 ·97 ·95 .92 .go .87 .85 . 82 • 79 . 77 8. s 6.9 5.4 3.8 2.3 
58 .97 .94 . 91 .88 . 85 .82 .79 .76 :ll 8.2 6.4 4.5 2.7 90.9 
59 .96 .93 .89 .86 .82 .79 • 75 .72 7.9 5.8 3.7 1. s Sg.4 

32 6o 25.g6 51.92 77.88 IOJ. 84 129. 8o 155. 76 181.72 207.68 233.64 1557.6 3115. 2 "'6f2. 8 6230.3 778'J.9 
I 
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Latitude 32° to 33°-~feridional arcs. Latitude 32°-Co-ordinatcs of curvature. I 
I Lat. 

I Value of r" Sums of seconds for middle 
Value of 11 Sums of minutes for middle 

Longitude. x I y latitude. latitude. 
I 

I 
I 

I I 
i I 

0 I Meters. fl Meters. Meters. I Meters. 0 I .1/etcrs. I llfeters. I 

32 00 30.8o1 1848.05 I I I I 30.8o .06 I I 848. I 0 I I 574· 9 0. I 2 I 2 61. 61 .06 2 3 696. I 2 3 149. 8 0.5 
3 I 3 92. 41 .07 3 5 544. 2 3 4 724. 8 !. I 
4 I 4 123.21 .07 4 7 392. 3 4 6 299. 7 I. 9 

32 05 30.8o1 s 154.02 1848.08 5 9 240. 3 0 5 7 874. 6 3.0 6 I 6 I84.82 .o8 6 II 088. 4 6 9 449· 5 4.4 
7 I 7 215.62 .og 7 12 936. 5 7 II 024. 4 6.o 
8 2 8 246.43 .og 8 14 784. 6 8 12 599· 4 7.8 
9 2 9 277- 23 •JO 9 16 632. 7 9 14 I74· 3 9.8 

32 JO .JO. 8oz JO 308.03 1848. IO IO 18 48o. 8 0 IO 15 749. 2 I2. I 
II 2 I 338.84 • JI I 20 328. 9 15 23 623. 8 27.3 
12 2 2 369.64 . II 2 22 177.0 20 31 498. 3 48.6 
13 2 3 400.44 • 12 3 24 025. I 25 39 372. 9 75.9 14 2 4 431. 25 • 12 4 25 87J. 2 30 47 247-4 I09. 3 

32 JS JO. 8oz 15 462.05 J848.13 15 27 721. 4 0 35 55 121.9 148. 7 J6 2 6 492.85 . 13 6 29 569. 5 40 62 996. 4 194. 2 
17 2 7 523.66 . 14 7 31 417. 6 45 70 870. s 245.8 18 2 8 554.46 .14 8 33 265. 8 50 78 745. 2 303.5 
19 2 9 585.26 • 15 9 35 113. 9 55 86 619. 5 367.2 

32 20 30.8o3 20 616.07 1~8.15 20 36 96z. I I 00 94 493· 8 437.o 21 3 I 646.87 .16 I 38 810. 2 05 102 368.0 512.8 
22 3 2 677.67 .16 2 40 658.4 IO JIO 242. 2 594.8 
23 3 3 708.48 . 17 3 42 5o6. 6 15 us 116. 3 682.8 
24 3 4 739. 28 . 17 4 44 354. 7 20 125 990. 3 776. 9 

32 25 30.8o3 25 770.oS 1848. 18 25 46 202.9 I 25 133 864. 3 877.0 
26 3 6 Soo.89 .18 6 48 051. I 30 14I 738. 2 983.2 
27 3 7 831. 6g .19 7 49 8g9. 3 35 149 612. 0 I 095· 5 28 3 8 862.49 .19 8 51 747. 5 40 157 485. 7 l 2I3. 8 
29 3 9 893.30 .20 9 53 595. 6 45 165 359· 3 l 338. 2 

32 30 30.8o3 30 924. ro 1848.20 30 55 443. 8 I 50 173 232. 8 I 468. 7 
JI 3 I 954.90 . 21 I 57 292.0 55 181 lo6. 2 l 6o5. 3 
32 4 2 g85. 71 . 21 2 59 140· 3 2 00 188 98o l 748 
33 4 3 I OI6.5I .22 3 6o988. 5 3 00 283 449 3 933 
34 4 4 1047.31 .22 4 62 836. 7 4 00 377 894 6 991 

32 35 30.8o4 3~ I 078. IZ 1848.23 35 64 684.9 s 00 472 307 IO 922 
36 4 I 1o8. 92 .23 6 66 533· l 6 00 566 68o 15 727 
37 4 7 I 139• 72 ,24 7 68 381. 4 7 00 661 004 21 404 
38 4 8 I 170. 53 .24 8 70 229. 6 8 00 755 272 27 954 
39 4 9 I 201. 33 . 25 9 72 077. 8 9 00 849 475 35 375 

32 40 30.8o4 40 I 232. 13 1848.25 40 73 926. I 10 00 943 6o5 43 667 
41 4 I I 262. 94 • 26 J 75 774. 4 II 00 I 037 655 sz 829 
42 4 2 l 293. 74 .26 2 77 622. 6- I2 00 I 131 616 62 86r 
43 4 3 I 324·54 .27 3 79 470. 9 13 00 I 225 48o 73 76r 
44 . s 4 I 355· 35 .27 4 81 319. I 14 00 ' 1 319 239 85 529 

32 45 30.8o5 45 I 386. 15 1848.28 45 83 167.4 15 00 I 412 885 98 r64 
46 5 6 I 4r6. 95 . 28 6 85 015. 7 16 00 1506411 III 664 
47 s 7 I 447· 76 .29 7 86 864.0 17 00 1 599 808 126 029 
48 5 8 I 478. 56 .29 8 88 712. 3 18 00 I 693 o67 141 256 
49 s 9 I 509· 36 .30 9 90 56o. 5 19 00 I 786 182 157 346 

32 50 30.1lo5 50 I 540. 17 1848.30 50· 92 408. 8 20 00 I 879 I44 174 296 
51 5 I I 570· 97 .31 I 94 257. I 21 00 [ 971 946 192 105 
52 s 2 I OOI. 77 .31 2 96 Io5. 5 22 00 2 o64 579 210 772 
53 5 3 I 632.58 .32 3 97 953. 8 23 00 2 157 035 230 295 
54 s 4 r 663.38 .32 4 99 802. [ 24 00 2 249 305 250 672 

32 55 30.8o5 5i I 694- 18 1848.33 SS IOI 6so. 4 25 00 2 341 385 271 901 
56 6 I 724.99 .33 6 103 498. 7 26 00 2 433 264 293 981 
57 6 l I 7u·79 ·34 7 105 347· l 27 00 2 524 935 316 9!0 
58 6 J 7 .59 .34 8 I07 195. 4 28 00 2 616 390 340 686 

1;. 6 ·C: I 817.40 ·35 ~ iog 043· 8 29 00 2 707 621 365 3°7 
31 ~f!c6 I 84&. 20 1848. 35 IIO 892. l 30 00 2 798 621 390 770 
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. I 

j Latitude 33° to 34°-Arcs of the parallel in meters. 
I 

\~ 1" 2" S" _:J_:_ 6" 'l" 8" I 9" 1' 2' 31 f' a' 
._ 

______ ! 

0 I 

33 00 25.96 51. 92 77.88 103.84 129.So 155.76 181. 72 207.68 233.64 1557.6 3115. 2 4672.8 6230.3 7787. 9 
1 .96 .91 .87 . 82 .78 . 73 .69 .64 .6o 7.3 4.6 I. 9 29.2 6.5 
2 .95 .go .85 .So . 75 .70 . 65 .6o . 55 7.0 4.0 1.0 8.o 5.0 

3 ·95 . 89 .84 . 78 . 73 . 67 . 62 .56 . 51 6.7 3.4 70. I 6.8 3· 5 
4 .94 .88 . 82 .76 .70 .64 .58 I .52 .46 6.4 z. 8 69.3 5.6 2. I 

51. 87 77.81 129.68 155.61 181. 55 
I 

207.48 1556.1 4668.4 6224.5 778o.6 33 05 25.94 103.74 233.42 3u2. 2 
6 .93 . 86 .79 .72 . 65 .58 .51 ·44 .38 5.8 I. 6 7.5 3·3 79• I 

7 ·93 . 85 .78 .70 .63 . 55 .48 .40 ·33 5. 5 I. I 6.6 2. l 7.7 
8 .92 . 84 .76 .68 .6o .53 .45 . 37 . 29 5.3 10.5 5.7 21. 0 6.2 

9 .92 . 83 . 75 . 66 .58 .50 .41 ·33 .24 5.0 09·9 4.8 19.8 4.7 

33 10 25.91 51.82 77.73 103.64 129. 55 155.47 181.38 207.29 233.20 1554.7 3109.3 4664.0 6218.6 7773·3 
II .91 . 81 . 72 . 62 .53 .44 ·35 . 25 .16 4.4 8. 7 3. I 7.4 I. 8 
12 .go .So .70 I .6o · 50 I . 41 .31 • 21 • II 4. l 8. I 2.2 6.2 70.3 
13 .go . 79 .69 .58 .481 . 38 .28 . 17 .07 3.8 7.5 I. 3 5. I 68.8 
14 .89 • 78 . 67 . 57 .46 . 35 .24 . 13 3.02 3.5 7. 0 6o.4 3.9 7.4 

33 15 25.89 51. 77 77.66 rn3. 55 129.43 155.32 I8I.21 207.09 232.'98 1553.2 3rn6.4 4659. 5 6212.7 7765. 9 
16 .88 .76 .64 .53 . 41 .29 . 17 .05 . 93 2.9 5.8 8.6 I. 5 4·4 
17 .88 . 75 .63 . 51 .38 .26 .14 7. OI .89 2.6 5.2 7.7 10.4 2.9 
18 .87 .74 . 62 .49 . 36 • 23 .10 6.97 . 85 2.3 4.6 6.9 09· 2 I I. 5 
19 . 87 . 73 .6o . 47 . 33 .20 .07 ·93 .So 2.0 4.0 I 6.o 8.o 6o.o 

I 

33 20 25.86 51. 72 77.59 103.45 129.31 155. 17 181. 03 2o6.89 232.76 155 I. 7 3103. 41 4655. I 62o6.8 7158. 5 
:ZI .86 . 71 .57 ·43 • 29 . 14 1.00 ;85 . 71 1.4 2.8 4- z 5. 6 7. 0 
22 . 85 .70 .56 .41 . 26 . II 0.96 .81 .67 I. I 2.2 3.3 4.4 5. 6 
23 . 85 .69 .54 .39 . 24 .o8 .93 . 78 .63 o.8 I. 6 2.5 3.3 4· I 

24 .84 . 68 · 53 I . 37 . 21 .05 .89 . 74 .58 o. 5 I. 0 I. 6 2. I 2.6 

33 25 25.84 51. 67 77- 51 103.35 129· 19 155.02 180.86 206.70 232.54 1550.2 3100.4 4650. 7 6200.9 7751. I 

26 .83 .66 .50 .33 . 16 4.99 .82 .66 .49 49.9 099.8 49.8 199.7 49.6 
27 • 83 . 65 .48 .31 .14 .96 .79 .62 .45 9.6 9·3 8.9 8.5 8.2 
28 . 82 .64 .47 .29 . I I .93 .76 .58 .40 9· 3 8.7 8.o 7.3 6.7 
29 .82 .63 .45 . 27 .09 .go .72 .54 .36 9.0 8.1 7. I 6.2 5.2 

33 30 25.81 51. 62 77.44 103. 25 129. o6 154.87 18o. 6g 2o6.50 232.31 1548. 7 3097.5 4646.2 6195.0 7743.7 
31 . 81 . 61 .42 . 23 .04 .84 .65 .46 • 27 8.4 6.9 5.3 3.8 2.2 
32 .So .6o .41 .21 9.01 . 81 .62 .42 . 22 8. I 6.3 4.4 2.6 40. 7 
33 .So .59 . 39 . 19 8.99 . 78 .58 . 38 .18 7. 8 5.7 3.5 1.4 39.2 
34 .79 .59 .38 . 17 .96 . 76 ·55 ·34 . 13 7.6 5· I 2. 7 90.2 7.8 

33 35 25.79 51.58 77.36 103. 15 128.94 15+ 73 180. 52 2o6.30 232.09 1547.3 3094·5 4641.8 6189.0 7736.3 
36 .78 . 57 . 35 . 13 . 91 .70 .48 . 26 .os 7.0 3.9 0.9 7.8 4.8 
37 .78 .56 . 33 • ll . 89 • 67 ·45 .22 2.00 6. 7 3·3 40.0 6.6 3·3 
38 .77 ·SS . 32 ·09 .86 .64 .41 . 18 I. g6 6.4 2.7 39· I 5.5 I. 8 
39 . 77 ·54 .30 .07 .84 • 61 .38 . 14 . 91 6, I 2. I 8.2 4.3 30.3 

33 40 25.76 51.53 77.29 103.05 128. 81 154.58 18o.34 2o6.10 231. 87 1545.8 3091.5 4637.3 6183.1 7728.8 
41 .76 . 52 .27 .03 .79 ·SS . 31 .o6 . 82 5.5 0.9 6.4 I. 9 7.3 
42 .75 .51 .26 3.01 .76 .52 .27 6.02 .78 5.2 90·3 5·i So. 7 5.9 
43 . 75 .50 . 24 2.99 .74 .49 .24 5.g8 . 73 4.9 Sg.8 4. 79.5 4.4 
44 .74 .49 .23 • 97 I .71 .46 .20 ·94 .6g 4.6 9.2 3.7 8.3 2.9 

33 45 25.74 51. 48 77.21 102.95 128.6g 1s4.43 18o. 17 2os.90 231.64 IS#-3 3o88.6 4632.8 6177. I 7721. 4 
46 .73 .47 .20 ·93 . 67 .40 . 13 .86 .6o 4-0 8.o 1.9 5.9 19.9 
47 . 73 .46 . 18 . 91 .64 . 37 .IO .82 ·SS 3.7 7.4 1.0 4.7 8.4 
48 .72 .45 . 17 .89 .62 .34 .o6 .78 .51 3.4 6.8 30· I 3.5 6.9 
49 .72 .44 . 15 .87 .59 . 31 So.03 .74 .46 3.1 6.2 29.2 2.3 5.4 

33 50 25.71 51.43 77- 14 102.85 128.57 154.28 179.99 205.70 231.42 1542. 8 3o85.6 4628.3 6171.1 7713.9 
51 . 71 .42 .12 .83 .55 . 25 .¢ .66 .37 2.5 5.0 7·4 6g.9 2.4 
52 .70 .41 •II • 81 .52 .22 .92 .62 • 33 2.2 4.4 6.5 8. 7 10.9 
53 .70 .40 .09 .79 .49 . 19 .89 .58 . 28 1.9 3.8 5.6 M 09·4 
54 .6g ·39 .08 . 77 .47 • 16 .85 .54 . 24 I. 6 3.2 4-7 6.3 7.9 

33 SS 25.69 51.38 77.o6 102.75 128.44 154. 13 179.82 205. 50 231.19 1541. 3 3o82.6 4623.8 6165.1 77o6.4 
56 .68 .37 .05 . 73 .42 • IO .78 .46 .15 1.0 2.0 2.9 3.9 4-9 
57 .68 .36 .03 . 71 . 39 .07 .75 .42 • IO 0.7 1.4 2.0 2.7 3.4 
58 .67 ·35 .02 .6g ·37 .04 • 71 .38 .o6 0.4 o.8 I. I I. S 1.9 
59 .67 .34 7.00 .67 .34 4-01 .68 ·34 I.OJ 40.1 So.2 20.2 6o.3 700.4 

33 6o 25.66 51.33 76.99 102.65 128. 32 ISJ. 98 179.6.f. 205.30 230.97 1539.8 3079.6 4619.3 6159. J 76c)8.9 



 

UNITED STATES COAST .AND GEODETIC SURVEY. 2Cl9 

Latitude 33° to 34°-:\leridional arcs. 

Lat. 
Sums of seconds for middle Ii y 1 f / 

latitude. ' a ue 0 1 Val::e of I 11 

Ii -- --1--------1:-----
Meters. 11 Meter-s. , ' :Jfeters. 0 

33 00 
I 
2 

3 
4 

30 So6 11 1848. 35 

~ 2 i~: ~~ 11 : ~~ 
6 3 92.43 I .31 
6 4 123. 23 ' . 37 

33 °5 
t. 

7 
8 

11 JO.~ ~ :~!: ~t 11 

67 87 215. 66 !11 
246.47 

9 

33 IO 
II 
12 

13 
14 

7 9 277- 28 11 

30. 8o7 10 308. os I 
7 338, 89 .! 

'I 
7
7 2 369. 70 111 

3 400. 51 
7 4 431. 32 111 

33 15 
16 
17 
18 
19 

J0.8o7 15 462. IJ 
7 6 492. 93 11 

~7 ~ ~~i: ~~ llj' 
9 585.36 

:1 
33 .zo 

2! 
22 

23 
24 

30. 808 20 616. I7 ~1 
s 646. 98 Ir 
88 2 677- 78 11· 

3 708.59 

33 25 

8 4 739.4o ,, 

30. 808 25 770. 21 
26 8 6 8o1. 02 
27 
28 
29 

8 7 831. 83 
8 8 862. 63 
8 9 893.44 

33 30 
31 
32 
33 
34 

'I 33 35 
36 
37 
38 
39 

30.808 
8 
9 
9 
9 

30.809 
9 
9. 
9 
9 

30 
I 

2 

3 
4 

35 
6 
7 
8 
9 

33 40 30. 809 40 
41 9 I 
42 9 2 
43 og 3 
44 IO 4 

33 45 30. 8Io 45 
46 0 6 
47 0 7 
48 0 8 
49 0 9 

33 50 30. 810 50 
51 0 I 

I
I n ~ i 

33 SS 30. 810 5
6
5 

56 r 

I ,, L_~~~30_._81_:~~-1~~-
R. Ex. 48--27 

924.25 
955.o6 
q85.87 

I CJI6. 68 
I 047,48 

I 078. 29 
I I09. IO 

I 139. 91 
I J70. 72 
I 201. 53 

I ;!]2. 33 
I 263. 14 
r 293. 95 
I 324. 76 
r 355. 57 
I 386,38 
I 417. 18 
r 447· 99 
I 478. 8o 
I 509· 61 

I 540. 42 
I 571. 23 
I 6o2. OJ 
I 632. 84 
I 66.J. 65 
I 694. 46 
I 725· 27 
I 756, o8 
I 786. 88 
I 8I7. 69 
I 848. 50 

1848.38 
. 38 
. 39 
. 39 
.40 

1848.40 
.4I 
. 41 
. 42 
.42 

1848. 43 
.43 
.44 
. 44 
. 45 

1848.45 
.46 
.46 
.47 
.47 

1848. 48 
.48 
.49 
.49 
.50 

1848.50 
. SI 
. SI 
. 52 
. 52 

184-8.53 
.53 
.54 
• 54 
. 55 

I848.55 
.56 
.56 
.57 
. 57 

1848. 58 
.58 
.59 
.59 
.6o 

I84-8. 6o 
.61 
.6I 
.62 
.62 

1848.63 
.63 
.64 
.64 
.65 

1848. 65 

Sums of minutes for middle 
latitude. 

;lfeters. 

I 848.4 
2 3 696. 7 
3 5 545· I 
4 7 393· 4 

5 9 241. 8 
6 II DgO. 2 

7 12938.6 
8 14787.0 
9 16 635. 4 

IO I8 483. 8 
I 20 332. 2 
2 2218o.6 
3 24 029. 0 
4 2 5 877. 4 

IS 27 725. 8 
6 29 574. 2 

7 31 422. 7 
8 33 27 I. l 
9 35 I 19. 6 

20 36 968. 0 

1 38 816. 5 
2 40 664. 9 
3 42 5i3.4 
4 44 361. 9 

25 46 2!0. ,) 
6 48 058. 8 
7 49907.3 
8 51755. 8 
9 53 6o4. 3 

30 
I 

2 

3 
4 

35 
6 
7 
8 
9 

40 
I 
2 

3 
4 

45 
6 
7 
8 
9 

50 
I 
2 

3 
4 

55 
6 
7 
8 

~ 

55 452. 8 
57 301. 3 
59 149. 8 
6o 998. 3 
62 846. 8 

64 6gs. 3 
66 543. 9 
68 392. 4 
70 2.41. 0 

72 089. 5 

73 938. 0 

75 786. 6 
77 635. 2 

79 483. 7 
Sr 332. 3 

83 I8o. 9 
85 029. 4 
86 878. 0 

88 726. 6 
90 575. 2 

92 423. 8 
94 272.4 
96 121. () 

97 969.6 
99 818. 2 

IOI 666.9 
103 515. s 
!05 364. I 
107 212. 8 
I09 o6r. 4 
110 910. I 

Latitude 33°-Co-ordinates of curvature. 
______ ! 

Longitude. 

0 
2 

3 
4 

0 5 
(, 

7 
8 
9 

O IO 

15 
20 

25 
30 

0 35 
40 
-15 
50 
SS 

I 00 

05 
10 

15 
20 

I 25 
30 
35 
40 
45 

l 50 
55 

2 00 

3 00 

4 00 

5 00 
6 00 

7 00 
8 00 

9 00 

IO 00 

II 00 
I2 00 

13 00 
14 00 

I.) 00 
I6 00 

17 00 
18 00 

19 00 

20 00 
21 00 
22 00 

23 00 

24 00 

25 00 
26 00 

27 00 
28 00 
29 00 

JO 00 

..i!t•ti·rs. 

I 557. 6 
3 115. 2 

"672. 8 
() 230. J 

7 787. 9 
9 345- 5 

IO 903. I 

12 46o. i 
14 018. 3 

15 575· <) 
::!3 363.8 
31151.7 
38 939. 6 
46127·4 

54 515.3 
fo 303. I 

70 090. 8 
77 878. 6 
85 666. 2 

93 453. 8 
IOl 241. 4 
IOI) 028. 9 
I16 816. 3 
124 603. 7 

132 390. 9 
140 178.1 
I47 965. 2 

155752.2 
163 539· I 

171 3z6.o 
179 Il2. 7 
I86 899 
280 328 
373 731 

467 too 
56o 428 
653 104 
746 922 
840 072 

933 146 
I 026 IJ6 
I 119 033 
[ 211 829 

I 304 515 

I 39? o83 
I 489 526 
I 581 834 
I 673 998 
I 766 Olt 

I 857 866 
I 949 553 
2 04I o62 

2 132 387 
2 223 521 

2 314 453 
2 405 175 
2 495 68o 
2 585 961 
2 676 007 
2 765 812 

y 

0. I 

0. 5 
I I 

2.0 

3· I 

4.4 
6.o 
i· 9 

IO.O 

12. 3 
27.8 
49·4 
i7· I 

J!I.0 ' 

15 !. I i 

197.4 
249.8 
308.4 
3i3·2 

444. 2 

521. 3 
6o4.6 
694.0 
789.6 

891. 4 
999-4 

l I 13. 5 
I 2JJ· 8 
I 36o. 3 

I 492. 9 
I 631. 7 
I 7i7 
3 997 
7 106 

II !02 

I5 986 
21 757 
28 414 
35 957 

44 385 
53 697 
63 893 
74 97I 
86 9JI 

99 77I 
113 491 
128 089 
143 564 
I59 9r4 

177 IJ8 
195 234 
214 201 
234 037 
~54 740 

276 309 
zgS 741 
322 034 
346 187 
371 197 
397 o6I 



 

210 UNITED STATES UOAST AND GEODETHJ SURVEY. 

I 

I 
Latitude 34° to 35°-Arcs of the parallel in meters. 

I 

I Lat. 1" 2" 3" 4" fj" 6'' j" 8" 9" 1' 2' 3' !' 51 

I 
I 

i---
i , , r 

I 
,---t ______ , ____ ---,~·--·---·- -.---

I 34 00 25.66 51. 33 76.99 I02. 65 ! 128.32 153.98 179.64 205.30 230.97 1539. 8 : 3079.6 4619.3 6159. I 7698.9 
I 

I . 66 . 32 . 97 ' . 63 . 29 95 . 61 I . 26 . 92 9.5 9.0 8.4 7.9 7.4 
2 . 65 . 31 . 96 : . 61 . 27 . 92 . 57 ! . 22 . 88 9· 2 8.4 7.5 6.7 5.9 

3 . 65 .30 ·94 .59 . 24 ' . 89 · 54 I . 18 . 83 8. 9 7. 7 6.6 5. 5 4.4 
4 .64 . 29 : . 93 . 57 2'> I . 86 .50 . 14 . 79 8.6 7. I 5. 7 4. 3 2.9 

34 05 25.64 51. 28 76.91 I02. 55 128. 19 : 153.83 179.47 205. IO 230.74 1538.3 3076.5 4614.8 6153. I I 7691. 4 
6 . 63 . . 27 : .90 . 53 . 16 ! . 80 .43 . 06 . 70 8.o 5. 9 3.9 1.9j 89.9 

i . 63 . 26 . 88 . 51 . 14 I . 77 .40 5.02 . 65 7. 7 5.3 3.0 50. 7 : 8.4 
8 .62 . 25 . 87 . 49 . II .74 .36 4.98 . 6o 7.4 4.7 2. I 49.5 6.8 

9 . 62 . 24 . 85 . 47 . 09 . 71 .33 . 94 . 56 7. I 4· I I. 2 8. 3 5.3 

34 IO 25.61 51. 23 76.84 102.45 128. 06 ' 153.68 I 17c,.29 204. 90 : 230. 51 1536.8 307J. 5 +610.3 6147. l 7683.8 
II . 61 . 22 i . 82 . 43 . 04 . 65 I . 26 ' . 86 ! . 47 6.5 2.9 09.4 5.9 2.3 
12 . 6o . 21 ' . 81 . 41 8.01 . 62 . 22 i . 82 . 42 6. 2 2.3 8. 5 4.6 80.8 

13 . 6o .20 .79 . 39 7. 99 ' .59 . 19 : .78 . 38 5.9 I. 7 7.6 3.4 79.3 
14 .59 . 19 . 78 .37 . 96 : .56 . 15 ' . 74 . 33 5.6 I. I 6.7 2.2 7.8 

34 15 25·59 5 I. 18 76.76 102.35 127.94 153.53 179.12 204. 70 230. 29 1535.3 3070.5 46o5.8 6141. 0 7676.3 
16 . 58 ' . 16 . 75 . 33 . 91 .50 .08 . 66 . 24 5. 0 69.9 4·9 39.8 4.8 
17 .58 . 15 . 73 - 31 . 89 .46 .04 . 62 . 20 4.6 9. 3 : 3.9 8.6 3. 2 

18 .57 . 14 . 72 j . 29 ' . 86 .43 9• OI . . 58 . 15 4- 3 8. 7 ' 3· 0 7. 4 I. 7 
19 . 5i . IJ .70 . 27 . 84 .40 8.97 .54 . I I 4.0 8.1 2. I 6.2 70.2 

34 20 25.56i51.12 76.69 102. 25 . 127. 81 153.3i 178.94 204.50 230.o6 1533.7 3067.5 4601. 2 6135.0 7668. 7 
21 .56 . II . 67 . 23 : . 79 ' .34 .go . 46 30.02 3.4 6.9 6oo.3 3· 7 7.2 
22 . 55 . IO: . 66 . 21 . 76 .31 . 87 . 42 ' 29.97 3. I 6.3 599.4 2.5 5.7 
23 . 55 . 09 . 64 . 19; . 74 . . 28 . 83 . 38 . 92 2.8 5· 6 ' 8.5 l. 3 4· I 

24 ·54 . 08 . 63 ; . 17 . 71 . 25 .So . 34 . 88 2.5 5. 0 1 7.6 30. I 2.6 

34 25 25.54 51. 07 76. 61 i I02. 15 127.69 153.22 178.76 204.30 ' 229. 83 1532.2 3064. 4 i 4596.7 6128.9 766I. I 

26 . 53 . 06 .6o I .13 . 66 . 19 .72 . 26 . 79 I. 9 3.8 5.8 7.7 59.6 
27 . 53 . 05 .58 . II . 64 . 16 . 69 . 21 . 74 I. 6 3. 2 ' 4.9 6.4 8. I 

28 .52 . 04 . 57 ' .09 . 61 . 13 . 65 . 17 .70 I. 3 2. 6 : 3.9 5.2 6. 5 
29 . 52 . 03 .55 . 07 . 59 ' • JO .62 . 13 : . 65 I. 0 2. 0 3.0 4.0 5. 0 

: 

34 30 25.51 51. 02 76. 54 : I02. 05 127. 56 153.07 178.58 204.09 229. 61 1530.7 3o61. 4 4592. I 6122.8 7653.5 
31 . 51 . 01 . 52 ! .03 . 53 . 04 . 55 . 05 .56 0.4 o.8 I. 2 I. 6 2.0 

32 .50 I. 00 . 5° i 2.01 .51 3.01 .51 4.01 . 51 30. I 60. 2 go.3 20.4 50.4 

33 .50 0.99 .49 i I. 99 . 48 2.98 .48 3.97 . 47 29.8 59.6 89.3 19. I 48.9 

34 ·49 . 98 .47 i . 97 . 46 . 95 .44 . 93 . 42 9.5 9.0 8.4 7.9 7.4 
I 178.41 203.89 229. 38 3o58.3 4587.5 6116. 7 7645.9 34 35 :.i5.49 50.97 76.46 ' IOI. 94 127·43 152.92 1529.2 

36 .48 . 96 .44: . 92 .40 . 89 . 37 . 85 . 33 8.9 7. 7 6.6 5. 5 4. 3 
37 .48 . 95 ·43 .90 .38 . 86 ·34 . 81 . 28 ·8. 6 7· I 5.7 4.z 2.8 • 
38 .47 . 94 . 41 i .88 . 35 . 83 . 30 . i7 . 24 8.3 6.5 4.8 3.0 41. 3 

39 .47 . 93 .40" . 86 ·33 . 8o . 27 ·73 . 19 8.o 5.9 3·9 I. 8 39.8 

34 40 25. 46 ' 50. 92 ; 76.38 IOI. 84 127.30 152.76 178.23 203.69 229. 15 1527.6 3o55.3 4582.9 6110. 6 7638. 2 

41 .46 . 9I ' . 37 . 82 . 28 . 73 . 19 . 65 . IO 7.3 4. 7 2.0 c>g.4 6.7 
42 .45 . 90 • . 35 .So . 25 . 70 . 16 . 61 .06 7.0 4· I I. I 8.2 5.2 

43 . 45 . 89 ! . 34 .78 . 23 . 67 . 12 .56 9.01 6.7 3.4 So. I 6.9 3. 6 

44 .44 i . 88 I . 32 .76 .20 . 64 .08 .52 8.96 6.4 2.8 79.2 5.7 2. l 

34 45 25. 44 50. s1 I 76. 31 IOI. 74 127. 17 152.61 178.05 203.48 228.92 r526. I 3052. 2 4578.3 6104.5 7630.6 
46 . 43 ' . 86 i . 29 .72 . 15 • 58 8.0l .44 . 87 5.8 I. 6 7. 4 3· 2 29.0 

47 .43 I . 85 : . 28 .70 . 12 . 55 7.98 .40 . 83 5.5 l. 0 6.5 2.0 7.5 
48 .42 ! . 84 . 26 . 68 , IO . 52 .94 .36 . 78 5.2 50.4 . 5. 5 100. 8 6.o 

49 .42 . 83 : . 24 . 66 . 07 ! . 49 . 91 .32 . 73 4.9 49.8 4.6 099.6 4.4 

50. 82 i 76. 23 101.64 
i 

152.46 177.87 203. 28 228.69 1524. 6 6o98.3 7622. 9 34 50 25. 41 127. os I 3049. 2 4573· 7 
51 .41 . 81 ' . 21 .62 

. 021 
. 43 . 83 I . 24 . 64 4. 3 8.6 2.8 7. I 21. 4 

52 .40 . 80 .20 . 6o 7.00 .40 .So I .20 .59 4.0 8.o l. 9 5.9 19.8 
53 .40 . 79 .18 .58 6.97 . 37 . 76 . 15 . 55 3.7 7.3 I. 0 4.6 8.3 
54 . 39 .78 . 17 .56 . 95 . 34 .73 . ll .50 3·4 6. 7 70. I , 3·4 6.8 

126. 92 I I 
34 55 25.39 50. 77 76. 15 IOI. 54 152.30 J77.6r:j 203.07 228.46 1523.0 I 3046. I 4569. I I 6ogz.z 7615.2 

56 . 38 ·. 76 . 14 .52 . 891 . 27 . 65 3.o3 .41 2. 7 i 5. 5 . 8. 2 I 90·9 3.7 
57 .38 . 75 . 12 .49 . 87 . 24 .62 2.99 . 36 2. 41 4. 8 7. 3 i 89. 7 2. I 

58 . 37 .74 . II .47 . 84 i .21 .58 . 95 . 32 2. I 4.2 6.3 8. 5 I 10.6 

59 . 37 . 73 ' . og .45 . 82 I . 18 '55 1 • 91 . 27 I. 81 3.6 5. 41 7. 2 ' 09· I 

34 6o 25. 36 ! 50. 72 i 76. 08 101.43 126. 79 i 152. 15 177. 51 1202. 87 228.23 1521. 5 3043.0 4564.5 6o86.o I 76o7. 5 
I I ! I I 
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Latitude 34° to 35°-Meridional arcs. Latitude 34°-Co-ordinates of curvature . 
• 

Lat. I 
I 

Value oft" Sums of seconds for middle [ Value of 1 1 latitude. Longitude. x \ 

o I 

34 00 
I 

Meters. 
30. 8u 

I 
I 

I 
1 

I/ 

latitude. I 

Meters. .llfders. 
1848.65 

. 66 

. 66 

. 67 

. 67 

I 
Sums of minutes for middle I 

I 

~---11------1 ______ -----

/ llfeters. 0 / Ii Meters. Meters. 

2 

3 
4 

34 05 
6 

30. Su 
I 

1 
2 
2 

I 
2 

3 
4 

5 
6 

30.81 
61. 63 
92.44 

123.25 

154.07 
184.88 
215.69 
246.51 
277. 32 

1848.68 
. 68 
. 69 
. 69 

II, ;.:i i EH ,0 ~5'. I l!!l ! 11 
, 9 243. 3 7 698. 9 3· I 

I
·, 6

9

7
8 

~~ :~: ~ 
6

~7 I~ ;~n t ~ 7 
8 

7 
8 14 789. 4 I2 3I8. 3 8. 0 

9 9 .70 , 16 638. I I3 858. 0 IO. I 

34 IO 
II 
12 
13 
If 

34 15 
16 
17 
18 
19 

34 20 
21 
22 

23 
24 

34 25 
26 
27 
28 
29 

34 30 
31 
32 
33 
34 

34 35 
36 
37 
38 
39 

30.8I2 
2 
2 
2 
2 

30. 812 
2 

2 

2 

2 

30. 813 
3 
3 
3 
3 

30.813 
3 
3 
3 
3 

30.813 
4 
4 
4 
4 

30.814 
4 
4 
4 
4 

IO 

I 

2 

3 
4 

IS 
6 
7 
8 
9 

20 

2 

3 
4 

25 
6 
7 
8 
9 

30 
I 

2 

3 
4 

35 
6 
7 
8 
9 

308. 13 
338.95 
369.76 
400.57 
431. 39 
462.20 
493.01 
523.83 
j54- 64 
585.46 

616.27 
647.08 
6n.90 
708. 71 
739.52 

77o. 34 
801. 15 
831. 96 
862. 78 
893. 59 

924.40 
955.22 
986.03 

I 016. ~ 
I 047.66 

I 078. 47 
I IQ9. 28 
I IfO. IO 

I 170. 91 
I 201. 72 

i 

I 
I 
I, 

Ii 
11 

1! 

I! 

I/ 

I 
ii 
ii 
11 

1848.70 
. 71 
. 71 
. 72 
. 72 

I848. 73 
. 73 
. 74 
·74 

v 
· 1:> 

1848. 75 
. 76 
. 76 
. 77 
.78 

1848.78 

ii 1848. Sr 

l

jl,I t 

.79 

.79 

.So 

. 8o 

. 82 

1

11' . 83 
1848.83 

I .84 

11 .84 . 85 
. 85 

I 

IO 

3 
4 

I5 
6 
7 
8 
9 

20 
I 
2 

3 
4 

25 
6 
7 
8 
9 

30 

2 

3 
4 

35 
6 
7 
8 
9 

i 
18 486. 8 
20 335. 5 
22 184. 2 
24 032. 9 
25 881. 6 

27 730. 4 
29 579· I 
31 427.8 
33 276. 6 
35 125. 3 

36 974· I 
38 822. 8 
40 671. 6 
42 520. 3 
44 369. I 

46 217. 9 
48 066. 7 
49 915. 5 
51 764.3 
53 6I3. I 

55 461. 9 
Si 310• 7 
59 159· 5 
61 008. 3 
62 857. I 

. 64 ;o5. 9 
66 554 8 
68 403. 6 
70 252. 5 
j2 IOI. 3 

0 IO 

15 
20 
25 
30 

0 35 
40 
45 
50 
55 

I 00 

05 
IO 

I5 
20 

I 25 
30 
35 
40 
45 

I 50 
55 

2 ()() 

3 00 
4 00 

~ : 
7 00 
8 00 

9 00 

15 397. 9 
2 3 096. i 
30 795. 6 
38 494· 4 
4fi I93· 2 

53 892. 0 

61 590. 8 
69 289. 5 
76 988. 2 
84 686. 8 

92 385. 4 
IOO 083. 9 
107 782. 3 
115 480. 7 
123 I79· 0 

130877.2 
138 575. 3 
146 273. 4 
153 971. 3 
161 669. 2 

169 366. 9 
177 064. 5 
184 762 
277 121 
369 454 

461 751 
554 004 
646 205 
738 344 
830 413 

34 40 30. 814 40 I 232. 54 I 1848. 86 40 7 3 950. 2 IO 00 922 403 
41 4 l l 263. 35 i . 86 I 75 799· 0 II 00 I 014 305 
42 4 2 I 294. 16 I . 87 2 77 647. 9 I 2 00 I I06 I IO 

43 5 3 I I 324. 98 I' . 87 3 79 496. 8 13 00 • l 197 809 
44 5 4 I 355· 79 · 88 4 81 345· 6 14 00 l 289 395 

34 45 30. 815 45 I I 386. 6o 1848. 88 45 83 194. 5 15 00 I 38o 858 
46 5 6 1417.42 I .89 I 6 85043.4 16 00 14721go 
47 5 7 I 448. 23 I . 89 7 86 892. 3 I 7 00 I 563 381 
48 5 8 I 479. 04 . go I 8 88 741. 2 18 00 I 654 423 
49 5 9" 1509.86 I .go I 9 gos90.1 19 00 l 7453o8 

i 34 50 30. 815 50 I 540. 67 1848. 91 I 50 92 439. 0 20 00 I 836 026 
51 5 I I 571.48 .91 I 94287.9 21 00 I 926569 

12. 5 
28.2 

50. I 

78.3 
l l 2. j 

153· 4 
200.4 
253.6 
JI 3. I 

•378. 8 

450.8 
520. I 
613. 6 
704.4 
801. 5 

9cq. 8 
I 014. 4 

I IJO. 2 

I 2!i2. 3 
I 380. 7 

l 515· 3 
I 6,6. I 
l 8{t, 
4 05; 
7 212 

II 268 
16 225 
22 082 
28 839 
36 494 

45 048 
54 499 
64 846 
76 089 
88 227 

IOI 258 
115 I80 
129 993 
145 696 
162 287 

I 179 763 
198 124 
217 368 
237 493 

52 5 2 I 6o2. 30 I' . 92 I 2 96 136. 8 22 00 2 016 929 
53 5 ,. 3 I 633. I ( . . 92 3 97 985. 7 23 00 I 2 107 o97 
54 5 4 I 663. 93 ' · 93 4 99 834. 7 24 00 2 197 065 

34 55 30. 816 I 55 I 694. 74 1848. 93 ! 55 IOI 683. 6 25 co I 2 286 823 280 371' 
56 6 I 6 1725.55 ·94 I 6 103532-5 26 00 2376363 303134 
57 6 . 7 I 756. 37 I fr . 94 ' 7 105 381. 5 27 co I 2 465 677 32 6 761 

258 497 

. 58 6 I 8 • ,,,,. ,, • • 95 : . : '"7'JO. 4 ,, 00 I '554 756 JS"°' 

~-~---·-3_0_._sr_~~-'-~~~...!.-~-!-~-~-~:_§_i_..__:;_l~_1_8-48_:_~-~~~:~6o~_:_~~;(_o_~_~_~_:j~·-'-~~o-9~~~-'-~-~-~4-3~~~i_~~~~~o-
7

~_~_}_,~~-
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• Latitude 35° to 36°-Arcs of the parallel in meters . 

1
_La_t. ___ 1'_'_1_2_''_

1

_3_''_1_4_"_j_a_'_' _1_6_"_1_7_'_' -.-8_'_'____9_'_
1

--1--1-'--l--2-' -l--3-' __ ·l--4-'---l--5-' -I 

3~ ~ 25.36 I 50.72176.08 ! IOl.43' 126.79. 152.15 ! 177.51 202.87 i 228.23 1521.5 I 3043.0 
I . 35 . jl i . o6 ! . 41 . 76 . 12 j , 47 . 83 . 18 I. 2 ! 2. 4 
2 . 35 . 70 1· . 04 I . 39 . 74 . 09 ' . 44 . 78 . 14 0. 9 I. 8 
3 . 34 . 6c) . 03 ' . 37 . 71 . o6 . 40 . 74 . 09 o. 6 I. 2 

II 4 .34 .681 .01 .35 .69 .03 .37 .70 .04 0.3 40.5 
35 05 25. 33 50. 67 I 76. 00 IOI. 33 126. 66 152. 00 177. 33 202. 66 228.00 1520. 0 3039. 9 

6 . 33 . 65 I 5. 98 . 31 . 63 1. 96 . 29 . 6;i 7. 95 19. 6 9. 3 
7 . 32 . 64 t . 97 . 29 . 61 . 93 . 26 i . 58 . 91 9. 3 8. 7 
s . 32 . 63 : . 95 : . 27 . 58 . 90 . 22 . 54 . 86 9· o 8. o I 
9 .31 .62 i ·9< .25 .56 I .87 .19: .50 .81 8.7 7.4 

I : l : 
35 IO 25. 31 

II 

12 
13 
14 

.30 

.30 

. 29 

. 29 

35 15 25. 28 
16 . 28 
17 . 27 

I~ • 27 
19 . 26 

35 20 

21 
22 

23 
24 

35 2 5 
26 

35 3° 
•31 
32 
33 
34 

25.26 
. 25 
. 24 
. 24 
. 23 

25.23 
. 22 

.22 

. 21 

. 21 

25. 20 

. 20 

'19 
'19 
'18 

50.61: 75.92 ', 101.23 126.53 I 151.84 177. 15 \ 202.46 227.76 1518.4 3036.8 
. 00 i . 91 . 21 . 51 , . 81 . I I i . 41 . 72 8. I 6. 2 

• 59 I • 89 • 19 l • 48 i • 78 i • 08 · 37 · 67 7 · 8 5. 6 
. 5& I . 87 . I 7 i . 46 I . i 5 : . 04 ' . 33 . 62 7. 5 5· 0 
.57i .86 .14i .43' .72 1 7.01 .29 .58 7.2 4.3 

50. 56 ' 75· 84 IOI. 12 i 126. 41 151. 69 · 176. 97 i 202. 25 227. 53 1516. 9 3033. 7 
. 55 • 83 , . IO i • 38 : . 65 , • 93 . 21 . 49 6. 5 J. I 
. 54 . 81 ' . 08 ! . 35 . 62 . 90 1 . l 7 . 44 6. 2 2. 5 
.531 .So .o6" .33; .59 .86' .12 .39 5.9 r.8 
.. 52 I . 78 , . 04 . 30 i . 56 . 82 , . 08 . 34 5. 6 1. 2 

50.51 
.50 
.49 
.48 
. 47 

50.46 
. 45 
.44' 
.43 ' 
·42 i 

75. 77 
. 75 
'73 
'72 
.70 

75.69 
'67 
. 66 : 
'64 ' 
'63 

50. 41 I 75. 61 
.401' '59 
. 39 '58 
• 38 I • 56 
. 36 . 55 

IOI. 02 
I. 00 I 

0. 98 : 
. 96 I 
. 94 

100. 92 
.qo 
. 87 
. 85 ' 
. 83 

100. 81 
. 79 
. 77 
. 75 
. 7 3 ' 

126. 28 : 
. 25 I 
. 23 I 

. 20 ! 

. 18 • 

126.15 
. 12 
.09 
.07 
.04' 

126. 02 ! 

5. 99 
. 97 
.94 
. 91 

151. 53 176. 79 I 202.04 
. 50 . 7 5 : 2. 00 

.47 ·72 I l,96 

. 44 . 68 : . 92 

.41 .64' .87 

227.30 
. 25 
.20 
.16 
. II 

151.37 176.6o 201.83 227.o6 
·34 j .57 .79 7.02 
.31: .53 .75 6.97 
. 28 I . 49 . 71 . 92 

151::: 176::: [ 201::: 226::: 
. 19 ' . 38 : . 58 . 78 
. 16 I . 35 I • 54 . 74 
. i3 , . 31 I . 50 . 69 
' 09 : . 28 ! • 46 . 64 

1515.3 
5.0 
4·7 
4.4 
4· l 

1513.7 
3.4 
3· l 
2.8 
2.5 

1512.2 
I. 9 
I. 6 
I. 3 
0.9 

3030.6 
30.0 
29.4 
8.8 
8. I 

3027.5 
6.9 
6.2 
5.6 
5· 0 

3024.4 
3.8 
J· I 
2. 5 
I. 9 

4564.5 
3.6 
2.7 
I. 7 

6o.8 

4559.9 
9.0 
8.o 
7._ I 
6. l 

4555.2 
4.3 i 
3.4 
2.4 
I. 5 

4550.6 
49.7 
8.7 
7. 8 
6.8 

4545·9 
5.0 
4.0 
3· l 
2. I 

4541. 2 

40.3 
39.4 
8.4 
7.5 

4536.6 
5.7 
4· 7 
3.8 
2;8 

35 35 
3b 
Ji 
3\\ 
39 

25. 18 
'17 

50. 35 i 75· 53 
. 34 i 52 

100. 71 
'69 
. 67 
. 65 
. 63 

125.88 
. 86 
.84 
'81 
.79 

151. o6 176. 24 : 201. 42 226. 6o 
. 03 ' 20 . 38 ' . 55 

1510. 6 I 
0. 3 i 

JO.O 

"9· 7 
9.4 

3021.2 I 4531.9 
0. 6 ' I. 0 

35 4o 
41 
42 
43 
44 

35 45 
46 
47 
48 
49 

35 5° 
51 
52 
53 
54 

35 55 
56 
57 
58 
59 

35 6o 

. Ij i · JJ ' '50 I 

'16 
'16 

. 32 ' . 48 

. JI , 47 I 

50. JO 
. 29 
.28 

i 

25. 15 
'15 
'14 
'14 
. 13 ' 

. 27 ' 

. 26 i 

25. 12 
. 12 
. II 
. 11 

• IO 

50.25 
.24 
. 23 
• 2Z ' 
. 21 

25. IO ' 50. 20 

. 09 . 19 

. 09 ' . 18 
'08 . 17 
. 08 . 16 

25. 07 
.07 
. o6 
.o6 
.05 

:.i5.o5 

50. 14 
. 13 
. 12 
•II 
• IO 

50.09 

75 45 ; 
· 44 I 
.42 I 
. 41 ~ 
. 39 ~ 

75, 37 ' 
. J(I 

'34' 
.33 
. JI 

75.30 
. 28 
. 26 
.25 
. 23 ' 

100. 60' 
' . 58 ' 

. 56 i 

. 54 : 

. 52 : 

125. 76 
. 73 
.70 
. 68 
. 65 

100. 50 ' 125. 62 
.48 : . 6o 
. 46 : . 57 
·44 I • 54 
. 421 . 52 

100. 39 I 125. 49 
. 37 ' . 46 
• 35 ' • 44 
. 33 ' . 41 
. 31 . 39 

75. 22 100. 29 
, 20 t • Zj 

125. 36 ' 
. 33 ' 
. 31 . 19 i • 25 

. 17 . 23 . 28 
. 26 

125. 23 
. 151 . 21 

75· 14 100. 18 

I, 00 , I] 1 . 33 · 50 
0. 97 

1 

• I 3 · 29 · 45 
. 94 i . 10 ' • 25 . 41 

150.91 
. 87 
.84 
. 81 
. 78 ! 

150. 75 ' 
. 72 : 
.fig 
. 65 ' 
. 62 : 

150. 59 I 
.56 
. 53 i 

.50 

.47 ' 

150. 43 ! 
.40' 
.37 
• 34 I 

. 31 
150. 28 : 

I 76. o6 201. 21 
6. 02 ! • 17 
5, 99 . 13 

. 95 . 08 
'91 . 04 

175.87 
'84 
'8o 
. 76 
.72 

175. 69 
. 65 
. 62 
.58 
.54 

175.50 
.47 
·43 
.39 
.36 

175.32 

201. 00 

0.96 
. 91 
. 87 
. 83 

200.79 
. 75 
.70 
.66 
. 62 

200.58 
. 54 
. 49 
. 45 
.. p 

200. 37 

226.36 
. JI 
. 27 
• 22 

. 17 

226. 12 

.08 
6.03 
5.98 
·94 

225.89 
.14 
.79 
. 75 
.70 

225. 65 
.6o 
.55 
. 51 
.46 

225.41 

l 5C'9. I 
8.7 
8.4 
8. I 
j.8 

1507.5 
7. 2 

6.9 
6.5 
6. 2 

1505.9 
5.6 
5.3 
5.0 
4. 7 

1504· 3 
4.0 
3• 7 I 

3.4 
3· I 

1)02. 8 

20. 0 30. 0 

19. 4 29.1 
8. 8 8. I 

301::>.1 
7. 5 
6.9 
6.2 
5.6 

3015. 0 

4.4 
3. 7 
3. I 
2.5 

3011. 8 
I, 2 

o.6 
IO.O 

09.3 
3oo8. 7 

8.o 
7.4 lo 

6.8 
6. 2 

3005.5 

4527.2 
6.3 
5.3 
4.4 
3.4 

4522.5 
I. 6 

20.6 
19. 7 
8.7 

4517.8 
6.8 
5.9 
4.9 
4.0 

45 13.0 
2. l 
I. l 

I0.2 
09.2 

45o8.3 

6o86.o 
4.8 
3.5 
2.3 

81. I 

6o79.8 
8.6 
7.4 
6. I 

4.9 

6o73.7 
2.4 

71. l 

69. 9 
8.6 

6o67.4 
6.2 
5.0 
3.7 
2.5 

6o61. 2 

6o.o 
58.7 

7. 5 
6.2 

6o55.o 
3.8 
2.5 
I. 3 

50.0 

6o48.8 
7-5 
6.2 
5.0 
3.8 

6o42.5 
I. 3 

40.0 
38. 7 
7.5 

6o36.2 
5. 0 
3.8 
2.5 

31. 2 

6o29. 91 
8.7 
7.4 
6.2 
5.0 

0023. 7 
2.4 

21. I 

19.9 
8.6 

6o17. 4 
6. I 

4.8 • 
3.6 
2.3 

0011.0 

76o7. 5 
6.o 
4.4 
2.9 

6o1. 3 

7599.8 
8.2 
6.7 
5· I 
3.6 

7592. I 
90.5 
88.9 
7.4 
5.8 

7584.3 
2.7 

81. 2 

79.6 
8. I 

7576.5 
5.0 
3.4 
I. 9 

70.3 

7568.7 
7.2 
5.6 
4· I 
2.5 

7561. 0 

59.4 
7.8 
6.3 
4. 7 

7553· I 
I. 6 

50.0 
48.4 
6.9 

7545.3 
3.7 
2.2 

40.6 
39.o 

7537.4 
5.9 
4.3 
2.7 

31. 2 

7529.6 
8.o 
6.4 
4.9 
3.3 

7521.7 
20. I 

18. 5 
7.0 
5·4 

7513.8 
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I 
Latitude 35° to 36°-Meridional arcs. Latitude 35°-Co-or<linates of curvature. 

---
Lat. 

Sums of seconds for middle II V 1 f , 
I I 

Value of 1" 
Sums of minutes for middle 

I 

I 

l f tud a ue o l , latitude. Longitude. x I y 
ai e. 

1 

___ ; I 

- -·· i I 

0 ' Metl!t's. If 1lfeters. 
I 

Meters. I .Meters. 0 I I Meters. 

I 
Mden. I I 35 ()() 30.816 

I 
I 1848.96 I - I 6 I 30.82 . 96 I I 849. 0 0 I r 521. 5 O. I 

2 6 2 61. 64 . 97 2 3 697. 9 2 3 043.0 0. 5 

3 6 3 92.46 . 97 3 5 546. 9 3 4 564. 5 J. l 

4 6 4 I2J.27 . 98 4 7 395. 9 4 6 086.0 2. 0 

35 05 30.816 5 154. 09 1848.99 5 9 244. 9 0 5 I 7 6oi. 5 3.2 
6 7 6 184.91 8.99 6 II 093. 9 6 I 9 I29. 0 4.6 

7 7 7 215.73 9.00 7 12 942. 8 7 i IO 650. 5 6.2 
8 7 8 246.55 . 00 8 I4 791. 8 8 I2 I72. 0 8. I 

9 7 9 277- 37 . 01 9 16 640. 8 9 13 693. 5 10.3 

35 IO 30.817 IO 308. I<} 1849.01 IO I8 489. 9 0 IO 15 215. 0 12.7 
II 7 I 339.00 . 02 II 20 338. 9 15 22 822. 5 28.6 
12 7 :z 369.82 . 02 12 n 187. 9 20 30430. 0 50.8 
13 7 3 400.64 . 03 IJ 24 036. 9 25 38 037. 5 79.3 
14 7 4 431.46 .03 14 25 885. 9 30 45 645. 0 114. 2 

35 15 30.817 I5 462.28 1849.04 15 27 735. 0 0 35 53 252. 4 155.5 
16 7 6 493· IO .04 16 29 584. 0 40 6o 859. 7 203. I 

17 7 7 523.92 . 05 17 31 433· I 45 68 467. I 25;. 0 
18 8 8 554.73 ' . 05 18 33 282. I 50 76 074. 3 317·3 
19 8 9 585.55 .o6 19 35 !JI. 2 55 l'>3 681. 6 384.0 

35 20 30.818 20 616.37 i 1849.o6 20 36 98o. 2 I 00 91 288. 8 456.9 
21 8 I 647. 19 I . 07 21 38 829. 3 05 98 8g5. 9 536.3 
22 8 2 678.01 .07 22 40 678. 4 IO Io6 S02. 9 622.0 

23 8 3 708.83 .o8 23 42 527. 4 15 II4 109. 9 7Iof. 0 
24 8 4 739.65 .08 2{ 44 376. 5 20 I2I 7I6. 8 812.4 

I 
35 25 30.818 25 770. 46 1849.09 25 46 225. 6 I 25 129 323. 6 917. I 

26 8 6 8o1. 28 .09 26 48 074. 7 30 136 930. 3 l 028. l 

27 8 7 832. IO .10 27 49 923. 8 35 144 536. 9 I 145. 5 
28 8 8 862.92 . IO 28 51 772. 9 4'0 152 143.4 I 269. 3 
29 8 9 893.74 . II 29 53 622. 0 45 159 749. 8 I 399· 4 

35 30 30.819 30 924.s6 

I 
I849. II 30 55 471. I I 50 I67 356. I I 535· 8 

31 9 I 955.38 . 12 31 57 320. 2 55 174 962. 3 I 678. 6 

32 9 2 986. I9 . 12 32 59 169. 4 2 00 182 568 I 828 

33 9 3 1017.01 . 13 33 61 018. 5 3 00 273 830 4 112 

34 9 4 I 047· 83 . I3 34 62 867. 6 4 00 365 o64 7 310 

35 35 30.819 35 I 078. 65 I849. 14 35 64 716. 7 5 00 456 26I II 421 

36 9 6 l 109. 47 . 15 36 66 565. 9 6 00 547 412 16 445 

37 9 7 I 140. 29 . 15 37 68 415. 0 7 00 638 509 22 381 

J8 9 8 l 171.II .I6 38 70 264. 2 8 00 729 542 29 229 

39 9 9 l 201. 92 

I 
. I6 39 72 II3. 3 9 00 820 501 36 987 

35 40 30.819 40 I 232. 74 1849.17 40 73 962. 5 IO 00 9II 379 45 656 
41 20 l I 263. 56 . I7 4I 75 8II. 7 II 00 I 002 165 SS 234 
42 0 2 I 294. 38 . I8 42 77 66o. 8 I2 00 I 092 850 65 721 

43 0 3 I 325. 20 . 18 43 795mo 13 00 I 183 426 77 llS 

44 0 4 I 356. 02 .19 44 81 359. 2 14 00 I 273 884 89 415 

I 
35 45 30.820 45 I 386. 84 1849.19 4S 83 2o8. 4 15 00 I 364 214 I02 619 

46 0 6 I 417. 65 .20 46 85 057. 6 16 00 I 454 407 116 728 

47 0 7 I 448. 47 .20 47 86 go6. 8 17 00 I 544 454 13I 738 

48 0 8 I 479· 29 . 21 48 88 756. 0 I8 00 I 634 347 147 650 

49 0 9 I 510. II . 2I 49 90 6o5. 2 I9 00 I 724 076 I64 46o 

35 50 30.820 so I 540. 93 1849.22 50 92 454. 4 20 00 I 8IJ 632 182 168 

51 0 I I 571. 7S . 22 SI 94 303. 6 21 00 I 903 oo6 

I 
200 772 

52 0 2 I 002. 57 . 23 s2 96 152. 9 22 00 I 992 Il)O 220 268 

53 I 3 I 633. 38 . 23 S3 98 002. I 23 00 2 081 I74 240 657 
' 2 169 949 261 936 

54 I 4 I 664. 20 1849. 24 S4 99 85(,, 3 24 00 

3S SS 30.821 SS I 6g5.02 . 24 55 IOI 700. 6 25 00 2 258 507 I 284 I02 

56 J 6 I 7z5. 84 • 25 56 103 54~: 8 26 00 2 346 838 ! 307 154 

57 I 7 I 756. 66 . 25 57 105 399· I 27 00 2 434 934 l 33I o89 

58 I 8 I 787.413 .26 58 107 248. 3 28 00 2 522 787 

I 
3~5 905 

59 I 
~ 

t 818. 30 . 26 59 109 097. 6 29 00 2 610 386 3 I 598 

I 35 6o 30.821 I 849. II 1849.27 6o IIO 946, 9 30 00 2 6g7 724 408 168 



 

214 UNITED ST.ATES COAST AND GEODETIC St:RVEY. 

l-----.----,.--~---,~--,-----L-a_tit-u_de_3_6_0_to_37_0_-_A_r_c,_o_f_t_he-Pa_r_al_k_I_in_m~e-te_r_s. ______________ _. 

I '" 1" ,,, •" I ,,, I ,,, I ,,, I" i ,,, I •" 1' 

1-0--/ _.____,!_ --l--11--1--1----1--,---
1

, 36 00, 25. 05 50. 09 75. 14 100. 18 125. 23 150. 28 175. 32 200. 37 225. 41 1502. 8 
. 04 . 08 . 12 I . 16 . 20 • 25 . 29 . 33 · . 36 2. 5 

3 
4 

' 8 
9 

36 l'.l 

II 
12 

13 
14 

36 15 
16 
17 
18 
19 

36 20 
21 
22 

23 
24 

36 25 
26 
27 
28 
29 

36 30 
31 
32 
33 
34 

36 35 
36 
37 
38 
39 

36 40 
41 
42 
43 
44 

36 45 
46 
4i 
48 
49 

36 50 
51 
52 
53 
54 

36 55 
56 
57 
58 
59 

36 6o 

. 04 . 07 . JI . 14 . 18 . 22 . 25 . 28 . 32 2. 2 

. 03 . o6 . 09 . 12 . 15 " 18 . 21 . 24 . 27 I. 8 

.03 .05 .08 .IO .13 .15 .17 .20 .22 I.5 
25.02 50.04 75.o6 100.08 125.10 150.12 175.14 200. 16 225.17 1501.2 

.Ol ,03 .04 .o6i ,07 .09 .IO .II .lJ 0.9 

. 01 . 02 . 03 . 04 . 05 . o6 . o6 . 07 . 08 o. 6 

. oo . 01 . 01 too. 02 5. o;z 50. 02 5. 02 :zoo. 03 5. 03 500. 2 
5.00 50.00 5.00 99.99 4.99 49.99 4.99 199.99 4.99 499·9 

24.99 
.99 
. 98 
.98 
. 97 

24.97 
. 96 
.96 
. 95 
. 95 

24.94 
·94 
·93 
. 93 
. 92 

24.91 
. 91 
.go 
.go 
. 89 

24.89 
.88 
.88 
. 87 
. 87 

24- 86 
. 85 
. 85 
.84 
.8.j. 

24.83 
. 83 
. 82 
.8:z 
. 81 

24.81 
.So 
.So 
.79 
.79 

24.78 
. 78 
·77 
.76 
.76 

24.75 
. 75 
. 74 
. 74 
.73 

24.73 

49.99 
. 98 
. 97 
. 95 
. 94 

49.93 
. 92 
. 9r 
. 90 
. 89 

49.88 
. 87 
. 86 
. 85 
. 84 

49.83 
. 82 
. Sr 
.79 
.78 

49, 77 
.76 
. 75 
.74 
.73 

49. 72 
. 7r 
.70 
.69 
.68 

74.98 
.96 
. 95 
.93 
.92 

74.go 
. 88 
. 87 
. 85 
.84 

74.82 
.8o 
. 79 
. 77 
.76 

74.74 
. 72 
. 7r 
.69 
.68 

74.66 
.64 
.63 
• 6r 
.6o 

74.58 
.56 
.55 
.53 
.52 

49· 67 74- 50 
.66 .48 
. 65 .47 
. 63 .45 
. 62 ·44 

49. 61 I 74. 42 
.6o .40 
. 59 i . 39 
• 58 I • 37 
• 57 I • 36 

49. 56 74. 34 
. 55 . 32 
, 54 I • 31 
. 53 i • 29. 
. P j . 28 

49. 51 74. 26 
. s0 .24 
. 49 . 23 
. 47 . 21 
,46 . 19 

49· 45 74· 18 

99.97 
. 95 
. 93 
. 91 
. 89 

99.87 
. 85 
. 82 
.So 
.78 

99.76 
.74 
.72 
.70 
. 67 

99· 65 
. 63 
• 61 
. 59 
.57 

99.55 
·53 
.50 
.48 
.46 

99.44 
.42 
.40 
.38 
·35 

99·33 
. 3r 
.29 
. 27 
. 25 

99.23 
. 2r 
.r8 
.16 
.14 

99· 12 
.IO 
.08 
.o6 
.03 

99.01 
8.99 
.97 
·95 
.93 

!)&. go 

r24. 97 149· 96 
. 9+' .93 
. 92 .90 
. 89 .86 
. 86 .83 

124. 84 149. 8o 
. 81 . 77 
. 78 . 74 
. 75 . 70 
. 73. . 67 

124. 70 
. 67 
. 65 
. 62 
.59 

124.57 
.54 
. 52 
.49 
.46 

124.44 
.41 
. 38 
. 35 
.33 

r24.30 
. 28 
. 25 
• 22 
. r9 

124. 17 
. 14 
. 12 
.09 
.o6 

124.03 
4.01 
3.98 
. 95 
. 93 

123. 90 
. 87 
. 85 
. 82 
·79 

123. 76 
.74 
. 71 
.68 
. 66 

123.63 

149.64 
. 61 
.58 
.54 
. 5r 

149.48 
.45 
.42 
. 38 
• 35 

149.32 
• 29 
. 26 
• 22 

• 19 
149.16 

. 13 

.IO 

.o6 

.03 

149.00 
8.97 
·94 
.90 
• 87 

148.84 
.Sr 
. 78 
.74 
. 71 

148.68 
. 65 
.62 
. 58 
. 55 

148.52 
·49 
.46 
.42 
. 39 

14-B.36 

174.95 
.91 
. 88 
.84 
.8o 

174.77 
. 73 
.69 
.65 
.62 

174.58 
.54 
. 51 
.47 
.43 

174.39 
.36 
. 32 
.28 
• 25 

174.21 
. 17 
.14 
• IO 

.o6 

174.02 
3.99 
.95 
. 9r 
.87 

173· 8.j. 
.So 
. 76 
. 72 
.6g 

173.65 
. 61 
. 57 
. 54 
.50 

173.46 
.42 
. 38 
. 35 
. 31 

173.27 
.23 
.20 
.16 
. 12 

~13.08 

r99·95 
.go 
. 86 
. 82 
.78 

r99·73 
. 69 
. 65 
. 61 
.56 

199.52 
.48 
.44 
.39 
. 35 

199.31 
. 27 
. 22 
. 18 
. r4 

199· IO 
.05 

9.01 
8.97 
.92 

198.88 
. 84 
. 8o 
. 75 
. 71 

198.67 
. 63 
.58 
.54 
.50 

1g8.45 
. 41 
.37 
.33 
.28 

198.24 
.20 
. 15 
. II 

.07 

198. 02 
7.98 
.94 
.89 
.85 

197. 81 

224.94 
. 89 
. 84 
• 8o 
. 75 

224- 70 
. 65 
.6o 
.56 
. 51 

224.46 
.41 
. 36 
. 32 
. 27 

224.22 
. r1 
. r3 
.o8 

4.03 

223.98 
. 93 
. 88 
. 84 
.79 

223.74 
. 69 
. 64 
. 6o 
. 55 

223.50 

. 45 

.40 

. 36 

. 31 
223.26 

. 21 

. r6 

. rz 

. 07 

223.02 
2.97 
. 92 
. 87 
. 82 

222.78 
. 73 
. 68 
. 63 
. 58 

222.53 

1499.6 
9.3 
9.0 
8.6 
8.3 

1498.0 
7.7 
7.4 
7.0 
6. 7 

1496.4 
6. I 

5.8 
5.4 
5· l 

1494.8 
4. 5 
4.2 
3.8 
3.5 

r493· 2 
2.9 
2.6 
2.2 
I. 9 

14.91. 6 
I. 3 
1.0 
o.6 
0. 3 

1490.0 
89. 7 
9.4 
9.0 
8.7 

r488.4 
8.1 
7.8 
7.4 
7. I 

1486.8 
6. 5 
6. 2 

5.8 
5.5 

1485. 2 
4.9 
4.6 
4.2 
3.9 

1483.6 

2' 

3oo5.5 
4.9 
4. 3 
3.6 
3.0 

3002.4 
I. 7 
I. r 

3000. 5 
2999.8 

2999.2 
8.6 
7.9 
7.3 
6.6 

2996.0 
5.4 
4· 7 
4· I 
3·4 

2992.8 
2.2 
I. 5 
0.9 

90. 2 

2989.6 
9.0 
8.3 
7.7 
7.0 

2986.4 
5.8 
5. l 
4. 5 
3.8 

2983.2 
2.6 
I. 9 
I. 3 
o.6 

298o.o 
79.4 
8 7 
8. r 
7, 4 

2976.8 
6. 2 

5.5 
4.9 
4. 2 

2973.6 
3.0 
2.3 
I. 7 
I. 0 

2970.4 
6g. 7 

9· I 
8.4 
7.8 

2967. I 

31 

4508. 3 
7.3 
6.4 I 
5· 4 I 
4· 5 I 

4503.5 
2.6 
I. 6 

500. 7 
499.7 

4498.8 
7.8 
6.9 
5.9 
5.0 

4494.0 
3.0 
2, I 

I. I 
go. 2 

4489.2 
8.3 
7.3 
6.4 
5. 4 

4484.5 
3·5 
2.6 
I. 6 

80. 7 

4479.7 
8. 7 
7.7 
6.8 
5.8 

4474.8 
3.8 
2.9 
I. 9 
I. 0 

4470.0 
69.0 
8. I 

7. I 
6. 2 

4465. 2 
4. 2 

3.3 
2.3 
I. 4 

446o.4 
59.4 
8.4 
7.5 
6.5 

4455.5 
4. 5 
3.6 
2.6 
I. 7 

445o. 7 

4/ 

6oII. 0 

og.8 
8.5 
7.2 
6.o 

6004. 7 i 
3·4 
2.2 

6ooo.9 
5999.6 

5998. 41 
7· I 

. 5. 8 
4.6 
3. 3 

5992 · 0 

90.7 
89.5 
8.2 
6.9 

5985. 7 
4.4 
3. I 
I. 8 

So. 5 
5979.3 

8.o 
6. 7 
5.4 
4· 2 

5972.9 
I. 6 

70.3 
69.0 

7. 7 
5966.5 

5.z 
3.9 
2.6 
I. 3 

596o. I 

58.8 
7.5 
6.2 
4.9 

5953.6 
2.3 

51. 0 

49.8 
8.5 

5947.2 
5.9 
4.6 
3. 3 
2.0 

5940. 7 
39.4 
8. I 
6.8 
5.5 

5934·3 

5' 

7513.8 
2. 2 

I0.6 
09· r 

7. 5 
7505.9 

4· 3 
2. 7 

5oz.. I 

499.6 

7498. 0 
6.4 
4. 8 
3.2 
1. 6 

7490.0 
88. 4 
6.8 
5.2 
3.7 

7482. r 
8o.5 
78.9 
7. 3 
5.7 

7474· I 
2.5 

70.9 
69.3 
7.7 

7466. I 

4.5 
2.9 

61.3 
59.7 

7458. I 
6. 5 
4.9 
3·3 
I. 7 

7450. I 

48.5 
6.8 
5.z 
3.6 

7442.0 
40.4 
38.8 
7.2 
5.6 

7434-0 
2.4 

30. 7 
29. I 
7.5 

7425.9 
4.3 
2.7 

21. 0 

19.4 
7417.8 



 

UNITED STATES COAST AND GEODETIC SURVEY. 215 

Latitude 36° to 37°-Meridional arcs. Latitude 36°-Co-ordinates of currntmc·. 

----
Lat. 

Val f /1 I Sums of second5 for middle 

I -f I ! 

Sums of minutes for middle ! I 
I Value of 1' Longitude. x I y 

ue 0 1 latitude. latitude. i 

i I 
I I 

I 

I 
- Q I Meters. I II I Meters. Meters. I Jlfeters. 0 I Meters. iltfeters. 

I 

36 .oo 30.821 1849. 27 
I 1 l 30.82 . 28 1 1 849. 3 0 I I 502. 8 0. I 

2 I 2 61. 65 . 28 2 3 698. 5 2 I 3 005. 5 0.5 
3 1 3 92.47 . 29 3 5 547. 8 3 i 

4 508. 3 I. 2 

4 2 4 123.29 . 29 4 7 397 · l 4 6 Oil. I 2. l 

36 05 30.822 5 154. 12 1849.30 5 9 246. 4 0 5 7 513. 8 3.2 
6 2 6 184.94 . 30 6 II 095- 7 6 9 016. 6 4.6 

7 2 i 215. 77 . 31 7 12 945· 0 7 10519.3 6.3 
8 2 8 246.59 . 31 8 l4 794. 3 8 12 022. I 8.2 ' 
9 2 9 277- 41 . 32 9 16 643. 6 9 13 524. 8 10.4 i 

36 IO 30.822 10 308.24 1849.32 10 18 493· 0 0 IO 15 027. 6 12.8 I 
II 2 I 339.o6 . 33 I 20 342. 3 15 

I 
22 541. 4 28. 9 

12 2 2 369.89 . 33 2 22 191. 6 20 30 055. 2 51. 4 
13 2 3 400. 71 . 34 3 24 040. 9 25 37 568. 9 8o.3 
14 2 4 431. 53 • 34 4 25 890. 3 30_ 45 o82. 7 u5. 6 

36 15 30.822 15 462.36 1849.35 15 27 739. 6 0 35 52 596. 4 157.4 
: 

16 3 6 493· 18 . 35 6 29 589. 0 40 6o 110, 0 205.6 
17 3 7 524.00 . 36 7 31 438. 3 45 67 623. 6 26o.2 
18 3 8 554.83 . 36 8 33 287. 7 50 75 137. 3 321. 2 
19 3 9 585.65 . 37 9 35 137. I 55 82 650. 8 388.7 

36 20 30.823 20 616.48 1849.37 20 36 986. 4 I 00 . 90 164. 3 462.5 
21 3 I 647.30 . 38 I 38 835. 8 05 97 677- 7 542.8 

I 22 3 2 678. 12 . 38 2 40 685. 2 10 105 191. 0 629.5 
23 3 3 7o8.95 . 39 3 42 534. 6 15 112 704. 2 722.6 
24 3 4 739.77 .40 4 44 384.0 20 120217.4 822.2 

36 25 30.823 25 770. 59 1849.40 25 46 233. 4 I 25 127 730. 4 928.2 
26 3 6 Sor. 42 . 41 6 48 082. 8 20 135 243. 4 I 040. 6 
27 4 7 832.24 .41 7 49 932. z 35 142 756.3 I 159.4 
28 4 8 863.07 . 42 8 51 781. 6 40 150269.1 I 284. 7 
29 4 9 893.89 .42 9 53 631. 0 45 157 781.7 I 416. 4 

36 30 30:824 30 924.71 1849.43 30 55 48o. 4 I 50 165 294. 3 I 554· 5 
31 4 I 955.54 ·43 I 57 329· 9 55 172 8o6.8 I 699.0 
32 4 2 986.36 .44 2 59 179. 3 2 00 18o 319 I 850 

33 4 3 I 017. 18 ·44 3 61 028. 7 3 00 270 455 4 162 
34 4 4 I 048. 01 . 45 4 62 878. 2 4 00 36o 562 7 399 

36 35 30.824 35 l 078. 83 1849.45 35 64 727. 6 5 00 450 631 II 56o 
36 4 6 I 109.66 .46 6 66 577. I 6 00 540653 16 645 
37 4 7 l 140.48 .46 7 68 426. 6 7 00 630 618 22 652 
38 4 8 I 171. 30 .47 8 70 276. 0 8 00 720 517 29 583 
39 5 9 l 202. 13 .47 9 72 125. 5 9 00 810 340 37 435 

36 40 ·30. 825 40 l 232. 95 1849. 48 40 73 975. 0 IO 00 900 078 46 209 
41 5 I I 263. 77 .48 I 75 824 5 II 00 989 720 55 903 
42 5 2 I 294.6o .49 2 77 67J. 9 12 00 I 079 259 66 515 
43 5 3 I 325.42 .49 3 79 523. 4 13 00 I 168 684 78 046 
44 5 4 l 356. 25 .50 4 81 372. 9 14 00 I 257 987 90494 

36 45 30.825 45 I 'J87. 07 1849. 51 45 83 222. 4 15 00 I 347 156 103 856 
46 5 6 I 417. B9 . 51 6 85 071. 9 16 00 I 436 184 118 133 
47 s 7 I 448. 72 .52 7 86 922. 5 17 00 I 525 001 133 323 
48 5 8 I 479· 54 ' . 52 8 88 772. 0 18 00 I 613 7i7 149 423 
49 s 9 I 510. 36 ·53 9 9<J 620. 5 19 00 I 702 324 166 433 

36 50 JO· 82'6 50 I 541. 19 1149.53 50 92 470. 0 20 00 l 790 69I 184 350 
51 6 I I 572. 01 . 54 I 94 319. 6 21 00 I 878 870 203 173 
52 6 2 I 6o2.14 .54 2 96 169, I 22 00 I 966 851 222 B99 
53 6 3 I 633. 66 . 55 3 98 018. 6 23 00 2 054 625 243 527 

54 6 4 I 664.48 .55 4 99 868. 2 24 00 z 142 183 z65 055 

36 55 30.8.26 SS I 695. 31 1849. 56 55 IOI 717. 8 25 00 2 229 516 287 479 
56 6 6 I 726. 13 . 56 6 103 567. 3 26 00 2 316 613 310 798 

57 6 7 I 756. 9~ • 57 7 105 416. 9 27 00 2 403 467 335 009 
58 6 8 l 787. 7 .57 8 IOj 266. 5 28 00 2 490o68 36o I II 

59 6 9 I 818. 6o .58 9 109 u6. o 29 00 2 576 407 

I 
386 099 

36 6o 30.826 6o I 849' 43 1149.58 6o IIO 965. 6 •30 00 2 662 475 412 971 



 

216 UNITED STATES COAST AND GEODETlC SURVEY. 

Latitude 37° to 38°-Arcs of the parallel in meters. . 
, __ 

! I I 

Lat. 1" 2'' I S" ,,, I 5" L:_ 'i" 8" 9" 1' 2' 3' !' 51 
I __ 

------
0 I ! 
37 00 24.73 49.45 74. 18 98.90 123.63 148. 36 I l 7J. 08 197.81 222.53 1483.6 2967. I 4450. 7 5934·3 7417.8 

I . 72 .44 . 16 .88 : .6o . 33 : . 05 .77 .48 3.3 6.5 49.7 3.0 6.3 
2 . 72 .43 . 15 . 86 .57 . 29 3.00 .72 .43 2.9 5. 8 8. 7 I. 7 4.6 
3 . 7I .42 . I3 .84' ·SS . 26 2.97 . 68 .39 2.6 5. 2 7.8 30.4 2.9 
4 .70 . 41 .II . 82 : .52 . 23 . 93 .64 ·34 2.3 4.5 6.8 29. I I. 3 

37 05 24. 70 49.40 74· IO 98.80 ' 123.49 I48. I9 lp. 89 197.59 222.29 148!. 9 2963.9 4445. 8 5927.8 7409.7 
6 . 6g .39 .o8 . 77 . .46 . I6 . 85 .55 .24 I. 6 3.2 4.8 6.5 8. I 

7 . 69 .38 . 07 . 75 . .43 . 13 . 82 .51 . 19 I. 3 2.6 3.9 5.2 6.5 
8 . 68 . 36 . 05 . 73 ~ . 41 . IO . 781 .46 . IS I. 0 I. 9 2.9 3.9 . 4.8 
9 . 68 . 35 . 03 . 71 . 38 .06 .74 .42 . IO o.6 I. 3 2.0 2.6 3.2 

37 10 24.67 49· 34 7+ 02 98.69 I23.36 I48.03 172.70 197.38 222.05 1480.3 296o.6 444!. 0 5921. 3 7401. 6 
II . 67 . 33 4.00 . 67 ' . 33 8.oo . 66 . 33 2.00 8o.o 6o.o 40.0 20.0 400.0 
12 . 66 . 32 3.98 .64 .30 7.97 . 63 . 29 I. 95 79.7 59·3 39.o 18.7 398.3 
13 . 66 . JI . 97 .62 . 27 . 93 . 59 . 25 .go 9.3 8.7 8. l 7.4 6. 7 

! I4 . 65 . 30 . 95 .6o' . 25 . 90 
. 551 

. 20 . 85 9.0 8.o 7. I 6. I 5· I 
I 

24.64 98.58 147.87 197. 16 221. 81 1478.7 4436. l 59I4.8 
' 

37 15 49.29 iJ. 93 123.22 172. 51 2957.4 7393.4 
I6 . 64 . 28 . 92 .56 .20 . 84 . 48 . 12 .76 8.4 6.7 5. I 3.5 l. 8 
17 . 63 i . 27 . 90 .54 . 17 . 81 .44 . 07 . 71 8. l 6. I 4. I 2.2 90.2 
I8 . 63 . 26 . 89 . 51 . I4 . 77 .40 7· 03 . 66 7· 7 5· 4 3.2 10.8 88.6 
I9 . 62 . 25 . 87 . 49 . I2 .74 . 36 6.98 .. 61 7. 4 4.8 2. 2 . 09.5 6.9 

37 20 24. 62 ; 49.24 73- 85 98.47 I23.og I47.71 I72.J2 I96.94 22I.56 I4]7.I 2954. I 443!. 2 5908. 2 7385.3 
21 . 6I . 23 . 84 . 45 .o6 . 68 . 29 • <JO . 5I 6.8 3.5 30.2 6. 91 3·7 
22 . 61 ! . 21 . 82 . 43 .04 . 64 . 24 . 85 .46 6.4 2.8 29.2 5.6 2.0 
23 . 6o I .20 . So .41 3· OI . 6I . 21 .81 .41 6. I 2.2 8.3 4.3 80.4 
24 . 6o . 19 . 79 . 38 ' 2.98 .58 . 17 . 77 . 36 5. 8 I. 5 7. 3 3.0 78.8 

49. 18 
: 

98. 36 196.72 4426.3 37 25 2+ 59 73. 77 
' 

122_95 147.54 I72· 13 221. 32 1475.4 295°·9 5go1. 7 7377· I 
26 .58 . I7 .75 . 34 . 93 . 51 .og . 68 . 27 5. I 50.2 5.3 900.4 5.5 
27 .58 . I6 .;4 . J2 . go .48 .o6 -~ . 22 4.8 49.6 4.3 899. I 3.9 
28 . 57 . IS .72 . 30 . 87 .44 2.02 . 59 . 17 4.4 8.9 3.4 7. 8 2.2 
29 .57 . 14 . 71 . 28 . . 85 . 41 ]. 98 . 55 . 12 4. l 8.3 2. 4 6.5 'l;o. 6 

i 

24. 56 7J. 69 ' 98. 25 ; 122.82 147.38 I96.5I l47J. 8 2947.6 5895.2 7369.0 37 30 49. I3 I]I.94 221. 07 4421. 4 
31 .56 . 12 . 67 . 23 I . 79 . 35 . 9I . 46 I. 02 3.5 6.9 20.4 4·9 7.3 
32 . 55 . II . 66 . 21 I .76 . 3I . 86 . 42 0.97 3. l 6.3 19.4 3.5 5. 7 
33 . 55 ! • O<j .64 . 19 .74 . 28 . 83 . 37 . 92 2.8 5.6 8.4 2.2 4.0 
34 .54 . 08 . 62 . 17 . 7I . 25 . 79 . 33 . 87 2.5 5.0 7.s 90.9 2.4 

37 35 2+ 54 49.07 73- 61 98. 14 122.68 147.22 171. 75 196.29 220.82 1472.2 2944·3 4416.5 5888.6 736o.8 
36 .53 .o6 .59 . 12 . 65 . 18 . 71 .24 . 78 I. 8 3.6 5.5 7.3 59.1 
37 ·53 . 05 .58 . 10 .62 . 15 . 67 .20 ·73 I. 5 3.0 4.5 6.o 7·S 
38 .52 .04 .56 .o8 .6o . f.2 .64 • 16 . 68 I. 2 2.3 3.5 4.7 5.8 
39 . 51 . 03 .54 .o6 .57 .o8 .6o .II . 63 o.8 I. 7 2.5 3·4 4.2 

' I 
98.03 171.56 196.07 220.58 5882.0 7352.6 37 40 24. 51 49.02 73.53 122.54 147.05 1470.5 2941. 0 4411. 5 

41 .50 .01 . 51 8.01 . 51 7.02 .52 6.02 .53 70.2 40.3 IO. 5 8o.7 50.9 
42 .50 9.00 ·49 7.99 . 49 6.99 .48 i 5.98 .48 69.9 39.7 09·5 79.4 49·3 

i 43 .49 8. 98 .48 . 97 .46 . 95 . 45 .94 .43 9.5 9.0 8.6 8. I 7.6 
44 ·49 . 97 .46 . 95 .43 .92 . 41 . 89 . 38 9.2 8. 4 7. 6 6.8 6.o 

37 45 24.48 48.96 73.44 97.92 122.40 146.89 171. 37 195.85 220.33 1468.9 2937.7 44o6.6 5875.5 7344.3 
46 . 47 . 95 .43 . go . 38 . 85 . 33 .So . 28 8.5 7.0 5.6 4. I 2. 7 
47 . 47 . 94 . 4[ • . 88 . 35 . 82 . 29 .76 . 23 8.2 6.4 4.6 2.8 41. 0 
48 . 46 . 93 . 39 ; . 86 . 32 .79 . 26 . 72 . 18 7.9 5.7 3.7 !. s 39.4 
49 . 46 . 92 . 38 : . 84 . 30 . 75 . 21 . 67 .13 7-5 5· I 2.7 70.2 7.7 

37 5° 24.45 48.91 73. 36 i 97.81 122.27 146.72 171. 17 195' 63 220.08 1467.2 2934.4 4401. 7 5868.9 7336.1 
51 .45 . go .34 . 79 . 24 .69 . I4 .58 20.03 6.9 3.7 400. 7 7.5 4.4 
52 ·44' . 89 . 33 . 77 . 21 .66 .JO .54 19.98 6.6 3· I 399.7 6.2 z. 8 
53 .44 . 87 . 31 . 75 . 19 . 62 .06 . 50 . 93 6.2 2.4 8. 7 4.9 31. l 

; 54 ·43 ' . 86 .30 . 73 . I6 .59 I. 02 .45 .88 5.9 1.8 7.7 . 3· 6 29·5 
37 55 24.43 48.85 7J.28 97. 70 122. 13 146.56 I70.98 11)5. 41 219.83 1465.6 2931. I 4396.7 5862.3 7327.8 

56 .42 . 84 .26 . 68 . IO .52 ·94 . 36 ·79 5· 2 3o.5 5.7 6o.9 6.2 
57 .42 . 83 . 25 .66 . 07 .49 . 91 • 32 .74 4.9 29.8 4,7 59.6 4. s 
58 .41 . 82 • 23 . 64 . 05 .46 . 87 . z8 .69 4.6 9· I 3.7 8.3 2.9 
59 .40 . 81 . 21 . 62 2.02 .42 .83 . 23 .64 4.2 8.5 '1.. 7 7.0 21. 2 

37 6o 24.40 48.So 73.20 97·59 121. 99 I46.39 170.79 195. 19 219.59 146.J. 9 2927.8 4391.7 5855.6 7319.6" 
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Latitude 37° to 38°-Meridional arcs. Latitude 37°-Co-ordinates of curvature. 
I 
I 

--------- ·-- ----- ---· ------- -·--··-·-· --~ Lat. I 

Value of 111 Sums of seconds for middle 
Value of r' Sums of minutes for middle 

Longitude. x v latitude. latitud~. 

I I 0 I • Meters. II llfeters. ,}feters. ' ,l/eters. 0 I Meters. Meters. I . 37 ()() 30.826 

II 
1849.58 

I 
I 6 I 30.83 ·59 I I 849.6 0 I I 483. 6 0.1 
2 7 2 6r. 66 .59 2· 3 699. 2 2 2 967. I 0.5 
3 7 3 92.49 

11 

.6o 3 5 548. 8 4 450. 7 
I 

3 I. 2 
4 7 4 123. 32 . 61 4 7 398. 4 4 5 934. 2 2. I 

37 05 30.827 5 154. 15 1849.61 5 9 248.0 0 5 7 417. 8 3.3 

I 
6 7 6 184.97 I .62 6 i II 097.6 6 8901.4 4.7 
7 7 7 215. 8o I . 62 7 

! 
12 947. 2 7 10 384.9 6.4 

8 7 8 246.63 

I 
. 63 8 14 796. 8 8 II 868. 5 8.3 

9 7 9 277.46 . 63 9 16 646. 5 9 13 352. I 10.5 

37 IO 30.827 10 3o8. 29 

II 
1849.64 IO 18 496. I 0 IO 14 835. 6 13.0 

II 7 I 339· 12 .64 I 20 345. 7 15 22 253. 4 29.2 
12 7 2 369.95 . 65 2 22 195. 4 20 29 671. 2 51. 9 
13 8 3 400.78 

I 
. 65 3 24 045. 0 25 37 089.0 81. 2 

14 8 4 43r. 61 .66 4 25 894. 7 30 44 5o6. 7 1I6.9 

37 15 30.828 15 462.44 1849.66 15 27 744. 4 0 35 51 924· 4 159. I 
16 8 6 493.26 I .67 6 ! 29 594.0 40 59 342. I 207.8 
17 8 7 524· 09 I . 67 7 i 31 443· 7 45 66 759· 7 263.0 
18 8 8 554.92 . 68 8 33 293. 4 50 74 177- 2 324.6 
19 8 9 585.75 .68 9 35 143. I 55 81 594· 7 392. 8 

37 20 30.828 20 616.58 1849.6g 20 36 992. 7 I 00 89 012. 2 467.5 
21 8 l 647.41 .69 I 38 842.4 05 96 429. 6 548.6 
22 8 2 678.24 .70 2 40 692. I IO 103 846. 9 636.3 
23 8 3 709.07 . 71 3 42 541. 8 15 I I I 264. I 730.4 
24 9 4 739.go . 71 4 44 391. 5 20 118 681. 2 831. I 

37 25 30.829 25 770. 7 3 1849.72 25 46 241. 3 I 25 126 098. 3 938.2 
26 9 6 Sol. 56 . 72 6 48 091. 0 30 133 515. 2 l 051. 8 
27 9 7 832.38 . 73 7 49 940. 7 35 140 932. I l 171. 9 
28 9 8 863.21 . 73 8 51 790. 4 40 148 348. 8 I 298. 5 
29 9 9 894.04 .74 9 53 640. 2 45 155 765. 4 I 431. 6 

37 30 30.829 30 924.87 1849.74 30 55 489. 9 l 50 163 181. 9 l 57 I. 2 
31 9 I 955.70 . 75 l 57 339. 6 55 170 598. 3 I 717. 3 
32 9 2 986.53 . 75 2 59 189.4 2 00 178 015 I 870 
33 9 3 I or7.36 .76 3 61 039. I 3 00 266 997 4 207 
34 9 4 I 048. 19 .76 4 62 888. 9 4 00 355 951 7 479 

37 35 30.829 35 l 079. 02 1849. 77 35 64 738. 7 5 00 444 865 II 685 
36 30 6 I 109. 85 . 77 6 66 588.4 6 00 533 730 16 824 
37 0 7 I 140. 67 .78 7 68 438. 2 7 00 622 536 22 896 
38 0 8 1171.50 .78 8 70 288. 0 8 00 711 273 29 901 
39 0 9 I 202. 33 .79 9 72 137. 8 9 00 799 932 37 838 

' 37 40 30.830 40 I 233. 16 I 1849.So 40 '3 987. 6 IO ()() 888 503 46 7o6 
41 0 I I 263. 99 .So l 75 837. 4 II 00 976 975 56 503 
42 0 2 l 294. 82 .81 2 77 687. 2 12 00 I o65 340 67 229 
43 0 3 l 325. 65 . 81 3 79 537. 0 13 00 l 153 587 78 882 
44 0 4 I 356.48 .82 4 81 386. 8 14 00 l 241 707 91 462 

37 45 30.830 45 l 387. 31 1849.82 45 83 236. 6 15 00 l 329 690 104 g67 
46 0 6 l 418. 14 .83 6 85 086. 5 16 00 I 417 526 119 395 
47 I 7 1448.96 .83 7 86 936. 3 17 00 I 505 200 134 745 
48 l 8 I 479· 79 I .84 8 88 786. I 18 00 l 592 721 151 015 
49 I 9 l 510. 62 

I 
.84 9 go 636.0 19 00 l 68o 059 168 203 

37 50 30.831 50 I 541. 45 1849.85 50 92 485. 8 20 00 I 767 211 186 307 
51 I I l 572. 28 .85 . I 94 335· 7 21 00 I 854 169 205 326 
52 I 2 I 6o3. II• .86 2 96 185. 5 22 00 I 940 922 225 258 
53 l 3 I 633. 94 .86 3 98 035.4 23 00 2 027 462 . 246 099 
54 I 4 I 664. 77 .87 ' 4 99 885. 2 24 00 2 IIJ 777 267 849 

37 55 30.831 55 I 695. 6o 1849.88 SS IOI 735· l 25 00 2 199 86o 290 503 
56 I 6 l 726.43 .88 6 103 585. 0 26 00 2 285 699 314 o61 
57 I 7 l 757· 26 .89 7 105 434· 9 27 00 2 371 287 338 519 
58 2 8 I 788. o8 .Sg 8 J07 284. 8 28 00 2 456 612 363 874 

~ 
2 9 l 818. 91 ·90 9 109 1J4. 7 29 00 2 541 667 390 125 

37 30.832 6o I !149. 74 1849.90 6o 110 984. 5 30 00 2 6z6 441 417 267 

11. Ex. 43--28 



 

218 UNITED STATES COAST AND GEODETIC SURVEY. 

Latitude 38° to 39°-Arcs of the parallel in meters. 

l_:J_:_ 6" \ t 11 

i 
I 

I 
Lat. 111 2'' 511 s11 I 9" 1' 2' 3' 4' 51 ___ , ___ ------- I --·-

I I I 

0 I 

2927. 8 1 

I 

38 00 24,40 48.8o 73. 20 I 97.59 I2!.99 I46. 391 I 70. 79 I95· 19 219.59 I463.9 4391. 7 5855. 6 7319.6 
I .39 .79 .18 . 57 .96 . 36 . 75 . 15 .54 3.6 7. l ' 90. 7 4. 3 7.9 
2 . 39 . 78 . 16 . 55 .94 . 32 ' . 7I • IO I .49 3.2 6.5 89.7 3.0 6.2 
3 . 38 • 77 . I5 . 53 .9I . 29 I . 67 .o6 .44 2. 9 5.8 8. 7 I. 7 4.6 
4 . 38 .76 . 13 . 51 .88 .26 . 63 5.01 . 39 2.6 5.2 7.7 5o. 3 2.9 

38 05 24.37 48.74 73. II I 97.48 I2!. 86 I46.22 170.6o I94·97 2I9.34 I462.3 2924.5 4386.7 5849.0 73r1.3 
6 . 36 . 73 . IO .46 . 83 . I9 .56 . 93 . 29 

1.9 I 3.8 5.7 7.7 09.6 
7 . 36 . 72 .08 .44 .8o .I6 .52 . 88 . 24 I. 6 3.2 4. 7 6.3 7,9 
8 . 35 . 7I .o6 .42 . 77 . I3 .48 . 84 . I9 I. 3 2.5 3.8 s.o I 6.3 
9 . 35 .70 .05 • 39 . 75 ·09 .44 .79 . 14 0.9 I. 9 82.8 3. 7 ! 4.6 

38 IO 24. 34 48.69 7J. 03 97.37 I2I. 72 146.o6 170.40 194·75 219.og 146o.6 2921. 2 4381. 8 ss42. 4 I 7303.0 
II . 34 .68 , OI • 35 .69 6.03 . 36 . 71 9.04 6o.3 20.5 8o.8 41. 0 301. 3 
12 . 33 . 67 3.00 . 33 . 661 5.99 . 32 . 66 I 8.99 59.9 19.8 79.8 39·7 299.6 
13 . 33 .66 2.98 • 31 I .64 .96 . 29 . 62 I .94 9.6 9.2 8.8 8.4 8.o 
14 . 32 .65 . 96 . 29 . 61 .93 . 25 .57 .89 9.3 8.5 7. 8 7.0 6.3 

38 IS 24. 32 48.63 72.95 97.26 12!. 58 I45.89 170.21 194.53 218.84 I458.9 2917.8 4376.8 5835.7 7294.6 
16 . 31 .62 . 93 • 24 .55 .86 . 17 .48 ·79 8.6 7.2 5.8 4.4 3.0 
17 .31 .6I . 91 . 22 .52 .83 . 13 .44 .74 8.3 6.5 4.8 3.0 9r. 3 
I8 .30 6o .90 . 19 .50 .79 .og . 39 .6g 7.9 5.8 3.8 r.7 89.6 
I9 . 30 .59 . 88 . 17 .47 .76 .05 . 35 .64 7.6 5.2 2.8 30.4 8.o 

38 20 :24·29 48.58 72.86 97· 15 121. 44 145.73 170.01 194.30 218.59 1457.3 29I4.5 437!. 8 5829.0 7286.3 
21 . 28 .57 . 85 . 13 .41 .69 69.97 .26 ·54 6.9 3.8 70.8 7. 7 +6 
22 .28 .56 . 83 • I I . 38 .66 . 93 . 2[ .49 6.6 3.2 69.8 6.4 2.9 
23 . 27 .54 . 81 . 08 .36 . 63 . 89 . I7 ·44 6.3 2.5 8.8 5.0 81. 3 
24 . 27 .53 .So .o6 .33 .59 . 85 I . 12 . 39 5.9 r.9 7.8 3.7 79.6 

38 25 24.26 48.52 12. 18 I 97.04 I2!. JO 1 I45· 56 I6i. 82 194. 081218. 34 1455.6 2911. 2 4366.8 5822.3 7277.9 
26 . 25 . 51 . 16 I .02 . 27 I · 53 .78 4.04 .29 5.3 I0.5 5.8 21. 0 6.3 
27 . 25 .50 · 75 I 7.00 . 24 '. .49 .74 3.99 .24 4.9 09.8 +S I9·7 4.6 
28 . 24 .48 . 73 1 6. 97 ! '22 ! .46 .70 .95 .19 4.6 9.2 3.7 8.3 2.9 
29 . 24 .47 . 71 ' · 95 I .19 . 42 . 66 .90 .14 4.2 8.5 2.7 7.0 71. 2 

38 JO ;24.23 48.46 72. 70 96.93 I2!. I6 145. 39 16g.62 I9J.86 218. 09 1453.9 2907. 8 4361. 7 5815. 7 7269.6 
31 . 23 .45 . 68 .91 .13 . 36 .58 .82 8.04 3.6 7. I 6o.7 4.3 1·9 
32 . 22 .44 . 66 . 88 . IO . 32 .54 . 77 7.99 3.2 6.5 59.7 3.0 6.2 
33 . 22 .43 . 65 . 86 .o8 . 29 . 50 .73 ·94 2.9 5.8 8.7 1.6 4· 5 
34 .. 21 .42 . 63 . 84 .05 : . 26 .46 .68 .89 2.6 5.2 7.7 10.3 2.9 

38 35 48.40 96.81 
I 

169.43 193.63 217.83 58o8.9 24.20 72. 6I ' I2l. 02 . 145. 22 1452.2 2904.5 4356.7 7261. 2 
36 . 20 . 39 .6o I .79 0.99 I . 19 . 39 .59 .78 I.9 3.8 5.7 7.6 59·~ 
37 . 19 .38 . 58 1 . 77 .¢! . 16 . 35 .55 • 73 r. 6 3· I 4.7 6.3 7 . 
38 . 19 . 37 .56 . 75 .94; . 12 . 31 .50 . 68 I. 2 2.5 3.7 4.9 6.I 
39 . 18 . 36 . 55 . 73 . 91 i ;09 . 27 .45 .63 0.9 1.8 2.7 3· 6.' 4· 5 

38 40 24. 18 48.35 
I • 

r69.23 2I7.58 1450.6 58o2.2 72. 53 96.70 120. 88 I 145· o6 193.41 2901. I 4351. 7 7252.8 
41 . 17 ·34 . 51 i . 68 .8s I 5.02 . 19 .37 .53 0.2 900.4 50. 7 8oo.9 51. l 

42 . 17 .33 . 49 . 66 .82 I 4.99 . 15 • 32 .48 49.9 Sgg.7 49.7 799.5 49·4 
43 . 16 . 32 .48 .64 .Soi . 96 . II .28 .43 9.6 9. I 8.6 8.2 7-7 
44 . 16 . 31 . 46 . 6I . 77 . 92 .07 . 23 .38 9.2 8.4 7.6 6.8 6. I 

38 45 24. 15 48.29 72.44 96.59 120.74 144. 89 16g.04 193. 19 217.33 1448. 9 2897.7 4346.6 5.795· 5 7244.4 
46 . 14 . 28 . 43 .57 . 71 . 85 9.00 . 14 .28 8.5 7.0 5.6 4· I 2.7 
47 . 14 . 27 .41 .55 .68 . 82 8.96 .IO .23 8.2 6.4 4.6 2.8 41.0 
48 . I3 .26 . 39 .52 .66 . 79 . 92 ·oS .18 7.9 5. 7. 3.6 1.5 39.3 
49 . 13 • 25 ,J8 .50 .63 . 75 . 88 3.oI . 13 7.5 5. I 2.6 go. I 7.6 

38 50 48.24 72.36 96.48 
i 

24.12 120. 6o : 144. p. 168.84 l92.g6 2I7.08 ~447·2 28g4.4 434r. 6 5788.8 7236.0 
51 . ll . 23 . 34 .46 . 57 l .6g .So .92 7.0~ 6.9 3.7 40.6 7.4· 4.3 
52 •II .22 . 33 .43 .54' . 65 • 76 .87 6.9 6.5 3.0 39.6 6. I 2.6 
53 • IO . 21 . 31 .41 . 52 ; .62 • 72 .83 .93 6.2 2.4 8.5 4. 1 I 30.9 
54 .IO .20 . 29 . 39 49' .58 .68 • 78 .88 5.8 I. 7 7-5 3·3 29.2 

38 SS 24.09 48.18 72.28 96.36 120. 46 ; I44. SS 168.64 192.74 216.82 1445.5 2891. 0 4336.5 s182.o I 7227.5 
56 .o8 . 17 • 26 ·34 .43 • . 52 .6o .69 • 77 5.2 go.3 5.5 8o.6 I 5.8 
57 .o8 . 16 . 24 . 32 .40: .4i . 56 .65 .72 4.8 Sg.6 4.5 79.3 4· l 

58 .07 . 15 . 22 .30 '38 I . 45 . 52 .6o .67 4.5 9.0 3.4 7.9 ' 2.4 

8 59 .07 .14 . 21 . 28 ·35 I .41 . .48 .56 .62 4.1 8.3 2.4 6.6 I zo.7 
3 6o 24.o6 48. 13 72. 19 96.25 120. 32 l 144. 381 168. 44 192.51 216. 57 I443· 8 2887.6 4331.4 ms. 2 I 7219.0 

I 
I -----
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i 
I Latitude 38° to 39°-Meridional arcs. Latitude 38°-Co-ordinates of cun-ature. 

Lat. 
1-----.,-.-------~-,,-~~~--.-~--~----f-~----,-,----~·-~~ __ J 

V 1 f 11 \ \Sums of seconds for middle '. Va.lue of 11 Sums of minutes for middle Lonmtude.I I X I y I 
' ----t-a-u_e_o_r_ latitude. 1 ______ 

1 
____ 1_at1-·ru_d_e_. ___ .._ __ "'·~--!------\' 

- i I 
' 11 llfeters. li Meters. 1 

' Meters. 
0 1 

1

1 Meters. Ill Meters. o I 

38 00 
l 
2 

3 
4 

38 05 
6. 

7 
8 
9 

38 IO 
II 
12 

13 
14 

38 15 
16 
17 
J8 
19 

38 20 
21 
22 
23 
24 

38 25 
26 
27 
28 
29 

38 30 
31 
32 
33 
34 

38 35 
36 
37 
38 
39 

38 40 
41 
42 
43 
44 

38 45 
46 
47 
48 
49 

38 50 
51 
52 
53 
54 

3~ 55 
56 
57 
58 

38 ~ 

Jfeters. 
30.832 

2 
2 

2 

30.832 
2 
2 
2 
2 

30.833 
3 
3 
3 
3 

30.833 
3 
3 
3 
3 

30.833 
4 
4 
4 
4 

30.834 
4 
4 
4 
4 

30.834 
4 
5 
5 
5 

30.835 
5 
5 
5 
s 

30.835 
s s 
6 
6 

30.836 
6 
6 
6 
6 

30.836 
6 
6 
6 
6 

30.837 
'J 
1 
7 
7 

J0.837 

l 30.83 II 
1849:~ I : I 849.9 0 23[ I 1463.9 o. I 

3 9z. 50 · 92 3 5 549· 7 4 391. 7 1. 2 

2 61. 6z ,

1 

. 91 \ 2 3 699. 8 2 92 7. 8 o. 5 

4 1 2 3· 34 · 92 4 7 399· 6 4 : 5 855. 6 2. I 

5 15{. 17 I 1849, 93 5 9 249· 6 0 5 7 319. 6 I 3• 3 
6 185. OI II . 93 6 II 099· 5 6 8 783. 5 ii. 4· 7 

~
7 215.84 I .94 7 I 12949.4 7 10247.4 6.4. 

246. 67 . 94 8 14 799· 4 8 JI 71 I. 3 !' 8. 4 
2n. 51 . 95 9 : 16 649. 3 9 r3 175. 2 

1 

10. 6 

IO 

I 
2 

3 
4 

15 
6 
7 
8 
9 

z 
3 
4 

25 
6 
7 
8 
9 

JO 
I 
2 

3 
4 

3! 
7 
8 
9 

40 

2 

3 
4 

45 
6 
7 
8 
9 

50 
l 
2 

3 
4 

5~ 

k 
~1 

3o8. 34 i 1849. 95 IO 1 18 499· 3 0 IO 14 639. l lJ. I 
339. 18 I . 96 l 20 349· 2 15 21 958. 6 29. 5 
370, OI . 97 2 22 199. 2 20 29 278. 2 I 5'.1. 4 
400.ss , .91 3 24049.2 25 36597.6 I 81.9 
431, 68 ! . 98 4 25 899. 1 30 43 917. l j n8.o 
462. 52 I 1849. 98 I 15 27 749· I 0 35 51 236 5 ' 16o. 6 
493· 35 · 99 6 29 599· I 40 58 555· 9 ! 209. 8 
Sz+· 18 49· 99 7 31 449· I 45 65 875. 3 ll 265. 5 
555. 02 50. 00 8 33 299. l 50 73 194. 6 327. 7 
585. 85 . 00 9 35 149. l 55 8o 513. 8 ' 396. 5 

II 471. 9 616.69 
647.52 
678.36 
709. 19 
740.02 
770. 86 
801. 69 
832.53 
863. 36 
~.20 

925.03 
955.87 
986.70 

I 017. 53 
I 048. 37 

I 079. 20 
I IIO. 04 
I 140, 87 
I 171. 71 
I 202. 54 

I 233· 37 
I 264. 2I 

I 295. 04 
I 325. 88 
I 356. 71 

I 387. 55 
I 418. 38 
I 449· 21 
I 48o. 05 
J 510. 88 

I 541. 72 
I 572. 55 • 
I 6o3. 39 
l 634. 22 
I 665. o6 

I 6gs. 8g 
I 726. 72 
I 757· 56 
I 788. 39 
I 819. 23 
I 850.o6 

1850. 01 20 
. 01 I 
.02 2 

. 02 3 

.03 4 

1850. 03 25 

.04 I 6 . 05 7 

.05 8 

.o6 9 

1850.o6 
.07 
. 07 
.o8 
.oS 

1850.09 
·09 
. IO 
. IO 
. II 

r850. II 
• 12 

. 13 

. 13 

. r4 

1850. 14 
. 15 
. 15 
. 16 
. 16 

1850. 17 
. 17 
. 18 
. 18 
. 19 

1850. 20 

. 20 
• 21 

.:n 
• 22 

1850.22 

30 
I 
2 

3 
4 

35 . 
6 
7 
8 
9 

40 
I 
2 

3 
4 

45 
6 

~ 
9 

50 

:z 
3 
4 

55 
6 

~ 
4 

36 999· I 
38 849. l 
40 699. I 

42 549· I 
44 399· 2 

46 249. z 
48 099. 2 

49 949. 3 
51 799· 3 
53 649. 4 

55 499· 4 
57 349. 5 
59 199. 6 
61 049. 7 
62 899. 7 

64 749. 8 
66 599· 9 
68 450.0 
70 300. I 
72 150. 2 

74 000. 3 
75 850. 4 
77 700. 6 
79 550. 7 
81 400.8 

83 251. 0 
85 IOI. I 
86951.3 
88 8o1. 4 
90651.6 

92 501. 8 
94 351. 9 
96 202. I 

98 052. 3 
99 902. 5 

IOI 752. 7 
103 6o2. 9 

0 105 453· I 
107 303. 3 
tog 153. 5 
111003.7 

I 00 
05 
IO 

15 
20 

I 25 
30 
35 
40 
45 

[ 50 
55 

2 00 

3 00 
4 00 

5 00 
6 00 

7 00 
8 00 

9 00 

IO 00 
II 00 
12 00 
13 00 
14 00 

rs 00 
16 00 

17 00 
18 00 
19 00 

20 00 
2[ 00 

22 00 
23 ·oo 
24 00 

25 00 
26 00 
27 00 
28 00 
29 00 
30 00 

I
'. 553. 8 

642.3 
737.3 
838.9 

87 833. 0 

95 152. I 
102471.1 
109 790.0 
117 Io8. 9 i 

124 427. 6 l 
13r 746. 3 j' 

139 064. 8 
146 383. 3 I 

::: :::: ~ Ii, 

168 337. 9 
175 656 
263 458 I 
351 230 

438 962 
526 643 I 
614 263 ' 
701 812 1 

789 28o 

876 657 
963 933 

I 051 ogS 
I 138 141 
I 225 053 

J JII 823 
I 398 441 
J 484 899 
I 571 185 
I 657 289 

I 743 202 
I 828 914 
I 914 415 
I 999 6g4 
2 o84 743 

2 169 551 
2 254 109 
2 338 4o6 
2 422 433 
2 5o6 181 
2 58g 639 

947· I 
I o6t. S 
I I83. 0 

l 3rn. 8 
[ 445· 2 

I 586. I 

[ 733· 5 
[ 888 
4 247 
7 549 

II 795 
16 983 
23 1!2 
30 183 
3i 195 

47 145 
57 °34 
67 86o 
79 622 
92 319 

zo5 949 
120 511 
136 002 
152 421 
169 767 

188 037 
207 229 

227 341 
248 370 
270 315 

293 I72 
316 939 
34.I 613 
367 192 
393 672 
421 050 



 

220 UNITED STATES COAST AND GEODETIC SURVEY. 

Latitude 39Q to 40°-Arcs of the parallel in meters. 

Lat. I 
• I i I 1 

: l 
111 I 2" I 311 I oi" S" I 611 

: 7" 811 9" 1' 2' 3' 1.· oi' i 5
1 

!--/ I ·. ! I 
l-3-09_00_1 -1--24-.-o6-·--4-8.-1-3 72. 19 -9-6.-2-5--:-1-20-.-32-ct 168. 44 192. 51 .-2-1-6.-5-7-.---144-3.-8-1·--2-88-7-. 6-;-4-'-33-I-. 4_1_5_77_5_. 2-\-,2-1: 

l . o6 . 12 . I 7 . 23 ; . 291 . 35 I . 40 . 47 . 52 3· 5 I 6. 91 30. 4 3. 9 7. 4 
2 . 05 . II . 16 . 21 ' . 26 . 31 I . 36 . 42 . 47 3. J i 6. 2 29: 4 2. 5 5. 7 
3 .o5 •09 .14 .19 1 .23! .28 .32 .3sl .42 2.81 5.6

1 
8.4 7r.2 4.0 

4 . 04 . o8 . 12 . 16 : . 20 . 25 ·. . 28 . 33 . 37 · 2. s I 4. 9 : ,. 4 69. s 2. 3 
I I 1 , 

39 05 24. 04 48. 07 72. I l 96. 14 : 120. 18 '144 21 168. 24 192. 29 216. J2 1442. I l 2884. 2 : 4326. 3 5768. 4 I 7210. 6 
6 . 03 . o6 . og . 12 ' . 15 I . r8 . 21 . 24 . 26 I. 8 i 3. 5 / 5. 3 7. 1 1 08. 9 

! : ~~ : ~~ : ~ : ~I . : ~ 1·i : ii : : il : !i , : ~f r:t I ;: ~ .1I, iJ t ~ : ~:i 
: I I I 

39 JO 
II 

12 
lJ 
14 

39 15 
16 
17 
18 
19 

39 20 
21 
22 
23 
24 

39 25 
26 
27 
28 
29 

39 30 
31 
32 
33 
34 

39 35 
36 
37 
38 
39 

39 40 
41 
42 
43 
44 

39 45 
46 
47 
48 
49 

39 50 
51 
52 
53 
54 

39 55 
56 
57 
58 
59 

39 6o 

24.01 
.00 

4.<)() 

3·99 
. 99 

23.98 
. 97 
. 97 
. 96 
. 96 

23.95 
. 94 
. 94 
. 93 
. 93 

23.92 
. 91 
. 91 
.90 
. 90 

48.0I 
8.oo 
7. 99 
.98 
.97 

47.96 
·94 
. 93 
.92 
.91 

47·90 
. 89 
.88 
. 87 
.86 

47.84 
. 83 
.82 
.81 
. 8o 

72.02 
2.00 
I. 99 
. 97 
. 95 

71. 94 
. 92 
. 90 
. 88 
. 87 i 

71. 85 I, 
• 83 I 

. 82 

. 8o 

.78 

71. 77 
. 75 
.73 
. 71 
• 70 I 

23. 89 ! 47. 79 71. 68 
.66 
. 65 
. 63 
. 61 

. 89 . 78 

.88 . 77 
. 88 . 75 
. 87 . 74 

23. 87 I 47· 73 
. 86' . 72 

71.59 
.58 
.56 
. 54 
.53 

. 86 . 71 

. 85 . 69 

.84 .68 

23.84 
. 83 
.83 
. 82 
.82 

23.81 
.8o 
.So 
.79 
. 79 

23.78 
. 77 
• 77 I 

. 76 ' 
. 76 ' 

47.67 i 71.51 
.66 I .49 
. 65 ' .47 
.64 .46 
. 63 .44 

47. 61 71. 42 
. 6o .41 
. 59 . 39 
• 58 . 37 
. 57 . 35 

47. 56 71. 34 
.55 .32 
. 53 . 30 
. 52 . 28 
.51 .27 

' 23-75 47.50 71.25 
· 74 · 49 I · 23 
.74 .48' .21 
. 73 ' .46 . 20 
.73' .45 .18 

23. 72 47· 44 7r. 16 

96. 03 ,.120. 03 

1

: 144. 04 168. os 192. 06 . 216. 06 1440. 4 2s8o. s ! 432r. 3 s16r. 1 
6. ot ' 20. 01 4. 01 8. 01 2. 01 6. 01 40. 1 So. 1 ! zo. 2 6o. 3 
5. 98 19. 97 i 3· 97 7. 97 i r. 97 5. 96 39. 7 79· 4 I 19. 2 58. 9 

. 96 . 95 1 . 94 . 93 , . 92 , . 91 9· 4 s. s I 8. 2 1 1. 6 

.94 .92 .91 .89 I .88 .86 9.1 8. I' 7.2 I 6.2 
I I 

95· 91 zr9. 89 : 143.,87 167. 85 : 191. 83 215. 80 1438. 7 2877. 4 j 4316. I ' 5754· 9 
. 89 . 86 . 84 . 81 . 78 · · 75 8. 4 6. 71' 5· I . 3· 5 
.87 .83: .So .77 .74 .70 8.o 6.o 4.1 I 2.1 
.85 •. 81\ .77 .73 .69: .65 7.7 5.4 3.11 50.8 
.82 .78' .74 .69 .65: .6o 7.4 I 4-7 2.0 i 49·4 

95.8o 
. 78 
. 75 
. 73 
. 71 

95.69 
. 66 
.64 
. 62 
. 6o 

95.57 
. 55 
. 53 
.50 
.48 

95.46 
.44 
. 42 
. 39 • 
. 37 ! 

95.35 
. 32 ' 
.30' 
. 28 
. 25 

95.23 
. 21 
.18 
.16 
. 14 

95· II 
·09 
. 07 
.04 

5.02 

94-99 
·97 
. 95 
.93 
.90 

94.88 

119. 75 
. 72 
. 69 I 
. 67 I 

-~ 
119. 61 

.58 

. 55 

. 53 : 

.50 ! 

143.53 
.50 
.46 
.43 
·39 

I 19. 47 : 143· 36 
.44 i ·33 
. 41 .29 
.38 1 • 26 
. 35 I . 22 

I 
I 19. 33 i 143• 19 

. 30 ' . 16 

. 27 . 12 
. 24 I ·09 
• 21 I .05 

119. 18 ' 143.oz 
15 I 2.<)8 

. IZ • 95 

.og ' .91 

.o6 ! .88 
119. 03 ; 1.µ. 84 

9· 01 • 81 
8. 98 • 78 

. 95 i .74 

. 92 r • 71 

167.65 
. 61 
. 57 
. 53 
. 49 

167.45 
. 41 
. 37 
. 33 
. 29 

167. 25 
. 21 
. 17 
. 13 
.09 

167.05 
7.01 
6.97 

. 93 

. 89 

166.85 
. 81 
. 77 
. 73 
.69 

166. 65 
. 61 
.57 
.53 
.49 

191. 6o ! 215. 55 
. 56 i • 50 
. 51 ' . 45 
. 47 .40 
. 42 . 35 

191. 38 215. 29 
. 33 . 24 
. 29 .19 
. 24 . 14 
.20 .09 

191. 15 
.10 
.o6 

I. 01 

o.97 

190. 92 
. 87 
. 83 
.78 
.74 

190.69 
.64 
.6o 
. 55 
• SI 

190.46 
.41 
. 37 ' 
. 32 
• :<i8 ' 

215. 04 
4.99 
.94 
. 88 
. 83 

214.78 
.73 
. 68 
. 62 
. 57 

214.52 
. 47 
. 42 
. 37 
. 32 

214.26 
. 21 
. 16 
. II 
.o6 

ll8. 89 ' 142. 67 166. 45 190. 23 ' 214. 01 
.86 i .64 .41 . 18 3.96 
• 83 1 • 6o • 37 • 14 • 91 
. 81 ; . 57 . 33 . 09 . 85 
. 78 : . 53 . 29 . 05 . 8o 

I 18. 75 ·.i 14.z. 50 I 166. 25 190. ()() 213. 75 
· 72 • • 47 • Zl Sg. 95 • 70 
. 6g : . 43 ' . 17 . 91 . 65 
. 67 ' . 40 1· . 13 . 86 . 59 
. 63 . 36 . og ' . 81 . S4 

118. 61 142, 33 1 J66, 05 : 18g, 77 ' 213, 49 
! ! 

1437· 0 I 
6. 7 ! 

6. 3 : 
6.o 
5.6 

1435.3 
5.0 
4.6 i 
4.3 
3.9 

1433.6 
3.3 
2.9 
2.6 
2. 2 

1431. 9 
I. 6 
I. 2 

0.9 
0.5 

1430. 2 
29.8 
9.5 
9.1 
8.8 

1428.4 
8.1 
7.8 
7.4 
7, I 

1426. 71 
6.4 
6.o I 
5. 7 ' 
5. 31 

1425.0 
4· 1 I 
4. 3 l 
4,0 I 

3.6 I 
1.µ3. 31 

I 
2874. 0 : 431 I. 0 : 5748. 0 

3. 3 I IO. 0 I 6. 7 
2. 61 og. 0 ' 5. 3 
2. 0 8. 0 3. 9 
r. 3 I 6. 9 2. 6 

2870. 61 4305. 9 5741. 2 
69. 9 4. 9 39. 8 

9. 2 3. 9 8. 5 
8.6 2.8 7.1 
7.9 r.8 5.7 

2867.2 4300.8 5734.4 
6. 5 299. 8 3. 0 
5.8 8. 7 r.6 
5. 2 7. 7 30. 3 
4· s 6. 1 I 28. 9 

2863.8 4295.6 5727.5 
3· I 4· 6 6, I 
2.4 I 3.6 4,8 
I. 7 i 2. 5 3. 4 
I. 0 l I. 5 2. 0 

286o.3 
59.6 
8.9 
8.3 
7.6 

2856.9 
6.2 
5.5 
4.8 
41 

z853.4 
2.7 
2.0 
I. 4 
o. 7 

2850.0 
49.3 
8.6 
7.9 
7.2 

2846.5 

4290.5 
&j.5 
8.4 
7.4 
6.4 

4285.3 
4.3 
-'· 3 
2.2 
I. 2 

428o.2 
79· I 
8. I 

7• I 
6.o 

4275.0 
3.9 
2.9 
I. 9 

70.8 
426!).8 

5720.7 
19. 3 1· 

7.9 
6. 5. 
5. I 

57 13· 8 
2.4 

JI.O 
09.6 
8.3 

5700. 9 
5.5 
4. I 
2. 7 
1. 4 

5100.0 
6g8.6 

7.2 
5.8 
4.4 

5693. I 

7202. I 

200.4 
198.7 

7.0 
5. 3 

7193.6 
I. 9 

90.2 
88.5 
6.8 

7185. I 

3.3 
81. 6 
79.9 
8.2 

7176.5 
4· s 
3.1 

71.4 
69.7 

7168.0 
6.3 
4·5 
2.8 

61. I 

·7i59.4 
7.7 
6.o 
4.2 
2.5 

7150.8 
49· I 
7.4 
5.6 
3·9 

7r42. 2 
40. 5 
38.8 

7.0 
5·3 

7133. 6 
J, 9 

30. r 
28.4 
6. 7 

71:2s,. 0 
3.2 

21.5 
19.8 
8. I 

7n6. 3 



 

UNITED STATES COAST AND GEODETIC SURVEY. 221 

Latitude 39° to 40°-Meridional arcs. Latitude 39°-Co-ordinates of curvature. 

Lat. 
Sums of seconds for middle II 

I 

- I 
Sums of minutes for middle I 

Value of 1" latitude. j' Value of l 1 
latitude. Longitude. x I y 

I __ ,, _____ I i I I 
0 I Meters. fl 

I 
Meters. 

I 

Meters. I Metel's. 0 I Meters. Meters. I 
3_9 00 30.837 1850.22 

I 7 I 30.84 . 23 I I 850. 2 0 I I 443· 8 O. I 
2 7 2 61. 68 • . 23 2 3 700. 5 2 2 887. 6 

I 
0.5 

3 7 3 92.52 . 24 3 5 550. 7 3 4 331. 4 I. 2 
4 7 4 123.36 .24 4 7 400. 9 4 5 775. 2 2. I 

39 05 30.837 5 154.20 1850.25 5 9 251. 2 0 5 7 219. 0 3·3 6 8 6 185.04 . 25 6 II IOI. 4 6 8 662. 9 4.8 
7 8 7 215.88 .26 7 12 951.7 7 IO 100. j 6. 5 
8 8 8 246.72 . 26 8 14 8o1. 9 8 II 550. 5 8.5 
9 8 9 277. 56 .27 9 16 652. 2 9 12 994. 3 I0.7 

39 IO 30.838 IO 3o8.40 1850.28 IO 18 502. 5 0 IO 14438. I 13.2 
II 8 I 339.24 . 28 I 20 352. 8 IS 2I 657. I 29.7 
12 8 2 370.08 . 29 2 22 203. 0 20 . 28 876. I 52.9 
13 8 3 400.92 .29 3 24 053. 3 25 36 095· I 82.6 
14 8 4 431.76 .30 4 25 903. 6 30 43 314. I 118.9 

39 15 30.838 15 462.6o 1850.30 15 27 753· 9 0 35 50 533· 0 I6I. 9 
16 8 6 493·44 . 31 6 29 6o4. 2 40 57 751. 9 2II. 5 
17 9 ~ 7 524.28 . 31 7 JI 454· 5 45 64 970. 7 267.6 
18 9 8 555· II . 32 8 33 304. 9 so 72 189. 5 330.4 
19 9 9 585.95 .32 9 35 155· 2 55 79 4o8. 2 399.S 

I 
39 20 30.839 20 616.79 1850.33 20 37 005· 5 I 00 86 626. 9 475.8 

21 9 I 647.63 . 33 I 38 855. 8 05 93 845. 4 558. 4 
I 22 9 2 678.47 . 34 2 40 7o6. 2 IO IOI o63. 9 647.6 

23 9 3 709. 31 . 35 3 42 556. 5 15 108 282. 4 743.4 

I 
24 9 4 740. 15 . 35 4 444o6. 9 20 II5 500. 7 845.8 

39 25 30.839 25 770. 99 1850.36 25 46 257. 2 I 25 122 718. 9 954.8 
26 9 6 8o1. 83 . 36 6 48 I07. 6 30 129 937· I I 070. 4 

I 27 9 7 832.67 . 37 7 49957.9 35 137 155. I I 192. 6 

I 
28 40 8 863.51 . 37 8 51 808.3 40 144 373- 0 I 321. 4 
29 0 9 894.35 . 38 9 53 658. 7 45 151590·8 I 456. 8 

I 
39 30 30.840 30 925. 19 1850.38 30 55 509· I I 50 158 8o8. 4 I 598. 8 I 

I 
JI 0 I 956.03 . 39 I 57 359. 4 55 166 025. 9 I 747· 5 
32 0 2 986.87 ·39 2 59 209. 8 2 00 173 243 I 903 
33 0 3 I 017. 71 .40 3 61 o6o. 2 3 00 259 839 4 281 I 34 0 4 I 048. 55 .40 4 62 910. 6 4 00 346 4°3 7 611 

I 39 35 30.840 3~ I 079. 39 1850.41 35 64 761. 0 5 00 432 925 II 891 
36 0 I I 10. 23 .42 6 66 611.4 6 00 519 396 17 l2I 

I 
37 0 7 I 141. 07 .42 7 68 461. 9 7 00 6o5 8o3 23 300 
38 0 8 I 171. 9I .43 8 70 312.3 8 00 6g2 138 30 .428 
39 I 9 I 202.75 .43 9 72 162. 7 9 00 778 388 38 504 

39 40 30.841 40 I 233. 59 
. 

1850.44 40 74 013. 2 IO 00 864 545 47 527 
41 I I I 264. 43 .44 I 75 863. 6 II 00 950 598 57 496 
42 I 2 I 295. 27 .45 2 77 714. 0 12 00 I 036 536 68 409 
43 I 3 I 326. II ·i ·45 3 79 564. 5 13 00 I 122 349 8o 266 
44 I 4 I 356. 95 I .46 4 81 414. 9 14 00 I 208 027 93 o64 •I 

39 45 30.841 45 I 387. 79 11 1850.46 45 83 265. 4 15 00 l 293 559 106 802 

I 
11 

46 I 

I 

6 I 418. 6J 11 
.47 6 85 II5. 9 16 00 I 378 934 121 479 

47 I 7 I 449· 47 

11 

.47 7 86 966. 3 17 00 I 464 144 137 093 

I 48 I 8 I 48o. 31 .48 8 88 816. 8 18 00 I 549 177 153 642 
49 I 9 I 5II. 15 .49 9 90 667. 3 19 00 I 634 023 I/I 124 

39 50 30.842 so I 541. 99 11 1850.49 50 92 517. 8 20 00 I 718 671 189 537 
51 2 I I 572. 83 

r 
.50 I 94 368. f 2I 00 I 8o3 l 13 208 878 

52 2 2 I 6.o3. 67 .50 2 96 218. 8 22 00 I 887 337 229 146 
53 2 3 I 634. 50 .51 3 98 o69. 3 23 00 I 971 333 250 337 
54 2 4 I 665. 34 . 51 4 99 919. 8 24 00 

I 

2 055 091 272 450 

39 55 30.842 55 I 6g6. 18 1850.52 SS IOI 7j0. J 25 00 2 138 6o2 
i 

295 481 
56 2 6 I 727. 02 .52 6 103 620. 8 26 00 z 221 854 319 429 
57 2 7 I 757· 86 . 53 7 105 471. 4 27 00 2 304 838 344 289 
58 2 8 I 788. 70 .53 8 107 321. 9 28 00 2 387 545 370 059 
59 2 9 I 819. 54 .54 9 109 li2. 4 29 00 2 469 963 396 736 

39 6o 30.84z 6o I 850. 38 1850.54 6o III023.o 30 00 z 552 o84 424 317 



 

222 UNITED STATES COAST AND GEODETIO SURVEY. 

Latitude 40° to 41°-Arcs of the parallel in meters. 

----~I 

Lat. 111 I I!'' 3" 6" 1' 2' 3' 5' 

I 
0 I I 

8
11 I 9" 

1---.---:---------,-------1----1----1----l---

71. 16 I 94. 88 118. 61 : 142. 33 166. 05 189. 771213. 49 40 00 23. 72 47. 44 
I . 72 I . 43 
2 . 71 : . 42 
3 . 70 ! . 41 
4 .701 .40 

40 05 23. 69 ! 47. 38 
6 . 69 . 37 
7 . 68 . 36 
8 . 67 . 35 
9 . 67 . 34 

40 IO 23. 66 47· 33 
11 . 66 . 32 
12 . 65 . 30 
lJ . 65 . 29 
14 . 64 . 28 

40 15 
16 
17 
18 
19 

40 zo 
21 
22 
23 
24 

40 25 
26 
27 
28 
29 

40 30 
31 
32 
33 
34 

23.63 
. 63 
. 62 
.62 
.61 

23.61 
.6o 
·59 
.59 
.58 

23.58 
.57 
.56 
.56 
. 55 

47.27 
.16 
. 25 
. 23 
. 22 

47.21 
. 20 
. 19 
. 18 
. 16 

47. 15 
. 14 
. 13 
, 12 I 

. IO: 

23.55 47.09 
.54 .08 
. 54 .07 
. 53 .06 
. 52 . 05 

. 15 I '86 . 58 . 29 6. OI . 72 . 44 
·Bl ·~ -~ -~ 5·~ -~ -~ 

. 1423. 3 
2.9 
2.6 

z846. s I 
5.8 
5· I 
4. 5 
3.8 

• 11 1 . 82 • 52 : . 22 . 93 · 63 · 3.3 
. 09 I . 19 . 49 . . 19 . 89 . 58 . 28 

• 2. 2 

I. 9 

71. 08 : 9+ 77 118. 46 ! 142. 15 165. 84 189. 54 213. 23 
.06! .75 .441 .12 .80 .49 .18 

1421. 5 
I. 2 I o. 8 

2843. l 

2.4 
I. 7 
l. 0 

. 04 I , 72 . 41 · 08 • 76 • 45 • 13 

. 02 i . 70 . 38 • . 05 . 72 . 40 . 07 
I.CI I .68 .35. 2.01 .68 .35 3.02 

o. 5 I 
20. I 40. 3 

I 
70. 99 I 

. 97 ! 

.96 i 
·94 I 
. 92 ! 

70.qo i 
89 ! 

: 87 : 
. 85 
. 83 

94.65 
. 63 
. 61 ! 

. 58 : 

. 56 : 

94.54 
.51 
.49 
. 47 . 
. 44 

I 18. 32 , 
. 20 : 

. 26 : 

. 20 i 

141. 98 
. 95 
. 91 
. 88 
.84 

l 18. 18 I 141. 81 
. 15 : . 77 
. 12 : . 74 
. 09 : . 70 
-06 i . 67 

70. 82 94- 42 II 8. OJ t J41. 63 
. So . 40 8. oo . 6o 
.78 .37 7.97 .56 
. 76 . 35 . 94 . 53 
. 75 ' 33 . 91 . 49 

70-731 94-31.117.89 
. 71 f • 28 . . S5 
. 69 . 26 : . 83 ' 
.68 .24' .Sol 
. 66 . 21 . 77 ~ 

141. 46 
. 42 
. 39 
. 35 
. 32 

165.64 
.6o 
.56 
.52 
.48 

165.44 
.40 
. 36 
. 32 
. 28 

189.31 
.26 
. 21 

. 17 

. 12 

212.97 
. 92 
. 87 
. 81 
. 76 

1419. 8 2839. 6 
9 5 8. 9 
9· I 8. 2 

8. 8 7. 5 
8.4 6. 8 

189. 0/ 212. 71 1418. I 2836. I 

9.03 .66 7.7 5.4 
8.98 .61 7.4 4.7 

. 94 . 55 7· 0 4. 0 

. 89 . 50 6. 7 3. 3 

165. 24 188. 84 212. 45 1416. 3 2832. 6 
• 20 • So . 40 6. o 1. 9 · 
.16 .75 .34 5.6 1.2 
. 12 ' 70 . 29 5. 3 30. 6 
.08 .66 .24 4.9 29.9 

165.03 lS8.61 212.18 1414.6 2829.2 
4.99 .56 .13 4.2 8.5 

. 95 '52 . 08 3. 9 7. 8 
· 91 · 47 2. 03 3· 5 7. I 
. 87 ' 42 I. 97 3· 2 6. 4 

4269.8 
8.8 
7.7 
6. 7 
5.6 

4264.6 
3.6 
2.5 
I. 5 

6o.4 

4259.4 
8.4 
7.3 
6.3 
5.2 

4254.2 
3. 1 
2. 1 
I. I 

50.0 

4249.0 
7.9 
6.9 
5.8 
4. 8 

4243. 7 
2.7 
I. 6 

40.6 
39·5 

5693. l 

I. 7 
9o. 3 
88. 9 

7.5 

5686. 1 

4. 7 
3.4 
2.0 

80.6 

5679.2 
7.8 
6.4 
5.0 
3.6 

5672.2 
7o. 9 
69. 5 
8. I 

6. 7 

5665. 3 
3.9 
2. 5 

61. l 

59.7 

5658. 3 
6.9 
5. 5 
4· I 
2. 7 

70.64 
. 62 
. 61 
.59 
.57 

94· 19 . 117. 74 141. 28 
. 25 
. 21 
. 18 
. 14 

164. 83 188. 38 ?I I. 92 1412. 8 2825. 7 4238. 5 565 I. 3 
. 79 . 33 . 87 2. 5 5. 0 7. 4 49· 9 
. 7 5 . 28 . 82 2. I 4. 3 6. 4 8. 5 
.71 .76 1.8 3.6 5.3 7.1 
.67 .71 1.4 2.9 4.3 5.7 

. 17 . . 71 

. 14 . 68 
1~ . . 65 

. IO : • 62 

40 35 
36 
37 
38 
39 

23. 52 47. 04 70. 55 94.07 
.05 i 

.03. 
4.00. 
3. 98 I 

117. 59 141. ii 
.07 
.04 

I. 00 

o.97 

164. 63 188. 14 21 I. 66 I4II. l 2822. 2 4233. 2 5644. 3 
. $8 . IO . 61 O. 7 l, 5 2. 2 2. 9 . 51 . 02 . 54 

. 51 . 01 . 52 

.50 7.00 .50 

. 49 6. 99 . 48 . 

. 56 . 

. 53 . 

.50 

. 47 

· 54 · 05 . 56 0. 4 O. 8 I. I I. 5 
. 50 !i. 00 . 50 IO. 0 20. I JO. I 40. l 
.46 7· 96 .45 og. 7 19.4 29.0 38. 7 

4040 23.49 46.98 70.47 93.96 1 117.44!140.93 164.42 187.91 211.40 1409.3 2818.7 4228.0 5637.3 
41 . 48 . 97 . . 45 . 93 . 41 : . 90 . 38 . 86 . 35 9. 0 . 8. 0 6. 9 5. 9 
42 .48 .95. -43 .91 .38 i .86 .34 -~ .29 • 8.6 7.3 5·9 4.5 
43 · 47 · 94 . · 41 · 88 . 35 i • 83 · 30 · 77 · 24 8. 3 6. 5 4· 8 J. I 

44 .47; .93 .40 .86 .32 r .79 .26 ,7·2 .19 7.9 5.8 3.8 i 1.7 

40 45 23.46 i 46.92 70.38 i 93.84 117.30 140.76 164.22 187.68 211.13 1407.6 2815.1 4222.7 5630.3 
46 .45: .91 .36 ! .81 .27 .72 .17 .63 .o8 7.2 4.4 1.7 28.9 
47 .45j ·C)O ·34: ·i9 .24 .69 .IJ .58 I.OJ 6.9 3.7 20.6 7·5 
48 . 44 I . 88 . 33 ' 77 . 21 . 65 . 09 . 54 o. 98 6. 5 3. 0 19. 6 6. I 
49 . 44 . 87 . 31 i . 74 . 18 . 62 '05 . 49 . 92 6. 2 2. 3 8. 5 4. 7 

40 50 23.43 46.86 j 70.29' 93.72 117.15 140.58 164.01 187.44 210.87 1405.8 28u.6 4217.5 5623.3 
51 .42 .85: . 27 . 70 . 12 .55 3.97 .40 .82 5.5 0.9 6.4 1.9 
52 . 42 . 84 ! . 20 . 67 . og . 51 , 93 . 35 . 77 5· I IO. 2 5· 3 20. 4 
53 . 41 . 83 I . 24 . 65 . 06 . 48 . 89 . 30 . 11 4. 8 og. 5 4. 3 19. o 

7116.3 
4. 6 
2.9 

I I. I 

o9.4 

7rn7. 7 
5.9 
+2 
2,5 

JOO. 7 

7099.0 
7.3 
5. 5 
3.8 
2.0 

7o9o.3 
88.6 
6.8 
5. I 

3.4 

7081. 6 
79.9 
8. I 

6.4 
4.6 

7072.9 
71. I 
69.4 

7. 7 
5.9 

7o64.2 
. 2. 4 

6o.7 
58.9 

7.2 

7055.4 
3.7 
I. 9 

50.2 
48. 4 

7046. 7 
4·9 
3· 1 

41. 4 
39.6 

7037.9 
6. I 

4.4 
2.6 

30.8 

7029. I 

7. 3 
5.6 
3.8 
2.0 s4 .41 .81 I .22 .63 .03 .44 .85 .z5 .66 4·4 8.8 3.2 7.6 

40 55 23. 40 ' 46. So I 70. 20 , 93. 60 u7. 01 140.41 163. 81 187. 21 2IO. 61 1404. I 28o8. I 4212. 2 5616. 2 7020. 3 
56 . 39 : . 79 i . 18 . 58 6. 98 : . 37 . 76 . 16 . SS 3· 7 7. 4 I. I 4. 8 18. 5 
57 .39· .781 · 17 .56 ·95 ·33 .72 .II .50 3.3 6,7 10.0 3.4 6.7 
58 .38, .77 .15 .53 .92' .30 .68 .07 .45 3.0 6.o 09.0 2.0 5.0 

I 
59 '38 . 75 . 13 ; . 51 . 89 . 26 . 64 7. 02 . 39 2. 6 5. 3 7. 9 10. 6 3. 2 

-~:_5:_ 23.37 46.74~-·-11_,_93 __ ·_4_9_1_1_6._8_6_1_4_0_.2_3_:__16_3_._6o--'--1-86_._9_1.....L-2-1_0_.3_4_,;:__140~2-.3~~2So_4_.6_~4206--.9--'--s6o9_7._2~J-'_01r.5 



 

Lat. 

3 
4 

40 05 
6 
7 
8 

i 9 

40 IO 
II 

12 
13 
14 

40 15 
16 
17 
18 
19 

40 20 
21 
22 
23 
24 

40 25 
26 
27 
28 
29 

40 30 
31 
32 
33 
34 

40 35 
36 
37 
38 
39 

40 40 
41 
42 
43 
44 

40. 45 
46 
47 
48 
49 

40 50 
51 
52 
53 
54 

40 55 
56 
57 
58 
59 

40 6o 

UNITED STATES COAST AND GEODETIC SURVEY. 223 

Latitude 40° to 41°-Meridional arcs. Latitude 40°-Co-ordinates of curvature. 

y 
I I ,do 1 "al f , / I Sums of seconds for middle I Sums of minutes for middle 

, ue a r I latitude. -v-·ai_u_e_o_f_r'_ latitude. Lon

0
git~

1
de. ___ x 

i j', -------·~-- ---·-------11 
Meters. " ! bfeters. i' Meters. 1 J)feters. lrieters. Metel's. 

30. 84~ I I 30. 85 i: 1850: ~~ I I 850. 5 0 I ' I 423. 3 0. I Ill 

3 2 6I. 69 . 56 2 3 701. I 2 2 846. 5 O. 5 
3 3 92. 54 I • 56 3 5 55r. 7 3 4 269. 8 1. 2 
3 4 123. 38 i • 57 4 7 402. 2 4 5 693. 0 

30. 843 5 154. 13 ,, 1850. 57 5 9 252. 8 0 5 I 7 II6. 3 
3 6 185. 07 . 58 6 II IOJ. 4 6 8 539· 6 : 
3 7 215.92 11 .58 7 12953.9 7 9962.8 I 
3 8 246. 76 I . 59 8 14 8o4. 5 8 I I 386. I 

3 9 277 · 61 !i · 59 9 16 655. I 9 12 8o9. 3 

JO. 843 IO 308. 45 ii 1850. 6o IO I8 505. 7 
3 I 339· 30 'I . 60 I 20 356. 3 
3 I 2 370. :~ I . 61 2 22 206. 9 
4 3 400. 99 I . 61 3 24 05 7. s 
4 4 43r. 83 . 62 4 25 908. 2 

so. 844 is 462. 68 I: 1850. 63 15 27 758. s 
4 6 493. 52 !!.: . 63 6 29 6o9. 4 
4 7 524· 37 · 64 7 JI 46o. 0 
4 8 555.21 .64 8 33310.7 
4 9 586. o6 . 65 9 35 161. 3 

! 30. 844 20 616. 90 1850. 65 
4 l 647,75 .66 
4 2 678. 59 . 66 
4 3 709. 44 . 67 
5 4 740. 28 . 67 

30.845 25 771. 13 1850.68 
5 6 801. 97 . 68 
5 7 832. 82 . 69 
5 8 863. 66 . 70 
5 9 894. 5 I · 70 

20 

2 

3 
4 

25 
6 
7 
8 
9 

37 012. 0 
38 862. 6 
40 713. 3 
42 564. 0 

44 414. 6 

46 265. 3 
48 II6. 0 

49 966. 7 
51 817. 4 
53 668. I 

0 IO 

15 
20 
25 
30 

0 35 
40 
45 
50 
55 

I 00 

05 
IO 
15 
20 

I 25 
30 
35 
40 
45 

14 232. 6 
21 349. 0 

28 465. 3 
35 581. 6 
42 697. 8 

49 A14. o 
56 930. 2 

64 046. 3 
71 162. 4 
78 278. 4 

85 394. 3 
92 510. I 

99 625. 9 
ro6 74r. 6 
II3857.2 

120 972. 7 
128 088. I 
135 203. 4 
142 318.5 
149 433· 6 

30.845 30 925.35 
5 I 956.20 
5 2 987.04 

1850.71 
. 71 
. 72 
. 72 
.73 

30 
I 

2 

3 
4 

55 518. 8 
57 369. 5 
59 no. 2 
61 070. 9 
62 92r. 6 

I 50 
55 

2 00 
3 00 
4 00 

156 548. 5 i 
163 663. 3 i 

170 778 
5 3 I 017. 89 
5 4 I 048. 73 

30. 846 35 l 079. 58 
6 6 I IIO. 42 
6 7 l 141. 27 
6 8 I 172. II 

6 9 l 202. 96 

30.846 
6 
6 
6 
6 

40 
I 
2 

3 
4 

J 233. 80 
I 264. 65 
I 295. 49 
I 326. 34 
I 357. 18 

" 

1850.73 
.74 
.74 
·75 
.76 

1850.76 
. 77 
. 77 
.78 
.78 

35 
6 
7 
8 
9 

40 

2 

3 
4 

64 772. 4 
66 623. I 

68 473. 8 
70 324. 6 
72 175. 3 

74 026. I 

75 876.9 
77 727. 6 
79 578. 4 
81 429. 2 

5 00 
6 00 

7 00 
g 00 
9 00 

Io 00 

II 00 
12 00 
13 00 
14 00 

256 140 
341 470 

426 757 
511 990 
597 158 
682 252 
767 26o 

852 171 
936 975 

I 021 661 
l lo6 2!8 
I 190 636 

i 

:: : .11 4.8 
6.5 
S.5 

IO. 8 I 
13·3 
2 9·9 
53· 2 

83.2 
liq. 8 

163.0 
212.9 
269.4 
332.6 
402.5 

47q.o 
562.z 
652.0 
74S.5 
851. 6 

961. 4 
I 077. 8 
I 200.'8 
I 33o. 5 
I 466.9 

I 609. 9 
l 759· 6 
I 916 
4311 
7 663 

II 972 
17 238 
23 460 
30 637 
38 768 

47 852 
57 888 
68 875 
80 811 
93 695 

30.846 
7 
7 
7 
7 

45 
6 

l 388. 03 
l 418. 88 
I 449· 72 
I 480. 57 
l 511.41 

1850.79 
.79 
.So 
.8o 
. Sr 

45 
6 

83 280. 0 

~5 lJO. 8 
86 981. 6 
88 832. 4 
go 683. 2 

15 00 
16 00 

17 00 
18 00 
19 00 

I 274 904 
I 359 012 
I 442 949 
l 526 704 
I 6Io 267 

' 107 525 

30.847 
7 
7 
7 
7 

3o.%7 
7 
8 
8 
8 

30.848 

7 
8 
9 

50 
I 
2 

3 
4 

55 
6 
7 
8 
9 

6o 

I 542. 26 
I 573· IO 
I 6o3. 95 
I 634. 79 
I 665. 64 

I 696. 48 
I 727. 33 
I 758. 17 
I 789. 02 
I 819. 86 
I 850. 71 

1850.81 
. 82 
.83 
.83 
.84 

1850.B4 
.85 
.85 
.86 
.86 

1850. 87 

7 
8 
9 

50 
I 

I 2 

3 
4 

55 
6 

k 
~ 

92 534. 0 

94 384. 8 
96 235. 6 
98 086. 5 
99 937. 3 

IOI 788. I 
103 639. 0 

105 489. 8 
107 340. 7 
10<) 191. 5 
III 042. 4 

20 00 
21 00 
22 00 
23 00 
24 00 

25 00 
26 00 

27 00 
28 00 

29 00 
30 00 

I 693 628 
I 776 775 
I 859 698 
I 942 387 
2 024 833 

z 107 023 
2 188 948 
2 270 597 
2 351 961 
2 433 029 
2 513 790 

122 300 
138 017 
154 675 
172 272 

190 805 
2!0 272 
230 671 
251 998 
274 252 

297 430 
321 528 
346 543 
372 473 
399 314 
427 o63 



 

224 UNITED STATES OOAST AND GEODETIO SURVEY. 

Latitude 41° to 42°-A.rcs of the parallel in meters. 

Lat. 1" 2" \ 3" \ 4" I 5" \ 6" i 7" l __ s_'_'_
1 

__ 9_" ____ ., __ l
1

• __ 2_1_1~ , I I , , 
'-----1--1---1---1---1

---• 

0 I ' I I I ! 
4r oo 23. 37 46. 74 \\ 70. tr 93. 49 i tI6. 86 J 140. 23 ; 163. 6o • r86. 97 2ID. 34 1402. 3 28o4. 6 4 9 

l . 37 . 73 , . lo I . 46 1 . 83 1· . 19 . 56 . . 92 . z9 I. 9 3. 9 5. 8 
2 . 36 . 72 I • oS I . 44 I . 8o . 16 . 52 . . 88 i . 23 r. 6 3· 2 4· 7 
3 .35 .71; .o6 I .41 i .77 i . 12 .48 .83 I . 18 I.21 2.4 3.7 
4 ·35 .70\ .04\ .39[ .74i .og .44 .781 .13 0.9 1.7 z.6 

41 05 23. 34 46. 68 i 70. 03 , 93. 37 i II6. 71 I 140. 05 r63. 39 186. 74 · 210. 08 1400. 5 z8or.o 4201. 6 
6 . 34 . 67 . 70. 01 I . 34 I . 68 40. 02 • 35 . 6g IO. 02 400. 2 8oo. 3 200. 5 
7 . 33 . 66 I. 69. 991 . 32 I • 65 : 39. 98 . 31 . 64 og. 97 399. 8 799· 6 199. 4 
8 . 32 . 65 ' . 97 . 30 I . 62 I • 95 . 27 . 59 . 92 9. 5 8. 9 8. 4 
9 . 32 . 64 : . 96 . . 27 : . 59 I . 91 . 23 . 55 . 86 9. I I 8. 2 I 7. 3 

41 IO 23. 31 46. 63 r 69. 941 93. 25 . u6. 56 I 139. 88 163. 19 186. 50 . 209. 81 1398. 8 I 2797. s i 4196. 3 
II .31 .61 .92 .23; .53 i .84 · 15 .45 · 76 8,4, 6.8 · 5.2 
I 2 . 30 . 6o . 90 1 • 20 . 50 I • 8o . II . 41 . 7 I 8. 0 6. l 4. l 
13 .29 .591 .88 [ .18 i .47. .77 .o6 .36 .65 7.7 5.4 3.1 
14 . 29 '. 58 . 87 I • 16 . # . 73 3• 02 • 31 I . 6o 7. 3 4• 7 2. 0 

41 15 23. 2s 46. s1 &9. 85 I 93. 13 u6. 12 139. 10 162. 9s 186. 26 209. 54 1397. o 2794. o 
16 . 28 . 55 . 83 ' . II • . 39 . 66 . 94 . 22 . 49 6. 6 3. 3 ' 
l 7 • z7 • 54 • 81 1 

• o8 
1 

• 36 • 63 • 90 • 17 • 44 6, 3 2, 5 
18 . 27 . 53 . 8o ' . o6 . 33 . 59 . 86 . 12 . 39 5. 9 I. 8 
19 . 26 '52 • 78 I • 04 . 30 . 56 . Si . 07 . 33 5. 6 I. l 

41 20 
21 

22 

23 
z4 

AI 25 
26 
27 
28 
29 

41 30 
31 
.F 
33 
34 

41 35 
36 
37 
38 
39 

41 40 
41 
42 
43 
44 

41 45 
46 
47 
48 
49 

41 50 
51 
52 
53 
54 

41 SS 
56 
57 
58 
59 

41 tlo 

23.25 
. 25 
. 24 
. 24 
. 23 

23.22 
. 22 
. 21 
. 21 
. 20 

23. 19 
.19 
.18 
. 18 
. 17 

23. 16 
.16 
. 15 
.·15 
. 14 

46.51 
.49 
.48 
. 47 
. 46 

46.45 
.44 
.42 
. 41 
.40 

46.39 
. 38 
.36 
'35 
. 34 

46.33 
'32 
. 30 ' 
. 29 
. 28 

23. 13 46. 27 
. 13 '26 
. 12 . 24 
• lZ . 23 : 
• I I . 22 

23. 10 ! 46. 21 

. IO I '20 

.og' . 19 

.og . 17 

.o8 . 16 

69. 76 ! 

• 74 I 

.72 

. 71 : 

.69; 

69. 67 I 
. 65 ) 
• 63 I 

. 62 • 

.6o 1 

69. 58 
.56 
. 55 
. 53 
. 51 

69.49 
. 47 
.46 
·44 
. 42 

69.40 
. 38 
. 37 
. 35 
. 33 

69.31 
.30 
. 28 
. 26 
. 24 

23. 07 46. 15 69. 22 
. 07 . 14 . 21 
.o6 . 13 . 19 
.o6 . u .17 
.05 .10 .15 

23. 04 46. 09 69. 13 
.04 .08 .12 
.03 ,07 .IO 
.03 .05 .o8 
.02 ·04 .o6 

:!3. 01 46. 03 69. 04 

93· 01 ' IJ6. 27 : 139. 52 
2. 99 . 23 : . 48 
.97 .21 .45 
· 94 I • 18 . 41 
. 92 ! . 15 . 38 

92. 8g n6. 12 j 139. 34 
.87 .og .31 
. 85 .o6 . 27 
. 82 . 03 . . 24 
.80 6.oo . 20 

92.78 
. 75 
• 73 . 
. 70 : 
. 68 • 

115. 97 
.94 
• 91 
. 88 
.85 

92. 66 · n5. 82 
.63 . . 79 
. 61 • . 76 
. 59 . . 73 
. 56: . 70 

I 
92. 54 : n5. 67 

• 51 I • 64 
.49 .61 
.47 . 58 
.44 . 55 

92.42 
.39 
· 37 I 
. 35 
.32 

115. 52 
.49 
.46 
. 43 
.40 

139. 16 
. 13 
. 09 
.o6 

9.02 

138.99 
. 95 
.91 
'88 
. 84 

138.81 
. 7i 
. 73 
.70 
. 66 

138.63 
.59 
. 56 
. 52 
.48 

92. 30 u5. 37 138. 45 
. 27 . 34 . 41 
. 25 . 31 . 38 
. 23 . <!8 • 34 
• 20 . 25 • 30 

92.18 11s.22 138.27 
• t6 . 19 . 23 
. lJ . 16 . 20 
. ll . 13 • 16 

.o8 . IO I . l2 
92.o6 u5.07 138.09 

16z. 77 
.72 
.69 
.65 
.61 

162.56 
.52 
.48 
.44 
.40 

186.03 
5.97 
·93 
.88 
. 84 

185.79 
.74 
.69 
.65 
.6o 

162. 36 185. 55 
. 32 .50 
.28 .46 
. 23 .41 
. 19 . 36 

162. 15 185. 31 
, II . 27 
.07 .22 

2.02 .17 
1.98 .12 

161. 94 
·90 
.86 
. 82 
. 77 

161. 73 
.69 
.65 
.61 
.56 

16z. 52 
.48 
.44 
.40 
• 35 

161. 31 
. 27 
.23 
,19 
.14 

r6r. to 

185.o8 
5.03 
4.98 

·93 
.88 

184.84 
. 79 
.74 
.69 
. 65 

184.6o 
·55 
.50 
.45 
• 41 

184.36 
.31 
• 26 
. 21 
.17 

184. 12 

209.28 
. 22 
. 17 
. 12 
. 07 

209.01 
8.g6 

. 91 

. 85 

.So 

208.75 
.69 
.64 
.58 
. 53 

208.48 
.43 
. 37 
. 32 
.26 

208. ::!I 

. 16 
. 10 

8.05 
7.99 

207.94 
. 89 
. 83 
.78 
. 72 

207.67 
.62 
. 56 
. 51 
. 45 

207.40 
. 35 
. 29 
. 24 
. 18 

ZO'J. 13 

1395.2 
4.8 
4.5 
4. l 

3.8 
1393.4 

3.1 
2.7 
2.4 
2.0 

1391.6 
l. 3 
0.9 
o.6 

go.z 

138g.9 
9·5 
9· l 
8.8 
8.4 

1388. I 

7.7 
7.3 
7.0 
6.6 

1386. 3 
5.9 
5.6 
5.2 
4.8 

1345 
4.1 
3.8 
3.4 
3.0 

1382.7 
2.3 
2.0 
I. 6 

., 1. 2 

138o.9 

2790.4 
89.7 
9.0 
8.2 
7. 5 

2786.8 
6. I 

5.4 
4. 7 
4-0 

2783. 3 
2.6 
l. 9 
I. I 

8o.4 

2779.7 
9.0 
8. 3 
7.5 
6.8 

2776. I 

5.4 
4. 7 
4.0 
3.2 

2772.5 
l. 8 
l. l I 

70.4 
69.7 

2769.0 
8.3 
7.5 
6.8 
6. I 

2765.4 
4.7 
3.9 
3.2 
2.5 

2'f6l.8 

4190.9 
89.9 

8.8 
7.7 
6. 7 

4185.6 
4· s 
3.5 
2.4 
J. 3 

418o.3 
79.2 
8. I 
7. I 
6.o 

4174. 9 . 
3.8 
2.8 
1.7 

70. 7 
4169.6 

8.5 
7.4 
6.3 
5.3 

4164.2 
3. I 
2.0 

6r. 0 ,, • 

59·9 
4158. 8 : 

7.7 
6.7 
5.6 
4.5 

4153.4 
2.4 
r. 3 

50.2 
49· I 

4148.0 
7.0 
5·9 
4.8 
3· 7 

4142.7 

,, I ,, 

56og. 2 I . 7011. 5 
7.7 009.7 
6.3 7.9 
4.9 6. l 
3.5 4.4 

56oz. I 

6oo. 7 
599.2 

7.8 
6.4 

5595.0 
3.6 
2.2 

go. 7 
89.3 

5587.9 
6.5 
5.0 
3.6 
2.2 

558o. 8 
79·4 
8.o 
6.5 
5. I 

5573.7 
2.3 

70.8 
69.4 
8.o 

5566.6 
5. I 
3.7 
.2.3 

6o.8 

5559.4 
8.o 
6.6 
5. I 

3.7 

SS5 2 ·3 
50.8 
49·4 
8.o, 
6. s 

5545· l 
3· 7 
2. 2 

40.~ 
39·4 

5537.9 
6. 5 
5.0 
3.6 
.2. 2 

5530.7 
29.3 
7.8 
6.4 
5.0 

5523. 5 

7002.6 
70CX>. 8 
6()99. l 

7.3 
5.5 

6993.8 
z.o 

90.2 
88.4 
6.7 

6984.9 
3· l 

Sr. 3 
79.6 

7.8 

6976.0 
4.2 
2.4 

7o, 7 
68.9 

6967. I 

5.3 
3. 5 
I. 8 

6o.o 

6958.2 
6.4 
4. 6 
2.8 

51. I 

6()49.3 
7. 5 
5. 7 
3.9 
2. I 

6940. 3 
38. 5 
6. 7 
5.0 
3.2 

6~1.4 
29.6 
7.8 
6.o 
4.2 

6922.4 
20.6 
18.8 
7.0 
5.2 

6913.4 
ll. 6 
09, 8 
8.o 
6.2 

69o4-4 



 

Lat. 

0 I 

-41 00 
I 
2 

3 
4 

41 05 
6 
7 
8 
9 

41 IO 

II 

12 
13 
14 

41 15 
16 
17 
18 
19 

41 20 
21. 
22 
23 
24 

41 25 
26 
27 
28 
29 

41 30 
31 
32 
33 
34 

41 35 
36 
37 
38 
39 

41 4<> 
41 
42 
43 
44 

41 45 
46 
47 
48 
49 

41 50 
51 
52 

53 
54 

41 55 
56 
57 
58 
59 

41 6o 

UNITED STATES COAST AND GEODETIU SURVEY. 

Latitude 41° to 42°-Meridional arcs. 

Sums of seconds for middle I 
I 

Value of I" Value of 1' 
Sums of minutes for middle 

latitude. 
1 

latitude. 

I 
.1/eters. II lllcters. I 

Jlfeters. I 1vleters. 
30. 848 1850. 87 

8 I 30.85 i . 87 I I 850.9 
8 2 61. 70 I . 88 2 3 70T. 7 
8 3 92.55 I . 89 3 5 552. 6 
8 4 

I 
123.40 I . 89 4 7 403. 5 

30.848 5 154.25 I 1850.90 5 9 254. 4 
8 6 185. IO . 90 6 II 105. 3 
8 7 21 5·95 . 91 7 12 956. 2 

9 8 246.So . 91 8 14807.1 

9 9 277.65 . 92 9 16 65S. o 

30.849 IO 308.51 1850.92 10 18 509. 0 
9 I 339. 36 .93 II 20 359. 9 
9 2 370. 21 . 93 I 12 22 210. 8 
9 I 3 401. 06 .94 13 24 061. 8 
9 4 43t. 91 . 95 14 25 912. 7 

30.849 15 462. 76 1850.95 15 27 763. 7 
9 6 493.61 . 96 16 29 614. 6 
9 7 524.46 . 96 17 31 465. 6 

49 8 5~5.31 . 97 18 33 316. 5 
50 9 5 6. 16 .97 19 35 167. 5 

30.850 20 617. 01 1850.98 20 37 OI8. 5 
0 I 647.86 . 98 21 38 li69. 5 
0 2 678.71 . 99 22 40 720.4 
0 3 709.56 o.99 23 42 571. 4 
0 4 740.41 I. 00 24 44 422. 4 

30.850 25 77 I. 26 1851.01 25 46 273. 4 
0 6 802. II .01 26 48 124. 4 
0 7 832.96 . 02 27 49 975.4 
0 8 

I 
8b3. 82 . 02 28 51 826. 5 

0 9 894.67 . 03 29 53 677- 5 

30.851 30 925.52 1851.03 30 55 528. 5 
l I 956.37 .04 31 57 379. 6 
I 2 987.22 .04 32 59 230. 6 
I 3 I 018. 07 .05 33 61 081. 6 
I 4 I 048. 92 .05 34 62 932. 7 

30.851 35 I 079. 77 1851. o6 35 64 783. 8 
I 6 I 110. 62 . 07 36 66 634. 8 
I 7 I 141. 47 .07 37 68 485. 9 
l 8 I 172. 32 .08 38 70 337· 0 
I 9 I 203. 17 .08 39 72 188. 0 

30.851 40 I 234. 02 1851. 09 40 I 74 039. I 
2 l I 264. 87 .09 41 75 890. 2 
2 2 I 295. 72 .IO 42 77 74r. 3 
2 3 I 326. 57 .IO 43 79 592. 4 
2 4 I 357· 42 . II 44 81 443· 5 

30.852 45 I 388. 27 1851. II 45 83 294. 6 
2 6 I 419. 12 .12 46 85 145. 7 
2 7 l 449· 98 .12 47 86 996. 9 
2 8 I 48o. 83 . 13 48 88 848.0 
2 9 I 511. 68 .14 49 90 699. I 

30.852 50 I 542. 53 1851. 14 50 92 550. 3 
2 I I 573· 38 . 15 51 94 401. 4 
3 2 I 6o4.2J . 15 52 96 252. 5 
3 3 r 635. o8 .16 53 98 103. 7 
3 4 I 665. 93 • 16 54 99 954. 9 

30.853 55 I 696, 78 1851. 17 55 IOI 8o6.o 
3 6 I 727. 63 • 17 56 103 657.2 
3 7 I 758. 48 • 18 57 ws 5o8.4 
3 8 I 789. 3~ .18 58 107 359. 6 
3 9 I 820. I .19 ~ 

109 210. 7 
30.853 6o I 851. 03 1851. 20 III o6J. 9 

H.Ex.43-29 

Latitude 41°-Co-ordinates of curyatu re. 

Longitude. x 

0 I llfdtrs. 

0 I I 402. 3 
2 2 804. 6 
3 4 206. 9 
4 5 6o9. 2 

0 5 7 01 I. 5 
6 8 413. 7 
7 9 816.0 
8 II 218. 3 
9 12 620.6 

0 IO 14 022. 9 
15 21 034. 3 
20 28 045. 7 
25 35 057. I 
30 42 068. 5 

0 35 49 079. 8 
40 56 091. I 

45 63 102. 3 
50 70I13. 5 
55 I 

77 124.6 

I 00 84 135. 6 
05 91 146. 6 
[0 98 157. 4 
15 105 168. 2 
20 I 12 178. 9 

I 25 I 19 189. 5 
30 126 200. 0 
35 1:u 210. 3 
40 140 220. 6 
45 147 230. 7 

I 50 154 240. 7 
55 161 250. 5 

2 00 168 26o 
3 00 252 363 
4 00 336 432 

5 00 420 457 
6 00 504 428 • 
7 00 588 332 
8 00 672 159 
9 00 755 897 

IO 00 839 537 
II 00 923 067 
12 00 I 006 475 
13 00 I o89 752 
14 00 I 172 886 

15 00 I 255 866 
16 00 l 338 681 
17 00 I 421 321 
18 00 I 503 775 
19 00 I 586 031 

20 00 I 668 079 
21 00 I 749 909 
22 00 I 831 509 
23 00 I 912 809 
24 00 I 993 978 

25 00 2 0i4 826 
26 00 2 I~\, 402 
27 00 2 2 35 6g5 
28 00 2 315 695 
29 00 2 395 392 
30 00 2 474 774 

' 
I 

[ 

I 

I 
I 

I 

I 

y 

lffett rs. 

I 

I 

2 
2 
0 _, 

0. I 

0.5 
I. 2 

2.1 

3.3 
4.8 
6.6 
8.6 

10.8 

13.4 
)0. I 

53.5 
83.6 
20.4 

63.9 
J4. I 

70.9 
34.5 
04. 7 4 

4 
5 
6 

' I 
8 

8r. 7 
65.3 
55.6 
52.6 
56.3 

9 
I 0 

66.7 
83.8 
07.6 
38.0 
75. l 

I 2 

I 3 
l 4 

I 6 19.0 
I 7 
I 9 

6g.5 
27 
35 
o6 

43 
7 7 

12 0 39 
35 
91 
07 
83 

17 3 
23 5 
308 
38 9 

48 I 

58 2 
69 2 
81 2 
94 2 

1o8 I 

122 9 
138 7 
1~5 5 
173 2 

191 8 
211 4 
231 9 
253 3 
275 7 

299 0 

323 2 
,348 3 
2744 
401 
429 2 

18 
09 
56 
58 
12 

17 
71 
73 
20 
IO 
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Latitude 42° to 43°-Arcs of the parallel in meters. 

Lat. 5' 
i ' i : I I I I 

111 
I 211 8" II 4" i 5" I 6'' 'l" i 8" 9" 1' 2' 8' I' 

I I i I I 
1---1--: i i l i -------1----1----,·----1----1 

23, 01 146. 03 69. 041--::-1 I 15. 07 i 138. 091=1 184. !2 / 207. 13 1380. 91
1 

2761. 8 4142. 71 
o I 

42 00 
I 

2 :: ! 6:~~ 9:~f / 2:~i s:~i I s:~~ / 1:~~ I 4:~; I 1:~~ ~:~ ~:~ 4~:~ 
3 3· 00 I 5· 99 8, 99 I. 99 4. 98 i 7. 98 0. 98 I 3· 97 6. 97 79· 8 59· 6 39· 4 
4 z. 99 . 98 . 97 I . 96 . 95 I • 94 I • 931' . 93 I • 91 9· 4 8. 9 8. 3 

42 05 22.98 45.97 68.95 I 91.94 114.92 '· 137.91 1' 16o.89 183.88; 2o6.86 1379. I 2758.2 4137.2 
6 . 98 . 96 . 94 . 92 . 89 ' . 87 . 85 . 83 ' . 81 8. 7 7. 5 6. 2 
7 . 97 . 95 . 92 . 89 ' . 86 i . 84 . 81 I . 78 I • 75 8. 4 6. 7 5. I 
8 . 97 . 93 . go . 87 : . 83 1 • So . 76 . 73 . 70 8. o 6. o 4. o 
9 . 96 / . 92 . 88 . 84 . So 1 • 76 . 72 I . 68 . 64 7. 6 5. 2 2. 9 

42 IO 
II 
12 
13 
14 

42 15 
16 
17 
18 
19 

42 20 
21 
22 
23 
24 

42 25 
26 
27 
28 
29 

42 30 
31 
32 
33 
34 

42 35 
36 
37 
38 
39 

42 40 
41 
42 
43 
44 

42 45 
46 
47 
48 49 

42 50 
51 
52 
53 
54 

42 55 
56 
57 
58 
59 

42 6o 

22.95 45.91 68.86 91.82 114.77 137.73 16o.68 1 I 183,64 2o6.59 1377.3 2754.5 4131.8 
. 95 . 90 . 85 . 79 . 74 . 69 . 64 . 59 . 54 6. 9 3. 8 30. 7 
·94 .88 .83 .77 .71 .65 .60 .54 .48 6.5 3.1 29.6 
. 94 . 87 . 81 . 7 5 . 68 . 62 . 55 I . 49 . . 43 6. 2 2. 3 8. 6 
. 93 • 86 . 79 . 72 . 65 . 58 • 51 I . 44 I • 37 5. 8 I. 6 7. 5 

22.92 45.85 68.77 91.70 1I4.62 137.55 16o.47 183.40 2o6.32 1375.5 2750.9 4126.4 
· 92 · 84 • 75 · 67 · 59 · 51 · 43 · 35 • 27 5· I 50, 2 5· 3 
. 91 . s2 •• 1

7
4
2 
i . 65 . 56 . 47 . 39 1 . 30 . 21 4. 1 49. s 4. 2 

• 91 . 81 . 62 . 53 . 44 . 34 I . 25 . 16 4. 4 8. 7 3· I 
. 90 . 80 . 70 . 6o . 50 . 40 . 30 . 20 . IO 4. O 8. 0 2. O 

22.89 
.89 
. 88 
.88 
.87 

22.86 
.86 
.85 
.85 
.84 

45.79 
.78 
.76 
. 75 
.74 

45.73 
.72 
.70 
. 69 
. 68 

22. 83 45. 67 
. 83 . 66 
. 82 . 64 
. 82 . 63 
. 81 . 62 

22. 80 45, 61 
.So . 59 
. 79 t '58 
. 78 . 57 
.78 .56 

22· 77 45· 55 
. 77 . 53 
. 76 . 52 
. 75 . 51 
. 75 . 50 

22. 74 45. 48 
. 74 .47 
. 73 '46 
. 72 . 45 
. 72 .44 

22.71 
. 71 
.70 
. 69 
. 69 

22.68 
. 68 
.67 
.66 
.66 

22.65 

45.42 
.41 
.40 
.39 
.38 

45.36 
• 35 
·34 
.33 
.31 

45.3o 

68.68 
.66 
. 65 
.63 
.61 ' 

68. 59 
.57 
.56 
·54 
.52 

68. 50 
.48 
.46 
. 45 
.43 

68.41 
.39 
·37 
. 36 
·34 

68.32 
.30 
.28 
.26 
I 25 

68.23 
• 21 

.19 

. 17 

. 15 

68. 14 
.12 
. to 
.08 
.o6 

68.04 
.03 

8.01 
7.99 
.97 

67. '1S 

91. 58 
.55 
.53 
.50 
.48 

91. 46 
.43 
.41 
.38 
.36 

114.47 
·44 
. 41 
. 38 
. 35 

114. 32 
. 29 
. 26 
'23 
. 20 

91. 33 I 14. 17 
.31 . 14 
. 29 . II 
. 26 .08 
. 24 . 05 

91. 21 I II4. 02 
. 19 3.99 
. 17 . 96 
. 14 . 93 
. 12 . 90 

91. 09 113. 87 
.07 . 84 
.04 '81 

I. 02 . 77 
0. 99 . 75 

90.97 u3.71 
. 95 . 68 
. 92 . 65 
.90 .62 
. 87 . 59 

90.85 
.82 
.So 
.77 
• 75 

90.73 
.70 
.68 
.65 
.63 

90.6o 

113. 56 
.53 
.50 
.47 
.44 

113. 40 
. 38 
. 35 
. 31 
. 28 

u3. 25 

137. 37 16o. 26 183. 15 ' 206. 05 
• 33 , 22 , l I 6, 00 
. 29 . 18 . 06 5. 94 
. 26 . 13 3, 01 . 89 
. 22 . 09 2. 96 . 83 

137. 18 160. 05 
. 15 60.01 
. ll 59. 97 
.07 .92 
.04 .88 

137· 00 

6.97 
. 93 
. 89 
. 86 

136.82 
. 78 
. 75 
. 7 I 
. 67 

159. 84 
.So 
.75 
. 71 
. 67 

159.62 
.58 
.54 
.50 
.45 

136.64 159.41 
. 60 1 .37 
• 56 I • 32 
. 53 . 28 
.49 .24 

136. 45 159. 19 
. 42 • 15 
. 38 . II 
. 35 . 07 
. 31 9· 02 

136.27 
.24 
. 20 
. 16 
. 13 

136.09 
.05 

6.02 
5.98 
.94 

135.91 

158.98 
·94 
.90 
. 86 
. 81 

158.77 
• 73 
.69 
. 64 
.6o 

158.56 

182,91 
.86 
. 81 
. 77 
. 72 

182.67 
,62 
.57 
.52 
.48 

205.78 
. 72 
. 67 
. 61 
.56 

205.50 
.45 
. 39 
. 34 
. 28 

182. 43 205. 23 
. 38 . 17 
. 33 . 12 
. 28 I .07 
. 23 I 5.01 

182. 18 zo4. 96 
.14 . 90 
.09 . 85 

2. 04 . 79 
1.99 .74 

18'1. 94 204. 68 
.89 '63 
. 84 . 57 
. 79 . 52 
.74 .46 

181. 70 
.65 
.6o 
·SS 
.50 

181. 45 
.40 
.35 
.30 
. :z6 

181. 21 

204.41 
. 36 
.30 
. 24 
.19 

204. 14 
.08 

4.02 
3.96 

. 91 
203.86 

1373.7 
3·3 
2.9 
2.6 
2.2 

1371.8 
I. 5 
I. l 

o. 7 
0.4 

1370.0 
69,7 
9.3 
8,9 
8.6 

1368.2 
7.8 
7.5 
7. I 
6,7 

1366.4 
6.o 
5.6 
5.3 
4.9 

1364. s I 
4.2 
3.8 
3.5 
3.1 

1362.7 
2.4 
2.0 
1. 6 
I. 3 

136o. 9 
0.5 

6o.2 
59.8 
9.4 

1359.1 

2747.3 
6,6 
5.9 
5. I 
4.4 

2743.7 
3.0 
2,2 
I. 5 
0.7 

2740.0 
39, 3 
8.6 
7.8 
7. I 

2736.4 
5,7 
5· 0 
4. 2 
3,5 

z732,8 
2.0 
I. 3 

30.6 
29.8 

2729. I I 
8,4 
7.6 
6.9 
6. I 

2725.4 
4· 7 
4.0 
3.2 
2.5 

2721. 8 
I. I 

20.3 
19.6 
8.8 

2718, I 

4121. 0 
19.9 
8.8 
7.7 
6.6 

4115. s 
4.4 
3.3 
2.2 
I. 2 

4110. I 
09.0 

7.9 
6.8 
5.7 

4104.6 
3.5 
2.4 
I. 3 

100. 2 

4099• I 
8.o 
6.9 
5,8 
4. 7 

4093.6 
2.6 
I. s 

90.4 
89.3 

4088.2 
7. I 
6.o 
4.9 
3.8 

4o82.7 
I. 6 

8o.5 
79.4 
8.3 

4077.2 

55 23·5 
2. I 

20.6 
19.2 
7.8 

5516.3 
4.9 
3.4 
2.0 

I0.5 

5509· l 
7.6 
6.2 
4. 7 
3.3 

5501. 9 
5oo.4 
499.0 

7. 5 
6. I 

5494.6 
3.2 
I. 7 

90.2 
88.8 

5487.3 
5.9 
4.4 
3.0 
I. 5 

5480. I 
78. 6 
7.2 
5.7 
4.3 

5472.8 
71. 3 
69.9 
8.4 
7.0 

5465.,5 
4.0 
2.6 

61. I 

59: 7 
5458.2 

6. 7 
5.3 
3.8 
2.3 

5450.9 
49.4 

7.9 
6. 5 
5.0 

5443.5 
2. I 

40.6 
39.1 
7.7 

5436.2 

6904.4 
2.6 

900.8 
899.0 

7. 2 

6895.4 
3.6 
I. 8 

90.0 
88·. 2 

6886.4 
4.6 
2.7 

80.9 
79· I 

6877.3 
5.5 
3.7 
I. 9 

70.1 

6868.3 
6.4 
4.6 
2.8 

61. 0 

6859.2 
7.4 
5.6 
3.7 
I. 9 

6850. I 

48.3 
6.5 
4.6 
2.8 

6841. 0 

39.2 
7.4 
5.5 
3.7 

6831. 9 
30. I 
28.2 

; 6.4 
4.6 ' 

6822, 7 
20.9 
19. I 

7. 3 1 
5.4 

6813.6 
II. 8 
09·9 

8. I 

6.3 

68o4.4 ' 
2.6 

8oo.8 
798.9 

7· I \ 
6795.3 
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I U< 

LJ:ttitude 42° to 43°-Meridional arcs. Latitude 42°-Co-ordinates of curvature. 

Value of l// Sums of seconds for middle JI Value of 11 Sums of minutes for middle Longitude. x I v latitude. ! latitude. 
I I I 

Ii 
I 

I 

0 I life ten II JV/den. lVIeters. / 

I llfeters. 0 I Meters. ! ./ifetcn. 
- 42 00 30.853 1851. 20 : 

I I 30.86 I I I 851. 2 I 38o. 9 3 . 20 l 0 l 0.1 
2 3 2 61. 71 . 21 2 

i 
3 702.4 2 76r. s 2 0.5 

I 3 4 3 92. 57 . 21 3 5 553. 6 3 4 142. 7 I. 2 

I 
4 4 4 123.42 . 22 4 7 404. 8 4 5 523. 5 2.2 

42 05 30.854 5 154. 28 185 I. 22 5 9 256.0 0 5 6 904. 4 3.4 
6 4 6 185. 14 . 23 6 ll 107. 3 6 8 285. 3 4.8 
7 4 7 215.99 . 23 7 12 958. 5 7 9 666. 2 6.6 
8 4 8 246.85 • 24 8 14 809. 7 8 II 047. I 8 6 
9 4 9 zn. 70 . 24 9 16 66r. 0 9 12 428. 0 10.9 

42 IO 30.854 IO 308,56 1851. 25 IO 18 512. 2 0 IO 13 808. 8 13.4 
II 4 I 339·42 . 26 1 20 363. 5 15 20 713. 2 30.2 
12 4 2 370.27 . 26 2 22 214. 7 20 27 617. 6 53.8 

I 13 4 3 401. 13 . 27 3 24 o66.o 25 34 522. 0 84.0 
I 

14 5 4 431. 98 . 27 4 25 917. 3 30 41 426. 3 120.9 

42 15 30.855 15 462.84 1851. 28 15 27 768. 5 0 35 48 330. 6 164.6 
16 5 6 493.70 . 28 6 29 619. 8 40 55 23+ 8 215.0 
17 5 7 524·55 . 29 7 31 471. I 45 62 139. 0 272. I 
18 5 8 555.41 . 29 8 33 322. 4 50 69 043. I 336.0 

I 
19 5 9 586.26 .30 9 35 173. 7 55 75 947. 2 406.5 

42 20 30.855 20 617. 12 1851.30 20 37 025. 0 I 00 82851.2 483.8 
21 5 I 647.98 . 31 I 38 876. 3 05 89 755· I 567.8 
22 5 2 678.83 .32 2 40 727. 6 IO 96 658. 9 658.5 
23 5 3 709.69 .32 3 42 578. 9 15 103 562. 6 755·9 
24 5 4 740.54 . 33 4 44 430. 3 20 110466.3 86o. I 

42 25 30.856 25 77r. 40 1851. 33 25 46 281. 6 I 25 117 369. 8 971. 0 
26 6 6 8o2.26 ·34 6 48 132. 9 30 124 273. 2 I 088. 5 
27 6 7 833. II ·34 7 49 984. 3 35 131 176. 5 I 212. 8 
28 6 8 863.97 • 35 8 51 835. 6 40 138 079. 7 I 343· 8 
29 6 9 Sg4.82 . 35 9 53 686. 9 45 144 982. 7 I 481. 6 

42 30 30.856 30 925.68 1851. 36 30 55 538. 3 I 50 151 885.6 I 626. I 

31 6 J 956.54 ·37 I 57 389. 7 55 158 788. 4 I 777. 2 
32 6 2 987.39 ·37 2 59 ~I.O 2 00 165 691 I 935 
33. 6 3 I 018. 25 .38 3 61092.4 3 00 248 508 4 354 
34 6 4 l 049. IO .38 4 62 943. 8 4 00 331 292 7 739 

42 35 30,856 35 J 079.96 1851. 39 35 64 795. 2 5 00 414 030 12 092 
36 7 6 I IIO. 82 ·39 6 66 646. 6 6 00 496 712 17 410 
37 7 7 l 141. 67 .40 7 68 498. 0 7 00 579 325 23 693 
38 7 8 l 172. 53 .40 8 70 349· 4 8 00 661 861 30 941 
39 7 9 l 203. 38 .41 9 72 200. 8 9 00 744 305 39 152 

4Z 40 30.857 40 I 234. 24 1851. 41 40 74 052. 2 IO 00 826 648 48 325 
41 7 I I 265. IO ·42 1 75 903. 6 II 00 go8 879 58 459 
42 7 2 I 295. 95 .43 2 77 755. 0 12 00 990 985 69 553 
43 7 3 I 326. 81 ·43 3 79 6o6.4 13 00 I 072 956 81 6o5 
44 7 4 I 357. 66 .44 4 81457.9 14 00 I 154 781 9+ 614 

42 45 30.857 45 I 388. 52 1851. 44 4~ 83 309· 3 15 00 I 236 449 108 577 
46 7 6 I 419. 38 .45 85 16o. 8 16 00 I 317 948 123 493 
47 8 7 l 450. 23 ·45 7 87 012. 2 17 00 I 399 267 139 36o 
48 8 8 I 481. 09 .46 8 88 863. 7 18 00 I 48o 395 156 175 
49 8 9 1511.94 .46 9 go 715. I 19 00 I 561 321 173 937 

4Z 50 30.858 50 I 542. 8o 1851.47 50 92 566. 6 20 00 I 642 035 192 642 
51 8 I I 573.66 .47 I 94 418. I 21 00 I 722 524 212 289 
52 8 2 I 6o4. 51 .48 2 96 269. 5 22 00 I 8oz 779 232 874 

53 8 3 I 635. 37 .49 3 98 121. 0 23 00 I 882 788 254 396 
54 8 4 I 666. 22 .49 4 99 972. 5 24 00 I 962 540 276 850 

42 55 30.858 55 I 697. 08 1851. 50 55 IOI 824. 0 25 00 2 042 024 300 234 
56 8 6 I 727.94 .50 6 103 675. 5 26 00 2 121 230 324 544 
57 8 7 I 758. 79 .51 7 105 527.0 27 00 2 200 r46 349 778 
58 9 8 I 789. 65 • 51 8 107 378. 5 2$ 00 2 278 762 375 932 

59 9 9 I 820. 50 .52 9 109 230.0 29 00 2 357 o67 403 002 

4Z 6o 30.859 6o I 851. 36 1851. 52 6o III 081. 6 30 00 2 435 052 430985 
~, 

,.. ........ _............. ... • .. , ........ ~.'"""'!-
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Latitude 43° to 44°-Arcs of the parallel in meters. 

4' Ii' 
'" l" I •" I "' I '" II ,,, ! 6" i l" !, 8" I •' I' 2' ,, I 

__ \_,_, __ \_,--,--1--1--l--t--'.--1 

4; ~ 22. 65145. 30 11' 67. 951 90. 6o IIJ. 2511 135. 91 i 158. 56 ' ISL 21 ' 203. 86 1359. I I 
I . 64 . 29 . 93 I • 58 . 22 . 87 I '52 . 16 . 81 8. 7 
2 .64 .28 .92

1

1 .55 .19 .831 ,47 .II .75 8.3 
3 . 63 . 26 · 90 · 53 • I6 I • 79 • 43 • 06 • 69 7• 9 
4 . 63 . 25 , 8S I . 50 · 1 J i . 76 i · 39 I. OI • 64 7. 6 

43 05 22. 62 45. 24 67. 86 ' 90. 48 I13. IO I 135. 721 158. 34 180. 96 203. 5S 1357. 2 I 
6 . 61 . 23 . 84 I . 46 . 07 j' . 68 . 30 . 91 . 53 6. s 
7 . 61 . 22 . 82 I . 43 . 04 . 65 I . 26 . 86 . 47 6. 5 
8 . 60 . 20 . 81 I . 41 3- 01 I . 61 . 22 . Sr . 42 6. r 
9 .6o .19 .79 .38 2.981 .57 .17 .77 .36 5.7 

43 :~ 22:~s 45:~~ 67:~~ 90:~~ 112:g~ 1135:~~ 158:0 r8oJ; 203:~~ 135~:6 
12 
13 
14 

43 15 
16 

43 20 
21 
22 

23 
24 

43 2_:; 
zfi 
27 
2S 
29 

31 
J2 
" .)~1 

34 

43 35 
36 
37 
.)8 
39 

43 40 
41 
42 
43 
44 

43 45 
46 
47 
4S 
49 

43 50 
51 
52 
53 
54 

43 55 
56 
57 
58 
59 

43 6o 

.58 .15 .73 .31 .891 .46 .04 .62 .19 4.6 

. 57 . 14 . 71 . 29 . 86 . 43 8. 00 . 57 . 14 4. 3 

.57 .13 .69 .26 .83 .39 7.96 .52 .og 3.9 

22. 56 
. 55 
. 55 
.54 
.53 

22.53 
.52 
.52 

22. 50 
. 49 
.49 
.48 
.4S 

22. 46 
.46 
. 45 
. 45 
.44 

22.44 
·43 
.42 
.42 
.41 

22.40 
.40 
. 39 
.39 
.38 

22.37 
.37 
.36 
. 35 
. 35 

22.3+ 
·34 
.33 
. 32 
.32 

22.31 
.30 
.30 
. 29 
. 29 

22.28 

45· 12 
. I I 

. 09 

. oil 

45.06 
.04 
. 03 
. 02 

5.01 

44.99 
. 98 
. 97 
. 96 
'95 ' 

44.93 
'92 
'91 
. 90 ' 
. 88 

44.87 
. 86 
'85 
. 83 
. 82 

44. 81 
.So 
.78 
. 77 
.76 

4+ 75 
. 73 
.72 
. 71 
.70 

67.68 
.66 
.64 
. (jz 

.60 

67.58 
.57 
. 55 
.53 
. 51 

67.49 
. 47 
. 45 
·# 
.. p 

67.40 
. 38 
. 36 
. 34 
.32 

67.31 
. 29 
.27 
. 25 
. 23 

67.21 
.19 
.rs 
.16 
.14 

67. 12 
. 10 
.08 
.06 
.05 

44. 6S 67. 03 
. 67 7. 01 
. 66 6. 99 
. 65 . 97 
. 64 . 95 

44· 62 66. 93 
. 6r . 92 
.6o ·90 
.59 .88 
.57 .86 

44. 56 I 66. 84 

90. 24 
. 21 

112. 79 
.76 

. 19 ' . 

. r6 , 
'14 

go. II 
. 09 
. 06 
.04 

90.01 

89.99 
. 96 
. 94 
. 92 
.89 

89. 87 
.84 
. 82 
.79 
. 77 

89. 74 
.72 
.69 
. 67 
.64 

89.62 
·59 
• 57 
.54 
.52 

89.49 
.47 
.44 
.42 
. 39 

89.37 
. 35 
.32 
.29 
. 27 

89.25 
. 22 
.20 
. 17 
. 15 

89. 12 

II2. 64 
. 61 
.58 
. 55 
.52 

112.49 
. 45 
. 42 
. 39 
.36 

112. 33 
. 30 
. 27 
.24 
. 21 

112. 18 
.14 
. II 
.08 
. 05 

Il2. 02 

I. 99 
. 96 
. 93 
.90 

II I. 87 
. 83 
.So 
. 77 
.74 

I II. jl 
. 68 
. 65 I 
. 621 
.59 

III. 56 
.52 
·49 
.46 
·43 

IU.40 

135.35 
. 32 
. 28 
. 24 
. 21 

1 35~ 17 
. 13 
.09 
. 06 

5. 02 i 

134. 98 ; 
. 95 
. 91 
. 87 
. 84 

134.80 
.76 
·i2 
. 69 
. 65 

134.6 1 

. 5,. 

.54 

.50 

.46 

134._43 
• 39 
. 35 
.32 
. 28 

134.24 
. 20 
. 17 
.13 
.og 

134.05 
4.02 
3.98 
.94 
. 91 

133.87 
. 83 
.79 
. 76 
. 72 

133.68 

157.91 
. 87 
. 83 
.79 
.74 

157.70 
. 65 
. 61 

.. 57 
.52 

157.48 
.44 
.39 
. 35 
. 31 

157.26 
. 22 
. 18 
.13 
.09 

157. 05 
7.01 
6.96 

.92 

. 87 

156. 83 
. 79 
.74 
.70 
.66 

156. 61 
.57 
.53 
.49 
·44 

156. 40 
.36 
. 31 
. 27 
. 22 

156. 18 
.14 
·09 
.05 

6.oo 
155. g6 

180.47 
. 42 
. 37 
.32 
.27 

180.22 
. 18 

203.03 
2.97 
.92 
.86 
.Sr 

. 13 • 

. 08 
80.03 

202.75 
.70 
.64 
.59 
·53 

179.98 
. 93 
. 8S 
. 83 
.78 

202. 4S 
.42 
.37 
.31 
. 25 

179. 73 202. 20 
. 68 .14 
. 63 .09 
. 58 2. 03 
. 53 ' I. 98 

179. 48 I 201. 92 
. 43 ; . 86 
. 3S . S1 
. 34 . 75 
. 29 . 70 

179.24 
. 19 
. 14 
.oy 

9.04 

178.99 
.94 
. 89 
.84 
.79 

178.74 
.69 
. 64 
.59 
.54 

178. 49 
.44 
·39 
.34 
.29 

178.24 

201. 64 
.58 
. 53 
. 47 
. 42 

201. 36 
.30 
. 25 
.19 
.14 

201. 08 

I. 03 
0.97 

. 91 

.86 

200.So 
. 74 
.69 
.63 
.58 

200. 52 

1353.5 
3.2 
2.8 
2.4 
2. I 

I 35 I. 7 
I. 3 
0.9 
o.6 

50. 2 

1349.S 
9.5 
9. I 

8.7 
8.4 

1348. 0 i 
7.6 
7.2 
6.9 
6.5 

1346. I 

5.8 
5• 4 I 

5.0 
4.6 

1344. 3 
3·9 
3.5 
3.2 
2. 8 

1342.4 
2.0 

I. 7 
I. 3 
0.9 

1340. 5 
40. 2 
39.8 
9·4 
9· I 

1338.7 
8.3 
7.9 
7.6 
7.2 

1336. 8 

2718. I 
7. 4 
6.6 
5.9 
5. I 

2714.4 
3.7 
3· 0 
2.2 
I. 5 

27w. s I 
IO. I 

09.3 
8.6 
7.8 

2707. I 

6.3 
5.6 
4.9 
4- I 

2 7°3·4 
2.7 
I. 9 
I. 2 

700.4 

2699.7 
8.9 
S.2 
7. 5 
6. 7 

2696.0 
5.2 
4· 5 
3.8 
3.0 

2692.3 
1.5 
o.8 

90.0 
89.3 

268S.5 
7.8 
7.0 
6.3 
5.5 

2684.8 
4· I 

3· 3 
2. 6 
I. 8 

2681. l 
So.3 
79.6 
8.9 
8. I 

2677.4 
6.6 
5.9 
5· I 
4.4 

2673.6 

4077- 2 
6.1 
5. 0 

3.8 
2.7 

4071. 6 
70.5 
69.4 
8.3 
7. 2 

4066. I 
5. 0 
3.9 
2.S 
I. 7 

406o.6 
59.5 
8.4 
7.3 
6.2 

4055. I 
4.0 
2.8 
I. 7 

50.6 

4049.5 
8. 4' 
1. 3 I 
6.2 

5· I 

4043.9 
2.8 

I. 7 
40.6 
39·5 

4038.4 
7.3 
6. I 

5.0 
3.9 

4032.8 
I. 7 

30.6 
2 9·5 
S.3 

4027.2 
6. I 

5.0 
3.9 
2.7 

4021.6 
20.5 
19.4 
8. 3 
7. 2 

4016.0 
4.9 
3.8 
2.7 
I. 5 

4010.4 

5436.2 
4. 7 
3.3 
I. 8 

30.3 
542S.9 

7.4 
5. 9 
4.4 
3.0 

5421. 5 
20.0 
18.5 
7. I 

5.6 

5414· I 
2.6 

I I. 2 

09.7 
8.2 

54o6.7 
5.3 
3.8 
2.3 

400.8 

5399.3 
7. 8 
6.4 
4.9 
3·4 

539r. 9 
90.4 
89.0 
7.5 
6.o 

5384.5 
3. 0 

I. 5 
80.0 
78.6 

5377.1 
5.6 
4. I 
2.6 

71. I 

5369.6 
8. I 

6.6 
5.2 
3.7 

5362.2 
60.7 
59.2 
7-7 
6. 2 

5354.7 
3.z 
I. 7 

50.2 
48.7 

5347.2 

6795.3 
3·4 

91. 6 
89.7 

7. 9 

67S6. I I 
4.2 
2.4 

80.6 
78.7 

6776. 9 
5.0 
3.2 

71. 3 
69.5 

6767.6 
5· 8 
4.0 
2. I 

60.3 

6758.4 
6.6 
4· 7 I 
2.91 

51. 0 i 

6749.2 
7·3 
5·5 
3.6 

41. 81 
6739. 9 I 

. 8. I I 
6.2 
4.3 
2.5 

6730.6 
28.8 
6.9 
5· I 
3.2 

6721.3 
19.5 
7.6 
5.8 
3.9 

6712.0 
10.2 
08.3 
6.4 
4.6 

6702.7 
700.9 

6699.0 
7. I 

5.3 

6693.4 
91. s 
89.6 
7.8 
s. 9 1 

6684.0 I 



 

UNITED STATES COAST AND GEODETIC SUUYEY. 2.:w 

Latitude 43° to 44°-Meridional arcs. Latitude 43°-Co-ordinate; of cunature. 
I 

Lat. I I I 
V 1 f /1 

1 
Sums of seconds for middle I 

Value of 1' Sums of minutes for middle 
I~tu<le. x 

1. 

y a ue 0 1 latitude. ! latitude. 
I 
I 

I 
0 I JVeters. II lllcters. I llfetcrs. I llfeten. 0 I lllcters. llfeters. 

43 00 30. 859 I 1851. 52 
I 9 I 30.86 ·53 I I 851. 5 0 I I 359· I 0. l 
2 9 2 61. 72 .53 2 3 703, l 2 2 718. I o. 5 
3 9 3 92.58 .54 3 5 554. 6 3 4 on 2 I. 2 

4 9 4 123.45 .55 4 7 406. I 4 5 436. 2 2.2 

43 05 30.859 5 154.31 1851. 55 5 9 25i. 7 0 5 6 795· 3 3.4 
6 9 6 185. 17 .56 6 I 1 !09. 2 6 8 154. 3 4·9 
7 9 7 216.03 .56 7 12 960. 8 7 9 513· 4 6.6 
8 59 8 246.89 .57 8 14 812. 4 8 IO 872. 4 8.6 
9 6o 9 27i-75 .57 9 16 663. 9 9 12 231. 5 JO, 9 

43 IO 30.86o IO 308.61 1851. 58 IO 18 515. 5 0 10 13 590. 5 13· 5 I II 0 l 339.48 .58 I 20 367, I 15 20 385. 8 

I 
30.3 I 

12 0 2 370.34 .59 2 22 218. i 20 27 181. 0 5.3·9 

I 
13 0 3 401. 20 .59 3 24 070. 3 25 33 976. 2 84. 3 
14 0 4 432. 06 .6o 4 2 5 9z1.9 30 40 7/I· 4 121. 3 

43 15 30.86o 15 462. 92 185 I. 6i 15 27 77J. 5 0 35 47 566. 5 165. I 
16 0 6 493.78 . 61 6 29 625. I 40 54 361. 6 215. 7 
17 0 7 524.64 . 62 7 31 476. 7 45 61 156. 7 273.0 
18 0 8 555.51 

I 
.62 8 33 J:tS. 3 50 67951.6 337.0 

19 0 9 586.37 . 63 9 35 179. 9 55 74 746. 5 407.8 
! 

43 20 30.861 20 617. 23 185 I. 63 20 37 031. 6 I 00 81 541. 3 485.3 
21 I I 648.09 .64 l 38 883. 2 05 88 336. I 569.6 
22 I 2 678.95 •. 64 2 40 734. 8 IO 95 130. j 66o. 5 
23 I 3 709.81 . 65 3 42 586. 5 15 IOI 925. 3 758.3 
24 l 4 740. 68 

I 
. 65 4 44 438. I 20 I08 719. 8 862.8 

43 25 30. 861 

I 
25 7iI. 54 1851.66 25 46 289. 8 l 25 I 15 514. 2 9;4.0 

26 I 6 802.40 . 67 6 48 141. 4 30 122 308. 4 I 091. 9 
27 I 7 833.26 . 67 7 49 993· l 35 129 !02. 5 I 216. (J 
28 I 8 864. 12 . 68 8 51 844. 8 40 135896.5 I 348. 0 
29 I 9 894.9S . 68 9 53 696. 5 45 142 690. 4 I 486. 2 

43 30 30.861 30 925.84 1851. 69 30 55 548. z I 50 149 484. I J 6;ir. 1 

31 2 I 956.71 . 69 I 57 399. 9 55 156 277- 7 I 782. 8 
32 2 2 987.57 .70 2 59 251. 6 2 00 163 OiJ I 941 
33 2 3 I 018. 43 .70 3 61 103. 3 3 00 244 578 4 3t)7 
34 ;: 4 l 049. 29 . 71 4 62 955. 0 4 00 326 050 7 j63 

43 35 30.862 35 I 080. 15 1851.72 35 64 806. 7 5 00 407 476 12 l2Q 

36 2 6 I III.QI . 7z 6 66 658. 4 6 00 488 844 ' Ij 46~ 
37 2 7 I 141. 87 .73 7 68 5rn. I 7 00 57° Lt3 23 76(} 

I 38 2 8 I 172. 74 . 73 8 70 361. 9 8 00 651 361 31 03t) 

39 2 9 I 20J. 60 .74 9 72 213. 6 9 00 732 486 ' 39 z;z . 
43 40 30.862 40 I 234. 46 1851.74 40 74 065. 3 10 oo 813 508 4S 474 

41 2 I I 265. 32 . 75 I 75 917. I II 00 894 415 5~ 63q 
42 3 2 l 296. 18 . 75 2 77 768. s 12 00 975 Igj 69 ;u') 

43 3 3 l 327. 04 .76 3 79 020. 5 13 00 I 0)) :-,37 bl .S5..i 
44 3 I 4 l 357· 90 .76 4 81 4i2. 3 14 00 I I.)(l J29 94 ()01 

I I I 
43 45 30.863 4fj I 388. i7 185r. 77 45 83 32..J.. l rs 00 l 21(1 ()(i1 IO~ fJC' 

46 3 6 1 419. 63 . 78 6 l\5 li)· 8 16 00 I 296 S2c_1 123 St;+ 
47 3 7 I 450. 49 . 78 7 S7 027. 6 l/ 00 I .)/ti 795 I 3~1 i/7 
48 3 8 I 4S1. 35 . 79 8 ii8 S7ci. 4 lS 00 I ·~Sh 57S 15(1 lJ40 
49 3 9 I 512. ZI ·79 9 90 i 3I. .: 19 00 l 53(1 140 174 451 

43 50 30.863 50 I 543· Oj •; 1851. So I 50 1')2 5h3. <) 20 00 J (•J 5 505 193 :?O~J 

51 3 I 
1 I 573· 93 !' 

.So I 04 4.H.8 21 00 I 604 (l.)2 212 909 

52 3 2 I 604. 80 
i 

. Sr 2 q6 2S6. 6 -- 00 i773519 233 55 l 
I 

I 635. 66 . 81 (is l3S. 4 I I K32 I5S i55 129 53 4 3 3 23 00 

54 4 4 I 666. 52 I' . Sz 4 99 990. 3 24 00 i I ')JO 528 277 64~ 

43 55 30.864 55 I 697. 38 p 1851. 82 55 IOI 8,J.2. I 25 00 2 ooS 628 301 087 
56 4 6 I 728. 24 

[1 
. 83 6 103 693. 9 26 00 2 oS6 443 325 45 1l 

57 4 7 I 759· 10 • 84 7 105 545. 7 27 00 2 163 <163 350 7f0 
58 4 8 I 789. 96 

Ii 

.84 8 107 397. 6 28 00 2 24r r;6 376 97 4-

59 4 ~ I 8io. 83 . 85 9 109 249.4 29 00 2 318 071 404 109 

43 6o 30.864 I 851. 69 1851. 85 6o III IOI.J 30 00 2 394 639 432 157 



 

230 UNITED STA.TES CO.AST .A.ND GEODETIC SURVEY. 

Latitude 44° to 45°-Arcs of the parallel in meters. 

Lat. 1'' I 2" S" I !I:" l 5" I 6'' i" I 8" '---1---1----1--:--:---- 1

----·1---- --~1---1---1---1 
o I ! i ! 

911 1' 2' 3' 4' 5' 

4400 
I 
2 

3 
4 

44 05 
6 
7 
8 
9 

44 IO 
II 

12 
13 
14 

44 15 
16 
17 
18 
19 

44 20 
21 
22 
23 
24 

44 25 
26 
27 
28 
29 

44 30 
31 
32 
33 
34 

44 35 
36 
37 
38 
39 

44 40 
41 
42 
43 
44 

44 45 
46 
47 
48 
49 

44 50 
51 
52 
53 
54 

44 55 
56 
57 
58 
59 

44 6o 

22.28 
• 27 
. 27 
.26 
.26 

44.56 66.841 89. 12 111.40 ! 133.68 155.96 178.24 
, 55 , 82 . IO 1 . 37 . 64 . 92 . 19 

200.52 
.46 
.41 
. 35 
.30 

. 54 . 80 ' . 07 : . 34 . 61 . 87 . 14 

.52 .78 l .05. .31 ·57 .83 .09 
• 5 I . 76 I . 02 : . 28 . 53 . 78 8. 04 

22.25 
.24 
.24 
. 23 
.22 

44.50 
·49 
. 47 
.46 
. 45 

66. 75 l 
. 73 ' 
. 71 ' 
.69 i 
. 67 : 

22. 22 
.21 
• 21 
.20 
.20 

44. 44 66.65 
.42 .63 
. 41 . 61 
.40. .6o 
. 39 I . 58 

22.19 
.18 
. 17 
. 17 
.16 

44· 37 66. 56 
. 36 .54 
. 35 . 52 
. 34 .50 
. 32 :48 

22. 16 . 44· 31 I 66. 47 
.15, .30 I .45 
.14 I ,28, ·43 
. 14 . 27 i . 41 
. 13 . 26 . . 39 

22. 12 44. 25 66. 37 
. 12 . 23 . 35 
. II . 22 • 33 
.10 .21 .31 
.10 .20 .30 

22. 09 44. 18 
• o8 • 17 
.08 . 16 
. 07 . 15 
. 07 . 13 

22. 06 44· 12 
. 05 . II 
· 05 ! • IO 
.04 i .08 
.04. .07 

66.28 
.26 
.24 
.22 
.20 

66.18 
. 16 
. 14 
. 13 
• 11 

22. 03 i 44· o6 i 66. 09 
.02 I .04 · .o7 
.02' .03 .05 
.01 .02 .o~ 

.oo .01 6.01 

22.00 
l. 99 
. 99 
. 98 
. 97 

21. 97 
.96 
• 95 
. 95 
• 94 

21. 93 
·93 
. 92 
.92 
. 91 

21.90 

44.00 
3.98 
.97 
.96 
. 95 

43.93 
.92 
• 91 
.89 
.88 

43.87 
.86 
.84 
.83 
.82 

43.81 

65.99 
·97 
.96 
·94 
.92 I 

65. 90 I 
.88 I 
.86 
.84 
• 82 

65.8o 
• 78 
. 77 

. 751 .73 
65.71 

89. 00 . I I I. 24 

8. 97 : . 21 
. 95 ' . 18 
. 92 ; . 15 
. 90 . .13 

133.49 
.46 
.42 
. 38 
·34 

155.74 
.70 
. 65 
. 61 
.57 

177-99 
·94 
. 89 
.84 
·79 

200. 24 
. 18 
. 13 
. 07 

200.02 

88. 87 i I II. 09 . 133. 31 155· 52 
. 85 . 06 ! • 27 . 48 

177. 74 199. 96 
. 691 . 90 

.~ ·~ ·~ ·~ . 64 . 85 

. 8o I. 00 • . 19 I . 39 
. 77 0. 97 . 16 . 35 

88.75 110.93 133.12 155.30 
. 72 . go • 08 . 26 

. 59 ·79 

. 54 . 74 

177.49 
.44 
.39 
. 34 
. 29 

I99.68 
.62 
.57 
.. 51 
.45 

.70 .87 .04 .22" 

. 67 . 84 3.01 .18 

. 65 . 81 2. 97 . 13 

88.62 
.59 
.57 
. 54 
.52 

88.49 
. 47 
.44 
.42 
. 39 

88. 37 
.34 
. 32 
. 29 
. 27 

88.24 
. 22 

• 19 
. 17 
.14 

88. 12 
·09 
.07 
·04 

8.02 

87.99 
.96 
·94 
.91 
.Sg 

87.86 
.84 
.81 
.79 
.76 

87.74 
.71 
.6g 
.66 
.64 

87. 61 

IIO. 78 
.74 
. 71 
.68 
.65 

132.93 
.89 
.85 
.82 
.78 

110. 62 I 132. 74 
.59 I • 70 
. 55 I • 67 
.52 .63 
.49 ·59 

II0.46 
.42 
.40 
. 37 
·34 

110.30 
. 27 
·24 
. 21 
• 18 

IIO. 15 
.12 
·09 
.05 

I0.02 

109. 99 
.g6 
·93 
.Sg 
.86 

109.83 
.8o 
.77 
.73 
.70 

109.67 
.64 
. 6I .57 
.54 

109. SI 

132. 55 
.52 
.48 
.44 
.40 

132.36 
.33 
.29 
. 25 
• 21 

132. 17 
. 14 
.IO 
.o6 

2.02 

131. 99 
·95 
.91 
.87 
.83 

131. 8o 
.76 
.72 
.68 
. 64 

131. 61 
. 57 
. 53 
·49 
·45 

lJl. 42 

155·09 177.24 199.40 
.04 .I9 ·34 

5.00 . I4 .28 
4. 96 . og . 23 

.91 7.04 .17 

154. 87 i 176. 99 199. II 
.82 ·94 .o6 
. 77 . 89 9.00 
.74 .84 8.94 
. 69 . 79 . 8g 

154. 65 
. 61 
. 56 
• 52 
·47 

154-43 
. 38 
·34 
.29 
. 25 

176.74 
.69 
.64 
·59 
.54 

176.49 
.43 
.38 
.33 
.28 

154 20 176. 23 
. 16 .18 
•II 
.07 

4.02 

153. 98 
·94 
. 89 
.85 
.8o 

153.76 
.72 
• 67 
.63 
.58 

153.54 
.50 
.45 
.41 
.36 

153.32 

.13 

.o8 
6.03 

175. 98 
·93 
.88 
.83 
.78 

175·73 
.68 
.63 
.58 
.52 

175.47 
·42 
.37 
.32 
. 27 

175.22 

198. 83 
.77 
.72 
.66 
.6o 

198. 55 
.49 
·43 
. 37 
.32 

198.26 
.20 

.. 15 
.09 

8.03 
197.98 

.92 

.86 

.8o 
·75 

197.6g 
.63 
.58 
.52 
.46 

197.41 
·35 
. 29 
.23 
. I8 

197. 12 

1336.8 
6.4 
6. l 

5.7 
5.3 

1334.9 
4.6 
4.2 
3.8 
3.4 

1333· I 
2.7 
2.3 
I. 9 
I. 6 

I331. 2 
o.8 
0.4 

30. I 

29.7 

1329.3 
8.9 
8.5 
8.2 
7.8 

1327.4 
7.0 
6.7 
6.3 
5.9 

1325. 5 
5.2 
4.8 
4·4 
4.0 

1323. 6 
3.3 
2.9 
2.5 
2.1 

1321.7 
1.4 
1.0 
o.6 

20.2 

I3I9.9 
9.5 
9.1 
8.7 
8.3 

1318.0 
7.6 
7.2 
6.8 
6.4 

1316. I 
5.7 
5.3 
4·9 
4- 5 

1314.2 

2673.6 
2.9 
2. I 

I. 4 
70.6 

2669.9 
9. I 
8.4 
7.6 
6.9 

2666. I 

5.4 
4.6 
3.9 
3· I 

2662.4 
I. 6 
0.9 

6o. t 
59.4 

2658.6 
7.8 
7. I 
6.3 
5.6 

2654.8 
4· I 
3.3 
2.6 
1.8 

2651. I 

5o.3 
49.6 
8.8 
8. I 

2647.3 
6.5 
5.8 
5.0 
4·3 

2643. 5 
2.7 
2.0 
1.2 

40.5 

2639.7 
8.9 
8.2 
7.4 
6.7 

2635.9 
5. I 
4.4 
3.6 
2.9 

2{l32. I 
I. 3 

30.6 
29.8 
9. 1 

2628.3 

40Io.4 
09.3 
8.2 
7.0 
5. 9 

4004.8 
3. 7 
2. 6 
I. 4 

4000.3 

3999· 2 
8. I 
6.9 
5.8 
4- 7 

3993.5 
2.4 
I. 3 

90.2 
89.0 

3987.9 
6.8 
5.6 
4· 5 
3.4 

3982.2 
I. l 

80.0 
78.9 
7.7 

3976.6 
5·5 
4.3 
3.2 
2.0 

3970.9 
6g.8 

8.6 
7.5 
6.4 

3965.2 
4. l 
3.0 
I. 8 

6o.7 

3959.6 
8.4 
7.3 
6. I 

5.0 

3953.9 
2.7 
I. 6 

50.4 
49·3 

3948.2 
7.0 
5.9 
4·7 
3.6 

3942·5 

5347.2 
5.7 
4.2 
2. 7 

41. 2 

5339.7 
8.2 
6.7 
5.2 
3.7 

5332 · 2 

30. 7 
29.2 
7.7 
6.z 

5324.7 
3.2 
I. 7 

20.2 

18.7 

5317.2 
5.7 
4.2 
2.7 

II. 2 

5309.7 
8.2 
6.6 
5. I 

3.6 

5302. I 
300.6 
299. I 

7.6 
6. l 

5294.6 
3.0 
I. 5 

90.0 
88.5 

5287.0 
5.5 
4.0 
2.4 

8o.9 

5279.4 
7.9 
6.4 
4·9 
3·3 

5271.8 
70.3 
68.8 
7.3 
5.7 

5264. 2 
2.7 

61. 2 
59.6 
8. I 

5256.6 

6684.0 
2.2 

80.3 
78.4 
6.5 

6674.7 
2.8 

70. 9 
69.0 
7.2 

6665.3 
3.4 

61. 5 
59.7 
7.8 

6655.9 
4.0 
2. I 

5o.3 
48.4 

6646. 5 
4.6 
2.7 

40.8 
39.0 

6637. I 

5.2 
3.3 

31.4 
29.5 

6627.7 
5.8 
3.9 
2.0 

20. I 

6618.2 
6.3 
4·4 
2.5 

10.6 

66o8.7 
6.8 
4.9 
3· 1 

6o1. 2 

6599.3 
7.4 
5.5 
3.6 

91 · 7 

6589.8 
7.9 
6.o 
4.1 
2.2 

658o.3 
78.4 

6. 5 
4.6 
2.7 

6570.8 



 

UNITED STATES COAST AND GEODETIC SURVEY. 231 

Latitude 44° to 45°-Meridional arcs. Latitude 44°-Co-ordioates of curvature. 

Lat. 

Value of 1" Sums of seconds for middle Value of 11 Sums of minutes for middle Longitude. x y 
latitude . latitude. . 

0 I Meters. II Meters. lv.leters. I .lfeters. 0 I Meters. Meters. 
44 00 30.864 1851. 85 

I 4 l 30.87 .86 l I 851. 9 0 l I 336. 8 0. l 

2 4 2 61. 73 . 86 2 3 703. 7 2 2 67J. 6 0.5 
3 4 3 92.6o . 87 3 5 555. 6 3 4010.4 I. 2 
4 5 4 123.47 . 87 4 7 407. 4 4 5 347. 2 2.2 

44 05 30.865 5 154.33 1851. 88 5 9 259. 3 0 5 6 684.0 3.4 
6 5 6 185.20 . 89 6 II III. 2 6 8 020.8 4.9 
7 5 7 216.07 .89 7 12 963. I 7 9 357. 7 6.6 
8 5 8 246.94 . 90 8 14 815. 0 .8 IO 694. 5 8.6 

9 5 9 277.80 .90 9 16 666. 9 9 12 031. 3 10.9 

44 IO 30.865 IO 308.67 1851. 91 IO 18 5r8. 8 0 10 13 368. I 13.5 
II 5 I 339· 54 . 91 I zo 370. 7 15 20 052. I 30.4 
12 5 2 370.40 .92 2 22 222. 6 20 26 736. I 54.0 
13 5 3 401. 27 .92 3 24 074. 5 25 33 420. I 84.4 
14 5 4 432. 14 ·93 4 25 926. 5 30 40 104.0 121. 5 

44 15 30.866 15 463.00 1851. 93 15 27 778. 4 0 35 46 787. 9 165.4 
16 6 6 493.87 ·94 6 29 630. 3 40 53 471. 8 216.1 
17 6 7 524- 74 .95 7 31 482. 3 45 6o 155. 6 27J. 5 
18 6 8 555.61 ·95 8 33 334. 2 50 66 839. 3 337.7 
19 6 9 586.47 .96 9 35 186. 2 55 73 523. 0 4o8.6 

44 20 30.866 20 617. 34 1851.96 20 37 038. I I 00 8o 206. 5 486.2 
21 6 l 648.21 .97 I 38 890. I 05 86 890. 0 570.6 
22 6 2 679.07 ·97 2 40 742.0 IO 93 573- s 661.8 
23 6 3 709.94 .98 3 42 594.0 15 IOO 256. 8 759.7 
24 6 4 740.81 .98 4 44 446.0 20 lo6 940.0 864.4 

44 25 30.866 25 771. 67 1851. 99 2s 46 298.0 I 25 113 623. I 975.8 
26 7 6 8o2.s4 1.99 6 48 150. 0 30 120 3o6. I I 094. 0 
27 7 7 833.41 2.00 7 50 002.0 35 126 989. 0 I 218. 9 
28 7 8 864.27 .01 8 51 854. 0 40 133 671. 8 I 350. 6 
29 7 9 895. 14 .01 9 53 7o6. 0 45 140 354· 4 I 489. 0 

44 30 30.867 30 926.01 1852.02 30 SS 558. o l 50 147 036. 8 I 634. 2 
31 7 I 956.88 .oz I 57 410. 0 55 153 719. l I 786. I 

32 7 2 987.74 .03 2 59 262.0 2 00 16o 401 I 945 
33 7 3 I 018. 61 .03 3 61 II4. I 3 00 240 572 4 375 
34 7 . 4 I 049· 48 .04 4 62 966. I 4 00 320 708 7 778 

44 35 30.867 
3i 

I o8o. 34 1852.04 35 64 818. I 5 00 400 797 12 152 
36 7 I III. 21 .05 6 66 670. 2 6 00 4Bo 827 17 496 
37 8 7 I 142. o8 .o6 7 68 522. 2 7 00 56o 786 23 8u 
38 8 8 I 172. 94 .o6 8. 70 374· 3 8 00 640 662 31 094 
39 8 9 I 203. 81 .07 9 72 226.4 9 00 720 445 39 345 

44 40 30.868 40 I 2J4. 68 1852.07 40 74078.4 10 00 8oo 122 48 563 
41 8 I I 265. 54 .o8 I 75 930. 5 II 00 879 681 58 746 
42 8 2 I 296. 41 .o8 2 77 782. 6 I2 oo' 959 llO 69 893 
43 8 3 I 327. 28 .og 3 79 634. 7 13 00 I 038 399 82 002 

44 8 4 I 358. 15 .og 4 81486.8 14 00 J 11 7 535 95 °72 

44 45 30.868 
41 

I 389. 01 1852. IO 45 83 338. 9 15 00 I 196 507 109 100 
46 • 8 I 419, 88 .IO 6 85 191. 0 16 00 I 2¥ 303 124 o84 
47 9 7 I 450. 75 . lI 7 87 043. I 17 00 I 353 911 140 023 
48 9 8 I 481. 61 .12 8 88 895. 2 18 00 I 432 320 156 913 
49 9 9 I 512. 48 • I2 9 90 747. 3 19 00 I 510 519 174 753 

44 50 30.869 50 I 543· 35 1852. 13 50 92 599. 5 20 00 I 588 496 193 540 
51 9 I I 574· 21 .13 I 94 451. 6 21 00 I 666 240 213 270 
52 9 2 I 6o5. 08 .14 2 96 303. 7 22 00 I 743 738 233 942 
53 9 3 I 635. 95 .14 3 gS 155. 9 23 ()() I 820 980 255 552 
54 9 4 I 666.82 .15 4 1oooo8.o 24 00 I 897 955 278 og6 

44 SS 30.869 5~ I 697. 68 1852. 15 55 IOI 86o. 2 25 00 I 974 650 301 572 
56 

~ 
I 728. 55 .16 6 103 712. 3 26 00 2 051 055 325 977 

57 7 I 759.42 .16 7 105 564. 5 27 00 2 127 159 351 306 
58 70 8 I 790• 28 .17 8 107 416. 7 28 00 2 202 950 377 555 

~ 
0 

~ 
I 821. 15 . 18 9 log 268. 8 29 00 2 278 417 404 722 

44 30.870 r 852.02 1852. 18 6o III 121.0 30 00 2 353 550 432 801 
I 
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I Ue _i_"_l_2_"_l_3_'_' _I_,._'_' _._:_:_,,;_rul_e_:_S':_t_o 4_6_'~_,·_:_rc;_o_f '-~-'e-pa-ra-119_,:_,;_n_m,_e-te_:_~ ___ ll' __ l
1 

__ ._S' __ , ___ 4_' _. __ a_' __ , 

!09. 5I I I31. 421153. 32 175. 22 197. 12 
O I 

45 00 
l 

2 

3 
4 

45 05 
6 
7 
8 
9 

45 IO 
II 
12 
13 
14 

45 15 
16 
17 
18 
19 

45 20 
21 
22 

23 
2+ 

45 zs 
26 
27 
28 
29 

45 30 
JI 

,, 
.).) 

34 

45 35 

45 40 
41 
42 
43 
44 

45 45 
4(i 
47 
48 
4ri 

45 5° 
51 
52 
~' - .l 
54 

45 55 
56 
57 
58 
59 

45 60 

I I . 21. 90 43. 81 I 6~. ~I 
. 90 . 791 . 09 
. 89 . 78 . 67 
. 88 . 77 . 65 
. 88 . 75 . 63 

21. 87 43. 74 165. 6I 
• 86 • 73 I • 59 

1 

. 86 . 72 I . 57 

. 85 . 70 1' . 56 

. 85 . 69 . 54 
! 

21. 84 
. 83 
. 83 
• 82 
• 81 

21. 81 

. 80 

. 79 

. 79 

.78 

21. 78 
.77 
.76 
'76 
. 75 

21. 74 
.74 
.73 
.71 
.72 

21. 71 
.70 
.70 
• (JC) 

43· 68 I 65. 52 
. 67 1' . 50 
. 65 . 48 I 
. 64 f .46 i 
• 63 I .44 I 

43· 61 i 65. 42 i 

.6o I ·~~ 

.59 I .. , . 

. 58 • . Jb 

. 56 ! . 35 

43· 55 I 65. 33 
. 54 I 31 
. 52 I • 29 
. 51 . 2i 
. 50 . 25 

43. 49 ' 65. 23 
. 47 . 21 

.46 : . II) 

. 45 ; '17 
· 44 I · 15 

43·42 I 65. 13 
.41 . II 

.40 .U!) 

. 38 . ox 

. 37 I • o6 
I 

21. 68 43. :;6 . 65. 04 
.(,7 . 35 ' 0'' 

.tJ;: .33' 5.00 

. 66 . .32 : + 98 

. 65 . 31 . 96 

21. 65 43. 21) 64.<H: 
'64 : . 28 
. 6:) 

. li3 

. 6~ 

21. 61 
. 61 
. 6o 
. 60' 
. 59 i 

O" I 
·--1 i 
. 26 
.24 

43· 2 3 

. 20 

. Jq 

. IS 

21. 5S 43. 17 

. 58 ' 15 

. 57 ' . q 

. 56 :I . 13 

. 56 . II 

21. 55 I 43· ro 
· 54 I .01) 
. 54 i .08 
'53 ' . 06 
. 52 ! '05 

21. 52143. 04 

. q:? . 

.(JO . ss 

. 86 

6+ 85 
. 8.; 
. SI 
.79 

. " 
(q.. ;5 

-~ . '~) 
.71 
. Gq 
. 67 

64. 65 
'63 i 
. 61 I 

. 59 ' 

. 57 ' 
64. 55 ' 

87.61 
.58 
.56 
. 53 
. 5I 

87.48 
. 46 
. 43 
.41 
. 38 

87.36 
. 33 
. 30 
• 28 
. 25 

87. 23 
. 20 
. 18 
. I5 
. 13 

87. 10 
. 07 
. 05 
. 02 

7.00 

86.97 
. 95 
. 92 
. 90 
. 87 

86.84 
. 82 
. 79 
. 77 
. 7+ ! 

86. 72 
. 6q 
• 6(> 
. 64 
. 61 

86. 59 
. 56 
.54 
. 51 
.49 

S6. 4(, 
.43 
.4I 
.38 
. 36 

86.33 
. 30 
. 2S 
. 25 
. 23 

86.20 
.I8 
• 15 
. IJ 
.IO 

86.07 

.48 .38 .28 .17 .06 

.45 . 34 . 23 

.42 .30 .19 

. 39 . 26 . 14 
109· 35 

. 321 

. 29 

. 26 

. 23 

IOI). 20 
. 17 
.13 
. IO 
.07 

109.04 
9. 01 
8.98 
.94 
. 91 

108.88 
. 85 
. 82 
. 78 
. 75 

I08.72 
. 69 
. 66 
. 62 
.59 

108. 56 
. 53 
.50 
.46 
.43 

108.40 
. 37 
. 34 
. 30 
. 27 

108. 24 
. 20 
. 17 
. I4 
. II 

108.07 
.04 

8.01 
7.9S 

. 94 

107.91 
. 88 
. 85 
. 81 
. 78 

107·75 
.72 
. 69 
. 65 
. 62 

107.59 

13r. 22 
. I9 
. 15 
. I I 
.07 

131. 03 
I. 00 

0.96 
.92 
.88 

130.84 
.8o 
. 77 
.73 
.69 

130.65 
. 61 
.57 
.54 
.50 

130.46 
.42 
.38 
.34 
.31 

lJO. 27 ' 
. 23 
.19 
. 15 
. II 

130.07 
.04 

30.00 
29.96 

.92 

153. IO 
. 05 

3.01 
2. 96 
.92 

152. 87 
. 83 
.78 
.74 
. 69 

152.65 
. 6I 
.56 
. 52 
. 47 

152.43 
. 39 
.34 
. 30 
. 25 

I 52. 2I 
. 16 
. 12 
. 07 

2.03 

151. 98 
. 94 
. S9 
. 85 
. So 

151. 76 
. 71 
. 67 
.'fr2 
.58 

129 .. 8~48 !,: 151. 53 
. 48 

. 8I I . 44 

. 11 I . 40 

. 73 i . 35 
129. 69 i 151. 31 

. 651 . 26 . 61 '22 

. 57 . 17 
• 53 I • 13 

129.50 I I5I.08 
.46 r.04 
. 42 I o. 99 
. 38 . 95 
. 341 . 90 

129. :io I ,5o. 86 
. 261 . Sr 
• 2 3 . 77 : 

. 191 . 72 . 15 . 68 
129. II 150. 63 

.12 

.07 
5.02 

174-97 
. 9I 
.86 
.81 
.76 

I74-71 
. 66 
.61 
.56 
. 51 

174.46 
.41 
. 35 
. 30 
. 25 

17+ 20 
. 15 
. IO 
. 05 

4.00 

173.95 
. 89 
.84 
. 79 
.74 

17J. 69 
.64 
.59 
.54 
. 48 

173.43 
. 38 
. 33 
. 28 

7.01 
6.95 

. 89 

196.83 
.78 
.72 
. 66 
. 61 

196.55 
·49 
.44 
. 38 
. 32 

196.26 
. 21 
. 15 
.09 

6.04 

195·98 
. 92 
. 86 
. 81 
. 75 

195.69 
. 63 
. 57 
.52 
.46 

195.40 
. 34 
. 28 
. 23 
. 17 

I95· II 
5. 05 
4.99 
·94 
.88 

173. 18 194. 82 
. 12 . 76 
. 07 . 71 

3· 02 . 65 
2.97 .59 

1)2. 92 I 194. 54 
. 87 . 48 
. 82 .42 
. 76 . 36 
. 7I . 30 

I 
172. 66 I 194. 2s 

. 61 . 19 

. 56 . I3 

. 51 .07 

.46 4.01 

172. 40 

1

. 193· 96 
. 35 . 90 
. 30 . 84 
• 25 i . 78 
. 20 I . 72 

172. 15 193. 66 

1314.2 
3.8 
3.4 
3.0 
2.6 

1312.2 
I. 9 
I. 5 
I. I 

0.7 

1310. 3 
10.0 
09.6 
9.2 
8.8 

I308.4 
8.o 
7.7 
7.3 
6.9 

1306. 5 I 
6. I 

5.7 
5.4 
5. 0 

1304.6 
4.2 
3.8 
3.4 
3. I 

1302.7 
2.3 
I. 9 
I. 5 
I. I 

1300. 7 
0.4 

300.0 
299.6 

9.2 

I298.8 
8.4 
8. I 

7. 7 
7. 3 

1296.9 
6.5 
6. I 

5.7 
5.3 

1295.0 
4.6 
4.2 
3.8 
3.4 

1293. 0 
z.6 
2.3 
I. 9 
l. 5 

1291. I I 

2628.3 
7.5 
6.8 
6.o 
5. 3 

2624.5 
3.7 
3.0 
2.2 

I. 5 

2620.7 
19.9 
09. I 
8.4 
7. 6 

2616.8 
6. I 

5. 3 
4. 51 
3.8 

26!3.o 
2.2 
I. 5 
0.7 

10.0 

26o9. 2 I 
8.4 
7.6 
6.9 
6. I 

z6o5.3 
4.5 
3.8 
3. o I 
2. 3 I 

z6o1. 5 
600.7 
599·9 

9.2 
8.4 

2597.6 
6.8 
6. I 

5.3 
4.6 

2593.8 
3.0 
2.2 
I. 5 

90.7 

2589.9 
9· l 

8. 4 
7. 6 
6.9 

2586.1 
5.3 
4. 5 
3.8 
3· 0 

2582. 2 

3942·5 
I. 3 

40.2 
39.o 

7· 9 I 
3936.7 

5.6 
4.4 
3.3 
2. 2 I 

3931. o I 
29.9 
8.7 
7.6 
6.4 

3925.3 
4.1 
3.0 
I. 8 

20.7 

3919.5 
8.4 
7,2 
6. I 

4.9 

39I3.8 
z.6 
I. 5 

10.3 
09.2 

3908.0 
6.9 
5.7 
4.6 
'1·4 

3902.2 
901. I 

899.9 
8.8 
7.6 

3896.5 
5.3 
4.2 
3.0 
I. 8 

3890.7 
89.5 
8.4 
7.2 
6.o 

3884.9 
3.7 
2.6 
1.4 

80.2 

3879. I 

7. 9 
6.81 
5.6 
4·4 ·1 

3873. 3 ' 
I 

5256.6 
5· l 

3.6 
2.0 

50. 5 I 

5249. o I 
7. 4 
5. 9 I 

4.4 
2.9 

5241. 3 
39.8 
8.3 
6.8 
5.2 

5233. 7 
2.2 

30.6 
29. I 
7.6 

5226. 0 

4.5 
3· 0 

21. 4 
1 9·9 

5218. 4 
6.8 
5.3 
3.8 
2.2 

52IO. 7 
09. I 

7. 6 
6. I 

4.5 
5203. 0 

201. 4 
199.9 

8.4 
6.8 

5195.3 
3· 7 
2.2 

90.7 
89. I 

5187.6 
6 . .-i 
4. 5 
2.9 

81. 4 

5l79· 91' 8.3 
6.8 

·t; Ii 

5172. I 

70. 6 ' 
69.0 I 

7. 51 5. 9 
5164.41 

6570.8 
68.8 
6.9 
5. 0 
3· I 

6561. 2 

59·3 
7. 4 
5.5 
3.6 

655 I. 7 
49.8 

7. 9 
5. 9 
4.0 

6542. I 

40.2 
38.3 

6. 4 
4.5 

653 2.5 
30.6 
28. 7 
6.8 
4.9 

6523.0 
21. 0 

19. I 

7. 2 

5. 3 

6513. 4 
I I. 4 
09.5 

7. 6 
5.7 

6503.7 
501. 8 
499·9 

8.o 
6.o 

6494. I 
2.2 

90.3 
88.3 
6.4 

6484.5 
2.5 

80.6 
78.7 

6.7 

6474.8 
2.9 

70.9 
69.0 

7. I 

6465. I 
3.2 

61. 3 
S9· 3 
7.4 

6455.5 



 

UNITED STATES COAST AND GEODETIC SURVEY. 233 

I Latitude 45° to 46°-Meridional arcs. Latitude 45°-Co-ordinates of curvature. 

Lat. I' I 
Longitude. I ! 

Value of 111 Sums of seconds for middle ! y 1 f 1 I Sums of minutes for middle x y latitude. Ii a ue 0 1 latitude. 
I _____ ! i 

i I I I 
0 I llfeters. II llfeters. Meters. i I llfeters. 0 I .ll.fders. 

I 
]J.feters. 

45 00 30.870 1852. 18 

! 

·I 0 l 30.87 . 19 I I 852. 2 0 l I 314. I o. l 
I 2 0 2 61. 74 . I9 2 3 704.4 2 2 628. 3 0.5 

3 0 3 92.62 . 20 3 5 556. 6 3 3 942. 5 I. 2 

4 0 4 123. 49 • 20 4 7 408. 8 4 5 256. 6 2.2 

45 05 30.870 5 I54.36 l852.2I 5 9 261. 0 0 5 6 570. 8 3.4 
6 0 6 I85.23 • 21 6 II II3. 2 6 7 884. 9 4.9 
7 0 7 2I6. II . 22 7 12 965. 4 7 9 199- I 6.6 
8 0 8 246.98 0' 8 14 817. 6 8 IO 5IJ. 2 8.6 . -.; 
9 I 9 27i. 85 . 23 9 16 669. 9 9 II 827.4 I0.9 

45 IO 30.87I IO 308. 72 1852. 24 IO 18 522. l 0 IO 13 141. 5 13.5 
II I l 339.60 . 24 I 20 374. 3 I5 19 7I2. 3 30.4 
I2 l 2 370.47 . 25 2 22 226. 6 20 26 283. 0 54· I 
13 I 3 401. 34 . 25 3 24 078. 8 25 32 853. 7 84.5 
I4 I 4 432.21 . 26 4 25 931. I 30 39 424. 3 121. 6 

45 15 30.87I rs 463.09 1852. 26 r5 27 783. 3 0 35 45 994. 9 r65.6 
16 I 6 493.96 . 27 6 29 635. 6 40 52 565. 5 2I6.2 
17 l 7 524.83 . 27 7 3I487.9 45 59 IJ6. 0 273.7 
I8 I 8 555.70 • 28 8 33 340. I 50 (15 7o(i. 5 337·9 
19 I 9 586.58 . 29 9 35 I92. 4 55 7'.' 276. s 408.8 

45 20 30.872 20 617.45 1852.29 20 37 044. 7 I 00 7884;.1 486.5 
21 2 l 648.32 . 30 I 38 897. 0 05 85417.4 571. 0 
22 2 2 679. I9 .30 2 40 749. 3 IO 9I 987.5 662. 2 

23 2 3 7Io.07 . 3I 3 42 fol. 6 15 98557.5 76o.2 
24 2 4 740.94 . 3I 4 44 453· 9 20 105 12/.4 865.0 

45 25 30.872 25 771. 81 1852.32 25 46 306. 2 l 25 . III 697. 3 976.5 
26 2 6 802.68 . 32 6 48 158. 6 30 I IS 267. O I 094. 7 
27 2 7 833.56 . 33 7 500IO. 9 35 124 836. 6 I 2I9. 7 
28 2 8 86+43 I .34 8 51 863. 2 40 131 406. 0 I 35 I. 5 
29 2 9 895.30 .34 9 53 715. 6 45 I37 975. 3 I 490. 0 

45 30 30. 872 30 926. 17 1852. 35 30 55 567. 9 I 50 144 544. 4 I 635. 3 
31 3 I 957.05 .35 l 57 420. 3 55 151 1I3. 5 I /'Ii/· 3 
32 3 2 

I 
987.92 . 36 2 59 272. 6 2 00 157 682 I 94G 

33 3 3 I 018. 79 .36 3 6I 125.0 3 00 236 493 4 378 
34 3 4 l 049. 66 . 37 4 6'.' 977. 3 4 00 3I5 269 ~ j8_i 

45 35 30.873 35 I 080. 54 1852. 37 35 64 829. 7 5 00 393 996 IZ 160 
36 3 6 lIII.41 . 38 6 66 682. l 6 00 472 66:; 17 508 
37 3 7 I 142. 28 . 38 7 68 534· 5 7 00 55I 258 23 b:6 
38 3 8 l 173. I5 . 39 8 70 3::\6. 9 8 00 629 769 31 I14 
39 3 9 l io4. 02 .40 9 72 239. 3 9 00 708 184 3<l 37° 

45 40 30.873 40 l 234. 90 1852.40 40 74 091. 7 IO 00 786 492 48 594 
41 3 I I 265. 77 .4I I 75 944· I II 00 864 679 58 782 
42 4 2 l 296. 64 . 41 2 77 79t>. 5 I2 00 942 735 69 93(i 
43 4 3 I 327. 5I . 42 3 79 648. 9 13 00 I 020 647 82 051 
44 4 4 l 358. 39 .42 4 81 501. 3 14 00 I 098 404 95 IZi 

45 45 30.874 45 I 389. 26 1852. 43 45 83 353. 7 15 00 I I75 99+ 100 162 
46 4 6 l 420. 13 .43 6 85 206. l 16 00 l 253 404 124 153 
47 4 7 I 451. 00 .44 7 87 058. 6 I7 00 I 330 624 140 090 
48 4 8 l 481. 88 .44 8 889II.O 18 00 I 40/ 640 156 996 
49 4 9 l 512. 75 . 45 9 go 763. 5 I9 00 I 4S-t 44~ Ii4 842 

45 50 30.874 50 I 543· 62 1852.46 50 92615.9 20 00 I 561 OH) 193 635 
51 4 l l 574· 49 .46 I 94 468. 4 21 00 I 6Ji 35~ 213 371 
52 4 2 I 6o5. 37 .4~ 2 96 320. 9 22 00 I 7IJ 447 2.)4 048 
53 5 3 l 636. 24 .47 3 98173.3 23 00 l 7S9 276 255 663 
54 5 4 I 667. II .48 4 100 025. 8 24 00 I 86..;. 8~1 278 211 

45 55 30. 875 55 l 697. 98 1852.48 55 IOI 878. 3 25 00 l 940 !03 
I 

301 690 
56 5 6 I 728. 86 i .49 6 103 730. 8 26 00 2 015 079 326 097 
57 5 7 l 759· 73 

•• 

.49 7 IDS 583. 3 27 00 2 089 749 I 351 427 
58 5 8 I 790. 60 .50 8 !07 435· 8 28 00 

I 
2 l64 100 

I 
377 676 

I 
59 5 9 I 821. 47 .51 9 JO<) 288. 3 29 00 2 238 121 404 84I 

45 6o 30.875 6o I 852. 35 1852. 51 60 I II 140. 8 30 00 2 3H 802 I 432 918 
I 

H. Ex. 43---30 



 

UNITED STATES COAST AND GEODETIC SURVEY. 

Latitude 46° to 47°-Arcs of the parallel in meters. 

Lat. l" I ,,, I '" I ,,, I •" ! '" I I" ,,, I •" l' ,, • 

·-------1---:------.---1.---1------:1----l------1 
0 I . I ' I I 

46 00 21. 52 I 43. 04 i 64. 55 86. 07 i 107. 59 .: 129. II I 150. 63 172. 15 I 193. 66 1291. I 2582. 2 i 
I .51 .OZ .53 .05 .56, .07 .58 ·09 .6o 0.7 1.4 
2 • 51 

1 

. or · . 52 6. 02 i . 53 : 9. 03 I' . 54 z. 041 . 55 go. 3 So. 6 
3 . 50 3· 00 • 50 5· 99 ; . 49 8. 99 . 49 I. 99 . 49 89. 9 79. 9 
4 • 49 2. 98 · 48 · 97 I • 46 · 95 • 45 · 94 · 43 9· 5 9· I 

46 05 21. 48 42. 97 64. 46 85. 94 : 107. 43 128. 92 I 150. 4P 171. 89 I 193· 37 1289. 2 2578.,3 
6 .48 .96 .44 .92 .40 .881 .35 .841 .31 8.8 7.5 

8 . 47 . 93 . 40 . 87 . 33 . 80 . 26 . 73 I . 20 8. o 6. o 
7 . 47 . 95 . 42 . li9 . . 3 7 . 84

1 

. 31 . 78 I • 2 5 8. 4 6. 7 

9 .46 .92 .38 .84 .30 .76 .22 .68[ .14 7.6 5.2 

II 

12 
13 
14 

46 15 
16 
17 
18 

46 20 
21 

27 
28 
29 

46 30 
31 
32 
33 
34 

46 35 
36 
,)/ 

38 
39 

46 40 
41 
.p 
43 
44 

46 45 
46 
47 
48 
49 

46 50 
51 
52 
53 
54 

46 55 
56 
57 
58 
59 

46 6o 

21. 45 
·45 
.44 
·43 
.43 

42.91 
. 89 
. 88 
. 87 
. 86 : 

I 
64.36 85.81 107.27 128.721150.17 171.63 193.08 1287.2 2574.4 

. 34 . 79 . 24 . 68 . 13 . 58 3. 02 6. 8 3. 6 

. 32 . 76 . 20 . 64 . 08 . 52 2. 96 6. 4 2. 8 

.30 

. 28 . 71 . 14 . 57 49. 99 . 42 . 85 5. 7 I. 3 

21.42 
.41 
.41 
.40 
·39 

42. 84 ' 6+ 26 

. 74 . 17 . 6o I 50. 04 . 47 . 91 6. 0 2. I 

85. 68 107. 10 128. 53 
1 

149. 95 171. 37 192· 79 1285. 3 2570. 5 
. 66 . 07 . 49 i • 90 . 32 . 7 3 4· 9 69. 7 . 83 . 24 
. 63 . 04 . 45 1' . 86 . 26 . 67 4. s 8. 9 

21. 36 
.35 
.34 
. 33 
.33 

. 82 

. 8o 

. 79 

.74 

.73 

42. 71 
.70 
. 69 
.67 
.66 

21. 32 42. 65 
. 32 . 63 
.31 . 62 
. 30 . 61 
·3° . 59 

21. 29 42. 58 
. 28 . 57 
, 28 I • 56 
• 2 7 . . 54 
. 26 i . 53 

21. 26 
. 25 
. 25 
.24 
. 23 

42. 52 
.50 
. 49 
.48 
.46 

21. 23 42. 45 

: ~:I :!j 
• 21 . 41 
.20 .40 

21. 19 
. 19 
. r8 
. 17 
. 17 

21. 16 
. 15 
. 15 
.14 
. 13 

21. 13 

42.39 
. 37 
.36 
. 35 
.33 

42.32 
. 31 
. 29 
. 28 
. 27 

42.2s 

.22 

. 21 

.19 
.61 7.01 .41 .81 .21 .62 4.1 8.2 
. 58 6. 97 . 37 : . 77 . 16 . 56 3. 7 7. 4 

6+ 17 
. rs 
. 13 
. II 
.09 

.05 

.03 
4.or 
3.99 

63.97 
. 95 
·93 
.91 
. 89 

63.87 
. 85 
.83 
. 81 
. 79 

63.77 
. 75 
.74 
.72 
.70 

63.68 
. 66 
.64 
.6z 
.60 

85.55 
. 53 
.50 
.48 
·45 

85.42 
.40 
. 37 
. 35 
.32 

85.29 
. 27 
.24 
.22 
. 19 

85. 16 
.14 
. II 

.09 

.o6 

85.03 
5.01 
4.98 
.96 
.93 

84.go 
. 88 
. 85 
.83 
.So 

63. 58 i 84. 77 
. 56 . 75 
. 54 . 72 i 
. 52 i • 69 . 
.50 .67 

63. 48 84. 64 
.46 . 61 
.44 . 59 
.42 . 56 
.40 . 54 

63,.38 84.51 

1o6.94 
. 91 
. 88 
. 84 
. Sr 

ro6. 78 
. 75 
. 72 
. 68 
. 65 

106.62 
.59 
. 55 
. 52 
.48 

106.45 
. 42 
. 39 
. 36 
. 32 

1o6.29 
. 26 
. 22 
.19 
. r6 

1o6. 12 
.09 
.06 

6.03 
5.99 

105.96 
. 93 
. 90 
. 86 
. 83 

105. 8o 
. 77 
.74 
. 70 
. 67 

105. 64 

I 

128. 33 I 149. 72 171. II 192. 50 1283. 3 2566. 6 
.291 .68 .06 ·44 2.9 5.8 
. 25 . 63 I. 00 . 38 2. 5 5. 0 
. 21 . 59 O. 95 • 32 2. I 4• 3 
. 18 . 54 . 90 . 26 I. 8 3. 5 

128. 14 I 149. 50 170. s5 192. 21 1281. 4 2562. 1 
.IO .45 .So .rs I.O 1.9 
.o6 .41 .74 ·09 0.6 I.I 

8. 02 . 36 . 69 2. 03 So. 2 6o. 4 
7. 98 . 32 . 64 I. 97 79. 8 59· 6 

127.94 
.90 
. 86 
. 82 
.78 

127.75 
. 71 
. 67 
. 63 
. 59 

127.55 
. 51 
. 47 . 
.43 : 
. 39 

127.35 
. 31 
. 28 
.24 
• 20 

127. 16 
.12 
.08 
.04 

7.00 
126.96 

. 92 

.88 

.84 

.So 
126.76 

149.27 
.22 
. 18 
. 13 
.o8 

149.04 
8.99 

. 95 

.90 

.86 

148.81 
.76 
.72 
. 67 
.63 

148. 58 
.53 
.49 
.44 
.40 

148.35 
.30 
• 26 
. 21 
. 17 

148.12 
.07 

8.03 
7.98 
.94 

147.Sg 

170.59 
.54 
.48 
. 43 
.38 

17°·33 
. 28 
. 22 
. 17 
.12 

170.07 
70.01 
69.96 

. 91 

. 86 

I6g.8o 
. 75 
.70 
. 65 
.6o 

169.54 
.49 
.44 
.39 
. 33 

169.28 
. 23 
. 18 
. 12 
. 07 

16g.02 

191. 91 
. 85 
. 79 
.73 
. 67 

191. 62 
.56 
.50 
.44 
. 38 

191.32 
. 26 
. 21 
. 15 
·09 

191. 03 
0.97 

.91 

. 86 

.So 

rgo. 74 
. 68 
. 62 
.56 
.50 

190.44 
. 38 . 33 
. 27 
. 21 

190. 15 

1279.4 
9.0 
8.6 
8.2 
7.8 

1277.5 
7. I 
6. 7 
6. 3 
5.9 

1275. 5 
5, I 

4· 7 
4.3 
3.9 

1273.5 
3· I 
2.8 
2.4 
2.0 

1271. 6 
I. 2 

o. 8 
0.4: 

70.0 i 

126g.6 
9.2 
8.8 
8. 4 
8.o 

1267. 61 

2558.8 
8.o 
7.2 
6. 5 
5.7 

2554.9 
4. I 

3·3 
2.6 
I. 8 

25~~: ~ I 
49.4 
8.7 
7.9 

2547. I 
6.3 
5.5 
4.8 
4.0 

2543.2 
2.4 
I. 6 
o.8 

40.0 

2539.2 
8. 4 
7.6 
6.9 
6. I 

2535.3 

3' I 

38]3. 3 
2. I 

70.9 
69.8 
8.6 

3867.5 
6.3 
5· I 
4.0 
2.8 

3861.6 
6o.5 
59·3 
8. I 

7.0 

3855.8 
4.6 
3.5 
2.3 
I. I 

3850.0 
48.8 
7.6 
6.4 
5.3 

3844. I 
2.9 
I. 8 

40.6 
39·4 

3838.2 
7. l 

5.9 
4.7 
3.5 

3832.4 
I. 2 

30.0 
28.8 
7.7 

3826.5 
5.3 
4· I 
3.0 
I. 8 

3820.6 
19.4 
8.3 
7. l 

5.9 

3814. 7 
3.5 
2.4 
I. 2 

10.0 

38o8.8 
7.6 
6.5 
5·3 
4- I 

3802.9 

51 

----1----1 

5164.4 
2.8 

61. 3 
59. 7 ' 
8.2 

5156.6 
5· I 

3.5 
I. 9 

50.4 

5148.8 
7. 31 
5.7 
4. 2 I 
2.6 

5141. l 

39·5 
7.9 
6.4 
4.8 I 

5133. 3 \ 
I. 7 

30. I 
28.6 
7.0 

5125·5 
3.9 
2.3 

20.8 
19.2 

6455.5 
3.5 

51. 6 
49. 6 

7.7 

6445. 8 
3.8 

41. 9 
39.9 
. 8.o 

6436. I 

4. I 
2.2 

30. 2 
28.3 

6426.3 
4.4 
2.4 

20.5 
18.5 

6416.6 
4.6 
2.7 

IO. 7 
08.8 

6406.8 
4.9 
2.9 

401. 0 

399.0 

5117. 7 I 6397. I 
6. I 5· I 

4. 5 3. 2 
3.0 

11. 4 

5109. 8 
8.3 
6. 7 
5· I 
3.6 

5102.0 
ICXJ. 4 
098. 9 

7.3 
5. 7 

5094. I 
2.6 

91. 0 

89.4 
7.9 

5086.3 
4. 7 
3· I 

1.6• 
80.0 

5078.4 
6.9 
5.3 
3·7 
2. I 

5070.6 

9x. 2 

89.2 

6387. 3 
5.3 
3.4 

81. 4 
79.5 

63n. 5 
5.5 
3.6 

7 I. 6 
69.6 

6367.7 
5. 7 
3.8 

61. 8 
59.8 

6357.9 
5.9 
3·9 
2. 0 

50.0 

6348.0 
6. I 

4. I 
2. I 

40. 2 

6338.2 



 

UNITED STATES COAST AND GEODETIC SURVEY. 235 

Latitude 46° to 47°-Meridional arcs. Latitude 46°--Co-ordinates of curvature. 

Lat. 
I Sums of minutes for middle ! Value of 1" 

Sums of seconds for middle Value of 11 Longitude. x y 
latitude. latitude. 

i 

0 I Meters. " 
i 

Jffeters. Meters. I a 

I 
I Meters. ' Meters. Meters. 
I 

46 ()() 30.875 
I 1852. 51 

I 5 I I 30.88 i .52 I I 852. 5 0 I I 291. I 0. I 

2 5 2 61. 76 .52 2 3 705. 0 2 2 582. 2 0. 5 
3 5 3 9z.63 .53 3 5 557. 6 3 3 873. 3 I. 2 

4 6 4 123.51 .53 4 7 410. I 4 5 164.4 2.2 

46 05 30.876 5 154·39 1852.54 5 9 262. 6 0 5 6 455. 5 3.4 
6 6 6 185. 27 .54 6 II u5. 2 6 7 746. 6 4· 9 

7 6 7 216. 15 .55 7 12 967. 7 7 9 037. 6 6.6 

8 6 8 247.02 .55 8 14 820. 3 8 IO 328. 7 8.6 I 
I 

9 6 9 277.90 .56 9 16 672. 8 9 II 619. 8 10.9 

46 JO 30.876 JO 308.78 1852.57 IO 18 525. 4 0 IO 12 910. 9 13.5 

II 6 r 339.66 .57 
I 

I 20 377· 9 15 19 366. 4 3o.4 

12 6 2 370.54 .58 2 22 230. 5 20 25 821. 8 54.0 

13 6 3 401. 41 .58 3 24 083. I 25 32 277. 2 8+4 

14 6 4 432.29 .59 4 25 935. 7 30 38 732. 6 121. 6 

46 15 30.877 rs 463.r7 r852.59 rs 27 788. 3 0 35 45 I87. 9 165.5 

16 7 6 494.05 .60 6 I 29 640.9 40 51 643. I 216. I 

17 7 7 524.92 .60 7 I 31 493· 5 45 58 098. 4 I 273·5 
18 7 8 555.80 . 61 8 33 346. I 50 64 553- 5 337.7 

19 7 9 586.68 .61 9 35 198. 7 55 71 008. 6 408.6 
I 

46 30.877 20 617.56 1852.62 20 37 o51. 3 I 
I 

77 463. 6 486.3 20 00 
21 7 I 648.44 . 63 I 38 903. 9 05 83 918. 5 570.7 

22 7 2 679.31 . 63 2 40 756. 6 IO 90 373· 3 661. 9 

23 7 3 710. 19 . 64 3 42 6o9. 2 15 96 828.0 I 759.8 

24 7 4 741. 07 ,64 4 44 461. 8 20 J03 282. 7 864.5 

46 25 30. 877 25 771. 95 I 1852.65 25 46 314. 5 I 25 109 737. 2 975.9 
26 8 6 802.83 . 65 6 48 167. I 30 1I6 191. 6 I 094· I 

27 8 7 833.70 .66 7 50 019. 8 35 122 645. 8 I 219. 0 

28 8 8 864.58 . 66 8 51 872. 4 40 129099.9 I 350. 7 

29 8 9 895.46 . 67 9 53 725. I 45 135 553· 9 I 489. 2 

46 30 30.878 30 926.34 1852.68 30 55 577. 8 I 50 142 007. 8 I 634. 4 

31 8 I 957.22 . 68 I 57 430. 5 55 148 461. 4 I 786. 3 

32 8 2 988.09 . 69 2 59 283. l 2 00 154 915 I 945 

33 8 3 I 018. 97 . 69 3 61 13~. 8 3 00 232 342 4 376 

34 8 4 l 049. 85 . 70 4 62 988. 5 4 00 309 732 7 779 

46 35 30.878 35 I o8o, 73 1852.70 35 64 84r. 2 5 ()() 387 074 12 153 

36 8 6 I III. 61 . 71 6 66 693.9 6 00 464 354 17 498 

37 9 7 I 142. 48 . 71 7 68 546. 6 7 ()() 541 562 23 813 

38 9 8 I 17J. 36 . 72 8 70 399.4 8 00 618 614 31 096 

39 9 9 I 204. 24 . 72 9 72 252. I 9 00 6g5 7o8 39 347 

46 40 30.879 40 I 235. 12 I 1852. 73 40 74 I04.8 IO 00 772 623 48 565 

41 9 I I 265. 99 .74 I 75 957. 5 II 00 849 416 58 747 

42 9 2 I 296. 87 .74 2 77 8IO. 3 12 ()() 926 075 69 893 

43 9 3 I 327. 75 . 75 3 79 663.0 13 00 I 002 588 82 000 

44 9 4 I 358. 63 .75 4 81515.8 14 00 
i 

I 078 943 95 o67 

46 45 30.879 45 I 389. 51 1852.76 45 83 368. 5 15 00 I 155 128 !09 091 

46 9 6 I 420. 38 .76 6 85 221. 3 16 00 I 23! 131 124 071 

47 79 7 I 451. 26 . 77 7 87 074. I 17 00 I 306 940 140 003 

48 8o 8 I 482. 14 . 77 8 88 926. 8 18 00 I 382 543 156 887 

49 0 9 I 513. 02 .78 9 90 779. 6 19 00 I 457 928 
I 

174 718 

30.88o I 533 083 
193 494 

46 50 50 I 543· 90 1852.78 50 92 632. 4 20 00 i 213 212 
51 0 I I 57+ 77 .79 I 94 485. 2 21 00 I 6o7 997 233 869 
52 0 2 I 6o5. 65 .8o 2 96 338. 0 22 00 I 682 657 255 462 
53 0 3 I 636. 53 .So 3 98 190.8 23 00 I 757 052 277 987 
54 0 4 I 667. 41 .81 4 100 043. 6 24 00 I 831 J70 

46 55 30.88o 55 I 6g8. 29 1852.81 55 IOI 896. 4 25 00 I 904 999 301 441 

56 0 6 I 729. 16 .82 6 103 749. 2 26 00 I 978 528 325 820 

57 0 7 I 76o.04 .82 ·7 105 6o2. 0 27 00 2 051 745 351 120 

58 0 8 I 790.92 .83 8 107 454. 8 28 ()() 2 124 639 377 337 

59 I 
~ 

I 821. 8o .83 9 109 307. 7 29 00 2 197 197 404 468 

46 6o 30.881 I 852. 68 1852.84 6o III 100. 5 30 ()() 2 269 410 432 507 



 

236 UNITED STATES COAST AND GEODETIC SURVEY. 

I 

I Latitude 47° to 48°-Arcs of the parallel in meters. 

I I I '1 i ___ !_____ i ,---,--1 --;-1--,---,-, -I 
I Lat. 111 i 2" I 3'1 ( 11 : 511 i 6" I 7" I 8'1 911 11 

I 2' II' ( 1 S' 
I I I I . ! I I I l 
'_O_t -~1---!---1---:---!---1---ll---!----l-----i---1------1----I 

47 oo zx. 13 
1 

4z. 25 63. 381
1 

8+ 51 105. 64 126. 76 I 147. 89 169. 02 190. 15 1267. 6 i 2535. 3 38o2. 9 5070. 61 6338. 2 
I .12 .24 .36 .48 .61 .721 .84j 8.97 .09 7.21 4·5 1.7 69.0 6.2 
2 . II . 23 . 34 . 46 . 57 . 68 I . 80 . 91 90. 03 6. 8 I 3· 7 800. 5 7. 4 4. 2 
3 . II . 22 . 32 . 43 . 54 · 65 · 75 · 86 89. 97 6. 5 2. 9 799· 4 5· 8 2. 3 
4 .IO .20 .30' .40 .51 .61[ .71 .81 .91 6.1 2.1

1 
8.z 4.2 30.3 

47 05 21. 09 +z. 19 63. 28 84. 38 105. 47 r26. 57 147. 66 168. 76 189. 85 1265. 7 2531. 3 3797. o 5062. 7 6328. 3 
6 , 09 . 18 . 26 · 35 • 44 · 53 · 61 · 70 · 79 5· 3 30. 5 5· 8 61. I ' 6. 4 
7 . 08 . 16 . 24 .. JZ . 41 . 49 . 57 . 65 . 73 4· 9 29. 7 4. 6 59. 5 4. 4 
8 . 07 . 15 . 22 . 30 . 38 . 45 . 52 . 60 . 67 4. 5 9· 0 3· 4 7. 9 2. 4 
9 . O] , 14 . 20 . 27 . 34 · 41 · 48 · 54 · 61 4· I 8. 2 2. J 6. 3 '20. 4 

47 IO 21. 06 
II . 05 
12 . 05 
13 . 04 
14 .04 

47 15 21. 03 
16 .02 

17 . 02 
18 . 01 
19 .00 

47 20 
21 
22 
23 
24 

47 25 
26 
27 
28 
29 

47 30 
31 
32 
33 
34 

47 35 
36 
37 
38 
3'J 

47 40 
41 
42 
43 
44 

47 45 
46 
47 
48 
49 

4i 50 
5r 
52 
53 
54 

I 47 SS 
I 56 

57 
58 
59 

47 6o 

21. 00 

0.99 
. 98 
. 98 
. 97 

20.96 
. 96 
. 95 
. 94 
. 94 

20.93 
. 92 
. 92 
. 91 
. 90 

20.<)0 
. 89 
. 88 
. 88 
. 87 

20.86 
. 86 
. 8~ 
. s:i 
. 84 

20.83 
. 82 
. 82 
. 81 
. So 

zo.So 
. i<) 
. 78 
. 7S 
. i7 

20.76 
. 76 
. 75 : 
. 74 
. 74 

20.73 

42. !2 

. II 

. IO 

. 08 

.07 

42. 06 
.04 
. 03 
. 02 

2.00 

41. 99 
.98 
.96 
. 95 
.94 

41. 92 
. 91 
.90 
. 89 
. 8j 

41. 86 
. 85 
. 83 
. 82 
. 81 

41. 79 
. 78 
. 77 
. 75 
.74 

41. 73 
. 71 
.70 
.bg 
. 67 

41. 66 
. 65 
.6) 
. 62 
. 6r 

41. 5'l 
.58 
.57 
. 55 
.54 

4!. 53 
. 51 
.50 
.49 
.47 

41. 46 

63. 18 
. 16 
.14 
.12 
•IO 

63.09 
.07 
. 05 
.03 

3.01 

62.99 
. 97 
. 95 
. 93 
. 91 

62.89 
. 87 
. 85 
. 83 
. 81 

62. 79 
. 77 
. 75 
. 73 
. 71 

62.69 
. 67 
. 65 
. 63 
. 61 

62. 59 
.57 
. 55 
·SJ 
.51 

62.49 
. 47 
· 4S 
. 43 
.4r 

62. 39 
. 3i 
. 35 1~ .33 
. 31 I 

62. 29 
. 27 
. 25 
. 23 
. 2! 

62. 19 

84.25 
.22 
. 19 
. 17 
. 14 

84. II 
.og 
.06 
.04 

4.01 

83.98 
.96 
.93 
.90 
.88 

83.85 
. 82 
.So 
. 77 
.74 

83.72 
. 69 
. 66 
. 64 
. 61 

83. 58 
.56 
.53 
. 51 
.48 

83.45 
. 43 
.40 
. 37 
. 35 

83.32 
. 29 
. 27 
. 24 
. 2! 

ro5. 31 
. 28 
. 24 
. 21 
. 18 

105. 15 
. I I 

. 08 

. 05 
5.or 

104. 98 
. 95 
. 91 
.88 
. 85 

104.81 
.78 
. 75 
.72 
. 68 

104.65 
.62 
.58 
.55 
.52 

I04.48 
.45 
.42 
. 39 
. 35 

104.32 
. 29 
. 25 
. 22 
.18 

ro4. 15 
.12 
.08 
.05 

4.01 

83. 19 103. 98 
. r6 . 95 
· 13 . <JI 
• II , S8 
. 08 . 85 

83. 05 rn3. Sr 
. 03 . 78 

3.00 .75 
2.97 .72 

. 95 . 68 
82. 92 103. 65 

126.37 
. 33 
. 29 
. 25 
. 21 

126. 17 
.13 
.09 
. 05 

6.0! 

125.97 
. 93 
. 89 
. 85 
. Sr 

125.77 
.74 
. 70 
. 66 
. 62 

125. 58 
.54 
.50 
. 46 
. 42 

125.38 
. 34 
. 30 
. 26 
• 22 

125. 18 
. 14 
. IO 

. 06 
5.02 

124.98 
. 94 
. 90 
.86 
.82 

124. 78 
.74 
.70 
.66 
.62 

124.58 
.54 
.50 
.46 
.42 

124.38 

147.43 
. 38 
. 34 
. 29 
. 25 

147.20 
. 15 
. II 
.06 

7.02 

146.97 
. 92 
. 88 

. 831 

.79 
146.74 

. 69 

. 65 

.6o 

.56 

146.51 
.46 
.42 
. 37 
. 32 

146.28 
. 23 
. 18 
.13 
.09 

146.04 
5.99 

. 95 

. 90 

. 86 

145.81 
. 76 
. 72 
. 67 
. 63 

145.58 
.53 
.49 
.44 
. 39 

145. 35 
.30 
. 25 
. 20 
. 16 

145. II 

168.49 
.44 
·39 
.33 
.28 

168.23 
. 18 
. 12 
.07 

8.02 

167.96 
. 91 
. 86 
. 81 
. 75 

167.70 
. 65 
.59 
.54 
.49 

189.55 
.49 
. 43 
. 37 
. 31 

189. 26 
. 20 
. 14 
. 08 

9.02 

188.96 
. 90 
. 84 
.78 
. 72 

188.66 
. 60 
.54 
.48 
. 42 

167. 44 188. 36 
. 38 . 30 
. 33 
.28 
. 22 

167. 17 
. 12 
.06 

7.01 
6.96 

166. go 
. 85 
.So 
. 75 
.69 

166.64 
·59 
.53 
.48 
. 43 

166.37 
.32 
.27 
. 21 
. 16 

166. II 
.05 

6.oo 
5.95 

. 89 
165.84 

. 24 

. 18 

. 12 

188.07 
8.or 
7.95 

. 89 

. 83 

187.77 
. 71 
. 65 
.59 
.53 

187.47 
. 41 
. 35 
.29 
. 23 

187. 17 
•II 

7.05 
6.99 
.93 

186.87 
.81 
. 75 
.69 
. 63 

186.57 

1263.7 
3.3 
2.9 
2. 5 
2, I 

1261. 7 
I. 3 
0.9 
0.5 

6o. I 

1259.7 
9.3 
8.9 
8. 5 
8. I 

1257.7 
7.4 
7.0 
6.6 
6.2 

1255.8 
5.4 
5.0 
4.6 
4. 2 

1253.8 
3.4 
3.0 
2.6 
2.2 

1251. 8 
I. 4 
I. 0 

o.6 
50.2 

1249.8 
9.4 
9.0 
8.6 
8.2 

1247.8 
7.4 
7.0 
6.6 
6.2 

1245.8 
5.4 
5.0 
4.6 
4.2 

1243.8 

2527.4 
6.6 
5.8 
5.0 
4· 2 

2523.4 
2.6 
I. 8 
I. 1 

20. 3 
I 

2519. s I 
s. 7 I 
7.9 
7. I 
6.3 

2515.5 
4. 7 
3.9 
3· I 
2.3 

2511.5 
IO. 7 i 
o9.9 I 

9. I I 

8.3 

25°7·5 
6.7 
5·9 
5.2 
4.4 

2503.6 
2.8 
2.0 

I. 2 

500.4 

2499.6 
8.8 
8.o 
7.2 
6.4 

2495.6 
4.8 
4.0 
3.2 
2.4 

:?491. 6 
o.8 

90.0 
89.2 
s. 4 

2487.6 

3791. I 
89.9 
8.7 
7. 5 
6. 3 

3785. I 

3·9 
2.8 
I. 6 

8o.4 

3779. 2 
8.o 
6.8 
5.6 
4.4 

3773.2 
2. I 

70.9 
69. 7 

8, 5 

3767.3 
6. I 

4· 9 
3.7 
2.5 

376r. 3 I 
6o. I 

58. 9 i 
7- 7 I 
6.5 

3755.4 
4.2 
3.0 
I. 8 

50.6 

3749.4 
8.2 
7.0 
5.8 
4.6 

3743,4 
2.2 

41.0 
39.8 
8.6 

3737.4 
6.2 
5.0 
3.8 
2.6 

3731.4 

5054. 8 1 6318. 5 
3. 2 I 6. 5 
I. 6 4. 5 

50. 0 2. 5 
48. 4 IO. 5 

5046. 8 6308. 6 
5. 3 6. 6 
3 7 4 6 
2. I 2. 6 

40. 5 4 300 6 

5o38.9 
j.3 
5.X 
4· 2 
2.6 

5031. 0 

29.4 
7.8 
6. 2 
4.6 

5023. I 

21. 5 
19.9 
8.3 
6.7 

5015. I 

3.5 
J. 9 

ro.3 
08. 7 • 

5007. I I 
5· 5 ' 
4.0 
2.4 

5000. 8 

4999.2 
7.6 
6.o 
4.4 
2.8 

4991. 2 
89.6 
8.o 
6.4 
4.8 

4983.2 
I. 6 

8o.o 
78.4 
6.8 

4975.2 

6298. 7 
6. 7 
4 7 
2. 7 

9o. 7 

6288. 7 
6.8 
4.8 
2.8 

80.8 

6278.S 
6.8 
4.8 
2.9 

7o.9 

6268.9 
6.9 
4.9 
2.9 

60.9 

6258. 9 
6.9 
4.9 
2.9 

5o.9 
6248.9 

7.0 
5.0 
3.0 

41. 0 

6239.0 
7.0 
5.0 
3.0 

31. 0 

6229.0 
7.0 
5.0 
3.0 

2!.0 
6219.0 
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i Latitude 47° to 48°-Meridional arcs. Latitude 47°-Co-ordinates of curvature. I 
I I 

Lat. 

v I f " I s,= of-""'"''""!• I; I Sums of minutes for middle I 
I 
' 

a ue 0 1 latitude. : Value of 11 
: latitude. Longitude. x y 

1 
I I ! 

0 I Meters. II : J)feters. Meters. I 

I 
lfleters.· 0 I i lJfeters. Jfeters. I 

47 00 30.881 

I 
ii 

1852.84 ! 

I I I 30.88 I . 85 I 

I 
I 852. 8 0 I I. 267. 6 0. I 

2 I 2 61. 77 . 85 2 3 705. 7 2 2 535. 3 0.5 

3 I 3 92.65 I . 86 I 3 5 558. 5 3 3 802. 9 I. 2 

4 I 4 123.53 I .86 4 

I 
i 41!.4 4 5 070. 5 2 0 

i 
47 05 30.881 5 154.42 1852.87 5 9 264. 3 0 5 6 338. 2 3.4 

6 I 6 185.30 . 87 6 II II7. I 6 7 605. 8 4.8 

7 I 7 216. r8 . 88 7 I 12 970. 0 7 8 87J. 5 6.6 
8 I 8 247.07 . 88 8 I 14 822. 9 8 IO 141. I 8.6 

9 I 9 277. 95 . 89 9 I 16 675. 8 9 II 408. 7 IO 9 

I 

47 IO 30.882 IO 308.83 1852. 89 i 10 l 18 528. 7 0 IO 12 676. 4 13. 5 
II 2 I 339·7 2 .90 I 20 381. 6 15 19 01..j.. 6 30. 3 
12 2 2 370.6o 

I 
.91 2 

I 
22 234. 5 20 25 352. 7 53.9 

13 2 3 401. 48 .91 3 I 24 087. 4 25 31 690.8 84.3 ! 
14 2 4 432.37 . 92 4 i 25 940. 3 30 j!l 028. 9 121. 4 

47 15 30.882 15 463. 25 1852.92 15 i 27 793. 2 0 35 44 366. 9 165. 2 

r6 2 6 494. 13 .93 6 29 646. I 40 50 704. 9 215. 7 
17 2 7 525. 02 . 93 7 31 499· I 45 57 042. 9 273.0 
r8 2 8 555.90 .94 8 33 352. 0 50 63 380. 7 337· I 

19 2 9 586. 78 ·94 9 35 20+ 9 55 69 718. 5 40;.9 

47 20 30.882 20 617.67 1852.95 20 37 05;. 9 I 00 76 056. 3 ·1S5. 4 
2I 3 I 648.55 . 95 I 38 910. 8 05 8z 393. 9 569.7 
22 3 2 679. 4J .96 2 40 763. 8 IO 88 7.)L 4 6ho. '; 

I 
23 3 3 7Io.32 .97 3 42 616.8 15 95 068. 9 758.4 ' 

24 3 4 741. 20 ·97 4 44 469. 7 20 IOI 406. 2 862.9 
I 

47 25 30.883 25 772. 08 1852.qS 25 46 322. 7 I 25 107 743. 4 974.2 j 

26 3 6 

I 

802.97 .gs 6 48 175.7 30 114 080. 5 I 092. 2 i 
27 3 7 833.85 .99 7 50 028. 7 35 120 417. 5 I 216. 9 
28 3 8 864. 74 

I 2.99 8 51881.7 40 126 754. 3 1 348. 3 
29 3 9 895.62 3.00 9 53 73+· 7 45 133 09r. 0 I 486. 5 

47 30 30.883 30 926.50 1853. 00 30 55 587. i 1 50 139 427. 6 I 63 I. 5 ' 

31 3 I 957.39 .or I 57 440. 7 55 145 7.6+. 0 I 783. 2 
32 4 2 988.27 .OJ 2 59 293. 7 2 00 152 100 I 942 

33 4 3 l or9. 15 .02 3 61 146. 7 3 00 228I19 4 368 
34 •4 4 I 050. 04 .03 4 62 999· 7 4 00 304 IOI i 765 . 

30.884 I 080. 92 1853.03 64 852. 7 380 0,)4 47 35 35 35 5 00 I 2 131 

36 4 6 1 III.So -04 6 ~ 705. 8 6 00 455 904 17 467 

37 4 7 l 142. 69 .04 7 68 558. 8 7 00 531 700 z3 iiO 
38 4 8 I 173. 57 .05 8 70411.9 s 00 607 4!0 31 040 

39 4 9 l 204. 45 .05 9 72 264. 9 9 00 683 020 39 276 

47 40 30.884 40 I 235. 34 1853. 06 40 74 118. 0 10 00 758 520 48 477 i 

41 4 I I 266. 22 .o6 I 75 971. 0 II 00 833 895 58 640 
42 4 2 I 297.ro .07 2 77 824. I 12 00 9o9 135 69 765 
43 5 3 I 327. 99 .oS 3 79 677. 2 13 00 984 227 8I 849 

44 5 4 I 358. 87 .08 4 81 530. 2 14 00 I 0,99 158 94 890 

47 45 30.885 45 I 389. 75 1853. og 45 83 383. 3 15 00 I 133 917 ro8 887 

46 5 6 I 420. 64 .09 6 85 236. 4 r6 00 I 208 491 123 837 

47 5 7 1451.52 
I 

.10 7 87 089. 5 17 I 282 868 139 738 00 I 

48 - 5 8 I 482. 40 .IO 8 88 942. 6 18 00 I 357 036 156 587 

49 5 9 I 513. 29 . II 9 90 795. 7 19 00 I 430 984 l 74 381 

47 50 30.885 50 I 544· 17 I853. II 50 92 648. 8 20 00 
I 

I 504 697 193 118 

51 5 I I 575· o5 . 12 I 94 501. 9 21 00 I 578 166 212 793 

52 s 2 l 6o5. 94 . 12 2 96 355· I 22 00 I 651 377 233 405 

53 5 3 l 636. 82 - 13 3 98 208. 2 23 00 I 724 320 254 950 

54 6 4 1667.70 .14 4 100 o6I. 3 24 00 I 796 982 2 77 425 

47 55 30.886 55 I 6g8. 59 I853. 14 55 IOI 914. 5 25 00 I 869 351 300 824 

56 6 6 I 729. 47 . 15 6 I03 767.6 26 00 ' I 941 4 15 325 146 

57 - 6 7 I 76o. 35 .15 7 105 620. 8 27 00 2 013 163 350 386 

58 6 8 I 79!. 24 . 16 8 I07 473· 9 28 00 2 084 583 376 539 

59 6 9 I 822. 12 - 16 9 tog 327. I 29 00 2 155 663 403 6oz 

47 6o 30.886 6o I 853.00 1853. 17 6o III 18o. 2 30 00 2 226 392 43 1 569 
. 
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Latitude 48° to 49°-Arcs of the parallel in meters. 

! i I ! I 
I i 

I 
i 

I I I 

I 
Lat. 111 2" i 311 411 511 6" I 'I" 

I 
8" 91/ 1' 21 

I 

31 4/ 51 . 
i i I I 

--;-----,---
___ , ___ 

373"4 
! ' ! l I I 

0 / 

48 00 20.73 41. 46 i 62. 19 ; 82.92 103.65 124. 38 : 145. I 1 I 165. 84 186. 5i 1243.8 2487.6 i 4975. z i 6219.0 
I . 72 . 45 i . 17 : .89; .62 ·34 .o6: . 79 .51 3·4 6.8 30.2 3.6 7.0 
2 .72 . 43 : . 15 . 87 .58 .30 5. 02 I . 73 . 45 3.0 6.o 29.0 i 2.0 I 5.0 
3 . 71 . 42 : . 13 ! .84; .55 . 26 4. 97 i .68 .39 2.6 5. 2 7.8 70.4 3.0 
4 .70 . 41 : . II ' . 81 . .52 • 22 . 92 : . 63 .33 2. 2 ' 4·4 I 6.6 68.8 I0.9 

: 

48 05 20.70 41. 39 ; 62.09' 82. 79 ' I03.48 124. 18 144.88 165.57 186.27 1241. 8 2483.6 3725.4 4967.2 6208.9 
6 .69 . 38 i . o7 I . 76 ; . 45 . 14 . 83 .52 . 21 1.4; 2.8 4.2 5.5 6.9 
7 . 68 : . 37 : o· ' . 73 .42 • IO .78 .46 . 15 1.oj 2.0 3.0 3.9 4.9 . ' 8 . 68 ' . 35 ' .03' . 71 .39 .06 . 73 . 41 . 09 o. 6 I I. 2 I. 8 2.3 2.9 
9 . 67 : . 34: 2.01 i .68 ' . 35 4.02' .69 .36 6.03 40.2 80.41 20.6 6cJ.7 200.9 

! ' ! 

48 IO 20.66 41. 33 i 61. 99 82.65 103.32 123.98 144.64 165.30 185.97 1239. 8 I 2479.6 3719.4 4959· I 6198.9 
II . 66 ·JI 

1 
• 97 i .63 .29 . 94 .59 . 25 . 91 9.4; S.8 8. I 7.5 6.9 

12 . 65 .30 • 95 I .60 . 25 . 90 .55 .20 . 85 9.0 I 8.o 6.9 5.9 4·9 
13 .64 . 29 . 93 .57 .22 . 86 .50 .14 .79 8.6 7. I 5.7 4.3 2.9 
14 .64 . 27 i .91 I . 54 . 18 . 82 .45 .09 . 73 8. 2 i 6.3 4· 5 2.7 go.9 

48 15 20.63 41. 26 61. 89 82.52 103. 15 123.78 144. 41 165.04 185.66 1237. 8 I 2475.5 3713.3 4951. l 6188.9 
16 . 62 . 25 . 87 .49 . 12 .74 .36 4.98 . 6o 7.4 4.7 2. I 49· 5 6.8 
17 '62 . 23 ; . 85 .46 .08 .70 . 31 :~ .54 7.0 3.9 10.9 7.9 4.8 
18 .61 . 22 . 83 .44 .05 . 66 . 26 . 48 6,6 3· I og. 7 6.3 2.8 
19 .6o . 21 . 81 .41 3.01 . 62 . 22 . 82 . 42 6.2 2.3 8. 5 4. 7 8o.8 

48 20 zo.6o 41. 19 61. 79 82. 38 I02. 98 123.58 144. 17 164.77 185.36 1235.8 2471. 5 3707.3 4943.0 6178.8 
21 .59 . 18 '77 .36 .95 .54 , 12 '71 '30 5.4 70. 7 6. I 41. 4 6.8 
22 .58 . 17 . 75 . 33 . 91 .50 .08 .66 '24 5.0 69.9 4.9 39.8 4.8 
23 .58 ' 15 ' . 73 .30 '88 .46 4.03 . 61 . 18 4.6 9• I 3.7 8.2 2.8 
24 .57 '14 '71 .28 . 85 .42 3.98 .55 '12 4. 2 8.3 2.5 6.6 70.8 

48 25 20.56 41. 12 61. 69 82.25 102.81 123.37 143.93 164.50 185.06 1233. 7 2467.5 3701. 2 4935.0 6168. 7 
26 .56 , II . 67 . 22 .78 '33 .89 .45 5.00 3.3 6.7 700.0 3.4 6. 7 
27 . 55 .IO . 65 .20 .74 . 29 .84 .39 4.94 2. 9 I 5.9 698.8 I. 8 4. 7 
28 .54 .08 '63 . 17 . 71 . 25 .79 .34 '88 2.5 5· I 7.6 30. l 2.7 
29 .54 .07 . 61 .14 '67 '21 . 75 .28 . 82 2. I 4.3 6.4 28.5 6o.7 

48 30 20.53 41.06 61. 59 82. 12 102.64 123. 17 143.70 164.23 184.76 1231. 7 2463.5 3695.2 4926.9 6158.7 
31 .52 .04 . 57 .og . 61 . 13 . 65 . 18 .70 I. 3 2.7 4.0 5.3 6.6 

32 '52 .03 '55 .06 .57 .og '61 . 12 .64 0.9 I. 9 2.8 3.7 4.6 

33 '51 .02 .53 .03 .54 .05 .56 .07 .58 0.5 I. 0 I. 5 2. I 2.6 

34 .50 I, 00 . 51 2.01 '51 3.01 . 51 4.01 .52 30. l 6o.2 90. 3 20.4 50.6 

48 35 20.50 40.99 61. 48 81. 98 IQ;:,47 ln.97 143.47 163.96 184.45 1229.7 2459.4 3689. l 4918. 8 6148.5 
36 . 49 .98 '46 . 95 .44 '93 .42 . 91 '39 9. 3 8.6 7.9 7.2 6. 5 

37 .48 .96 · 44 I '93 '41 . 89 .37 .85 . 33 8.9 7.8 6.7 5.6 4. 5 
38 '47 '95 .42 .go '38 . 85 .32 .So . 27 8. 5 7.0 5.5 4.0 2.5 

39 .47 .94 .40 .87 ,34 '81 . 28 . 75 . 21 8. I 6.2 4·3 2.4 4o.5 

48 40 20. 46 i 40. 92 61. 38 81. 85 102.31 122.77 143.23 163.69 184. 15 1227.7 2455.4 3683. I 4910. 7 6138.4 
41 . 45 . 91 '36 .8;: • 28 . 73 .18 .64 .og 7.3 4.6 I. 8 09. I 6.4 
41-2 . 45 ,go · 34 I .79 .24 '69 .14 .58 4.03 6.9 3.8 8o.6 7.5 4.4 

43 .44 . 88 '32 .76 . 21 '65 .og .53 3.97 6. 51 2.9 79.4 5.9 2.4 

44 .43 '87 .30 .74 ' 17 .61 .04 .48 . 91 6. I 2, I 8.2 4.3 30.3 

48 45 20.43 40.86 61. 28 81. 71 102. 14 122.57 143.00 163.42 183.85 1225.7 2451.3 3677.0 4902.6 6128.3 
46 .42 . 84 .26 .68 , II .53 2.95 .37 .79 5.3 50. 5 5.8 901.0 I 6.3 

47 . 41 . 83 .24 . 66 .07 .48 .90 .31 . 73 ·4.8 49· 7 4. 5 899.4 4. 2 
48 .41 . 81 . 22 '63 .04 .44 .85 • z6 . 67 4.4 8.9 3.3 7.8 2.2 

49 .40 .80 .20 .6o 2.00 .40 • 81 . 21 . 61 4.0 8. I 2. I 6.2 20.2 

48 50 20.39 40. 79 61. 18 81. 58 IOI. 97 122. 36 142.76 163.15 183.55 1223.6 2447.3 3670.9 4894.5 6u8.2 

51 .39 . 77 '16 . 55 ·94 .32 . 71 .10 .49 3.2 6.5 6g.7 2.9 6. I 

52 .38 . 76 .14 .52 . 90 . 28 .66 3.04 .43 2.8 5.7 8. 5 91.3 4· I 

53 .37 . 75 . 12 .49 . 87 .24 .62 2.99 . 36 2.4 4.8 7.2 89.7 2. I 

54 .37 . 73 .JO .47 . 83 .20 . 57 .93 .30 2,Q 4.0 6.o 8.o 10.0 

48 55 20.36 40.72 61. o8 81. 44 IOI. 8o 122.16 142.52 162.88 183. 24 1221.6 2443.2 3664- 8 4886.4 61o8.o 

56 . 35 • 71 .o6 '41 ,77 'IZ ·47 .83 • 18 1. 2 2.4 3.6 4.8 6.o 

57 ·35 . 69 .04 .39 .73 .08 .42 '77 . 12 o.8 I. 6 2.4 3· [ 3·9 . 
58 .34 .68 .02 .36 .70 .04 .38 .72 3.05 0.4 40.7 61.1 81. s IOI. 9 

59 ·33 • 67 1.00 ·33 .66 2.00 .33 .66 2.99 20.0 39.9 59.9 79·9 099·9 
48 6o 20.33 40.65 6o.g8 81.30 101.63 121. g6 142. 28 162.61 18.z. 93 llllg. 6 2439.1 3658. 7 4878.3 0097.8 
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Latitude 48° to 49°-Meridional arcs. Latitude 48°-Co-ordiuates of curvature. 
: 

Lat. 

Longitude. j 
I 

Value of 111 Sums of seconds for middle I Value of l' 
Sums of minutes for middle x I y 

latitude. latitude. 

i 

I 
- -----

0 I Meters. II il1eters. Meters. I I lifeters. 0 I Meters. Jtfeters. 

4~ 00 30.886 1853. 17 
I I 6 I 30.89 . r7 I I 853. 2 0 I I 243. 8 0. [ 

2 6 2 61. 78 .rs 2 3 706. 3 2 2 487. 6 o. 5 
3 6 3 92.67 . r8 3 5 559. 5 3 I 3 731. 4 I. 2 

4 6 4 123.56 . 19 4 . 7 412. 7 4 4 975· 2 2. l 

48 05 30.887 5 154. 44 1853. 20 s 9 265. 9 0 5 6 219. 0 3.3 
6 7 6 185. 33 .20 6 II Ilg. l 6 7 462. 8 4.8 

7 7 7 216.22 . 21 7 12 972. 3 7 8 7o6. 6 6.6 

8 t 7 8 247. II . 21 8 14 825. 5 8 9 950. 4 8.6 

9 7 9 278.00 . 22 9 16 678. 7 9 II 194· 2 10.9 

48 10 30.887 IO 3o8.89 1853. 22 IO 18 531. 9 0 IO 12 437· 9 13.4 
II 7 I 339.78 . 23 I 20 385. 2 15 18 656. 9 30. 2 
12 7 2 370.67 . 23 2 22 238. 4 20 24 875. 8 53.8 
13 7 . 3 401. 56 ·24 3 24 091. 6 25 31 094· 7 84.0 

14 7 4 432.# .24 4 25 944. 9 30 37 313. 6 121. 0 

48 15 30.887 IS 463.33 1853.25 15 27 798. l 0 35 43 532. 4 164. 7 
16 8 6 494.n . 26 6 29 65r. 4 40 49 751. 2 215. I 

•17 8 7 525. II . 26 7 31 504. 6 45 55 969. 9 272.2 

18 8 8 556.00 . 27 8 33 357. 9 50 62 188. 5 336. I 

19 8 9 586.89 . 27 9 35 211. 2 55 68 407. I 4o6.7 
' 

48 20 30.888 20 617. 78 1853.28 20 37 064.4 I 00 74 625. 6 I 484.0 
21 8 I 648.67 . 28 I 38917.7 05 8o 844.0 568.0 
22 8 2 679.56 . 29 2 40 771. 0 IO 87 062. 3 658.7 

23 8 3 710. 44 . 29 3 42 624.3 rs 93 z8o. 5 756.2 

24 8 4 741.33 .30 4 44 477.6 zo 99 498. 6 86o.4 

48 25 30.888 25 772. 22 1853. 30 25 46 330.9 I 25 !05 716.6 971. 3 
26 8 6 8o3. u . 31 6 48 184. 2 30 III 934· 5 I 088. 9 

27 9 7 83+ 00 . 32 7 50 037. 5 35 118 152. 2 l 213. 2 

28 9 8 864- 89 . 32 8 
I 

51 890. 8 40 124 369. 8 l 344· 3 
29 9 9 895. 78 . 33 9 53 744· 2 45 130 587. 3 l 482. l 

48 30 30.889 30 926.67 r853.33 30 55 597· 5 I 50 136 So4· 6 I 626. 6 

31 9 I 957.55 .34 I 57 450. 8 55 143 021. 7 I 777· 8 

32 9 2 988.44 .34 2 59 304. 2 2 00 149 239 I 936 

33 9 3 I 019. 33 . 35 3 61 157.5 3 00 223 827 4 355 

34 9 4 I 050. 22 . 35 4 63 QI0.9 4 00 298 377 7 742 

48 35 30.889 35 I 081. II 1853.36 35 64 864.2 s 00 \ 372 877 12 095 

36 9 6 I II2. 00 .36 6 66 717. 6 6 00 447 314 17 414 

37 89 7 I 142. 8g . 37 7 68 570. 9 7 ()() 521 677 23 6g8 

38 90 8 I 173. 78 .38 8 70 424.3 8 00 595 951 30 946 

39 0 9 I 204. 67 . 38 9 72 2]7. 7 9 00 670 125 39 157 

48 40 30.Sgo 40 I 235. 55 1853.39 40 74 131. I IO 00 744 186 48 329 

41 0 I 1 266.44 . 39 1 75 984. 5 II 00 818 123 58 461 

42 0 2 I 297. 33 .40 2 77 837. 9 12 00 891 921 69 552 
43 0 3 1 328. 22 .40 3 79 ~91. 3 13 00 965 570 81 598 

44 0 4 I 359· II .41 4 815#·7 14 00 I 039 056 94 598 

48 4S 30.Sgo 45 I 390. 00 1853. 41 45 83 398. l 15 00 [ 112 367 108 551 

46 0 6 I 420. 8g .42 6 85 251. 5 16 ()() I 185 491 123 453 

47 0 ~- 1 451. 78 .42 7 87 104. 9 17 00 I 258 416 139 302 

48 0 I 482. 67 .43 8 88 958. 3 18 00 I 331 129 156 096 

49 I 9 I 513. 55 .44 9 go 811. 8 19 00 I 403 618 173 832 

48 50 30.SgI 50 I 544-44 1853.44 50 92 665. 2 20 00 I 475 871 192 506 

51 I I I 575· 33 .45 l 94 518. 7 21 00 I 547 876 212 u6 

52 I 2 I 6o6. 22 .45 2 96 372. I 22 00 I 619 620 232 658 

53 I 3 1 637. II .46 3 98 225. 6 23 00 I 691 091 254 128 

54 I 4 I 668.oo .46 4 JOO 079. 0 24 00 l 762 279 276 524 

48 SS 30· 891 SS I 698.89 1853-47 55 IOI 932. 5 25 00 I 833 170 299 842 

56 I & I 729. 78 .47 6 IOJ 786. O 26 00 J 903 752 324 077 

57 l 'I I 76o.67 .48 .., 105 639. 4 27 00 I 974 015 349 225 

58 J 8 I 791. SS .48 8 107 492. 9 28 00 2 043 945 375 283 

59 I 9 r 822.44 .49 9 109 346.f 29 00 2 u3 53 1 f02 245 

48 6o 30.1!9z fio I SSJ..33 ISSJ.. So 6o III 199. 9 30 00 2 182 762 430 107 



 

240 UNITED STATES COAST AND GEODETIC SURVEY. 

Latitude 49° to 50°-Arcs of the parallel in meters. 

-L-at_. _,__1'_'_, __ 2_'
1_1 W' _:_ 1~1_:_!~ i__:__i_9'_' _, 1' II,_ ~2-'~-l-~3-'~+l~'-'~-1-~5-'~~ 

0 , 

49 00 

1 

2 

3 
4 

49 o~ 
0 

7 
8 
9 

49 IO 
II 

12 

13 
14 

49 1 5 
16 
17 
18 
19 

49 20 
2I 
22 

23 
24 

49 25 
26 
27 
28 
z9 

49 3° 
31 
32 
33 
34 

49 35 
36 
37 
38 
39 

49 40 
41 
42 
43 
44 

49 45 
46 
47 
48 
49 

49 50 
51 
52 
53 
54 

49 55 
56 
57 
58 

I 
59 

49 6o 

20.33 
.32 
. 31 
. 31 
.30 

20.29 
. 29 
. 28 
. 27 
. 27 

20.26 
. 25 
. 24 
. 24 
. 23 

20.22 

• 22 
. 21 

. 20 

.20 

20. 19 
. 18 
. 18 
. 17 
.16 

20. 16 

. 15 

.14 

. 14 

. 13 

20. 12 

. II 

. l[ 

. IO 

. 09 

20.0() 
. 08 
· Oi 
. 07 
.06 

40. 65 60. 98 
. 64 . 96 
. 63 .94 
. 61 . 92 
. 6o .90 

40. ss I 60. 88 
. 57 I . 86 
. 56 , . S4 
. 54 . Sr 
.53 .79 

40.52 
.50 
. 49 . 
. 48 
. 46 

4o.45 
.43 
. +z 
.. p 
. 39 i 

6o. 77 
. 75 

60. 67 I 
. b5 
• 63 
.61 
.59 

40. 38 60. 57 
. 37 . 55 
. 35 . 53 
. 34 . 51 
·33 .49 

40. 3r 60.47 
.30 I . 45 
. 28 . 43 
. 27 . 4r 
. 26 . 39 

40.24 
. 23 
• 22 

. 20 
. 19 

40. 18 
. 16 
. rs 
. 13 
• 12 

60. :17 
. 35 
·.B 
.30 
. 28 

6o. 26 
. 24 
.22 
.20 
. rs 

20. 05 40. II 60. I6 
. 05 . 09 . 14 
.04 .08 . I2 

• 03 .07 . IO 
.03 .05 .08 

20. 02 40. 04 6o. o6 
.OJ .02 .04 
.01 .or .02 

20. 00 40. 00 6o. 00 

19. 99 39· 98 59. 97 

19.98 
. 98 
. 97 ' 
.96 
. 96 

19·95 
. 94 
·94 
. 93 
. 92 

19.92 

39.97 
.96 
.94 
·93 
. 9I 

39·90 
.89 
.87 
.86 
.85 

39.83 

59.95 
·93 
. 9I 
. 89 
. 87 

59· 85 
.83 
. 81 
.79 
• 77 

59.75 

. I I i 
I 

81. 30 I IOI. 63 
. 28 I • 60 
. 25 . 56 
• ZZ I • 53 
. 20 . 49 

81. 17 ! IOI. 46 
. 14 ·43 
. 12 . 39 
. 09 . 36 
. 06 . 32 

8J. OJ 
I. 01 

0.98 
. 95 

80. 90 
. 87 
.84 
. Sr 
:79 

80.76 
. 73 
. 71 
.68 
. 65 

80.62 
.6o 
.57 
.54 
. 51 

80.49 
.46 
.43 
.40 
.38 

80.35 
.32 
.30 
. 27 
. 24 

80.21 
.19 
.I6 
.13 
.IO 

80.08 
.05 

80.02 

79.99 
. 97 

79.94 
. gr 
. 89 
. 86 
. 83 

79.80 
. 78 
• 75 
. 72 
·~ 

79.66 

IOI. 29 
. 26 
. 22 

. 19 

. 15 
IOI. 12 

.09 

. 05 
J. 02 
0.98 

100. 95 
. 92 
. 88 
. 85 
. 81 

JOO. 78 
.75 
.7I 
.68 
.64 

100. 61 
.58 
·54 
.51 
.47 

100. 44 
.41 
. 37 
·34 
.30 

100. 27 
.24 
.20 

. 17 

. rJ 

100. 10 
.06 

100.02 

99·99 
. 95 

99.92 
.Sg 
. 85 
.82 
.78 

99·75 
.72 
.68 
.65 
.61 

99.58 

12!. 96 
. 92 
.88 
.83 
. 79 • 

12!. 75 
. 71 
.67 
.63 
.59 

12r.55 
. 51 
. 47 
. 43 
-39 

zzi.35 
. 30 
.26 
.22 
.18 

121. 14 
.IO 
. 06 

1.02 
0.98 

120.94 
. 90 
. 85 
. 81 
• 77 

!20. 73 
. 69 
. 65 
. 61 
. 57 

120.53 
. 49 
.44 
. 40 
. 36 

142.28 
.23 
.19 
.14 
.09 

142.04 
2.00 

I. 95 
.90 
.86 

141. 81 
.76 
. 71 
.67 
.6z 

141. 57 
.52 
·47 
.43 
.38 

141. 33 
.28 
.23 
. 19 
.14 

141. 09 
1.04 
0.99 

-95 
. 90 

140.85 
. So 
• 75 
. 71 
. 66 

140.61 
.56 
.51 
.47 
.42 

I20. 32 140. 37 
. 28 . 32 
. 24 . 27 

•. 20 • 23 

. r6 'I . r8 
120. I2 140. 13 

.07 . 08 
20.03 40.03 
19. 99 39· 99 

. 95 . 94 

119.91 
.87 
.83 
. 79 
.74 

119. 70 
.66 
.62 
.58 
.54 

119. 50 

139.89 
. 84 
. So 
• 75 
.70 

139.65 
.6o 
. 55 
.51 
.46 

139.41 

I62. 61 i 182. 93 
. 5s I . s1 
. 50. . 81 
· 45 I • 75 
. 39 . 69 

162. 34 I82. 63 
. 28 . 57 
. 23 . 51 
. 17 . 44 

.. 12 • 38 

I62.07 
2.01 
I. 96 
.90 
. 85 

r6I. 79 
.74 
. 68 
. 63 
.58 

I6I. 52 
.47 
. 41 
.36 
.30 

16r. 25 
. 19 
. r4 
.08 

1. 03 

160.98 
.92 
.87 
. 81 
.76 

160.70 
. 65 
.59 
.54 
.48 

16o.43 
• 37 
. 32 
.26 
. 21 

I6o. 15 
. IO 

6o.04 
59.99 

.93 

159.88 
.82 
. 77 
. 7r 
.66 

159. 6o 
.55 
.49 

.. 44 
• 38 

159.33 

182.32 
. 26 
. 20 

.14 

.oS 

182.02 
r. 95 
. 89 
. 83 
. 77 

18r. 7I 
. 65 
·59 
·53 
·47 

18r. 41 
. 34 
• 28 
. 22 
. 16 

r8r. IO 

J. 04 
0.98 

. 9r 

. 85 
r80.79 

. 73 

.67 

. 60 

.54 

ISo.48 
.42 
.36 
.29 
. 23 

18o. 17 
•II 

80.05 
79.98 

.92 

179.86 
.So 
.74 
.68 
. 61 

1 79·55 
.49 
·43 
. 37 
.30 

179. 24 

1219. 6 
9.2 
8.8 
8.3 
7.9 

12I7. 5 
7· I 
6.7 
6.3 
5.9 

1215.5 
5. I 

4. 7 
4. 3 
3.9 

1213. 5 
3.0 
2.6 
2. 2 
J. 8 

r211. 4 
I. 0 

0. 6 
IO. 2 

09.8 

1209.4 
9.0 
8.5 
8. I 

7· 7 

1207.3 
6.9 
6. 5 
6. I 

5.7 
r205.3 

4·9 
4.4 
4.0 
3.6 

I203. 2 
2.8 
2.4 
z.o 
I. 6 

I20I. 2 
0. 7 

200.3 
199.9 

9.5 

Il99· I 
8. 7 
8.3 
7.9 
7·4 

1197. 0 
6.6 
6.2 
5.8 
5.4 

1195.0 

2 439· I 
8.3 
7-5 
6. 7 
5.9 

2435. I 

4.3 
3· 5 
2.6 
I. 8 

2431. 0 

30.2 
29. 4 
8.5 
7.7 

2426.9 
6.1 
5.3 
4.4 
3.6 

• 2422. 8 
2.0 
r. z 

20. 3 
19· 5 

2418. 7 
7.9 
7. I 
6. 2 

5.4 

2414.6 
3.8 
3.0 
2. I 

I. 3 

2410. 5 
o9.7 
8.9 
8.o 
7.2 

24o6.4 
5.6 
4.8 
3.9 
3· l 

2402.3 
I. 5 

400. 7 
399.8 

9.0 

2398.2 
7,4 
6.6 
5.7 
4·9 

2394.1 
3.3 
2.4 
I. 6 

r;o. 7 
2389.9 

3658.7 
7.5 
6.3 
5. 0 

3.8 

3652.6 
I. 4 

50.2 
48. 9 

7. 7 

3646. 5 
5.3 
4.0 
2. 8 
r. 6 

3640.4 
39· I 
7.9 
(i. 7 
5. 5 

3634.z 
3.0 
I. 8 

30. 5 
29.3 

3628. I 

6.9 
5.6 
4.4 
3.2 

3621. 9 
20.7 
19.5 
8. 2 
7.0 

3615.8 
4- 5 
3.3 
2. r 

10.9 

36og. 6 
8.4 
7.2 
5.9 
4.7 

36o3.4 
2.2 

6oz.o 
599.7 

8.5 

3597.3 
6.o 
4.8 
3.6 
2.3 

3591,I 
8g.9 
8.6 
7.4 
6. I 

3584.9 

4878. 3 
6.6 
5.0 
3.4 
I. 8 

4870. l 
68. 5 
6.9 
5.2 
3.6 

4862.0 
60.3 
58. 7 

7· I 
5.4 

485J- 8 
2. 2 

5°· 5 
4S.9 
7.3 

4845. 6 
4.0 
2.4 

40.7 
39· 1 

4837.4 
5.S 
4- 2 

2. 5 
3o.9 

4829.3 
7. 6 
6.o 
4. 3 
2.7 

4821. 0 
19.4 
7.8 
6. r 
4. 5 

4812.8 
I J. 2 

o9.5 
7.9 
6.2 

48o4.6 
3.0 

Sor. 3 
799.7 

8.o 

47¢.4 
4. 7 
3· I 

gr. 4 
89.8 

4/88. I 
6.5 
4.8 
3.2 

81. 5 
4779·9 

6097.8 
5.8 
3.8 

91. 7 
89.7 

6o87. 7 
5.6 
3.6 

SI. 5 
. 79. 5 

6on. 5 
5. 4 
3.4 

7I. 3 
69.3 

6o67.3 
• 5. 2 

3· 2 
6r. I 

59· I 

6057. [ 
5.0 
3.0 

50. 9 
48.9 

6046.8 
4.8 
2. 7 

40. 7 
38. 6 

6o36.6 
4.5 
2. 5 

30.4 
28.4 

6026.3 
4- 3 
2. 2 

20. I 
18. I 

6016.0 
4.0 

JI. 9 
09.9 

7.8 

6oo5. 8 
3.7 

6001.6 
5999.6 

7.5 

5995.5 
3.4 

91. 3 
89.3 
7.2 

5985. l 
3. I 

81.0 
79.0 
6.9 

5974.8 
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Latitude 49° to 50°-Meridional arcs. Latitude 49°-Co-ordinates of curvature. 

Lat. 

Value of 111 

Sums of seconds _fo_r_m_i-du--l-e'l

1

'l-----,! S_u_m_s_o_f_m_i-nu-t-es-~-or-m-id_d_le-i--------,-----------; 
Value of 11 \ Longitude. A Y 

latitude. [I, _____ · latitude. ' ! : 
l---------1---------- ,_ 1- -------1---------- -----

11 I o I 

49 00 
I 

2 

3 
4 

49 05 
6 
7 
8 
9 

49 10 
11 
12 
13 
14 

49 15 
16 
17 
18 
19 

49 20 
21 
22 

23 
24 

49 .25 
26 
27 
28 
29 

49 30 
31 
32 
33 
34 

49 35 
36 
37 
38 
39 

49 40 
41 
42 
43 
44 

49 45 
46 
47 
48 
49 

49 50 
51 
52 
53 
54 

49 55 
56 
57 
58 
59 

49 6o 

.Meters. 
30.892 

2 

2 

2 

2 

30.892 
2 
2 

2 
2 

30.892 
3 
3 
3 
3 

30.893 
3 
3 
3 
3 

30.893 
3 
4 
4 
4 

30.894 
4 
4 
4 
4 

30.8g4 
4 
4 
5 
5 

3o.895 
5 
5 
5 
5 

30.895 
5 
5 
5 
6 

30.896 
6 
6 
6 
6 

30.896 
6 
6 
6 
6 

30.8g7 
7 
7 
7 
7 

30.897 

II 

2 
3 
4 

5 
6 
7 
8 
9 

IO 

I 
2 

3 
4 

rs 
6 
7 
8 
9 

20 
I 

2 
3 
4 

25 
6 
7 
8 
9 

2 

3 
4 

35 
6 
7 
8 
9 

40 
1 

2 

3 
4 

45 
6 
7 
8 
9 

50 
I 
2 

3. 
4 

5~ 
7 
8 
9 

6o 

H.BK:.43--31 

Aleters. 

30.89 
61. 79 
92.68 

123.58 

15+ 47 
185.37 
216.26 
247.15 
278.05 

308.94 
339.84 
37o.73 
401.63 
432.5 2 

463.41 
494·3 1 

525.20 
556. IO 

586.99 

617.89 
648.78 
679.67 

•
710. 57 
741. 46 

. 772.36 
r 8o3. 25 

,834. 15 
865.04 
895.93 

926.83 
957·72 

988.62 
I 019. 51 
I 050. 41 

I 081. 30 
I Il2. 19 

I 143· 09 
I l7J.98 
I 204. 88 

I 235. 77 
I 266. 67 
I 297• 56 
I 328. 46 
I 359· 35 
l 390· 24 
I 421. 14 
I 452.{)3 
1 482. 93 
I 513.82 

l 544· 72 
I 575· 61 
'I 6o6. 50 
1 637. 40 
1 668. 29 

I 6g9. 19 
I 730. o8 
I 76o. 98 
I 791. 87 
I 822. 76 
I 853, 66 

!II "lleters. I 
1853. 50 I 

\

1 

ll 
I' 
I 
i 
/i 
I 

I 

I· 

I 
I 

11 

if 
i' 
11 

I 

I 

i 
i 

1853. 52 1

1 

. 53 

.53 

.54 

.54 

1853.55 
. 55 
- 56 
.57 
. 57 

I85J. 58 
.58 
.59 
.59 
.6o 

1853. 6o 
.61 
.61 
. 62 
.63 

1853.63 
.64 
.64 
. 65 
. 65 

1853.66 
.66 
. 67 
. 67 
.68 

1853.6g 
.69 
.70 
.70 
. 71 

1853.71 
. 72 
.72 
.73 
.73 

1853.74 
. 75 
. 75 
. 76 
.76 

1853.77 
. 77 
.78 
.78 
.79 

1853.79 
.So 
.Bo 
.81 
.82 

1853.82 

I 
2 

3 
4 

5 
6 
7 
8 
9 

IO 
l 
2 

3 
4 

15 
6 
7 
8 
9 

20 

2 

3 
4 

25 
6 
7 
8 
9 

30 
1 

2 

3 
4 

35 
6 
7 
8 
9 

40 
1 
2 

3 
4 

45 
6 

7 
8 
9 

50 
I 

2 

3 
4 

5~ 
·7 

8 

~ I 
I 

,lfetcrs. 

l 853. 5 
3 707. 0 

5 560. 5 
7 414. 0 

9 267. 5 
11121.l 

12 974. 6 
14- 828. I 

16 681. 7 

18 535. 2 

20 388. 8 
22 242. 3 
24 095. 9 
2 5 949· 5 
27 803. 0 
29 656. 6 
31 510. 2 

33 363. 8 
35217.4 

37 071. 0 

38 924. 6 
40 778. 2 

42 631. 8 
44485.4 

46 339· I 
48 192. 7 
50 046. 3 
51 900. 0 

53 753. 6 

55 6o7. 3 
57 461. 0 

59 314. 6 
61 168. 3 
63 022.0 

64 875 7 
66 729. 4 
68 583. 0 

70 436. 7 
72 2go. 4 

74 144. 2 

75 91n· 9 
77 851. 6 
79 705. 3 
81 559· I 

83 412. 8 
85 266. 5 
87 120. 3 
88 974. 0 
go 827. 8 

92 681. 6 
94 535. 3 
96 389. l 

98 242. 9 
100 096. 7 

IOI 950. 5 
103 8o4. 3 
105 658. l 
107511.9 
109 365. 7 
III 219. 5 

O I 

0 l 
2 

3 
4 

0 5 
6 
7 
8 
9 

0 IO 

15 
20 
25 
30 

0 35 
40 
45 
50 

. 55 

·l 00 

05 
IO 

15 
20 

I 25 
30 
35 
40 
45 

J 50 
55 

2 00 

3 00 
4 00 

5 00 
6 00 
7 00 
8 00 
9 00 

IO 00 
II 00 
12 00 
13 00 
14 00 

15 00 
16 00 

17 00 
18 00 
19 00 

20 00 
21 00 
22 00 
23 00 
24 00 

25 00 

26 00 
27 00 
28 00 

29 00 
30 00 

fi!cter.'. 

I 219. 6 ' 
2 439· I i 
3 658. 7 ' 
4 878. 3 

6097.9 i 
7 317. 5 
8 537. 0 

9 756. 6 
IO 976. 2 

12 195. 8 
18 293. 6 
24 391. 3 
JO 489. I 

36 586. 8 

42 684. 5 
48 782. I 

54 879. 7 
6o 97i· 2 
67 o74. 7 

73 172, 0 

79 269. 3 
85 366. 5 
91 46y6 
97 56o. 5 

IO] 657. 4 
109 754· l 
115 850. 7 
121 947, I 
128 043. 4 

134 139. 6 
140 235. 5 
146 331 
219 465 
292 561 

365 6o6 
438 588 
511 493 
584 310 
657 026 

729 627 
8o2 102 

874 438 
946 622 

I 018 642 

I O<)O 485 
I 162 138 
I 233 591 
I 304 829 
I 375 840 

I 446 613 
I 517 IJ5 
I 587 394 
I 657 .578 
I 727 073 

illeten·, 

O. I 

0.5 
I. 2 

2. l 

3.3 
4.8 
6.6 
8.6 

I0.8 

13.4 
30. I 

53- 5 
83.7 

120.5 

16+ o 
214.2 
271. I 

334. i 
404.9 

481. 9 
565.6 
656.0 
j53.o 
856.7 
967.2 

I 084. 3 
I 208. l 

I 338. 6 
I 475· 9 

I 619. 8 
l 770. 4 
I 928 
4 337 
7709 

12 044 

17 340 
23 598 
30 815 
38 991 

48 123 
58 212 
69 254 
81 248 
94 191 

I08 0~2 
l 22 918 
138 697 
155 416 
173 071 

191 660 
2II 180 
231 627 
252 998 
275 288 

I 796 470 
I 865 554 
I 934 315 
2 002 740 
2 070 817 
2 138 536 

298 495 
322 614 
347 640 
373 570 
400 399 

I 428 123 
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l_r·~ . :~! 2''_ i '" 
i 

0 ' 

50 00 
I 

2 

3 
4 

50 05 
6 
7 
8 
9 

jO IQ 
I I 

12 

13 
14 

50 15 
16 
17 
IX 
l(j 

50 20 
21 

22 
23 
24 

27 
28 
29 

50 30 
31 
32 
33 
34 

5° 35 
36 
37 
38 
39 

50 40 
41 
42 
43 
44 

50 45 
46 
47 
48 
49 

53 
54 

50 55 
56 
57 
58 
59 

50 6o 

19.92 
. 91 
. 90 
.90 
. Sq 

19.88 
. 87 
. 87 • 
. 86 : 
. 85 1 

39· 83 59· 75 
. 82 . 73 
. 80 ' . 71 
. 79 I · 69 
. 78 : '67 

39· 76 : 59. 64 
'75 • . 62 
. 74 ' . 60 
~o 

. 1~ ' 

. 71 
.58 
,56 

19. 85 39· 69 59. 54 • 
. 84 ' . 68 ' ' 52 
'83 • . b7 : '50 
. 83 : ' 65 i . 48 
.82 1 .64 I •• 46 

19.81 
. '81 

39. 63 ' 59. 44 
• 61 I • 42 

'80 ' 
. 79 

'~~ i 40 
. ) '38 

' 79 . 57 ! 35 

r9. 78 , 39. 56 59 33 
. 77 i . 54 . '31 
. 76 '53 • . 29 
'76 . 51 ' '27 
.75 .50 ,25 

I9. 74 39· 49 59· 2J 
.74 .47 .21 

.73 .46 · I9 

.72 .45 .17 

. 71 . 43 . 15 

r9.7r 
.70 
.70 
. 69 
.68 

19.67 
. 67 
'66 
'65 
'65 

19.64 
'63 
.63 
'62 
'61 

19.60 
'60 
.59 
'~8 .5s 

I 

39.42 
.40 
.39 
. 38 
. ~6 

39.35 
. 33 

39.28 
.26 
. 25 
. 24 
• 22 

39.21 
. 20 

. 18 
. 17 
. 15 

19. 57 i 39. 14 
. 56 ! .13 
. 56 i . rr 
. 55 I . IO 
. 54 I . 08 

19. 53 I 39. 07 
· 53 I . o6 
. 52 I .04 

'51 1' .03 
'51 .01 

19. 50 ' 39· IX> 
I 

59. 13 
. II 

.09 

.06 

.04 

59.02 
9.00 
8.98 
.96 
·94 

58.92 
.go 
.88 
. 86 
.84 

58.81 
.79 
. ii ' 
. 75 ' 
. 73 : 

58. 71 
. 69 
'67 
. 65 
. 63 

58.~~ 
· )8 I 

.56 

.54 

. 52 
58. 50 • 

79· 66 
'64 
. 61 
.58 
. 55 

79.53 
.50 
. 47 ' 
. 44 
'42 

79.39 
. ~~ I 
• J.) I 
. 31 i 
. 28 

. 22 

.20 

. Ii 

. 14 

79· ll 
. 00 I 

. 06 : 

. 03 
9.00 

78. 97 : 
. 95 
. 92 ' 
. 89 • 
. 86 ' 

78.84 
. 81 
. 78 
• 75 I 

. 72 ' 

78. 70 
. 67 
. 64 
. 6r 
.58 

78. 56 
.53 
. 50 
. 47 
.45 

78.42 
.39 
. 36 
. 34 
. 3r 

78. 28 
. 25 
. 22 

. 20 

. 17 

78. 14 
. II 

.08 

.06 

.03 
78.00 

Latitude 50° to 51°-Arcs of the parallel in meters. 

!i" 6': 

99· 58 II 9· 50 
. 55 . 46 
'51 . 41 
. 48 '3i 
. 44 . 33 

99. 41 I19. 29 
. 38 • . 25 
. 34 ; . 21 

. 31 . 17 

. 27 '12 

99· 24 ' Ilt). 08 
. 21 I - .04 
.17 : 9.00 
. 14 i 8. 96 
• IO . 92 

99· 07 II 8. 88 
. 03 : . 83 

9· oo I . 79 
8. 96 i • 75 
. 93 ! . 71 

98.89 
.86 
. 82 i 
. 79 ' 
. 75 I 

98.72 
. 68 
'65 ' 
. 61 i 
'58 I 

98.54 
. 5r 
.47 
.44 
.40 

98.37 
·34 
.30 
. 27 
. 23 

98.20 
. 16 
.13 
. 10 
.o6 

98.03 
7.99 

. 95 
'92 
. 89 

118. 67 
. 63 
.59 
.54 
.50 

II8. 46 
.42 ' 
. 38 : 
.34 
. 29 : 

IIS. 25 
. 21 
'17 
.13 
.09 

!l8. 04 
8.oo 
7.96 
.92 
.88 

n7. 84 
.79 
.75 
.71 
'67 

117. 631 
.59 
.54 
.50 
.46 

97.85 117.42 
.82 .38 
. 78 . 33 
.75 .29 
. 71 . 25 

97• 68 ! IIj. 21 
. 64 i . 17 
. 61 I • 13 
.57 I .08 
.54 .04 

97. 50 ' 117. 00 

I 

11' 

139.41 
'36 
. 31 
. 27 ' 
. 22 

139. 17 
. 12 

.07 
9.03 
8 98 

138.93 
'88 
'83 : 
. 79 i 
. 74 : 

i38. 69 i 
'64 : 
·59 
.55 
.50 

138. 45 
'40 
'35 
.30 
. 25 

138.21 
. 16 
. II 

. 06 ' 
8. OI , 

137.96 
. 91 
. 86 
. 82 
. 77 

137.72 
. 67 
. 62 
.58 
. 53 

I37.48 
'43 
. 38 
. 33 
.28 

137.24 
. 19 
. 14 
.og l 

7.04 

136.99 
·94 
. 89 
. 84 i 
· 79 I 

8'/ 

I59-33 
'27 
. 22 
'16 
. II 

159.05 
9.00 
8. 94 
'89 
'83 

158. 78 ! 
'72 i 
. 67 ' 
'61 
.56 

158. 50 ' 
. 45 
. 39 
. 34 
. 28 

I79· 24 
. lS 
. 12 

9.06 
9.00 

178.93 
. 87 
. 81 
'75 
. 68 

178.62 
.56 
.50 
.44 
.37 

178.31 
. 25 
'19 
. 13 
.06 

158. 22 ' 178. 00 
. 17 7. 94 
. II . 88 
. o6 . 81 

8. 00 . 75 

157. 95 lj7. 69 
. 89 . 63 
. 84 '57 
. 78 . 50 
. 73 . 44 

157. 67 
. 61 
'56 
.50 
. 45 

157.39 
'34 
. 28 
'23 
. 17 

157. 12 
.06 

7.00 
6.95 

. 89 

156.84 
.78 
. 73 
'67 
.61 

156. 56 
. 50 i 

.45 . 

. 39 

. 33 

177.38 
'32 
. 25 
. 19 
. 13 

177.06 
7.00 
6. 94 
.88 
. 81 

176.75 
.69 
. 63 
.56 
.50 

176.44 
.38 
.32 
. 25 
.19 

176. 13 
.07 

6.oo 
5. 94 
.88 

136. 75 156. 28 175.8r 
.75 
. 69 
. 63 
.56 

. 70 . 22 

. 65 . 17 

. 6o . II 

. 551 .o6 
136. 50 156. 00 175,50 

I 

1' 

1195.0 
4.6 
4. I 

3.7 
3.3 

1192. 9 
2.5 
2. I 
I. 7 
I. 2 

1190. 8 
0.4 

90.0 
89.6 
9.2 

1188. 8 
8.3 
7. 9 
7. 5 
7. I 

rr86. 7 
6.3 
5.9 
5. 4 
5. 0 

1184. 6 
4.2 
3.8 
3.4 
2.9 

1182. 5 
2. I 
I. 7 
I. 3 
0.9 

1180. 4 
80f0 
79.6 
9.2 
8.8 

1178. 4 
7. 9 
7.5 
7. l 

6.7 
1176. 3 

5.9 
5.4 
5.0 
4.6 

1174· 2 
3.8 
3.3 
2.9 
2.5 

1172. I 

I. 7 
I. 3 
'.), 8 
0.4 

1170.0 

2' 

2389.9 
9· I 

8.3 
7.4 
6.6 

2385.8 
5.0 
4. 2 

3.3 
2. 5 

2381. 7 
o.8 

So.o 
79· 2 

s. 3 

2377. 5 
6.7 
5.9 
5.0 
4.2 

2373.4 
z.6 
I. 7 
0.9 

70.0 

2369.2 
8.4 
7.6 
6.7 
5. 9 

2365. I ,.4. 2 

3.4 
z.6 
I. 7 

2360.9 
6o. I 

59.2 
8.4 
7.5 

2356.7 
5.9 
5. I 
4.2 
3.4 

2352 .. 6 
I. 7 
0.9 

50. I 

49.2 

2348.4 
7.6 
6.7 
5.9 
5.0 

2344.2 
3.4 
2.5 

~JI 2340. 0 

3' 

3584.9 
3.7 
2.4 

Sr. 2 

79.9 

3578.7 
7. 5 
6.2 
5. 0 
3.7 

3572.5 
I. 3 

70.0 
68.8 
7.5 

3566.3 
5. 0 

3.8 
2.5 
I. 3 

3560. l 
58.8 

7. 6 
6.3 
5. I 

3553.8 
2.6 
I. 3 

50. I 

48.8 

3547.6 
6.3 
5. I 
3.8 
2.6 

354r. 3 
40. I 

38.8 
7. 6 
6.3 

3535· I 
3.8 
2. 6 
I. 3 

30. I 

3528.8 
7.6 
6.3 
5· I 
3.8 

3522.6 
I. 3 

20.0 
18.8 

7. 5 J 

3516. 31 
5.0 
3.8 
2. 5 I 
I. 3 

35IO. o I 

4' 5' 

4779. 9 : 5974. 8 
8. 2 2. 8 
6. 6 70. 7 
4. 9 68. 6 
3. 2 6. 6 

4771. 6 5964. 5 
69. 9 2. 4 

8. 3 60. 4 
6. 6 58. 3 
5. 0 6. 2 

4763.3 
I. 7 

6o.o 
58.3 
6. 7 

4755. 0 

3·4 
I. 7 

50.1 
48.4 

4746.7 
5· I 
3.4 
I. 8 

40. l 

4738.4 
6.8 
5. I 

3.4 
I. 8 

4730. I 
28.4 
6.8 
5· I 
3.5 

472r. 8 
20. I 
18.5 
6.8 
5· l 

4713.5 
r. 8 

IO. I 

08.4 
6.8 

4705. I 

3.4 
I. 8 

700. I 

698.4 

4696.7 
5, I 

3.4 
I. 7 

go.o 

4688.4 
6.7 
5.0 

46~:~ l 

5954.2 
2. I , 

50.0 

47.9 
5. y 

5943.8 
41. 7 
39.6 

7· 6 
5.5 

5933.4 
3r. 4 
29.3 
7.2 
5. l 

5923.0 
ZI. 0 

18.9 
6.8 
4. 7 

5912. 6 
I0.6 
08.5 
6.4 
4.3 

5902.2 
900.1 
898. I 

6.o 
3.9 

5891. 8 
89.7 

7. 6 
5.5 
3.5 

5881. 4 
79.3 
7.2 
5. I 

3.0 

5870.9 
68.8 
6.7 
4.6 
2.6 

586o. 5 
58.4 
6.3 
4· z 
2. I 

5850.0 
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Lat. 

0 

50 00 

2 

3 
4 

50 05 
6 
7 
8 
9 

50 IO 
II 

12 
13 
14 

50 15 
16 
17 
18 
19 

50 20 
21 
22 
23 
24 

50 25 
26 
27 
28 
29 

50 30 
31 
32 
33 
34 

50 35 
36 
37 
38 
39 

50 40 
41 
42 
43 
44 

50 45 
46 
47 
48 
49 

50 50 
51 
52 
53 
54 

5° 55 
56 
57 
58 
59 

50 6o 

Latitude 50° to 51°-Meridional arcs. 

I 
Value of 111 \ Sums of seeo.nds for middle : 

latitude. I 
Value of 11 i Sums of minutes for middle 

' latitude. 

I 
II ll·----

3/eters. J1feters. 11feten. 
30. 897 

1 
I I853 82 

7 I 30. 90 ' · 83 
7 ! 2 61. So 83 
7
7 

I 3 92. i0 . 84 
4 123.60 .84 

30.897 5 154.50 1853.85 
8 6 185. 40 . 85 
8 7 216. 30 . 86 
8 8 247. 20 . 86 
8 9 278. IO . 87 

30.898 
8 
8 
8 
8 

30.898 
8 
9 
9 
9 

30.899 
9 
9 
9 
9 

30.899 
9 

899 
900 

0 

30.900 
0 
0 

0 

0 

30.900 
0 

0 

0 

I 

30.901 
I 
I 

30.90I 
I 

30.902 
2 

2 

2 
2 

30.902 
3 
2 

2 
2 

30.902 

IO 

2 

3 
4 

15 
6 
7 
8 
9 

20 
I 

2 

3 
+ 

25 
6 
7 
8 
9 

30 
I 

2 

3 
4 

35 
6 
7 
8 
9 

40 
I 

2 

3 
4 

45 
6 
7 
8 
9 

50 
I 
2 

3 
4 

55 
6 
7 
8 
9 

6o 

309.00 
339.90 
370.80 
401. 70 
432.60 

463.50 
494.40 
525. 30 
556. 19 
587. 09 

617.99 
648.89 
679. 79 
710. 69 
741. 59 

n2.49 
803. 39 
8.'4· 29 
865. 19 
8¢.09 

926, 99 
957. 89 
988.79 

l, OI9. 69 
I 050. 59 

I 081,o.49 
I 11:!!39 
I 143. 29 
I 174. 19 
I 205. 09 

l 2 35· 99 
I 266. 89 
l 297. i9 
I 328. 69 
I 359· 59 
l 390. 49 
I 421. 39 
I 452. 29 
I 483. 19 
I 514.09 

I 544· 99 
I 575· 89 
I 606. 79 
I 637.69 
[ 668. 58 

I 699, 48 
I 730. 38 
I 761. 28 
I 792. 18 
[ 823. 08 
l 853. 98 

I853.SS 
. SS 
. 89 
. 89 
. 90 

1853.90 
. 91 
. 9I 
.92 
. 9;; 

1853. 93 
. 93 
. 94 
. 95 
. 95 

1853. 96 
. 96 
. 97 
. 97 
. 9S 

1853.98 
. 99 

3.99 
4.00 

.oo 

1854.01 
. 02 

.02 

. 03 

. 03 

185+ 04 
.04 
.05 
. 05 
. 06 

1854.06 
. 07 
. 07 
.08 
.og 

1854.09 
•IO 

'JO 

•II 
. I I 

1854.12 
. 12 
. 13 
. 13 
. 14 

1854. 14 

2 

3 
4 

5 
6 
7 
8 
9 

IO 

l 
2 

3 
4 

15 
(> 

7 
8 
9 

20 
J 

4 

7 
8 
9 

30 
I 

2 

3 
4 

35 
6 
7 
8 
9 

40 
l 

2 

3 
4 

45 
6 
7 
8 
9 

50 
I 
2 

3 
4 

55 
6 
7 
8 
9 

6o 

31eters. 

I S53. 8 
3 707. i 
5 561. 5 
7 415. 3 

9 269. 2 

II 123. 0 

12 976. 9 
14 830. 7 
16 684. 6 

IS 538. 5 
20 392. + 
22 246. 2 

24 !OC. I 

25 95+ 0 

27So7.9 
29 G61. S 
31 515. 7 
33 369. 7 
35 223. 6 

37077.5 
38 '.)3!.4 
40 785. 4 
4] ()39. 3 
44 493. 3 

4(J 347. 2 
48 201. 2 

50 055. 2 

5 I 909. l 

53 763. I 

55 617. I 
57 471. 0 

59 325. 0 
61 179. 0 

63 033. 0 

6.1887.0 
66 741. I 

68 595· I 

70 449· I 
72 303. 2 

74 157. 2 
76 Oil. 2 

77 865. 2 

79 719. 3 
8I 573.4 

83427.4 
85 281. 5 
87 135. 6 
88 989. 6 
90 843. 7 

92 697. 8 
94551.9 
96 406. 0 

98 260. I 
100 II+ 2 

IOI 968. 4 
103 822. 5 
105 676. 6 
107 530. 7 
109 384. 9 
11 I 239. O 

!~~---"-~~~~~~~~~~~~-~~~~~ 

Latitude 50°-Co-ordinates of curvature. 

Longitude. 

0 

2 

3 
4 

0 5 
6 
7 
8 
9 

0 IO 

15 
20 

25 
30 

0 35 
40 
45 
50 
55 

I 00 

05 
IO 

15 
20 

I 25 
30 
35 
40 
45 

I 50 
55 

2 00 
3 00 
4 00 

5 00 
6 00 
7 00 
8 00 

9 00 

IO 00 
II 00 
12 00 

IJ OO· 
14 00 

I5 00 
16 00 
17 00 
18 00 
19 00 

20 00 
21 00 
22 00 

23 00 
24 00 

25 00 
26 ()() 
27 00 
28 00 
29 00 
30 00 

11Ieters. 

I 195. 0 
2 389. 9 
3 584. 9 
4 i79· 9 

j 974. 8 
7 109. 8 
s 364. s 
9 559. 7 

IO 75+ 7 

II 949· 7 
r7 924. 5 
23 899. 3 
29 8/4. I 
35 848. s 
41 823. 5 
47 798. I 

53 772. 7 
59 747· 2 

65 721. 6 

71 696. 0 

77 670. 2 

83 644. 4 
89 618. 5 
95 592. 4 

IOI 566. 2 

107 540. 0 

113513.5 
II9 486. 9 
125 460. 2 

131 433. 3 
137 406. 3 
143 379 
215 037 
28(> 656 

358 224 

429 727 
501 154 
572 492 
643 727 

7I4 847 
785 819 
856 691 
927 389 
997 922 

l 068 277 
I IJ8 440 
I 208 400 
I 278 144 
I 347 660 

I 416 934 
I 485 956 
I 554 /11 
I 623 189 
I 691 3ii 
I 759 262 

I 826 833 
I 894 Oi7 
I 96o 91i3 
2 02j 538 
2 093 731 

0. l 

o. 5 
I. 2 
2. I 

13·3 
30.0 

53·3 
S3.2 

II9. 8 

163. l 
213.0 

26q.6 
332.s 
402.S 

47ll. 3 
562.5 
652. 4 
748.9 
852. l 

9ill. 9 
I 07S. 4 
I :WI, 5 
I 331. 3 
I 4b7. 8 

I 610. C) 

I 760. 7 
I 917 
4 313 
7 667 

II 97S 
17 246 
23 469 
30 646 
38 777 

47 85q 
57 891 
68 Soo 
So 7gS 
93 669 

107 482 
122 234 
137 923 
I54 546 
I72 099 

Igo 581 
209 987 
230 314 
25 l 559 
273 717 

~96 i85 
320 i5S 
345 633 
'"I 404 39s o6S 
425 619 
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I Lat. 

O I 
I ! 5 I ex: 

2 

3 
4 

51 05 
6 
7 
8 
9 

51 IO 
II 
12 
13 
14 

5 I I 5 
16 
17 
18 
19 

51 20 
21 
22 

23 
24 

51 25 
26 
2j 
28 
29 

51 30 
31 
32 
33 
34 

51 35 
36 
3i 
38 
39 

51 40 
41 
42 
43 
44 

51 45 
46 
47 
48 
49 

51 50 
51 
52 
53 
54 

51 55 
56 
57 
58 
59 

51 6o 

UNITED STATES COAST AND GEODETIC SURVEY. 

Latitude 51° to 52°-Arcs of the parallel in meters. 

-111 I 2'' I 3" i '" 5'' 6" 1" I 8" 9" 1' 2' 3' I' 51 

I i '---1---1--~---l---1---+---~----1----'----<----1 
! 1 I 1 

19. 50 
1139. oo \ 58. so I_ 

156. 00 i 175. 50 
. 49 8. 99 . 48 i 
.49 . 97 .46 i 

.48 I .96 .44 i 

. 47 . 94 . 42 I' 

19. 47 38. 93 58. 39 
. 46 i . 92 . 37 
. 45 . go . 35 : 
.44 . 89 . 33 I 
.44 .87 .31 i 

I 
19. 43 38. 86 58. 29 ! 

.42 .85 .27: 

. 42 . 83 . 25 j 

. 41 . 82 . 23 I 

.40 .8o: .21 I 
19. 40 38. 79 : 58. 18 i 

. 39 . 781 . 16 ' 
- 38 . 76 . 14 I 

. 37 . 75 . 12 ' 
·37 .73, .IO' 

78.00 
7.97 
.94 
.92 
. 89 

n.86 
. 83 
.8o 
.78 
. 75 

77. 72. 
. 69 
. 66 
. 64 
. 61 

nss 
·55 
. 52 
.50 
. 47 

19. 36 38. 72 58. 08 , 77 44 
· 35 · 7 I • 06 . 41 
. 35 . 69 ' . 04 . 38 
. 34 . 68 : . 02 ' . 36 
. 33 . 66 : 8. 00 I . 33 I , 

19. 32 38. 65 : 57. 97 n. 30 ' 
. 32 ' . 64 ! • 95 . 27 
.31 ! .6z [ .93 .24, 
. 30 - . 61 . 91 . 22 

· JO ' · 59 i · 89 · I 9 
, I 

19. 29 ; 38. 58 ! 57. 87 : n 16 
. 28 . 57 I · 85 , · IJ 
. 28 ! • 55 i . S3 i . IO 

. 27 . 54 i • 81 ' . 07 i 

. 26 ' . 52 . 78 ' . 05 , 

19. 25 • 38. 51 
. 25 ' . 4lJ 
. 24 : . 4S 
. 23 . 47 
. 23 i • 45 

5;.76 
.;4 
. i2 ': 
. 70 ' 
. 68 , 

19. 22 : 38. 44 57. 66 
. 2 I . 42 . . 64 : 
. 21 . 41 . 62 ' 
. 2@ . 40 ! • 59 • 
. 19 . 38 . 57 

19. 18 38. 37 57. 55 
. l8 .35 .53 
. 17 .34 .51 
. l6 . 33 . 49 ! 

. 16 .31 .47 -

19. 15 38. 30 
. 14 . 28 
. 13 . 27 
. 13 . 25 
. 12 .24 

19- II 38. 23 
. II • 21 

. IO .20 

·09 .18 
• O(j I . 17 

19. 08 38. 16 
I 

57.45 
. 43 
.40 
. 38 
.36 

57.34 
. 32 
. 30 
. 28 
. 25 

57· 23 

77. 02 
6.99 

. 96 ; 

. 93 

. go 
I 

76. 88 i 

. 85 ' 
• 82 : 
. 79 i 
. 76 ; 

76.74 
. 71 
. 68 
. 65 
. 62 

76.59 
. 57 
. 54 
. 51 
.48 

76.45 
.42 
.40 
. 37 
. 34 

76.31 

97.5o 
. 47 
. 43 
.40 
. 36 

97.33 
.29 
.26 
. 22 
. 19 i 

97· 1s I 
• 12 I 

. 08 

.05 
7.01 

96.98 
. 94 
. 91 
. 87 
. 84 

96.So 
. 77 
. 73 
.70 
. 66 

96.63 
.59 
. 55 
.52 
. 49 

96.45 
. 42 
. 38 
. 35 
- 31 

96. 28 
. 24 ' 
. 21 ' 

. 17 ' 

.14 

96. IO 
.o6 

6.03 
5.99 

. 96 

95·92 

. 88 

. 85 

. 81 

. 78 

95.74 
.71 
. 67 
. 64 
.6o 

95.57 
·53 
.50 
.46 
.43 

95·39 

117. 00 
6.96 

. 92 

. 87 

. 83 

116.79 
. 75 
. 71 
.66 
.62 

I16. 58 
.54 
.50 
. 45 
.41 

136.50 
. 45 
.40 
. 35 
.30 

136.26 
. 21 
. 16 
. II 
.o6 

136.01 
5.96 

. 91 ' 

. 86 

. 81 ' 
' 

5.94 I .44 
. 89 . 37 
. 83 . 31 
. 78 • 25 

155. 72 175. 18 
. 66 . 12 
. 61 . o6 
-55 5. 00 

. 50 4· 93 

155·44 
. 38 
. 33 
. 27 
. 22 

174. 87 
. 81 
. 74 
. 68 
. 62 

116. 37 135. 77 : 155. 16 174.55 
. 49 
. 43 
. 37 
.30 

. 33 I . 72 • . 10 

. 29 . 67 ' 5. 05 

. 24 l . 62 ! 4· 99 

. 20 i . 57 . 94 

II6. 16 
. 12 

.08 
6.03 
5.99 

135.52 
.47 
.42 
. 37 
. 32 : 

I 

154.88 
. 82 
. 77 
. 71 
. 65 

n5:95 
. 91 
. 86 
. 82 

135· 28 : 154· 6o 
. 23 ' . 54 
. 18 - . 49 
. 13 . 43 

. 78 , . 08 . 37 
i 

115. 74 ' 135· 03 
. 7° ! 4· g8 
. 65 . 93 
.61 . 88 
. 57 . 83 

n5. 53 134. 78 
. 48 . 73 
.44 .68' 
.40 . 63 
. 36 : . 58 

' 
n5. 32 , 134. 53 

. 27 i . 48 

. 23 : . 43 

. 19 : . 38 ' 

. 15 ; . 33 ; 
! 

II5. IO IY,. 29 
.o6 . 24 

5.02 . 19 
4.gS . 14 

. 93 . 09 

154.32 
. 26 
. 20 
. 15 
.oy 

154. 04 
3.98 

. 92 

. 87 

. 81 

15J. 75 
.70 
.64 
.58 
. 53 

153.47 
. 41 
. 36 
.30 
. 25 

174. 24 
.18 
. II 

4.05 
3.99 

173.92 
.86 
.8o 
.74 
. 67 

173.61 
. 55 
.48 
.42 
. 35 

173.29 
. 23 
. 16 
. IO 

3.o3 

172. 97 
.91 
.84 
.78 
.72 

172.65 
.59 
. 53 
.47 
.40 

II4. 8g 134. 04 153. 19 172. 34 
. 85 3. 99 
. 81 . 94 
. 76 . 8g 
. 72 . !4 

II4. 68 i 133. 8o 
.64 i . 75 
. 59 . 70 
·SS . 65 
. 51 .6o 

n4. 47 133. 55 

. 13 . 28 

. 08 . 21 
3. 02 . 15 
2. 96 .o8 

152. 91 
. 85 
. 79 
.74 
.68 

152. 62 

1170.0 
69.6 
9.2 
8.7 
8.3 

1167. 9 
7.5 
7. I 
6.6 
6. 2 

1165. 8 
5.4 
5.0 
4. 5 
4· I 

1163. 7 
3.3 
2.9 
2.4 
2.0 

I 161. 6 
I. 2 

o.8 
6o.3 
59.9 

1159. 5 
9. I 
8.6 
8.2 
7.8 

1157. 4 
7.0 
6. 5 
6.1 
5.7 

u55. 3 

4"' 
4.4 
4.0 
3.6 

1153. 2 

2.7 
2.3 
I. 9 
I. 5 

IISI. 0 
o.6 

50.2 
49. 8 
9.3 

II48. 9 
8.5 
8. I 
7.6 
7. 2 

1146. s 
6.4 
5.9 
5.5 
5. I 

1144- 7 

2340.0 
39.2 
8.3 
7.5 
6.6 

2335.8 
5.0 
4· I 
3.3 
2.4 

2331. 6 
30.8 
29·9 
9· I 
8.2 

2327.4 
6.6 
5. 7 
4.9 
4.0 

2323.2 
2.4 
I. 5 

20. 7 
19.8 

2319.0 
8.2 
7.3 
6.5 
5.6 

2314.8 
3.9 
3· I 
2.2 

I. 4 

2310. 5 
09.7 
8.8 
8.o 

, 7. I 

2 3o6.3 
5. 5 
4.6 
3.8 
2.9 

2302. I 
I. 2 

300.4 
299.5 

8.7 

2297.8 
7.0 
6. l 

5.3 
4-4 

2293.6 
2.7 
I. 9 
I. 0 

90.2 
2289.3 

3510.0 
08.7 

7.5 
6.2 
5.0 

3503.7 
2.4 

501.2 
499.9 

8. 7 

3497.4 
6. I 

4.9 
3.6 
2.4 

3491. I 
89.8 
8.6 
7.3 
6.o 

3484.8 
3.5 
2.3 

81. 0 

79. 7 
3478.5 

7.2 
5.9 
+7 
3.4 

3472· I 
70.9 
l19.6 
8.3 
7. I 

3465.8 
4· 5 
3.3 
2.0 

6o. 7 

3459.5 
8.2 
6.9 
5.6 
4.4 

3453· I 
I. 8 

50.6 
49.3 
8.o 

3446.8 
5. 5 
4.2 
2.9 
I, 7 

3440.4 
39.1 
7.8 
6.6 
5.3 

3434 o 

4680.0 
78.3 
6.6 
5.0 
3·3 

4671. 6 
6g.9 
8.2 
6.6 
4.9 

4663.2 
61. 5 
59.8 
8.2 
6. 5 

4654.8 
3· I 

51. 4 
49.7 
8. I 

4646.4 
4.7 
3.0 

41. 3 
39.6 

4638.0 
6.3 
4.6 
2.9 

31. 2 

4629.5 
7.8 
6. l 

4.4 
2.8 

4621. I 

19·4 
7.7 
6.o 
4. 3 

4612. 6 
IO. 9 
09· :! 

7. 5 
5.8 

4604.1 
2.4 

6oo.8 
599· I 

7.4 

4595·7 
4.0 
2.3 

90.6 
88. 9 

4587.2 
5.5 
3.8 
2. I 

So.4 
4578.7 

5850.0 
47.9 

5.8 
3.7 

41. 6 

5839.5 
7.4 
5.3 
3.2 

31. I 

5829.0 
6.9 
4.8 
2.7 

20.6 

5818.5 
6.4 
4· 3 
2. 2 

IO. I 

5808.0 
5.9 
3.8 

8o1. 7 
799. 5 

5797.4 
5.3 
3· 2 

91. I 
Sg.o 

5786.9 
4.8 
2.7 

8o.6 
78.4 

5776. 3 
4· z 
2. l 

70.0 
67.9 

5765.8 
3.7 

61. 5 
59.4 
7.3 

5755.2 
3· I 

50.9 
48.8 
6.7 

5744.6 
2. 5 

40.3 
38.2 
6-1 

5734.0 
31. 8 
29.7 
7:6 
5· s 

5723.4 
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-
Latitude 51° to 52°-Meridional arcs. Latitude 51°-Co-ordinates of curvature. 

Lat. 

~; 
Value of 111 Sums of seconds for middle Value of l' Sums of minutes for middle Longitude. y 

latitude. latitude. 

• 
! I 

a I .llfeters. If llfeters. Meters. I .frfeters. 0 I Meters. 
~I 00 30.902 1854. 14 

I I 170.0 I l 3 l 30.91 . 15 I I 854. I, 0 I 0. I 
2 • 3 2 61. 81 . 16 2 3 708. 3 2 o. 5 2 340. 0 
3 3 3 92.72 . 16 3 5 562. 5 3 3 510. 0 I. 2 
4 3 4 123.62 . 17 4 7 41(>. 6 4 4 680.0 2. I 

51 05 30.903 5 154.53 1854. 17 5 9 270. 8 0 5 5 850. 0 3.3 
6 3 6 185.43 . 18 6 I I 125. 0 6 7 020. 0 4.8 
7 3 7 216.34 . 18 7 12 979· l 7 8 190.0 6. 5 
8 3 8 247.24 . 19 8 14 833. 3 8 9 36o. 0 8.5 
9 3 9 278. 15 .19 9 16 687. 5 9 IO 530. 0 10.7 

SI 10 30.903 10 3og.o5 1854.20 10 18 541. 7 0 IO I I 700. 0 13.2 
II 3 I I 339.96 .20 I I 20 395. 9 15 17 550. 0 29.8 
12 3. 2 370.86 • 21 2 22 250. I 20 23 399· 9 52.9 
13 4 3 401. 77 . 21 3 24 I04. 3 25 I 29 249. 9 82.7 
14 4 4 432- 67 .22 4 25 958. 6 30 ! 

35 099· 7 !19. 0 

51 15 30.904 15 463.58 1854.23 15 27 Su. 8 0 35 40 949. 6 I 162.0 
16 4 6 494.48 .23 6 29 667. 0 40 46 799· 4 211. 6 
17 4 7 52~.39 . 24 7 31 521. 2 45 52 54q. I 267.8 
18 4 8 55 · 29 .24 8 33 3i5· 5 50 58 498. 8 330.6 
19 4 9 587. 20 . 25 9 35 229. 7 55 64 348. 4 400.0 

51 20 30.904 20 618. IO 1854.25 20 37 084. 0 l 00 70197.9 476. I 
21 4 I 649.01 . 26 l 38 938. 2 05 76 047. 3 558.7 
22 4 2 679.91 .26 2 40 792. 5 IO 81896.6 648.0 
23 4 3 710.82 . 27 3 42 646. s 15 87 745· 8 743·9 
24 5 4 74r. 72 . 27 4 44 501. 0 20 93 594. 9 846.4 

51 25 30.905 25 772.63 1854. 28 25 46 355. 3 I 25 99 443· 9 955.5 
26 5 6 8o3. 53 . 28 6 48 209. 6 30 105 ~92. 8 I 071. 2 
27 5 7 834.44 . 29 7 50 o63. 9 35 HI 141. 5 I 193· 5 
28 5 8 865. 34 . 29 8 51 918. 2 40 n6 990· I I 322. 4 
29 5 9 8¢.25 .30 9 53 n2. s 45 122 838. s I 458. 0 

51 30 30.905 30 927. 15 l8S4.31 30 55 626. 8 I 50 128 686_ 8 I 6oo. I 
31 5 I 958.06 . 31 I 57 481. I 55 134 534· 9 I 748. 9 
32 5 2 988.96 . 32 2 59 335. 4 2 00 140 383 I 904 
33 5 3 I 019. 87 . 32 3 61 189. 7 3 00 210 542 4284 
34 5 4 I 050. 77 . 33 4 63 044. 0 4 {)() 28o 662 7 616 

Sl 35 30.906 3S l o81. 68 185+ 33 35 64 898. 4 5 00 350 731 Il 898 
36 6 6 I II21 SS . 34 6 66 752. 7 6 00 420 735 17 130 
37 6 7 I l4f 49 .34 7 68 6o7. 0 7 00 490 662 23 311 
38 6 8 I 174, 39 . 35 8 70 461. 4 8 00 56o499 30440 
39 6 9 l 205. 30 . 35 9 72 315·7 9 00 630 2J2 38 515 

51 40 30.906 40 I 236. 20 1854.36 40 74 170. I IO 00 699 850 47 536 
41 6 I I 267. II . 36 I 76 024:5 II 00 76g 338 57 500 
42 6 2 I 298. OJ . 37 2 77 878. 8 12 00 838 686 68 405 
43 6 3 I 328. 92 . 38 3 79 733. 2 13 00 907 879 &f2s1 
44 6 4 I 359· 82 • 38 4 81 587+ 14 00 976 904 93 °33 

51 45 30.906 45 I 390· 73 1854.39 45 83 442. 0 15 00 I 045 751 106 751 
46 7 6 I 421. 63 . 39 6 85 296. 3 16 00 I 114 404 12! 401 

47 7 7 I 452. 54 .40 7 87 150. 7 17 00 I 182 853 136 981 
48 7 8 I 483. 44 .40 8 89 005. l 18 00 I 251 o84 153 488 
49 7 9 I 514. 35 .41 9 90 859. s 19 00 I 319 o85 170 919 

SI 50 30.907 50 I 545· 25 1854.41 So 92 713.9 20 00 I 386 844 I 189 270 
51 7 I I 576. I6 .42 l 94 568. 4 21 00 I 454 347 208 539 
52 7 2 l 6o7. o6 .42 2 96 422. 8 22 00 I 521 582 I 228 722 

53 7 3 l 637. 97 .43 3 98 277- 2 23 00 I 588 538 249 815 

54 7 4 l 668. 88 .43 4 100131.6 24 00 I 655 201 271 814 

SI 5S 30.907 55 I 6g9. 78 lSS4.44 SS IOI 986. I 25 00 I 721 561 294 715 
56 7 6 I 730. 6g ·44 6 103 840. s 26 00 I 787 6o3 318 514 

57 g 7 I 761. 59 .45 7 105 695.0 27 00 I 85g 316 343 2o6 
58 8 8 I 792. 50 .46 g 107 549·4 28 00 I 91 688 368 788 

59 8 ,:, I 823.40 .46 ~ 109403.9 29 00 I 983 708 395 2 54 
51 6o 30.908 I 854. Jl 185447 Ill 258. 3 30 00 2 048 362 422 6oo 
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Latitude 52° to 53°-Arcs of the parallel in meters. 

I I I i 
111 I 211 311 411 ii" 6" ' 1" 8" : 9" 1' 2' 3' 5' 

\ 'f \ !l I i 
'---~-~-1------,---;---;---,---·---,----lf-------1-----------1 

I i i 1 
' 

o I 

52 O(J 

l 

3 
4 

5::; 0 5 
6 

7 
8 
9 

52 10 
II 
12 

IJ 
14 

52 15 
16 
17 
18 
19 

52 20 
21 
2:l 

23 
24 

52 25 
26 
27 
28 
29 

I ' I ' 

19. oS 3S. 16 57· 23 i 76. 31 \ 95· 39 114. 47 
. Oj • 14 . 21 ; . 28 II . 36 . 42 
.06 . 13 .19 I .25 .3e .38 
. o6 • II . 17 . 23 · 29 · 34 
, 05 , IO .z5 . 20 , 25 . 30 

19. 04 38. 08 57. 13 76. 17 95. 22 u4. 25 
.04 .07 .11 .14 .rs 
. 03 . o6 • 08 . II I • 14 
.02 .04 .o6 .08 

1 
. II 

. 21 

. 17 

. 13 

.o8 . OJ . 03 . 04 . o6 I . 07 

19.01 38.01 57.02 
9.00 8.oo 7.00 
8.99 7.99 6.98 
· 99 I · 97

1 

· 96 
.98 j .96 ·94 

18. 97 37· 94 ' 56. 91 
. 96 . 93 . 89 
.96 .Q2 .87 
. 95 . 90 . 85 
. 94 . 89 . 83 

18. 94 
. 93 
. 92 
. 91 
.91 

18. go 
.89 
. 89 
. 88 
. 87 

37.87 
. 86 
.84 
. 83 
. Sr 

37.8o 
.79 
. 77 
.76 
.74 

56.81 
• 79 
. 77 
.74 
.72 

56.70 
.68 
. 66 
. 64 
. 61 

76.03 
6.oo 
5.97 
.94' 
. 91 ' 

75.89 
. 86 
. 83 
. 8o 
. 77 

75.74 
.71 
.69 
.66 
. 63 

75.6o 
• 57 
.54 
.52 
.49 

95· 04 u4. 04 
5.00 4.00 
4.97 3.96 
. 93 . 91 
. 90 I .81 

94. 86 u3. 83 
. 82 . 79 
. 79 . 74 
• 75 . 7° 
. 72 . 66 

94.68 
. 64 
. 61 
.57 
.54 

94.50 
.46 
.43 
. 39 
.36 

JIJ. 62 
• 57 
. 53 
.49 
.44 

u3. 40 
. 36 
. 32 
• 27 
. 23 

52 30 18. 86 37.73 
. 71 
.70 
.69 
. 67 

56.59 
. 57 
. 55 
• 53 
. 51 

75.46 
.43 
.40 
.37 
. 35 

94- 32 
.29 
. 25 

IIJ. 19 
.14 
.IO 

31 . 86 
32 . 85 
33 . 84 
34 .84 

52 35 18. 83 

i j~ I J; 
38 . 81 
39 .Bo 

52 40 
41 
42 
43 
44 

52 45 
46 
47 
48 
49 

52 50 
51 
52 
53 
54 

52 55 
56 
57 
58 
59 

52 6o 

18.79 
.79 
.78 
. 77 
.76 

18.76 
. 75 
.74 
.74 
. 73 

18. 72 
. 71 
. 71 
.70 
. 69 

18.69 
. 68 
. 67 
. 66 
. 66 

18.65 

37.66 
.64 
. 63 
.61 
.6o 

56.49 
.46 
·44 
. 42 
.40 

37· 59 56. 38 
.57. . 36 
.56 . 34 
. 54 . 31 
• 53 . 29 

37. 51 56. 27 
.50 . 25 
.49 . 23 
. 47 . 21 
.46 .19 

37.44 
.43 
.41 
.40 
. 39 

37.37 
.36 
. 34 
·33 
. 31 

37.30 

56. 16 
. 14 
• 12 I 

• IO f 

.o8 

56.06 
.03 

6.0I 

5. 991 . 97 
55.95 

75.32 
. 29 
. 26 
.23 
.zo 

75.17 
.14 
. I2 
.og 
.o6 

75. 03 
5.00 
4.97 
.94 
.92 

74. 89 
. 86 
. 83 
.So 
. 77 

74. 74 
. 71 

:~l . 63 
74. 6o 

• 22 
• 18 

94. 15 
. II 
.o8 
.04 

4.or 

93.97 
.93, 
.90 
.86 
.8. 

93.79 
. 75 
. 72 
.68 
,65 

93.61 
. 57 
.54 
.50 
.47 

93.43 
. 39 
. 36 
.32 
.29 

93.25 

.o6 
3.02 

112. 97 
. 93 
.89 
.84 
.So 

I !2. 76 
.72 
. 67 
.63 
.59 

1u.54 
.50 
.46 
.42 
. 37 

IJ2. 33 
.29 
.24 
.20 
. 16 

II2. II 

.07 
2.03 
1.99 
·94 

Ill. go 

133.55 
.50 
. 45 
.40 
. 35 

133.30 
. 25 
. 20 

. 15 

. IO 

l33.05 
3.00 
2.95 

• l)O 

. 85 
132.So 

. 75 

.70 

.65 

.6o 

132.55 
. so 
.45 
.40 
. 35 

132.30 
. 25 
.20 

. 15 

.IO 

132.05 
2.00 
I. 95 
.go 
.85 

13r. 8o 
.75 
• 70 
.65 
.6o 

131. 55 
.50 
.45 
.40 
. 35 

131. 30 
. 25 
.:zo 
. 15 
. IO 

131. 05 
0.00 

. 95 
·90 
. 85 

r30.8o 
. 75 
.70 
. 65 
. 6o 

130. 55 

152.62 
. 57 
• 51 
. 45 
.40 

152. 34 
. 28 
. 23 
. 17 
. rt 

152. o6 
2.00 
I. 94 
.SS 
. 83 

15r. 77 
. 7I 
.66 
. 6o 
.54 

151.49 
·43 
. 37 ' 
. 32 
. 26 

151. 20 
. 14 
.og 

I. 03 
0.97 

150. 92 
.861 
.So 
· 75 I 
.69 

150.63 
. 57 
.52 
.46' 
.40 

150.35 
• 29 

. 23 

.17 

. 12 

150. 06 
50.00 
49.94 

.89 

. 83 

149.77 
.72 
.66 
.6o 
.54 

149.49 
.43 
. 37 
. 31 
• 26 

149.20 

17!. 70 
.64 
• 57 
.51 
.44 

171. 38 
. 32 
. 25 
• 19 
. 12 

171.06 
J. 00 

0.93 
. 87 
. 81 

170.74 
.68 
.61 
.55 
. 48 

170. 42 
.36 
. 29 
. 23 
. 16 

170. ro 
70.04 
69. 97 

. 91 

.84 

169. 78 
. 72 
. 65 
.59 
.52 

169.46 
.40 
·33 
. 27 
. zo 

169.14 
. 08 

9.01 
8.95 

. 88 

168.82 
. 75 
. 69 
.62 
.56 

168.49 
.43 
.36 
.3,0 
. 23 

168.17 
.lO 

8.04 
7.98 
.91 

167.85 

1144. 7 
4.2 
3.8 
3.4 
3. 0 

u42. 5 
2. I 

I. 7 
I. 3 
o.8 

u40. 4 
40.0 
39.6 

9. I 
8.7 

u38. 3 
7.9 
7. 4 
7.0 
6.6 

1136. 2 

5.7 
5.3 
4.9 
4.4 

II34• 0 
3.6 
3.2 
2. 7 
2.3 

Il3!. 9 
I. 4 
I. 0 

o.6 
30. z 

1129. 7 
9.3 
8.9 
8.4 
8.o 

1127. 6 ' 
7. 2 I 
6. 1 I 
6.3 ' 
5.9 

1125. 4 
5.0 
4.6 
4.2 
3.7 

n23. 3 
2.9 
2.4 
2.0 
I.6 

II2I. 1 
o. 7 

20.3 
19.9 
9.4 

1II9. 0 

2289.3 
S.5 
7.6 
6.8 
5.9 

2285.1 
4. 2 

3.4 
2.5 
I. 7 

228o.8 
So.o 
79· l 
8.3 
7.4 

2276.6 
5· 7 
4.9 
4.0 
3.2 

2272.3 
l, 4 

70.6 
69. 7 
8.9 

2268.0 
7.2 
6. 3 
5.5 
4.6 

2263. 8 
2.9 
2. l 

I. 2 

6o.3 

2259.5 
8. €i 
7.8 
6.9 
6. l 

2255.2 
4·3 
3.5 
2.6 
l. 8 

2250.9 
50.0 
49.2 
8. 3 
7.5 

2246.6· 
5.7 
4.9 
4.0 
3.2 

2242.3 
I. 4 

40.6 

3~:~ I 
2238.0 

3434.0' 
2. 7 
1.5 ! 

30. 2 ' 

28.9 

3427. 6 ' 
6. 4: 
5· I I 

3.8 
2.5 

3421. 3 I 
20. 0 I 

18. 7 : 
i·4•,1 

6. l 

3414. 9 : 
• 3· 6 ; 

2: 3 ' 
II. 0 

og. 7 • 

34o8. s i 
7. 2 I 
5.9 
4.6 
3· 3 

3402.0 
400.8 
399. 5 

8.2 
6.9 

3395.6 
4. 3 
3· l 
I. 8 

go. 5 
3389. 2 

7.9 
6.6 
5.3 
4· I 

3382.8 
I. 5 

8o.2 
78.9 
7.6 

3376.3 
5.0 
3.8 
2.5 

71. 2 

3369.9 
8.6 
7.3 
6.o 
4. 7 

3363.4 
2. I 

6o.9 
59.6 
8.3 

3357.0 

4578.7 
i·O 
S·e'! 
3.6 
J. 9 

4570.2 
68. 5 
6.8 
5. l 

3·4 

4561.7 
6o.o 
58.3 
6.5 
4.8 

4553· I 
51. 4 
49.7 
8.o 
6.3 

4544.6 
2.9 

41. 2 

39· 5 
7· 8 

4536.0 
4. 3 
2.6 

30.9 
29.2 

4527.5 
5.8 
4· I 
2.4 

20.6 

4518.9 
7.2 
5.5 
3.8 
z. I 

4510.4 
5o8.6 

6.9 
5.2 
3.5 

4501. 8 
500.1 

498.3 
6.6 
4.9 

4493.2 
91.6 
89.7 
8.o 
6.3 

4484.6 
2.9 

Sr. r 
79.4 
7.7 

4476.0 

5723·4 
21. 2 

19. l 

7.0 
4.8 

5712.7 
10.6 
08.5 
6.3 
4.2 

5702. l 

699.9 
7.8 
5.7 
3.6 

5691. 4 
89.3 

7. 2 

5.0 
2.9 

56So.8 
78. 6 

6. 5 
4.3 
2. 2 

5670. r 
67.9 
5.8 
3.7 

6I. 5 

5659.4 
7.2 
5. I 
2.9 

50.8 

5648.7 
6.5 
4.4 
2.2 

40.1 

5638.0 
5.8 
3.7 

31.5 
29.4 

5627.2 
5. l 

2.9 
20.8 
18. 6 

5616.5 
4.3 
2.2 

10.0 
07.9 

56o5. 7 
3.4 

6or.4 
599.3 

7.h 
5595.0 



 

Lat. 

o I 

52 00 

I 
2 

3 
4 

52 05 
6 

~ 
9 

52 IO 
11 
12 
13 
14 

52 15 
16 
17 
18 
l9 

52 20 
ZJ 

22 

23 
24 

52 25 
26 
27 
28 
29 

52 30 
31 
32 

I 33 

I 34 

I 52 35 
36 
37 
38 
39 

52 40 
41 
42 
43 
44 

52 45 
46 
47 
48 
49 

52 50 
51 
52 
53 
54 

52 55 
56 
57 
58 

l 52 ~ 
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Latitude 52° to 53°-Meridional arcs. Latitude 52°-Co-ordinates of currnture. 

"al f 11 j Sums of seconds for middle )1 ,~ 1 f / I' Sums of minutes for middle I X. 
1

1 '" 
v ue o I I latitude. Ii ' a ue o I latitude. Longitude. ; , 

! I 11.----1---·------------~·~•----11 ____ 111----
llleters. 
30.908 

8 
8 
8 
8 

30.908 
8 
8 
8 
9 

3o.909 
9 
9 
9 
9 

30.909 
9 
9 
9 
9 

30. 910 
0 

0 
0 

0 

30.910 
0 

0 

0 

0 

30.910 
I 

I. 
I 

I 

30.911 
I 
I 

I 
I 

2 

2 

30.912 
2 
2 
2 
2 

30.912 
2 
2 

2 

3 
30.913 

3 
3 
3 
3 

30.913 

• II i }}fetei·s. 'I llfeters. I llfetrrs. 0 I . .lVleters. jlfeters. 
I 

1 1854, 47 

2 

3 
4 

~ 
7 
8 
9 

IO 
I 
2 

3 
4 

15 
6 
7 
8 
9 

20 

2 

3 
4 

25 
6 
7 
8 
9 

30 
I 

2 

3 
4 

35 
6 
7 
8 
9 

40 
I 
2 

3 
4 

45 
6 
7 
8 
9 

50 
I 
2 

3 
4 

SS 
6 
7 
8 

~ 

30. 91 I • 47 
6r. 82 11' . 48 
92. 73 .48 

123. 64 : . 49 

154. 55 
185.46 
216. 37 
247. 28 
278. 19 

309. 10 
340.01 
370.93 
401. 84 
432. 75 

463.66 
494.57 
525. 48 
556.39 
587.30 

618.21 
649. 12 
680.03 
710. 94 
741.85 

772.76 
8o3.67 
834. 58 
865.49 
896.40 

927.31 
958.22 
98g. 13 

I 020. 04 
I 050. 95 

1 o81. 87 
I Il2. 78 
I 143. 69 

• I 174.6o 
I 205, 51 

I 236. 42 
I 267. 33 
I 298. 24 
I 329. 15 
I 36o.o6 

I 390· 97 
I 421. 88 
I 452. 79 
I 483. 70 
1 514. 61 

I 545· 52 
I 576. 43 
I 6o7. 34 
I 638. 25 
I 669. 16 

I 700.07 
I 730. 98 
I 761, 89 
1 792. Br 
I 823. 72 
I 854. 63 

\: 
I 

i 
I 

~ 
I 

1854.49 
.50 
. 50' 
. 51 
. 51 

1854.52 
.52 
. 53 
.54 
.54 

1854.55 
. 55 
.56 
. 56 
. 57 

1854.57 
.58 
.58 
·59 
.59 

1854.6o 
. 60 
.61 
. 62 
.62 

1854. 63 
. 63 
. 64 
. 64 
.65 

185+ 65 
.66 
.66 
. 67 
'67 

1854.68 
.68 
.69 
.69 
.70 

1854.71 
.71 
.72 
.72 
. 73 

1854.73 
.74 
,74 
.75 
'75 

1854.76 
. 76 
.77 
'77 
.78 

1854.78 

2 

3 
4 

5 
6 
7 
8 
9 

IO 

2 

3 
4 

15 
6 
7 
8 
9 

20 

I 
2 

3 
4 

25 
6 
7 
8 
9 

30 
I 

2 

3 
4 

35 
6 
7 
8 
9 

40 
r 
z 
3 
4 

45 
6 
7 
8 
9 

50 
I 

2 

3 
4 

55 
6 
7 
8 
9 

6o 

I 854. 5 
3 708. 9 
5 563. 4 
7 417. 9 

9 272. 4 
II 126. 9 
12 981.4 
14 835. 9 
16 690.4 

18 544· 9 
20 399· 4 
22 254. 0 
24 108. 5 
25 963. 0 

27 817. 6 
29 672. I 

31 526. 7 
33 381. 3 
35 235.8 

37 ago. 4 
38 945· 0 

40 799· 6 
42 654. I 
44 508. 7 

46 363. 3 
48 217.9 
50 072. 5 
51927.2 
53 781. 8 

55 636. 4 
57 491. 0 

59 345· 7 
61 200. 3 
63 054. 9 

64 909· 6 
66 764. 2 
68 618.9 
70 473. 6 
72 328. 2 

74 182. 9 
76 037. 6 
77 892. 3 
79 747. 0 

81 6o1. 7 

83 456. 4 
85311.1 
87 165. 8 
89 020. 5 
90 875. 3 

92 730. 0 
94 584. 7 
96 439. 5 
98 294. 2 

100 149. 0 

102 003. 7 
103 858. 5 
105 713. 3 
107 568. 0 
109 422. 8 
IH277.6 

0 I 
2 

3 
4 

0 5 
6 
7 
8 
9 

0 IO 
15 
20 
25 
30 

0 35 
40 
45 
50 
55 

I 00 

05 
IO 

rs 
20 

I 25 
30 
35 
40 
45 

I 50 
55 

2 00 
3 00 
4 00 

l : 
~ :;:: 
9 00 

IO 00 
II 00 

12 00 

13 00 

14 00 

15 00 
16 00 
17 00 
18 00 
19 00 

20 00 
21 00 
22 00 
23 00 
24 00 

25 00 
26 00 
27 00 
28 00 

29 00 
JO 00 

I 1#·7 
2 289. 3 
3 434. 0 
4 578. 7 

5 72 3· 4 
6 868.o 
8 012. 7 
9 157. 4 

IO 302. 0 

II 445. 7 
17 170. 0 

22 893.4 
28 616. 6 
34 339. 9 

40 063. l ! 
45 786. 3 
51 509. 4 
57 4!32. 4 
6z 955- 3 

68 678. 2 

74 401. 0 
So 123. 6 
85 846. 2 

91 568. 7 

97 291. 0 
!OJ 013. 2 

108 735· 3 
II4 457· 2 
120 179. 0 

125 goo. 7 
131 622. I 

137 343 
205 982 
274 583 
343 131 

I 

411 615 
480020 I 
548 335 
616 546 

684 640 
752 6os 
820 428 
ss8 095 I 
955 595 

l 022 913 
l O<)O 038 
I 156 957 
l 223 658 
I 290 126 

l 356 351 
I 422 319 
l 488 018 
I 553 436 
I 618 559 

I 683 377 
I 747 876 
l 812 045 
I 875 870 
l 939 342 
2 002 446 

O. I 

0.5 
I. 2 

2. I 

3.3 
4. 7 
6.4 
8.4 

10.6 

I 3· I 
29·5 
52. 5 
82.0 

II8. I 

16o. 7 
209.9 
265.7 
328.0 
396.9 

472.3 
554-3 
642.8 
737.9 
839.6 

947.8 
I 002. 6 
I 184. 0 

I 31 I. 9 
I 446. 3 

l 587. 4 
l 735. 0 
j 889 
4 250 
7 555 

II 8o3 
16 993 
23 r24 
30 196 
38 207 

47 155 
57 o39 
67 856 
79 6o5 
92 284 

105 890 
120 4zo 
135 8p 
152 243 
169 530 

187 i29 
2o6 838 
226 852 
247 767 
269 580 

292 287 
315 883 
340 364 
365 725 
391 961 
419 o68 
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Latitude 53° to 54°-Arcs of the parallel in meters, 

Lat. 1" ~~ (11 L:_I 6" 7" 8" 9" 1' 2' 3' (1 51 

0 I I I 
53 00 18. 65 I 37. 30 I 55. 95 74.6o 93· 25 III,90 13°·55 I49· 20 167.85 III9. 0 2238.0 3357.0 4476.0 5595.0 

I . 64 . 29 I . 93 . 57 . 21 . 86 .50 .14 .79 8.6 7· I 5.7 4.2 2.8 
2 . 64 . 21 I . 9I .54 . I8 .8I . 45 . 08 . 72 8. I 6.3 4- 4 2.5 90.6 
3 . 63 j . 26 . 88 . 51 .14 . 77 .40 9.03 .66 7. 7 5.4 3. I 70.8 88.5 
4 . 62 I • 24 I . 86 .49 •II . 73 . 35 8.97 . 59 7-31 4.6 I. 8 69. I 6. 3 

53 05 18. 61 I 37. 23 I 55. 84 74.46 93.07 II I. 68 I30.30 148.9I 167.53 rn6. 8 I 2233. 7 3350. 5 4467.3 558+ 2 
6 . 61 I • 21 I . 82 .43 .03 .64 . 25 .'85 .46 6.4 2.8 49.2 5.6 82.0 
7 .6o i .20 l .So .40 3.00 .6o .20 .So .40 6.o 2.0 7.9 3.9 79.9 
8 . 59 : . 18 : . 78 . 37 2. 96 i . 55 i . 15 .74 . 33 5. 5 I. I 6.6 2.2 7. 7 
9 . 59 I . I 7 I . 7 5 . 34 . 93 : .5I . IO . 68 . 27 5. I 30. 2 5.3 6o.4 5.5 

I t 

53 IO I8. 58 ! 37. I6 I 55. 73 74- JI 92.89 II I. 47 130.05 148. 62 I67. 20 I 114. 7 2229.4 3344.0 4458. 7 5573.4 
II . 57: .14' .71 . 28 • . 85 .42 30.00 . 57 .14 4. 2 8. 5 2. 7 7.0 71. 2 
I2 . 56 i . 13 : . 69 . 25 . 82 ; .38 29·95 . 5I .07 3.8 7.6 I. 4 5.2 69. I· 
I3 .56 . II : . 67 . 23 : . 78 J .34 .90 . 45 7.01 3.4 6.8 40. l 3.5 6.9 
14 . 55 ; . IO i . 65 , 20 I · 75 I . 29 . 85 . 39 6. 94 2.9 5.9 38.8 I. 8 4.7 

I 
' I48. 34 I 166. 8$ 53 15 18. 54 • 37. 08 ! 55. 63 74. 17 I 92.71 II I. 25 129.79 II I2, 5 2225, 0 I 3337.5 4450. I 5562.6 

I6 . 53 ' . 07 . .6o . 14 ' . 67 . 21 .74 . 28 ! . 81 2. I 4.1 I 6.2 48.3 6o.4 
17 . 53 • . 06 ; .58 . II' . 64 . 17 . 60 . 22 I . 75 I. 7 3.3 5· 0 6.6 58.3 
I8 .52 . 04. .56 . 08 ' . 6o . I2 . 64 . 16 i . 68 I. 2 2.4 3.7 4.9 6.1 
19 .51 . 03 .54 . 05 . 57 .08 .59 • IO . 62 o. 8 I. 6 2.4 3· I 3·9 

53 20 18.51 . 37. 01 : 55. 52 74.02 92.53 II I. 04 129.54 148.05 166.55 1110.4 2220. 7 3331. I 444l.4 5551. s 
21 . 50 ' 7· 00 .50 3· 99 ' · 49 I o.99 . 49 7-99 .49 09-9 19.8 29.8 39.7 49.6 
22 .49 . 6. 98 . 47 . 97 ! .46 . 95 .44 . 93 .4z 9. 5 9.0 8.5 8.o' 7.4 
23 .48 I • 97 L . 45 . 94 ' . 4z , . 91 .39 . 87 . 36 9· I 8. I 7.2 6.2 5.3 
24 . 48 ; . 95 ! . 43 . 91 . 39 ! . 86 . 34 . 82 .29 8.6 7. 3 5.9 4.5 3· I 

53 25 18. 47 ! 36. 94 i 55· 4I 7J. 88 92. 35 i 110. 82 I29. 29 147.76 166.23 1108. 2 2216.4 3324.6 4432.8 5540.9 
26 .46 ! . 93 . 39 ' . 85 . JI ! .78 . 24 . 70 . 16 7.8 5.5 3·3 31.0 38.8 
27 .46. . 91 . 3i . 82 . 28 . 73 . I9 . 64 • IO 7.3 4.6 2.0 29·3 6.6 
28 .45 I . 90 ·34 . 79 . 24 ; . 69 . 14 .59 6.03 6.9 3.8 20.7 7.6 4.4 
29 .44' . 88 .32 . 76 . 21 . 65 .09 .53 5.97 6.5 2.9 19.4 5. 8 2.3 

53 30 18.43 36.87 55.30 73- 73 92. 17 110. 6o 129.04 147.47 165. 90 no6.o 2212.0 33I8. I 4424. l 553o. I 
31 ·43 . 85 . 28 ; . 70 . 13 .56 8.99 . 41 . 84 5.6 I. 2 6.8 2.3 27.9 
32 .42 . 84 i . 26 ! . 68 . IO . 52 . 94 . 35 . 77 5.2 10.3 5.5 20.6 5.8 
33 .41 . 82 : .24 . 65 .o6 .47 . 89 . 30 . 71 4.7 09.4 4.2 18. 9 3.6 
34 .40 . 81 i . 21 ! . 62 2. 03 .43 . 84 . 24 .64 4.3 8.6 a.9 7· l 21.4 

53 35 18.40 36.So 55. 19 ! 73- 59 91. 99 JIO. 39 128.78 147. 18 165.58 1103. 9 2207.7 331 I. 6 4415. 4 5519.3 
:;6 . 39 . . 78 . 17 . .56 .95 .34 . 73 'IZ . 51 3·4 it 6.8 10.2 3. 7 7. I 

37 . 38 ' . 7i . 15 • . 53 .92 .30 . 68 .o6 -45 3.0 6.o 08.9 I. 9 4.9 
18 . 38 . . 75 . 13 . 50 . 88 . 25 . 63 7. 01 .38 2.5 S· I 7.6 10.2 2.7 
39 . 37 . 74 : . II . 48 . 85 . 21 .58 6.95 . 32 2. I 4.3 6.3 o8.5 10.6 

53 4° 18. 36 36. 72 . 55. 08 73.45 91. 81 110. 17 128.53 146.89 165.25 UOJ. 7 2203.4 33o5.o 4406.7 55o8.4 
41 . 35 . 71 ' .o6 . 42 . 77 .12 .48 . 83 .19 !. 2 2.5 3.7 5.0 6.2 
42 ·35 . 69 ' .04 ·39 . 74 .08 ·43 . 77 . 12 o.8 r. 6 2.4 3.2 4.0 
43 .34 .68 . 02 . 36 . 70 10.04 . 38 • 72 5.o6 100.4 200.8 301. I 401. 5 501. 9 
44 .33 . 66 I 5. 00 . 33 .66 09.99 . 33 .66 4.99 099·9 199.9 299.8 399.8 499.7 

53 45 18.32 36. 65 : 54. 97 73.30 91. 63 109.95 128. 28 146.6o 164.93 1099. 5 2199.0 3298.5 4398.0 5497.5 
46 . 32 . 64 ' . 95 . 27 ·59 .91 . 22 .54 .86 9· I 8. I 7.2 6.3 5.3 
47 . 31 . 62 . 93 . 24 .55 .86 . 17 .48 .So 8.6 7.3 5.9 4.5 3.2 
48 .30 .61 : . 91 . 21 .51 . 82 . 12 .43 . 73 8.2 6.4 4.6 2.8 91.0 
49 . 30 · 59 I . 89 . 19 . 48 .78 .07 . 37 .67 7.8 5.6 3.3 I. I 88.8 . 

53 50 18.29 36.58 54.87 73. 16 91. 44 109.73 128.02 146.31 l64.6o 1097. 3 2194.7 3292.0 4389. 3 5486.6 
51 . 28 .56 . 85 . 13 .40 .6g 7.97 . 25 . 53 6.9 3.8 90.7 7.6 4· s 
52 . 27 . 55 . 82 ' .JO .37 . 65 . 92 .19 .47 6.5 2.9 &j.4 5.8 2.3 
53 · 27 I · 53 I .So . 07 . 33 .6o . 87 .14 .40 6.o 2. I 8. I 4, I So. I 
54 . 26 ! . 52 i . 78 .04 . 30 .56 . 82 .08 ·34 5.6 I. 2 6.7 2.3 77-9 

53 55 18.25 36. 50 i 54.76 73.01 91. 26 109. 51 127.76 146.02 164.27 1095· I 2190.3 3285.4 4J8o.6 5475.7 
56 . 25 .49 .74 2.98 . 22 .47 . 71 5.96 • 21· 4.7 '89.4 4. I 78.8 3.6 
57 . :0:4 .48 . 71 . 95 . 19 .43 .66 .90 .14 4•i 8.5 z.8 7, I 71.4 
58 . 23 .46 . 69 

' 
. 92 . 15 . 38 . 61 .85 ·07 3· 7. 7 I. 5 5.4 69.2 

59 . 22 .45 . 67 • 89 .12 .34 • 56 .79 4.01 3.4 6.8 So.2 3.6 7.0 
53 6o 18.22 36.43 54.65 72.86 91.o8 109.30 127. 51 145.73 163.94 1093.0 2r85.9 3278.9 4371.9 5464.8 
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Latitude 53° to 54°-Meridional arcs. Latitude 53°-Co-ordinates of curvature. 

Lat. 
Val f ,, I Sums of seconds for middle I Sums of minutes for middle 

I 
Value of 11 Longitude. x I y ue 0 1 latitude. latitude. 

I 
I ! 

0 I Meters. II • Meters. liftters. I i lifelers . 0 I Meters. Meters. 

53 00 30.913 1854. 78 I 

I 3 I· 
I 30.92 .79 I I l 854. 8 0 I I 119. 0 0, I 

2 3 2 61. 83 . 8o 2 I 3 709. 6 2 2 238.0 o. 5 
3 3 3 92. 75 .So 3 I 5 564. 4 3 3 357. 0 I I. 2 
4 3 4 123.66 . 81 4 

I 
7 419. 2 4 4476.0 2. I 

53 05 30.914 5 154. 58 1854.81 5 9 274. 0 0 5 5 595· 0 3.3 
6 4 6 185.49 . 82 6 II 128. 8 6 6 714. 0 4. 7 
7 4 7 216.41 . 82 7 12 983. 6 7 7 832. 9 6.4 
8 4 8 247.33 . 83 8 14 838. 5 8 8 951. 9 8.3 
9 4 9 278. 24 . 83 9 16 693. 3 9 10070.9 10. 5 

53 10 30.914 IO 309. 16 1854.84 IO 18 548. I I IO rr 189. 9 13. 0 
I 
I 

II 4 I 340.07 . 84 l 20 403. 0 15 16 784. 9 29.2 
I 12 4 2 370.99 . 85 I 2 22 257. 8 20 I 22 379. 8 52. 0 

13 4 3 4or. 9<l . 85 3 24 112. 7 25 27 974. 7 81. 2 

14 4 4 432.82 . 86 4 25 967. 5 30 33 569. 5 n7. o 

53 15 3°·914 15 463. 74 1854.86 15 27 822. 4 I 35 39 164. 3 159.2 
16 4 6 494.65 . 87 6 29 6]7. 2 40 44 759· I 208.0 
17 5 7 525·57 . 87 7 31 532. I 45 50 353· 8 263.2 
18 5 . 8 556. 48 . 88 8 33 387. 0 50 55 948.4 325.0 I 19 5 9 587.40 . 89 9 35 241. 9 55 61 542. 9 393.2 

53 20 30.915 20 618. 31 1854.89 20 37 096. 8 I 00 67 137. 4 467. 9 
21 5 I 649.23 . 90 I 38 951. 7 05 72 731. 7 549.2 
22 5 2 680. 15 . 90 2 40 8o6. 6 IO 78 326.0 636.9 
23 5 3 71I. o6 . 91 3 42 661. 5 15 83 920. 2 731. I 

24 5 4 741. 98 . 91 4 44 516.4 20 89 514. 2 831. 8 
I 

53 25 30.915 25 772.89 1854.92 25 46 371. 3 I 25 95 108.2 939· I 
26 5 6 8o3. 81 . 92 6 48 226. 2 30 100 702.0 I 052. 8 
27 5 7 834. 72 

! 
. 93 7 50 081. I 35 Jo6 295. 7 I 173. 0 

28 6 8 
I 

865.64 . 93 8 51 936. I 40 III 889. 2 I 299. 7 
29 6 9 896.56 .94 9 53 791. 0 45 II7 482. 6 I 432. 9 

53 30 30.916 30 927.47 1854.94 30 55 645. 9 I 50 123 075. 8 I 572. 6 
I 

31 6 I 958. 39 . 95 I 
I 

57 500. 9 55 128 668. 9 l 718. 9 
32 6 2 989.30 I . 95 2 59 355. 8 2 00 134 262 l 872 
33 6 3 I 020. 22 . 96 3 61 210. 8 3 00 201 36o 4 211 
34 6 4 I 05x. lJ . 96 4 63 o65. 8 4 00 268 419 7 485 

53 35 30.916 35 l 082. 05 1854.97 35 64920. 7 5 00 335 426 II 693 
36 6 6 l II2. 97 .97 6 66 775. 7 6 00 402 368 16 835 
37 6 7 l 143. 88 . 98 7 68 630. 7 7 00 46g 232 22 910 
38 6 8 l 174. 80 ·99 8 70 485. 6 8 00 536 004 29 916 
39 

. 
7 9 I 205. 7I 4.99 9 72 340. 6 9 00 6oz 672 37 852 

53 40 30.917 40 I 236. 63 1855. c'lo 40 74 195. 6 IO 00 66g 224 46 717 
41 7 I I 267. 54 ,00 I 76 050. 6 II 00 735 645 56 5o8 
42 7 2 I 298. 46 . or 2 77 905. 6 12 00 8o1 923 67 224 
43 7 3 I 329. 38 .01 3 79 76o. 6 13 00 868 046 78 863 
44 7 4 I 36o. 29 .02 4 81 615. 7 14 00 933 999 91 422 

53 45 30.917 45 I 391. 21 1855.02 45 83 470. 7 15 00 999 772 104 900 
46 7 I 

6 l 422. 12 .03 6 85 325. 7 16 00 I o65 350 119 293 
47 7 I 7 I 453· 04 .03 7 87 18o. 7 17 00 I 130 721 134 598 
48 

. 
7 8 I 483. 95 .04 8 89 035. 8 IS 00 I I95 872 150 8r3 

49 7 9 l 514. 87 .04 9 90 890. 8 19 00 l 26o 791 167 935 

53 50 30.917 50 I 545· 79 1855.05 50 92 745. 8 20 00 I 325 466 185 96o 
51 8 I I 576. 70 .05 I 94 6oo.9 21 00 I 389 882 204 885 
52 8 2 I 6o7. 62 .o6 2 96 455. 9 22 00 I 454 029 224 7o6 

53 8 3 I 638. 53 .o6 3 98311.0 23 00 I 517 893 245 418 

54 8 4 I 669. 45 .07 4 100 166. I 24 ()() I 581 462 267 019 

53 55 30.918 55 I 700. 36 1855.07 55 !02 021. I 25 00 I 644 724 289 504 
56 8 6 I ?:jl. 28 .o8 6 103 876. 2 26 00 I 707 666 312 86g 

57 g 7 I 762. 20 ' .08 7 105 731. 3 27 00 I 770 277 337 109 
58 8 8 I 793· II I .09 8 107 586.4 28 00 I 832 544 362 219 

59 8 9 I 824.03 .IO 9 109 441. s 20 ()() I 894 455 388 194 

53 6o 30.918 6o [ 854. 94 1855. IO 6o I Il 296. 6 30 00 I 955 997 415 030 

I I 

H.Ex.~ 
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Latitude 54° to 55°-Arcs of the parallel in meters. 

~--~-------~--~----,---------,------,-------;------,---...,.-----,-----~--~ 

,,, I ,,, •" ,,, •" i ,,, I ,,, ,,, 1_9_'_'__. __ 1'_'_j_2_'_' ___ s_" __ 1 __ 4_'_'_1 Lat. 

O I 

54 00 
1 
2 

3 
4 

54 05 
6 
7 
8 
9 

54 IO 
II 

12 
13 
14 

54 15 
16 
17 
18 
19 

54 20 
21 

'8. " 36. 43 54. 65 -::-::1 . .,. 30 = •45· 7] 1.,,. 94 ,.,,. 0 "''· 9 3078. 9 437•. 9 -54-6-4.-8-4 
.21 .42 .63 .83 .04! .25 .46, .67 .88 2.5 5.0 7.61 70.1 2.7 
, 20 . 40 . 61 . 81 I. 01 ! . 21 . 41 . 61 . 81 2. l 4· Z 6. 3 68. 4 fo. 5 
.19 ·39 .58 .78 0.97 I .17 .36 .55 .75 r.7 3·3 5.0 6.6 58.3 
. 19 , 37 . 56 . 75 . 94 . 12 . JI . 50 . 68 I. 2 2. 5 3· 7 4; 9 6. I 

18. 18 36. 36 54- 54 72. 72 90. 90 109. 08 127. 25 145· 44 163. 61 10<)0. 8 2181. 6 3272. 3 4363. I 5453· 9 
.17 .34 .52 .69 .86 9.03 .20 .38 .55 90.3 8o.7 71.0 61.4 51.7 

.16 .32 .47 .63, .79 ·95 .IO .26 .42 9·5 9.0 8.4 7·9 7.4 

.16 .33 .50 .66 .83 8.99 .15 .32 .48 89.9 79.8 69.7

1 

59.6 49.5 

.15 .30 .45 .6o .76 .90 .05 .20 .35 9.0 8.1 7.1 6.1 5.2 

' 18. 14 36. 29 54. 43 72. 57 90. 72 108. 86 127. 00 145· 15 163. 29 1o88. 6 2177- 2 3265. 8 4354. 4 5443. 0 
. 14 . 27 . 41 . 54 . 68 ! . 82 6. 95 . 09 . 22 8. 2 6. 3 4. 5 2. 6 40. 8 
.13 .26 .39 .51 .65' .77 .90 5.03 .16 7.7 5.4 3.2 50.9 38.6 

. 36 . 49 . 61 ' . 73 · 85 4· 97 . 09 7. 3 4· 6 I. 8 49· I 6. 4 . 12 
. II 

18. IO 

• IO 

:~I 
. oS : 

I 

. 24 

. 23 

36.21 
. 20 
. 18 
. 17 
. 16 

. 06 . 13 

.34 .46 .57 .68 .So .91 3.03 6.8 3.7 60.5 7.4 4.2 

54. 32 12. 43 90. 54 108. 64 126. 14 144. 85 162. 96 1086. 4 I 2112. s 3259. 2 4345. 6 5432. o 
. 30 . 40 . 50 . 60 . 69 . So . 89 6. o 1. 9 7 · 9 3· 9 I 29. 8 
.28 .37 .46 .55 .64 .74 .83 5.5 1.0 6.6 2.1 7.7 
.25 .34 .42 .51 .59 .68 .76 5.1 70.2 5·3 40.4 5·5 
.23 .31 .39 .47 .54 .62 .70 4.7 69.3 4.0 38.6 3.3 

72. 28 go. 35 108. 42 126. 49 144. 56 162. 63 1084. 2 2168. 4 3252. 7 4336. 9 
.25 .31 .38 .44 .50 .56 3.8 7.5 1.3 5.1 

5421. I 18. 071
1 

36. 14 

22 , o6 , II 

54.21 
. 19 
. 17 
. 14 
. 12 

. 22 . 28 . 33 . 39 . 45 . 50 3· 3 6. 7 50. 0 3. 4 
18.9 
6.7 
4.5 
2.3 

23 
24 

54 25 
26 
27 
28 

54 3° 
31 
32 
33 
34 

54 35 
36 
37 
38 
39 

54 40 
41 
42 
43 
44 

54 45 
46 
47 
48 
49 

54 50 
51 
52 
53 
54 

54 55 
56 
57 
58 
59 

54 60 

. 05 . IO 

.04 .08 

18. 03 36. 07 
.03 .05 
.oz .04 
.01 .02 
.00 6.01 

18. 00 

7.99 
.98 
.98 
. 97 

17.96 
·95 
. 95 
·94 
. 93 

35.99 
. 98 
. 96 
. 95 
. 94 

35.92 
. 91 
. 89 
. 88 
. 86 

17. 92 35. 85 
. 92 . 83 
. 91 . 82 
.go .So 
. 89 . 79 

17. 89 35. 77 
. 88 . 76 
. 87 . 74 
.86 . 73 
. 86 . 72 

17,85 35.70 
. 84 . 69 
. 84 . 67 
. 83 . 66 
. 82 I .64 

17. 81 35· 63 
. 81 . 61 
. 8o .6o 
. 79 . 58 
. 78 . 57 

17. 78 . 35. 55 
I 

54· IO 
.08 
.o6 
.03 

4.01 

53.99 
. 97 
. 95 
. 92 
. go 

53.88 
. 86 
. 84 
. 81 
.79 

53.77 
. 75 
.73 
.70 
. 68 

53.66 
.64 
.62 
.59 
. 57 

53.55 
.53 
. 51 
.48 
,46 

53.44 
.42 
.40 
· 37 I 
· 35 I 

sJ. 33 I 

. 19 . 24 . 29 . 34 . 39 . 43 2. 9 5. 8 48. 7 31. 6 

.16 .21 .25 .29 ·33 .37 2.5 4.9 7.4 29.8 

72. 13 90· 17 108. 20 126. 23 144. 27 162. JO 1082. 0 2164. 0 3246. I 4328. I 
. IO . 13 . 16 . 18 . 21 . 23 I. 6 3· I 4. 8 6. 3 
.08 .IO .II .13 .15 .17 I.I 2.3 3·4 4.6 
. 05 , o6 . 07 . 08 . 09 . IO 0. 7 I. 4 2. I 2. 8 

2. 02 90. 03 8. 03 6. 03 4. 04 2. 04 80. 3 6o. 6 40. 8 21. I 

71. 99 
. 96 
. 93 
.go 
. 87 

71. 84 
. 81 
.78 
. 75 
. 73 

71. 70 
. 67 
. 64 
. 61 
.58 

71.55 
.52 
.49 
.46 
. 43 

71. 40 
. 37 
. 34 
. 31 
. 28 

71.25 
• 22 
. 19 
. 17 
.14 

71. II 

89.99 107.98 125.98 143.98 161.97 1079.8 
. 95 . 94 . 93 . 92 . 91 9. 4 
. 91 . 89 . 88 . 86 . 84 8. 9 
. 88 . 85 . 83 . 80 . 78 8. 5 
. 84 . Sr . 78 . 74 . 71 8. 1 

89. So 107. 76 12j. 72 143. 68 r6r. 65 ion. 6 
.77 .72 .67 .63 .58 7.2 
.73 .67 .62 .57 .51 6.7 
.69 .63 .57 .51 .45 6.3 
. 66 . 59 . 52 . 45 . 38 5· 9 

Sg. 62 107. 54 
. 58 . 50 
. 54 .45 
. 51 .41 
. 47 . 37 

89. 43 107. 32 
. 40 . 28 
. 36 . 23 
. 32 . 19 
. 29 . 15 

89. 25 I07. IO 
.21 .o6 
.IS 7.01 
. 14 6. 97 
·IO ·93 

89. 07 100. 88 
9. 03 . 84 
8. 99 . 79 
. 95 . 75 

ss: §~ / 100: ~ 

125.47 
. 4-2 
. 36 
. 31 
. 26 

125. 21 
. 16 
. II 

.05 
5.00 

143·39 
. 33 
. 27 
. 21 
. 16 

143. IO 
3.04 
2.98 
. 92 
. 86 

124. 95 142. So 
·90 . 74 
. 85 . 69 
.So .63 
. 75 . 57 

124. 69 II 142. 51 
. 64 . 45 
. 59 i . 39 
. 54 ' . 33 
·49 ! . 27 

124. 44 : 142. 21 

I 

161. 32 
. 25 
.18 
. I2 

1.05 

16o.99 
. 92 
. 85 
.78 
• 7'2 

16o.65 
.58 
.52 
·45 
. 39 

16o. 32 
• 25 
. 19 
• 12 

6o.o6 
159. 99 

1075.4 
5.0 
4.5 
4. l 
3.7 

1073.2 
2.8 
2.3 
I. 9 
I. 5 

1071. 0 
o.6 

70. I 
6g.7 
9·3 

1o68.8 
8 .. 4 
7.9 

~:~I 1066.6 

2159.7 
8.8 
7.9 
7.0 
6.2 

21 55·3 
4.4 
3.5 
2.6 
I. 8 

2150.9 
50.0 
49· I 
8.2 
7.4 

2146.5 
5.6 
4. 7 
3.8 
2.9 

2142.0 
I. I 

40.3 
39.4 
8.5 

2137.6 
6.7 
5.8 
5.0 
4. I 

2133.2 

3239.5 
8.2 
6.8 
5.5 
4.2 

3232.9 
I. 6 

30.2 
28.9 
7.6 

3226.3 
5.0 
3.6 
2.3 

21.0 

3219.7 
8.4 
7.0 
5.7 
4.4 

3213. I 
I. 7 

10.4 
09. I 
7.8 

32o6.4 
5· I 
3.8 
2.5 

201. I 
3199.8 

4319.3 
7.6 
5.8 
4.0 
2.3 

4310· 5 
08.8 
7.0 
5.2 

• 3.5 

4301. 7 
300.0 
298.2 

6.4 
4. 7 

4292.9 
91. I 
Sg.4 
7.6 
5.9 

4284. I I 
2. 3 ! 

8o.6 I 
78.8 
7.0 

4275.3 
3.5 
I. 7 

70.0 

68.21 
4266.4 

5410.1 
07.9 
5.7 
3.5 

401. 3 

5399.1 
6.9 
4. 7 
2.5 

90·3 
5388.1 

5.9 
3.7 

81. 5 
79.4 

5377.2 
4.9 
2.7 

70.5 
68.3 

5366.1 
. 3·9 

61. 7 
59. 5 
7.3 

5355· 1 

2.9 
50.7 
48.5 
6.3 

5344· l 
41.9 
39.7 
7.4 
5.2 

5333.0 



 

UNITED STATES COAST AND GEODETIC SURVEY. 251 

I 
Latitude 54° to 55°-Mcridional arcs, Latitude 54 °-Co-ordinate;; of curvature. I 

I 
Lat. 

Sums of seconds for middle II ! 
Value of 1" Value of 11 Sums of minutes for middle 

Longitude. ~ y I latitude. ii latitude. 
1: I 

11 

I 
I 

I 
I I 0 I llfeters. II llfeters. 11-feters. I ,Veters. 0 I illeters. llfeten I 54 00 30.918 1855. IO 

I 8 I 30.92 , II I I 855. I 0 I I 093. 0 0. I . 
6r. 84 2 185. 9 2 9 2 . II 2 3 710. 2 2 0.5 

3 9 3 92.76 . 12 3 5 565. 3 3 3 278. 9 I. 2 
4 9 4 123.68 . 12 4 7 420. 4 4 4 371. 9 2. I 

54 05 30.919 5 154. 6o 1855. 13 5 9 275. 6 0 5 5 464. 8 3.2 6 9 6 185.53 
I 

. 13 6 II 130. 7 6 6 557. 8 4.6 
7 9 7 216. 45 .14 7 12 985.8 7 7 650. 8 6.3 
8 9 8 247. 37 I .14 8 14 841. 0 8 8 743. 7 8.2 
9 9 9 278.29 I . 15 9 16 696. I 9 9 836. 7 10.4 

54 IO 30.919 IO 309.21 1855. 15 IO 18 551. 2 0 10 10 929. 7 12.9 
II 9 I 340. 13 . 16 I 20 406. 4 15 16 394. 5 28.9 12 9 2 371. 05 • 16 2 22 261. 6 20 21 859. 3 51.4 
13 19 3 401. 97 

I 

• 17 3 24 116. 7 25 27 324. 0 80.4 
14 20 4 432.89 . 17 4 25 971.9 30 32 788. 8 115.7 

54 15 30.920 15 463.81 1855. 18 15 27 827. I 0 35 38 25J. 4 157.5 16 0 6 494. 74 

1J 

.18 6 29 682. 3 40 43718.0 205.8 
17 0 7 525.66 .19 7 31537.4 45 49 182. 6 26o.4 
18 0 8 556.58 .19 8 33 392· 6 50 54 647. I 32 1. 5 
19 0 9 587.50 . 20 9 35 247. 8 55 6o III. 5 389.0 

54 20 30.920 20 618.42 1855. 21 20 37 103.0 I 00 65 575. 9 463.0 21 0 I 649.34 . 21 I 38 958. 2 05 71 040. l 543- 4 22 0 2 680.26 . 22 2 '40 813. 5 10 76 504. 3 630.2 
23 0 3 711.18 . ~2 3 42 668. 7 15 Sr 968. 3 723·4 
24 0 4 742. IO . 23 4 44 523. 9 20 87 432. 3 823. I 

54 25 30.921 25 773. 02 1855.23 25 46 379· I l 25 92 896. I 929. I 
26 l 6 803.94 . 24 6 48 234. 4 30 98 359. 8 l 041. 7 
27 I 7 834.87 . 24 7 50 089. 6 35 103 823. 3 I 16o. 6 
28 l 8 865. 79 . 25 8 51 944.8 40 109 286. i I 286.0 
29 l 9 896.71 . 25 9 53 800. I 45 114 750. 0 l 417. 8 

i 
54 30 30.921 30 927.63 ' 1855.26 30 55 655, 3 I 556. O i I 50 120 213. I 

31 I I 958.55 I : 26 I 57510.6 55 125 676. 0 I 700. 7 
32 I 2 989.47 . 27 2 59 365, 9 2 00 131 139 I 852 
33 I 3 I 020. 39 . 27 3 61 221. 2 3 00 196 675 4 166 
34 I 4 I 051.31 . 28 4 63 076. 4 4 00 262 173 7 406 

54 35 30.921 35 I o82. 23 1855. 28 
35 '• 

64 931. 7 5 00 327 618 I I 570 
36 l 6 I IIJ. 15 . 29 6 66 787. 0 6 00 392 998 16 657 
37 2 7 I 144. 08 . 29 7 68 642. 3 7 00 458 300 22 668 
38 2 8 I 175.00 .30 8 70 497. 6 8 00 523 510 29 599 
39 2 9 I 205. 92 .30 9 72 352. 9 9 00 588 616 37 451 

. 54 40 30.922 40 I 236. 84 1855.31 40 74 208. 2 to 00 653 6o4 46 221 
41 2 I l 267. 76 . 31 I 76 063. 5 II 00 718 462 55 908 
42 2 2 I 298. 68 .32 2 77 918. 8 12 00 783 Iij 66 510 
43 2 3 I 329. 6o .32 3 79 774. I 13 00 847 736 78 024 
44 2 4 I 36o. 52 .33 4 81 629. 5 14 00 912 125 C)O 449 

54 45 30. 922 45 I 391. 44 1855.34 45 83 484. 8 15 00 976 333 103 782 
46 2 6 I 422. 36 .34 6 85 340. I 16 00 I 040 347 118 020 
47 2 7 I 453· 28 . 35 7 87 195. 5 1'1 00 I 104 152 133 161 
48 3 8 I 484. 21 . 35 8 89 050. 8 18 00 I 167 738 149 200 
49 3 9 I 515. 13 .36 9 go go6.2 19 00 I 231 ogr 166 136 

54 50 30.923 50 I 546. 05 1855.36 50 92 761. 5 20 00 1 294 198 183 965 
51 3 I I 576. 97 ,37 I 94 616. 9 21 00 l 357 048 202 683 
52 3 2 I 6o7. 8g . 37 2 96 472. 3 22 00 I 419 627 222 287 
53 3 3 I 638. 81 . 38 3 98 327. 6 23 00 l 481 922 242 772 
54 3 4 I 66g. 73 . 38 4 IOO 183. 0 24 00 I 543 923 264 135 

54 55 30.923 55 I 700. 65 1855.39 55 102 038. 4 z5 00 I 6o5 615 286 371 
56 3 6 I 731. 57 .39 6 103 893. 8 26 00 I 666 988 309 476 
57 3 7 I 762.49 .40 7 105 749. 2 z7 00 I 728 028 333 445 
58 3 8 I 793· 42 .40 8 107 6o4. 6 28 00 I 788 723 358 274 
;g 3 ~ I 824. 34 .41 9 109 46o.o 29 00 I 849 062 383 957 

54 6o 3o.924 I 855. 26 1855. 41 6o III 315.4 30 00 I 909 033 410 490 



 

252 UNITED STATES COAST AND GEODETIC SURVEY. 

Latitude 55° to 56°-Arcs of the pardllel in meters. 

Lat. 2' 3' {' ii' 
1" I 2" i 3" r :~II~ I 5" 6" /

1 

7" ! 8" i.

1 

9" ., ! 
I I I ! i ! 

1--,,-,-t---- '--;--- ---:--- ---1---1---1----1----1---- , ____ ----

55 00 17. 78 35· 55 . 53· 33 7r. I l 88. 88 . 1o6. 66 124- 4411 142. 21 II 159· 99 lo66. 6 2133. 2 3199. 8 4266. 4 
I . 77 . 54 . 31 . 08 . 84 . 62 . 39 . 16 . 92 6. 2 2. 3 8. 5 4· i 
2 . 76 . 52 . 29 . 05 . 81 • 57 . 341 . IO I . 86 5. 7 I. 4 7. 2 2. 9 

5333· 0 
30.8 
28.6 
6.4 
4.2 

3 . 75 . 5 l • 26 I. 02 . 77 . 53 . 28 2. 04 I . 79 5. 3 ! 30. 6 5. 8 61. I 

4 ·75 ·49 ·24 0.99 .74 .48 .23 I r.98 \ • 73 4.81 29.7 4·5 59·3 

:t5 °5 
6 
7 
8 
9 

55 IO 
II 
12 

13 
14 

. 55 15 
16 
17 
18 
19 

55 20 
21 

22 

23 
24 

.ss 25 
26 
27 
28 
29 

55 30 
31 
32 
33 
34 

55 35 
36 
37 
38 
39 

SS 40 
41 
42 
43 
44 

55 45 
46 
47 
48 
49 

55 50 
51 
52 
53 

I 54 

I 55 55 
56 
57 
58 
59 

55 6o 

11. 14 35. 48 53. 22 10. 96 ss. 10 1o6. 44 124. 18 I 14r. 92 I 159· 66 1064. 4 . 2128. 8 3193. 2 4257. 6 
. 73 . 47 . 20 . 93 . 66 . 40 . 13 I . 86 i . 59 4. o i 7. 9 1. 9 5. 8 

5322.0 
19.8 

7. 5 
5. 3 
3· l 

. 72 . 45 . 18 . 90 . 63 . 35 . o8 · . 8o I . 53 3. 5 ! 7. o 90. s 4· o 
· 72 · 44 · 15 . 87 · 59 . 31 4· 02 · 74 · 46 J. I 6. 2 89. 2 I 2. J 
.71 .42 .13' .84 .56 .26 3.97 .68 ! .40 2.6 5.3. 7.9. 50.5 ! 

I i ! 
17.70 

.70 

.6g 

.68 

. 67 

17.67 
.66 
. 65 
.64 
.64 

17.63 
.62 
. 61 
. 61 
.c. 

li-59 
.58 
. 58 
. 57 
.56 

17- 56 
.55 
.54 
.54 
. 53 

17.52 
. 51 
. 50 
.50 
.49 

17.48 
.47 
. 47 
.46 
. 45 

17. 44 
.44 
. 43 
. 42 
. 41 

17.41 
.40 
. 39 
.38 
. 38 

17. 37 
.36 
. 35 
. 35 
·34 

17.33 

35· 41 53· II 
. 39 ' .09 
. 38 . .07 
. 36 .04 
. 35 . 02 

35·33 
.32 
.30 
.29 
. 27 

35.26 
.24 
. 23 
. 21 
.20 

35. 18 
. 17 
. 15 
.14 
. 12 

35· II 
• IO 

.o8 

.07 

.05 

35.04 
.02 

5. OI 

4.99 
.98 

53.00 
2.98 
. 95 
. 93 
. 91 

52. 89 
. 87 
.84 
. 82 
. 8o 

52. 78 
. 75 
. 73 
. 71 
. 69 

52. 67 
.64 
. 62 
.6o 
.58 

52.55 
. 53 
. 5 I 
·49 
. 46 

34. 96 52. 44 
. 95 . 42 
.93 . 40 
. 92 . 38 
• C}O 35 

34· 89 52. 33 
• 87 , . JI 
. 86; . 29 
.84 .26 
. 83 . 24 

34· 81 52. 22 
.So I . 20 
. 78 . 18 
. 77 . 15 
. 75 . 13 

34· 74 52. II 
. 72 . og 
. 71 . o6 
.691 .04 
.68 .02 

34- 66 I s2. oo 

70.81 
.78 
. 75 
. 72 
.69 

70.66 
. 63 
.6o 
. 58 
. 55 

70.52 
·49 
.46 
·43 
.40 

70.37 
. 34 
. 31 
. 28 
. 25 

70.22 
. 19 
.16 
. 13 
• 10 

70.07 
.041 

70.01 
69.98 

. 95 

69-92 

. 89 

. 86 

. 83 

. 8o 

fut. 771 
.74 
. 71 
. 6g 
. 66 

6g.63 
.6o 
.57 
.54 
. 51 : 

6g.48 i 
-4li ! 

.42 

. 39 

. 36 i 
6g. 33 I 

I 

88.52 
.48 
.45 
.41 
. 37 

88.33 
.30 
.26 
. 22 
. 19 

88. 15 
. II 

.o8 

.04 
8.oo 

87.97 
. 93 
. 89 
. 85 
. 82 

87.78 
.74 
.70 
. 67 
. 63 

87.59 
.55 
. 51 
. 48 
.44 

87.40 
. 36 
. 33 
.29 
. 25 

87.21 
. 18 
. 14 
.IO 
. 07 

87. 03 
6.99 

.96 

. 92 

. 88 

86.85 
. 81 
• 77 
. 73 
. 70 

86.66 

lo6. 22 123. 92 
. 17 . 87 
. 13 . 82 
.08 . 76 
. o4 I . 71 

I06. 00 123. 66 
5. 95 . 61 
. 91 . 56 
. 86 . 50 
. 82 . 45 

105. 77 
. 73 
. 69 
. 64 
. 6o 

105. 55 
.51 
.46 
. 42 
.37 

105.33 
. 29 
. 24 
. 20 
. 15 

105. II 
.o6 

5.02 

4.97 
. 93 

104· 89 
.84 
.So 
. 75 
. 71 

104.66 
.62 
. 57 
. 53 
.48 

104.44 
. 39 
·35 
.30 
.26 

123.40 
. 35 
. 30 
. 25 
. 20 

123- 14 
. 09 

3· 04 
2.99 
. 94 

122.37 
.32 
. 27 
. 21 
. 16 

122. II 

.o6 
2.01 

I. 95 
. 90 

121.85 
.So 
. 74 
. 69 
.64 

104. 22 121. 58 
. 17 . 53 
. 13 .48 
.08 ·43 

103. 99 121. 32 
4.041 . 37 

i 
i4r. 62 I 159. 33 

. 56 I . 26 

. 51 i . 20 

. 45 : . 13 

. 39 I . o6 

141. 33 ! 159. 00 
. 27 8. 93 
. 21 . 86 
. 15 . 79 
.09 . 73 

141. 03 
o.97 
.91 
. 85 
.So 

140.74 
. 68 
. 62 
.56 
.50 

140.44 
. 38 
. 32 
. 26 
.20 

140. 14 
. 08 

40.02 
39.97 

. 91 

139· 85 
.79 
. 73 
. 67 
. 61 

139.55 
.49 
.43 
. 37 
. 31 

139.25 
.19 
. 13 
. 07 

9.01 

138.95 
. 89 
. 83 
. 77 
.72 

l3S.66 

158. 66 
.59 
.53 
.46 
.40 

158.33 
.26 
.20 
. 13 
.06 

158. 00 

7.93 
. 86 
.So 
. 73 

157.66 
.6o 
·53 
.46 
.40 

157·33 
. 26 
.20 
. 13 
.o6 

157. 00 
6.93 
. 86 
. 79 
. 73 

156.66 
.59 
. 53 
.46 
. 39 

156.33 
. 26 
.19 
.u 

6. 06 
155.99 

1002. 2 ! 2124. 4 3186. 5 I 

1.7 3.5 5.2 
I. 3 2 · 6 3· 9 
0. 8 I l. 7 2. 5 I 

0. 4 !. 20. 8 81. 2 

I06o. 0 2119. 9 3179. 9 
59. 5 9· 0 8. 6 
9. I 8. I , 7. 2 
8.6 7.3 i 5·9 
8. 2 6. 4 i 4. 6 

!057. 7 
7. 3 
6.9 
6.4 
6.o 

1055·5 
5. I 

4.6 
4.2 
3.7 

1053.3 
2.9 
2.4 
2.0 

I. 5 

105 I. I 
o.6 

50.2 

49.7 
9·3 

1048.9 
8.4 
8.o 
7.5 
7· I 

1046. 6 
6.2 
5.7 
5.3 
4.8 

1044.4 
3.9 
3· 5 
3.0 
2.6 

104-2. 2 
I. 7 
I. 3 
o.8 

40.4 
1039.9 

2115. 5 
4.6 
3.7 
2.8 
I. 9 

:2111.0 
10. I 

09. 21 8.4 
7.5 

21o6.6 
5· 7 
4.8 
3·9 
3.0 

2102.1 
I. 2 

100.3 

099.5 
8.6 

2097.7 
6.8 
5.9 
5.0 
4• I 

2093.2 
2.3 
I. 4 

90.6 
89.7 

2088.8 
7.9 
7.0 
6. I 

5.2 
2084.3 

3·4 
2.5 
1.6 

&q 
2079.8 

3173.2 
I. 9 

70.6 
69.2 
7.9 

3166.6 
5.2 
3.9 
2.6 

61. 2 

3159.9 
8.6 
7.2 
5.9 
4.6 

3153· 2 

I. 9 
50.6 
49.2 

7.9 

3146.6 
5.2 
3·9 
2.5 

41. 2 

3139.9 
8.5 
7.2 
5.8 
4· 5 

3133.2 
I. 8 

30.5 
29.1 
7.8 

3126. 5 
5, I 
3.8 
2.4 

21. I 
3119.8 

4248.7 i 5310.9 
6. 9 ! 08. 7 
5. 2 ' 6. 5 
3.4 4. 2 

I. 6 302. 0 

4239.8 
8. l . 

6.3 
4.5 
2.8 

4231. 0 
29.2 
7.4 
5.6 
3.9 

4222. I 

20.3 
18. 5 
6.8 
5.0 

4213.2 
II. 4 
09.6 
7.9 
6. I 

4204.3 
2.5 

200. 7 
199.0 

7. 2 

4195.4 
3.6 
I. 8 

90.0 
88.3 

4186. 5 
4. 7 
2.9 

81. I 
79.3 

4177- 6 
5.8 
4.0 
2.2 

70.4 
4168. 6 

6.8 
5.0 
3.2 

61. 5 
4159. 7 

5299.8 
7· 6 
5. 4 
3.2 

90.9 

5288.7 
6.5 
4.3 

82. 1 

79· 8 
5277.6 

5.4 
3.2 

70.9 
68.7 

5266.5 
4.3 

62. I 

59· 8 
7.6 

5255. 4 
3· I 

50.9 
48.7 
6.5 

5244· 3 
42.0 
39.8 
7.6 
5.3 

5233.I 
30.9 
28.6 
6.4 
4· 2 

5221. 9 
19.7 
7.5 
5.2 
3.0 

5210. 8 
08.5 
6. 3 
41 

201.8 

5199.6 



 

UNITED STATES OOAS'l' AND GEODETIC SURVEY. 253 

Latitude 55° to 56°-Meridional arcs. Latitude 55°-Co-ordinates of curvature. 

Lat. 
Sums of seconds for middle' I I I 

Sums of minutes for middle I 

Value of 11/ Value of 11 Longitude. x ! y 
latitude. laritude. i 

I 0 I Meters. II Meters. Meters. f Meters. 0 I ll:feters. Meters. 

SS 00 3o.924 1855. 41 

I 
l 4 I 30.93 .42 I I 855. 4 0 I I o66. 6 O. I 
2 4 2 61. 85 .42 2 3 710. 8 2 2 133. 2 0. 5 

I 
3 4 3 92.78 .43 

I 
3 5 566. 3 3 3 199· 8 I. I 

4 4 4 123.70 ·43 4 7 421. 7 4 4 266. 4 

I 
2.0 

55 05' 5 154. 63 1855. 44 I 5 9 277. 1 0 5 5 333. 0 30.924 3.2 
6' 4 6 185.56 .44 6 II 132. 6 6 6 399· 6 I 

4.6 
7 4 7 216.48 .45 7 J2 988. 0 7 7 466. 2 I 6.2 
8 4 8 247.41 ·45 8 14 843. 5 8 8 532. 8 8. I 
9 4 9 278.34 .46 9 J6 698. 9 9 9 599. 4 IO. 3 

55 JO 30. 924 IO 309.26 1855.46 IO 18 554. 4 0 JO IO 666. I 12.7 
II 4 I 340.19 .47 I 20 409·9 15 15 999• I 28.6 

I 12 5 2 371. II .47 2 22 265. 3 20 21 332. I 50.8 
13 5 3 402.04 .48 3 24 120. 8 25 26 665. 0 79·4 I 
14 s 4 432.97 .49 4 25 976. 3 30 31 997. 9 I14.4 I 

55 15 30.925 15 463.89 1855.49 15 27 831. 8 0 35 37 330. 8 155.7 
J6 5 6 494.82 .50 6 29 687. 3 40 42 663. 6 203.3 
17 s 7 525.74 .50 7 31 542. 8 45 47 996. 4 257.3 
J8 5 8 556.67 . 51 8 33 398. 3 50 53 329. I 317. 7 
19 5 9 587.6o . 51 9 35 253. 8 55 58 661. 7 384.4 . 

618. 52 1855.52 55 20 30.925 20 20 37 109. 3 I 00 63 994· 2 457.5 
21 5 I 649.45 .52 I 38 964. 8 05 69 326. 7 536.9 
22 5 2 68o.37 .53 2 40 820. 4 IO 74 659. 0 622.7 
23 6 3 711. 30 .53 3 42 675. 9 15 79 991. 3 714 8 
24 6 4 742.23 .54 4 44 531. 4 20 85 323. 4 813.3 

55 25 30.926 25 773. 15 1855.54 25 46 387. 0 I 25 go 655.4 918. I 

26 6 6 8o4.08 . 55 6 48 242. 5 30 95 987. 3 I 029. 3 
27 6 7 835.01 . 55 7 50 098. I 35 IOI 319. 0 I 146. 8 
28 6 8 865.93 .56 8 51 953. 6 40 1o6 650. 6 I 270. 7 
29 6 9 896.86 .56 9 53 809. 2 45 Ill 982. I I 400. 9 

55 30 30.926 30 927.78 1855.57 30 55 664. 7 I 50 n7 313. 3 I 5~7· 5 
31 6 I 958.71 .57 I 57 520. 3 SS 122 644. 5 I 68o. 5 
32 6 2 989.64 .58 2 59 375· 9 2 00 I 27 975 I 830 
33 6 3 I 020. 56 .58 3 61 231. 4 3 00 19r 930 4 II7 
34 6 4 I OSI. 49 .59 4 63 o87. 0 4 00 255 846 7 318 ~ 

55 35 30.927 35 I o82. 41 1855.59 35 64 942. 6 5 00 319 710 II 432 
36 7 6 I u3. 34 .6o 6 , 66 798. 2 6 00 383 508 16 459 . 
37 7 7 I 144. 27 .6o '] 68 653. 8 7 00 447 228 zz 398 
38 7 8 I 175. 19 . 61 8 70 509· 4 8 00 510 856 29 246 
39 7 9 I 206. 12 . 61 9 72 365. 0 9 00 574 38o 37 004 

55 40 3°·927 40 I 237. 04 1855.62 40 74 220. 7 IO 00 637 786 45 670 ! 
41 7 I I 267. 97 .62 I 76 076. 3 JI 00 701 o62 55 24° 
42 7 2 I 298. 90 .63 2 77 931. 9 12 00 764 195 65 715 
43 7 3 I 329. 82 .63 3 79 787. 6 13 00 827 172 7i 091 
44 7 4 I 36o. 75 .64 4 81 643. 2 14 00 889 980 89 366 

55 45 30.927 45 I 391. 68 1855.64 45 83 498. 8 15 00 95 2 6o5 102 538 
46 7 6 I 422. 60 . 65 6 85 354. 5 16 00 I 015 036 II6 604 
47 8 7 I 453· 53 .65 7 87 210. I 17 00 I 077 260 131 561 
48 8 8 I 484. 45 .66 8 89 o65. s 18 00 I 139 263 147 406 • 49 8 9 I 515. 38 .66 9 go 921. 5 19 00 I 201 OJJ 164 135 

55 50 30.928 50 I 546. 31 1855.67 50 92 777· I 20 00 I 262 558 181 747 
51 8 I I 577- 23 .68 I 94 632. 8 21 00 I 323 825 200 236 

52 8 2 I 6o8. 16 .68 2 96 488.4 22 00 1 384 821 219 599 

53 8 3 I 639. 08 .69 3 98 344· I 23 00 [ 445 535 , 239 8'2 

54 8 4 I 670. 01 .6g 4. 100 199. 8 24 00 1 505 952 26o 931 

55 55 30. 928 55 I 700. 94 1855.70 55 102 055. 5 25 00 I 566 063 282 891 

56 8 6 I 7JI. 86 . 70 6 I03 911. 2 26 00 I 625 853 305 709 
57 8 7 I 762. 79 . 71 7 105 766. 9 27 00 [ 685 310 329 379 

58 9 8 I 793· 72 .71 8 107 622. 6 28 00 I 744 423 353 896 

59 9 ~ I 824. 6f • 72 9 109 473. 3 29 00 I 803 179 379 257 I SS 6o 30.929 1855.57 1855.72 6o III 334. 0 30 00 I 861 567 405 454 
! 



 

254 UNITED STATES COAST AND GEODETIC SURVEY. 

Latitude 56° to 57°-Arcs of the parallel in meters. 

LoL ',, ,,, \ ,,, I ,,, \ ,,, : •" I ,,, ,,, I ,,, 
o , 1--------------------: _________ , ___ I I 

56 oo 17. 33 ' 34. 66 52. oo ; 69. 33 86. 66 103. 99 121. 32 i 138. 66 I 155. 99 
I . 32 i . 65 I. 97 : . 30 . 62 ' . 95' . 27 ' .. 60 I . 92 
2 . 32 ! • ti3 . 95 'i . 27 i . )CJ I • 90 . 22 I . 54 . . 86 
3 .31 .62 .93 .24 .. 55, .86 .161 .48 .79 
4 . 30 . 60 I . 91 I . 2I . 51 ' . 81 . I l . 42 . 72 

56 05 17. 29 34· 59 I 51. 88 i 69. I8 86. 48 I 103. 77 121. 06 I 138. 36 I55· 65 
6 . 29 . 57 ' . Sb I . I5 i . 44 . 72 !. 01 I . 30 . 59 
7 . 28 . 56 . 84 . . I2 . 40 . 68 0. 96 . 24 . 52 
8 .27 .54 .82 .oq· .36 .63 .90 .I8 .45 
9 .26 .53 .79 .06 .33 .59 .85 .I2 .38 

56 JO 
II 

12 
13 
14 

56 15 
16 
17 
18 
19 

' 56 20 
21 
22 

23 
24 

56 25 
26 
27 
28 
29 

56 30 
31 
32 
33 
34 

56 35 
36 
37 
38 
39 

56 40 
41 
42 
43 
44 

56 45 
46 
47 
48 

• 49 

56 50 
51 
52 
53 
54 

56 55 
56 
Si 
58 
59 

56 6o 

17.26 
. 25 
. :q 
. 23 
. 23 

17. 22 
. 21 
.20 

. 20 

. I9 

17. IS 
. 17 
. I7 
. 16 
. 15 

17. 14 
. 14 
. I3 
. 12 
. I2 

I 

34.51 
.50 
.48 
.47 
. 45 

34·44 
.43 
.41 
.40 
.38 

34·37 
. 35 
. 34 
. 32 
. 31 

34.29 
. 28 
. 26 
. 25 
. 23 

I7. II i 34- 22 
. IO . 20 
. 09 . 19 
. 09 . 17 
. oS . I6 

17. 07 34. 14 
. 06 ' . 12 

. 05 
1
, • II 

. 05 I , 09 

. 04 . .oS 

51. 77 
. 75 
. 73 
. 70 
. 68 

5 I. 66 ' 
. 64 
. 62 
. 59 
. 57 

5 I. 55 
.53 
.jO 
. 48 
. 46 

51. 43 
. 41 
. 39 
. 37 
. 34 

5 I. 32 

. 30 . 

. 28 ' 

. 25 

. 23 

5 I. 21 
. 19 
. 17 
. 14 
. 12 

17.03 34.06 51.10 
. 02 • 05 . 08 
. 02 : . 03 . 05 
• OJ • 02 i ·OJ ! 

• 00 4. 00 ; I. 01 
' i 

17. oo 33· 99 : 5o. 9S 
6. 99 . 97 i . 96 

. 98 . 96 

1

1 • 94 
. 97 . 94 . ()2 

. 96 , • 93 I . 80 
I i 

16. 96 ! 33· 91 1!· 50. 87 
. 95 , . <)O • 85 I 
. 94 . 88 ' . 83 
. 93 . 871 . So .

1 . 93 . ~5 . 78 ' 

16. 92 33· ~4 I 50. 76 I 
. 91 . i\2 . 74 I 

. 90 . ~I I . 71 I 

. 90 . ;9 . 69 I 

. 89 . 78 . 67 I 
16. 88 ! 33· 76 i 50. 65 II 

i i 

69.03 
9.00 
8.97 
. 94 
. 91 

68.88 
. 85 
. 82 
. 79 : 
. 76 i 

68. 73 : 
. 70 
. 67 
. 64 : 
.61 

68.58 
. 55 
. 52 : 
. 49 : 
. 46 : 

68. 43 . 
. 40 
. 37 
. 34 
. 31 

86. 29 
. 25 i 

. 21 

. 18 

. 14 

86. IO 

.06 i 
6.02 : 

5.99 
. 95 

85. 9I 
. 87 
. 84 
. So 
.76 

85.73 
. 69 
. 65 

: 

. 6r I 

. 58 i 

85. 54 . 
.. 50 i 

.46 

.43 

. 39 

rn3. 54 
.50 
45 

.41 

. 36 

103. 32 
. 27 
. 23 
. 18 
. I4 

103.09 
. 05 

3.00 
2.96 

. 9I 

102.87 
.S2 
. 78 
. 74 
. 69 

102.65 
. 60 
. 55 
.51 
.46 

68. 28 : 85. 35 
. 25 i • 3I 

102.42 
. 37 
. 33 
.28 
. 24 

. 22 :, . 27 

. I9 i . 24 

. 16 I . 20 

68. 13 
• IO 

. 07 

.04 
S.01 

67. 98 . 
. ys I 
. 92 I 
. 89 
• 8(i • 

!Ji. 83 
. 80 
. 7i 
·74 
. 71 

67.68 
. 65 
. 62 
. 59 
.56 

67.53 

. 12 

.09 

.05 
5.01 

84. 98 
. 94 
• <)O 
. 86 
. 83 

102. 19 
. 15 
• IO 
.06 

2. 01 

IOI. 97 
. 92 
. 88 
. 83 
.79 

84. 79 IOI. 74 
. 75 . 70 
. 71 . 65 
. 68 . 6I 
. 64 . 56 

84. 6o IOI. 52 
.56 .47 
.52 ·43 
.49 . 38 
·45 . 34 

84. 41 I IOI. 29 

' 

120.80 
. 75 
.70 
. 64 
.59 

I20. 54 
. 49 
·44 

. ~~ I 
•.).) 

I20.28 
. 23 
. 17 
. 12 
. 01 I 

I20. 01 I 
19. 96 I 

. 91 

. 86 

. So 

119. 75 
.70 
. 65 
. 59 
. 54 

119.49 
·44 
. 39 
. 33 
. 28 

119. 23 
. 18 
. I2 
. 07 

9.02 

ll8. 96 
. 91 
. 86 
. SI 
. 75 

138.06 
8.oo 
7. 94 

. 88 

. 82 

I37·76 
.70 
.64 
.58 
. 52 

137. 46 
.40 
.34 
. 28 
. 22 

I37· I6 
. IO 

7.04 
6.98 

. 92 

136.86 
. So 
.74 
. 68 
.62 

136. 56 
.50 
.44 
. 38 
. 32 

136.26 
.20 

. I4 

.08 
6.02 

I35·96 
.90 
. 84 
. 78 
.72 

ll8. 70 I 35· 66 
. 65 . 6o 
. 59 . 54 
. 54 . 48 
.49 .42 

I 18. 43 135· 36 
. 38 . 30 
. 33 . 24 
. 28 . 17 
• 22 I . I I 

!18. 17 I 135. os 

155.32 
. 25 
. 18 
. II 

5.05 

154.98 
. 91 
. 84 
.78 
. jI 

I54.64 
.57 
. 5I 
.44 
. 37 

154.3I 
. 24 
. 17 
. IO 

4.04 

153.97 
.90 
. 83 
. 77 
.70 

153.63 
.56 
.49 
·43 
.36 

153.29 
.22 

. 15 
·09 

3.02 

I52. 95 
.88 
.82 
. 75 
.68 

152.61 
.54 
.48 
• 41 
.34 

lSZ· 27 
. 21 
.14 
.07 

2. 01 
151. 94 

1' 
I 

21 

I 
i 

1039. 9 I 2079. 81 
9· 5 8. 91 
9.0 8.o 
8. 6 7. 2 
8. I 6. 3 

1037. 7 2075. 4 
7. 2 4. 5 
6. 8 3. 6 
6. 3 2. 7 
5. 9 I. 8 

1035.4 
5.0 
4.5 
4· I 

3.6 

1033.2 
2.7 
2.3 
I. 8 
1.41 

1030.9 
0.5 

30.0 
29.6 

9· I 

1028.7 
8.2 
7. 8 
7.4 
6.9 

1026.5 
6.o 
5.5 
5. I 

4.6 

1024.2 

3·7 
3.3 
2.8 
2. 4 

102!. 9 
I. 5 
I.O 
o.6 

20. I 

!019.7 
9.2 8.8 
8.3 
7.9 

1017. 4 
7.0 
6.5 
6. I 

5. 6 

1015. 2 

4.7 
4.3 
3.8 
3·4 

1012. 9 

2070. 9' I 
70.0 
69. l 
8.2 
7. 3 

2o66.4 
5.5 
4.6 
3.7 
2.8 

2o61. 9 
I. 0 

60. I 

59.2 
S.3 

2057.4 
6.5 
5. 6 
4.7 
3.8 

2052. 9 
2.0 
I. I 

50.2 

49·3 
2048.4 

7. 5 
6.6 
5· 7 
4.8 

2043.9 
3.0 
2. I 
I. 2 ~ 

40.3 

2039.4 
8.5 
7.6 
6.7 
5.8 

2034.9 
4.0 
3. I 
2, I 

I. 2 

2030.3 
29.4 

8. 5 
7.6 
6.7 

2025.8 

,, I ,, 

I 

! 

3n9. 8 i 
8.4 
7. I 

5.7 
4.4 

4159.7 
7.9 
6. I 

4.3 
2.5 

3n3. o 1 4I50. 7 
I. 7 48. 9 

10. 3 7 · I 
09.0 5· 3 

7. 7 3. 5 

3106. 3 
5· o I 

3· 6 I 2.3 
100. 9 I 

3099.6 
8. 2, 

6.9 
5. 5 
4.2 

3092.S 
I. 5 

90. I 
88.8 

7. 4 

3086. I 

4.7 
3.4 
2. I 

80.7 

3°79·4 
8.o 

1 

6.6 
5.3 
3·9 

3072.6 
71. 2 

69.9 
8. 5 
7.2 

3o65.8 
4· 5 
3· I 
!. s 

6o.4 

3059. 1 I 
7. 7 
6.4 
5.0 
3.6 

3052.3 
50.9 
49.6 
8.2 
6.9 

3045.5 
4· I 
2.8 
l.4 

40. I I 
3038.7 

4I4I.7 
40.0 
38.2 
6.4 
4.6 

4132.8 
31. 0 
29.2 
7.4 
5· 6 ! 

4123. 8 ' 
2.0 

20. 2 : 

1S. 4 • 
6.6 

41I4. 8 
3.0 

I I. 2 

o9.4 I 

7. 6 I 

4105. 8 
4.0 
2.2 

I00.4 
09S.6 

4096.8 
5.0 
3.2 

91. 4 
89.6 

4o87.8 
6.o 
4.2 
2.4 

8o.6 

4078.7 
6.9 
5. I 

3.3 
71. 5 

4o69. 7 
7.9 
6. I 

4.3 
2.5 

406o.7 
58.9 

7. I 

5.2 
3.4 

405r. 6 

51 

5199:6 
7.3 
5. I 

2.9 
90.6 

5188.4 
6. I 

3.9 
·81. 7 
79.4 

5177.2 
4.9 
2.7 

70.4 
68. 2 

5166.0 
3. 7 

61. 5 
59.2 

7. 0 

5I54·7 
2.5 

50. 2 

48.0 
5. 7 

5143.5 
41. 2 

39.0 
6.8 
4.5 

SI32 ·3 
30.0 
27.7 
5.5 
3.2 

5121. 0 

18. 7 
6.5 
4.2 

12.0 

5109. 7 
7.5 
5.2 
2.9 

100. 7 
5098.4 

6.2 
3.9 

91. 7 
89.4 

5087.2 
4.9 
2.6 

80.4 
78. I 

5075. 8 
J. 6 

71. 3 
69. I 
6.8 

5o64. s 
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--------

I Latitude 56° to 57°-\!eridional arcs. Latitude 56°-Co-orclinates of curvature. 

I - -- - ---

] Lat. . : 

I 
i I Yalueof 1' 

Sums of seconds for middle 11 Yalueof 11 Sums of minutes for middle Longitude. x y 
latitude. " latitude. 

I 

I 
I: 
----···· 

0 I Jieters. i II fileters. :1 J)fefrrs. ' I Jleters. 0 f I Jlfeters. Jlfeters. 
I "56 00 

11 
1855.72 I I 30.929 !i I 

I 

I I 
I 9 I 3o.93 :1 . 73 I I 855. 7 0 I I 039. 9 0. I 

2 9 2 61. 86 

I 

. 73 2 3 71 I. 5 2 2 079. 8 0.5 

I 
3 9 3 92· 79 -74 3 5 567. 2 3 I 3 II9. 8 I. I 
4 9 + 123. 72 .74 4 7 422. 9 4 4 159. 7 2.0 

I 56 05 30.929 5 154.66 1855.75 5 9 278. 7 0 5 5 199. 6 J. I I 6 9 6 185.59 ! . 75 6 II 134. 4 6 6 2 39- 5 4.5 
7 

I 216.52 

II 
.76 7 G. I 9 7 12 990. 2 7 7 279. 4 

8 9 8 247.45 . 76 8 14 845. 9 8 8 319. 3 8.o 
09 29 9 278.38 I! . 77 9 16 701. 7 9 9 359· 2 10.2 

ii 

' 56 IO 30.930 IO 309.31 II 1855. 77 IO 18557.5 0 IO IO 399· 2 12.5 
" i II 0 I 340. 24 
L .78 I 20 413. 2 15 15 598. 7 28.2 

' 
j: 

12 0 2 371. 17 

II 

.78 2 22 269. 0 20 20 798. 3 50.2 
i 13 0 3 402. II .79 3 24124.8 25 25 997.8 78.4 

! 14 0 4 433.04 . 79 4 25 980. 6 30 31197.3 112.9 
I 

56 15 15 463.97 
lj 

1855. 80 15 27 836. 4 0 35 36 396. 7 153. 6 30.930 
16 0 6 494.90 . 80 6 ;:9 692. 2 40 41 596. 0 200.6 

17 0 7 525. 83 
I: 

. 8I 7 3I 548. 0 45 

I 
46 795. 4 253.9 

18 0 8 556.76 • 81 8 33 403. 8 50 51 994· 6 313.5 
I 19 0 9 587. 69 . 82 9 35 259. 6 55 57 193. 8 379.3 ; 

i 
618.62 1855.82 56 20 30.930 20 20 37 n5. 4 l 00 62 392. 9 451. 4 

21 0 I 649.56 . 83 I ,38971.3 05 67 591. 9 529.8 
22 I 2 680.49 . 83 2 40827.1 IO 72 790. 8 614,4 
23 I 3 711. 42 ,I .84 3 42 682. 9 I~ 77 989. 6 7o5.3 
24 I 4 742.35 II 

. 84 4 44 538. 8 20 83 188. 2 8o2.5 

56 25 3o.931 25 7i3· 28 

ii 

1855.85 25 46 394· 6 I 25 88 386. 8 905.9 
26 I 6 804. 21 . 85 6 48 250. 5 30 93 585. 2 I 015. 6 
27 I 7 835. 14 . 86 7 50 106. 3 35 98 783. 5 I IJI. 6 . 
28 I 8 866.07 .86 8 51 962. 2 40 I03 981. 7 I 253. 8 
29 I 9 897.01 

11 
. 87 9 53 818. 0 45 ID9 179. 7 I 382. 4 

56 30 3o.931 30 927.94 11 I855. 87 30 55 67J. 9 I 50 114 377. 5 I 517. I 

31 I I 958.87 ii • 88 I 57 529. 8 55 119 575· 2 I 658. 2 

32 I 2 989.80 ii . 88 2 59 385. 7 2 00 124 773 I 806 

33 I 3 I 020. 73 

II 
• 89 3 61 241. 6 3 00 187 126 4 062 

34 2 4 I 051. 66 . 89 4 63 097. 5 4 00 249 441 7 221 

56 35 30.932 35 I 082. 59 

11 

1855.90 35 64 953· 4 5 00 311 703 II 280 

36 2 6 I II3. 52 .90 6 66 8o9. 3 6 00 373 900 16 241 

37 2 7 I 144. 46 . 91 7 68 665. 2 7 00 436 019 22 IOO 

38 2 8 I 175·39 

ii 
. 91 8 70 521. I 8 00 498 047 28 858 

39 2 9 I 206. 32 . 92 9 72377- 0 9 00 559 970 36 512 

56 40 30.932 40 I 237. 25 

II 

1855.92 40 74 232. 9 ID 00 621 776 45 o6z 
41 2 I l 268. 18 . 93 l 76 088. 8 II 00 683 451 54 506 
42 2 2 I 299. II . 93 2 77 944. 8 12 00 744 984 64 840 

43 2 3 I 330. 04 i .94 3 79 800. 7 13 00 806 36I 76 064 

44 2 4 I 36o. 97 

I 
.94 4 81 656. 7 14 00 867 569 88 174 

56 45 30.932 45 I 3g'I. 91 1855.95 45 83 5I2. 6 15 00 928 595 IOI 16<) 

46 3 6 I 422. 84 .95 6 85 368. 6 16 00 989 427 115 046 

47 3 7 I 453· 77 .96 7 87 224. 5 17 00 I 050 0)1 129 801 I 
48 3 8 I 484- 70 .96 8 89 080. 5 I8 00 I 110 456 145 432 

49 3 9 I 515. 63 .97 9 90 936. 4 19 00 I 170 629 161 935 

56 50 30. 933 50 I 546. 56 1855. 97 50 92 792. 4 20 00 I 230 556 179 308 

5I 3 I I 577- 49 .98 I 94 648.4 21 00 I 290 226 197 545 
52 3 2 I 6o8. 42 . 98 2 96 504.4 22 00 I 349 625 216 644 

53 3 3 I 639. 36 5.99 3 98 360. 4 23 00 I 408 742 i36 6oo 

54 3 4 I 670. 29 6.oo 4 IOO 216. 3 24 00 I 467 564 257 410 

56 55 30.933 55 I 701. 22 1856.00 SS 102 072. 3 25 00 I 526 079 279 069 

56 3 6 l 732. 15 .01 6 103 928. 3 26 00 I 584 Zj5 301 572 

57 4 7 I 763. oS .01 7 105 784. 4 27 00 I 642 138 324 914 

58 4 8 I 794. DI .02 8 107 640.4 28 00 I 699 658 349 092 

59 4 9 l 824. 94 .02 9 109 496. 4 29 00 I 756 822 374 099 

56 6o 30.934 6o I 855, 87 1856.03 6o III 352, 4 30 00 l 813 618 399 930 
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I Latitude 57° to 58°-Arcs of the parallel in meters. 

I 2" I 3" I 
I i 

I 
Lat. 1" !" 5" 6" ! 'i" 8" 9" 1' 2' S' (' 5' 

I __ 
I I 

! 

I 

0 I I IOI. 291 118. 17. ! 
I 

57 00 16. 88 I 33· 76 50.65 67-53 84.41 135. 05 151. 94 1012.9 2025.8 3038.7 4051. 6 5o64.5 
I . 87 . 75 . 62 50 . 37 I ' 4.99 .87 2.5 4·9 7.4 49.8 2.3 . z5 ' . 12 . 
2 . 87 .73 . 6o .47 . 33 . 20 I • o6 . 93 .8o 2.0 4.0 6.o 8.o 6o.o 

3 . 86 . 12 I .58 .44 .30 . 151 8. 01 . 87 . 73 I. 5 3· I 4.6 6.2 57.7 
4 .,85 .70 .56 .41 . 26 . II 7. 96 . 81 .67 I. I 2.2 3.3 4.4 5.5 

57 °5 16.84 33.69 50.53 67. 38 I 84.22 IOI. o6 I 117. go 134.75 15 I. 6o 1010.6 2021. 3 3031. 9 4042.6 5053.2 
6 . 84 .67 . 51 . 35 . 18 1.02: .85 . 69 . .53 10.2 20.4 30.6 40.7 50.9 
7 . 83 .66 .49 . 32 .14 o. 97 I • 80 . 63 ,46 09. 7 19.5 29.2 38.9 48.7 
8 . 82 .64 . 46 . 29 . II . 93 i . 75 . 57 .39 9.3 8.6 7.8 7· I 6.4 

9 . 81 . 63 .44 . 26 .07 . 88 ! . 69 . 51 . 32 8.8 7.7 6.5 5.3 . 4· I 

57 IO 16. 81 33.61 50.42 67: ~~ ! 84.03 100. 84 117. 64 134.45 151. 26 1008.4 2016.8 3025.1 4033.5 5041. 9 
II .Bo .6o .40 3·99 . 79 "59 . 39 .19 7.9 5.9 3.8 31. 7 39.6 
12 . 79 .58 . 37 . 171 . 95 . 75 . 53 . 33 '12 7.5 5.0 2.4 29.9 7. 3 
13 . 78 .57 . 35 .13 . 92 .70 .48 . 27 I. 05 7.0 4.0 21.0 8.o 5. I 

14 .78 .55 . 33 • IO . 88 . 66 . 43 . 21 0.99 6.6 3· I 19.7 6.2 2.8 

57 15 16.77 33. 54 50.30 67.07 83.84 100. 61 117. 37 !34· 15 150.92 IOo6. l 2012. 2 3018. 3 4024.4 5030.5 
16 .76 .52 . 28 .04 .8o .56 . 32 .09 . 85 5.6 I. 3 6.9 2.6 28.2 
17 . 75 . 51 . 26 7. 01 .76 . 52 . 27 4.03 .78 5.2 10.4 5.6 20.8 6.o 
18 . 75 .49 . 24 6.98 .73 . 47 . 22 3.97 . 71 4.7 09.5 4.2 19.0 3.7 
19 .74 .48 . 21 . 95 .69 . 43 ' .16 .go . 65 4.3 8.6 2.9 7· I 21.4 

57 20 16. 73 33.46 50.19 66.92 83.65 100, 38 ' 117. II 133.84 150.58 1003.8 2007. 7 301 I. 5 4015.3 5019.2 
21 . 72. . 45 . 17 . 89 . 61 . 34 : .o6 . 78 . 51 3.4 6.8 IO.I 3·5 6.9 
22 . 72 .43 . 15 .86 .57 . 29 ! 7.00 .72 .44 2.9 5.9 08.8 II. 7 4.6 
23 . 71 .42 . 12 .83 .54 . 25 ; 6.95 .66 . 37 2.5 4.9 7.4 09.9 2.3 
24 .70 .40 .JO .Bo .50 '20 i .go .6o .30 2.0 4.0 6.o 8. I IO. I 

57 25 16.69 33. 39150. 08 66.77 83.46 100. 16 116. 84 133. 54 150.24 1001. 6 2003. I 3004.7 4oo6.2 5007.8 
26 . 68 . 37 . 05 .74 .42 . l I , . 79 .48 . 17 I. t 2.2 3.3 4.4 5.5 
27 . 68 . 35 . 03 . 71 . 38 .o6' .74 .42 • JO o.6 I. 3 I. 9 2.6 3.2 
28 . 67 .34 50.01 .68 . 35 IOO. 02 : .69 .36 50.03 IOOO. 2 200?·4 3000.6 4000.8 5001. 0 
29 . 66 . 32 49.99 . 65 . 3I 99.97 . 63 .30 49.96 999.7 I999·5 2999.2 3999.0 4998.7 

57 30 16.65 33.31 49.96 66.62 83.27 99.93 116. 58 133.24 149.89 999·3 1998.6 2997.9 3997· I 4996.4 
3I. . 65 . 29 .94 .59 . 23 . 88 . 53 . 18 . 82 8.8 7. 7 6.5 5.3 4· I 
32 . 64 . 28 . 92 .56 . 19 .84 .47 • J2 . 75 8.4 6.8 5· I 3.5 t9 
33 . 63 .26 .go .53 . 16 . 79 .42 .o6 .fig 7.9 5.8 3.7 91. 7 9.6 
34• . 62 . 25 . 87 .50 . 12 . 75 • 37 3.00 . 62 7.5 4.9 2.4 89.8 . 7. 3 

57 35 16.62 33.23 49.85 66.47 83.08 99.70 II6. 31 I32·93 149.55 997.0 1994.0 2991.0 3988.0 4985.0 
36 . 61 . 22 . 83 ·44 .04 . 65 . 26 . 87 .48 6.5 3. I Sg.6 6.2 2. 7 

I 

37 . 6o .20 .81 .41 3.00 . 61 . 21 . 81 . 41 6. I 2.2 8.3 4·4 80.5 
38 .59 . t9 . 78 .38 2.97 .56 .16 .75 . 35 5.6 I. 3 6.9 2.5 78. 2 

39 .59 . 17 . 76 . 35 .93 . 52 . IO .fig . 28 5.2 90·4 5.5 So.7 5·9 

57 4° 16.58 33. 16 49.74 66.32 82.89 99,47 II6. 05 132.63 149.21 994.7 1989.5 2984.2 3978.9 4973.6 
I 
I 41 . 57 .14 . 71 .29 .85 . 43 6.oo . 57 . 14 4.3 8.6 2.8 7· I 71. 3 

42 . 56 . 13 . 69 . 25 . 81 . 38 5.94 . 51 . 07 3.8 7.6 r.4 5.3 6g. I 

43 .56 . II . 67 . 22 .78 . 34 .89 .45 9.01 3.4 6.7 8o. J 3.4 6.8 
44 ·55 . IO . 65 .19 .74 . 29 .84 .39 8.94 2.9 5.8 78.7 7r. 6 4· 5 

57 45 16.54 33.08 49.62 66.16 82.70 99.24 115. 78 I32·33 148.87 992.4 1984.9 2977.3 396g.8 4962.2 
46 .53 . 07 . 6o . 13 .66 . 20 . 7g .26 . 8o 2 . ., ' 4.0 6.o 7.9 59·9 
47 .53 .05 . 58 .IO .62 . 15 .6 .20 . 73 I.5 I 3· I 4.6 6. I 7, 6 
48 .52 .04 . 55 .07 .59 • I I .63 .14 . 66 

I. I I 2. I 3.2 4. 3 5.4 
49 . 51 .02 .53 .04 .55 .o6 .57 .o8 .59 o.6 [. 2 I. 8 2.5 3· I 

57 50 16.50 33.01 49.51 66.0I 82.51 99.02 u5. 52 132. 02 148.53 990.2 198o.3 2970.5 396o.6 4950.8 
51 .49 2·99 .49 5.98 .47 8.97 .47 [. 96 .46 Sg.7 79.4 6g. I 58. 8 48. 5 
52 .49 . 97 .46 .95 .43 . 92 .41 .go . 39 9.2 8.5 7.7 7.0 6. 2 
53 .48 .96 .44 .92 .40 . 88 .36 .84 . 32 8.8 7.5 6.4 5. I 3.9 
54 .47 .94 .42 .Sg .36 . 83 .30 .78 . 25 8.3 6.6 5.0 3.3 41. 6 

57 55 16.46 32·93 49·39 65.86 82.32 98.79 115. 25 131.72 148. 18 987.9 1975.7 2963.6 3951. 5 4939.4 
56 .46 . 91 . 37 .83 . 28 .74 • 20 .66 •II 7.4 4.8 2.2 49·7 7· I 

57 ·45 .go . 35 .So ·24 . 70 .. 14 .59 8.04 7.0 3.9 6o.9 7.8 4.8 
58 .44 . 88 . 33 . 77 . 21 . 65 .og .53 7. 97 6. 5 3.0 59·5 6.o 2.5 
59 ·43 . 87 .30 .74 .l7 .6o 5.o3 .47 .go 6.o 2. I 8. I 4.2 30. 2 

57 6o 16.43 32.85 49.28 65.71 82. 13 98.56 114.98 131. 41 147.84 985.6 1971. 2 2956.8 3942-4 4927.9 
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Lallitude 57° to 58°-Meridional arcs. Latitude 57°-Co-ordinates of curvature. I 
Lat. 

Value of I" I Sums of s~~~~~~;or middle II Value o_f_''-1-S-u-ms-of_m1~_ti_t~-~_:_or_m __ ,·d_d_le4--Lo-n-g-itu--de_._l; ___ x_-___ --~--1 
----1-----1 ' 11--- -- : 

II 
/1 I Meters. \\ %~r~3 / ! frfeters. 

0 
/ I ,1fetm. Meters, \\ 

O I 

5] 00 

2 

3 
4 

57 05 
6 
7 
8 
9 

57 IO 
II 
12 

I3 
14 

57 15 
16 
17 
18 
19 

57 20 
2I 
22 
23 
24 

57 25 
26 
27 
28 
29 

57 30 
3I 
32 
33 
34 

57 35 
36 
37 
38 
:39 

57 40 
4I 
42 
43 
44 

51 45 
46 
47 
48 
49 

57 50 
SI 
52 
53 

) 

54 

51 SS 

I 56 
57 
58 
59 

57 6o 

Meters. 
30.934 

4 
4 
4 
4 

30.934 
4 
4 
4 
5 

30.935 
5 
5 
5 
5 

30.935 
5 
5 
5 
5 

30.935 
6 
6 
6 
6 

30.936 
6 
6 
6 
6 

30.936 
6 
6 
7 
7 

3o.937 
1 
7 
7 
7 

30.937 
7 
7 
7 
7 

30.938 
8 
8 
8 
8 

3o.938 
8 
8 

,, 8 
8 

30.938 
8 
9 
9 
9 

30.939 

I i 30. 94 i . 03 I I 856. 0 0 I I I 012. 9 0 I . 

I ; I ~~: ~I : ~! ~ ~ m: : ; I! ; ~;~: ~ : ~: ~ II 
4 I 23. 7 5 • 05 4 7 424. l 4 4 05 I. 6 2. O 

5 i I 54. 68 1856. 05 5 9 28o. 2 0 5 i 5 o64. 5 I 3. I 
6 I I85.fo .06 6 11136.2 6 I 6077.4 I 4.4 I 
7 II 216.55 .o6 7 12992.3 7 7ogo.3 6.o 

1 8 I 247. 49 . 07 8 I 14 848. 4 8 8 103. 3 i. 9 I 

9 278. 43 I '07 9 I6 704. 4 9 9 I I6. 2 IO 0 I 
IO 309· 36 1856. 08 IO I8 560. 5 0 10 10 129. I I2: 4 'I 

I 340.30 .08 I 20416.6 15 15193.6 27.8 
2 37r. 24 I .og 2 22 272. 7 20 20 258.1 49.4 
3 402.11 I .09 3 24128.7 2s zs 322.5 n.2 1 

4 433· lI i ·IO 4 25 984. 8 30 30 387. 0 Ill. 2 

15 464.04 
6 494.98 
7 525.92 
8 556.85 
9 587.79 

20 
l 

2 

3 
4 

25 
6 
7 
8 
9 

30 
I 
2 

3 
4 

3~ 
7 
8 
9 

40 
I 
2 

3 
4 

45 
6 
7 
8 
9 

50 
I 
2 

3 
4 

55 
6 
1 
8 
9 

6o 

6I8.73 
649.66 
680.60 
71 I. 53 
742.47 

773.4I 
804.34 
835.28 
866.22 
897. I5 

928.09 
959.02 

989.96 
l 020. go 
I 051. 83 

I 082. 77 
I 113. 71 
I 144. 64 
I 175. 58 
I 206. 5I 

I 2 37· 45 
I 268. 39 
I 299· 32 
I 330. 26 
I 361. 2o 

I 392. 13 
I 423. 07 
I 454· 00 
I 484. 94 
I 515. 88 

I 546. 81 
I 577- 75 
I 6o8.6g 
I 639. 62 
I 670. 56 

I 701. 49 
I 732. 43 
I 763. 37 
I 794· 30 
I 825. 24 
I 856. 18 

1856. IO 

. II 

. II 

.12 

.12 

1856. 13 
. 13 
. 14 
.I4 
. 15 

1856. 15 
.16 
. I6 
. 17 
. 17 

1856. 18 
. I8 
. 19 
. I9 
. 20 

1856. 20 
• 21 
. 2I 
• 22 
. 22 

1856.23 
. 23 
.2~ 

. 24 

. 25 

I856.z5 
. 26 
. 26 
. 27 
. 27 

1856.28 
. 28 
.29 
. 29 
.30 

1856.30 
•JI 
• 31 
. 31 
• 32 

1856.32 

15 
6 

~ i 

9 

20 
I 

2 

3 
4 

25 
6 
7 
8 
9 

30 
I 

z 
3 
4 

35 
6 
7 
8 
9 

2 

3 
4 

45 
6 
7 
8 
9 

50 
I 
2 

3 
4 

55 
6 
1 
8 

~ 

27 840. 9 
29 697. 0 

31 553· I 

33 409- 3 
35 265. 4 

37 121. 5 
38 977- 6 
40 833. 7 
42 689. 9 
44 546. 0 

46 402. 2 
48 258. 3 
50 II4. 5 
51 970. 7 
53 826. 8 

55 683. 0 

57 539· 2 
59 395. 4 
61 25r.6 
63 107.8 

64 964.0 
66 820. 2 
68 676.4 
70 532. 6 
72 388. 8 

74 245. 0 

76 IOI. 3 
77 957. 5 
79 813. 7 
8166g.9 

ls3 526. 2 

85 382. 5 
87 238. 7 
89 095. 0 

90 951. 2 

92 8o7. 5 
94 663. 8 
96 520. I 

98 376. 4 
IOO 2J2. 7 
102 o89. 0 

IOJ 945· 3 
105 8o1. 6 
I07 657. 9 
109 514. 2 
II I 370. 5 

0 35 
40 
45 
50 
55 

I 00 

05 
IO 

I5 
20 

I 25 
30 
35 
40 
45 

l 50 
55 

2 00 
3 00 
4 00 

5 00 
6 00 

7 00 
8 00 

9 00 

I() 00 

II 00 
12 00 

13 00 
14 00 

15 00 
16 00 
17 00 
18 00 
19 00 

20 00 
21 00 
22 00 

23 00 
24 00 

25 00 
26 00 

27 00 
28 00 
29 00 

30 00 

35 45 I. 3 ; 
40 515. 6 
45 579· 9 
50 644. I 
55 708. 2 

6o 772. 3 . 
65 836, 2 I 

70 900. l 

75 963. 8 
81027.5 

86 ogI. 0 

9I 154. 3 
, 96217.6 : 

IOI 28o. 7 1 

100 343. 6 i 

Ill 4o6.4 
II6 46g. I 
12I 532 
182 265 
242 959 

303 601 
364 178 
424 677 
485 085 
545 389 

6o5 577 
665 634 
725 549 
785 308 
844 goo 

904 310 
963 526 

I 022 536 
I 081 327 
I IJ9 886 

I I98 201 
I 256 26o 
I 314 048 
l 37I 556 
l 428 770 

I 485 678 
I 542 267 
I 598 525 
I 654 442 
I 710 004 
I 765 199 

1 51. 3 
197.7 
250.2 
308. 9 
373.7 

444.8 
522. 0 
605.4 
695.0 
790.7 

892.6 
I 000.7 
I II5. 0 
I 235. 5 
I 362. I 

l 494·9 
I 633. 9 
I 779 
4003 
7 115 

II -115 
I6 002 

21 776 
28434 
35 976 

44400 
53 704 
63 886 
74944 
86 875 

99 677 
II3 348 
127 884 
143 282 
159 539 

176 651 
194 615 
213 427 
233 o82 
is3 s1s 
274 go8 
297 070 
320057 
343 865 
368489 
393 924 

H. Ex. 43--33 
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I Latitude 58° to 59°-Arcs of the parallel in meters. 

1-L-at-. 1" 2" I 3" I !" I . 5" I 6" I 111 I 8" I 9" 1' I 2' I 3' I 
1--- ---l--1 __ 1 __ ' __ 1 __ 1 __ 1---+---:.'---1---

1 

;8 ~ 16. 43 32. 85 II 49· 28 65. 71 i 82. 13 98. 56 n4. 98 131. 4I / 147. 84 985. 6 i 
I .42 .84 .26 .68 i .09 .51 .93 ·35 .77 5.1 

I
I 2 . 4I . 82 . 23 • 65 i ' o6 • 47 • 87 ' 29 ' 70 4• 7 
I 3 . 40 . 81 i . 21 . 61 I 2. 02 . 42 . 82 • . 23 . 63 4. 2 

4 . 40 . 79 i . I9 . 58 I. 98 . 38 • 77 . I7 . 56 3. 8 

58 05 
6 
7 
8 

16. 39 32. 78 1 49· 16 65. 551 81. 94 98. 33 114. 71 I3I. II 147. 49 983. 3 
.38 .76 .I4 .52 .90 .28 .66 1.04 .42 2.8 
. 37 . 75 . I2 . 49 . 86 . 24 . 61 o. 98 · .. 35 2. 4 
. 37 . 73 . IO • 46 . 83 . 19 . 56 . 92 . 29 I. 9 

9 .36 .72 .07 .43 .79 . 15 .50 .86 .22 1.5 

58 IO 
II 
12 
13 
I4 

58 15 
16 
17 
18 
I9 

16.35 
.34 
·33 
. 33 
.JZ 

16.31 
. 30 
.30 
. 29 
. 28 

58 20 16. 27 
2I . 26 
22 . 26 
23 . 25 
24 . 24 

58 25 16. 24 
26 . 23 
27 . 22 
28 . 21 
29 . 20 

58 30 16. 20 

31 . 19 
32 . 18 
33 . 17 
34 . 17 

58 35 16. 16 
36 . 15 
37 . 14 
38 . 14 
39 . 13 

32. 70 
. 68 
. 67 
. 65 
. 64 

32.62 
. 6I 
.59 
.58 
.56 

32. 55 
.53 
.52 
.50 
.49 

32.47 
.45 
.44 
.42 
. 41 

32.39 
.38 
.36 
·35 
. 33 

32.32 
.30 
. 29 
. 27 
. 26 

58 40 
41 
42 
43 
44 

16.12 32.24 
. II . 22 

58 45 
46 
47 
48 
49 

. 10 . 21 

. IO • 19 

. 09 . 18 
16. 08 32. I6 

. 07 . 15 

. o6 .13 

.o6 . 12 
• 05 . IO 

49.o5 
. 03 

9.00 
8.98 
. 96 • 

48.93 
.91 
. 89 
. 87 
. 84 

48.82 
. So 
. 77 
. 75 
. 73 

48.70 
. 68 
t66 
. 64 
. 61 

48. 59 
·57 
.54 
. 52 
.50 

48.47 
. 45 
·43 
. 41 
. 38 

48.36 
.34 
. 31 
. 29 
. 27 

48. 24 I 

. 22 

. 20 

. 18 

. 15 

58 50 
51 
52 
53 
54 

16. 04 32. 09 48. 13 

58 55 
56 
57 
58 
59 

58 6o 

.04 .07 . II 

. 03 .o6 .08 

.02 .04 .06 

. 01 .02 

16. 00 32.01 
6.oo 1.99 
5. 99 .98 
'g8 .96 
.971 .95 

15· 97 31.93 

.04 
48.01 

7.99 
. 97 
·94 
. 92 

47·90 

65.40 
. 37 
. 34 
. 31 
. 28 

65.25 
. 22 
.I9 
. 15 
. I2 

65.09 
.o6 
.03 

5.00 
4.97 

64.94 
.91 
. 88 
. 85 
. 82 

64.79 
. 76 
. 73 
. 6g 
. 66 . 

64.63 
. 6o 
. 57 
.54 
. 51 

64.48• 
. 45 
.42 
. 39 
. 36 

64.33 
.30 
. 27 
. 23 
. 20 

64. 17 
.14 
•II 
.o8 
. 05 

64.02 
3·99 
. 96 
. 92 
.89 

63.86 

i 

81. 75 
. 7 l 
. 67 
.64 
.6o 

81. 56 
.52 
.48 
.45 
.41 

81.37 
·33 
.29 
• 25 
. 21 

81. 18 
.I4 
• IO 
.o6 

I. 02 

So.98 
·94 
.go 
. 87 
. 83 

So.79 
. 75 
. 71 
. 68 
.64 

8o.6o 
.56 
.52 
.49 
.45 

80.41 
.37 
.33 
.30 
.26 

So.22 
.IS 
.14 
.IO 

.o6 
8o.02 

79.99 
.95 
.91 
. 87 

79.83 

98. Io 
.05 

8.01 
7.96 
. 92 

97.87 
. 82 
. 78 
. 73 
. 69 

97.64 
.59 
. 55 
.50 
.46 

97· 4I 
. 36 
. 32 
. 27 
. 23 

97· 18 
. 13 
.09 
.04 

7.00 

96.95 
.go 
. 86 
. 81 
.77 

96.72 
. 67 
. 63 
.58 
·54 

g6.49 
.44 
.40 
. 35 
.30 

g6.26 
. 21 
. 17 

•. I2 
.07 

g6.03 
5.98 
.93 
.Sg 
.84 

95.So 

u4. 45 
.40 
. 34 
. 29 
. 23 

II4. 18 
.13 
. 07 

4.02 
3.96 

IIJ. 91 
. 86 
.So 
• 75 
. 70 

u3. 64 
.59 
.54 
.49 
. 43 

113. 38 
. 33 
. 27 
. 22 
. 16 

113. II 
.06 

3.00 
2.95 
. 89 

112. 84 
. 79 
. 73 
.68 
. 62 

ll2. 57 
.52 
.46 
. 41 
. 35 

130.So 
.74 
. 68 
. 62 
.56 

I30·49 
·43 
. 37 
. 31 
. 25 

130. 19 
. 13 
.07 

30.00 
29.94 

I29.88 
. 82 
.76 
.70 
.64 

129.57 
.51 
.45 
. 39 
. 33 

129.27 
.21 
.14 
.08 

9.02 

128.96 
.go 

"84 
.78 
·.71 

I28.65 
.59 
. 53 
.47 
.41 

112. 30 128. 34 
. 25 . 28 
. 19 • 22 
. I4 . 16 
.o8 . IO 

II2. 03 128. 04 
I. 98 7• 97 
. 92 . 91 
.87 .85 
. 81 . 79 

III. 76 u7, 73 
I 

147· 15 
.08 

7. 01 
6.94 

. 87 

146.81 
.74 
. 67 
. 6o 
.53 

I46.46 
. 39 
.32 
. 25 
. 18 

146.I2 
6.05 
5.98 
. 9I 
.84 

I45· 77 
.70 
.63 
.56 
.49 

I45·43 
.36 
.29 
. 22 
. 15 

145.08 
5.01 
4.94 
.87 
.So 

144. 73 
.fr; 
.6o 
.53 
.46 

1#39 
.32 
• 25 
.18 
•II 

144.04 
3.97 
.go 
.83 
. 76 

143.69 

g8r.o 
0. 5 

So. I 

79.6 
9.2 

978.7 
8.2 
7.8 
7.3 
6.9 

976.4 
5.9 
5.5 
5.0 
4.6 

974· I 
3.6 
3.2 
2.7 
2.3 

971:8 
I. 3 
0.9 
0.4 

70.0 

969.5 
9.0 
8.6 
8. I 

7.7 

967.2 
6.7 
6.3 
5.8 
5.4 

964.9 
4.4 
4.0 
3.5 
3.0 

962.6 
2. I 

1. 7 
I. 2 
0.7 

g6o.3 
59.8 
9.3 
8.9 
8. 4 

958.0 

197r. 2 
70.3 
69.4 
8.4 
7-5 

1¢6.6 
5.7 
4.8 
3.8 
2.9 

1962.0 
I. I 

6o.2 
59. 2 
8.3 

I957-4 
6.5 
5.6 
4.6 
3.7 

1952.8 
I. 9 
I.O 

50.0 
49· I 

1948.2 
7.3 
6.4 
5.4 
4.5 

1943.6 
2.7 
I. 8 

40.8 
39.9 

1939.0 
8. I 
7.2 
6.2 
5.3 

1934.4 
3.5 
2.6 
I. 6 

3o.7 
I929.8 

8.9 
8.o 
7.0 
6.1 

1925.2 
4.3 
3.3 
2.4 
J. 4 

1920.5 
19.6 
8.7 
7.7 
6.8 

1915.9 

2956. 8 ! 
5.4 
4.0 
2.6 

51. 3 

2949.9 
8.5 
7· l 
5.8 
4.4 

2943.0 
I. 6 

40.2 
38.9 
7.5 

2936. I 

4·7 
3.4 
2.0 

30.6 

2929.2 
7.8 
6.5 
5· I 

3.7 

2922.3 
20.9 
19.6 
8.2 
6.8 

29I5.4 
4.0 
2.7 

I I. 3 
09·9 

2908.5 
7. I 

5·7 
4.4 
3.0 

2go1.6 
goo.2 
898.8 

7.4 
6. I 

2894.7 
3.3 
I. 9 

90.5 
89.1 

2887.7 
6.4 
5.0 
3.6 
2. 2 

288o.8 
79·4 
8.o 
6.6 
5.3 

2873.9 

!' I 

3942.3 
40.5 
38.7 
6.8 
5.0 

3933.2 
31. 3 
29.5 
7.7 
5.8 

3924.0 
2.2 

20.3 
18.5 
6.7 

3914.8 
3.0 

I I. I 

09·3 
7.5 

3905.6 
3.8 
2.0 

goo. I 

898.3 
3896.4 

4.6 
2.8 

go.9 
89. I 

3887.2 
5.4 
3.5 

81. 7 
79.9 

3878.0 
6.2 
4.3 
2.5 

70.6 

3868.8 
6.9 
5. I 

3.3 
61.4 

3859.6 
7.7 
5.9 
4.0 
2.2 

3850.3 
48.5 

.. 6.6 
4.8 
2.9 

3841. I 
39.2 
7.4 
5.5 
3., 

3831.8 

I 

51 

4927.9 
5. 6 
3.3 

21.0 
I8.8 

4916.5 
4.2 

II. 9 
.09.6 

7. 3 

4905.0 
2.7 

900.4 
898. I 

5.8 

48g3.5 
91. 2 
88.9 
6.6 
4.3 

4882.0 
79.7 
7.4 
5. I 
2.8 

4870.5 
68.2 

5. 9 
3.6 

61. 3 

4859.0 
6.7 
4.4 

52. I 
49.8 

4847.5 
5.2 
2.9 

40.6 
'38.3 

4836.0 
3.7 

31.4 
29. I 

6.8 

4824.4 
22.1 
19.8 
7-5 
5.2 

4812.9 
10.6 
o8.3 
6.o 
3.7 

4801. 3 
799.0 

6.7 
4·4 

92. I 
4789.8 



 

UNITED STATES COAST AND GEODETIC SURVEY. 259 

Latitude 58° to 59°-Meridional arcs. Latitude 58°-Co-ordinates of curvature. 

Lat. II I 

I I 

Value of 1" Sums of seconds for middle II Value of 11 I Sums of minutes for middle Longitude. x y 
latitude. latitude. 

I --· 

I 
0 ' .LWeters. " 

i .Llleters. Meters . I I Meters. 0 ' Meters. Afeters. l 
58 ()() 30.939 I 1856.32 

I 9 I i 30.94 . 33 I I 856 J 0 I 985. 6 0. I 

2 9 2 I 61. 88 . 33 2 3 712. 7 2 I 971. 2 0. 5 i 

3 9 3 i 92.82 .34 3 5 56g. 0 3 2 956. 8 I. I 

4 9 4 

I 
123.76 . 34 4 7 425. 3 4 3 942. 3 I. 9 

58 05 30.939 5 154.71 1856.35 5 9 28r. 7 0 5 4 927. 9 3.0 
6 9 6 185.65 '35 6 II 138. 0 6 5 913. 5 4.4 
7 9 7 216.59 . 36 7 12 994. 4 7 6 899. I 6.o 
8 9 8 247.53 . 36 8 14 850. 7 8 7 884. 7 7. 8 
9 39 9 278.47 . 37 9 16 707, I 9 8 870. 3 9.8 

58 IO 30.940 10 309.41 I 1856.37 IO 18 563. 5 0 IO 4 9 855. 8 12. 2 
II 0 I 340.35 . 38 II 20 4I9. 9 15 14 783. 7 27.4 
12 0 2 371. 29 . 38 I2 22 276. 2 20 19711.6 48.6 
13 0 

I 
402. 24 24 132. 6 25 24 639. s 76.0 3 ·39 13 

14 0 4 433. 18 . 39 14 25 989. 0 30 29 567. 3 109.4 

58 15 30.940 15 464. 12 1856.40 

I 

I5 27 845. 4 0 35 34 495. 0 148. 9 
16 0 6 495.o6 .40 16 29 701. 8 40 i 39 422. 8 194- 5 
I7 0 7 526.00 .41 17 JI 558. 2 45 44 350. 4 246.2 
18 0 8 556.94 .41 18 33 414. 6 50 49 278. 0 303.9 
19 0 9 587. 88 .42 I9 35 2 11.0 55 54 205. 5 367. 7 

58 20 30.940 20 618.82 1856.42 20 37 127· 5 I 00 59 132. 9 437.6 
21 0 I 649.77 .43 21 38 983. 9 05 64 o6o. 2 513.6 
22 I 2 68o. 71 .43 22 40 840. 3 10 68 987. 5 595.6 

I 23 I 3 71 I. 65 .44 23 42 696. 8 15 73 914. 7 683.8 
24 I 4 742. 59 ·44 I 24 44 553· 2 20 78 841. 7 778. 0 

58 1856.45 
I 

46 409. 6 83 i68. 6 878.3 25 30.941 25 773.53 25 1 25 
26 L 6 8o4.47 .45 26 48 266. I 30 88 695. 4 984.6 
27 I 7 835.41 .46 27 50 122. 6 35 93 622. 0 I 097· I 
28 I 

. 8 866.35 .46 28 51 979. 0 40 98 548. 5 I 215. 6 
29 I 9 897.30 .47 29 53 835. 5 45 103 474. 8 I 340. 2 

58 30 3o.941 30 928.24 1856.47 30 SS 692. o I 50 1o8 401. 0 I 470. 8 
JI I I 959.18 .48 31 57 548. 4 55 Il3 327. I l 6o7. 6 
32 I 2 990· 12 .48 32 59 404· 9 2 00 I 18 253 I 750 
33 I 3 l 021. o6 .49 33 61 261. 4 3 00 177 347 3 938 
34 2 4 I 052. OD .49 34 63 117. 9 4 00 236 402 7 000 

58 35 30.942 35 I o82. 94 1856.50 35 64 974. 4 5 00 295 4o6 10 936 
36 2 6 I 113. 88 .50 36 66 830. 9 6 00 354 344 15 744 
37 2 7 I 144. 83 .51 37 68 687. 4 7 00 413 205 21 425 
38 2 8 I 175. 77 .51 38 70 543· 9 8 OD 471 976 27 976 
39 2 9 I zo6. 7I .52 39 72 400.4 9 00 530 643 35 396 

58 40 30.942 40 I 237. 65 1856. 52 40 74 256. 9 IO 00 589 194 43 684 
41 2 I I 268. 59 .53 41 76 u3. 5 II 00 647 616 52 837 
42 2 2 I 299. 53 .53 42 77 970. 0 12 00 705 896 62 854 

43 2 3 I 330. 47 .54 43 79 826. 5 13 00 764 021 73 733 
44 2 4 I 361. 41 .54 44 SI 683. I 14 00 821 979 85 470 

58 45 30. 942 45 I 392. 35 1856.55 45 83 539. 6 15 00 879 757 98 o64 
46 3 6 I 423. 30 . 55 46 85 396. 2 16 00 937 342 II 1 512 

47 3 7 I 454· 24 . 56 47 87 252. 7 17 00 994 722 125 8II 

48 3 8 I 485. 18 .56 48 89 109. 3 18 00 I 051 884 140 957 
49 3 9 I 516. 12 . 57 49 90 965. 8 19 OD I 108 815 156 948 

58 50 30. 943 50 I 547.ofi 1856.57 50 92 822. 4 20 00 I 165 504 173 78o 
51 3 I I 578. 00 .58 51 94 6~9.0 21 00 I 221 937 191 449 
52 3 2 I 6o8.94 .58 52 96 5 5. 6 22 00 I 278 103 209 951 

53 3 3 I 639. 88 ·59 53 98 392. I 23 00 I 333 988 229 282 

54 3 4 l 670. 83 .59 54 100 248. 7 24 00 I 389 58I 249 439 

58 55 30. 943 55 I 701. 77 1856.59 SS 102 105. 3 25 00 I 444 870 270 416 

56 3 6 I 732. 71 .6o 56 I03 961. 9 26 00 I 499 843 292 209 

57 3 7 I 763. 65 .6o 57 I05 818. 5 27 00 I 554 486 314 813 

58 3 8 I 794.59 . 61 58 107 675, I 28 00 I 6o8 789 338 224 

59 4 9 I 825. 53 . 61 59 109 531. 8 29 00 I 662 740 362 436 

58 6o 30.944 6o I 856.47 1856.62 6o III 388. 4 30 00 I 716 327 387 443 

I 



 

' 260 UNITED STATES COAST AND GEODETIC SURVEY, 

Latitude 59° to 6o0 -Arcs of the parallel in meters. 

I I I I ! I 
. I I 

1-L-a-t.--11--t-" _ _:_:_:__I_'_' _i_:_,_:_:_7_''_,_:_\_9_'_' _____ 1_' --i--2-' -·l--3_' __ , __ 4_' __ , __ 5_'--'"" 

o I 

59 00 
I 
2 

3 
4 

59 05 
6 
7 
8 
9 

59 10 
II 
12 

13 
14 

59 15 
16 
17 
18 
19 

59 20 
21 
22 

23 
i 24 
I 59 25 

I 26 
27 
28 
29 

59 30 
31 
32 
33 
34 

59 35 
36 
37 
38 
39 

59 40 
41 
4z 
43 
44 

59 45 
46 
47 
48 
49 

S9 5° 
51 
52 
53 
54 

59 55 
56 
57 
58 
59 

I 59 6o 

15.97 
.96 
. 95 
.94 
·94 

15·93 
. 9z 
.91 
. 90 
.go 

15.89 
.88 
. 87 
. 87 
.86 

15.85 
.84 
.83 
. 83 
.82 

15. 81 
.So 
.So 
. 79 
. 78 

15.77 
.76 
.76 
. 75 
.74 

I 
31. 93 • 47· 90 

.92 l • 88 

.go . 85 

.89 . 83 

. 87 . 81 

31. 85 47. 78 
. 84 . 76 
. 82 . 74 
. 81 . 71 
. 79 . 69 

31. 78 47· 67 
. 76 •. 64 
. 75 . 62 
. 73 .6o 
. 72 .57 

31. 70 47. 55 
. 68 . 53 
. 67 . 50 
. 65 . 48 . 
. 64 .46 ' 

31. 62 47.· 4431 .i 

. 61 ' 

. 59 . . 39 

. 58 . 36 

. 56 . . 34 

31.55: 47·32 ' 

. 53 : . 2 9 
· 52 I • 27 
. 50 i . 25 
. 49 : . 22 

15.73. 31.47 47.20 
. 18 
. 15 
. 13 
. II 

. 72 ' • 45 

. 72 . 44 

. 71 . 42 

. 70 . 41 

1 5· 7° 31. 39 
. 69 . 38 
.68 . 36 
.67 . 34 
.66 . 33 

I 

47.08 
.o6 
.04 

7.02 
6.99 

15. 66 31. 31 \ 46. 97 
. 6s 

1 
• 30 I . 95 

• 64 i , 28 I • 92 
. 63 I • 27 . go 
.63' .25 .88 

I 
15. 62 31. 23 46. 85 

.61 .22 .83 

. 6o . 20 . 81 

.59 .19 .78 

. 59 . 17 . 76 

15. 58 I 31. 16 
. s1 I .14 
. 56 ' . 13 
. 56 II . II 
. 55 • ·09 

15. 541' 31. o8 
·SJ .o6 
. 52 .05 
. 521· .03 

.. 51 .oz 
15. 50 31.00 

i 

46.74 
. 71 
. 69 
. 67 
.64 

46. 62 I 

.6o I 

. 57 I 

. 55 ! 

. 52 i 

46. so I 

i 
63. 86 i 

.83 ! 

.So' 

. 77 i 

. 74 i 
63.71 

. 67 • 

.65 • 

.62 

.58 

63.55 
.52 
.49 
.46 
.43 

63.40 
.37 
·34 
.31 
.28 

63.25 
.22 

.19 

. 15 

. 12 

63.09 
.06 
. 03 

3.00 
2. 97 

62.94 
. 91 
. 87 
.84 
. 81 

62.78 
. 75 
. 72 
. 68 
. 65 

62.62 
. 59 
.56 
.53 
.50 

62.47 
.44 
.40 
. 38 
.34 

62.31 
. 28 
. 25 
. 22 
.18 

62. 15 
.12 
·09 
.o6 
.03 

62.00 

I 
79· 83 I 

. 79 

. 75 

. 7I 

. 67 

79.63 
.6o 
.56 
.52 
.48 

79.44 
.40 
.36 
·33 
. 29 

79· 25 
. 21 

. 17 

. 14 
, JO 

79.06 . 
9.02 
8.98 
·94 
. 90 

78.87 
. 83 
. 79 ' 
. 75 : 
. 71 . 

78.67 
.63 
.59 
. 55 
. 51 

78.48 
·44 
.40 
.36 
.32 

78.28 
·24 
• 20 

. 17 

.12 

78.09 
.05 

8.01 
7.97 
·93 

77.89 
.85 
. 81 
.77 
·73 

77. 7° 
.66 
.62 
.58 
·54 

77.50 

95.80 ! 111.76 
· 75 I · 71 
. 70 i . 65 
. 66 i • 6o 
. 61 . 54 

95· 56 II I. 49 
• 52 .44 
. 47 . 38 
. 43 .33 
. 38 . 27 • 

127.73 
. 67 
. 61 
.55 
.48 

127.42 
.36 
.30 
.23 
. 17 

143.6g 
. 6.z 
.55 
.48 
. 41 

143.34 
. 28 
. 21 
.14 
.07 

95.33 
. 29 
. 24 
• 19 
. 15 

Il!.221127.11 
.17 I 7.05 

143.00 
2.93 

. 86 

.79 

.72 

95· 10 

.05 
5.00 
4.95 

• 91 

94.87 
.82 
.78 
. 73 
.68 

94.64 
. 59 
.54 
.50 
.45 

94.40 
.36 
• 31 
. 26 
• 22 

94.17 
, 12 
.o8 

4.03 
3.98 

.II: 6.99 

.o6. .92 
1.00 : . 86 

I 

uo.95 i .90: 
.84: 
.79 
. 73 

126.So 
.74 
.68 
. 61 . 
. 55 i 

142.65 
.58 
. 51 
.44 
. 37 

110, 68 : i 26. 49 : 142. 30 
. 63 ' . 43 . 23 
. 57 i . 37 . 16 
. 52 . 30 . 09 
.46 . 24 2.02 

IIO. 41 f 126. 18 141. 96 
. 36 ; . 12 ' . 89 
. 30 1 6. 06 I . 82 
. 25 ! 5. 99 i • 75 
. 19 i . 93 : . 68 

IIO, 14 i 125. 87 141. 61 
.09 .81. .54 
.03 . 75 .47 

IO. 98 . 68 · . 40 
09· 92 . 62 . 33 

109.87 125.56: 141.26 
.81 .50 .19 
. 76 . 44 . lZ 

. 70 I • 37 1. 05 

.64 . 31 0.97 

93. 94 109. 59 125. 25 
.19 
. 13 
.o6 

140.91 
.84 
• 77 
.70 
.63 

.89 .54 

.84 .48 

.So ·43 
• 75 . 37 

93· 70 109· 32 
.66 . 27 
.61 . 21 
. 56 . 16 
. 52 . 10 

93. 47 109. oS 
.42 9.00 
.38 8.94 
. 331 . 89 
. 28 ' . 83 

93· 241 !08. 78 
. 19 . 72 
• 14 ' . 67 
. IO II .61 
.05 • 56 

93. 00 i 1o8. so 

5.00 
IZ4. 94 140. 56 

.88 .49 

. 81 . 42 

. 75 • 35 

.69 .28 

124. 63 I 140. 21 

• 57 . 14. 
.50 .07 
·44 40.00 
.37 39.92 

124. 31 
. 25 
. 19 
.13 
.07 

124.00 

139.86 
.79 
.72 
.65 
.58 

139. 51 

958.6 
7.5 
7.0 
6.6 
6. l 

955.61 
5.2 
4.7' 
4. 3 . 
3.8 ' 

953• 3 I 

2.9 
2.4 
I. 9 
I. 5 

951. 0 

o. 5 
50. I 

49.6 
9· I 

948.7 
8.2 
7.8 
7.3 
6.8 

946.4 \ 
5• 9 I 

5.4 
5.0 
4· 5 

944.0 
3.6 
3· l 
2.6 
2.2 

941. 7 
I. 2 

o.8 
40.3 
39.8 

939·4 
8.9 
8.4 
8.o 
7. 5 

937.o 
6.6 
6. l I 
5· 6 
5.2 

934- 7 
4.2 
3.8 
3·3 
2.8 

932.4 
1.9 
1.4 
1.0 
0.5 

930.0 

1915.9 
5.0 
4· I 
3· I 
2.2 

1911. 3 
10.4 
09.5 
8.5 
7.6 

1go6. 7 
5.8 
4.8 
3·9 
2.9 

1go2.o 
I. l 

900.2 
899.2 

8.3 

1897.4 
6. 5 
5.5 
4.6 
3.6 

1892. 7 
I. 8 

90.9 
89.9 
9.0 

1888. l 

7.2 
6.2 
5.3 
4. 3 

1883.4 
2.5 
I. 6 

8o.6 
79.7 

1878.8 
7.8 
6.9 
6.o 
5.0 

1874. I 
3.2 
2.2 
I. 3 

70,3 

1869.4 
8.5 
7. s 
6.6 
5-7 

1864.7 
3.8 
2.9 
1.9 
r.o 

186o. I 

287J. 9 
2.5 

7 I. l 

69.7 
8.3 

2866. 9 I 
5.5 
4· I 
2. 8 
1.4 

286o.o 
58.6 
7.2 
5.8 
4.4 

2853.0 
I, 6 

50.2 
48.8 
7.4 

2846.0 
4- 6 
3. 3 
I. 9 

40. 5 
2839. I 

7.7 
6.3 
4.9 
~-5 

2832. I 

30.7 
29.3 
7.9 
6. 5 

2825.1 
3.7 
2.3 

20.9 
19.5 

2818.1 
6.7 
5.3 
3.9 
2.5 

28II. l 

09·7 
8.3 
6.9 
5.5 

28o4. l 
02.7 

8o1.3 
799·9 

8.5 
2797. I 

5.7 
4.3 
2.9 
I. s 

27fP•I 

3831.8 
30.0 
28. ( 
6.3 
4.4 

3822.6 
20.7 
18.9 
7.0 
5. l 

3813.3 
ll.4 
09.6 
7.7 
5.9 

38o4.o 
2.2 

8oo.3 
798.4 

6.6 

3794.7 
2. 9 

91. 0 
89.2 
7.3 

3785.4 
3.6 

81. 7 ! 
79. 8 • 
8.o · 

3776. l 
4·3 
2.4 

70.5 
68.7 

3766.8 
4-9 
3. l 

61. 2 
59.4 

3757.5 
5.6 
3.8 
r.9 

50.0 

3748.2 
6.3 
4.4 
2.6 

40.7 

:;v38.8 
7.0 
5, I 
3.2 

31.4 

3729.5 
7.6 
5.8 
3.9 
2.0 

3730, I 

4789.8 
7.5 
5. 2 
2.8 

So.5 

4778.2 
5.9 
3. 6 

.7I. 3 
68.9 

4766.6 
4. 3 

62.0 
59. 7 
7.3 

4755.0 
2.7 

50.4 
48. I 

5.7 

4743.4 
41. I 

38.8 
6.4 
4. l 

4731. 8 
29.5 
7. I 
4.8 
2.5 

4720.2 
17.8 
5.5 
3.2 

rn.8 

4708.5 
6.2 
3·9 

701. 5 
6g9.2 

4696.9 
4.5 

92.2 
89.9 

7.5 

4685.2 
2.9 

So.5 
78.2 
5.9 

4673.6 
71. 2 
68.9 
6.5 
4.2 

4661.9 
S9·S 

7. 2 

4·9 
2. 5 

4650.2 



 

UNITED STATES COAST AND GEODETIC SURVEY. 261 

Latitude 59° to 6o0 -Meridional arcs. Latitude 59°-Co-ordinates of curvature. 

Lat. 
l 

Value of 1" Sums of seconds for middle 
Value of 1' Sums of minutes for middle 

Longitude. x \' latitude. latitude. 
I ____ 

I 
-----

0 I Meters. II Meters. 1'rfeters. I 11feters. 0 I Meters. Meters. 
59 ()() 30.944 1856.62 - I 4 I 30.95 • 62 I I 856. 6 0 I 958.0 0. I 2 4 2 61. 89 . 63 2 3 713. 2 2 I 915. 9 0.5 I 3 4 3 92.84 . 63 3 5 569. 9 3 2 87J. 9 I. I 

4 4 4 123.78 . 64 4 7 426. 5 4 3 83r. 9 I. 9 
59 05 30.944 5 154.73 1856.64 5 9 283. 2 0 5 4 789. 8 3.0 6 4 6 185.68 . 65 6 II 139. 8 6 5 74i· 7 I 4.3 

7 4 7 216.62 . 65 7 12 996. 4 7 6 705. 7 5. 9 8 4 8 247. 57· . 66 8 14 853. I 8 7 663. 7 7. 6 
9 4 9 278.51 . 66 9 16 709. 8 9 8 621. 6 9.7 

59 IO 30.944 JO 309.46 J856.67 IO 18 566. 4 0 10 9 579. 6 I l. 9 
JI 5 I 340.41 . 67 I 20 423. I 15 14 369. 3 26.9 12 5 2 371. 35 . 68 I 2 22 279.8 20 19 159. I 47.8 
13 5 3 402.30 .68 I 3 24 136. 5 25 23 948. 8 74.6 
14 5 4 433.25 . 69 I 4 25 993· I 30 28 738. 5 107.5 

59 15 30.945 15 464. 19 1856.6g 15 27 849. 8 0 35 33 528, I 146.3 16 5 6 495. 14 .70 6 29 7o6. 5 40 38 317. 7 191. I 
17 5 7 526.08 • 70 7 31 563. 2 4.J 43107.2 241. 8 18 5 8 557.03 . 71 8 33 419. 9 50 47 8¢. 7 298. 6 
J9 5 9 587.98 . 71 9 35 276. 6 55 52 686. I 361. 2 

59 20 30.945 20 618. 92 1856.72 20 37 133. 4 I 00 57 475. 4 429.9 21 5 I 649.87 .72 I 38 990. I 05 62 264. 6 504. 5 22 5 2 68o. 81 . 73 2 40 846.8 IO 67 053. 7 585.2 
23 6 3 711. 76 .73 3 42 703. 5 15 71 842. 7 671. 7 
24 6 4 742.71 . 74 4 44 56o.3 20 76 631. 6 764.3 

59 25 30.946 25 773. 65 1856.74 25 46417.0 I 25 81420.4 862.8 
26 6 6 8o{.6o .75 6 48 273. 7 30 86 209.0 967.3 
27 6 7 835.54 . 75 7 50 130. 5 35 90 997'" 5 1 on,8 
28 6 8 866.49 . 75 8 51 987. 2 40 95 785. 9 I 194. 2 
29 6 9 897.44 .76 9 53 844.0 45 JOO 574· I I 316. 6 

59 30 30.946 30 928.38 1856.7~ 30 55 700. 8 I 50 105 362. 2 I 445· O 
31 6 I 959·33 .77 I 57 557. 5 55 110 150. I I 579· J 
32 6 2 990.27 .77 2 59 414. 3 2 00 114 938 I 720 
33 6 3 I 021. 22 .78 3 61 271. I 3 ()() 172 375 3 869 
34 6 4 I 052. 17 .78 4 63 127. 9 4 00 229 773 6 877 

59 35 30.946 35 I 083. II 1856.79 35 64 984. 6 5 00 287 120 IO i44 
36 7 6 I 1I4. o6 ·19 6 66 841. 4 6 00 344402 15 468 
37 7 7 I 145.00 .8o 7 68 698. 2 7 00 401 6o8 21 048 
38 7 8 I 175,95 .So 8 70 555. 0 8 00 458 723 2j 484 
39 7 9 I 206. go . 81 9 72 411. 8 9 00 515 736 34 773 

59 40 30.947 40 I 237. &{ 1856.81 40 74 268. 7 IO ()() 572 633 42 914 
41 7 I I 268. 79 .82 I 76 125. 5 ll 00 629 403 51 906 
42 7 2 I 299. 74 .82 2 77 982. 3 12 00 686 031 bl 746 
43 7 3 I 330. 68 .83 3 79 839. I 13 00 742 506 72 432 
44 7 4 I 361. 63 .83 4 81695.9 14 00 798 815 83 961 

59 45 30.947 45 I 392. 57 1856.84 45 83 552. 8 15 00 854 945 96 332 
46 7 6 I 423. 52 .84 6 85 409· 6 16 00 910 883 109 541 
47 7 7 I 454· 47 . 85 7 87 266. 5 17 00 966 618 123 585 
48 8 8 I 485. 41 .85 8 89 123. 3 18 00 I 022 136 138 462 
49 8 9 I 516. 36 . 86 9 90 980. 2 19 00 I 07/ 426 it I 54 16; 

59 50 30.948 50 I 547· 30 1856.86 50 92 S37. o 20 00 I IJ2 4i4 170 69S 
51 8 I I 578. 25 . 87 I 94 69J. 9 21 00 I 187 269 188 050 

52 8 2 I 6og. 20 . 87 2 96 550. 8 22 00 I 241 799 2o6 221 
53 8 3 I 640. 14 .88 3 98 4'J7. 6 23 00 I 296 050 225 205 
54 8 4 I 671. 09 . 88 4 100 264. 5 •24 00 1 350 Oii 244 998 

59 55 30.948 SS I 702. OJ 1856.88 55 102 121. 4 25 00 I 403 6p .265 597 
56 8 6 I 732. 98 . 89 6 103 978. 3 26 00 I 457 015 286 905 
57 8 7 I 763. 93 .89 7 105 835. z 27 CXJ I 510 034 309 190 
58 8 8 l 794.87 . 90 8 I07 692. I 28 00 

I 
I 562 715 332 175 

~ 8 
~ I 815.82 .go 9 109 549· 0 29 CXJ I 615 "47 355 946 

59 3o.948 I 856. 76 1856.91 6o 111405.9 30 00 I 667 016 380 497 
: 



 

262 UNITED STATES COAST AND GEODETIC SURVEY. 

Latitude 6o0 to 61°-Arcs of the parallel in meters. 

,_La_t_. _,___1'_' -1--2'_' _l, __ s'_' _l, __ 4'_' _[~_6_"_i. __ 'i'_' __ 
1

1 __ s_'_' -i--9_"_...._•_'_., __ 2' __ 
1 

__ s_' -1--4-' ----1·-a-'~ 
I l I I 

~ ~ 15. 50 31. 00 I 46. 50 I 62. 00 I 77. 50 93. 00 i 108. 50 1124. 00 
l • 49 o. 991 . 48 I I. 97 I . 46 9;;?. 96 • 45 1;;?3. 94 
2 . 48 . 97 . 45 . 94 ' . 42 . 91 • . 39 . 88 3 . 48 . 96 , • 43 I . 91 ' . 38 . 86 . , 341 · 81 
4 . 47 . 94 ; . 41 I . 88 . 34 . 82 • . 28 . 15 

6o 05 15. 46 30. 92 '1 46. 38 61. 84 77. 31 92. 77 108. 23 123. 69 
6 · 45 . 91 1· . 36 . 81 . 27 . 72 I . 18 . 63 
7 .44 .89 .34 .78 .23 .68 ! .12 .57 
8 . 44 . 88 . 31 . 7 5 . 19 . 63 . 07 . 50 
9 .43 .86 i .29 .72 .15 .58 8.01 .44 

6o IO 15. 42 30. 85 ! 46. 27 6r. 69 . 77• II 92. 54 ro7. 96 123. 38 
II .4! .83 \ .24 .66 .07 ·49 .91 .32 
12 . 40 . 81 1 • 22 . 63 7. 03 . 44 • 85 . 26 
13 . 40 . So 

1

, . 20 • 6o 6. 99 . 39 . So . 19 
14 .39 .79 .17 .57 .95 .35 .74 .13 

6o 15 15. 38 30. 77 46. 15 61. 53 76. 92 92. 30 107. 6g 123. 07 
16 . 37 • 75 . 13 . 50 . 88 . :.5 • 63 3· 01 
17 . 37 . 74 . IO . 47 . 84 . 21 , 58 2. 94 
18 . 36 . 72 . o8 . 44 . 8o • 16 . 5Z • 88 
19 . 35 . 70 . o6 . 41 . 76 . II . 47 . 82 

6o 20 

21 
22 
23 
24 

6o 25 
26 
27 
28 
29 

6o 30 
31 
32 
33 
34 

6o 35 
36 
37 
38 
39 

6o 40 
41 
42 
43 
44 

6o 4S 
46 
47 
48 
49 

6o 50 
51 
52 
53 
54 

6o 55 
56 
57 
58 

6o~ 

15-34 
. 33 
.33 
. 32 
. 31 

15.30 
. 30 
. 29 
• 28 
.28 

15.27 
. 26 
. 25 
.24 
. 23 

IS.23 
. 22 
. 21 
. 21 
.20 

15.19 
·18 
.17 
. 17 
.16 

15. 15 
.14 
. 13 
. IJ 
• I2 

15. II 
.IO 
.cg 
.og 
.08 

15.07 
.. o6 
.05 
.05 
,04 

15.03 

30.6g 
.67 
. 66 
.64 
.63 

30.61 
.59 
. 58 
,56 
. 55 

46.03 
6.01 
5·99 
. 96 
.94 

45.92 
.89' 
.87 
.85 
.82 

30. 53 45· 8o 
. 51 . 78 
. 50 . 75 
.48 .73 
.47 . 70 

30. 45 45. 68 
.44 .66 
.42 .63 
.41 I . 61 
.39 .59 

30. 38145. 56 
. 36 . 54 
. 35 . 52 
. 33 .49 
. 32 .47 

30. 30 45·44 
. 28 ·42 
.27 .40 
• 25 .38 
• 24 ·35 

30.22 
.20 
• 19 
. 17 
• 16 

30.I4 
• 12 
. II 
.og 
.o8 

30.o6 

45.33 
.30 
• 28 
.26 
.23 I 

45. 21 II 

.19 

. 16 

.14 

.u 
45.09 

61.38 
. 35 
.32 
. 28 
• ;25 

61. 22 
. 19 
. 16 
. 12 
·09 

61.o6 
.03 

1.00 

0.97 
·94 

6o.91 
.87 
.84 
. 81 
. 78 

6o,75 I 

.72 

.6g 

.66 

.63 

6o.59 
.56 
.53 
.50 
.47 

76.72 
. 68 
.64 
.6o 
.56 

76:~g II 

.45 

.41 

. 37 

76.33 
• 29 
. 25 
• 2l 
. 17 

76. 14 
.IO 
.o6 

6.02 
5.98 

75. 94 
·90 
.86 
.82 
.78 

75.75 
• 71 
.67 
.63 
.59 

6o. 44 75· SS 
. 41 • SI 
• 37 .47 
·34 ·43 
. 31 .39 

6o. 28 • 75· 3S 
. 25 • 31 
• 22 .27 
• 18 . 23 
. rs . 19 

6o. 12 75. 15 

92.07 
2.02 
1 ·97 
.93 
.88 

9I.83 
.78 
. 74 
.69 
.64 

91. 6o 
.55 
.50 
.46 
.41 

91.36 
. 31 
• 'J.7 
. 22 
. 17 

91. 13 
.o8 

I.OJ 
0.98 
.94 

go.Sg 
.84 
.8o 
. 75 
.70 

90.65 
.61 
.56 
• 51 
.47 

90·42 
.37 
.32 
.28 
.23 

90.18 

107.41 
. 36 
.30 
. 25 
. 19 

107. 14 
.08 

7.03 
6.97 
.92 

106.86 
. 81 
. 75 
. 70 
.64 

lo6. 59 
.53 
.48 
. 42 
. 37 

1o6. 31 
.26 
.20 

. 15 

.09 
1o6. 04 

5.98 
.93 
.87 
.82 

105. 76 
. 71 
.65 
.6o 
.54 

105.49 

:j§ 
.32 
.27 

105.21 

122.76 
.70 
. 63 
. 57 
• 5I 

122. 44 
. 38 
. 32 
. 25 
. I9 

122. 13 
.07 

2.00 

l.94 
. 88 

121. 82 

• 75 
.69 
. 63 
. 56 

121. 50 
·44 
. 37 
• 31 
. 25 

121. r8 
• 12 
.o6 

1.00 
0.93 

120.87 
. 81 
. 75 
.68 
. 62 

I20.55 
.49 
·43 
. 37 
.30 

120. 24 

139.51 
.44 
. 37 
.30 
. 23 

139. 15 
.o8 

9.01 
8.94 
• 87 

138.Bo 
.73 
.66 
·59 
.5i 

138.45 
.38 
. 31 
.24 
. 17 

138. JO 

8.03 
7.g6 
.Sg 
.82 

137.75 
.67 
.6o 
.53 
.46 

137.39 
.32 
. 25 
. I8 
•II. 

137.04 
6.97 

.90 

.83 

. 76 

136.6g 
,62 
. 55 
.48 
.41 

136.33 
.26 

• 19 
• 12 

6.05 

135. g8 
:91 
.84 
.77 
.70 

135. 62 
. 56 
.48 
.41 
·34 

135.27 

930.0 
29.6 
9· I 
8.6 
8.2 

927. 7 
7.2 
6.8 
6.3 
5.8 

925.4 
4.9 
4.4 
3.9 
3.5 

923.0 
2.5 
2. l 
1.6 
I. I 

920• 7 
0.2 

19.7 
9.3 
8.8 

918.3 
7.8 
7.4 
6.9 
6.4 

186o. I 

59.2 
8.2 
7.3 
6.3 

1855.4 
4.5 
3.5 
2.6 
I. 6 

1850.7 
49.8 
8.8 
7.9 
6.9 

1846.0 
5· I 
4. 1 

3.2 
2.2 

1841. 3 
40.4 
39·4 
8.5 
7-5 

I836.6 
5.7 
4.7 
3.8 
2.8 

916. 0 1831. 9 
5. 5 I. 0 

5.0 30.0 
4.6 29.1 
4• I 8. I 

: 
913.6 1827.2 

3. I 6. 3 
2. 7 5.4 
2. 2 4·4 
I. 7 3. 4 

9n. 3 
o.8 

IO. 3 
09.8 
9.4 

908.9 
8.4 
8.o 
7. 5 
7.0 

go6. 5 
6. I 

5.6 
5, I 

4.7 
904.2 

3.7 
3.2 
2.8 
2.3 

901.& 

1822.5 
I. 6 

20.6 
I9·7 
8.8 

1817.8 
6.9 
5.9 
5.0 
4.0 

1813.1 
2. z 
I. 2 

IO. 3 
09.3 

18o8.4 
7.4 
6.5 
5.6 
+6 

18o3.7 

2790, I 

88. 7 
7.3 
5.9 
4. 5 

2783. l 

I. 7 
8o.3 
78.9 
7.5 

2776. I 

4.7 
3.2 
t.8 

70.4 

2769.0 
7.6 
6.i 
4.8 
3·4 

2762.0 
6o.6 
59· 2 

7.8 
6.4 

2754.9 
3.5 
2. I 

50. 7 
49.3 

2747.9 
6.5 
5. 1 
3. 7 
2.3 

2740.8 
39.4 
8.o 
6.6 
5.2 

2733.8 
2.4 

31. 0 
29.5 
8. l 

2726.7 
5. 3 
3.9 
2.5 

21. I 

2719.6 
8.z 
6.8 
5.4 
4.0 

2712.5 
II. Z 
09.7 
8.3 
6.9 

2705.5 

3720.1 
18.3 
6.4 
4.5 
2.6 

3710. 8 
oS.9 
7.0 
5.2 
3.3 

3701.4 
6g9.5 

7.7 
5.8 
3.9 

36g2.o 
90.:. 
88.3 
6.4 
4.5 

3682.7 
Bo.8 
78. 9 
7.0 
5. I 

367J. 3 
71.4 
69.5 
7,6 
5.7 

3663.9 
2.0 

6o. l 

58.2 
6.3 

3654.5 
2.6 

50.7 
48.8 
6.9 

3645,0 
3. 2 

41. 3 
39.4 
7.5 

3635.6 
3.8 
I, 8 

30.0 
28.1 

3626.2 
4.3 
2.4 

20.6 
18. 6 

3616.7 
4-9 
3.0 

II. I 

3007.3 09.21 

4650.2 
47.8 
5.5 
3.2 

40.8 

4638.5 
6 .. 1 

3.8 
1.4 

29. I 

4626.8 
4.4 

22. I 

I9-7 
7.4 

4615. 0 
2.7 

10.4 
08.0 
5.7 

46o3.3 
6or. 0 

598.6 
6. 3 
3.9 

4591. 6 
89.2 
6.9 
4.5 

82.2 

4579.8 
7-5 
5· I 
2.8 

70.4 

4568. I 

5.7 
3.4 

6r.o 
58.7 

4556.3 
4.0 

51. 6 
49.2 
6.9 

4544.5 
42.2 
39.8 
7-5 
5· I 

4532.7 
30.4 
28.0 
5.7 
3. 3 

4520.9 
18.6 
6.2 
3.9 

II. 5 
4509.1 



 

UNITED STA.TES COA.ST A.ND GEODETIC SURVEY, 263 

Latitude 6o0 to 61°-Meridional arcs. Latitude 6o0 -Co-ordinates of curvature. 

Lat. 

Value of .1" Sums of seconds for middle Value of l' Sums of minutes for middle Longitude. x y 
latitude. latitude. 

0 I Meters. II Meters. Meters. I Meters. 0 I Meters. Meters. 
6o 00 30.948 1856.9I 

I 9 I 30.95 . 91 I I 856. 9 0 I 936.0 0. I 

2 9 2 61. go • 92 2 3 7I3. 8 2 I 86o. I 0.5 
3 9 3 92.85 .92 3 5 570. 7 3 2 790· I I. I 

4 9 4 I23. So • 93 • 4 7 427. 7 4 3 720. 2 1.9 

6o 05 30.949 5 154.75 1856.93 5 9 284. 6 0 5 4 650. 2 2.9 
6 9 6 185.7I .94 6 II 141. 5 6 5 58o. 2 4,2 
7 9 7 216.66 ·94 7 12 998.5 7 6 5w. 3 5.7 
8 9 8 247.61 . 95 8 14 855. 4 8 7 440. 3 7.5 
9 9 9 278.56 . 95 9 16 712. 4 9 8 370. 4 9.5 

6o IO 30.949 10 309· 51 1856.96 IO 18 569. 3 0 IO 9 300.4 I J. 7 
II 9 I 340.46 .96 I 20 426. 3 15 13 950. 5 26.4 
12 49 2 37 I. 4 1 . 97 2 22 283. 2 20 18 6oo. 6 46.9 
13 so 3 402.36 . 97 3 24 140. 2 25 23 250. 7 73.2 
14 0 4 433·31 .98 4 25 997.2 30 27 900· 8 105.4 

6o 15 30.950 15 464.26 1856.98 15 27 854. 2 0 35 32 550. 8 I43-5 
16 0 6 495· 21 . 98 6 29 711. I 40 37 200. 8 187.4 
17 0 7 526. I6 .99 7 3I 568. I 45 41 850. 7 237.2 
18 0 8 557· 12 6.99 8 JJ 425. I 50 46 500. 6 29z.8 
19 0 9 588.07 7.00 9 35 282. I 55 51 I50. 3 354.3 

6o 20 30.950 20 6I9.02 I857. 00 20 37 139. I I 00 55 Sao. 0 421. 7 
21 0 I 649.97 .Ol l 38 996. ~ 05 6o 449· 6 494·9 
22 0 2 68o.92 • 01 2 40 853. I IO 65 099· 2 574.0 
23 0 3 7u. 87 .02 3 4Z 710. I 15 69 738. 6 658.9 
24 0 4 742.82 .02 4 44 567.2 20 74 397. 9 749.7 

6o 25 30. 950 25 773.77 1857.03 25 46 424- 2 I 25 79 047. 0 846.4 
26 I 6 8of.72 .03 6 48 281. 2 30 83 6g6. I 948.8 
27 I 7 835.67 .04 7 50 138. 2 35 88 345. 0 I 057. I 
28 I 8 866.62 .04 8 51995·3 40 92 993. 8 I I7 I. 3 
29 I 9 897.57 .05 9 53 852. 3 45 97 642.4 l 291. 3 

60 30 30. 951 30 928.53 1857.05 30 55 709.4 I 50 102 290. 9 I 417· 2 i 
JI I I 959.48 .o6 I 57 566.4 55 1o6 939. 2 I 549.0 I 
32 I 2 990.43 .o6 2 59 423. 5 2 00 Ill 587 l 687 
33 I 3 I 021. 38 .07 3 61 28o.6 3 00 167 349 3 795 
34 I 4 I 052. 33 .07 4 63137.6 4 00 223 073 6 745 

6o 35 30.951 35 I 083. 28 1857.07 35 64 994· 7 5 00 278 745 IO 538 
36 I 6 I 114. 23 .08 6 6685I.8 6 00 334 354 15 172 I 37 I 7 [ I45· 18 .08 7 68 708.9 7 00 389 887 20645 
38 I 8 I 176. I3 .og 8 70 566.0 8 00 445 330 26 957 

I 39 2 9 1207.oS .og 9 72 423. I 9 00 500 672 34 107 

6o 40 30.952 40 I 238.03 1857, IO 40 74 28o, l IO 00 555 899 42092 
41 2 I I 268. 98 .IO [ 76137.2 II 00 611 000 50 911 
42 2 2 I 299. 94 .n 2 77 994.4 I2 00 665 961 6o 562 
43 2 3 I 330. 89 . II 3 79 851.5 13 00 720 76g 71 043 
44 2 4 I 361. ~ .12 4 81708.6 14 00 775 413 82 350 

6o 45 30. 952 41 I 392. 79 1857. 12 45 83 565. 7 15 00 829 88o 94 482 
46 2 I 423. 74 .13 6 85 422. 8 I6 00 884 157 !07 436 
47 2 7 I 454· 6g . I3 7 87 28o.o 17 00 938 232 12I 209 
48 2 8 I fBS· 64 .14 8 89 137. I 18 00 992 093 I35 798 
49 2 9 I 516. 59 .14 9 90 994· 2 19 00 I 045 727 I51 199 

6o 50 30. 952 50 I 547• 54 I857. I5 50 92 851. 4 20 00 I 099 123 167 409 
51 3· I I 578.49 . 15 I 94 7o8. 5 21 00 I 152 z67 I~ 424 
52 3 2 I 6og.44 • 15 2 96 565. 7 22 00 I 205 148 . 202 241 

53 3 3 I 640.40 .16 3 98 422. 8 23 00 I 257 753 220 854 

54 3 4 I 671, 35 .16 4. 100 28o.o 24 00 1 JIO 072 .240 261 

6o 55 30.953 5g I 702.30 1857.17 55 102 r37. 2 25 00 I 362 091 26o 456 
56 3 I 733· 25 . 17 6 103 994· 3 26 00 I 413 798 281 436 

57 3. 7 I 764.20 .18 7 I05 851. 5 27 00 I 465 183 303 194 
58 3 8 l 795.15 .18 8 107 7o8. 7 28 00 J 516 233 325 726 

59 3 9 I 826. IO .19 9 IOI) 565. 9 29 00 I 566 937 349 028 
6o 6o 30.953 6o '· 857.05 1857. 19 6o Ill 423, I JO, 00 I 617 .z83 . 373 093 



 

254 UNITED STATES COAST AND GEODETIC SURVEY. 

I Latitude 6r 0 to 62?-Arcs of the parallel in meters. 

I ' I I ' i 

51 i Lat. 1" I 2" I 311 
(

11 I 511 I 6'' I 711 8'' 
1 

9" 11 2' 3' 
I I ! I I ' ' i 1-0-1 -l---1-11-1-!-1·--t------1--1--1---1--1 
I 6100 1 5 .03 1 ~0.06 4;.09 00.12115.1s go.18iI05.21 120.24 135.21 901.8' 18o3.1i 2705.5 36o7.3 4509.r 

I 
I '02 . 05 . 07 '09 I ' I~ I . 14 ' . 16 . 18 . 20 I. 4 2. 7 ' 4. I 5. 4 6. 8 
2 '01 . 03 '04 . o6 : 'O; I . 09 . IO • 12 . 13 0. 9 I. 8 2. 6 3· 5 4. 4 

, J ,QI ,QI .02 .03 i 5.03 90.04 5.05 20.05 5.06 900.4 8oo.8 701.2 OOI.6 502.0 
4 5. 00 30. 00 5. 00 6o. 00 i 4. 99 89. 99 4. 99 i9. 99 4· 99 899. 9 799· 9 699. 8 599 7 499· 7 

61 o~ 14: ~~ 29: ~~ 44: ~~ 59: ~~ ! 74:i~ Ii 89: rs 104:!~ II9: ~ 134: ~i 81: ~ 179!: ~ 269~: i 359:: ~ 449iJ 

8 . 97 . 93 . 90 '87 I . 84 '8o i • 77 . 74 . 70 8. 0 6. I 4. I 2. 2 90. 2 
9 .96 .92 .88 .84; .So, .761 .72 .67 .63 7.6 5.1 2.7 90·3 87.9 

61 10 14. 95 29. 90 44. 85 59· 81 : 74· 76

1

[ 89. 71 104. 66 II9. 61 134. 56 897. I 1794. 2 2691. 3 3588. 4 4485. 5 
I I • 94 . 89 . 83 . 78 I . 72 · 66 . 61 . 55 · 49 6. 6 3· 3 89. 9 6. 5 3· I 

12 '941 . 87 . 81 . 741 . 68 . 62 . 55 . 49 . 42 6. 2 2. 3 8. 5 4· 6 So. 8 
13 . 93 . 86 . 78 . 71 '641 . 57 . 50 . 42 '35 55 .. 27 ,i I. 4 7. 0 2. 7 78. 4 
14 '92 . 84 . 76 . 68 i • 6o . 52 . 44 . 36 . 28 90. 4 5. 6 So. 8 6. 0 

61 15 14. 91 29. s2 44. 74 59. 65 I 14. 56 I 89. 47 104. 39 u9. 30 134. 21 8g4. 7 11s9. 5 2684. 2 357s. 9 4473. 6 
16 .90 .81 .71 .62 II .52 .43 .33 .23 .14 4,3 8.5 2.8 7.0 71.3 
17 . 90 , 79 . 69 , 59 . 4811 

• 38 . 28 . 17 4· o6 3· 8 7 • 6 81. 3 5· l 68, 9 
18 '89 . 78 . 67 '55 I . 44 . 33 '22 . II 3. 99 3. 3 6. 6 79. 9 3· 2 6. 5 

I 19 .88 .76 .64 .52: .40/ .28 .17 9.04 .92 2.8 5.7 s.5 71.3! 4.2 

6J 20 14. 87 29. 75 44. 62 59· 49 ; 74· 36 89. 24 104. I I II8. 98 133. 85 892. 4 1784. 7 2677. I 3569. 4 · 4461. 8 
21 .86 .73 .59 .46 i .J.2 .19 .o6 .92 .78 1.9 3.8 5.7 I 7·5 I 59·4 
22 . 86 . 71 ' 5 7 . 4 3 i . 2'B I ' I 4 4· 00 ' 85 . 7 I I. 4 2. 8 4. 2 5. 6 7. I 
23 . 85 . 70 . 55 . 40 ' . 24 '09 3. 95 . 79 '64 0. 9 I. 9 2. 8 3· 7 4. 7 
24 .84 .68 .52 .36', .20 .05 .89 .73 .57 0.5 0.9 1.4 1.9 52.3 

61 25 14.83 29.67 44.50 59·33 i 74.17 89.00 103.84 n8.67 133.50 890.0 178o.o 2670.0 356o.o 4449.9 
26 .83 .65 .48 30• .13 8.95 .78 .6o .43 89.5 79.0 68.6 58.1 7.6 
27 . 82 . 63 . 45 : 27 I . 09 ' 90 . 72 . 54 . 35 9· 0 8. I 7. I 6. 2 5' 2 
28 .81 ,62 .43 .24: .05 .86 .67 .48 .28 8.6 7.1 5.7 4.3 2.8 
29 .8o .6o .40 .21 4.0I .81 .62 .41 .21 8.I 6.2 4·3 2.4 40.5 

61 30 :,x 
32 
33 
34 

61 35 
3(i 

3i 
3S 
39 

61 40 
41 
42 
43 
44 

61 45 
46 
47 
48 
49 

14. 79 
.79 
. 78 
. 77 
. 76 

14· 75 
. 75 
.74 

14.71 
.71 
. jO 
. 69 
. 68 

14.67 
• 67 
. 66 
. 65 
. 64 

14.64 
.63 
,62 
. 61 
. 60 

14.6o 
·59 
.58 
.57 
.56 

14.56 

29. 59 44. 38 
·Si . 36 
. 56 . 33 
. 54 . 31 
. 52 . 29 I 

29. 5 I I 44. 26 i 

.49 II . 24 ' 

.48 ' . 21 

.46 . 19 

.44 . 17 

29. 43 44, 14 
.41 i . 12 

.40 \ . JO 

. 18 i . 07 
· 37 I . 05 

29. 35 I 44. 02 
. 33 I 4. oo 
· 32 I 3· 98 
. 3° 1 · '95 
. 29 . 93 

29. 27 I 43. 91 
. 25 I . 88 
. 24 i . 86 
. 22 I . 83 
. 21 ! . 81 

I 
29. 19 i 43. 79 

. 17 i . 76 

. 16 j . 74 

. 14 I . 72 

. 131' . 69 
29.11 43.67 

59· 17 
. 14 
• I I 

.08 

.05 

59.02 
8.98 

. 95 
. 92 
. 89 

58.86 
. 83 
.79 
.76 
'73 

58. 70 
'67 
. 64 
. 6o 
. 57 

58.54 
. 51 
.48 
.44 
.41 

58.38 
. 35 
· 32 I 

: ~~ j' 

58. 22 ' 

73.97 
·93 
. 89 
.85 
. Sr 

7J. 77 
. 73 
.69 
.65 
.61 

73. 57 
·53 
.49 
. 45 
.41 

73.38 
'34 
.30 
. 26 
. 22 : 

73. 18 
'14 : 
•IO' 
.06 

3.02 

72. 98 ' 
·94 
.90 
.86 
. 82 

72. 78 ; 

88. 76 ' 103. 56 
. 71 . 50 
'67 . 45 
.62 . 39 
'57 . 34 

88. 5 2 103. 28 
'48 . 22 

. 43 . 17 

. 38 . II 

. 33 '06 

88.29 
.24 
.19 
. 14 
• IO 

I03.oo 
2·95 

'89 
. 84 
. 78 

118. 35 
.29 
.22 
.16 
.IO 

118. 03 
7.97 
. 91 
.84 
.78 

117. 72 
. 65 
.59 
.53 
.46 

133.14 
.07 

3.00 
2 -93 
.86 

132.78 
'71 
.64 
·57 
.50 

132.43 
. 36 
. 29 
. 22 

'15 
88.05 102.73 117.40 132.07 

8. 00 . 67 . 33 2. 00 
7.95 '61 ' . 27 1.93 
. 91 ' 56 : . 21 . 86 
. 86 , 5 I I • 14 · 79 

87.81: I02.45 I 117.08 131.72 
. 76 i ' 39 7. 02 ' 65 
. 72 i . 34 6. 95 . 58 
. 67 I , 28 . 89 . 50 
.62 I .23 .83 I .43 

87. 57 11102, 17 II6. 76 I 13t. 36 
. 52 . I I ' . 70 I . 29 
. 48 I ' o6 ! • 64 I . 22 

. 43 'I 2. 00 1' '57 I . 14 

.38 r.95 . 51 .07 
87. 33 ' IOI. 89 I 116. 441 131. 00 

887.6 
7. I 

6.7 
6.2 
5.7 

885.2 
4.8 
4.3 
3.8 
3.3 

1775.2 
4.3 
3.3 
2.4 
1.4 

17j0. 5 
69.5 
8.6 
7.6 
6.7 

882. 9 1765. 7 
2.4 4.8 
L9 3.8 
I. 4 2. 9 
1.0 1.9 

880. 5 1761. 0 
8o.o 6o.o 
79· 5 59· I 
9· I 8. I 
8. 6 i 7. 2 

878. I t
1 

1756. 2 

7· 6 5. 2 

7. 2 i 4.3 
6. 71 3· 3 
6. 2 ' 2.4 

875. 71 1751. 4 
5. 2 50. 5 
4.8 49.5 
4, 3 ! 8.6 
3· 8 i 7. 6 

87 3. 3 l . 1746. 1 I 

2667. 9 3550. 5 4438. I 
1.4 48.6 5.7 

6o.o 6.7 3.3 
58.6 4.8 31.0 

7· I 2. 9 28, 6 

2655. 7 3541. 0 4426. 2 
4· 3 39· I 3· 8 

~:~I ;:~ ~~:i 
50.0 3.4 6.7 

2648.6 
7.2 
5. 7 
4.3 
2.9 

2641. 5 
40.0 
38.6 
7.2 
5·7 

2634.3 
2.9 
I. 5 

30.0 
28.6 

2627.2 
5.7 
4·3 
2.9 
1.4 

2620.0 

3531. 5 
29.6 
7.7 
5.8 
3.8 

352 1. 9 
20.0 
18. I 
6.2 
4·3 

3512.4 
10.5 
08.6 
6.7 
4.8 

3502.9 
501.0 
499.1 

7. 2 

5.3 
3493.4 

4414.3 
I I. 9 
og.6 

7.2 
4.8 

4402.4 
400.0 
397. 7 

5. 3 
2.9 

4390.5 
88. I 

5. 8 
3.4 

81.0 

4378.6 
6. 2 

3.8 
71. 5 
69.1 

4366.7 



 

UNITED STATES COAST AND GEODETIC SURVEY. 265 

Latitude 61° to 62°-Meridio11al arci;. Latitude 61°-Co-ordinates of ciuvature. 
i 

' ! 
Lat. i 

Sums of seconds for middle Sums of minutes for middle -
Value of 111 

latitude. 
Value of 1' latitude. 

Longitude. x y I 
'1 

-· 

0 I Meters. I/ Meters. Meters. I Meters. 0 I Meters. Meters. 
! 

.61 00 3o.953 1857. 19 
I 3 l 30.96 .20 I I 857. 2 0 I 901. 8 0. I 

2 3 2 61. 91 .20 2 3 714· 4 2 I 8o3. 7 0. 5 
3 3 3 92.87 . 21 3 5 571.6 3 2 705. 5 I. 0 

4 4 4 123.82 . 21 4 7 428. 8 4 3 6o7. 3 I. 8 

61 05 30.954 5 154.78 1857.22 5 9 286. 0 0 5 4 509· I 2.9 
6 4 6 185.73 .22 6 II 143. 2 6 ' 5 41 I. 0 4· I 

7 4 7 216.69 .22 7 13 ()()(). 5 7 6 312. 8 5.6 
' 

8 4 8 247.64 . 23 8 14 857. 7 8 7 214. 6 7.3 

9 4 9 278.6o . 23 9 16 714. 9 9 8 1I6. 4 9.3 

61 IO 30.954 10 309. 56 1857.24 10 18 572. 2 ii 10 9 018. 3 I I. 5 
II 4 I 340.51 .24 I 20 429. 4 15 13 527. 4 25.8 
12 4 2 371. 47 .25 2 22 286. 6 20 18 036. 5 45.9 i 

13 4 3 402.42 . 25 3 24 143. 9 25 22 545· 5 /I· 7 
14 4 4 433.38 .26 4 .26 001. l 30 27 054. 5 103.2 

61 15 30.954 15 464.33 1857. 26 15 27 858. 4 0 35 31 563. 5 140.5 
16 4 6 495.29 . 27 6 29 715. 7 40 36 072. 5 183.5 
17 5 I 526. 24 . 27 7 31 572. 9 45 40 581. 3 232.3 
18 s 557.20 .28 8 33 430. 2 50 45 OC)O. I 286.8 

19 s 9 588.15 .28 9 3_p87. 5 55 49 598. 9 347.0 

61 20 30.955 20 619. II 1857.29 20 37 144. 8 I 00 54 107. 5 413.0 
21 . 5 I 650.07 .29 I 39 002. 1 05 58 616. I 484. 7 
22 5 2 • 681. 02 .29 2 40 859. 3 10 63 124. 5 562. I 

23 3 3 711. 98 .30 3 42 716. 6 15 67 632. 9 645.3 

24 5 4 742.93 .30 4 44 573. 9 20 72 141. 2 734.2 

61 25 30.955 25 773- 89 1857. 31 25 46 431. 2 I 25 76 649. 3 828.8 
26 s 6 So+.84 . 31 6 48 288. 6 30 81 157. 3 929. 2 

27 5 7 835.8o .32 7 50 145. 9 35 85 665. 2 I 035. 3 
28 5 8 866.7s .32 8 52 003. 2 40 90172.9 I 147. I 

29 5 9 897.71 ·33 9 53 86o. 5 45 94 680. 5 I 264. 6 

61 30 30.956 30 928.67 1857.33 30 55 717.8 l 50 99 188. 0 I 388. 0 I 

31 6• I 959.62 .34 I 57 575. 2 55 103 69s. 3 I 517. I 1 

32 6 ! 990.58 .34 2 59 432. 5 2 00 108 202 1 652 

33 6 3 I 021. 53 . 35 3 61 289. 9 3 00 162 271 :l 016 I •I 

34 6 4 I 052. 49 • 35 4 63 147. z 4 00 216 304 6 6o6 

61 35 30.956 35 1083.44 18s7. 3S 35 65 004. 6 5 00 270 285 IO 320 

36 6 6 I 114. 40 .36 6 66 861. 9 6 00 324 204 14 857 

37 6 7 I 145. 35 .36 7 68 719. 3 7 00 378 047 20 217 

38 6 8 I 176. 31 . 37 8 70 576. 7 8 00 431 802 26 39? 

39 6 9 I 207. 27 .37 9 72 434. 0 9 00 485 456 33 400 

61 40 30.956 40 f 238. 22 1857.38 40 74 291. 4 IO 00 538 997 41 219 

41 6 I I 26g. 18 .38 I 76 148. 8 II 00 592 413 49 855 

42 6 2 I 300. 13 .39 2 78 006. 2 12 00 645 690 59 305 

43 7 3 I 331. 09 .39 3 79 863. 6 13 00 698 817 69 567 

44 7 4 l 362. 04 .40 4 81 72r. 0 14 00 751 781 So 639 

61 4S 30.957 45 I 393• 00 1857.40 45 83 578. 4 15 00 8o4 57° 92 518 

46 7 6 I 423. 95 .41 6 85 435. 8 16 00 857 172 105 201 

47 7 7 I 454· 91 .41 7 87 293. 2 17 909 574 II8 686 ' 00 
48 7 8 I 485. 87 .41 8 89 150.6 18 00 961 764 132 969 

49 7 9 I 516.82 .42 9 91008.0 19 00 I OIJ 729 148 048 

61 so 30.957 50 I 547· 78 l8s7.42 50 92 865. 4 20 00 I 065 459 163 917 

51 7 1 I 578. 73 .43 I 94 722. 8 21 00 I II6 940 18o 575 

i 
52 7 2 I 6og. 69 .43 2 96 58o. 3 22 00 I 168 161 198 016 

S3 7 3 I 640.64 .44 3 98137. 7 23 00 I 219 !IO 216 237 

54 7 4 I 671. 6o . .44 4 100 95· 2 24 00 l 269 775 235 234 

61 SS 30.957 Si 
I 702. 55 1857.45 55 102 152. 6 25 00 l 320 144 

i 
255 002 

56 g. I 733· 51 .45 6 104 OIO. 0 26 00 I 370 205 275 537 

57 8 7 I 764.46 -46 7 105 867.5 27 00 I 419 947 I 296 833 I 

58 8 8 I 795· 42 .46 8 107 725. 0 28 00 l 469 358 i 318 886 

~ 
8 9 I 826, 38 .46 9 109 582.4 29 00 l 518 426 

I 
341 691 

61 30.958 6o I 857. 33 18s7.47 6o III 439· 9 30 00 l 567 141 I 365 242 

, 

H. Ex. 43--84: 
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Latitude 62° to 63°-Arcs of the parallel in meters. 

Lat. 1" 2' 31 (1 Ii' 2" 1 3" I ,,, 511 1 

6" i 7" I 811 911 1' 1

1

·, 

I , 1 ---1---1----1--~·~--1--~1·--~1----1 ---•'----1---i---r-------,---,--- ,-
o I 

62 00 
I 
2 

3 
4 

62 05 
6 
7 
8 
9 

62 IO 
II 

12 
13 
14 

62 15 
16 
17 
18 
19 

62 20 
21 
22 

23 
24 

62 25 
26 
27 
28 
29 

62 30 
31 
32 
33 
34 

fo 35 
36 
37 
38 

. 39 

62 40 
41 
42 
43 
44 

62 45 
46 
47 
48 
49 

62 50 
51 
52 
53 
54 

62 55 
56 
57 
58 
59 

62 6o 

1 

14.56 
. 55 
.54 
.53 
.53 

29. I I 43· 67 58.22 
. 19 
.16 

14. 52 
. 51 
.50 
.49 
.48 

.o6 .6o 

. 05 . 57• 
. 13 
. IO 

:~~ :~~I 
29. 03 43. 55 58. o6 

14. 48 28. 95 
.47 i ·94 
.46 I .92 
.451 .go 
.44 .89 

14. 44 28. 87 
.43 .86 
.42 .84 
.41 . 82 
.40 I .81 

I4. 40 28. 79 
. 39 . 78 
. 38 .76 
. 37 . 74 
. 36 . 73 

I4. 36 28. 71 
. 35 . 7° 
. 34 . 68 
. 34 . 67 
. 33 . 65 

I4.32 
. 31 
.30 
.29 
. 28 

14. 28 
. 27 
. z6 
. 25 
. 24 

'14. 24 
.23 
. 22 
. ::n 
.20 

14.20 
. 19 
. 18 
. 17 
. I6 

28.63 
. 62 
.6o 
.59 
.57 

28.55 
.54 
.52 
. 51 
.49 

28.47 
. 45 
·44 
·43 
.41 

28.39 
.38 
.36 
. 35 
. 33 

14. 16 28. 31 
. I5 . 30 
. 14 . 28 
. 13 . 26 
. 12 . 25 

14. 12 28. 23 
.II ,;zz 
. IO . 20 
·09 • 18 
.o8 . 17 

14. o8 28. 15 

. 52 . 03 

. 5a9 8. 00 

.48 7.97 

.45 . 94 

43.43 
.40 
.38 
.36 
. 33 

43.31 
. 29 
.26 
.24 
. 21 

43· I9 
. 17 
. I4 
. 12 
·09 

43.07 
.05 
.02 

3.00 
2.97 

42.95 
.93 
.go 
. 88 
. 85 

42.83 
. 81 
.78 
.76 
.73 

42.71 
.69 
. 66 
.64 
. 61 

42.59 
.57 
.54 
.52 
·49 

42.47 
. 45 
.42 
.40 
. 37 

42.35 
.33 
.30 
.z8 
. 25 

42.23 
l 

57.go 
. 87 
. 84 
. 81 
.78 

57.74 
. 71 
. 68 
. 65 
. 62 

57.59 
. 55 
·52 
.49 
.46 

57.43 
. 39 
.36 
. 33 
.30 

57.27 
. 23 
. 20 
. 17 
. 14 

57• II 
.07 
.04 

7.01 
6.98 

56.95 
. 9I 
. 88 
. 85 
. 82 

56.79 
. 75 
. 72 
. 69 
.66 

56. 631 
. 59 
.56 
·53 
. 50 

56.47 
.43 
.40 
• 37 I 

. .34 I 
56. 31 i 

I 

12.78 
.74 
.70 
.66 
.62 

72.58 
.54 
.50 
.46 
.42 

72.38 
·34 
.30 
.26 
. 22 

72.18 
.14 
.IO 
.o6 

2.02 

71. 98 
.94 
.go 
. 86 
.82 

71. 78 
.74 
. 70 
. 66 
.62 

71. 58 
. 54 
. 50 
.46 
.42 

71. 38 
.34 
.30 
. 26 
• 22 

71. 18 
.14 
• IO 
.o6 

1.02 

70.98 
.94 
.go 
. 86 
. 82 

70.78 
. 74 
.70 
• 66 
. 62 

70.58 
.54 
.50 
.46 
.42 

70.38 

87.33 
. 29 
.24 
.19 
.14 

87. IO 

.05 
7.00 
6.95 
·90 

86.86 
. 81 
.76 
. 71 
.67 

86.62 
.57 
.52 
.47 
·43 

86.38 
.33 
• 28 
. 23 
• 19 

86.14 
.og 
.04 

6.oo 
5.95 

85.go 
.85 
.So 
.76 
. 71 

85.66 
. 61 
.56 
.52 
.47 

85.42 
.36 
.32 
.28 
.23 

85.18 
. 13 
.o8 

5.04 
4.99 

84.94 
.89 
.84 
.79 
. 75 

84.70 
.65 
.6o 
. 55 
. 51 

84.46 

IOI. 89 
.83 
.78 
.72 
. 67 

IOl.61 
.55 
.50 
·44 
. 89 

IOI. 33 
.28 
. 22 
.17 
. II 

IOI. 05 
I. 00 
0.94 
. 89 
. 83 

IOO. 78 
.72 
. 67 
. 61 
.56 

100. 50 
.44 
. 39 
. 33 
. 28 

100. 22 

. 16 
•II 

.05 
I00.00 

99.94 
. 88 
. 83 
.77 
.72 

99.66 
.6o 
.55 
·49 
.44 

99.38 
. 32 
.27 
. 21 
.16 

99. IO 
9.04 
8.99 
·93 
.87 

98.82 
.76 
.70 
.64 
·59 

98.53 

116. 45 
. 38 
• 32 
. 25 
. 19 

u6. 13 
.o6 

6.oo 
5.94 
. 87 

115. 81 
·74 
. 68 
.62 
. 55 

n5. 49 
.43 
.36 
.30 
. 23 

u5. 17 
. II 

5.04 
4.98 

. 92 

114. 85 
. 79 
. 72 
.66 
.6o 

114. 53 
.47 
.40 
. 34 
. 28 

114. 21 
. rs 
.o8 

4.02 
3.96 

113. 89 
. 83 
.76 
.70 
.64 

n3. 57 
• 51 
.44 
. 38 
. 32 

II3. 25 
. 19 
. 12 
.o6 

3.00 

ll2. 93 
.87 
.So 
.74 
. 67 

112. 61 

131. 00 
0.93 
.86 
.79 
.72 

r30.65 
.57 
.50 
·43 
.35 

130.28 
. 21 
.14 
.07 

30.00 

129.93 
. 85 
.78 
. 71 
.64 

129.57 
.50 
·43 
. 35 
.28 

129.21 
. 14 

9.07 
8.99 
.92 

128.85 
.78 
. 7I 
. 63 
.56 

128. 49 
.42 
. 35 
. 27 
.20 

128.13 
S.o6 
7.99 
.91 
.84 

127.77 
.70 
.63 
. 55 
.48 

127.41 
·34 
. 27 
.19 
• 12 

127. 05 
6.98 
. 91 
.83 

•. 76 
126.69 

87J. 3 
2.9 
2.4 
I. 9 
I. 4 

871. 0 

0.5 
70.0 
6g.5 
9.0 

868.6 
8. I 

7.6 
7• I 
6.7 

866.2 
5. 7 
5.2 
4.7 
4. 3 

863.8 
3.3 
2.8 
2.3 
I. 9 

861.4 
0.9 
0.4 

6o.o 
59.5 

859.0 
8.5 
8.o 
7.6 
7· I 

856.6 
6. l 

5.6 
5.2 
4. 7 

854. 2 
3.6 
3.2 
2. 8 
2.3 

851.8 
l. 3 
o.8 

50.4 
49·9 

849.4 
8.9 
8.4 
7.9 
7.5 

847.o 
6.5 
6.o 

~: ~11 844.6 

1746.7 
s.7 
4.8 
3.8 
2.9 

1741. 9 
0.9 

40.0 
39.o 
8. I 

1737. I 
6. I 

5.2 
4.2 
3.3 

I732.3 
I. 4 

30.4 
29.5 
8.5 

1727.6 
6.6 
5.7 
44 7 
3· 8 

1722.8 
I. 8 

20.9 
19.9 
9.0 

17I8.o 
7.0 
6. I 

5. I 
4.2 

1713.2 
2.2 
I. 3 

10.3 
og.4 

1708.4 
7.4 
6.5 
5.5 
4.6 

1703. 6 
2.6 
J, 7 

700. 7 
6g9.8 

1698. 8 
7.8 
6.9 
5.9 
5.o J 

1694.0 
3.9 
2. l 

I. I 
go.2 

168g.2 

2620.0 
18.6 
7.2 
5. 7 
4.3 

2612. 9 
I. 4 

10.0 
08.6 

7· I 

26o5.7 
4.3 
2.8 
I. 4 

6oo.o 
2598.5 

7. l 

5.6 
4. 2 
2.8 

2591. 3 
89.9 
8.5 
7.0 
5.6 

2584.2 
2.7 

81. 3 
79.9 
8.4 

25n.o 
5. 5. 
4· I 
2.7 

71..2 

2569.8 
8.3 
6.9 
5.5 
4.0 

2562.6 
61. I 

59.7 
8.3 
6.8 

2555. 4 
3.9 
2.5 

51. I 

49.6 

2548.2 
6. 7 
5. 3 
3.8 
2.4 

2541. 0 

39.5 
8. 1 • 

6.6 
5.2 

2533.7 

3493·4 
91.4 
89.5 

7. 6 
5.7 

3483.8 
I. 9 

So.a 
78. I 

6.2 

3474. 3 
2.3 

70.4 
68.5 
6.6 

3464.7 
2.8 

6o.9 
59.0 
7.0 

3455· I I 
3.2 

'51. 3 
49.4 
7.5 

3445.6 
3.6 

41. 7 
39.8 
7.9 

3436.o 
4. I 
2. I 

30.2 
28.3 

J426.4 
4.5 
2.5 

20.6 
18.7 

J416.8 
4·9 
2.9 

11.0 
09· I 

3407.2 
5.3 
3.3 

4or.4 I 
. 399.5 ' 

3397.6 
5.6 
3.7 

91. 8 
89.9 

3387.9 
6.o 
4· [ 
2. 2 

8o.2 
3378.3 

4366.7 
4. 3 

61. 9 
59.5 

7. l 

4354.8 
2.4 

50.0 
47.6 
5.2 

4342. 8 
40.4 
38.0 
5.6 
3.3 

4330.9 
28.5 
6, I 

3.7 
ZI. 3 

4318.9 
6.5 
4• I 

r I. 7 
o9.3 

4306.9 
4.5 

302. I 

299.8 
7.4 

4295.0 
2.6 

90.2 
87.8 
5.4 

4283.0 
80.6 
78.2 
5.8 
3.4 

4271. 0 
68.5 
6.2 
3.8 

61. 4 

4259.0 
6.6 
4.2 

51. 8 
49.4 

4247.0 
4.6 

42.1 
39.7 
7.3 

42.34·9 
2.5 

30. I 

27.7 
5.3 

4222.9 
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I 
Latitude 62° to 63°-Meridional arcs. Latitude 62°-Co-ordinates of curvature. 

! 
Lat. 

. I' I Sums of minutes for middle 
I 

I 
Value of 1" Sums of seconds for middle I Value of 11 Longitude. x y 

latitude. II I latitude. 
I, 

I 1. 0 I fifeters. II Meters. I Meters. I Meters. c I Meters. Meters. 
I 62 00 3o.958 

I 
1857.47 I - I 8 I 30.96 . 47 I I 857. 5 0 I 873.3 o. I I 

2 8 2 61. 92 .48 2 3 714. 9 2 I 746. 7 I 0.4 

I 3 8 3 92.88 .48 3 5 572· 4 3 2 620.0 I I. 0 
4 8 4 123.84 .49 4 7 429. 9 4 3 493.4 

I 
!. 8 I I 62 05 30.958 5 154.So 1857.49 5 9 287. 4 0 5 4 366. 7 

I 
2.8 

6 8 6 185.76 .50 6 II I4'\.9 6 5 240.0 4.0 
7 8 7 2I6.72 .50 7 13 002.4 7 6 113. 4 5.5 
8 8 8 247.68 . 51 8 14 859. 9 8 6 986. 7 7.2 
9 9 9 278.64 . 51 9 16 717. 4 9 7 86o.o 9· I 

62 IO 30.959 IO 309.6o 1857- 52 10 I8 574. 9 0 10 8 733· 4 11. 2 
II 9 I 340.56 . 52 I 20 432. 5 15 13 IOO. I 25.2 
12 9 2 371. 52 . 52 2 2Z 290.0 20 17 466. 7 44.9 
13 9 3 402.48 .53 3 24 147.5 25 2I 833. 3 70. I 

14 9 4 433·44 .53 4 . 26 005. 0 30 z6 199. 9 Ioo.9 

62 15 30.959 IS 464.40 1857.54 15 27 862. 6 0 35 30 566. 4 137.4 
16 9 6 495.36 . 54 6 29 720. l 40 34 932. 9 I79·5 
17 9 7 526.32 . 55 7 31 577. 7 45 39 299. 4 227. I 

18 9 8 Sf 28 . 55 8 33 435· z 50 4~ 665. 7 28o.4 
19 9 9 5 8.24 .56 9 "35 292. 8 55 4 032.0 339·3 

62 20 30.959 20 619.20 1857. 56 20 37 150. 3 I 00 52 398. 3 403.8 
21 9 I 650. 16 ·57 I 39 007. 9 05 56 764. 3 473.8 
22 59 2 681. 12 . 57 2 40 865. 5 IO 61 130. 4 549·5 
23 60 3 712.08 . 57 3 42 723. 0 15 65 496.4 630.8 
24 0 4 743.04 .58 4 44 580.6 20 6g 862. 2 717.7 

62 25 3o.96o 25 774.00 1857. 58 25, 46 438. 2 I 25 74 227. 9 810.3 
26 0 6 8o4.96 .59 6 48 295. 8 30 78 593· s 908.4 
27. 0 7 835.92 .59 7 50 ISJ· 4 35 82 959.0 I OI2. I 

28 0 8 866.88 .6o 8 52 011. 0 40 87 324. 3 I I21. 5 
29 0 9 897.84 .6o 9 53 868. 6 45 9I 689. 5 I 236. 4 

62 JO 30.96o 30 928.So 1857.61 30 55 726. 2 I 50 ¢054.5 I 357· 0 
31 0 I 959.76 . 61 l 57 583. 8 55 JOO 4I9. 4 J 483. I 
32 0 2 990.72 . 6I 2 59 441. 4 2 00 104 784 I 615 

33 0 3 I 021.68 . 62 3 61 299. 0 3 00 157 J45 3 633 
34 0 4 I 052. 64 . 62 4 63 156. 6 4 00 209469 6458 

62 35 30.¢o 3~ I o83. 6o 1857.63 35 65 014. 2 5 00 261 742 10089 
36 I I II4. 56 .63 6 66 871. 9 6 00 JI3 954 I4 525 
37 I 'l I 145. 52 . 64 7 68 729. 5 7 00 366091 19 765 
38 I 8 I J76. 48 .64 8 70 587. I 8 00 4I8 142 25 8o7 
39 I 9 I 207. 44 . 65 9 72 444. 8 9 00 470 093 32 65z 

62 40 30.961 40 I 238.40 I857.65 40 74 302. 4 JO 00 52I 932 40 296 
4J I I I 269. 36 .66 I 76 16o. I II 00 573 647 48 737 
4Z I 2 I 300.32 .66 2 78 017. 7 12 00 625 226 57 975 
43 I 3 I 331. 28 .66 3 79 875. 4 13 00 676 657 68 oo6 
44 I 4 I 362. 24 . 67 4 Sr 733. I 14 00 727 927 78 82Q 

62 45 30.¢1 45 I 393· 20 i:@57. 67 45 83 590. 7 15 00 779 024 90 441 
46 I 6 I 424, 16 .68 6 85 448.4 16 00 829 936 !02 838 

47 I' 'l I 455· 12 .68 7 87 3o6. I 17 00 880 651 116 019 
48 I 8 I 486.08 .6g 8 89 I63. 8 18 00 931 I57 129 98o 
49 2 9 I 517. 04 .69 9 91 021. s 19 00 981 442 144 717 

62 50 30.¢2 50 I 548.00 1857.70 50 92 879. 2 20 00 I 031 494 16o 227 
• 51 2 I I 578. 96 I .70 I 94 736. 9 21 00 I 081 JOO 176 507 

52 . 2 2 I 609. 93 .70 2 96 594. 6 22 00 I IJO 850 I93 552 

53 2 3 I 640. 89 . 71 3 98 452. 3 23 00 I I8o IJ2 2ll 359 

54 2 4 I 67f. 85 • 71 4 100 310, I. 24 00 [ 229 133 229 923 

62 55 30.962 5~ I 702. 81 1857.72 55 102 167. 8 25 00 I 2ij 842 249 240 

56 2 I 733· 77 . 72 6 104 025. s 26 00 I 326 248 i 26g 306 

57 2 'l I 764. 73 . 73 'l o105 883. 2 27 00 I 374 339 290 I I4 

58 2 8 I 795.69 .73 8 107 741. 0 28 00 I 422 103 311 662 

~ 
2 9 I St.65 .74 9 109 598. 7 29 00 I 469 530 333 943 

62 30-962 6o I 8 .• 61 1857.74 6o III 456.4 30 00 I 516 6o8 356 95 2 
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63 15 
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63 :20 
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22 
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63 25 
26 
27 
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29 

63 30 
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32 
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63 35 
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37 
38 
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44 
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UNITED STATES COAST AND GEODETIC SURVEY. 

Latitude 63° to 64°-Arcs of the parallel in meters. 

I . I ! I I I 

1
11 

i 2" i 3" 4" I 5
11 I 6" 1" I 8" I 

1--,1---11---:--- ----1----+----

9" 1' 

14.08 
.07 
.o6 
.05 
.04 

14.04 
.03 
.02 
.Ol 

.oo 

14.00 
3.99 
.98 
. 97 
.96 

13.96 
.95 
.94 
·93 
.9t 

13.92 
.91 
.go 
.89 
. 88 

13.88 
. 87 
. 86 
. 85 
.84 

13.84 
.83 
.82 
. 81 
. So 

13.79 
. 79 
.78 
• 77 I 

• 76 I 

13.75 
. 75 
.74 
. 73 
.72 

13. jl 
.70 
.70 
.69 
.68 

13.67 
. 67 
.66 
. 65 
.64 

13.63 
.62 
. 62 
. 6i 
.6o 

13.59 

28. 15 
. 14 
. 12 
. IO 

.02 

8.01 

27.99 
. 97 
. 96 
. 94 
·93 

27.91 
. 89 
. 88 
. 86 
. 85 

27.83 
. 81 
. 8o 
.78 
. 77 

27.75 
.73 
.72 
.70 
.6g 

27.67 
. 65 
.64 
. 62 
. 61 

27.59 
.57 
.56 
.54 
.53 

27. 51 
. 49 
. 48 
. 46 
. 45 

27.43 
.41 
. 40 
. 38 
. 36 

27. 35 
. 33 
. 31 
. 30 
. 28 

27. 27 
. 25 
. 23 
. 22 
. 20 

27. 19 

1 . ' I 
42. 23 I 56. 31 I 70. 38 

. 21 . 28 I . 34 

.18 .24 .30 

. 16 .21 .26 

. 13 . 18 
42. II 

.08 

.06 

.04 
2.01 

4r. 99 
.96 
.94 
.92 
. 89 

41. 87 
.84 
. 82 
.8o 
. 77 

41. 75 
. 72 
.70 
. 67 
. 65 

41. 63 
. 6o 
.58 
.55 
.53 

41. 51 
.48 
.46 
. 43 
.41 

41. 38 
.36 
·34 
.31 
. 29 

4r. 26 
. 24 
. 21 

. 19 

. 17 

41. 14 
. 12 

.og 

.07 

.04 

41. 02 
I. 00 

0.97 
. 95 
.92 

40.90 
. 88 
. 85 
. 83 
.8o 

40.78 

56. 14 
. II 

.08 

.05 
6.02 

55.98 
.95 
.92 
.89 
.86 

55. 82 
.79 
.76 
. 73 
.69 

55.66 
.63 
.6o 
• 57 
.53 

55.50 
.47 
.44 
.40 
. 37 

55.34 

:~~I .24 
. 21 

55. 18 
. 15 
.12 
.08 
.05 

55.02 
4.99 
. 95 
. 92 
.89 

54.86 
.82 
.79 
.76 
.73 

54.69 
. 66 
. 63 
. 6o 
.56 

54.53 
.50 
. 47 
.44 
.40 

54. 371 

.22 

70. 18 
. 14 
•IO 
.06 

70.02 

6g.98 
·94 
.go 
.86 
. 82 

6g.78 
.74 
.70 
.66 
. 62 

6g.58 
.54 
.50 
.46 
.42 

6g.38 
.34 
.30 
. 26 
. 22 

6g. 18 
. 14 
• JO 

.o6 
9.02 

68.97 
. 93 
. 89 
. 85 
. 81 

68. 77 
.73 
. 69 
. 65 
. 61 

68.57 
.53 
.49 
. 45 
. 41 

68.37 
. 33 
. 29 
. 25 
. 21 

68. 16 
• l:il 
.08 
.04 

8.oo 
67.96 

84.46 
.41 
. 36 
. 31 
. 27 

84.22 
. 17 
. 12 
.07 

4.02 

83.98 
. 93 
. 88 
. 83 
.78 

83.73 
• 69 
.64 
.59 
.54 

83.49 
.45 
.40 
. 35 
. 30 

83. 25 
.20 
. 16 

. II 

.o6 

83.01 
2.96 
. 91 
. 87 
. 82 

82.77 
. 72 
. 67 
. 62 
. 57 

82.53 
. 48 
.43 
. 38 
. 33 

82.28 
. 24 
. 19 
.14 
.og 

82.04 
I. 99 
.94 
. 90 
. 85 

81. So 
. 75 
.70 
.66 
.61 

81. 56 

98.53 
.47 
.42 
. 36 
. 31 

98.25 
. 19 
.14 
.08 

8.03 

97. 97 
. 91 
. 86 
.8o 
. 75 

97.69 
. 63 
.58 
.52 
.47 

97·41 

. 35 

.30 

.24 

.18 

97.t3 
.07 

7.02 
6.96 
. 91 

96.85 
,79 
.74 
. 68 
.62 

96. 56 
.51 
.45 
.39 
.34 

96.28 
. 22 

.17 
•II 
.o6 

96.00 
5.94 
.89 
. 83 
. 77 

112. 61 
. 55 
.48 
.42 
. 35 

II2. 29 
.23 
. 16 
.IO 

2.03 

III. 97 
.91 
.84 
.78 
. 71 

II I. 65 
.58 
.52 
.45 
.39 

11I.32 
.26 
.19 
. 13 
.07 

III. 00 
0.94 
. 87 
• 81 
. 74 

!IO. 68 
.62 
·55 
.49 
.42 

IIO, 35 
.30 
• 23 
. 17 
. IO 

110.04 
09.97 

. 91 

.84 

.78 

109. 71 
. 65 
.58 
.52 
.45 

95. 72 109. 39 
.66 . 33 
.6o . 26 
.55 . 20 
.49 . 13 

95· 43 109. o6 
.38 9.00 
·32 8.94 
. 25 . 87 

95. 15 108. 74 
• 20 I . 81 

126.69 
. 62 
. 54 
.47 
.40 

126.32 
. 25 
. 18 
, II 

6.04 

125.96 
. 89 
. 82 
. 75 
. 68 

125. 6o 
.53 
.46 
. 38 
. 31 

125.24 
. 17 
• IO 

5. 02 
4.95 

124.88 
. 81 
. 74 
. 66 
.59 

124.52 
. 45 
. 37 
.30 
. 23 

iz_; 15 
.08 

4.01 
3.94 
. 86 

123.79 
. 71 
. 64 
. 57 
.50 

123.43 
. 35 
. 28 
. 21 
. 13 

12J.o6 
2.99 

·.92 
. 84 
. 77 

122. 70 
. 62 
·SS 
.48 
. 41 

122.33 

844.6 
4• I 
3.6 
3· l 
2.7 

842.2 
I. 7 
l. 2 
o. 7 

40.2 

839.8 
9·3 
8.8 
8.3 
7.8 

837. 3 
6.9 
6.4 
5.9 
5.4 

834.9 
4. 5 
4.0 
3.5 
3.0 

832.5 
2.0 
I. 6 
I. I 
o.6 

830. I 

29.6 
9. I 

8.7 
8. 2 

827.7 
7.2 
6. 7 
6.2 
5.7 

825.3 
4.8 
4.3 
3.8 
3.3 

822.8 
2.4 
I. 9 
I. 4 
0.9 

820.4 
19.9 
9.4 
9.0 
8. 5 

818.0 
7.5 
7.0 

81~' 

2' I 3' i c 1689. 2 I 2533. 1 1 

8. 2 2. 3 I 
1. 2 I 30. 9 
6. 3 i 29. 4 
5.3 i 8.o 

• I 
1684. 4 2526. 5 

3.4 5.0 
2.4 3.6 
l. 4 2. 2 

So. 5 20. 7 

1679.5 
8.6 
7.6 
6.6 
5.7 

1674.7 
3.7 
2.8 
I. 8 

70.8 

1669.9 
8.9 
8.o 
7.0 
6.o 

1665. 0 

4.0 
3. l 
2.2 
I. 2 

166o.2 

59.2 
8.3 
7.3 
6.3 

1655.4 
4.4 
3.4 
2.5 
I. 5 

1650.5 
49.6 
8.6 
7.6 
6.6 

1645.7 
4. 7 
3.8 
2.8 
I. 8 

1640.8 
39·9 
8.9 
7.9 
7.0 

1636.0 
5.0 
4.0 
3· I 
2. I 

1631. I 

2519.3 
7.8 
6.4 
5.0 
3.5 

2512.0 
I0.6 
09.1 
7.7 
6.3 

2504.8 
3.4 
I. 9 

500.4 
499.0 

2497.6 
6. I 

4. 7 
3.2 
I. 7 

2490.3 
88.9 
7.4 
6.o 
4· 5 

2483.0 
I. 6 

8o.2 
78. 7 
7.2 

2475.8 
4.3 
2.9 
l, 4 

70.0 

2468.5 
7. I' 
5.6 
4· l 
2. 7 

2461. 3 
5g. 8 
8.3 
6.9 
5. 4 

2453.9 
2.5 

51. I 

•49.6 
8. l 

2446. 7 

4'' 

3378. 3 I 
6.4 I 

4. 5 i 
2, 6 . 

70 6 • • ! 
3368, 7 I 

6.8 
4.8 
2.9 

61. 0 

3359.0 
7. I 
5.2 
3.3 

51. 3 

3349.4 
7.5 
5.5 
3.6 

41. 7 

3339.8 
7.8 
5.9 
3.9 
2.0 

3330. I 
28.2 
6. 2 

4. 3 
2.3 

3320.4 
18.5 
6.6 
4.6 
2.7 

3310.7 
oS.8 
6.9 
5. 0 

3.0 

3301. 0 
299. l 

7.2 
5. 2 

3.3 
3291. 4 

89.4 
7.5 
5.5 
3.6 

3281,7 
;9.8 

7,8 
5.8 
3.9 

3271.9 
70.0 
68. I 

6.2 
4.2 

3262.2 

iV 

4222.9 
20.5 
18. I 

5.7 
3.3 

42IO. 9 
08.4 

6.o 
3.6 

. 201. 2 

4198.8 
6.4 
4.0 

91. 6 
8g.2 

4186. 7 
4· 3 

81. 9 
79.5 

7. I 

4174.7 
72.3 
69.9 
7.4 
5· 0 

4162.6 
6o.2 
57.8 
5.4 
2.9 

4150. 5 
48; I 

5. 7 
3.3 

40.8 

4138.4 
6.o 
3.6 

31. 2 
28.7 

4126. 3 
3·9 

21. 5 
19.0 
6.6 

4114. 2 
II. 8 
og.4 
6.9 
4. 5 

4102. I 

099.7 
7.2 
4.8 

92.4 
4089.9 

7.5 
5. I 
2.7 

8o.2 
4077. 8 
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.------------------------- ·-·---·-----.. ----------··--·-. 
Latitude 63° to 64°-Meridional arcs. Latitude 6j0 -Co-ordinate5 of curvature. 

Lat. 

Value of 111 

I 
Sums of seconds for middle Value of 11 Sums of minutes for middle ,- i, 

latitude. latitude. Longitude. .'\. 

----1-----1----------11-----· ________ ,_ __________ \ _____ , 

,f,~~ii i--:- ~:: 7 : : Md<~ 6 ! 
0 f 

-63 00 
I 
2 

3 
4 

63 05 
6 
7 
8 
9 

63 IO 

rr 
12 
13 
14 

63 15 
16 
17 
18 
19 

63 20 
21 
22 
23 
24 

63 25 
26 
27 
28 
29 

63 30 
31 
32 
33 
34 

63 35 
36 
37 
38 
39 

63 40 
41 
42 
43 
44 

63 45 
46 
47 
48 
49 

63 50 
51 
52 
53 
54 

63 55 
56 
57 
58 

Meters. 
30.962 

2 
2 

3 
3 

30.963 
3 
3 
3 
3 

30.¢3 
3 
3 
3 
3 

30.963 
4 
4 
4 
4 

30.964 
4 
4 
4 
4 

30.964 
4 
4 
4 
4 

30.965 
s 
s 
5 
s 

3o.965 
5 
s 
s 
5 

30.965 
5 
5 
6 
6 

30.966 
6 
6 
6 
6 

30.966 
6 
6 
6 
6 

30.966 
6 
7 
7 

If Meters. 

I 30. 96 
.75 2 3715.5 2 1689.2 i 2 61. 93 

3 92.89 .75 .> 5573.2 3 2533.7 
. 76 4 7 431. 0 4 3 378. 3 i 4 123.86 

5 154.82 1857.76 5 9288.8 o 5 4222.9 
.77 6 II 146.5 6 5o67.5 6 185.79 

7 216.75 · 77 7 13 004. 3 7 5 912. I 
. 78 8 . 14 862. I 8 6 756. 6 8 247.72 
. 78 9 16 719. 8 9 7 6o1. 2 9 278.68 

10 
I 
2 

3 
4 

15 
6 
7 
8 
9 

20 
I 

2 

3 
4 

25 
6 
7 
8 
9 

30 
l 
2 

3 
4 

35 
6 

§ 
9 

40 
I 
2 

3 
4 

45 
6 
7 
8 
9 

309.65 
340.61 
371.57 
402.54 
433.50 

1857. 78 IO 18 577. 6 
· 79 I 20 435· 4 
. 79 2 22 293. 2 
. 8o 3 24 151.0 
. 8o 4 26 008. 8 

464.47 
495.43 
526.40 
557.36 
588.33 

1857. 81 15 27 866. 6 
. 81 6 29 724.4 
. 82 7 31 582. 2 
. 82 8 33 440. 0 
. 82 9 35 297. 9 

619. 29 1857.83 
650. 26 . 83 
681. 22 . 84 
712. 18 . 84 
743. 15 . 85 

774· I I 1857. 85 
805. 08 . 86 
836. 04 . 86 
867. 01 . 86 
897. 8o . 87 

20 
l 

2 

3 
4 

25 
6 
7 
8 
9 

37 155. 7 
39 013. 5 
40 87r. 4 
42 729. 2 

44 587. 0 

46 444.9 
48 302. 7 
50 16o. 6 
52 018. 5 
53 876. 3 

0 10 
15 
20 
25 
30 

0 35 
40 
45 
50 
55 

I OD 

05 
IO 

15 
20 

I 25 
30 i 
35 
40 
45 

8 445. 8 
12 668. 7 
16 891. 6 
21 II4. 4 
25 337. 2 

2 9 559· 9 
33 782. 6 
38 005. 3 I 
42 227.9 I 
46 450.4 

50 672. 8 
54 895. 2 

59 117. 4 
63 339· 6 
67 561. 6 

71 783. 6 
76 005. 4 
80227.1 
84 448. 6 
88 670. l 

928. 94 1857. 87 30 55 734· 2 I 50 92 891. 3 
959· 90 · 88 I 57 592. l 55 97 112. 5 
990· 87 · 88 2 59 450. 0 2 00 IOI 333 

I 021.83 .89 3 61 307.9 3 00 151 970 
l 052. 8o . 89 4 63 165. 7 4 00 202 569 

I 083. 76 1857. 90 35 65 D2J. 6 5 00 253 II9 
I 114. 72 . 90 6 66 881. 5 6 00 303 6o8 
I 145. 69 . 90 7 68 739· 4 7 00 354 024 
I 176. 65 . 91 8 70 597· 3 8 00 404 354 
I 207. 62 . 91 9 72 455· 2 9 00 454 586 

I 238. 58 I 1857. 92 40 74 313. 2 ID 00 504 709 

! ~~:~~ 1· :~; ~ ~~~~~:~ :~ : ~~~ 
I 331. 48 · 93 3 79 886. 9 13 00 654 295 
I 362. 44 · 94 4 81 744· 9 14 00 703 857 

l 393· 41 1857. 94 45 83 002. 8 15 00 753 249 
l 424· 37 I . 94 6 85 46o. 7 16 00 8o2 458 
I 455· 33 ;i • 95 7 87 318. 7 17 00 851 473 
I 486. 30 'I . 95 8 89 176. 6 18 00 900 283 

lJfeters. 

I I. 0 

24.6 
43.8 
68.4 
98.5 

134. I 
175. I 
221. 6 
273.6 
33 !. I 

394.0 
462.4 
536.3 
615. 6 
700.4 

790.7 
886.5 
987.7 

l 094. 4 
I 206. 6 

I 324. 2 

I 447. 4 
I 576 
3 546 
6 302 

9 846 
14 175 
19 288 
25 185 
31 864 

39 323 
47 561 
56 575 
66 363 
76 924 

88 254 
100 350 
113 21 I 
126 832 
141 2!0 I 517. 26 !I . 96 9 91034.6 19 00 948 874 

50 I 548. 23 II 1857. 96 50 92 892. 6 20 00 997 237 156 343 
I I 579· 19 I • 97 ! 94 750. 5 21 oo l 045 358 172 225 
2 ' I 610. 16 I . 97 2 96 6o8. 5 22 00 I 093 226 188 854 
3 I 641. 12 . 97 3 98 466. 5 23 00 I 140 830 zo6 225 
4 I 672. 09 

1 

• 98 4 •100 324· 4 24 00 I 188 158 224 335 

SS I 703. 05 1857. 98 55 102 182. 4 25 00 I 235 199 243 178 
6 I 734· 02 I . 99 6 104 040. 4 26 00 I 281 941 262 750 
7 [ 764. 98 11 7. 99 7 l05 898. 4 27 00 I 328 373 . 283 047 

59 
63 6o 

7 
J0.¢7 

g I 795· 94 I 8. QO 8 107 756. 4 28 OD I 374 483 304 o64 
9 I 8:t6. 91 i • 00 9 109 614. 4 29 00 : I 420 262 325 795 

1~~~-.:..~~~~..:-.-6o~.....:[~~1_s_s_1_.8_7~....;.:.ji~_1s_s_s._oo~_.1.·~-6o~...!.---1-r1_4_1_2_.4 _ _!._~3-o_oo_-'-i~_1_4_65-69-6~~i~3-48_z3_s ____ , 
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I Latitude 64° to 65°-Arcs of the parallel in meters. 
I 1-~~~-,-~~~~~~~~~~-;-~--;~~~~-.~~---,-~--;l~~-;-~~~l~----1 

ii Lat. 111 I 211 f 311 , 411 I 511 I 6" I 'i,, I 8" ii 9" 1' 2' I ! 4' I 5' 
I ' ' I I ' I 3' I 

----11----1--:--,---1---;---·---,---j----1---i---; !----1----1 

I 6: ~ 13. 591 27. 19 \ 40. 78 ' 54· 37 67. 96 ' 81. 56 95. 15 I 108. 741 122. 33 815. 61 1631. I 2446. 71 3262. 2 4077. 8 
I I .581 ·'71 .75 .34 .92 .51 .og .681 .26 5.1 30.1 5.2 6o.3 5.4 

I 
2 . 58 . I 5 I . 7 3 . JI . 88 . 46 5. 03 . 6I I . I9 4. 61 29. 2 3. 8 58. 4 2. 9 
3 . 57 . 14 . 7 I . 27 . 84 . 41 4- 98 . 55 I . II 4· I 8. 2 2. 3 6. 4 70. 5 

I 4 . 561 . I2 : . 68 . 24 . 8o . 36 . 92 . 48 I 2. 04 3· 6 7. 3 40. 9 4. 5 68. I 

I
I 6405 I3·55 27.10 40.66 54.21 67.76 81.31 94.87 108.42 I I2!.97 813.1 I626.3 2439.4 3252.5 4065.7 

6 . 54 ! . 09 . 63 . I8 . 72 . 26 . 8I . 35 '1 . 90 2. 6 5. 3 7. 9 50. 6 3· 2 
7 . 54 I . 07 . 6I . I4 . 68 . 21 . 7 5 . 29 . 82 2. I 4. 3 6. 5 48. 6 I 6o. 8 
8 ·53[ .06 .58 .11 .64 .I7, .70 .22[ .75 1.7 3.4 5.0 6.7 5S.4 
9 . 52 I . 04 . 56 . 08 . 6o . I2 , . 64 . I6 I . 68 I. 2 2. 4 3· 6 4· 1 s. 9 

IJ. 51 I 27. 02 40. 54 54. 05 67. 56 81. 07 94. 58 Io8. 09 I 121. 6o 810. 7 1621. 4 2432. I 3242. 8 64 JO 
JI 
12 
13 
I4 

64 15 
16 
17 
18 
19 

64 20 
21 
22 
23 
24 

I 
64 25 

26 
27 
28 
29 

64 30 
3I 
32 
33 
34 

64 35 
36 
37 
38 
39 

64 40 
41 
42 
43 
44 

64 45 
46 
47 
48 
49 

64 50 
SI 
52 
53 
54 

64 55 
56 
57 
58 
59 

64 6o 

.50 I 7.oI .51 4.01 .52 1.02 .sJ 8.03
1 

.54 10.2 20.4 30.6 40.9 
·491 6.99 .49 3.98 .48 0.97 .47 7.96 j .46 09.7 19.4 29.2 38.9 
. 49 I . 97 . 46 . 95 . 44 . 92 . 4I . 90 I . 39 9. 2 8. 5 7. 7 7. 0 
.48 .96 ,44 .92 .40 .88 .35 .831 .31 8.8 7.5 6.3 5.0 

I3- 47 26. 94 40. 41 53· 88 67. 35 8o. 83 94. 30 107. 77 I I21. 24 8o8. 3 16I6. 5 2424. 8 3233. I 
.46 ·93 ·39 .85 .31 .78 .24 .70 .17 7.8 5.5 3·3 3r.1 
-45 .91 -37 .82 .27 .73 .18 .64 .09 7.3 4.6 1.9 29.2 
.45 .89 .34 ·79 .23 .68 .I2 .57 1.02 6.8 3.6 20.4 7.2 
.44 .88 .32 -75 .I9 .63 .07 .51 0.95 6.3 2.7 19.0 5.3 

I3·43 
.42 
.41 
. 41 
.40: 

13·39 
. 38 
. 37 
·J7 
. 36 

I3, 35 
. J4 
·33 
·33 
.32 

13.31 
. JO 
. 29 
. 28 
.28 

13.27 
. 26 
. 25 
. 24 
. 24 

13.23 
. 22 
. 21 
.20 
. 19 

13. 19 
. 18 
. 17 
. 16 
• 15 

I~- 15 
.14 
. 13 
. 12 
. II 

13. IO . 

26.86 
.84 
. 83 
.SI 
.So 

26.78 
. 76 
. 75 
. 73 
. 7I 

26.70 
.68 
.67 
. 65 
. 63 

26.62 
.6o 
.58 
. 57 
. 55 

26.54 
.52 
.50 
. 49 
. 47 

26.45 
.44 
. 42 
. 41 
. 39 

26.37 
. 36 
·34 
. 32 
• 31 

26.29 
. 27 
. 26 
. 24 
. 23 

26.21 

40. 29 
. 27 
. 24 
.22 
. 19 

40. 17 
. 15 
. I2 
. IO 

. 07 

40.05 
.02 

~0.00 

39.98 
. 95 

39.93 
. 90 
. 88 
. 85 
. 83 

39.80 
.78 
. 75 
.73 
. 7 I 

39.68 
. 66 
. 63 
. 61 
.58 

39.56 
.54 
. 51 
.49 
.46 

39.44 
.41 
.39 
.36 
.34 

39.31 

53·7 2 

. 69 

. 66 

. 62 
·59 

53.56 
. 53 
. 49 
. 46 
. 43 

53.40 
. 36 
. 33 
•JO 
. 27 

53· 2J 
. 20 
. 17 
. 14 
. IO 

53. 07 
.04 

3.01 
2 ·97 

. 94 

52.91 
. 88 
. 84 
. 8I 
.78 

52. 75 
. 71 
. 68 
. 65 
. 62 

52.58 
. 55 
.52 
.48 
.45 

52.42 

67. 15 
. II 

.07 
7.03 
6.99 

66.95 
. 91 
. 87 
. 83 
.79 

66.75 
. 7I 
.67 
. 63 
.58 

66. 54 
.50 
. 46 
.42 
. 38 

66.34 
.30 
. 26 
. 22 

.18 

66. 14 
.oy 
. 05 

6.0I 
5.97 

65.93 
. 89 
. 85 
. 8I 
• 77 

65. 73 
• 6g 
. 65 
. 6o 
.56 

65.52 

8o. 58 
.53 
.49 
.44 
·39 

So.34 
. 29 
.24 
. 19 
.14 

So. 10 
.05 

80.00 
79.95 

.go 

79.85 
.So 
. 75 
. 71 
.66 

79.61 
.56 
. 51 
. 46 
.41 

79.36 
. 31 
. 27 
. 22 
. 17 

79· 12 
.07 

9.02 
8.9, 
.92 

78.87 
. 82 
.78 
. 73 
. 68 

78.63 

94.01 
3.96 
.90 
.84 
.79 

93· 73 
. 67 
. 62 
.56 
.50 

93.45 
. 39 
. 33 
. 28 
. 2I 

93· I6 
. IO 

3.o5 
2.99 
. 93 

92.88 
. 82 
. j6 
. 70 
. 65 

92.59 
.53 
.48 
.42 
.36 

92.30 
. 25 
. 19 
.13 
.08 

92.02 
1.g6 
. 91 
.85 
. 79 

91. 73 

107.45 120.88 
.38 I .8o 
. 31 . 73 
. 25 .65 
. 18 t 58 

107. 12 120. 51 
7. 05 . 43 
6.99 .36 

. 93 . 2 '1 

. 86 . 22 

106.79 
. 73 
. 66 
.6o 
. 53 

106.47 
.40 
.34 
. 27 
. 2I 

1o6. I4 
.08 

6.01 
5-95 
. 88 

105. 82 
. 75 
.6g 
. 62 
.56 

105.49 
. 43 
. 36 
. 30 
. 23 

105. I7 
, IO 

5.03 
497 
. 90 

104- 84 

120.I4 
20.07 
19.99 

.92 

. 85 

119.78 
.70 
.63 
.56 
. 48 

n9. 41 
.34 
. 26 
. 19 
• 12 

119.04 
8.97 
.go 
.82 
. 75 

118. 68 
.61 
.53 
.46 
. 38 

II8.31 
• Z4 
. 16 
.og 

8.02 
u7.94 

805. 8 161 I. 7 
5- 3 IO. 7 
4.9 09. 7 
4.4 8.8 
3-9 7.8 

8o3. 4 16o6. 8 
2.9 5. 8 
2.4 4. 8 
l. 9 3· 9 
I. 4 2. 9 

8o1. 0 16o1. 9 
o. 5 6oo.9 

Soo.o 599· 9 
799· 5. 9· 0 

9.0 8.o 

798. 5 1597· 0 
8.o 6.o 
7• 5 5· I 
7. I 4· I 
6. 6 3• I 

796. I 
5.6 
5. I 
4.6 
4· I 

793.6 
3· I 
2.7 
2.2 

I. 7 

791.2 
0.7 

90.2 
89.7 
9.2 

788.7 
8.2 
7. 8 
7.3 
6.8 

786.3 

1592.2 
I. 2 

90.2 
89.3 
8.3 

1587.3 
6.3 
5.3 
4.4 
3.4 

1582. 4 
I. 4 

So.4 
79.5 
8.5 

1577. 5 
6. s 
5.5 
4.6 
3.6 

1572.6 

2417.5 
6.o 
4.6 
3. I 
I. 6 

2410. 2 
o8.7 

7-3 
5.8 
4.3 

2402.9 
401.4 
399-9 

8.5 
7.0 

2395.5 
4. I 
2.6 

91. 2 
89.7 

2388.2 
6.8 
5.3 
3.8 
2.4 

238o.9 
79.4 
8.o 
6. s 
5.0 

2373.6 
2. I 

70.6 
6g.2 

7.7 

2366.2 
4. 7 

'3. 3 
I. 8 

6o.8 
2358.9 

3223.3 
21.4 
19.4 
7-5 
5.5 

3213. 6 
l!. 6 
09.7 

7.7 
5.8 

3203.8 
2or. 9 
199. 9 

8.o 
6.o 

3194. I 
2. I 

90.2 
88.2 
6.2 

3184.3 
2.3 

8o.4 
78.4 
6.5 

3174.5 
2.6 

70.6 
68.7 

6. 7· 

3164.7 
2. 8 

6o.8 
58.9 
6.9 

3155.0 
3.0 

51. 0 

49• I 
7. I 

3145.2 

4053. 5 
5 I. I 
48.6 
6.2 
3.8 

4041. 3 
38.9 
6.5 
.j..O 

31.6 

4029.2 
6.7 
4.3 

21. 8 
19.4 

4017.0 
4.5 

12. I 

09.7 
7.2 

4004.8 
4002.3 
3999-9 

7.5 
5.0 

3992 .6 
90· I 
87.7 
5.3 
2.8 

398o.4 
77. 9 
5.5 
3.0 

70.6 

3968.2 
5.7 
3.3 

6o.8 
58.4 

3955.9 
3.5 

5I. 0 
48.6 

6.1 

3943.7 
41. 2 

38.8 
6. 3 
3.9 

3931.5 



 

UNITED STATES COAST AND GEODETIC SURVEY. ~71 

Latitude 64° to 65°-'.\feridional arcs. Latitude 64°-Co-ordinates of curvature. I 
i 
! 

Lat. , 'I i . • I 
Value of 111 1 

Sums of sec~nds for middle i Value of 1r I Sums of minutes for middle Longitude. i x ! 
I latitude. ii latitude. y I 

I I !i I 

I 
I 'I ! 

I 
I 

0 I Mtters. II Jlfeters. 

11 

Jlfeters. I Jlfeters. 0 I lifeters. llfeter:. · 1 
64 00 30.g67 1858. 00 I I 

I 7 I 3o.97 .01 
I -

I 858. 0 0 I 815. 6 0. I 
2 7 2 61. 94 

'1 

.OJ 2 3 716. 0 2 I 631. I 0.4 
3 7 3 92.91 .02 .3 5 574. 0 3 2 446. 7 I. 0 
4 7 4 123.88 .02 4 7 432. I 4 3 262. 2 I. 7 

64 05 30.967 5 154.84 1858.03 5 9 290. I 0 5 40J7.8 2.7 
6 7 6 185.8I .03 6 II I48. I 6 4 893. 4 3.8 
7 7 7 216. 78 .04 7 I3 006. I 7 5 708. 9 5.2 
8 7 8 247, 75 .04 8 I4 864, 2 8 6 524. 5 6.8 
9 7 9 278.72 -04 9 I6 722. 2 9 7 34o. I 8.6 

64 IO 30.967 JO 309.69 1858.05 10 18 580. 3 0 IO 8 155. 6 10.7 
II 8 I 340.66 . 05 I 20 438. 3 15 12 233. 4 24.0 
12 8 2 371. 63 .06 2 22 296. 4 20 16 3u. 2 42. 6 

I 13 8 3 402.60 .06 3 24 154. 4 25 20 388. 9 66.6 
I 14 8 4 433.56 .07 4 26 OI2. 5 30 24466.6 95.9 

64 15 30.968 15 464.53 1858.07 15 2j 870. 6 0 35 28 544. 3 130.6 
16 8 6 495.50 .07 6 29 728. 6 40 32 621. 9 I?0.6 
17 8 7 526.47 .08 7 31 586. 7 45 36 699. 5 215.9 
18 8 8 557. 44 .08 8 33 444. 8 50 40 777· 0 266. 5 
19 8 9 588.41 .og 9 35 302. 9 55 44 854. 4 322.5 

64 20 30.968 20 6r9. 38 1858. og 
I 

20 37 I6I. 0 I 00 48 931. 7 383.8 
21 8 I 650.35 . IO I 39 019. I 05 53 oog. 0 450.4 
22 8 2 681.32 .10 2 40 877. 2 IO 57 o86. 2 522.4 
23 8 3 712.28 •IO 3 42 735. 3 15 61 163. 3 599.7 
24 8 4 743.25 'II 4 44 593. 4 20 65 240. 2 682.3 

64 25 30.969 25 774. 22 1858. II 25 46451.5 I 25 69 317. I 770. 2 
26 9 6 8o5. I9 . I2 6 48 3og. 6 30 73 393.9 863.5 
27 9 7 836. I6 .. 12 7 50 167. 7 35 77 470. 5 962. I 
28 9 8 867. I3 .13 8 52 025. 8 40 81 546. 9 I o66. l 

29 9· 9 898. IO . I3 9 53 884.0 45 85 623. 3 l Ii5· 3 

64 30 30.969 30 929.07 1858. 13 30 55 742. l I 50 89 699. 5 I 289. 9 
3I 9 I 96o.04 .I4 I 57 6oo. 2 55 93 775· 5 I 409.8 I 
32 9 2 991. OI . 14 2 59 458. 4 2 00 ~7 851 I 535 ! 
33 9 3 I 02I. 97 . 15 3 6I 3I6. 5 3 00 146 747 3 454 
34 9 4 I 052. 94 . 15 4 63 174. 7 4 00 I95 6o7 6 139 

64 35 30.969 35 I 083. 9I I 1858. 16 35 65 032. 8 5 00 244 4I8 9 59° 
36 9 6 I II4. 88 . 16 6 66 89I. 0 6 00 293 169 13 8o7 
37 9 7 I I45· 85 .16 7 68 749· I 7 00 341 848 18 788 
38 69 8 I 176. 82 . 17 8 70 6o7. 3 8 00 390 +13 24 532 
39 70 9 I 207. 79 . I7 9 72 465. 5 9 00 438 942 31 037 

64 40 30.970 40 I 238. 76 1858. I8 40 74 323. 6 IO 00 487 333 38 302 
41 0 I I 269.73 .I8 J 76 181. 8 II 00 535 6o4 46 326 
42 0 I 2 I 300. 69 . 19 2 ·78 040.0 12 00 583 743 55 Io6 
43 0 I 3 l 331, 66 . I9 3 79 898. 2 I3 00 631 739 64 639 
44 0 I 4 I 362. 63 . 19 4 8I 756. 4 14 00 679 579 74 925 

64 45 30. 970 45 I 393· 6o 1858.20 45 83 6I4.6 15 00 727 252 85 959 
46 0 6 I 424. 57 .20 6 85 472. 8 16 00 774 745 97 741 
47 0 7 I 455· 54 . 21 7 87 331. 0 I7 00 822 049 l IO 265 
48 0 8 l 486. 5I . 21 8 89 189. 2 I8 00 869 150 123 530 
49 0 9 1517.48 . 22 9 9I 047. 4 I9 00 9I6 037 137 533 

64 50 30.970 50 I 548. 45 I858.22 50 92 905. 6 20 00 962 698 152 269 
SI 0 I l 579· 41 • 22 I 94 763. 9 21 00 I 009 123 167 735 
52 0 2 I OIO. 38 . 23 2 96 622. I 22 00 I 055 300 183 927 

53 I 3 I 641. 35 .23 3 98 48o. 3 23 00 I IOI 216 200 842 

54 I 4 I 672. 32 . 24 4 100 338. 6 24 00 l 146 862 :ZJ8 475 

64 55 3o.97I 55 l 703. 29 1858.24 55 102 196. 8 25 00 l 192 226 236 822 
56 I 6 I 734- 26 . 25 ·6 I04 055. 0 26 00 I 237 296 255 879 

57 r ~. r 765. 23 • 25 7 105 913. 3 27 00 I 282 o6z 275 639 
58 I I 7~6. 20 . 25 8 I07 771. 5 28 00 I 326 5I2 296 IOO 

59 I 9 I 827. 17 .26 9 109 629. 8 29 00 I 370 635 317 256 
64 6o 30.971 6o I 858. 13 ' 1858. 26 6o III 488. I JO 00 I 4I4 422 339 IOO 
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I 
Latitude 65° to 66°-Arcs of the parallel in meters. 

_:_'___:_\_'~ 
I 

I 
I 

Lat. 1" 2" 3" 4" 8" 911 i' 2' 3' 
,, 

I 5' 

--- - ------- --- I 

0 f I 
I 65 00 IJ. IO 26. 21 39.31 52.42 65, 52 I 78.63 91. 73 104.84 n7. 94 786.3 15j2. 6 : 2358.9 3145.2 3931. s 

I 
I • IO .·19 . 29 ·39 .48' .58 .68 . 77 . 87 5.8 1.6\ 7.4 3.2 29.0 
2 .09 . 18 . 27 . 35 .44 . 53 .~2 . 71 .So 5.3 70.6 5.9 41.2 6.6 
3 .08 . 16 .24 .32 .40 . 48 .56 .64 . 72 4.8 69.7 4.5 39. 3 4· I 

4 .07 . 14 . 22 .29 . 36 .43 .50 .58 . 65 4.3 8.7 3.0 7.3 21. 6 

65 05 13. o6 26. 13 39· 19 52.26 65. 32 i 78.39 9r.45 104.51 117. 57 783.8 1567.7 2351.5 3135.4 3919.2 
6 .o6 •II . 17 .22 . 28 i . 33 . 39 .45 .50 3.3 6.7 50.0 3.4 6. 7 
7 .05 , IO .14 . 19 .24 . 29 . 33 .38 .43 2.9 5-7 48.6 31. 4 4. 3 
8 .04 .o8 . 12 .16 .20 .24 .28 .31 . 35 2.4 4.8 7. 1 29.5 II. 8 
9 .03 ,o6 ·09 . 13 . 16 . 19 . 22 . 25 . 28 I. 9 3.8 5.6 7.5 09.4 

65 IO 13.02 26.05 39.o7 52.09 65. 12 78. 14 91. 16 104. 18 n7. 21 781. 4 1562. 8 2344. 2 3125.6 3go6. 9 
II . 01 . 03 .Q5 .o6 . 07 .og • IO .12 . 13 0.9 I. 8 2.7 3.6 4. 5 
12 . 01 . 01 .oz 2.03 5· 03 8.04 1.05 4.05 7.o6 So.4 6o.8 41. 2 21. 6 902.0 
13 3.00 6.oo 9.00 I. 99 4.99 7.99 0.99 3.99 6.99 79.9 59.9 39.7 19.7 899.6 
14 2.99 5. g8 ' 8.97 .96 .95 . ·94 . 93 .92 . 91 9.4 8.9 8.3 7-7 7. l 

65 15 12.98 25.96 38. 95 51. 93' 64. 91 I 77- 89 go.88 103.86 II6. 84 778.9 1557.9 z336.8 3II5. 7 3894- 7 
16 .97 . 95 . 92 .go . 87 . 84 .82 .79 . 77 8.4 6.9 5.3 3.8 92.2 
17 . 97 . 93 . go .86 . 83 .So . 76 . 73 . 69 8.o 5.9 3·9 II, 8 89.8 
18 .g6 . 92 . 87 . 83 .79 . 75 .70 .66 . 62 7-5 5.0 2.4 09.8 7.3 
19 . 95 .go . 85 .Bo . 75 .70 .65 .6o . 55 7.0 4.0 30.9 7.9 4.9 

65 20 12.94 25.88 38.82 51. 77 64. 71 77. 65 90.59 rn3.53 116. 47 776.5 ISSJ. 0 2329.4 3105.9 3882.4 
21 . 93 . 87 .So .73 .67 .6o ·53 .46 .40 6.o 2.0 8.o 4.0 79.9 
22 .92 . 85 .77 .70 .63 . 55 .48 .40 .32 5.5 I. 0 6.5 2.0 7. 5 
23 .92 . 83 . 75 . 67 .58 .50 A42 . 33 . 25 5.0 50.0 5.0 100.0 5.0 
24 .91 . 82 . 73 .63 .54 .45 .36 . 27 . 18 4. 5 49.0 3· 5 098. I 2. 6 

65 25 12.90 25.So 38.70 51. 6o 64.50 77.40 90.30 103.21 116. IO 774.0 1548.0 2322. I 3096. I 3870. I 
26 . 89 .78 .68 .57 .46 . 35 .24 . 14 6.03 ~·5 7.0 20.6 4.1 67. 6 
27 . 88 . 77 . 65 .54 .42 .30 . 19 .07 5.96 3.0 6.o 19. I 2.2 5.2 
28 .88 . 75 .63 .50 . 38 . 25 . 13 3.01 .88 2.5 5. I 7.6 90.2 2. 7 
29 . 87 .74 .6o .47 . 34 . 21 .07 2.94 . 81 2. I 4· I 6.i 88.2 6o.3 

I 
65 30 12.86 25. 72 38.58 51.44 64.30 77. 16 90.02 I02.88 115. 73 771. 6 1543· 1 2314.7 3o86.3 3857.8 

31 . 85 .70 . 55 .41 .26 •II 89.g6 . 81 . 66 I. I 2. I 3.2 4.3 5.4 
32 .84 . 6g .53 . 37 . 22 .o6 .90 . 75 .58 o.6 I. I I. 7 2.3 2.9 
33 .83 . 67 1. .50 ·34 . 17 7.01 .84 .68 . 51 70. l 40.2 10.3 So.3 50.4 
34 .83 . 65 1 .48 . 31 .13 6.96 .79 . 61 .44 6g.6 39.2 o8.8 78.4 48.0 

65 35 12.82 25.64 38.46 51. 27 64.09 76. 91 89.73 102.55 u5. 36 769.1 1538.2 2307.3 3076.4 3845.5 
36 . 81 . 62 .43 .24 .05 . 86 .67 .48 • 29 8.6 7.2 5.8 4.4 3· l 

37 . So .6o .41 . 81 . 61 8. I 6.2 2.5 
. 

40.6 . 21 4.01 .42 • 22 4.4 
38 . 79 .59 .38 .17 3.97 . 76 . 56 . 35 . 14 7.6 5.3 2.9 70.5 38.1 
39 .79 . 57 .36 .14 . 93 . 71 .50 . 29 . 07 7. I 4·3 301. 4 68. s 5.7 

65 40 12.78 25.55 38.33 51. II 63.89 76.66 89.44 102.22 115. 00 766.6 1533.3 2299.9 3o66.6 3833. 2 

41 . 77 . 54 . 31 .o8 . 85 .61 .38 . 15 4.92 6. I 2.3 8.4 4.6 30. 7 
42 . 76 . 52 • 28 .04 . 81 .57 ·33 ·09 • 85 5.7 I. 3 7.0 2.6 28. 3 
43 . 75 . 51 .26 I. CI .76 . 52 .27 2.02 . 77 5.2 30.4 5. 5 6o.7 5.8 
44 .74 .49 .23 0.98 . 72 .47 . 21 1. 95 .70 4· 7 29.4 4.0 58.7 3.3 

65 45 12.74 25.47 38.21 50.95 63.68 76.42 89. 15 IOI. 89 114. 63 764.2 1528.4 2292.5 3056.7 3S20.9 
46 .73 .46 .18 . 91 .64 . 37 .IO . 82 .55 3.7 7.4 91.0 4. 7 18.4 
47 . 72 .44 . 16 . 88 .6o .32 9.04 .76 .48 3.2 6.4 89.6 2.8 6.o 
48 . 71 . 42 .14 . 85 .56 . 27 8.98 .69 . 41 2.7 5.4 8. I 50.8 3.5 
49 .70 . 41 . II . 81 . 52 . 22 .92 .63 . 33 2.2 4.4 6.6 48.8 II.O 

65 50 12.70 25.39 38.09 50. 78 6J. 48 76.17 88.87 101.56 114. 26 761.7 1523.4 2285. I 3046. 9 38o8.6 
51 .6g . 37 .o6 . 75 .44 . 12 . 81 .50 . 18 I. 2 2.4 3· 7 4.9 6.1 
sz .68 • 36 ·04 . 71 ·39 .07 . 75 ·43 •II 0.7 1.4 2.2 2.9 3.6 
53 .67 .34 8.0I .68 . 35 6.02 .6g . 37 4-04 6o.2 20. s 8o.7 40.9 Sol. 2 

54 .66 • 32 7.99 . 65 .31 5·97 .64 .30 3.96 59'7 19·5 79' 2 39.0 798.7 

65 SS 12.65 25. 31 37.¢ 50.62 63.27 75.92 88.58 IOI. 23 II3. 8g 1sx.2 1518.5 ll77-7 3037.0 3796.2 
56 .65 . 29 ·94" .58 . 23 .88 .52 .17 . 81 .8 7.5 !i 5.0 3. 8 
57 .64 . 28 .91 .55 • 19 .83 .46 • IO .74 8.3 6.5 3.0 u·3 
58 .63 . 26 . 89 .52 . IS .78 .41 1.03 .66 7.8 5.6 ' J.'3 JI. I .8 
59 .62 .24 .86 .48 ,IQ .73 .35 0.97 .59 7.i 4-6 I.8 29- I 6.3 

65 6o u.61 25.23 37· 8.t. 50.45 63.o6 75.68 88.29 100.90 llJ. s; 756. 1513.6 2270.3 3027. r 3783.9 
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Latitude 65° to 66°-.Meridional arcs. 

---~--------- ------ ---------

Lat. ! 
i Sums of minute:; fur middle ::iums of seconds for middle 

I 

\' aluc of 111 
latitude. 

Value of 1 1 I latitude. 

' 
0 I 1Ueters. II ilfeters. i .Meters. I I Jfeters. I 

65 00 3o.971 : 1858. 26 I 

I I I 30.97 . 27 I I 858. 3 
2 I 2 6r. 95 . 27 2 3 7I6. 5 
3 l 3 92.92 . 27 3 5 574- 8 
4 l 4 123.89 . 28 4 7 433• I 

i 
65 05 30.971 5 154.87 1858.28 5 9 291. 4 

6 l 6 185.84 .29 6 I l 149· 7 
7 :i 7 216.81 : 

• 29 7 13007.9 
8 2 8 247. 79 . 30 8 14 866. 2 

9 2 9 278.76 . 30 9 16 724. 5 

65 10 30.972 IO 309· 73 1858.30 IO 18 582. 8 
II 2 I 340. 70 . 31 l 20 441. I 
12 2 2 37r. 68 . 31 2 22 299. 5 
I3 2 3 402.65 . 32 3 24 I57· 8 
14 i 4 433.62 . 32 4 26 016. I 

65 15 30.972 15 464.6o 1858.33 15 27 874. 4 
16 2 6 495.57 . 33 6 29 732. 7 
17 2 7 526. 54 . 33 7 JI 591. I 
18 2 8 557·5 2 . 34 8 33 449· 4 
I9 2 9 588.49 .34 9 35 307. 7 

65 20 30.972 20 6I9.46 1858.35 20 37 166. I 
2I 2 I 650.44 . 35 I 39 024. 4 
22 3 2 68I. 4I . 35 2 40 882. 8 
23 3 3 i 712.38 .36 3 42 741. 2 

24 3 4 743. 36 . 36 4 44 599. 5 

65 25 30.973 25 774-33 1858.37 
! 

25 46 457. 9 
26 3 6 8o5.3o . 37 6 48 316. 2 

27 3 7 836.27 .38 7 50174.6 
28 3 8 867. 25 . 38 8 52 033. 0 
29 3 9 898. 22 .38 9 53 891. 4 

65 30 30.973 30 929. 19 1858.39 30 55 749· 8 
31 3 I 96o. 17 . 39 l 57 6o8. 2 

32 3 2 991. 14 .40 2 59 466. 5 

33 3 3 I 022. II .40 3 

I 
61 324. 9 

34 3 4 I OSJ. 09 .40 4 63 183. 3 

65 35 30.973 35 I 084. o6 1858.41 35 65 04r. 8 
36 4 6 I II5. 03 . 41 6 66 goo. z 
37 4 7 I 146. 01 . 42 7 68 758. 6 
38 4 8 I 176. 98 .42 8 70 617. 0 

39 4 9 I 207.95 . 43 9 72 475· 4 

65 40 30.974 40 I 238. 93 1858.43 40 74 333· 9 
41 4 I I 26g. <)O . 43 I 76 192. 3 
42 4 2 I 300. 87 ·44 2 78 050. 7 
43 4 3 I 331. 84 .44 3 79 909. 2 

44 4 4 I 362, 82 .45 4 81 767. 6 

65 45 30.974 45 I 393· 79 1858.45 45 83 626. I 

46 4 6 J 424. 76 . 45 6 85 484. 5 
47 4 7 I 455· 74 .46 7 87 343. 0 
48 4 8 I 486. 71 .46 8 89 201. 4 

49 4 9 I 517. 68 .47 9 91059.9 

65 50 30.975 50 I 548. 66 1858.47 50 92 918. 4 
51 5 I J 579. 63 .47 I 94 n6. 8 
52 5 2 I 610. 00 .48 2 96 635. 3 
53 5 3 l 641. 58 .48 3 I 

98 493. 8 
54 5 4 I 672. 55 ·49 4 100 352. 3 

65 55 30.975 55 I 703. 52 1858.49 55 102 210. 8 
56 s 6 I 734· so .50 6 104 069. 3 
57 5 7 l 765. 47 .50 7 105 927. 8 
58 s 8 I 796.44 .50 8 107 786. 3 
59 5 9 I 827. 41 .51 9 109 644. 8 

65 6o 3o.975 6o J 858. 39 1858. 51 6o III 503. J 

H. Ex. 43--35 

Latitude 65°-Co·or,L nate;, of cun·o.tt~rc. 

Longitude. 
i 
I 

0 I 

0 I 
2 

3 
4 

0 5 
6 
7 
8 
9 

0 IO 

15 I 
20 

I 25 
30 

0 35 
40 
45 
50 
55 

I 00 

05 
IO 

15 
20 

I 25 
30 
35 
40 
45 

I 50 
55 

2 00 

3 00 

4 00 

5 00 

6 00 

7 00 

8 00 

9 00 

IO 00 

II 00 

12 00 

13 00 

14 00 

15 00 

16 00 

17 00 

18 00 

19 00 

20 00 

21 00 
22 00 

23 00 

24 00 

25 00 
26 00 

27 00 

28 00 

29 00 

30 00 

x 

.Jft/1?r s. 

j 
I 5 
2 3 
3 I 

S6.3 
i2· 6 
58.9 
45.2 

3 9 
4 j 

5 5 
(, 2 

70 

31. 5 
17. 8 
04.0 
90.3 
16.5 

7 
II 7 

862.9 
94.3 
25.8 
Si· I 
88.5 

1 5 7 
I9 6 
23 5 

27 5 19.8 
31 
35 3 

451. I 
82.3 
1 3·4 
44.5 

39 3 
43 2 

47 I 
51 I 

75.5 
o6.5 

55 
58 9 

037.3 
68.o 
98.7 62 8 

66 8 
70 7 
i4 6 
78 6 
82 5 

29.2 
59.6 
89.9 
20. I 

50. I 

86 
yo4 

479.9 
D9·7 
39 
79 
84 

94 3 
141 4 
188 5 

235 6 
282 6 
32 9 5 
376 4 
423 I 

469 8 
516 3 
562 i 
6o8 9 
655 I 

-+2 
40 
68 
13 
65 

41 701 0 
746 8o7 

87 
68 

792 3 
8Ji i 
882 9 39 

~Pi 8 
972 6 

I 017 0 
I o6I 3 
I 105 2 

I 148 9 
I 192 J 
I 235 4 
I 278 2 

I 320 I) 
I 362 8 

Jlders. · : 

2.6 
3. 7 

I 

5· I I 

6.6 
S.4 

IO. 4 
23.3 
41. 5 ' 
64. 8 ' 
93·3 

127.0 
165.8 
2oq.9 
259. I 

313.5 

373· I 

43i·9 
507.8 
583.0 
663.3 
;+S.8 
839.5 
935.4 

I 036.4 
I J42. 6 ' 

I 254. 0 
I 370. 6 ; 
I 492 
3 358 
5 968 

9 323 
~3 422 
18 265 
23 848 
30 1i2 

37 2 35 
45 035 
53 569 
62 837 
j2 835 

SJ 501 
95 012 

IO/ 1S6 
120 079 
133 688 

qS011 

163 042 
I iS 779 
195 217 

I 212 35J 
230 1S2 
248 699 
267 901 
287 782 
308 337 
329 560 
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1-~~'~ 1" ._. _''~ :_•"_-_·~ ___ ,,~ :_-_-6_'~ _'" i '"_;_9_'_' _, ___ 1_' -i--2-'-1--3-'~+l __ i_' _. __ 5_'_-t 

66 OJ 

2 

3 
4 

66 05 
f) 

7 
8 
J 

66 JO 

II 

12 

13 
14 

i 66 15 

I
I :~ 

18 
19 

66 20 
21 
22 

zb 
27 
28 
29 

66 30 
JI 
32 
33 
34 

66 35 
Jb 
37 
38 
39 

66 40 
41 
42 
43 
44 

66 45 
46 
47 
40 
49 

66 50 
51 
52 

53 
54 

66 55 
56 
57 
58 

66 ~ 

12. 61 25. 23137. 84 ' 50. 45 63. 06 75· 68 88. 29 i 100. 90 ' IIJ. 52 756. 8 I 1513. 61 
.60' .21 I .81 .. p; 3.02 .63 .231 .84 .44 6.3 z.6 
. 6o I . 19 . 79 . 39 2. 98 . 58 . 17 . n . 37 5. s !. 6 
. 59 ; . 18 . 77 . 35 ' . 94 . 53 . 12 ' . 71 . 29 5. 3 JO. 6 
. 58 . 16 I . 74 . -'" i . go . 48 . 06 .

1

1 
• 64 . 22 4. 8 09. 6 

12.57 25.14,37.72 50.29 62.86 75.43 88.oo 100.57 113.15 754.3 1508.6 
.56, .13 .69 .25 .82 .38 7.951 .51 .07 3.8 7.6 
. 56 : . l I I . 67 . 22 . . 78 . 33 . 89 . 44 3. 00 3. 3 6. 6 
. 55 ' . 09 i . 64 . 19 . 73 . 28 . 83 I . 38 2. 92 2. 8 5. 7 

•· 54 : . 08 I . 62 . 1 s . 69 . 23 . n . 31 . 85 2. 3 4., 

12.5_; 25. 06 ' 3i· 59 50. 12 62. 65 75· 18 87. 71 100. 25 112. 78 751. 8 
. 0.f . 57 . 09 . 61 . I 3 . 66 . 18 . 70 I. J . 52 

. 51 

. 51 

.50 

.03 .54 .06 .57 .08 .60 .II .63 0.8 

.01 .52 50.02 .53 5.04 .54 100.05 .55 50.4 
5.00 ·49 49.99 ·49 4·99 .48 99.98 .48 49.9 

12. 49 24. 98 
. 48 ' . q6 
. 47 . 0s ' 
. 46 ' . 93 
. 46 : .<JI 

12.45 
. 44 
. 43 
. 42 
. 42 

12. 41 
. 40 
. 39 
. 38 
. 37 

12. 37 
.36 
. 35 
. 34 
. 33 

12. ,)2 

. 32 

. 31 

. 30 

. 29 

12. 28 
. 2j 

. 27 

.26 

. 25 

12.24 
. 23 
. 22 
. 22 

. 21 

12.20 
. 19 
. 18 
. 18 
. 17 

12. 16 

. 15 

. 14 

. 13 

. 13 
12. 12 

24.90 
. 88 
. 86 
. 85 
. 83 

24.81 
. So 
.78 
.76 
. 75 

24. i3 
. 71 
.70 
. 68 
. 66 

24.65 
. 63 
. 62 
.6o 
.58 

24.57 
. 55 
·53 
. 52 
.50 

24.48 
. 47 
. 45 
. 44 
.42 

24.40 
.38 
.37 
. 35 
. 33 

24.32 
. 30 
.28 
. 27 
. 25 

24.23 

37.47 
.44 
. 42 
. 39 
. Jj 

37. 34 
'32 
. 29 
. 27 
. 24 

37. 22 
.20 
. 17 
. 15 
. 12 

37. IO 
. 07 
. 05 
• 02 

7.00 

36.97 
. 95 
. 92 
. 90 
• 87 

36.b5 
. 82 
. So 
. 77 
. 75 

36. 72 
. 70 
. 68 
. 65 
. 63 

36.6o 
.58 
. 55 
. 53 
.50 

36.48 
. 45 
. 43 
.40 
. 38 

36.35 

49. 96 62. 45 74· 94 87 · 43 99· 91 I 12. 40 749· 4 
. 40 . 89 . 37 . 85 . 33 8. 9 . 92 

. 89 

. 86 

. 83 

49.79 
. 7t> 
. i3 
. 69 
. 66 

49.63 
. 5'J 
.56 
.53 
. 49 

49.46 
·4.i 
.40 
. 36 
" •.).) 

49.3o 
.26 
. 23 
. 20 
. 16 

49· 13 
. IO 

. 07 

.03 
9.00 

48.97 
. 93 
. 90 
. 87 
. 83 

48.So 
-i7 
. 75 
.70 
'67 

48.63 
.6o 
.57 
. 53 
.50 

48.47 

. 36 . 84 . 31 . 78 . 26 8. 4 
. 79 . 25 . 72 . 18 7. 9 . 32 

. 28 

62. 241 
.20 
. 16 
.12 
.oS 

62.03 
!. 99 
. 95 
.91 
. 87 

61. 83 
. 79 
. 75 
. 70 
. 66 

61. 62 
. 58 
.54 
.50 
.45 

61. 41 
. 37 
. 33 
. 29 
. 25 

61. 21 
'17 
. 12 
.09 
.04 

61. 00 

0. 96 
. 92 
.88 
.84 

6o.79 
.75 
.71 
. 67 
. 63 

6o. 59 

.74 .19 .65 .II 7.4 

74.69 
. 64 
.59 
.54 
. 49 

74.44 
. 39 
. 34 
. 29 
. 24 

74. 19 
. 14 
.09 

4.04 
3.99 

73 95 
. 90 
. 85 
. 8o 
.75 

73. 70 
. 65 
.6o 
.55 
.50 

73.45 
.40 
. 35 
.30 
. 25 

73. 20 
. 15 
. JO 

. 05 
3.00 

72. 95 
• <)O 
. 85 
. So 
. 75 

i2. 70 

87. 14 
. 08 

7. 02 
6.96 

. 91 

86. 85 
. 79 
. 73 
. 67 
. 62 

86.56 
. 50 
.44 
. 38 
. 33 

86. 27 
. 21 
. 15 
• JO 

6.04 

85.98 
. 92 
. 86 
. 81 
. 75 

85.69 
. 63 
• 57 
.52 
.46 

85.40 
.34 
. 28 
. 23 
. 17 

85. II 
5· 05 
4.99 
·94 
. 88 

84.82 

99.58 
. 52 
.45 
. 39 
.32 

99.25 
. 18 
. 12 

9.o5 
8.99 

98.93 
.86 
. 79 
. 73 
. 66 

98.59 
.53 
.46 
.39 
. 33 

98.26 
.20 

. 13 

.06 
8.oo 

97.93 
. 87 
. 8o 
. 74 
. 67 

97· 6o 
. 53 
.47 
.40 

·34 
97.27 

.20 

.14 

.07 
7.CX> 

96.94 

112. 03 
I. 96 
. 89 
. 81 
. 73 

III. 66 
.59 
. 5 l 
.44 
.36 

Ill. 29 
. 22 
. 14 

l. 07 
0.99 

110. 91 
:84 
·ii 
. 69 
. 62 

!JO. 55 
. 47 
.40 
. 32 
. 25 

IIO. 17 
. JO 

JO.OJ 
09.96 

. 88 

109. So 
" • /.) 

. 65 
.· 58 
.50 

109.44 
. 35 
. 28 
. 20 

. 13 
109. 05 

746.9 
6.41 
5. 9 
5. 4 
4.9 

744.4 
3.9 
3.4 
2.9 
2.4 

741.9 
!. 4 
0.9 

40.4 
39.9 

739.5 
9.0 
8.5 
8.o 
7.5 

737.0 
6.5 
6.o 
5. 5 
5.0 

734.5 
4.0 
3.5 
3.0 
2.5 

732.0 
I. 5 
I. 0 

o. 5 
30.0 

729.5 
g.o 
8.5 
8.o 
7• 5 I 

727.0 I 

1503. 7 
2.7 
!. 7 

500.7 
499.7 

1498.j 
7.7 
6. 7 
5. 8 
4.8 

1493.8 
2.8 
!. 8 

90.8 
1l9. 8 

1488.8 
87.8 
6.8 
5. 9 
4.9 

1483.9 
2.9 
I. 9 

So.9 
79.9 

1478.9 
7. 9 
6.9 
5· 9 
4.9 

1473.9 
2.9 
!. 9 
I. 0 

70.0 

1469. 0 I 

8.o 
7. 0 
6.o 
5. 0 

1464.0 
3.0 
2.0 
I. 0 

6o.o 

1459.0 
8.o 
7.0 
6. I 

5· I 
1454· I 

2270.3 
68.8 

7.4 
5. 9 
4.4 

2262.9 
I. 4 

6o.o 
58.5 

7.0 

2255·5 
4.0 
2.5 

51. l 

49.6 

2248. I 

6.6 
5. I 

3.6 
2, I 

2240.j 
39.2 
7.7 
6.2 
4. 7 

2233.2 
I. 7 

30.3 
28.8 

7. 3 

2225.8 
4.3 
::.8 

21. 3 
19. 8 ' 

I 

221s.4 I 
6. 9 I 
5.4 
3·9 
2.4 

22JO. 9 
09.4 

7. 9 
6.4 
4.9 

2203.5 
2.0 

200. 5 
199.0 

7.5 

2196. o I 
4. 5 
3.0 
I. 5 

90.0 
z188.5 

7. l 

5.6 
4. I 
2.6 

2181. I 

3027. I 

5. I 
3.2 

21. 2 

19.2 

3017.2 
5.2 
3.3 

I 1. 3 
09.3 

3007. 3 
5· 4 
3.4 

3001.4 
2999.4 
2997·4 

5.5 
,. 5 

91. 5 
89.5 

2987.5 
5.6 
3.6 

81. 6 
79.6 

2977. 6 
5. 7 
3.7 

71. 7 
69. 7 

2967.7 
5.7 
3.8 

61. 8 
59.8 

2957.8 
5. 8 
3.8 

51. 9 
49.9 

2947.9 
5· 9 
3.9 

41. 9 
39.9 

2937.9 
6.o 
4.0 
2. 0 

30.0 

2928.0 
6.o 
4.0 
2.0 

20. I 

2918. I 
·6. I 
4· l 
2. I 

10. I 

2908.1 

3783.9 
81.4 
78.9 
6.5 
4.0 

3771. 5 
69. I 

6.6 
4.1 

61. 6 

3759.2 
6.7 
4.2 

51. 8 
49.3 

3746.8 
4. 3 

41. 9 
39.4 

6.9 

3734.4 
32.0 
29.5 
7.0 
4. 5 

3722.0 
19.6 
7. I 
4.6 

12. I 

3709.7 
7.2 
4· 7 

702. 2 

699.7 

3697,3 
4.8 

92.3 
89.8 
7.3 

3684.9 
82.4 
79.9 
7.4 
4.9 

36ri. 4 
70.0 
67.5 

5· 0 
2.5 

366o.o 
57.5 
5.0 
2.6 

50. I 

3647.6 
5. I 
2.6 

40. I 
37.6 

3635. I 
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Latitude 66° to 67°-Meridional arcs. Latitude 66°-Co-ordinates of curvature. 

1 
Lat. I I 

Sums of seconds for middle Sums of minutes for middle 

I 
I 

Value of 111 
latitude. Value of 1' latitude. Longitude. x y 

I 
I 

0 I J',feters. II J',feters. Meters. I !J,feters. 0 I Meters. Meters. I 

66 30.975 ' 1858. 51 ! 00 - I 5 I 30.98 . 52 I I 858. 5 0 I 756. 8 O. I 

I 2 5 2 61. 95 .52 2 3717.0 2 I 5 IJ. 6 0.4 
3 5 3 I 92·93 . 52 3 5 575. 6 3 2 270. 3 0.9 I 

4 5 4 
\ 

123.91 .53 4 7 434.1 4 3 027. l I. 6 I 

66 05 30.976 5 154. 89 1858.53 5 . 9 292. 6 0 5 3 783. 9 2.5 
6 6 6 

I 185.86 .54 6 II 151. I 6 4 540. 7 3.6 
7 6 7 216.84 .54 7 13 009. 7 7 5 297. 5 i 4.9 
8 6 8 247.82 I .54 8 14 868. 2 8 6054.2 6.4 
9 6 9 278. 80 I . 55 9 16 726. 8 9 6811.0 

I 
8. I I ! 

11 

66 30.976 
II 

1858.55 i 18 585. 3 7 567. 8 

I 
IO IO 309. 77 

ii 
IO 0 IO IO. l 

II 6 l I 340.75 . 56 I 20 443. 9 15 II 351. 7 22. 6 
12 6 2 371. 7 3 . 56 I 2 22 302. 4 20 15 135. 5 40.2 
13 6 3 402. 70 .56 3 24 161. 0 25 I 18 919. 3 62.8 
14 6 4 433.68 ii . 57 4 26 019. 6 30 I 22 703. I 90.5 

" 
I I 

66 15 30.976 15 464.66 ii 1858. 57 15 27 878. 2 0 35 I 26 486. 8 123.2 
'I 16 6 6 495.64 

ii 
. 58 6 29 736. 7 40 30 270. 5 160.9 

17 6 7 526.61 . 58 7 31 595. 3 45 34 054. 2 203.6 
18 6 8 557.59 .59 8 33 453· 9 50 37 8_37.8 251. 4 
19 6 9 588.57 

II 
. 59 9 35 312.5 55 41 621. 3 30+2 

I 

66 20 30.977 20 619.54 

II 
1858.59 ! 

20 37 I7L l I 00 45 404. 8 362.0 
21 7 l 650.52 . 6o I 39 029. 7 05 49 188. I 424.8 
22 7 2 681. 50 I! . fio 2 40 888. 3 IO 52 97r. 4 492.7 
23 7 3 712.48 Ii . 61 3 42 746. 9 15 56 754. 5 565.6 
24 7 4 

I 

743.45 
fl . 61 44 6o5. 5 20 6o 537· 6 643.5 ll 4 

66 25 30.977 25 774. 43 .I 1858. 61 25 46 464. I l 25 64 320. 6 726.5 
11 26 7 6 805.41 
ii 

. 62 6 48 322. 7 30 68 IOJ. 5 814.4 
27 , 

7 
' 

836.39 . 62 7 50 181. 3 35 7I 886. 2 907.4 I 

28 7 8 ! 867.36 I . 63 8 52 040. 0 40 75 668. 8 l 005. 4 
I ,I 29 7 9 898.34 . 63 9 53 898. 6 45 79451.3 I 108. 5 

66 
Ii 

1858.63 83 233. 7 I 216. 6 30 JO. 97i 30 929.32 ,1 30 55757.2 I 50 
31 i I 96o.29 

,,I . 64 I 57 615. 8 55 87 015. 8 l 329. 7 
32 7 2 991. 27 ii . 64 2 59 474. 5 2 00 go 798 I 448 
33 7 3 l 022. 25 

ii . 65 3 61 333· I 3 00 136 168 3 257 
34 8 4 I 053. 23 . 65 4 63 191. 8 4 00 181 504 5 790 

66 35 30.978 35 I 084. 20 !1 1858. 65 35 65 050. 4 5 00 226 793 9 °45 
36 8 6 l 1I5. 18 :1 . 66 6 66 90'). I 6 00 272 024 13 022 

37 8 7 I 146. 16 

I 

. 66 7 68 767. 7 7 00 317 187 17 719 
38 8 8 I 177. 13 . 67 8 70 626. 4 8 00 362 269 23 136 

39 8 9 I 208. II . 67 9 ]Z 485. I 9 00 407 259 29 271 

66 30.978 
I 

36 122 40' 40 I 239. 09 i 1858. 67 40 74 343. 8 IO 00 452 145 
41 8 I I 270. 07 I . 68 I 76 202. 4 II 00 4g6 916 43 689 

' 42 8 2 I 301. 04 .. 68 2 78 061. I 12 00 541 561 51 968 

43 8 3 I 332. 02 . 69 3 79 919. 8 13 00 586 o69 6o 958 

44 8 4 I 363. 00 . 69 4 81 778. 5 14 00 630 427 70 656 

66 45 30.978 45 I 393· 98 1858.69 45 83 637. 2 15 00 674 625 81 o6o 
46 8 6 I 424. 95 . 70 6 85 495. 9 16 00 718 652 92 168 

47 8 7 I 455· 93 .70 7 87 354. 6 17 00 762 495 103 976 
48 8 8 I 486. 91 .71 

' 
8 89 213. 3 18 00 8o6 145 116 482 

49 9 9 1517.88 . 71 
I 

9 91 072. 0 19 00 849 590 129 682 

66 50 30.979 50 I 548. 86 1858. 71 50 92 930. 7 20 00 892 820 143 573 
51 9 I l 579· 84 . 72 I 94 789. 4 21 00 935 822 158 152 

52 9 2 I 610. 82 '72 2 96 648. I 22 00 978 586 173 414 

53 9 3 I 641. 79 . 73 3 98 506. 9 23 00 I 021 IOI 189 356 

54 9 4 I 672. 77 . 73 4 100 365. 6 24 00 I o63 357 205 ,974 

66 55 30.979 55 I 703. 75 1858.73 55 102 224. 3 25 00 I I05 343 223 zlq 

56 9 6 I 734• 73 .74 6 104 083. 0 26 00 I 147 048 241 221 

57 9 7 I 765_. 70 .74 7 I 
105 941. 8 27 00 I 188 461 259 840 

58 9 8 I 7g6. 68 '75 8 107 Soo. 5 28 00 I 229 571 
I 

279 118 

59 9 9 l 827. 66 . 75 

I 
9 

I 
10<} 659. 3 29 00 I 270 370 

' 
299 049 

66 6o 30.979 6o I 858. 63 1858. 75 6o Ill 518. 0 30 00 I 310 845 319 627 ' I 
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Latitude 67° to 68°-Arcs of the parallel in meters. 

Lat. ll' 31 41 !V ! II [ I I 111 ! 211 311 4/' ! 5" 6" 711 r, w1 911 ti . 
I 1 I 

i--:7-~--1-2-. -12- 24. 23 -J-6-. -35-l-48-_-47-:-6o-.-59_,_72-.-70- --84-.-g-, 1-96-.-94-:-1-09-. 0-5----7-27-. _J_1_4_54-.-o-l--2-1_8_1._1_,, __ 2_9(>8 ___ 1_1-_3_6_3-5.-1~ 
I . I I . 22 . 33 . 44 · 55 • 65 . 761 • 87 8. 98 6. 5 3· I 79· 6 6. I 2. 7 
2 • 10 : . 20 . 30 . 40 . 50 . 6o . 70 · 81 . 91 6. 0 2. I 8. I 4· I 30. 2 

3 .09 .18 .28 .37 • .46 .551' .65 .74 .83· 5·5 I.I 6.6 2.1 27.7 
4 . o8 . 17 . 25 . 34 ', . 42 . 50 . 59 I . 67 . 76 5. 0 50. I 5· I goo. I 5. 2 

67 05 12. 08 24.15 36. 23 48. 30 60. 38 72. 45 84. 53 I 96. 61 I08. 68 724. 5 1449. I 2173. 6 2898. 2 3622. 7 
6 . Oj , . IJ . 20 . 27 . 34 . 40 . 47 · 54 · 61 4. 0 8. I 2. I 6, 2 20. 2 

7 .o6 i • 12 .18 .24 .30 .35 .41 .47 .53 3.5 7. I 70.6 I 4.2 17.7 
8 . 05 . IO . 15 . 20 . 25 . JO . 35 · 41 . 46 3· 0 6. I 69. I 2. 2 5· 2 
9 .04 .08 .13 .17 .21 .25 .30 .34 .38 2.5 5.1 7.6 go.2 2.7 

67 IO 
II 

12 
13 
14 

67 15 
16 
17 
18 
19 

67 20 
21 

27 
28 
29 

67 30 
31 
32 
33 
34 

: 6j 35 
36 
37 
38 
39 

67 40 
41 
42 
43 
44 

67 45 
46 
47 
48 
49 

67 50 
51 
52 
53 
54 

67 55 
56 
57 
58 
59 

67 6o 

12.03 

. 03 

. 02 

. 01 
2.00 

24.0; 
.05 
.04 
.02 

4.00 

II. 99 2 3· 99 
. <)8 ' • 97 
. 98 . 95 ' 
. 97 ' . 94 
. 96 ; . 92 

II. 95 : 2 3· 90 
. 94 : . 89 
. 93 . 87 
. 93 . 85 
. 92 ' . 84 

36. IO 
. 08 
. 05 
. 03 

6.oo 

35.98 
.95 
. 93 
.90 
. 88 

35.85 
. 83 
. 8o 
.78 
. 75 

II. 91 I 2J. 82 I 35· 73 
. 90 . So I . 70 
. 89 . 79 I • (JS 
. 88 . 7i ' . 65 
. SS I • 75 . 63 

II. 87 ' 23. 74 35· 6o 
. 86 . 72 ' . 58 
. 85 : . 70 ' . 55 
• 84 

1 

• 69 I • 53 
. 83 . 67 . 50 

I I. 83 2J. h5 • 35- 48 • 
. 82 . 64 . 45 ' 
. 81 . 62 . 43 : 
. 80 . bo . 40 
.79 

I I. 78 
. 78 ' 
. 77 ' 
.76 
. 75 ' 

.59 . 38 : 

23. 57 35. 35 
. 55 . 33 
. 54- I • JO 
. 52 ' . 28 
. 50 : . 25 

II. 74 : 23. 49 ' 35· 23 

.73: .47 .20 

. 7 3 ' . 45 . 18 

.72 I •44 .15 

. 71 .. p .13 

II. 70 ; 2J. 40 35· IO 

. 69 i . 39 .08 

. 6S i . 37 . 05 

. 6s : . 35 I . 03 

. 67 ; . 34 5. 00 
I 

11. 66 1 23. 32 34· 98 
• 65 I . 30 . 95 
. 64 i . 29 . 93 
. 63 I . 27 . 90 
. 631 . 26 . 88 

I I. 62 23. 24 34. 85 
I 

48. 14 6o. 17 : 72. 20 84. 24 96. 27 I08. JI 722. 0 1444. I 2166. I 2888. 2 3610. 2 
.IO .IJ, .15 .18 .21 .23 1.5 J.I 4.61 6.2 07,7 
.07 .09; .II .12 .14 .16 I.I 2.1 3.2 4.2 5.3 
, 04 , 05 ! • 06 . Oj • 07 , 08 Q, 6 I. I I. 7 2. 2 2. 8 

8. 00 6o. OJ I 2. 01 4. 01 6. 01 8. 01 20. l 40. I 6o. 2 So. 2 36oo. 3 

47·97 59.96: 7i.96 83.95 95·94 w7.93 719.6 1439.1 2158.7 2878.2 3597.8 
. 94 . 92 I • 91 . 89 . 87 . 86 9. I 8. I 7. 2 6. 2 5. 3 
. 90 . 88 , . 86 . 83 . 81 . 78 8. 6 7. I 5· 7 4• 2 2. 8 
.87 .84' .81 .77 .74 .71 8.I 6.1 4.2 2.2 go.3 
.84 .80 1 .76 .72 .68 .64 7.6 5.1 2.7 70.2 87.~ 

47.8o 59.76: 71.71 83.66 95.61 .07.56 717.1 1434.1 2151.2 2868.3 3585.3 
.77 .72 .66 .60 .54 .48 6.6 3.1 49.7 6.3 2.8 
.74 .67 .61 ·541 .48 .41 6.1 2.1 8.2 4.3 8o.3 
. 70 . 63 . 56 . 49 , . 41 . 33 5. 6 l. I 6. 7 2. 3 77. 8 
.67 .59 .51 .42 I ·34 .26 5.1 30.1 5.2 6o.3 5,3 

47.64 59.55 71.46 83.37 95.28 107. 18 714.6 1429.1 2143.7 2858.3 3572.8 
. 6o . 51 . 41 , JI . 2 I . II 4. l 8. I 2. 2 6. 3 70. 3 
.57 .46 .36 .25 .14 7.03 3.6 7.1 40.7 4.3 67.8 
.54• .42 .JI .19 .07 6.96 3.1 6.1 39.2 2.3! 5·3 
.50 .38! .26! .13 5.01' .88 2.6 5.1 7.7 50.3 2.8 

I 

47.47' 59·34: 
. 44 : . 30: 
.40 I . 26 

. 37 1' . 21 

. 34 . 17 

47. 30 59. 13 
• 27 • 09 I 

. 24 i . 05 ' 

. 20' 9· 00' 

. 17 8. 96 i 

47. 14 I 

, IO ' 

'07 
.04 

47.00 

46. 97 : 
'94 : 
'QO I 

. 87 • 

. 841 

46. 8o: 
'77 : 
. 74 : 
. 70 ' 

. 67 ' 
46. 64 i 

. 60 j 

. s1 1 

. 541 

.50 
46.47 I 

I 

58. 92 : 
. 88 
. 84 : 
. 8o: 
. 76 '. 

58. ii 
. 67 : 
. 63 ! 
. 59 i 
. 55 i 

58. 51 ' 
. 46: 
. 42 : 
. 18 
• J4 I 

58. 30 
. 26 
. 21 

. 11 I 

. 13 
58.09 I 

I 

71. 21 
. 16 
. II 

.o6 
I. 01 

70. 96 I 

. 91 I 

. 86' 

. 81 

. 76 ; 

70.71 
. 66 
. 61 
. 56 ! 

. 51 

70.46 
.41 ' 
. 36 : 
. 31 ' 
. 26 : 

70. 21 
.16 
. II 

.o6 
70.01 

69.96 
.91 
.86 
.81 
.76 

69.71 

83.07 
3.02 
2.96 
.90 
. 84 

82. 78 
. 72 
. 66 
. 61 
.55 

82.49 
.43 
. 37 
r· 

.26 

s~.20 
. 14 
.08 

2.02 
I. 97 

81. 91 
. 85 
. 79 
.73 
. 67 

81. 62 
.56 
. 50 
.44 
.38 

81. 32 

9+ 94 t 100. s1 
. 88 : . 73 
. 81 i 

. 74 
. 68 

94. 61 
.54 
. 48 
. 41 
. 34 

. 66 

.58 

. 51 

1o6.43 
. 36 
. 28 
. 21 
. 13 

94. 28 lo6. 06 
. 21 5. 98 
. 14 •: .91 
. 08 . 8; 

4.01 .76 

93· 94 I05. 68 
. 88 . 61 
. 81 . 53 
. 74 . 46 
. 68 . 38 

93.61 
.54 
. 47 
. 41 
. 34 

93· 28 
. 21 

.14 

.07 
J• Ol 

92.94 

105.31 
•. 23 

.16 

.08 
5.01 

104.93 
. 86 
. 78 
. 71 
.64 

104. 56 

712. I 

I. 6 
I. I 

o.6 
IO. I 

709.6 
9· I 
8.6 
8. I 

7.6 

i0/. [ 
6.6 
6. I 

5.6 
5· I 

704.6 
4. I 

3.6 
3· 1 
2.6 

702. I 
I. 6 
I. I 

o.6 
700. I 

699.6 
9· I 
8.6 
8.1 
7.6 

697. I 

1424. I 2136. 2 

3· I 4· 7 
2. I 3· 2 
J. I I. 7 

20, I 30.z 

1419. I i 2128. 7 
8. I j. 2 

7. I 5- 7 
6. I 4· 2 

5. I 2. 7 

1414. 1 

3. I 
2. I 

I. I 

IO. I 

1409. I 
8. I 

7. I 
6. I 

5. I 

1404. I 

3. I 
2. l 

I. I 
400. I 

1399. I 

8. I 

7• I 
6. I 

5• I 
1394. l 

2121. 2 

19. 7 
8.2 
6. 7 
5.2 

2113. 7 ' 
2. 2 

1-0. 7 
og.2 

7. 7 ' 

21o6. 2 : 

4. 7 : 
3• 2 I 

I. 7 
100. 2 

2098.7 
7. 2 
5. 7 
4. 2 
2. 7 

!2091. 2 

2848.3 
6.3 
4.3 
2.3 

40.3 

2838.3 
6.3 
4.3 
2.3 

30.3 

2828. 3• 
6.3 
4. 3 
2.3 

20.3 

2818.3 
6.3 
4. 3 
2.3 

l0.3 

28o8.3 
6. 3 
4. 3 
2.2 

Soo.2 

2798.2 
6.2 
4.2 
2. 2 

90.2 
2788.2 

356o.3 
57.8 
5.3 
2.8 

50.3 

3~47.8 
5· 3 
2.8 

40.3 
37.8 

3535.3 
2.8 

3o.3 
27.8 
5.3 

3522.8 
20. 3 
17. 8 
5.3 
2.8 

3510.3 
07.S 
5.3 
2.8 

500.3 
3497.8 

5.3 
2.8 

90.3 
87.8 

3485. 3 
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Latitude 67° to 68°-Meridional arcs. Latitude 67°-Co.ordinates of curvature. 

Lat. i [I 
Value of JN Sums of S"ec~nds L~ middle jl Value of 11 

: Sums of minutes for middle 
Longitude. x y latitude. ,I latitude. 

1! 

0 I llfeters. ,, . &feters. II 
I 11/eters. 0 I I' Meters . Meters. Meters. 

~7 00 30.979 II 1858. 75 
I 9 I 30.98 . 76 I I 858. 8 0 I 727. I O. I 
2 9 2 6r. 96 I . 70 2 3 71 7. 5 2 I 454• I 0.4 
3 79 3 92.94 ! . 77 3 5 576. 3 3 2 !81. I 0.9 
4 8o 4 123.92 I . 77 4 7 435· 0 4 2 908. I 

I 
I. 6 

67 05 30.98o 5 154.91 
It 

1858.77 5 9 293. 8 0 5 3 635. I 2.4 
6 0 6 185.89 . 78 6 II 152. 6 6 4 362. 2 

I 
3.5 

7 0 7 216.87 !I .78 7 13 011.4 7 5 089. 2 4.8 
8 0 8 247.85 I .79 8 14 870. 2 8 5 816. 2 I 6.2 
9 0 9 278.83 I . 79 9 16 728. 9 9 6 543· 3 1 7.9 

I 
67 IO 30.98o IO 309. 81 

11 

1858.79 IO 18587.7 ·O 10 7 270. 3 9.7 
II 0 i- I 340.79 . So I 20 446. 5 15 IO 905· 4 21. 9 
12 0 2 371.77 .So 2 22 305. 3 20 14 540. 5 38.9 
13 0 3 402.76 . 81 3 24 164. I 25 18 175. 6 6o.8 
14 0 4 433.74 .81 4 26 022. 9 30 21 8IO. 6 87.6 

'I 67 15 30.98o 15 46+ 72 
11 

1858.81 15 27 881.8 0 35 25 445. 6 119.2 
16 0 6 495.70 

I 

. 82 6 29 740. 6 40 29 o8o. 6 155.7 
17 0 7 526.68 . 82 7 31 599. 4 45 32 715. 5 197. I 
18 0 8 557.66 . 83 8 33 458. 2 50 36 350. 4 243.3 
19 0 9 588.64 . 83 9 35 317.0 55 39 985, 2 294.4 

I ! 
67 20 30.981 20 619.62 1858.83 20 37 175. 9 I 00 43 619. 9 350.4 

21 I I 650. 61 . 84 I 39 o34. 7 05 47 254. 5 4u. 2 
22 I 2 681. 59 . 84 2 40 893. 6 IO 50 889. I 476.9 
23 I 3 712·57 .84 3 42 752. 4 15 54 523. 5 547.5 
24 I 4 743- 55 . 85 4 446u.2 20 58 157. 9 622.9 

67 25 30.g81 25 774.53 1858.85 25 46 470. I I 25 61 792. I 703.2 i 
i 26 I 6 8o5. 51 .86 6 48 329. 0 30 65 426. 3 788.4 i 

27 I 7 836.49 . 86 7 50 187. 8 35 6g o6o. 3 878.4 
28 I 8 867.47 .86 8 52 046. 7 40 72 694. 2 973·3 
29 I 9 898.46 . 87 9 53 905. 5 45 76 328. 0 I 073.0 . 

67 30 30.981 30 929.44 1858.87 30 55 764. 4 I 50 79 961. 6 I 177. 4 

I 
31 I I 96o.42 . 88 1 57 623. 3 55 83 595· I I 287. I 
32 I 2 991. 40 . 88 2 59 482. 2 2 00 87 228 I 401 
33 I 3 I 022. 38 .88 3 61 341. 0 3 00 130 815 3 153 
34 I 4 I 053. 36 .89 4 63 199. 9 4 00 174 367 5 6o5 

I 
67 35 36.g82 35 I 08.i. 34 1858.89 35 65 058. 8 5 00 217 874 8 756 

36 2 6 I II5. 32 .90 6 66917.7 6 00 261 325 12 6o5 
37 2 i I 146. 30 ·90 7 68 776. 6 7 00 304 709 17 152 
38 2 8 I 177. 29 ·90 8 70 635. 5 8 00 348 014 22 395 
39 2 9 I 208. 27 . 91 9 72 494.4 9 00 391 229 28 334 

67 40 30.982 40 I 239. 25 1858.91 40 74 353· 3 IO 00 434 343 34 966 
41 2 I I 270. 23 . 92 I 76 212. 2 II 00 477 345 42 289 
42 2 2 I 301. 21 .92 2 78071.2 12 00 520 224 50 3°3 
43 2 3 I 332. 19 .92 3 79 930. I 13 00 562 969 59 004 
44 2 4 I 363. 17 • 93 4 81 789. 0 14 00 6o5 568 68 391 

67 45 30.982 45 I 394· 15 1858.93 45 83 647. 9 15 00 648 OII 78 461 
46 2 6 I 425. 14 .93 6 85 5o6. 9 16 00 690 287 89 212 
47 2 7 I 456. 12 .94 7 87 365. 8 17 00 732 384 100 640 
48 2 8 I 487. IO .94 8 89 224. 7 18 00 774 293 II2 744 
49 2 9 I 518. o8 ·95 9 91 083. 7 19 00 816 002 125 519 

67 50 30.982 so I 549· o6 1858. 95 50 92 942. 6 20 00 857 50o 138 962 
51 3 I I 58o.04 .95 I 94 Sm. 6 21 00 898 776 153 070 
52 3 2 I 6II. 02 .96 2 96 66o. 5 22 00 939 821 167 840 
53 3 3 I 642. 00 .96 3 98 519. 5 23 00 98o 623 183 267 
54 3 4 I 672.. 99 .97 4 100 378. 4 24 00 I 021 173 199 348 

67 55 30.983 55 I 703. 97 1858.97 55 102 237.4 25 00 I o61 458 z16 078 
56 3 6 I 734· 95 ·97 6 104 096.4 26 00 I IOI 470 233 453 

' 57 3 7 I 765. 93 .98 7 I05 955· 4 27 00 I 141 197 251 468 
ss 3 8 1 796. 91 .98 8 107 814. 3 28 00 I 18o 629 270 120 
59 3 9 I 827. 89 .98 9 109 6n3 29 00 I 219 757 289 402 

67 6o 3o.983 6o I 858. 87 j 1858.99 6o III 532. 3 30 00 I 258 571 309 311 
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Lat. 

• 

0 ' 

68 00 

2 

3 
4 

68 c5 
(J 

7 
" u 

<) 

68 10 

II 
12 
13 
14 

68 15 
16 
17 
18 
19 

68 20 
21 
22 
23 
24 

68 25 
26 

I 27 
I 28 
i 29 

j 68 30 
j 31 
' 32 

:I ~ 
68 35 

ll ~~ 
38 
39 

68 40 
41 
42 
43 
44 

68 45 
46 
47 
48 
49 

68 50 
51 
52 
53 
54 

68 55 
56 
57 
58 
59 

63 6o 

UNITl:m STATES UO.\ST AXD GEODETIC SURVEY. 

- ---------·--------~---------------------------

Latitude 68° to 69°-arcs of the parallel in meters . 

- i I I ;- ---- ~- --- I - - ----~ . ···-··--------------------· 

1" I 211 I 3" ' 411 I 51r t' 6'1 : 'l'I : 811 I 

I I I ' _,1_1_1 _____ 1 ____ i_I _ __,____ 

9fl 11 

11. 62 23. 24 I 34· 85 46. 47 58. og I 69. 7I 81. 32 92. 94 104. 56 697. I 
. 61 I . 22 . s3 . 44 . 05 . 66 . 26 . 81 . 48 6. 6 
. 6o I . 20 . 8o • 40 8. 01 . 61 . 21 • 81 . 41 6. I 
.59 .18 .78 .37 7.g6 .55 .15 .74 ·33 5.5 
. 58 . 17 . 75 • 34 . 92 . 50 . og . 67 . 26 5. o 

11.58 23.15 34.73 46.30 57.88 69.45 81.03 92.61 104.18 694.5 
·57 .13 .70 .27 .84 .40 0.97 .54 .II 4.0 
.56 .12 .68 .24 .8o .35 .91 .47 4.03 3.5 
-55 .IO .65 .20 .75 .30 .85 .41 3.96 3.0 
. 54 . 08 . 63 . 17 . 71 . 25 . 8o . 34 . 88 2. 5 

I I. 53 
. 53 
. 52 
. 51 
.50 

11.49 
. 48 
. 48 
. 47 
. 46 

11. 45 
.44 
.43 
. 43 
. 42 

11. 41 
.40 
. 39 
. 38 
. 37 

11. 37 
.36 
. 35 
. 34 
. 33 

I I. 32 
. 32 
. 31 
. 30 
. 29 

II. 28 
. 27 
. 27 
. 26 
. 25 

I I. 24 
. 23 
. 221 
• 22 
• 21 I 

II. 20 

.19 

.18 

. 17 

.16 

11. 16 
. '5 
.14 
.13 
. 12 

II. II 

23.07 
.05 
.03 
.02 

3.00 

22.98 
. 97 
. 95 
·93 
.92 

22.90 
.88 
. 87 
. 85 
. 83 

22.82 
.8o 
.78 
.77 
. 75 

22.73 
. 72 
.70 
.68 
. 67 

22.65 
.63 
• 6:z 
.6o 
.58 

22.57 
• 55 
.53 
. SI 
.50 

22.48 
.46 
.45 
.43 
.42 

22.40 
. 38 
.36 
. 35 
. 33 

22.31 
.30 
.28 
. 26 
. 25 

22.23 

34.6o 
.58 
. 55 
. 53 
.50 

34.48 
.45 
.43 
.40 
.38 

34.35 
. 33 
.30 
. 28 
. 25 

34· 23 
. 20 
. 18 
. 15 
. 12 

34- IO 
.07 
.05 
.02 

4.00 

33.97 
. 95 
.92 
.90 
• 87 

33.85 
. 82 
.So 
. 77 
• 75 

33.72 
. 70 
• 67 
. 65 
.62 

33.6o 
.57 
. 55 
.52 
.50 

3.:;.47 
·44 
.42 

·39 
. 37 

33·34 

46. 14 
. IO 
. 07 
.04 

6.oo 

45.97 
·93 
.90 
. 87 
.83 

45.8o 
.77 
. 73 
• 70 
. 67 

45.63 
.6o 
.57 
.53 
.50 

45.47 
·44 
.40 
·37 
.33 

45.30 
.26 
.23 
.20 
.16 

45· 13 
• IO 
.o6 
.03 

S.C>O 

44.96 
·93 
.89 
.86 
.82 

44.79 
.76 
·73 
.6g 
.66 

44.63 
·59 
.56 
·53 
.49 

#46 

57· 67 
.63 
.59 
.54 
.50 

57.46 
.42 
.38 
·33 
. 29 

57. 25 
• 21 
. 17 
. 12 
.o8 

57.04 
7.00 
6.96 
.92 
.87 

56.83 
.79 
. 75 
.71 
.66 

56.62 
.58 
·54 
.50 
·45 

56.41 
. 37 
• 33 
• 29 
. 24 

56.20 
. 16 
. 12 
.07 

6.03 

55.99 
. 95 
. 91 
. 87 
. 82 

55.78 
. 74 
.70 
.66 
. 61 

55.57 

6g. 20 
. 15 
.10 
.05 

9.00 

68.95 
.90 
. 85 
. 8o 
. 75 

68.70 
.65 
.6o 
.55 
.50 

68.45 
.40 
. 35 
. 30 
. 25 • 

68. 20 
. 15 
. IO 
.05 

8.oo 

67.95 
.90 
. ~s 
.8o 
. 75 

67.70 
.64 
·59 
. 54 
.49 

67.44 
. 39 
·34 
. 29 
. 24 

67. 19 
.14 
.og 

7.04 
6.99 

66.94 
. 8g 
-841 : ~:I 66.6g 

8o.74 
.68 
. 62 
. 56 
.50 

8o.44 
. 39 
. 33 
. 27 
• 21 

8o. IS 
.og 

So.03 
79.97 

.92 

79.86 
.So 
. 74 
.6g 
• 62 

79.56 
. SI 
.45 
.39 
.33 

79.27 
. 21 
. 15 
. IO 

9·04 

78.gS 
.92 
.86 
.8o 
.74 

78.68 
.62 
. 57 
. 51 
.45 

78.39 
.33 
. 27 l 
. 21 
. 15 

78.09 
8.04 
7.98 
.92 
.86 

77.8o I 

92. 27 
. 21 
. 14 
.07 

2.00 

91. 94 
.87 
.So 
.74 
.67 

91. 6o 
.54 
.47 
.40 
. 33 

91. 27 
.20 
. 13 
.07 

1.00 

90.93 
.86 
.So 
. 73 
.66 

90.59 
.53 
.46 
. 39 
.33 

103. 81 
.73 
.66 
.58 
.50 

I03·43 
. 35 
. 28 
.20 
.13 

103.05 
2.98 
·90 
.83 
. 75 

102.68 
.6o 
.53 
.45 
. 37 

102.30 
. 22 
. IS 
.07 

2.00 

IOI. 92 

.84 

. 77 

. 69 

. 62 

!";O. 26 IOI. 54 
. I9 . 47 
. 13 . 39 

90.o6 . JZ 
Sg.99 . 24 

89. 93 IOI. 17 
.86 .og 
. 79 I. 02 
. 72 o. 94 
.661 . 87 

89. 59 I 100. 79 
. 52 I . 71 
.45 .64 
. 39 . 56 
.32 ·49 

89. 25 IOO. 41 . 181 . 33 
. 12 . z6 

9.05 I . 18 8.98 . II 
88.92 100.03 

6g2.0 
I. 5 
1.0 
0.5 

90.0 

68g.5 
9.0 
8.5 
8.o 
7. 5 . 

687.0 
6.5 
6.o 
5·5 
5.0 

684.5 
4.0 
3.5 
3.0 
2.5 

682.0 
I. s 
1.0 
0.5 

So.o 
679.5. 

9.0 
8. s 
8.o 
7.5 

677.0 
6.4 
5·9 
5.4 
4.9 

674.4 
3.9 
3.4 
2.9 
2.4 

671. 9 
I. 4 
0.9 

70.4 
6g.9 

669.4 
8.9 
8.4 
7.9 
7.4 

666.9 

2' 

1394. I 
3• I 
2. I 
I. I 

go. I 

l38g. I 
8.I 
7. I 
6.J 
5. I 

I384· I 

3· I 
2. I 
l. I 

8o. I 

1379.1 
8. I 
7• I 
6.o 
5.0 

1374.0 
3.0 
2.0 
l.O 

70.0 

136g.o 
8.o 
7.0 
6.o 
5.0 

1364.0 
3.0 
2,0 

6o.9 
59.9 

1358.9 
7.9 
6.9 
5·9 
4.9 

1353.9 
2.9 
I. 9 

50.9 
. 49·9 

1348. 9 
7.9 
6.9 
5.8 
4.8 

1343.8 
2.8 
I. 8 

40.8 
39.8 

1338.8 
7.8 
6.8 
5.7 
4.7 

1333.7 

3' 

2091. 2 
89.7 
8.2 
6.6 
5. I 

2083.6 
2. I 

8o.6 
79• I 
7.6 

2076. I 

4.6 
3· I 
1.6 

70.1 
zo68.6 

7. I 
5.6 
4· l 
2.6 I 

2o61.o 
59.5 
8.o 
6.5 
5.0 

2053.5 
2.0 I 

50. s 
49.0 

7.5 

2046.0 
4.4 
2.9 

41. 4 
39.9 

2038.4 
6.9 
5.4 l 
3·9 
2.4 

2030.9 
29·3 
7.8 
6. 3'" 
4.8 

2023.3 
I. 8 

20.3 
18.8 
7. 2 I 

2015. 7 
4.2 
2.7 

II. 2 
og.7 

20o8.2 
6.7 

t~I 2.1 
2000.6 

41 

2788.2 
6.2 
4.2 
2.2 

8o.2 

2778.2 
6.2 
4.2 
2.2 

70.2 

2768.2 
6. I 

4- I 
2. I 

6o.1 

2758. I 

6. I 

4· I 
2. I 

50.1 

2748, I 

6.o 

2.0 
40.0 

2738.0 
6.o 

2,0 
30.0 

2 727·9 
5.9 
3.9 

21.9 
19.9 

2717.9 
5.9 
3.8 

II, 8 
09.8 

2707.8 
5.8 
3.8 

01.8 
6gg. 7 

26g7.7 
5.7 
J.7 

91. 7 
Sg.7 

2687.6 
5.6 
3.6 

81. 6 
79.6 

2677.6 
5.5 
3.5 

71. 5 
6g.5 

2667.5 

31 

3485.3 
2.8 

So.3 
77.7 
5.2 

3472.7 
70.2 
67.7 
5.2 
2.7 

346o.2 
57. 7 
5.2 
2. 7 

50.I 

3447. 6 
5· I 
2.6 

40. I 
37.6 

3435• I 
2.6 

30.0 
27.5 
5· 0 

3422.5 
20,0 
17· 5 
5.0 

12.4 

3409.9 
7.4 
4·9 

402.4 
399·9 

3397.3 
4.8 

92.3 
89.8 
7.3 

3384.8 
82.2 
79. 7 

7.2 
4.7 

3372. 2 
6g.6 

7. I 
4.6 

62. I 

3359.6 
7.0 
4.5 

52.0 
49·S 

3346.9 
4-4 

41. 9 
39.4 
6.9 

3334- 3 
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Latitude 68° to 69°-~Ieridional arc>. 

Lat. 
\'alue of 111 ISumsofsec~ndsformiddle111[ \'alue of 1' . I lalltude. 

11 

'----~----1 I 1-----
0 

/ Meters. 11 ' 1.'rfeters. I 1.Veters. 
68 00 30.983 1858. 99 
- I 3 I 30. 99 I . 99 

2 

3 
4 

I 68 o~ 
7 
8 
9 

68 IO 
II 
12 
13 
14 

68 15 
r6 
17 
rs 
19 

68 20 
21 
22 
23 
24 

68 25 
26 
27 
28 
29 

68 30 
JI 
32 
33 
34 

68 35 
36 
37 
38 
39 

68 40 
41 
42 
43 
44 

68 45 
46 
47 
48 
49 

68 50 
51 
5z 
53 
54 

68 55 
56 
57 
58 
59 

68 6o 

3 2 6r.97 ! 9.00 

3 3 92. 96 1 . 00 

3 4 123.94 i .00 

30.983 
4 
4 
4 
4 

30.984 
4 
4 
4 
4 

~ I 

~ . 
9 

IO 
1 
2 

3 
4 

30. 984 I5 
4 6 
4 7 
4 8 
4 I 9 

30.984 
4 
5 
5 
5 

30.985 
5 
5 
5 
5 

30.985 
5 
5 
5 
5 

30.985 
5 
5 
6 
6 

30.986 
6 
6 
6 
6 

30.986 
6 
6 
6 
6 

30.986 
(i 
6 
6 
7 

30.g87 
7 
7 
7 
7 

30.g87 

I 
20 

I 

2 

3 
4 

25 
6 
7 
8 
9 

30 
1 

2 

3 
4 

35 
6 
7 
8 
9 

40 
1 
2 

3 
4 

45 
6 
7 
8 
9 

50 
I 

2 

3 
4 

sl 
7 
8 
9 

6o 

154. 93 
185.91 
216. 90 
247.88 
278.87 

309.85 
340.84 
37r. 82 
402.81 
433.79 

464.78 
495.76 
526.75 
557.73 
588.72 

619.70 
650.69 
68r. 67 
712.66 
743.64 

774. 63 
8o5. 61 
836.6o 
867.58 
698.57 

929.55 
96o.54 
991. 52 

I 022. 51 
I 053.49 

I o84. 48 
I 115. 46 
I 146. 45 
1177-43 
I 2o8_42 

I 239.40 
I 270. 39 

. I JOI. 37 
I 332. 36 
I 363. 34 

I 394· 33 
I 425. 31 
I 456. 30 
I 487. 28 
I 518. 27 

I 549· 25 
I 58o. 24 
I 611.22 
I 642.21 
I 67J. 19 

I 704- 18 
I 735· I~ 
I 766. 15 
I 797· 13 
I 828. 12 
I 859. 10 

I859.01 
.OI 

. 02 

. 02 

.02 

I859.03 
. 03 
.03 
.04 
.04 

I859.05 
.05 
.05 
.06 
.o6 

1859. oQ 
.07 
.07 
.08 
.o8 

1859.08 
.09 
.09 
• IO 

• IO 

1859. IO 
•II 
•II 
•II 
• 12 

1859.12 
• 13 
. 13 
• 13 
.14 

1859.I4 
. 14 
. I5 
• 15 
. 16 

1859. 16 
. 16 
• 17 
• 17 
• 17 

1859. 18 
• 18 
.18 
.19 
. 19 

1859.20 
.20 
.20 
• 21 

• 21 
1859.21 

Sums of minutes for middle 
latitude. 

1 .lleters. 

2 

3 
4 

5 
6 
7 
8 
9 

I 859. 0 

3 718.0 
5 5i7· 0 
7 436.0 

9 295. 0 

II 154. O 
13 or3.o 
14 872. 0 

I6 731. I 

IO 18 590· I 

I 20 449· I 
2 22 308. I 

3 24167.2 
4 26 026. 2 

15 27 885. 3 
6 29 744. 3 
7 31 6o3.4 
8 33 462. 4 
9 35 321. 5 

20 
I 

2 

3 
4 

25 
6 
7 
8 
9 

30 
I 
2 

3 
4 

35 
6 
7 
8 
9 

¥> 
I 
2 

3 
4 

45 
6 
7 
8 
9 

50 
I 
2 

3 
4 

SS 
6 
7 
8 
9 

6o 

37 18o. 5 
39 o39. 6 
40 898. 7 
42757.8 
44 616.8 

46 475. 9 
48 335. 0 
50 194. I 
52 053. 2 

53 912. 3 

55 771. 4 
57 630. 5 
59 489. 6 
61 348. 7 
63 207. 8 

65 o66. 9 
66 926. 0 

68 785. 2 
;o 644. 3 
72 5o3. 5 

74 362. 6 
76 221. 7 
78 o8o. 9 
79 940.0 
81 799. 2 

83 658. 3 
85 517. 5 
87 376. 7 
89 235. 8 
91095.0 

92 954. 2 
94 813. 4 
96 672. 6 
98 531. 7 

IOO 390· 9 

102 250. I 
104 109. 3 
105 968. 5 
107 827. 7 
109 686.9 
Ill 546. 2 

Latitude 68°-'Co-ordinates of curvature. 

1 

Longitude. l 

o I 

0 I 
2 

3 
4 

0 5 
6 
7 
8 
9 

0 10 

15 
20 
25 
30 

0 35 
40 
45 
50 
55 

l 00 

05 
IO 

15 
20 

I 25 
30 
35 
40 
45 

I 50 
55 

2 00 

3 00 
4 00 

5 00 
6 00 

7 00 
8 00 

9 00 

IO 00 
II 00 
I2 00 
13 00 
I4 00 

15 00 
16 00 

17 00 
I8 00 

19 00 

20 00 

21 00 
22 00 

23 00 
24 00 

25 00 
26 00 
27 00 
28 00 
29 00 
30 00 

I 

Jlfeters. 

697. I 

I 394• I 
2 091. I 

2 788. 2 

3 485. 2 
4 182. 3 
4 879. 4 
5 576. 4 
6 273. 5 I 
6 970. 5 

IO 455· 8 
13 941. 0 

17 426. 3'" 
20 911. 4 

24 396. 6 
27 881. 7 
31 366. 7 
34 851. 7 
38 336. 6 

41 821. 5 
45 3o6. 3 
48 791. 0 

52 275. 6 
55 76o. I 

59 244. 5 
62 728. 8 
66 213. 0 

69 fi97. I 

73 181. 0 

76 664. 9 
8o 148. 5 
83 632 

125 421 

167 177 

208 889 
250 546 
292 138 
333 653 
375 o8i 

416 410 
457 631 
498 732 
539 702 
58o 531 

621 207 
661 722 
702 o62 
742 219 
782 182 

821 940 
861 482 
900 799 
939 88o 
978 715 

I 017 294 
I 055 6o6 
I 093 642 
I 131 392 
I 168 845 
I 205 992 

""";: 111 

o.8 
I. 5 
2.3 
3.4 
4.6 
6.o 

7. 6 I 
9.4 

21. I I 37.6 
58.7 
84.6 

115. I 
150.4 
190. 3 
235.0 
284.3 

338.4 
397· I 
46o.6 
528.7 
6o1. 6 

679. l 
761. 4 
848.3 
940.0 

I 036. 3 

I 137. 3 
I 243· I 

I 353 
3 045 
5 413 

8 455 
12 173 
16 563 
21 627 
27 362 

33 766 
40 838 
48 577 
56 979 
66 043 

75 767 
86 148 
97 183 

!08 869 
121 204 

134 183 
147 8o4 
162 o64 
176 957 
192 481 

2o8 632 
225 404 
24z 795 
26o 798 
z79 411 
298 626 
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Latitude 69° to ]o0 -Arcs of the parallel in meters. 

I I I Lat. 1" 2'1 
I 

3" 4" 511 I 6" 7" 8" 9" 1' 2' 3' 4' 5' 
1 I 1 

I l i , I 
~---- -~ ---~·--;---,---r-: ___ : ___ 

0 ! I I I 
69 00 I I. II 22. 23 33. 34 I 44.46 55· 51 I 66. 69 n.Bo' 88.92 100.03 666. 9 ' 1333.7 2000.6 2667.5 3334.3 

I . II • 2J I • 32 i .42 . 53 ! . 64 .74 .85 99.95 6.4' 2.7 1999. I 5.4 JI. 8 
2 • IO . 20 · 29 I .39 .49 i .59 . 68 . 78 . 88 5. 9 I. 7 7. 6 3.4 29.3 
3 .()() . 18 . 27 ! . 36 . 45 ·54 .63 . .72 . 8o 5.4 : 3o. 7 ' 6. I I. 4 6.8 
4 .08 . 16 . 24 l .32 .40 .48 . 56 i . 65 . 73 4. 8 29. 7 : 4.5 59.4 4.2 

6g 05 I I. 07 22. 14 33. 22 : 44. 29 ' 55. 361 66.43 77- 51 88.58 99.65 664.3 1328.7 1993.0 2657.4 3321. 7 
6 .06 . 13 . 19 : . 26 : . 32 I . 38 .45 . 51 . 58 3.8 7.7 I. 5 5.3 19.2 
7 .o6 . II . 11 i . 22 : . 28 i . 33 . 39 .44 .50 3.3 6'' go.o 3.3 6.6 . ' 

8 .05 .09 . 14: . 19 . 231 . 28 . 33 .38 .42 2.8 5 . 88. 5 I. 3 4· I 

9 .04 I . 08 , 12 I . 15 . 19 . 23 . 27 . 31 . 35 2.3 4.6 ' 7. 0 49.3 II. 6 

22.o6 " 09 i i 66. 18 88. 24 661.8 1323.6 1985.4 2647.3 69 IO 11.03 .)_)• l 44. 12 55· 15 i 7i· 21 99· 27 3309· I 
II .02 .04 . 07 : .og , II ' . 13 . l 5 . 17 .20 I. 3 2.6 3.9 5.2 6. s 
12 .01 . 03 .04 . 05 . 07 I ,08 ' .09 'II . 12 o.8 I. 6 2.4 3.2 4.0 
13 .01 2.01 3· 02 4. 02 ' 5. 021 6.03 7. 03 8.04 9.04 60.3 20.6 1 Bo.9: 41. 2 3o1. 5 
14 I. 00 I. 99 2. 99 ' 3.99 4.98 5.98 6.98 7.97 8.97 59.8 19. 6 ! 79. 4 • 39.2 299.0 

69 15 10.99 21. 98 32.97 43.95 54.94 65.93 76.92 87.90 98.89 659.3 1318.6 1977. 9 : 2637. I 32¢.4 
16 . 98 . 96 . 94 ' . q2 . go . 88 . 86 .84 . 82 8.8 7. 6 6. 3 : 5. I 3.9 
17 . 97 . 94 .91 : . 89 . 86 . 83 .80 . 77 . 74 8.3 6.6 4.8 3. I 91. 4 
18 . 96 . 93 . 89 . 85 . 81 . 78 .74 .70 . 66 7.8 5.5 3·3 31. I 88.8 
19 .96 . 91 . 86 . 82 . 77 . 73 . 68 . 63 .59 7.3 4. 5 I. 8 29.0 6.3 

69 20 10.95 21. 89 32. 84 ' 43. 78 . 54. 73 65.68 76.62 87.57 98.51 656.8 1313.5 197o.3 2627. 0 3283. 8 
21 .94 . 88 . 81 . 75 . 69 . 63 .56 .50 .44 6.3 z. 5 68.8 5.0 81. 3 
22 . 93 . 86 . 79 .72 . 65 ' . 57 .50 . 43 . 36 5.7 I. 5 7.2 3.0 78. 7 
23 . 92 . 84 .76 . 68 . 6o .53 .44 . 37 . 29 5.2 10.4 5.7 20.9 6.2 
24 ·9' . 82. . 74 . 65 .56 . 47 . 39 .30 . 21 4. 7 og.4 4. 2 18.9 3.7 

69 25 Io.go 21. 81 32.71 43.61 54. 52 65.42 76. 33 87.23 98. 13 654.2 1308.4 1g62. 7 2616.9 3271. I 
26 .go . 79 . 69 . 58 ' .48' . 37 . 27 .16 8.o6 3.7 7.4 61. 2 4.9 68.6 
27 . 89 . 77 . 66 . 55 .44 . 32 . 21 .IO 7.98 3.2 6.4 59.6 2.8 6. I 
28 . 88 I . 75 . 63 . 51 .39 . 27 . 15 7.03 . go 2. 7 5.4 8. I 10.8 3· 5 
29 . 87 : .74 . 61 . 48 .35 . 22 .og 6.96 . 83 2.2 4.4 6. 6 I o8. 8 I 6r. 0 

I 

69 JO 10. 86 21. 72 32. 58 • 43.45 ' 54.31 65. 17 76.03 86.89 97· 75 651. 7 1303.4 1955. I I 26o6.8 3258. 5 
31 . 85 . 71 . · 56 I .41 . 27 • IZ 5.97 .8z . 68 1,2 2.4 3.6 4. 7 5.9 
32 . 84 . 69 ' . 53 i • 38 I • 22 . 07 .91 . 76 .6o 0.7 1.4 .2.0 2.7 3.4 
33 . 84 . 67 . 51 . 35 ' . 18 5.02 . 85 .69 .53 50. 2 300.3 50. 5 6oo. 7 50.9 
34 . 83 . 66 .48 : . 31 .14 4- 97 .79 .62 . 45 49.7 299.3 49.0 598.7 48.3 

69 35 10.82 21. 64 I 32. 46 ' 43.28 54· IO 64.92 75.74 86.55 97.37 649.2 1298. 3 1947· 5 25g6.6 3245.8 
36 . 81 . 62 . 43 I . 24 .o6 . 87 .68 . 49 .30 8.7 7.3 6.o 4.6 3.3 
37 .80 . 6o .41 . . 21 4.01 . 81 .62 .42 . 22 8. 1 6.3 4.4 2.6 40.7 
38 .79 59 : . 38 : . 18 3.97 .76 .56 . 35 . 15 7.-0 5.3 2.9 go.6 38.2 
39 . 79 . 57 • 36 I . 14 ·93 . 71 .50 • 29 7.07 7. I 4. 2 41.4 88. 5 5.7 

6g 40 IO. 78 21. 55 32.33 43· II 53.89 64.66 75.44 86.22 96.99 646.61 1293.2 1939.9 2586.5 3233. I 
41 . 77 .54 . 31 .07 .84 . 6i . 38 . 15 . 92 6. I ""2. 2 8.4 4. s 30.6 
42 . 76 . 52 ' . 28 .04 .Bo .56 .32 .08 . 84 5.6 I I. 2 6.8 2.4 28.0 
43 . 75 .50 . 26 3.0J .76 . 51 . 26 6.01 77 5. I : 90.2 5.3 8o.4 5.5 
44 . 74 . 49 . . 23 2.97 . 72 .46 .20 5.95 . 69 4.6 59.2 3.8 78.4 3.0 

6g 45 10.73 21. 47 32.20 42.94 53.67 64.41 75. 15 85.88 96.61 644.1 1288.2 1932.3 2576. 3 i 3220.4 
46 . 73 . 45 . 18 . .91 .63 . 36 .08 . 81 .54 3.6 7.2 30. 7 4.3 i 17.9 
47 . 72 .44 . 15 . 87 .59 . 31 5. 03 . 74 .46 3. l 6.2 29.2 2.3 . 5.4 
48 . 71 . 42 .13 . 84 . 55 . 26 4.97 .67 . 38 2.6 5. I . 7.7 70. 3 ! 2.8 
49 . 70 .40 .IO .Bo .50 . 21 .91 . 61 . 31 2. I 4· I 6.2 68, 2 I 10.3 

69 50 IO. 69 21. 39 32. 08 . 42.77 53.46 : 64. 16 74.85 85.54 g6.23 641. 6 1283. I , 1924.7 2566. 2 i 3207.8 
51 . 68 . 37 . 05 .74 .42: . II .79 .47 .16 1.0 2. I : 3. I 4.2 5.2 
52 . 68 . 35 . 03 .70 .38 .05 . 73 . 41 .o8 0.5 I. J I. 6 2. J 2.7 
53 . 67 ·33 2.00 . 67 ·33 4.00' . 67 .34 6.oo 40.0 8o.O I 20. I 6o. I 200. I 

54 . 66 • J:Z I. 98 .63 .29 3.95 • 61 • 27 5.93 39.5 79.0 I 18.6 58. I 197.6 

69 55 IO. 65 21. 30 31. 95 : 42.6o 53.25 63.go 74.55 85.20 95.85 639.0 1278.0 1917. 0 2556.0 3195. I 
55 . 64 . 28 . 92 ·57 . 21 . 85 ·49 • IJ .78 .8.5 7.0 5.5 4.0 2.5 
57 . 63 . 27 . 90 .53 . 17 . 8o .43 .07 .70 8.o 6.o 4.0 52.0 go.o 
58 . 6:: .25 . 87 .50 .12 . 75 . 37 5.00 .62 7.5 4.9 2.5 49·9 87.4 
59 . 62 • 23 . 85 .47 .o8 .70 . 31 4.93 .55 7.0 3.9 10.9 7.9 4.9 

69 6o 10.61 21. 22 31. 82 42.43 53.04 63.65 74. :zs I 84.86 95.47 636.5 1272.9 1909.4 2545.9 3182.4 
I I I 
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Latitude 69° to 70°-Meri<lional arcs. Latitude 69°-Co-ordinates of curvature. 

Lat. 
Sums of seconds for middle 11 i \'alue of 1" Value of 1' 

Sums of minutes for middle Longitude. x y 
latitude. I latitude. 

1j 

0 I Meters. II Meters. i llfeters. ' llfeters. 0 I ,jfeters. Meters. 
69 00 30.987 I 1859.21 

l 7 l 30.99 
I 

• 22 I I 859. 2 0 I 666.9 o. I 

z 7 2 61. 98 . 22 2 3 718. 4 2 I 3:;3. 7 0.4 
3 7 3 92.97 

I . 23 3 5 577. 7 3 2 ooo.6 o.8 
4 7 4 123.95 

I 
. 23 4 7 436. 9 4 2 667. 5 I. 5 

69 05 30.987 5 154.94 1859. 23 5 9 296. I 0 5 3 334· 3 2.3 
6 7 6 185.93 I . 24 6 II 155· 4 6 

I 

4 001. 2 3.3 
7 7 7 216.92 I . 24 7 r3 014. 6 7 4 668. I 4.4 
8 7 8 247.91 i . 24 8 14 87J. 8 8 5 334· 9 5.8 
9 7 9 278.90 

! 
. 25 9 16 733· I 9 6 001. 8 7.3 

) 6<J IO 30.988 IO 309.89 I I859.25 IO 18 592. 3 0 IO 6 668. 7 9. I 
II 8 I 340.88 1 .26 I 20 451. 6 15 10003.0 20.4 
12 8 2 37I· 86 i . 26 2 22 JIO. 9 20 13 337. 3 36.2 
I' 8 3 402.85 t . 26 3 24 I70. I 25 16 671. 5 56.6 
~ 

14 8 4 433.84 
i 

. 27 4 26 029. 4 30 20005.8 81. 5 

69 15 30.988 I5 464.83 : 1859.27 15 27 888. 6 0 35 23 340.0 no.9 
16 8 6 495.82 . 27 6 29 747. 9 40 26 674. l 144.9 
17 8 7 526.81 . 28 7 31 607. 2 45 30 008. 2 I83.3 
18 8 8 557. 8o - 28 8 33 466. 5 50 33 342. 3 226.3 
19 8 9 588.79 . 28 9 35 325. 8 55 36 676. 3 273.9 

69 20 30.988 20 619.77 : I859.29 20 37 I85. 0 I 00 400!0. 2 325.9 
21 8 I 650.76 . 29 I 39 044. 3 05 43 344.0 382.5 
22 8 2 681. 75 . 30 2 40 903. 6 IO 46 677- 8 443.6 
23 8 3 712.74 . 30 3 42 762. 9 IS 50 OII. 5 509.3 

I 
24 8 4 743. 73 . 30 4 44 622. 2 20 53 345· I 579.5 

69 25 30.988 25 774· 72 1859.31 25 46 481. 5 I 25 56 678. 6 654.2 
26 8 6 8o5. 71 Ii . 31 6 48 340. 8 30 6oo12.o 733.4 
27 9 7 836. 70 . 31 7 50 200. I 35 63 345. 3 8I7. 2 
28 9 8 867.68 . 32 8 52 059. 5 40 , 66 678.4 905.4 
29 9 9 898.67 . 32 9 53 918. 8 45 70 Oii. 5 998.2 

69 30 30.989 30 929.66 1859.32 30 55 778. I I 50 73 344·4 I 095· 6 
31 9 I 96o.65 . 33 I 57 637. 4 55 76 677. I I 197. 4 
32 9 2 991. 64 . 33 2 59 496. 8 2 00 8oo10 I 304 
33 9 3 I 022. 63 .34 3 61 356. I 3 00 II9'988 2 933 
34 9 4 l 053. 62 • 34 4 63 2I5. 4 4 00 159 935 s 214 

69 35 30.989 35 l 084. 61 1859.34 35 65 074. 8 5 00 199 839 8 145 
36 9 6 I 115. 59 . 35 6 66 934· I 6 00 239 6go II 726 

37 9 7 I 146. 58 . 35 7 68 793. 5 7 00 279 477 15 956 
38 9 8 I 1]7. 57 . 35 8 70 652. 8 8 00 319 Igo 20 833 
39 9 9 I 208. 56 . 36 9 72 512. 2 9 00 358 818 26 357 

69 40 3o.989 40 I 239. 55 1859.36 40 74 371. 5 IO 00 398 352 32 526 
41 9 I l 270. 54 . 36 I 76 230. 9 II 00 4,37 779 39 338 
42 89 2 I 301. 52 . 37 2 •78 090.3 12 00 477 ago 46792 
43 90 3 l 332. 51 . 37 3 79 949.6 I3 00 516 275 54 885 
44 0 4 I 363. 50 - 37 4 81 8og.o 14 00 555 322 63 6I5 

69 45 30.990 45 l 394· 49 1859.38 45 83 668.4 15 00 594 222 72 981 
46 0 6 I 425. 48 . 38 6 85 527. 8 16 00 632 964 82 979 
47 0 7 I 456.47 . 39 7 87 387. I 17 00 671 538 93 6o7 
48 0 8 I 487. 46 . 39 8 89 246. s 18 00 709 934 104 862 

49 0 9 I 518. 45 .39 9 91 105.9 19 00 748 142 116 741 

69 50 3o.990 50 I 549· 44 1859.40 50 92 965. 3 20 00 786 150 129 242 
51 0 I l 58o. 43 .40 I 94 824. 7 21 00 823 950 142 359 
52 0 2 I 6II. 41 .40 2 96 684. I 22 00 861 532 156 09I 

53 0 3 I 642. 40 .41 3 98 543. 5 23 00 898 884 170 434 

54 0 4 I 67J. 39 . 41 4 100 402.9 24 00 935 998 185 383 

69 55 30.990 55 I 704· 38 1859.41 55 102 262.4 25 00 972 864 200 935 . 

56 0 6 I 735· 37 .42 6 104 121. 8 26 00 I 009 471 217 o85 

57 0 7 I 766. 36 :42 7 105 gSr. 2 z7 00 I 045 810 233 830 

58 0 8 1 797. 35 .42 8 107 840. 6 28 00 I o81 872 251 165 

59 0 9 

I 
I 82i. 34 ·43 9 109 700. 0 29 00 l 117 646 269 o85 

69 6o 30.991 6o ,I 859. 32 1859.43 6o III 559·5 30 00 I 153 IZJ 287 585 

B. Ex. 43--86 
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Latitude jo0 to 71°-Arcs of the parallel in meters. 

5' 
I ! I 

2" S" : 4" o" 6" 111 i 8" 9" t' 2' 3' i 4' Lat. 1" 
i ; i I I I I 1----1----1---.---1-------·-----1-------1----------1---.---1-----

0 I I I • I . 636. 5 '11 i I II 70 00 IO. 61 121. 22 ' 31. 82 I 42. 43 53. 04 63. 65 74. 25 I 84. 86 95. 47 1272. 9 I909. 4 2545. 9 
I . 6o . zo . . 8o I . 40 3· 00 . • 60 . 20 I . 79 . 39 6. 0 I r. 9 . 7. 9 I 3. 8 I 

3 .58· .161 .75 ·33 .91· ·49 .o8 .66 .24 4·91 69.9 4.8! 39.8 
2 . 59 

1 
• 18 ·. . 77 . 36 2. 96 ' · 55 . I4 i' · 73 · 32 5· 5 I 70. 9 . 6. 4 ! 41. 81 

4 .57 -I5: .72 .30 .87·: .44 4.021 .59 .I7 4·41 8.9 3·31 7.7 

70 05 IO. 57 21. I3 31. 70 ! 42. 26 52. 83 ! 63 39 ' 73. 961 84. 52 95. 09 633. 9 I 1267. 9 1901. 8 2535. 7 ! 
6 . 56 . lI . 67 I . 23 . 79 : '4 ' . 90 . 46 5· or 3· 4 . 6. 9 9<x>. 3 i 3· 7 : 
7 . 55 . IO • 65 . 19 . 74 : ~9 I • 84 . 39 4· 94 2. 9 ! 5. 8 898. 7 I 31. 6 ! 
8 . 54 . o8 . 62 . 16 . 70 . 24 . 78 . 32 • 86 2. 4 i 4. 8 7. 2 29. 6 ' 
9 · 53 · o6 . 6o · IJ · 66 · I9 · 72 · 25 · 79 I. 9 , 3· 8 5· 7 I 7· 6 

70 10 
lI 
12 

I3 
14 

70 15 
16 
17 
r8 
19 

70 20 
21 
22 

23 
24 

70 25 
26 
27 
28 
29 

70 30 
31 
32 
33 
34 

70 35 
36 
37 
38 
39 

70 40 
41 
42 
43 
44 

70 45 
46 
47 
48 
49 

70 50 
51 
52 
53 
54 

70 55 
56 
57 
58 
59 

70 6o 

IO. 52 , 21. 05 
. 5I . 03 
. 51 . or 
.50 1.00 

.49 0.98 

IO. 48 20. 96 
.47 . 94 
.46 . 93 
.46 . 91 
.45 . 89 

I0,44 
.43 
.42 
.41 
.40 

I0.40 
·39 
. 38 I 
.37 
.36 

20.88 
. 86 
. 84 
. 83 
. 81 

20. 79 
.77 
.76 
·74 
. 72 

IO. 35 20. 71 
.34 .69 
. 34 . 67 
·33 . 66 
.32 . 64 

10. 31 . 20. 62 
.30. .6o 
. 29 ' . 59 
. 29 : . 57 
. 28 : . 55 

IO. 27 20. 54 
• 26 : . 52 
. 25 . 50 . 
.24 ·49 
. 23 . 47 

IQ. 23 : 20. 45 
• 22 I •43 
. 21 . 42 
. 20 .40 
. 19 ! • 38 

IO. 18 : 20. 37 
. 17 . 35 
. 17 ·33 
, J6 I • 32 
. 15 1 . 30 

IO. 14 i 20. 28 
. 13 . . 26 
. 12 . 25 
. 12 i • 23 
. JI . 21 

IO, 10 20. 20 

31. 57 
·54 
.52 
·49 
.47 

31. 44 
.42 
. 39 
. 37 
·34 

31. 31 

.29 I 

• 26 I 

.24 

. 2I 

31. 19 
. 16 
. 14 

r II 

·09 

31. o6 
.03 

I.OJ 

0.98 
.96 

30.93 
. 91 
. 88 
.86 
. 83 

30.So 
. 78 
. 75 
.73 
.70 

30.68 i 

. 65 : 

.63 : 

.6o I 

. 58 i 
I 

30, 55 I 

· 52 I 
. 50 ! 
·47 I 

.45 I 
30: 1~ I 

. 37 

30.29 

42. 09 
.o6 

2.02 . 

I. 99 
. 96 i 

4I. 92 
. 89 
. 85 
. 82 
.79 

41 · 75 
. 72 
. 68 
. 65 
. 61 

41. 58 
. 55 
. 51 
.48 
.45 

41. 41 
.38 
. 35 
. 31 
. 28 

41. 24 
. 21 
. 17 
. 14. 
. II 

41. 07 
.04' 

I.CI 
0.97 

.94 

40.90 
. $7 
. 83 
. 80 
. 77 

40.73 
.70 
. 66 
. 63 
. 6o 

40.56 
.53 
. 49 

52. 62 
• 57 
. 53 ' 
· 49 I 
.45 : 

52.40 : 
. 36 
. 32 . 
. 28 : 
. 23 

52. 19 
.14 
, II 

.o6 
2.02 

51. 98 
. 94 
. 89 
. 85 
. 81 

51. 77 
. 72 
. 68 
. 64 
. 6o: 

51. 55 ! 

. 51 

. 47 

. 43 

. 38 

5r. 34 
30. 

. 26 

. 21 

. 17 

51. 13 I 

.09 

.04 
I. 00 
0.96 

50.92 
. 87 
. 83 ! 

.79 

. 75 
50.70 

.66 

.62 

.58 

. 53 
50.49 . 

63. 14 
·09 

3.04 
2 ·99 
. 93 

62.88 
.83 
. 78 
. 73 
. 68 

62.63 
.58 
·53 
.48 
·43 

62.37 
.32 
. 27 
. 22 
. 17 

62. 12 
.07 

2.02 

I. 97 
.92 

61. 86 
. 81 
.76 
. 71 
.66 

61. 61 
. 56 . 
. 5'1 . 
.46 
. 41 

61. 35 
.30 
. 25 
.20 
. 15 

61. IO 
.05 

LOO 

o.95 
.Sg 

6o.84 
·79 
. 74 \ 
.69' 
. fi4 I 

6o.59 \ 

7J. 66 I 
.6o ! 
· 54 I 
.48 
.42 

73. 36 : 
. 31 : 
. 25 ; 
. 19' 
. IJ 

n 01 
3.01 
2.95 

. 89 

. 83 

72.77 
. 71 
. 65 
.59 
.53 

72.47 
.41 
. 35 
.29 
.24 

72. 17 
.12 
.o6 

2.00 

I. 94 

71. 88 
.82 
. 76 
. 71 
.64 

71. 58 
.52 
.46 
.40 
.34 

71.28 
.22 
. 16 i 
, IO 

1.04 I 

70.98 
. 93 
. 87 
. 81 
. 75 ! 

70. 69 ! 

84. 18 
. 12 

4.05 
3.98 
. 91 

83. 85 
• 78 
. 71 
. 64 
.57 

83.5I 
.44 
. 37 
. 30 
. 23 

83. 17 
. IO 

3.03 
2.96 

. 89 

82.83 
,76 
.69 
. 62 
. 55 

82.48 
.42 
. 35 
. 28 
• 21 

82. 15 
.08 

2.01 

I. 94 
. 87 

81. 81 
. 74 
. 67 
.6o 
. 53 

81. 46 
.40 
. 33 
. 26 
. 19 

St. 13 
I. o6 
0.99 

.92 

. 85 
So.78 

94.71 
. 63 
. 55 
. 48 
.40 

94.33 
. 25 
. 17 
, IO 

4.02 

93.94 
. 87 
.79 
. 71 
.64 

93· 56 
.49 
.41 
. 33 
. 26 

93· 18 
.JO 

3.03 
2.95 

. 87 

92.So 
.72 
.64 
.57 
.49 

92.41 
.34 
. 26 
. 18 
•II 

92. 03 
I. 96 
.88 
.So 
. 73 

91.65 
.57 
.49 
.42 
.34 

91. 27 
• 19 
. II 

I. 03 
o.g6 

go.88 

631. 4 1262. 8 189+ 21· 2525. s 
0. 9 I. 8 2. 6 3. 5 

30. 4 6o. 8 91. I I 2I. s 
29. 9 59. 7 89. 6 ! 19. 4 
~3 &7 &oi ~4 

628. 8 12s1. 1 1886. s I 2515. 4 
&3 ~7 ~ 0 1 ~3 
7. 8 5. 7 3· 5 1' I I. 3 
7.3 +6 1.9 09·3 
6. 8 3. 6 So. 4 I 7. 2 

626. 3 1252. 6 1878. 9 I 
5.8 1.6 7.4 '1· 

5.3 50.6 5.8 
4.8 49.5 4·3 I 
4· 3 8. 5 2. 8 I 

623. 1 1247. 5 I871. 2 I 
3· 2 6. 5 69. 7 I 
2. 7 5. 5 8. 2 i 
2. 2 4.4 6. 7. i 
I. 7 3. 4 5. I I 

621. 2 1242. 4 1863. 6 II 

o. 7 1. 4 2. 1 
20. 2 40. 4 6o. 5 I 

I 9· 7 39· 3 59· 0 I 
9. 2 8. 3 7. s 

618.6 1237.3 1855.9 
8. I 6. 3 4• 4 
7.6 5.3 2·9 
7. I 4· 2 51. 3 
6. 6 3· 2 49· 8 

616. I 

5.6 
5· I 
4.6 
4• I 

613.5 
3.0 
2. 5 
2.0 
I. 5 

6n.o I 
o. 5 

10.0 I 
09.5 
8.9 I 

6o8.4 i 
7·9 I 
7.4 I 
6.91 
6.4 

I2J2.2 
I. 2 

30.2 
29. I 

8. I 

I227. I 
6. I 

5· I 
4.0 
3.0 

1U2.0 
I. 0 

20.0 
18.9 
7· 9 I 

1216.9 
5.9 
4.9 
3· 8 
2.8 

1211. 8 

I848.3 
6.8 
5. z 
3. 7 
2.2 

1840.6 
39· I 
7.6 
6.o 
4. 5 

1833. o I 
JI. 4 
29·9 
8.4 
6.8 

1825:3 
3· 8 
2. 2 

20.7 
19.2 

18I7. 6 

2505.2 
3· I 

501. I 

499· I 
7 .. 0 

2495.0 
2.9 

90·9 
88.9 
6.8 

2484.8 
2.7 

8o.7 
78.7 
6.6 

2474.6 
2.5 

70. 5 I 
68. 5 I 

6.4 

2464.4 
2.3 

6o.3 
58.3 
6. 2 

2454.2 
2. I 

50. I 
48.0 
6.o 

2444.0 

41. 9 
39·9 
7.8 
5.8 

2433.7 
3I.7 
29.6 
7.6 
5.6 

2423·5 

3182.4 
79.8 
7.3 
4. 7 

72.2 

3169.6 
7. I 

4.6 
62.0 
59.5 

3156.9 
4.4 

5r. 8 
49.3 
6.7 

3144. 2 

41. 7 
39· I 
6.6 
4.0 

3131. 5 
28.9 
6.4 
3.8 

21. 3 

3u8. 7 
6.2 
3.6 

II. I 

o8.5 

3Io6.o 
3.4 

100. 9 
098.3 

5. 8 

3093.2 
90.7 
88. I 

5.6 
3.0 

3o8o. 5 
77. 9 
5.4 
2.8 

7o.3 

3o67.7 
5. 2 
2. 6 

6o.o 
57.5 

3054.9 
52.4 
49.8 
7.3 
4· 7 

3042.2 
39.6 

7. I 
4.5 

JI. 9 
3029.4 

:~, .. :n I 
I I 

6o5. 91 
-'-~~~:...-~~-'-~~-:.~~---" 
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-----~-------.~~-----~-~~~-~-~.-~--~----~~~--

Lat. 

o I 

. 70 00 
l 
2 

3 
4 

70 05 
6 
7 
8 
9 

70 IO 
II 
12 

13 
14 

70 15 
16 
17 
18 
19 

70 20 
21 
22 
23 
24 

70 25 
26 
27 
28 
29 

70 30 
31 
32 
33 
34 

70 35 
36 
37 
38 
39 

70 40 
41 
42 
43 
44 

70 45 
46 
47 
48 
49 

70 50 
51 
52 
53 
54 

70 55 
56 
57 
58 
59 

'JO 6o 

Latitude 70° to 71°-Meridional arcs. Latitude 70°-Co.ordinate~ of curvature. I 
·- -- ---•-----,---·- ----· ·.-···----·:_~~! 

I 
'I 

'

- 1 f 111 Sums of second& for middle I.I \.'alue of 11 Sums of minutes for middle Y I 
a ue o 1 ·1 d I' latitude. Longitude. ..,.. 

:~~t;~ ,--/,- ·1-~:__u-,l:ters. - -- i--~-~-e~-~-~3--r---,----Jl.f<-e-te-rs-. _ __. ----o-·-,--l---.&-fe-te-r:-s.--11 

I I I 30. 99 . 44 I I 859. 4 0 I 636. s 
I 2 61. 98 . 44 2 3 718. 9 2 I 272. 9 I 
I 3 · 92. 98 · 44 3 5 578. J 3 I 909· 4 
I 4 123. 97 . 45 4 7 437. 8 4 2 545. 9 I 

30. 991 5 154. 96 1859. 45 5 9 297. 2 0 5 i 3 182. 4 
I 6 185.95 .45 6 11156,7 6 1 3818.8 

I 8 247.94 .46 8 14875.6 8 5091.8 
I 7 216. 95 . 46 'l 13 016. I 7 I 4 455. 3 I 
I 9 278. 93 • 46 9 16 735· 0 9 i 5 728. 2 

30.991 
I 
I 

I 
I 

30.991 
I 

2 
2 

2 

30.992 
2 

2 
2 

2 

30.992 
2 

2 
2 
2 

lo 

2 

3 
4 

15 
6 
7 
8 
9 

20 

2 

3 
4 

25 
6 
7 
8 
9 

30.992 I 30 
2 r 
2 2 
2 3 
3 4 

30.993 35 
3 6 
3 7 
3 8 
3 9 

3o.993 
3 
3 
3 
3 

30.993 
3 
3 
3 
3 

3o.993 
3 
4 
4 
4 

30.994 
·4 
4 
4 
4 

30.994 

40 
I 
2 

3 
4 

45 
6 
7 
8 
9 

50 
r 
2 

3 
4 

5~ 
7 
8 

~ 

309.92 
340.92 
371.91 
402.90 
433.89 

464:88 
495.88 
526.87 
557. 86 
588.85 

619.85 
650.84 
68I. 83 
712.82 
743.81 
774.81 
8o5. 8o 
836.79 
867.78 
898.78 

929.78 
96o.76 
991. 75 

I 022. 75 
l 053. 74 

I o84. 73 
l 1I5. 72 
I 146. 71 
I 1]7.71 
I 2o8. 70 

I 239. 69 
I 270. 68 
I 301;68 
J 332. 67 
I 363. 66 

1 394. 65 
I 425. 65 
I 456. 64 
I 487.63 
I 518.62 

l 549· 61 
1 58o. 61 
l 6II. 6o 
I 642. 59 
I 67J. 58 

I 704. 58 
I 735· 57 
I 766. 56 
I 797. SS 
I 828. SS 
l 859. 54 

1859. 47 IO 18 594· 5 0 IO i 6 364. 7 I 
.47 2 22 313. 4 20 I 12 129. 3 
· 47 I 20 454· 0 IS 9 547· 0 

1

1
1
. 

.48 3 24 172. 9 25 15 gu. 6 

.48 4 26032.4 30 19093.9 

1859. 49 15 27 891. 9 0 35 22 276. I ii' 

·. 4499 6 2 9 751. 4 40 25 458. 3 ! 
7 31 610. 9 45 28 640. 4 

. 50 8 33 470. 3 50 31 822. 5 

. 50 9 35 329. 8 5 5 35 004. s 
! l 

1859. 50 20 37 189. 3 I 00 ; 38 186. 5 I 
. 51 I 39 048. 9 05 4 I 368. 4 I' 

. 51 2 40 908. 4 IO 44 550. 2 

.51 3 42767.9 15 47731.9 

. 52 4 44 627. 4 20 so 913. 6 .'I 

1859. 52 25 46 486. 9 I 25 54 og5. I 
. 5 2 6 48 346. 4 30 5 7 276. 5 
. 53 7 50 206. 0 35 6o 457. 9 
· 53 8 52 o65. 5 40 63 639. I 
. 53 9 53 925. 0 45 66 820. 2 

1859.54 
.54 
.54 
. 55 
.55 

1859.55 
.56 
.56 
. 57 
. 57 

1859.57 
.58 
.58 
. 58 
• 59 

1859.59 
.59 
.6o 
.6o 
.6o 

1859. 61 
.61 
. 61 
. 62 
.62 

1859.62 
.63 
. 63 
. 63 
.64 

1859.~ 

30 

2 

3 
4 

35 
6 
7 
8 
9 

40 
I 
2 

3 
4 

45 
6 
7 
8 
9 

50 
I 

2 

3 
4 

55 
6 
7 
8 
9 

6o 

55 784. 5 
57 6{4. I 

59 503. 6 
61 363.2 
63 222. 7 

65 o82. 3 
66 941. 8 
68 8o1.4 
70 66I. 0 

72 520. 5 

74 380. I 

76 2 39· 7 
78 099· 2 
79 958. 8 
81 818. 4 

83 678.0 
85 537· 6 
87 397. 2 
89 256. 8 
91 116. 4 

92 976.0 
94 835. 6 
96 6gs. 2 
98 554. 8 

100 414. 5 
102 274. l 

104 133. 7 
105 993. 3 
107 853- 0 
109 712. 6 
HI 572. 2 

I 50 
55 

2 00 

3 00 
4 00 

5 00 
6 00 

7 00 
8 00 

9 00 

IO 00 
II 00 
12 00 

13 00 
14 00 

15 00 
16 .oo 
17 00 
18 00 

19 00 

20 00 
21 00 

22 00 
23 00 

24 00 

25 00 
26 00 

27 00 
28 00 

29 00 
30 00 

70 001. 2 

73 182. 0 
76 363 

114 518 
152 643 

190 727 
228 76o 
266 731 
304 630 
342 447 

380 172 
417 796 
455 3o6 
492 694 
529 950 

567 o63 
604 023 
640 821 
677 447 
713 8g1 

750 142 
786 191 
822 030 
857 647 
893 053 

928 179 
963 076 
997 713 

I 032 082 
I o66 174 
I 099 979 

y 

Meters . 

O. I 
0.3 
o.8 
r.4 

2. 2 

3· I 
4.3 
5.6 
7.0 

8.7 
19.5 
34.8 
54.4 
78.3 

1o6. 6 
139. 2 
176. 2 

217.5 
263. I 

313. I 

367.5 
426. 2 i 
489. 3 I 
556.7 
628.5 
704.6 
785. 0 
869.8 
959.0 

I 052. 5 
l 150. 3 
I 253 
2 818 
5 009 
7 824 

II 265 
15 328 
20 013 
25 320 

3r 246 
37 789 
44949 
52 723 
61 IIO 

70 106 
79 7og 
8g 918 

100 728 
112 138 

124 144 
136 743 
149 931 
163 705 
178 o6;i 

192 997 
208 5o6 
224 585 
241 231 

258 438 
276 201 
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l,atitmle 71° tu 72°-Arcs of the parallel in meters. 

l\1 -

1" 

- -----·---------;----! ___ ! _______ l ___ l _____ ~·-------·-1----, ----,------.----

2" i 3'' i i" 5" 611 i 7" ! 8" 9" 1' Lat. 

·: : \ 1 I '1 

--~:---,1'--1, _____ , __ , ___ l:l·------1----, 
0 I l I 

71 00 IO. IO 20. 20 i 30. 29 i 40. 39 Ii 50. 49 . 6o. 59 70. 69 So. 78 90. 88 6o5. 9 I 
1 .og .18 .27, .36 .45' .54 .63 .71 .So 5·411 

2 . 08 . 16 . :141 . 32 I . 40 I • 49 . 57 . 65 . 73 4· 9 
3 . 07 . 14 . 22 . 29 1' . 36 . 43 . 51 . 58 :65 4· 3 
4 .06 .13 .191 · 2 51 .32 .38 .45 .51 .57 3.8' 

71 05 IO. 06 20. I I 30. 17 40. 22 I 50. 28 6o. 33 70. 39 io. 44 go. 50 6o3. 31 
6 . os . 09 . 14 1 . 19 I . 23 . 28 . 33 . 37 . . 42 2. 8 , 
7 . 04 . 08 . 12 1 . 15 I . I 9 I . 23 I . 27 . 30 . 34 2. 2 j 
8 . 03 . . o6 . 09 I . 12 . I 5 I • I8 . 21 . 24 . 27 I. 7 I 

71 I: IO::: 20: :: 30:: 40:: 50: ~ 00: :: 70: ~ 8o: :: l 90: :: ~: ~ 1

1 

I I . 00 20. 01 30. 01 40. 02 50. 02 ! 6o. 02 70. OJ 8o. 03 go. 04 6oo. 2 

12 IO. oo 19. 99 29. 99 39· 98 I 49· 98 I 59· 97 69. 97 i 79· 97 89. 96 599· 7 
13 9. 99 . 97 . 96 . 95 I • 93 . 92 i . 91 . yo . 88 9· 2 I 
14 . 9s . 96 . 94 . 91 • . 89 . 87 I . ss , . 83 . 81 8. 1 I 

71 15 
16 
17 
18 
19 

71 20 
21 
22 

23 
24-

71 25 
26 
27 
28 
29 

71 30 
JI 
32 
33 
34 

I 
71 35 

36 
37 
38 
39 

71 40 
41 
42 
43 
44 

71 45 
46 
47 
48 
49 

7I 50 
51 
52 
53 
54 

71 55 
56 
57 
58 
59 

71 6o 

9.97 
. 96 
. 95 
. 94 
.94 

19. 94 29. 91 39· 88 49· 85 59· 82 ' 69. 79 I 79· 76 89. 73 598. 2 I 
.92 .88 .85; .81 .77 .73 I .69. .65 7.7 
.91 .86 .81 .77 .72 .67 I .62' .58 7.2 
. 89 . 83 . 78 ! . 72 . 67 . 61 . 55 . 50 6. 7 
.87 .81 •74: .68i .61 ·55 .49 ·42 6.I 

9.93 
. 92 
. 91 
.go 
. 89 

19. 85 29. 78 39· 71 ! 49· 64 : 59. 56 69. 49 79· 42 89. 35 
· ~ · 76 · 67 · 59 · 5 I · 43 .. · 35 · 27 
. 82 . 73 . 64 . 55 ' . 46 . 37 . 28 . 19 
. 8o . 71 . 61 . 51 . 41 . 31 . 21 . 12 
. 79 . 68 . 57 : . 47 . 36 . 25 . 14 9. 04 

9.88 
. 88 
. 87 
. 86 
. 85 

J9, 77 29, 65 39· 54 I 49• 42 59, 31 69, 19 79• 08 88. 96 
. 75 . 63 . 50 ' . 38 . 26 . 13 9· OI • 88 
• 73 • 6o • 47 I • 34 I • 20 • 07 8. 94 • 8I 
. 72 . 58 . 44 ' . 30 i . 15 9· 01 . 87 . 73 
· 70 • 55 • 40 ' · 25 ! · 10 8. 95 · 8o . 65 

9. 84 ' 19. 68 
· 83 I · 67 
. 82 . 65 
. 82 . 63 
. 81 .62 

9. 8o 19· 6o 
. 79 . 58 
. 78 . 56 
. 77 . 55 
. 77 . 53 

9. 76 19. 51 
. 75 . 5° 
. 74 . 48 
. 73 . 46 
·72 .44 

9.71 19.43 
. 71 . 4I 
. 70 . 39 
.6g . 38 
. 68 . 36 

29.53 
.50 
.47 
. 45 
. 42 

29.40 
. 37 
. 35 
. 32 
. 30 

29.27 
. 24 
.22 

.19 

. 17 

29. 14 
. 11 
.og 
.o6 
.04 

9.67 
.66 
. 65 
.64 
.64 

I9. 34 29.01 
. 32 8. 99 

9.63 
. 62 
. 61 
.6o 
·59 

9.58 

. 31 . .96 

. z9 . 93 

. 27 . 91 
19. z6 28. 88 

.24 .86 

. zz . 83 
• 20 i . 81 
. 19 . . 78 

19. I7 I 28. 75 

39.37 
.3J I 

. 30 i 

. 26 I 

. 23 

39.20 
. 16; 
. 13 ' 
.09 
.o6 

39.o3 I 

8.99 
. 96 
. 92 . 
. 89 : 

38, 85 I 

. 82 ! 

.79 

. 75 I 

. 72 : 

38. 68 I 

. 65 

. 61 

. 58 : 
·SS • 

38. 51 : 
.48: 
·44 
.41 

38.34 . 371 

49. 2I ' 
. I7 : 
• IZ ' 

.08' 
9.04 i 

48.99 i 
. 95 
. 91 
. 87 
. 82 I 

48. 78 ! 

. 74 ' 

. 69 

. 65 

. 61 

48. 57 
. 52 I 
. 4!\ ! 
.44 
.40 

• 22 
. 18 

48. 14 
. IO 

• 05 
8.01 
7.96 

47.92 

59.05 
9.00 
8.95 

.90 

. 85 

58.79 
. 74 
.69 
. 64 
.59 

58. 54 
.49 
. 43 
. 38 
. 33 

58.28 
. 23 
. 18 
. I3 
.08 

58. 02 

7.97 
. 92 
. 87 
. 82 . 

57.77 
. 72 
.66 
. 61 
.56 

57. 51 

68.89 78.73 88.58 
.83 .67 .50 
. 77 . 6o .42 
· 7 I · 53 · 35 
. 65 .46 . 27 

68. 59 78. 39 88. 20 
·53 .32 .12 
. 47 . 26 8. 04 
.41 .19 7.96 
. 35 . 12 . 89 

68. 29 78. 05 87. 81 
.23 7.98 .73 
.17 .91 .66 
, I I • 85 . 58 

8. 05 . 78 . 50 

67.99 77.71 87.42 
. 93 . 64 . 35 
. 87 . 57 . 27 
.81 .50 . 19 
· 76 . 43 . II 

67. 69 77. 37 
. 63 , JO 
. 57 . 23 
. 51 . 16 
·45 .og 

67.39 7].02 
. 34 6. 95 
. 27 . 89 
. 21 . 82 
. 15 . 75 

67. 09 76. 68 

87.04 
6.96 

. 88 

. 81 

. 73 

86.65 
. 57 
.50 
.42 
·34 

86.26 

595.6 
5. I 
4.6 
4.1 ' 
3.6 ' 

593· I I 
2.6 
2.0 
I. 5 
1.0 

5go.5 
go.o 
8g.5 
9.0 
8.5 

587.9 
7. 4 
6.9 
6.4 
5. 9 I 

585.4. I 
4·9 
4. 3 ' 
3.8 
3.3 

582.8 
2.3 
I. 8 
1.3 
o.8 

58o.2 
79· 7 
9.2 
8.7 
8.2 

577· 7 
7.2 
6.6 
6. I 
5.6 

575. l 

2' 

I 
1211. s I 
~:~I 8. 7 

n I 
1200. 6 ' 

5. 6 ! 
4. 61 
3.6 
2. 6 I 

1201. 5 1 

200, 5 I 

199.5 
8. 4 
7. 4 

I196. 4 
5.4 
4.3 
3.3 
2.3 

n91. 3 
go. 2 
89.2 
8.2 
7. 2 

1186. I 

5. I 

4. I 

3. I 
2.0 

u8r. o 
8o.o 
79.o 
7.9 
6.9 

1175. 9 
4.9 
3.8 
2.8 

1.81 

1170. 8 I 

69.7 
8.7 
7.7 
6.6 

1165. 6 
4.6 
3.6 
2.5 
I. 5 

116o. 5 
59.4 
8.4 
7.4 
6.4 

1155. 3 
4.3 
3.3 
2.2 
J, 2 

1150. 2 

3' 

1817.6 
6.1 
4.6 
3.0 
r. 5 

1810.0 
08.4 
6.9 
5·3 
3.8 

1802.3 

~:;! 
7. 7 . 
6. l 

1794.6 
3· I 
I. 5 

go.o 
88.4 

1786.9 
5. 4 
3.8 
2.3 

8o.8 

1779.2 
7-7 
6. I 

4.6 
3. I 

1771. s 
70.0 
68.4 
6.9 
5·4 

1763.8 
2.3 

00.7 
59· 2 

7.7 

1756. I 
4.6 
3.0 
1.5 

50.0 

1748.4 
6.9 
5.3 
3.8 
2.3 

1740. 7 
39· 2 

7.6 
6. I 

4.5 
r733.o 

31. 5 
29.9 
8.4 
6.8 

1725.3 

2423.5 
21. 5 
19.4 
7·4 
5.3 

2413. 3 
I I. Z 

og.2 
7. I 

5. I 

2403.0 
401. 0 

398.9 
6.9 
4.8 I 

2392.8 
9r1.7 
88.7 
6.6 
4.6 

2382.5 
8o.5 
78.4 
6.4 
4·3 

2372.3 
70.2 
68.2 
6.t 
4· I 

2362.0 
oo.o 
57· 9 
5.9 
3.8 

2351.8 
49.7 

7.7 
5.6 
3.6 

2341. 5 
39·5 
7.4 
5.3 
3.3 

2331.2 
29.2 
7. I 
5. I 
3.0 

2321.0 
18.9 
6.8 
4.8 
2. 7 

2310.7 
oS.6 
6.6 
4.5 
2 • .f. 

2300.4 

5' 

3029.4 
6.8 
4.3 

21. 7 
19. I 

3016.6 
4.0 

I I. 5 
'08. 9 

6.4 

3003.8 
3001. 2' 

2998.7 
6. I 

3.6 

2991. 0 

88.4 
5. 9 
3.3 

So.7 

2978.2 
5.6 
3· I 

70.5 
67.9 

2965.4 
2.8 

6o.2 
57.7 
5. I 

2952.5. 
50.0 
47.4 
4.8 

42. 3 

2939.7 
7. I 
4.6 

32.0 
29. 5 

2926.9 
4.3 

21.7 
19.2 
6.6 

2914.0 
II, 5 
o8.9 

6. 3 
3.8 

2901.2 
8g8.6 

6.o 
3· 5 

90.9 
2888.3 

5.8 
3· 2 

80.6 
78.0 

. 2875. s 
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Latitude 71° to 72°-Meridional arcs. Latitude 7 I 0 -Co-ordinates of curvature. 

I 
Lat. ,. 1 f ,, j Sums of seconds for middle II \" 1 f / Sums ofm ---in-u-te_s_fo_r_m_i_dd_l_e 11-~--· _d _ _,·. ___ ,. ___ ,1, a ue o I latitude.' I . a ue o l latitude. ong1tu e. " -

1-0-- ;-1----1-~. --11--l --1-- I 
. I 

- 71 00 
I 

2 

3 
4 

71 05 
6 
7 
8 
9 

7I IO 
II 

12 
13 
I4 

71 15 
16 
17 
18 
19 

7I 20 
21 
22 
23 
24 

71 25 
26 
27 
28 
29 

71 30 
31 
32 
33 
34 

71 35 
36 
37 
38 
39 

71 40 
41 
42 
43 
44 

71 45 
46 
47 
48 
49 

71 50 
51 
52 
53 
54 

71 55 
56 
57 
58 
59 

71 6o 

~~~!;~~ 11 ! Meters. 

11 
1~~r64. I Meters. o I Meters. 

4 I JI. 00 • 64 I I 859. 6 0 l 6o5. 9 
4 2 61.99 ' .65 2 3719.3 2 1211.8 
4 3 92·99 11. .65 3 5578.9 3 1817.6 
4 4 123.gS .65 4 7438.6 4 2423.5 

3o. 994 5 154. 98 1859. 66 5 9 298. 3 o 5 3 029. 4 I 
4 6 185.97 .66 6 11157.9 6 3635.3 ! 
4 7 216,97 ,66 7 13017.6 7 4241.1 I 

4 s 247.97 I .67 s 14877.2 8 4847.0; 
5 9 278. ¢ i . 67 9 16 736. 9 9 5 452. 9 ! 

30.995 
s 
5 
5 
5 

30.995 
5 
5 
5 
5 

3o.995 
5 
5 
5 
5 

30. 995 
5 
6 
6 
6 

30.996 
6 
6 
6 
6 

30.996 
6 
6 
6 
6 

30.996 
6 
6 
6 
6 

30.997 
7 
7 
7 
7 

IO 

2 

3 
4 

15 
6 
7 
8 
9 

20 
I 

2 

3 
4 

25 
6 
7 
8 
9 

30 
I 

2 

3 
4 

35 
6 
7 
8 
9 

40 
I 

2 

3 
4 

45 
6 
7 
8 
9 

309.96 
34o.9s. 
371. 95 
402.94 
433.94 

464.94 
495.93 
526.93 
557.92 
588.92 

619.91 
650.91 
681. 91 
712. go 
743- 90 
774.89 
So5.89 
836.88 
867.88 
898.88 

929.87 
96o.87 
991. 86 

I 022. 86 
l 053. 85 

r oS+ 85 
I 115. 84 
I 146. 84 
I 177. 84 
I 2o8. 83 

I 239. 83 
l 270. 82 
I JOI. 82 
I 332. 81 
I 363. 81 

I 394· 81 
1 425. 80 
1 456. 8o 
I 4~7· 79 
I 518. 79 

8 6 8 5 6 6 6 058. 8 I 
I 59· 7 IO I 9 . 0 IO 

.68 I 20456. 3 15 9 o88. l 

. 68 2 22 315. 9 20 12 I 17. 5 

.68 3 24175.6 25 15 146.8 

.69 4 26035.3 30 18176.1 

1859. 69 15 27 895. 0 0 35 21 205. 4 
.69 6 29754.7 40 24234.6 
. 70 7 31 614. 4 45 27 263. 8 
.70 8 33474.1 50 30292.9 
. 70 9 35 333· 8 55 33 322. 0 

1859.71 
. 7I 
. 71 
.72 
. 72 

1859.72 
.73 
.73 
.73 
.74 

1859.74 
.74 
. 75 
. 75 
. 75 

I859.76 
.76 
. 76 
. 77 
,77 

I859.77 
. 78 
.78 
.78 
. 79 

I859. 79 
. 79 
.So 
.So 
.So 

20 
l 

2 

3 
4 

25 
6 
7 
8 
9 

30 
I 

2 

3 
4 

35 
6 
7 
8 
9 

40 
I 
2 

3 
4 

45 
6 
7 
8 
9 

37 193· 5 
39 053. 2 
40 912. 9 
42 772. 7 
44 632. 4 

46 492. 1 
48351.8 
50 211. 6 
52 071. 3 
53 931. 0 

55 790. 8 
57 650. 5 
59 510. 3 
61 370. 0 
63 229. 8 

65 089. 5 
66 949· 3 
68 809. I 
70 668. 8 
72 528. 6 

74 388. 4 
76 248. I 

78 I07. 9 
79 967. 7 
81 827.5 

83 687. 3 
85 547· I 
87 4o6. 9 
89 266. 7 
91 126. 5 

I 00 

05 
IO 
15 
20 

I 25 
30 
35 
40 
45 

I 50 
55 

2 00 

3 00 
4 00 

5 00 
6 00 

7 00 
8 00 

9 00 

IO 00 

II 00 

12 00 

13 00 

14 00 

15 00 

16 00 ! 
I' 00 

18 00 

r9 oo 

36 351. 0 

39 379. 9 
42 408.8 
45 437. 5 
48 466. 2 

51494.9 
54 523.4 
57 551. 8 
6o 58o. l 

63 6o8. 3 

66 636. 3 
69 664. 3 
72 692 

rag 013 
145 3°5 
I81 557 
217 76o 
253 903 
289 9i7 
325 972 

361 879 
397 686 
433 386 
468 967 
504 421 

539 738 
574 907 
6og 920 
644 767 
679 438 

Meiers. 

O. I 

o. 3 
0.7 

1. 3 I 
2.1 
3.0 
4. l 

5·3 
6.7 

8.3 
18.7 
33.3 
52. I 

75· 0 

102. I 

133.3 
168.7 
208.3 
252.0 

299.9 
352.0 
408.3 
468.7 
533.z 

6o2.o 
674.9 
75r. 9 
833.2 
918.5 

I oo8. I 

I IOI. 8 
I 200 

2 699 
4 798 

7 495 
10 789 
14 681 
19 169 
24 252 

29 927 
36 195 
43 052 
50498 
58 530 

67 146 
76 343 
86 Il9 
96472 

107 399 

30. 997 
7 
7 
7 
7 

50 
I 
2 

3 
4 

1 549· 78 
I 58o. 78 
I 6II. 78 
I 642. 77 
1 67J. 77 

1859.81 
. 81 
. Sr 
. 82 
. 82 

50 
I 

2 

3 
4 

92 986. 3 
94 846. l 

96 705. 9 
98 565. 7 

100 425. 5 

20 00 

ZI 00 
22 00 

23 00 

24 00 

713 925 
748 216 
782 304 
816 179 
849 832 

I 18 896 
130 961 
143 590 

i

i 156 779 
170 526 

30.997 
7 
7 
7 
7 

30.997 

55 
6 
'l 
8 

~ 

I 704· 76 
I 735· 76 
l 766. 75 
I 797· 75 
I 828. 75 
I 859. 74 

1859.82 
. 83 
. 83 
.83 
.84 

1859.84 

SS 
6 
7 
8 
9 

6o 

102 285. 4 
104 145. 2 
1o6 005. 0 
107-864. 9 
109 724. 7 
II l 584. 5 

25 00 
26 00 
27 00 
28 00 
:29 00 

30 00 

883 253 
916 434 
949 365 
982 038 

I 014 443 
l 04e 572 

i 

r84 827 
199 677 
215 072 
231 009 
247 483 
264 489 
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·-·-

Latitude 72° to 73°-Arcs of the parallel in meters. 

! I ! : i _:_l_:_J I 

I 

3" 4/1 j 511 i 6" 
i 

Lat 111 I 211 9" 1' il' 31 4' i 5' 
I 

\ _____ !_ : I 
~·" 

67.09 I 

I 
. 

0 I i 
72 00 9"58 19. I 7 28. 75 38. 34 47.92 57.51 76.68 86.26 575· I II50. 2 1725. 3 ' 2300. 4 i 2875.5 

I . 57 ' . I 5 . 73 . 31 . 88 .46 7.03 . 61 . 19 4.6 49· 2 3·7 298. 3 I 2.9 
2 "56 : .14 .70 . 27 . 84 . 41 6. fJ7 I .54 . II 4· I 8. l 2.2 6. 3 i 70.3 

. 56 : . 68 . 80 . 36 
" I 

. 47 6.03 3.6 7. I 20.7 67.8 3 . IZ . 24 · 92 I 4. 2 i 
4 . 55 ' . IO . 65 . 20 . 75 .30 . 85 ! .41 5. 96 3.0 6.1 19. I 2. I j 5.2 

72 05 9· 54 19.08 28.63 38. 17 47.71 57" 25 66. 79 i 76.34 85.88 572.5 1145. 0 1717.6 2290. I : 2862.6 
6 . 53 • .07 ' . 6o . IJ ' . 67 • .20 . 73 . 27 .So 2.0 4.0 6.o 88.o ! 60.0 
7 .52 .05 ! .58 . IO . 63 : . 15 . 67 . 20 . 72 l. 5 3· 0 4. 5 6.o i 57.5 
8 .52 .03 • . 55 . 07 .58 .IO . 61 . 13 . 65 I. 0 2.0 2.9 3. 9 i 4.9 
9 . 51 .02 ' . 52 . 03 .54 7.o5 .55 6.o6 .57 70.5 40.9 II. 4 81. 8 i 2.3 

72 IO 9· 50 19.00 28. 50 ' 38'. 00' 47. 50 56.99 66. 49 i 75.99 85.49 569.9 1139. 9 1709.8 2279. 8 / 2849.7 
II . 49 ' 8.98 . 47 7· 96 ' . 45 ·94 . 43 ! . 93 .42 9.4 8.9 8.3 7- 7 I 7.2 
12 .48 ' . 96 . 45 · 93 I .41 . 89 . 37 ! . 86 .34 8.9 7.8 6.8 5. 7 I 4.6 
13 . 47 . 95 : . 42 . 89 • . 37 .84 . 31 ; .79 . 26 8. 4 6.8 5.2 3.6 I 42.0 
14 . 46 i . 93 : . 39 . 86 : . 32 .79 . 25 I . 72 . 18 7. 9 5.8 3.7 11. s I 39.4 

72 15 9· 46 " 18.91 : 28. 37 37· 83 47.28 56. 74 66. 19 75.65 85. II 567. 4 1134. 7 1702. I 2269. 51 2836.9 
16 . 45 : .90 .34 . 79 ' .24 .69 . 13 .58 5.03 6.9 3.7 700.6 7.4 4.3 
17 ·44 . 88 . 32 . 76 . 20 .63 . 07 . 51 4.95 6.3 2.7 699.0 5.4 31. 7 
18 . 43 ' . 86 . 29 . 72 . IS .58 6.01 .44 . 87 5. 8 I. 7 7.5 3· 3 I 29. I 

19 . 42 ' .84 . 27 . 69 . II .53 5· 95 i . 38 . So 5.3 30.6 5.9 61. 2 i 6.6 

72 20 9.41 18.83 28. 24 j 3i- 65 47.07 56.48 65. 89 I 75. 31 84.72 564.8 1129. 6 16g4.4 2259. 2 I 2824.0 
21 .40 . 81 : . 21 ! . 62 7.02 .43 . 83 . 24 .64 4- 3 8.6 2.8 7-I I 2!. 4 
22 .. 40 · 79 I . 19 : . 58 6.98 .38 . 77 . 17 .56 3.8 i·5 91. 3 5. I i 18.8 
23 . 39 . 77 i . 16 . 55 ' .94 .32 . 71 . 10 .49 3.2 6.5 89.7 3.0 i 6.2 
24 . 38 . 76 i . 14 .52 . 90 .27 . 65 5.03 . 41 2.7 5.5 8.2 5o.9 ' 3.7 

72 25 9.37 IS. 74 28. I I ! 37.48 46.85 56. 22 65.59 74.96 84.33 562. 2 1124. 4 1686.6 2248.9 281 I. I 

26 .36 . 72 . 08 . 45 • . 81 . 17 .53 . 89 . 26 I. 7 3.4 5. I 6.8 08.5 
27 . 35 . 71 '06 i .41 . 77 . 12 . 47 . 82 . 18 I. 2 2.4 3.6 4.7 5. 9 
28 . 34 . 69 . 03 i . 38 .72 .07 .41 . 75 • IO 0.7 I. 3 2.0 2.7 3.3 
29 . 34 . 67 8.0l . 34 ' .68 6.02 . 35 .69 4.02 6o.2 20.3 8o.5 40.6 800.8 

72 30 9.33 18.65 27.98 37·31 46.64 55.96 65. 29 i 74.62 83.95 559.6 1119. 31 1678.9 2238.6 2798.2 
31 . 32 .tJ4: . 96 i "27 .59 .91 . 23 i .55 .87 9· I 8.2 7.4 6.5 5.6 
32 . 31 .6z i . 93 . 24 . 55 .86 . 17 .48 .79 8.6 7.2 5.8 4.4 3.0 
33 . 30 .bo .90 . 21 .51 . 81 . II .41 . 71 8. I 6.2 4.3 2.4 90.4 
34 . 29 . 59 i . 88 . 17 : . 47 .76 5.o5 . 34 .64 j.6 5· I 2.7 3o.3 87.9 

72 35 9.28 18.57 27.85 37· 14 ! 46.42 55.71 64.99 74.27 83. 56 557· I 1114. I 1671. 2 22z8.2 2785.3 
36 .28 .55 . 83 . Io . 38 . 65 . 93 . 21 .48 6.5 3· I 69.6 6.2 2.7 
37 . 27 5' . So . 07 . 34 .6o . 87 . 14 .40 6.o 2.0 8. I 4· I 80. I . .) 

38 . 26 . 51 ' . 77 .03 ' . 29 . 55 . 81 . 07 . 32 5.5 I.O 6.5 2.0 77.5 
39 . 25 ' .50 . 7 5 7· 00 ' . 25 .50 . 75 4.00 . 25 5.0 10.0 5.0 ·20.0 5. 0 

72 40 9. 24 ' 18.48 ' 27. 72 36.97 46. 21 55.45 64- 69 73.93 83. 17 554.5 1109.0 1663. 4 2217.9 2772. 4 
41 . 23 ·47 : . 70 ' . 93 . 16 .40 . 63 . 86 .09 4- 0 7. 9 I. 9 5.8 69.8 
42 . 22 .45 . 67 . 90 . 12 .34 . 57 .79 3.02 3.4 6.9 I 6o.3 3.8 7.2 
43 . 22 .43 . 65 i . 86 .08 I .29 . 51 .72 2.94 2.9 5· 8 ' 58.8 I I. 7 4.6 
44 . 21 .41 . 62 ' . 83 6. 03 : .24 . 45 . 65 .86 2.4 4.8 7. 2 I 09.6 62.o 

72 45 9.20 18.40 27.60 36.79 45·99 55. 19 64.39 73· 59 82.78 551. 9 1103.8 1655.7 2207.6 2759. 5 
i 46 . 19 . 38 ' .57 . 76 . 95 .14 .33 .52 . 71 1.4 2.7 4. I 5.5 6.9 

I 47 . 18 . 36 ' .54 . 72 . 91 ·09 . 27 . 45 .63 0.9 I. 7 i z.6 3.4 4.3 

I 
48 . 17 . 34 . 52 ' . 6~ I . 86 5.o3 . 21 . 38 . 55 5o.3 100. 7 51.0 201.4 51. 7 
49 . 16 . 33 . -l9 . 6, i . 82 4.98 . 15 . 31 .47 49.8 099.6 49.5 199.3 49· I 

72 50 9. 16 18.31 27.47 36.62 ! 45. 78 54.93 64.09 73.24 82.40 549.3 1098.6 1647.9 2197.2 2746.5 

I 
51 . 15 . 29 ·44 . 59 ! . 73 ' . 88 4o3 . 17 . 32 8.8 7. 6 6.4 5.2 4.0 
52 . 14 .28 .41 i : ~~ I . 69 : . 83 3.97 .10 .24 8.3 6.5 4.8 3•"1 41.4 
53 . 13 . 26 . 39 ' . 65 .78 . 91 3.o3 . 16 7.8 5.5 3·3 91.0 38.8 

I 54 . 12 .24 . 36 .48 I "6o . 72 .84 2.97 .09 7.2 4. 5 !. 7 89.0 6.2 

lJ 
18.22 ' 36.45 I 45· 56 54- 67 63. 78 82.01 546.7 1640.2 2186.9 2733.6 9· I I 27·34 72. 90 1093. 4 

6 •IO . 21 . 31 . 41 i . 52 . 62 .72 . 83 I. 93 6.2 2.4 38.6 4.8 31.0 
7 ·09 . 19 . 28 . 38 i ·47 .57 .66 . 76 .85 5.7 1.4 7. I 2.8 28.4 
8 .og . 17 . 26 

: ~~ I 
.43 . 52 .6o .69 .78 5.2 90.4 5.5 8o.7 5·9 

9 .o8 . 16 . 23 ·39 ·47 ·54 .62 .70 +7 89.3 4.0 78.6 3.3 
6o 9.07 18.14 21. 21 I 36. 28 45.35 54.41 63.48 72.55 81. 62 544. J 1o88. 3 1632.4 2176.5 2720.7 

I 



 

Lat. 

O I 

72 00 
I 

3 
4 

72 05 
6 
7 
8 
9 

72 IO 

II 
12 
13 
14 

72 15 
16 
17 
18 
19 

72 20 
21 

22 

24 

72 25 
26 
27 
28 
29 

72 30 
31 
32 
33 
34 

72 35 
36 
37 
38 
39 

72 40 
41 
42 
43 
44 

72 45 
46 

. 47 
48 
49 

72 50 
51 
52 
53 
54 

72 55 
I 56 
I 57 

I 72 ~ 
I 

UXITED STAfES COAST AND GEODETIC SURVEY. 287 

LatituJ~ 72° to 73°-Mcridional arcs. 

' I 

r l f 11 I Sums of seconds for middle I ,_al f / Sums of minutes for middle 
v a ue 0 1 latitude. 

1

1 " ue 0 1 latitude. 

1lfeters. II 11 . llleters. I Mete-::- 1 ,l;;:,:~. 
3o.997 1859.84 

7 I 31. 00 · 84 I I 859. 8 
7 2 62.00 .85 2 3719.7 
7 3 93· 00 . 85 3 5 579. 5 
8 4 124.00 .85 4 7439.4 

30. 998 5 154. 99 1859. 86 5 9 299. 2 
8 6 185. 99 . 86 6 II 159. l 

8 7 216.99 .86 7 13m9.o 
s 8 247. 99 I . 87 s 14 878. 8 
s 9 278. 99 I . 87 9 16 738., 

30. 99
8
8 IO 309. 99 111 

I 340.99 

~8 2 371.99 11 :i 402. 99 
4 • 433. 99 

30.998 is 464.98 I 
88 I 6 495. 98 I, 

7 526.98 
8 8 557.98 
8 9 588. 99 

30.998 
8 
9 
9 
9 

30.999 
9 
9 
9 
9 

30.999 
9 
9 
9 
9 

30.999 
9 
9 
9 
9 

3o.999 
31. 000 

·-0 

0 

0 

31. 000 
0 

0 

0 
0 

31. 000 
0 
0 

0 

0 

31. 000 
0 

0 
0 

0 
31. OOl 

20 
I 

2 

3 
4 

25 
6 
7 
8 
9 

30 
I 

2 

3 
4 

35 
6 
7 
8 
9 

2 

3 
4 

45 
6 
7 
8 
9 

50 
l 
2 

3 
4 

55 
6 
7 
8 
9 

6o 

619.98 
650.98 
681. 98 
712.98 
743. 97 

774-97 
805.97 
836.97 
867.97 
898. 97 

929.97 
960.97 
991. 97 

I 022. 96 
I <i53· 96 

I 084. 96 
I 115. 96 
I 146. 96 
I Ij7.96 
I 208. 96 

I 239. 96 
I 270. 96 
I JOI. 96 
I 332. 95 
I 363. 95 

I 394· 95 
I 425· 95 
I 456. 95 
I 487. 95 
I 518. 95 

I 549· 95 
I 58o. 95 
I 61 I. 94 
I 642. 94 
I 67J. 94 

I 704. 94 
I 735· 94 
I 766. 94 
I 797- 94 
l 828. 94 
I 859. 94 

1859.87 
. 88 
. 88 
. 88 
. 89 

1859.89 
, 89 
. 89 
.90 
.90 

1859.90 
, 91 
. 91 
. 91 
. 92 

1859.92 
. 92 
. 93 
. 93 
. 93 

1859.94 
.94 
. 94 
. 95 
. 95 

1859.95 
. 96 
.96 
. 96 
. 96 

1859. 97 
. 97 
, 97 
. 98 
. 98 

1859.98 
. 99 
.99 

59.99 
6o.oo 

186o. 00 

.oo 

.OJ 

.Ol 
186o.01 

,01 
.02 

.02 

.02 

.03 
l86o.03 

10 
l 

2 

3 
4 

15 
6 
7 
8 
9 

20 

l 
2 

3 
4 

25 
6 
7 
8 
9 

30 
I 
2 

3 
4 

35 
6 
7 
8 
9 

40 
I 

2 

3 
4 

45 
6 
7 
8 
9 

50 

2 

3 
4 

55 
6 
7 
8 
9 
0 

18 598. 6 
20 458. 4 
22 318. 3 
24 178. 2 
26 038. I 

27 898. 0 

29757.9 
31617.7 
33 477.6 
35 337· 5 

37 197· 4 
39 057. 3 
40 917. 3 
42 777. 2 

44 637. I 

46 497.0 
48 356. 9 
50216.8 
52 076. 8 
53 936. 7 

55 796. 6 
57 656. 6 
59 5i6. 5 
61 376. 5 
63 236. 4 

65 096.4 
66 956. 3 
68 816. 3 
70 676. 2 

72 536. 2 

74 396. 2 
76 256. I 
78 116. I 

79 976. I 
81 836. I 

83 696. I 

85 556. I 
87 416. 0 

89 276.0 
91 136. 0 

92 996.0 
94 856. 0 

96 716. 0 

98 576.0 
100 436.0 

102 296. I 

I04 156. I 
1o6016. I 
I07 876, l 
109 736. l 

I II 596. 2 

Latitude ;2°-Co-ordinates of cun·ature. 

y Longitude. 

1

1 X I 
I 

1

1--,L-!e-te-n-·. --1--,t-fe-fe-rs-. _, 
0 

0 I 

2 

3 
4 

0 5 
6 
7 
8 
9 

0 IO 

15 
20 
25 
30 

0 35 
40 
45 
50 
55 

I 00 

05 
10 

15 
20 

I 25 
30 
35 
40 

45 

I 50 
55 

2 00 

3 00 

4 00 

5 00 
6 00 

7 00 
8 00 

9 00 

10 00 
II 00 
12 00 

13 00 
14 00 

15 ()() 
16 00 

17 00 
18 00 

19 00 

20 00 
21 00 
22 00 

23 00 
24 00 

25 00 
z6 oo 
27 00 
z8 oo 
29 00 
30 00 

575· II I 0. I 
I 150. 2 O. 3 
1725.3 0.7 
2 300. 4 i I. 3 

! 
2 875. 5 I 
3 450. 6 

2.0 

2.9 
3.9 
5. I 

6.4 

4 025. 7 I 

1~:~ II 

5 751. 0 
8 626.4 

II 501. 9 
14 377. 3 
17 252. 7 

20 128. I 

23 003. 4 
25 878. 7 
28 753. 9 
31 629. I 

34 504. 2 

37 379. 2 

40 254. 2 

43 129. I 
46 003. 9 

48 878. 7 
51 753.3 
54 627. 9 
57 502. 3 
60 376. 6 

63 250. 8 
66 124. 9 
68 999 

I03 475 
137 922 

172 331 
206 693 
240 997 
275 236 
309 398 

343 475 
377 458 
41 I 337 
445 102 

478 745 

512 255 
545 625 
578 844 
611 904 
644 795 

6i] 509 
710 036 
742 367 
774 494 
8o6 407 

838 098 
86g 558 
goo 779 
93 1 75 1 

962 467 
992 918 

8.o 
17. 9 
31. 8 
49· 7 
71. 6 

97.5 
12/.3 
161. I 

198.9 
240.li 

286. 4 ' 
336. I ! 
389.8 
447. 5 
509. I 

574. 7 
644.3 
717.9 
795.5 
8n.o 

962. 5 
I 052. 0 

I 145 
2 577 
4 580 

7 155 
IO 301 
14 017 
18 302 
23 154 

28 5/Z 
34 556 
41 103 
48 211 

55 879 
64 I04 
72 884 
82 217 
92 100 

102 530 

113 505 
I 125 021 

I 
137 075 

. 149 665 
16:: 786 

176 435 
rgo 6o8 
205 301 
220 5t1 
236 232 
252 461 
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'--·--"--~---~---c--~-,-L_a_t-itt,1d_~ __ ;_3°-to,7_4_0-~A-rc,s_o_f_th_e_p,arn_lle_I_in--.m_et_er_s_._..,.----,-----,----,-----I 
I I I i i ' I I I 

Lat. 4/ l'i' 111 I 2'1 I 3'1 I 4'
1 I 5" I 6" 1'' I 8

11 I 9
11 

1' 2' 3' 

,___o ,--t---1-1-1-1-1-·-1-1--+---l---1--l·--l--I 

73 00 9. 07 18. 14 I 27. 21 ' 36. 28 I 45. 35 : 54. 41 I 63. 48 i 72. 55 81. 62 544. I 1088. 3 1632. 4 2176. 5 2720. 7 
I .o6 .12 I .18 .24, .30 j .36' .42 I .48 ·54 3.6 7.2 30.9 4•5 18.1 
2 .o5 .rnj .16 .211 .26

1 

.31 .36I· .41 .47 3.1 6.2 29.3 2.4 5.5 

I 4
3 .04 .09' .13 .171 .22 j .26 .30 .34 ·39 2.6 5.2 7.7 70.3 2.9 

. 03 . 07 I . IO • I 4 . l 7 j • 21 . 24 . 27 . 31 2. I 4. I 6. 2 68. 3 IO. 3 

I 73 05 9. 03 18. 05 ' 27. 08 36. IO I 45· 13 ! 54· 15 63. 18 72· 21 81. 23 541. 5 1083. I 1624. 6 2166. 2 2707. 7 
6 . 02 . 03 I . 05 . 07 I • 09 ' . IO • 12 . l4 . 16 I. 0 2. I 3. I 4. I 5. 2 
7 . 01 . 02 I . 03 . 04 ! • 04 . 05 . 06 . 07 . 08 0. 5 I. 0 J. 5 2. 0 2. 6 
s 9· oo 8. oo I 7. 00 6. oo 

1 

5. oo 4. 00 3. oo 2. ()() I.()() 40. o So. o 20. o 6o. o 700. o 
9 8. 99 7. 98 I 6. 97 5· 971 4. 96 3· 95 2. 94 l. 93 o. 92 39. 5 79. o 18. 4 57. 9 "697· 4 

73 IO 8. 981 17. 97 I 26. 95 35· 93 44. 91 53. 90 62. 88 71. 86 80. 84 539. 0 1077. 9 1616. 9 2155. 8 2694. 8 

12 .97' .93 f .go .86 .83 .79 .76 .72 .69 7.9 5.8 3.8 5I.7 89.6 

I 

I I . 97 . 95 ; . 92 . C)O • 87 · 84 · 82 · 79 · 77 8. 4 6. 9 5· 3 3· 8 92. 2. 

13 . 96 ' . 91 I . 87 . 83 . 78 . 74 . 70 . 65 . 61 7. 4 4· 8 2. 2 49· 6 7. 0 
14 .95 .C)O .84 .79 .74 .69 .64 .58 .53 6.9 3.8 0.7 7.5 4.4 

8. 94 17. 88 I 26. 82 35· 76 44. 70 53· 64 62. 58 71. 52 So. 45 536. 4 1072. 7 1609. I 2145. s 2681. 8 73 15 
16 
17 
18 
19 

73 20 
2! 
22 

23 
24 

73 25 
26 
27 
28 
29 

73 3° 
31 
32 
33 
34 

73 35 
36 
37 
38 
39 

73 40 
41 
42 
43 
44 

73 45 
46 
47 
48 
49 

73 50 
51 
52 
53 
54 

73 55 
56 
57 
58 
59 

73 6o 

. 93 . 861 . 79 '72 . 65 . 59 . 52 . 45 . 38 5. 9 I. 7 7. 6 3· 4 79. 3 

. 92 . 84 . 77 '69 . 61 . 53 . 46 . 38 - 30 5- 3 70. 7 6. 0 41. 3 6. 7 

.91 .83 .74 .65 .57 .48 .40 .31 .22 4.8 69.6 4.4 39.3 4.1 

. 91 . 81 I . 72 j . 6z . s2 . 43 . 33 . 24 . 15 4· 3 8. 6 2. 9 7. 2 71. s 
8.90 17.79 I 26.69 · 35.59 44.48 53.38 62.27 71.17 8o.07 533.8 lo67.6 16or.3 2135.1 2668.9 

. 89 . 78 I . 66 '55 . 44 . 33 . 21 . IO 79. 99 3· 3 6. 5 599. 8 3. 0 6. 3 

.88 .761 .64 .52 ·39 .27 .15 1.03 .91 2.7 5.5 8.2 31.0 3.7 

. 87 . 7 4 . 61 . 48 . 35 . 22 . 09 O. 96 . 83 2. 2 4· 4 6. 7 28. 9 61. l 

. 86 . i2 i , 59 , 45 , JI . 17 2. 03 • 89 · 76 I. 7 3· 4 5· l 6. 8 58. 5 

8. 85 17. 71 II 26. 56 35· 41 44· 26 53· 12 61. 97 70. 82 79. 68 531. 2 lo62. 4 1593. 6 2124. 7 2655. 9 
. 84 . 69 . 53 . 38 . 22 . 07 . 91 . 75 . 6o o. 7 I. 3 2. 0 2. 7 3· 3 
. 84 . 67 I . 51 . 34 . r8 3. 01 . 85 . 69 . 52 30. 1 6o. 3 go. 4 20. 6 50. 7 
. 83 . 65 I • 48 ; . 31 . 14 2. 96 . 79 . 62 . 45 29. 6 59· 3 88. 9 18. 5 48. 2 
. 82 . 64 ' . 46 I . 27 '09 ' . 91 . 73 . 55 • 37 9. I 8. 2 7. 3 6. 4 5. 6 

8.8! 
.Bo 
.79 
.78 
. 78 

8.77 
.76 
. 75 
. 74 
. 73 

8.72 
. 71 
. 71 
.70 
.69 

8.68 
. 67 
.66 
.65 
. 65 

8.64 
.63 
.62 
. 61 
.6o 

8.59 
• 58 
.58 
.57 
.56 

8. SS 

' I 
17. 62 i 26. 43 35· 24 44. 05 52. 86 61. 67 70. 48 79. 29 528. 6 1057. 2 1585. 8 2114. 4 2643. 0 

. 6o : . 40 . 21 4, 01 . 81 , 61 , 41 . 21 8. I 6. 2 4, 2 2. 3 40. 4 

. 59 . 38 . 17 3· 96 . 76 . SS . 34 . 13 7. 6 S· I z. 7 IO. 2 37. 8 

.57 .35 .14 .92 .70 .49 .27 9.o6 7.0 4.1 81.1 08.1 5.2 

. 55 . 33 . IO • 88 . 65 , 43 . 20 8. 98 6. 5. 3· 0 79· 6 6. l 2. 6 

17.53 
.52 
.50 
.48 
'46 

17.45 
·43 
'41 
. 39 
. 38 

17.36 
. 34 
. 33 
. 31 
.29 

17.27 
. 26 
.24 
.22 

.20 

17. 19 
• 17 
.15 
. 13 
. 12 

17.10 

26.30 
. 27 
. 25 
.22 
. 20 

26. 17 
.14 
. I 2 

·09 
. 07 

26.04 
6.01 
5.99 
.96 
.94 

25.91 
.88 
.86 
• 83 
. 81 

25. 78 
• 75 
. 73 
.70 
. 68 

2s.65 

35.07 
.03 

5.00 
4.96 

·93 

34.89 
.86 
.82 
.79 
. 75 

3*·72 
.69 
.65 
.62 
.58 

34.55 
.51 
.48 
.44 
.41 

34.37 
.34 
.30 
.27 
. 23 

34.20 

43.83 
.79 
.75 
.70 
. 66 

43.62 
. 57 
.53 
. 49 
.44 

43.40 
.;6 
.31 
. 27 
.23 

43. 18 
.14 
, IO 

.05 
3.01 

42.97 
.92 
.88 
.14 
.79 

42·7S 

52.6o 
. 55 
.50 
.44 
. 39 

52. 34 
. 29 
. 24 

5 2:~ I 
2.03 
I. 98 
. 92 
. 87 

51. 82 
. 77 
. 72 
. 66 
. 61 

51.56 
. 51 
. 46 
·40 
. 35 

51. 30 

6r. 37 
. 31 
. 25 
.18 
. 12 

61.07 
I. 00 
0.94 

.88 

.82 

6o.76 
.70 
.64 
.58 
.52 

6o.46 
.40 
.34 
. 27 
. 22 

6o. 15 
·09 

.6o.03 
59.97 

. 9r 
59.85 

70. 13 
70.o6 
69.99 

.93 

. 86 

69.79 
.72 
. 65 
.58 
.51 

69.44 
.37 
.30 
. 23 
.16 

69.og 
9.02 
8.95 
.89 
.82 

68.75 
.68 
. 61 
.54 
.47 

68.40 

78. 90 526. 0 1052. 0 1578. 0 2104. 0 2630. 0 
.82 5.5 51.0 6.4 101.9 27.4 
. 74 5. 0 49· 9 4. 9 og9. 8 4. 8 
.67 4.4 8.9 3.3 7.8 22.2 
.59 3.9 7.8 I.8 5.7 19.6 

78. 51 523. 4 1046. 8 1570. 2 2093. 6 
. 43 2. 9 5. 8 68. 7 91. 5 
· 35 2. 4 4· 7 7 · I 89. 5 
. 28 1.8 3· 7 5·S 7.4 
. 20 

78. 12 
8.04 
7.96 
. 89 
. 81 

77.73 
.65 
.57 
.50 
.42 

77.34 
. 26 
. 18 
. II 

7.03 
76.95 

1.3 2.7 4.-0 5.3 

520. 8 1041. 6 1562. 4 2083. 2 
20. 3 40. 6 6o. 9 81. 2 
19. 8 39· 5 59· 3 79· I 
9.2 8.5 7.7 7.0 
8. 7 7. 5 6. 2 4. 9 

518.2 
7.7 
7. 2 ' 
6.6 
6. I 

515.6 
5. I 
4.6 
4.0 
3·5 

513.0 

1036.4 
5.4 
4.3 
3.3 
2.3 

1031. 2 

30.2 
29. I 
8. l 
7. I 

1026.0 

1554.6 
3. I 

51. 5 
49·9 
8.4 

1546.8 
5.3 
3.7 
2. I 

40.6 
1539.0 

2072.8 
70.8 
68.p 
6.6 
4.5 

2062.4 
6o.4 
58.3 
6.2 
4· I 

2052.0 

2617.0 
4.4 

II. 8 
09.2 
6.6 

2604.0 
6o1. 4 
598.8 

6.2 
3.6 

2591. 0 
88.4 
5.8 
3.2 

8o.6 

2578.0 
5.4 
2.8 

70.2 
67.6 

2565.0 



 

Lat. 

0 

73 00 

2 

3 
4 

73 °5 
6 
7 
8 
9 

73 IO 
II 

12 

13 
14 

73 15 
16 
17 
18 
19 

73 20 
21 
22 

23 
24 

73 25 
26 
27 
28 
29 

73 30 
31 
32 
33 
34 

73 35 
36 
37 
~ 
39 

73 40 
41 
42 
43 
44 

73 45 
46 
47 
48 
49 

73 50 
51 
52 
53 
54 

iJ SS 
56 
57 
58 

73 ~ 

UNITED STATES COAST AND GEODETIC SURVEY. 289 
-----~----------·----- - .. -----------

Latitude 73° to 74°-Meridional arcs. Latitude 7 3°-Co-ordinates of cu rm lure. 

Value of 1" 

I ----;,--- --------------- ·-····---
1 Sums of minutes for middle x· 

Value of 11 latitude. Longitude. 
Sums of seconds for middle l·\i 

latitude. 1 
II ·-----------·--·-

Jleters. 

0 544· l 

--i-~~-:-,~- --,-:-~--JJ!._:_t:-,:~-. --11 ·-:-:rio-ete-:r~-,~- ---1-. --:[;: 
0 

I 2 62.00 .04 2 3720.I 

JI. 001 
I 
i 

31. 001 
l 

I 

31. 001 
I 

31.002 
2 
2 

2 
2 

31. 002 
2 

2 

2 

2 

31. 002 
2 
2 
2 

2 

31. 002 
2 

2 
2 

2 

31. 003 
3 
3 
3 
3 

31. 003 
3 
3 
3 
3 

31. 003 

3 
3 
3 
3 

JI. 003 

3 
3 
3 
3 

JI. 004 

3 93.01 .04 3 5 58o. I 

4 I24.01 .04 4 7 440. 2 

5 155. 01 186o. 05 5 9 300. 2 
6 186.01 .05 6 1116o.2 

7 217. 01 . 05 7 13 020. 3 
8 248. 02 . 05 8 14 880. 4 
9 279.02 .06 9 16 740.4 

IO 
I 

2 

3 
4 

15 
6 
7 
8 
9 

20 
I 
2 

3 
4 

25 
6 
7 
8 
9 

30 
I 
2 

3 
4 

35 
6 
7 
8 
9 

40 
I 
2 

3 
4 

45 
6 
7 
8 
9 

50 
I 

2 

3 
4 

SS 
6 
7 
8 

~ 

310.02 
341. 02 
372.02 
403.o3 
434.03 

465.o3 
496.03 
52 7· 0 3 
558.04 
589.04 

620.04 
651. 04 
61$2.04 
713.05 
744.05 

775. 05 
8o6.05 
837. 05 
868.o6 
899.o6 

93o.o6 
961. 06 
992.06 

I 023. 07 
I 054.07 

I o85. 07 
I 116. 07 
I 147. 07 
I 178. o8 
I 209.08 

I 240. o8 
I 271. 08 
I 302. 09 
I 333· 09 
I 364. og 

I 395· 09 
I 426. 09 
I 457· IO 
I 488. IO 
I 519. IO 

I 550. IO 
I 581. JO 
I 612. II 
l 643. JI 
I 674. II 

I 705. II 
I 736. II 
I 767. 12 
I 798. 12 
I 829, 12 
I 86o. 12 

186o. o6 
.o6 
.07 
.07 
.07 

1860.08 
.08 
.08 
.09 
.09 

186o.09 
.og 
.IO 
• IO 

'IO 

1800. II 
. JI 

. II 

. 12 

. 12 

186o. 12 
. 12 

. 13 

. 13 

. 13 

186o.14 
. 14 
.14 
. 15 
. 15 

186o. 15 
. 15 
.16 
.16 
. 16 

186o. 17 
. 17 
. 17 
.18 
. 18 

186o.18 
.18 
. 19 
, 19 
• 19 

186o.20 
. 20 
. 20 
. 21 
• 21 

186o. 21 

IO 

I 

2 

3 
4 

15 
6 
7 s 
9 

20 
I 
2 

3 
4 

25 
6 
7 
8 
9 

30 
I 
2 

3 
4 

35 
6 
7 
8 
9 

40 
I 

2 

3 
4 

45 
6 
7 
8 
9 

50 
l 

2 

3 
-4 

55 
6 
7 
8 
9 

6o 

18 6oo. 5 
20 46o. 5 
22 320. 6 
24 18o. 7 
26 040. 7 

27 900. 8 
29 76o. 9 
31 621. 0 

33 481. I 
35 341. I 

37 201. 2 

39 o61. 3 
40 921. 4 
42 781. 5 
44 641. 6 

46 501. 7 
48 361. 8 
50 221. 9 
52 082. I 

53 942. 2 

55 8o2.3 
57 662. 4 
59 522. 5 
61 382. 7 
63 242. 8 

65 102. 9 
66 963. I 

68 823. 2 

70 683. 4 
72 543. 5 

74 403. 7 
76 263. 8 
78 124. 0 

79 984. I 
81 844.3 

83 704. 5 
85 564.6 
87 424. 8 
89 285.0 
91 145. 2 

93 005.4 
94 865. 5 
96 725. 7 
98 585. 9 

100 446. I 

102 3o6. 3 
104 166. s 
1o6 026. 7 
107 886. 9 
Iog 747· I 
1116o7.3 

2 I 088.3 
3 I 632.4 
4 2 176. 6 

0 5 2 720. 7 
6 3 264. 8 
7 3 Sag. 0 
8 4 353· I 

9 4 897. 2 

0 IO 

15 
20 
25 
30 

0 35 
40 
45 
50 
55 

I 00 
05 
IO 
I5 
20 

I 25 
30 
35 
40 
45 

I 50 
55 

2 00 

3 00 
4 00 

5 00 
6 $J0 
7 00 
8 00 

9 00 

IO 00 
II 00 
12 00 
13 00 
14 00 

15 00 
16 00 

17 00 
I8 00 
19 00 

20 00 
21 00 
22 00 
23 00 
24 00 

25 00 
26 00 
27 00 
28 00 
29 00 
30 00 

5 441. 4 
8 162. 0 

IO 882. 7 
1 3 6o3. 3 
16 323. 9 

19 044. 5 
21 765. 0 

24 485. 5 
27 2o6. 0 
29 926.4 

32 646. 7 
35 367. 0 
38 oSi. 2 

40 8o7. 3 
43 527.4 

46 247. 3 
48 g67. 2 
51 687.0 
54 400. 7 
57 126. 3 

59 845. 8 
62 565. I 

65 284 
97 904 

130 496 
I63 052 
195 562 
228 018 
26o410 
292 730 

324 968 
357 II6 
389 165 
421 104 
452 927 

484 623 
516 185 
547 6o2 
578 868 
6og 971 

640 905 
671 661 
702 229 
732 6o1 
762 770 

792 726 
822 461 
851 967 
881 236 
910 259 
939 029 

J!eters. 

I. 9 
2.7 
3. 7 
4.8 
6. I 

7.6 
17.0 
30.3 
47. 3 
68. I 

92 ·7 
121. I 
153·3 
18g. 2 
228.9 

272.4 
319.7 
370.8 
425.7 
484.3 
546.8 
613.0 
683.0 
756.8 
834.3 

915.7 
I 000. 8 
I .J<}O 

2 452 
4358 
6 8o8 
9 8oo 

13 335 
17 412 
22 028 

27 183 
32 875 
39 103 
45 865 
53 I6o 

6o 984 
6g 336 
78 214 
87 615 
97 537 

107 976 
118 930 
130 396 
142 370 
154 850 

167 831 
181 Jll 
195 285 
209 749 
.224 700 
240 134 

H. Ex. 43--37 
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--------------------------------------------------
Latitude 74° to 75°-Arcs of the parallel in meters. 

Lat. 1" 2'' 3" 6" 1'' 8" 911 t' 2' 3' 4' 5' 
' ' 

1---1------------ ------·---------------·1--------------------
O I 

74 00 
I 

2 

3 
4 

74 °5 
6 
7 
8 
9 

74 10 
II 
12 
13 
14 

74 15 
16 
17 
18 
19 

74 20 
21 
22 

. ::!J 
24 

74 25 
26 
27 
28 
29 

74 30 
31 
32 
33 
34 

74 35 
36 
37 
38 
39 

74 40 
41 
42 
43 
44 

74 45 
46 
47 
',8 
49 

;+ 5:i 
51 
52 
53 
54 

74 55 
56 
57 
58 
59 

74 6o 

8.55 
.54 
.53 
.52 
. 51 

8.51 
.50 
.49 
.48 
.47 

8.46 
·45 
. 45 
·44 
.43 

8.42 
.41 
.40 
.40 
39 

17. IO 

. 08 

. 07 

. 05 

. 03 

17. OJ 

7. 00 

6.98 
. 96 
. 94 

16.93 
.91 
.89 
. 87 
. 86 

16.84 
. 82 
.81 
• 79 I 

· 77 I 

8. 38 16. 75 
. 37 . 74 
. 36 . 72 
· 35 I • 70 
. 34 ' .68 

8. 33 i 16.67 
. 32 ! . 65 
. 32 i • 63 
. 31 ' . 61 
. 30 . 6o 

s. 29 16. 58 
. z8 . 56 
. ~7 . 54 
. 26 . 53 
. Z5 .. SI 

8. 25 
. 24 
. :3 
. ~2 

• 21 

16.49 
.48 
.46 
.44 
.42 

8. 20 : 16. 41 
. 19 I . 39 
. 19 I . 37 
. 18 i . 35 
. 17 : . 34 

8. 16: 16.32 
. rs . 30 
.1'4 .28 
. 13 . 27 
• 12 . 25 

s. 12 16. 23 
. I I . 21 
.IQ .20 

• O<) • 18 
.08 .16 I 

8. 07 16. 14 
. o6 . 13 
. 05 . ti 
.05 ·09 

s:~ 116:~ 

25. 65 : 
. 62 I 

.6o 

.57 

. 55 

25.52 
.49 
.47 
.44 
.42 

25.39 
.36 
.34 
. 31 
.29 

25.26 
. 23 
. 21 

. 18 

. 16 

25. 13 
. IO 
. 08 
. 05 
. 03 

25.00 
4.97 

. 95 

.92 

. 90 

24.87 
. 84 
. 82 
. 79 
. 77 

24. 74 
. 71 
. 69 
. 66 
. 64 

24.61 
.58 
. 56 
. 53 
.50 

24.48 
. 45 
. 43 
.40 
. 37 

24.35 
. 32 
.30 
. 27 
. 24 

24. Z2 
. 19 
. 16 
. 14 
. II 

24.09 

34· 20 ' 
. 17 : 
. lJ i 
. IO I 

.o6 

34. 03 ' 
3.99 

. 96 
· 92 I 
• 89 I 

33. 85 
. 82 
. 78 
. 75 ' 
. 71 

33.68 
. 65 
. 61 
. 58 
. 54 

33-5 1 

. 47 

.44 

.40 

. 37 

33. 33 
. 30 
. 26 
. 23 
. 19 

33. 16 
• 12 
. 09 
. 05 

3. oz 

32 ·99 
. 95 
. 92 
. 88 
• 85 

32.81 
.78 
. 74' 
-71 i 
. 67 : 

32.64 
.60 
.57 
.53 

.. 50 

32.46 
.43 
.39 
.36 
. 32 

32.29 
. 25 
.22 
.18 
. 15 

32. II 

42. 75 
. 71 
. 66 
. 62 
. 58 

42.53 
. 49 
. 45 
.41 
. 36 

42.32 
. 28 
. 23 
. 19 
.14 

42. IO 
.o6 

!Z.01 
I. 97 
. 92 

41. 88 
.84 
.8o 
. 75 
. 71 

41. 67 
. 62 
.58 
. 53 
.49 

. 32 

. 27 

41. 2 3 
. H) 

.14 

. IO 

.06 

41.01 
0.97 
.92 
. 88 
.84 

40.80 
. 75 
. 71 
. 67 
.62 

40.58 
.54 
.49 
.45 
.40 

40.36 
.32 
. 27 
• 23 
. 19 

40. 14 

51. 3° ' 
. 25 : 
. zo 
. 14 ' 
.09 

51.04 
0.99 
.94 
. 88 
. 83 

50.78 
. 73 
.68 
.62 
. 57 

50. 52 
. 47 
.42 
. 36 
. 31 

50.26 
. 21 
.16 
.IO 
.05 

50.00 
49.95 

.89 

.84 

.79 

49.74 
. 69 
. 63 
.58 
. 5.< 

49.48 
.43 
. 37 
.32 
. 27 

49.22 
.16 
. ti 
. 06 ~ 

9.01 I 

48. 96'i 

.go I 

. 85 

. 80 I 

. 75 : 

48.69 
. 64 
.59 
.54 
.49 

48.43 
. 38 
.33 
. 28 
. 22 

4fl. 11 I 
i 

59.85 
. 79 
. 73 ! 
. Ci7 I 
. 6J 

59.55 
·49 
.42 
.36 
.30 

59. 24 
. 18 
• 12 
.06 

9.00 

58.94 
. 88 
. 82 
.76 
.70 

58.64 
.58 
.52 
. 46 
·39 

58. 33 
. 27 
. 21 

. 15 

. O<J 

58.03 
7.97 
.. 91 
. 85 
.70 

57· 7Z 
. 66 
. 6o 
.54 
. 48 

57· 42 
. 36 
. 30 
. 24 
. 18 

57· II 
7.05 
6.99 
. 93 
. 87 

56.81 
. 75 
. 69 
. 63 
'57 

56. 51 
·44 
. 38 
. 32 
.26 

56.20 

68.40 
33 

. 26 : 

. 19 : 

. 12 ' 

68.06 ' 
7.98 
. 92 
. 85 
.78 

67.71 
. 64 
. 57 
.50 
. 43 

67.36 
. 29 
. 22 

. 15 

.08 

67.01 
6.94 

. 87 

.So 

.73 
66.67 

. 6o 

. 53 

.46 

. 39 

6Cl. 32 
. 25 
.18 
. II 

6. OJ 

65.97 
. 90 
. 83 
.76 
. 69 

65.62 
.55 
. 48 
.41 
. 34 

65.:7 
,;?( 

. 14 

.07 
5.00 

64.93 
. E6 
.79 
·.72 
. 65 

64._58 
. 51 
.44 
.37 
.30 

6+23 

76.95 
. 87 
. 80 
. i"2 
. 64 

76.56 
.48 
. 40 
. 33 
. 25 

76. 17 
. O<J 

6.01 
5.94 
. 86 

75.78 
.70 
.62 
. 55 
. 47 

75.39 
. 31 
.23 
. 16 
.08 

75.00 
4.92 

. 84 

.76 

.69 

74.61 
.53 
. 45 
. 37 
.,w 

74.zz 
.14 

4.o6 
3.9S 
.91 

73.82 
. 75 
. 67 
.59 
.51 

73·4.1 

.~o 

. 12 

73.04 
2.96 
. 88 
. 81 
'73 

µ.65 
·57 
.49 
. 41 
.34 

72.26 

513.0 
2.5 
2.0 
I. 4 
0.9 

510. 4 
O<J·9 
9.4 
8.8 
8.3 

507.8 
7.3 
6.8 
6. 2 

5. 7 
505. 2 

+7 
4.2 
3.6 
3.1 

502. 6 
2. I 

I. 6 
I. 0 

0.5 

500.0 
499.5 

8.9 
8.4 
7.9 

497.4 
6.9 
6. 3 
5. 8 
5. 1 

49+ 8 
4.3 
3.7 
3.2 
2. 7 

492. 2 
I. 6 
I. I 
o.6 

9'.l. I 

489.6 
9.0 
8.5 
8.o 
7.5 

486.9 
6.4 
5.9 
5.4 
4.9 

484.3 
3.8 
3.3 
2.8 
2.2 

481.7 

1026.0 
5.0 
3.9 
2.9 
I. 9 

1020. 8 
19.8 
8. 7 
7. 7 
6.6 

1015.6 
4.6 
3.5 
2. 5 
I. 4 

IOIO~ 4 
09.4 

8. 3 
7.3 
6.2 

1005. 2 
4· I 

3· I 
2. I 

I. 0 

1000. 0 

998.9 
7.9 
6.9 
5.8 

994.8 
3.7 
2.7 
I. 6 

90.6 

989.6 
8. 5 
7· 5 
6.4 
5· 4 

984.3 
3.3 
2.Z 
I. 2 

80.2 

979. I 
8. I 

7.0 
6.o 
4.9 

973.9 
!.8 
I. 8 

70.8 
6<), 7 I 

968. 1 I 
7.6 
6.6 
5.5 

961:! I 

1 

1539. 0' 

7. 5 
5.9 

. 4. 3 
2.8 

1531. 2 
29. 7 
8. I 

6.5 
5.0 

1523. 4 
I. 8 

20.3 
18. 7 
7.2 

1515. 6 
4.0 
2.5 

10.9 
09.3 

1507.8 
6. z 
4· 7 
3. I 
I. 5 

1500.0 
498.4 

6.8 
5.3 
3.7 

1492.2 
90.6 
89.0 

7. 5 
5.9 

148+ 3 
2.8 

81. 2 

79.6 
8. I 

1476.5 
4.9 
3. 4 
I. 8 

70.2 

1468.7 
7. I 

5.5 
4.0 
2.4 

146o.8 
59.3 
7.7 
6. 1' 

4.6 

1453.0 
51. 4 
49.9 
8.3 
6.7 

1445. 2 

205:.0 
50.0 
47.9 
5.8 
3. 7 

2041. 6 
39.5 

7. 5 
5.4 
3. 3 

2031. 2 

29. I 

7.0 
5.0 
2.9 

2020.8 
18. 7 
6.6 
4. 5 
2.5 

2010.4 
08.3 
6.2 
4. I 
2.0 

2000.0 

1997.9 
5.8 
3. 7 

91.6 

1989.5 
7.5 
5. 4 
3.3 

81. 2 

1979· I 
7. 0 

4.9 
2.8 

70,8 

1968. 7 
6.6 
4.5 
2.4 

60.3 

1958. 2 
6. I 
4. I 

52.0 
49.9 

1947.8 
5.7 
3.6 

41. 5 
39.4 

1937. 3 
5.2 
3. 2 

31. l 
29.0 

1926. 9 

2565. 0 
62. 4 
59.8 

7. 2 

4.6 

2552.0 
49.4 

6. 8 
. 4. 2 

41. 6 

2539.0 
6.4 ' 
3.8 

JI. 2 
28.6 

2526.0 
3.4 

20.8 
18. 2 

5.6 

2513.0 
I0.4 
07.8 

5.2 
2. 6 

2500.0 
497.3 

4.7 
92. I 

89'5 

2486.9 
4.3 

81. 7 
79· I 
6.5 

z.;.73. 9 
71. 3 

• 68. 7 
6.1 
3.5 

2460.8 
58.2 
5. (, 
3.0 

50.4 

2447. 8 
5. 2 
::.6 

40.0 
37.3 

24.14·7 
32. I 

:9·5 
6.') 
4.3 

2421. 7 
19. I 

6.4 
3.8 

I I. 2 
2408.6 



 

U:r-ITED STATES CO.A.ST .A.ND GEODETIC SURVEY. 

Latitude 74° to 75°-~Ieridional arcs. 

Lat. 
Sums of seconds for middle 

1

1 
,- I f / ! Sums of minutes for middle 

\-alue of 111: latitude. 'a ue o I latitude. Longitude. 
I 

______ , ·----- --------------i--------

1,i,· 

~74- 00 

I 
2 

3 
4 

74 05 
(> 

7 
8 
9 

74 10 
II 
12 

13 
14 

74 15 
16 
17 
18 
19 

74 20 
21 
22 

23 
24 

74 25 
26 
27 
28 
29 

74 30 
31 
32 
33 
34 

74 35 
36 
37 
38 
39 

74 40 
41 
42 

43 
44 

74 45 
46 
47 
48 
49 

74 50 
51 
52 
53 
54 

74 55 
56 
57 
58 

74 ~ 

J)ktrrs. 

JI. 004 
4 
4 
4 
4 

31. 004 
4 
4 
4 
4 

31. 004 
4 
4 
4 
4 

31. 004 
4 
4 
4 
4 

31. 004 

5 
5 
5 
5 

31. 005 
5 
5 
5 
5 

31. 005 
5 
5 
5 
5 

31. 005 
5 
5 
5 
5 

31. 005 
5 
6 
6 
6 

31. oo6 
6 
6 
6 
6 

31. oo6 
6 
6 
6 
6 

31. oo6 
6 
6 
6 
6 

31. oo6 

II 

2 

3 
4 

5 
6 
7 
8 
9 

IO 

I 
2 

3 
4 

I5 
6 

7 
8 
9 

20 
I 

2 

3 
4 

25 
6 
7 
8 
9 

30 

2 

3 
4 

35 
6 
7 
8 
9 

40 
I 

3 
4 

45 
6 

7 
8 
9 

50 
l 
2 

3 
4 

55 
6 
7 
8 
9 

6o 

Jfl'frrs. 

3r.oo 
62.01 
93.01 

124-02 

155.02 
186.03 
217.03 
248.04 
279.04 

310.05 
341. 05 
372.o6 
403.o6 
43+ 0 7 
465.07 
496.oS 
527. o8 
558. 09 
589. 09 

6zo. IO 

651. 10 
682. II 
713. II 
744. 12 

775. 12 
8o6. 13 
837. 13 
868. 14 
899. 14 

930. 15 
961. 15 
992. 16 

I 023. 16 
I 054. 17 

1 o85. 17 
I 116. 18 
I 147. t8 
I 178. 19 
I 209. 19 

I 240. 20 

I 271. 20 
I 302. 21 
I 333· 21 
I 364. 22 

I 395· 22 
I 426. 23 
I 457· 23 
I 488. 24 
I 519. 24 

I 550. 25 
l 581. 25 
I 612. 26 
I 643. 26 
I 674, 27 

I 705. 27 
I 736. 28 
I 767. 28 
I 798. 29 
I Szg. 29 
I 86o,30 

llfeten. 
i: 1860. 21 

. 21 
• 22 

.. 22 

. 22 

186o.23 
. 23 
. 23 
. 23 
. 24 

186o. 24 
. 24 
. 25 
. 25 
. 25 

186o. 25 
. 26 
. 26 
. 26 
. 27 

186o. 27 
. 27 
. 27 
. 28 
.28 

186o. 28 
. 29 
. 29 
. 29 
. 29 

186o.30 
. 30 
.30 
. 31 
. 31 

186o. 31 
. 31 
. 32 
.32 
.32 

186o. 33 
.33 
. 33 
. 33 
·34 

186o. j4 
·34 
. 35 
. 35 
. 35 

186o. 35 
.36 
.36 
. 36 
. 37 

186o. 37 
. 37 
.37 
.38 
.38 

186o.38 

2 

" ·' 4 

5 
6 
7 
8 
9 

JO 

I 
2 

3 
4 

15 
6 
7 
8 
9 

20 
I 

2 

3 
4 

25 
6 
7 
8 
9 

30 
I 

2 

3 
4 

35 
6 
7 
8 
9 

40 
I 
2 

3 
4 

45 
6 
7 
8 
9 

50 
I 
2 

3 
4 

55 
6 
7 
8 
9 

6o 

Jit!!ers. 

I 86o. 2 

3 720. 4 
5 58o. 6 
7 440. 9 

9 301. l 
II J6r. J 
13 021. 5 
14 881. 8 
16 742. 0 

18 6o2. 3 
20 462. 5 
22 322. 7 
24 183. 0 

26 043. z 

27 903. 5 
29 763. 7 
31 624. 0 
33 484. 3 
35 344. 5 

37 204. 8 
39 o65. I 
40 925. 3 
42 785. 6 
44 645. 9 

46 5o6. 2 

48 366. 5 
50 226. 8 
52 087.0 
53 947. 3 

55 807. 6 
57 667. 9 
59 528. 2 
61 388. 5 
63 248. 8 

65 109. 2 

66 969. 5 
68 829. 8 
70 690. I 

72 55o. 4 

74 410. 8 
76 271. I 
78 131. 4 
79 991. 7 
81 852. I 

83 712. 4 
85 572. 8 
87 433· I 

89 293. 5 
91 153. 8 

93 01+ 2 

94 874. 5 
96 734. 9 
98 595. 2 

100 455. 6 

102 316. 0 
104 176. 3 
1o6 036. 7 
107 8')7. I 

109 757. 5 
III 617. 9 

0 I 

2 

3 
4 

0 5 
6 
7 
8 
9 

0 IO 

I5 
20 
25 
30 

0 35 
40 
45 
50 
55 

I 00 

05 
10 
15 
20 

I 2) 

30 
35 
40 
45 

l 50 
55 

2 00 

3 00 
4 00 

5 00 
6 00 

7 00 
8 00 

9 00 

IO 00 

II 00 

12 00 

13 00 

14 00 

15 00 
16 00 

l7 00 
18 ()() 
I9 00 

20 00 

21 00 

22 00 

23 ()() 
24 ()() 

25 00 
26 00 

'27 ()() 
28 00 
29 00 
30 00 

x 

.ilfeters. 

513.0 
I 026. 0 
1 539. 0 
2 052. 0 

2 565. I 

3 078. I 

3 591. I 
4 104. I 

4 617. I 

5 IJO. I 
7 695. I 

IO 200. I 
12 825. I 

15 390- I 

17 955. 0 

20 519. 9 
23 084. 8 
25 649. 6 
28 214. 4 

30 779· I 

33 343. 8 
35 908. 4 
38 472. 9 
41 037. 3 

43 6o1. 7 
46 166. 0 

48 730. I 

51 294. 2 

53 858. 2 

56 422. I 

58 985. 9 
61 550 
92 303 

123 030 

153 722 
184 372 
214 969 
245 506 
275 973 

3o6 364 
336 667 
366 876 
396 982 
426 976 

456 850 
486 596 
516 204 
545 667 
574 976 

6o4 124 

633 102 
661 901 
6go 514 
718 933 

747 149 
775 155 
8o2 943 
830 505 
857 833 
884 920 

291 

0. I 

0. 3 
o.6 
I. I 

I. 8 
2.6 
3. 5 
4.6 
5.8 

7.2 
16. I 

28. i 
44- 8 
64. 5 

87.9 
114. 8 
145.2 
179.3 
21j.O 

258. 2 

303.0 

351. 4 
403.4 
459.0 

518. z 
58o.9 
647. 3 
71j. 2 

790. 7 

867.8 
948. 5 

1 033 
2 324 
4 130 

6 451 
9 288 

12 638 
16 500 
20 875 

25 76o 
31 154 
37 056 
43 464 
50 Jj6 

57 790 
65 705 
74 117 
83 025 
92 426 

102 317 
112 696 
1;13 559 
134 904 
146 728 

159 027 
171 797 
185 035 
198 738 
212 901 
227 520 
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i---

1~ .. 
o I 

75 00 

2 

3 
4 

75 05 
6 
7 
8 
9 

75 IO 
II 
12 
13 
14 

75 15 
16 
17 
18 
19 

75 20 
21 
22 
23 
24 

75 30 
31 
32 
33 
34 

75 35 
36 
37 
38 
39 

UNITED STATES COAST AND GEODETIO SURVEY, 

Latitude 75° to 76°-Arcs of the parallel in meters. 

1" 2" 3" 411 511 6" 'i" 8'' 9" 1' 2' 3' 4' 

1--~-1-~·~ -·-

8.03 
. 02 
.Ol 

8.oo 
7.99 

7. 99 
.98 
.97 
. 96 : 
.95 . 

16. o6 24. 09 
.04 .o6 
.02 .03 

6.01 4.01 
5. 99 3. 98 . 

15. 97 I 23. 96 : 
. 95 . 93 
· 94 I ·90 
. 92 . . 88 
.go .85 

7.94 15.88 23.82 
·93 .87 .So 
·9.2 .85 .77 
.92. .83 .75 
. 91 : . 81 i • 'j2 

7.90, 15.80 I 23,69 
. 89 . 78 . 67 
. 88 : . 76 . . 64 
.87 .74 .61 
. 86 i . 73 . 59 

7.85' 15.71: 23.56 
. 85 . 69 . . 54 
. 84 i . 67 i . 51 
. 83 . 66 I • 48 
. 82 . 64 . 46 

7. 81 : 15. 62 23. 43 
. 8o . 6o . 41 
. 79 : . 59 . 38 
. 78 . 57 : . 35 
. 78 . 55 . 33 

32. II 
.08 
.04 

2.01 
I. 98 

31. 94 ! 

.91 

. 87 : 

.84 • 

. 80 ' 

i 
31. 77 I 

. 73 ! 

.70 

. 66 

. 63 

31. 59 
.56 
.52 
.49 
. 45 : 

31. 42 
. 38 
. 35 
. 31 
. 28 

31. 24 
. 21 
. I 7 
. 14 
. IO 

I 

40. 14 
• IO 
.o6 

40.01 
39.97 

39.92 
. 88 : 
. 84 ' 
.8o 
. 75 

39.71 
. 66 
.62 
.58 
.53 

39·49 
. 45 
.40 
.36 
.31 

39.27 
. 23 
. 18 
. 14 
• JO 

48. 17 
. 12 
. 07 

8.02 
7.96 

47.91 
. 86 
. 81 
. 75 
.70 

47.65 
. 60 
.54 
. 49 
.44 

47· 39 
. 34 
. 28 
. 23 
. 18 

56.20 
.14 
.08: 

6.02 . 
5.96 

55. 89 
. 83 
. 77 
. 71 
. 65 

55.59 
. 53 
. 47 
.41 
. 35 

55· 29 I 
. 22 : 
.16 
• IO 

5. 04 

64.23 
. 16 
.09 

4.02 
3.95 

63.88 
. 81 
.74 
. 67 
.6o 

63.53 
. 46 
. 39 
.32 
. 25 

63. 18 
. II 

3.04 
2.97 
.go 

72. 26 
. 18 
. IO 

2.02 
I. 95 

71. 87 
. 79 
. 71 
. 63 
.55 

71. 47 
. 39 
. 32 
. 24 
. 16 

71. 08 
I. 00 

0.92 
. 85 
. 77 

I 
I 

481. 7 : 
I. 2 

o. 7 
So.2 
79.6 

479· I 
8.6 
8. I 

7. 5 
7.0 

476.5 
6.o 
5.4 
4.9 
4.4 

473·9 
3.4 
2.8 
2.3 
I. 8 

963.4 
2.4 
1.4 

6o.3 
59.3 

958.2 
7.2 
6. I 

!:~ ! 

953.0' 
I. 9 

50.9 
49.8 
8.8 

947.8 
6.7 
5.7 
4.6 
3.6 

1445. 2 
3.6 
2.0 

40.5 
38.9 

1437.3 
5.8 
4.2 
2.6 

31. 0 

1429.5 
7.9 
6.3 
4.8 
3.2 

1421. 6 
20. I 

18.5 
6.9 
5.3 

47.13 54.9$ 62.83 70.69 471.3 942.5 1413.8 
. 07 . 92 • . 76 . 61 0. 7 I. 5 2. 2 

7.02 .86; .6g ·53 70.2 40.4 10.6 
6. 97 . 80 · 62 · 45 69. 7 39· 4 09· I 

.92 .. 74· .55 .37 9.2 8.3 7.5 

39· 05 46. 86 i 54. 67 ' 62. 49 70. 30 468. 6 937. 3 . 1405. 9 
9.01 .81 .n1 . 42 .22 8.1 6.2' 4.3 
8. 97 . 76 . 55 . 35 . 14 7. 61 5. 2 2. 8 
. 9z . 7 I I • 49 · 28 70. o6 7. I 4• I ' 401. 2 : 

1926.9 
4.8 
2.7 

20.6 
18.5 

1916.4 
4.3 
2.2 

IO. 2 
o8. I 

1906.0 
3.9 

go1.8 
899.7 

7.6 

1895.5 
3·4 

91. 3 
Sg.2 

7· l 

1885. 0 

2.9 
So.8 
78.8 
6. 7 

1874.6 
2.5 

70.4 
68.3 

6. 2 • 

7· 77 I 

. 76 . 

. 88 . 65 ' . 43 . 21 69. 98 6. 5 I 3. I 399· 6 

15. 53 23. 30 JI. 07 38. 84 46. 6o 54- 37 62. 14 Og. 90 466. 0 932. 0 1398. I , 1864. I 
. 52 . 27 . 03 . 79 . 55 . 31 . 07 . 82 5. 5 JI. 0 6. 5 . 62. 0 

. 75 ' 

. 74 ' 

. i3 i 
I 

7. 72 l 
. 71 ! 
. 71 
.70 
. 69: 

. 50. . 25 1.00 . 75 . 50 . 25 2.00 . 74 5.0 29·9 4·9 59·9 
• 48 I • 22 0. 96 . 70 . 44 · 19 J. 93 · 67 4. 4 8. 9 I 3. 3 7 • 8 
.46 .20 ·93 .66 ·39 .12 .86 ·59 3·9 7.8' 1.8 5.7 

15. 45 23. 17 JO. 89 38. 62 46. 34 54· 06 61. 79 69. 5 I 463. 4 926. 8 1J90• 2 1853. 6 
. 43 . 14 . 86 . 57 . 29 4· 00 . 72 . 43 2. 9 5· 8 88. 6 51. 5 
. 41 · l 2 . 82 . 53 . 24 3· 94 · 65 · 35 2. 4 4. 7 7 · l 49• 4 
.39 ·CXJ .79 ·49 .18 .88 .58 .28 1.8 3.7 5.5 7.3 
.38 .07 .75 ! .44. .13 .82 .51 .20 1.3 2.6 3.9 5.2 

2408.G 
6.o 

03.4 
400.8 
398.2 

2395.5 
2.9 

go. 3 
87.7 

5, I 

2382.5 
79 . .8 
7.2 
4.6 
2.0 

2369.4 
6.8 
4.1 

61. 5 
58.9 

2356. 3 
3· 7 

51. I 

48.4 
5.8 

2343.2 
40.6 
38.0 
5.3 
2. 7 

2330. I 

27.5 
4·9 

22.2 
19.6 

2317.0 
4.4 

11. 8 
og. I 

6.5 

75 40 7. 68 15. 36 23. 04 30. 72 38. 40 . 46. 08 53. 76 61. 44 6g. 12 46o. 8 921. 6 1382. 3 1843. J 2303. 9 
4J . 67 . J4 3· 01 . 68 . 36 ; 6. OJ . 70 . 37

1 

9· 04 6o. 3 20. 5 So. 8 41. 0 301. 3 
42 - 66 . 32 2. 99 . 65 . 31 5. 97 . 64 I • 30 8. 96 59. 7 19. 5 79. 2 38. 9 298. 7 
43 .65 .31 .96 .61 I .27 .92 .57 .23 .88 9.2 8.4 7.6 6.8 6.o 
44 .64 .29 .93 .58 .22 .87 .51 .161 .So 8.7 7.4 6.o 4.7 3.4 

75 45 7. 64 15. 27 22. 91 30. 54 38. 18 45. 82 • 53. 45 6
1
1 .. 

0
09

2 
f,I 68. 72 458. 2 916. 3 1374. 5 1832. 6 : 22go. 8 

46 .63 .25 .88 .51 .14 1 .76 .39 .65 7.6 5.3 2.9 30.5· 88.2 
47 .62 .24 .86 .47 09' .71 .33 0.951 .57 7.1 4.2 71.3 28.4 5.5 
48 . 61 . 22 . 83 . 44 . 05 . . 66 ' . 27 . 88 ' . 49 6. 6 3. 2 6g. 8 6. 3 2. 9 
49 . 6o i • 20 . So .. 40 8. 00 . 61 ; . 21 . 81 I . 41 6. I 2. I 8. 2 4· 2 So. 3 

75 50 7. 59 ' 15. 18 22. 78 30. 37 37. 96 I 45. 55 53. 15 6o. 74 j 68. 33 455. 5 I 911. I 1366. 6 1822.1 2277. 7 
51 .58 .17 .75 ·33 .92 .50 .08 .67 .25 5.0 10.0 5.0 20.0 5.0 
52 .57 .15 .72 .30 .87 .45 3.02: .6ol .17 4·51 09.0 3.5 17.9 72.4 
53 . 57 ' . 13 . 70 . 26 . 83 . 40 i 2. 96 ' . 53 ; . 09 4· 0 7. 9 I. 9 5· 8 69. 8 
54 .56 .II .67 .23 .79 ·34: .go, .46'. 8.02 3.4 6.9 00.J 3·7 7.2 

75 55 7. 55 15. 10 22. 65 30. 19 37. 74 45· 29 I 52. B4 : 6o. 39 ! 67. 94 452. 9 905. 8 1358. 7 1811. 6 2~. S 
56 .~4 .o81.62 .16 .70 .24 .78· .321 .86 2.4 04.8 7.2 09.5 61.9 
57 . 53 . o6 . 59 . 12 . 65 · 19 · 72 • 25 I · 78 1. 9 03. 7 5. 6 7· 4 59· 3 
58 .52 .04· .57 .09 .61 .13 .65 .181 .70 1.3 02.7 4.0 5.3 6.7 
59 .51 .OJ I .54 .05 .57 .08 ·59 .II .62 0.8 01.6 2.4 <> 3.2 4.0 

Li~.1_._s_o..;._1_s_. 0_1....;
1
_2_2_. _s 1_...._3_0_. 0_2_;__3_1_. _52 __ 4_5_. o-3-'-_s_2_. _sJ __ oo_. 04-.:...' _6_1_. _s4--4-so_._3_:__900_·_._6 __ 1_3s_o_. 9.......:.._18o_1_. ' __ 2_2_5_1._4_,, 
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I 
Latitude 7 5° to 76°-Meridional arcs. Latitude 7 5°-Co-ordinates of curvature. 

I 
I I 

I 1 
' Lat. 

y 1 f /1 I Sums of seconds for middle II 
- - - ! 

Value of 11 Sums of minutes for middle 
Longitude. x y 

I a ue o I latitude. JI latitude. 

----~---------r I 0 I Meters. 11 i'rfeters. ltleten. I I 1M:ters. 0 I Meters. Meters. f i 
-75 00 31. oo6 I 186o. 38 

I 
I 

I 

I 

I 
I 6 l 31.01 i . 38 I l 860. 4 0 I 481. 7 O. I I 2 6 2 62.02 I .39 I z 3 720. 8 2 963.4 0.3 
3 6 3 93.02 I .39 3 5 58r. 2 3 I 445. 2 o.6 I 
4 7 4 I24.0J .39 4 7 441. 5 4 I 926. 9 I. I 

75 05 JI. 007 5 155.04 186o.40 5 9 3o1. 9 0 5 2 408. 6 I. 7 
6 7 6 I86.05 .40 6 II 162.3 6 2 890. 3 2.4 
7 7 7 217.05 .40 7 13 022. 7 7 3 372. l 3.3 
8 7 8 248.o6 .40 8 14 883. l 8 3 853. 8 4.3 
9 7 9 279.07 . 41 9 16 743. 5 9 4 335. 5 5. 5 

75 IO 3r. 007 10 310.08 l86o. 41 10 18 6o4. 0 0 IO 4 817. 2 6.8 
ll 7 I 341. 08 .4I I 20 46+ 4 15 7 225. 8 15.2 
12 7 2 372.09 .4I 2 22 324. 8 20 9 634.4 27. I 
13 7 3 403. IO .42 3 24 185. 2 25 12 043. 0 42.3 
14 7 4 434· II .42 4 26 045. 6 30 14 45r. 5 6o.9 

75 15 31. 007 15 465. 12 186o.42 15 27~.o 0 35 16 86o.o 82.9 
16 ·7 6 496. 12 .43 6 29 766. 5 40 19 268. 5 108.3 
17 7 7 527. 13 . 43 7 31 626. 9 45 21 676. 9 137.0 
18 7 8 558. 14 . 43 8 33 487. 3 50 24 o85. 3 169.2 
19 7 9 589. 15 . 43 9 35 347. 8 55 26 493· 7 204.7 

75 zo 31. 007 20 620. 15 186o. 44 20 37 208. 2 I 00 28 902.0 243.6 
21 7 I 651. 16 .44 l 39 o68. 6 05 31 310. 2 285.9 
22 7 2 682. 17 .44 z 40 929. I Io 33 718. 4 331. 6 
23 7 3 713. 18 .44 3 42 789. 5 15 36 126. 5 380.7 
24 7 4 744 19 . 45 4 44 650. 0 20 38 534· 5 433· I 

75 25 JI. 007 25 775. 19 186o.45 25 46 510.4 I 25 40 942. 5 489.0 
26 8 6 806.20 . 45 6 48 370. 9 30 43 350. 4 548. I 
27 8 7 837.21 .46 7 50 231. 3 35 45 758.2 610. 7 
28 8 8 868: 22 .46 8 52 091. 8 40 48 165. 9 676.7 
29 8 9 899.22 .46 9 53 952. 2 45 50 573. 5 746. I 

75 30 31. oo8 30 930.23 186o.46 30 55 812. 7 I 50 52 981. 0 818.S 
31 8 I 961. 24 . 47 l 57 673. 2 55 55 388. 4 894.9 
32 8 2 992. 25 . 47 2 59 533. 6 2 00 57 796 975 

! 33 8 3 I 023. 25 .47 3 61 394· I 3 00 86 673 

I 

2 192 
34 8 4 l 054. 26 . 47 4 63 254. 6 4 00 115 526 3 897 

75 35 31. 008 35 I 085. 27 186o.48 35 65 n5. o 5 00 144 346 6 087 
36 8 6 1 u6. 28 .48 6 . 66975.5 6 00 173 124 8 763 
37 8 7 I 147. 29 .48 7 68 836.0 7 00 201 854 II 924 
38 8 8 I 178. 29 .48 8 70 696. 5 8 00 230 526 15 569 
39 8 9 I 209. 30 .49 9 72 557. 0 9 00 259 133 19 697 

75 40 31.ooS 40 I 240. 31 186o.49 40 74 417. 5 JO ()() 287 666 24 3o6 
41 8 I I 27 I. 32 .49 I 76 278. 0 II 00 316 II7 29 395 
42 8 2 J 302. 32 .50 2 78 138. 4 12 ()() 344 479 34 964 
43 8 3 I 333· 33 .50 3 79 998. 9 13 00 372 742 41 OIO 

44 8 4 I 364. 34 .50 4 81 859.4 14 ()() 400 900 47 531 

75 45 31. oo8 45 I 395· 35 186o.50 4S 83 719. 9 15 ()() 428 944 54 526 
46 8 6 I 426. 36 . 51 6 85 58o. 5 16 00 456 866 61 993 
47 8 7 I 457· 36 . 51 7 87 441. 0 17 00 484 658 69 930 
48 9 8 I 488. 37 . 51 8 89 301. 5 18 00 512 312 78 334 
49 9 9 J 519. 38 . 51 9 91 162. 0 19 00 539 821 87 203 

75 50 31. 009 50 I 550. 39 186o. 52 50 93 OZ2. 5 20 00 567 176 96 534 
51 9 I I 581. 39 . 52 I 94 883. 0 21 00 594 370 1o6 325 
52 9 2 I 612. 40 .52 2 96 743· 6 22 00 621 395 116 574 
53 9 3 I 643. 41 .52 3 98 6o4. I 23 00 648 243 r27 :1.76 
54 9 4 1 67+42 ·53 4 100 464.6 24 00 674 907 138 430 

75 55 31. 009 SS l 705. 42 186o. 53 55 102 3:1.5. I 25 00 701 38o 150031 
56' 9 6 I 736.43 . SJ 6 104 185. 7 26 00 727 653 162 077 

57 9 7 I 767, 44 . 53 7 1o6 046. 2 27 00 753 719 174 564 
58 9 8 J 798. 45 .54 8 107 906. 7 28 00 779 571 187 489 

I S9 9 ~ J 829. 46 .54 ~ 109 767. ~ 29 00 Sos zo3 200 848 

75 6o 31. 009 I 86o.46 186o.54 nr 627. 30 00 8306o4 214 637 
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Latitude 76° to 77°-Arcs of the parallel in meters. -1 -------

Lat. 1" 2" 3" I 4'' 5" 6'' 1" 8" 9" 1' 2' 3' 4' I 5' I 
------~-- --- ----- I ----- : I !--1 -----:---, ----

l I 
0 I i 4"0 ? i 1350. 91 

I 
900. 6 I 

;<> 00 7. 50 15.01 22.51 30. 02 ' 37. 52 45. 031 5~. 5~ i 6o.04 67.54 ~ . J i 1801. l 2251. 4 I 
. 50: 4· 99 ' ·49 ' 29. 98 ' . 48 4.98 ·47 I 59.97 .46 49· s I 899.5 49· J I 799.0 48, 8 I 

2 .49 . 97 . 46 . 95 . 44 . 92 : .4I : .90 . 38 9. 2 I 8. 5 7. 7 : 6.9 6. 2 I 

3 .48' . 90 .43 . 91 ·39 . 87 ! . 35 ! '83 . 30 8. i ' 7.4 6. I I 4.8 3. 5 i 
4 . 47 . 94 .41 . 88 .35 . 82 i . :g : .76 . 23 8. 2 : 6.4 4. s I 2. 7 40.9 i 

7<> 05 7. 46 14.92 ·22. 38 29.84 37· 30 i 44. 77 j 52. 23 ! 59.69 67. 15 447. 7 895.3 I343 0 I 1790.6 2238. 3 ! 
6 . 45 . 90 . 3(, .81 . 26 : . jl . 16 : . 62 7.0; 7. I 4.3 41. 4 88.5 5. 7 i 
7 .44' . 89 . 33 . ii . 22 . 66 i . IO : .55 6.99 6.6 3.2 39.8 6.4 3· 0 I 

I 

8 .43 . 87 . 30 ; .74 . 17 ! . 6I I 2.04 .48 . 9I 6. I 2.2 8.2 4.3 30.4 

9 .43 . 85 . 28 .70 . I3 . 56 1 I. 98 .41 . 83 5.6 I. I 6.7 2.2 27.8 

j6 IO 7. 42 14.83 22.25 29. 67 ' 37. 09 : 44. 50 51. 92 59.34 66. 75 445.0 890. I 1335. I I78o. I 2225. 2 

11 . 4I . 82 .22 .63 .04 . 45 .86 . 27 . 67 4· 5 89.0 3·5 78.0 22.5 
12 .40 . 80 .20 .bo 7.00 . 40 i .So .20 .6o 4.0 8.o I. 9 5.9 19.9 
13 . 39 .78 • 17 . 56 ' 6.96 . Js I • 74 I . 13 .52 3·5 6.9 30.4 I 3.8 7.3 
14 . 38 ' . 76 · I 5 . 53 .91 . 29 I . 67 ' 9.o6 .44 2.9 5. 9 • 28.8 71. 7 4.6 

76 15 . ,. J4.75 I 22.12 29.49 36. 87 ' 44- 24 I 51. 61 58.99 66. 36 442.4 884. 8 : 1327.2 1769.6 2212.0 
J•.::JI I 

I6 . 36 ' .73 .og .46 8? . 19 . 55 . 92 ' . 28 !. 9 3.8 5. 6 7.5 og.4 
17 • j& I . 7I . 07 . 42 ' .78 . 14 ·49 . 85 . 20 I. 4 2.7 4· I 5.4 6.8 
18 . 35 . 69 .o+ · 39 !

1 
.74 .08 .43 .78 . 12 o.8 !. 6 2.5 3.3 4. I 

19 . 34 ' . 68 : 1.02 . 35 ! . 69 4.03 . 37 . 71 6.05 4o. 3 80.6 20.9 61. 2 201. 5 

76 w i·33 14. 66 : 21. 99 29.32 36.65 43.98 51. 31 58.64 65.97 439.8 879. 5 1319.3 1759· 1 2198.9 
:1 . 32 ' . 64 l . 96 . ~s .6o .92 .24 .57 .89 9.2 8.5 7.7 7.0 6.2 
22 . 31 . 62 ' . 9+ . 25 .56 . 87 . 18 .50 '8I 8.7 7. 4 6.2 4·91 3.6 
23 . 30' . 61 i • l)I ' . 21 

' 
.52 . 82 ' . I2 : .43 .73 8.2 6.4 4.6 2.8 91. 0 

. 88 : 8' 24 . 29 ·59 . I .47 . 77 ' .o6 .36 '65 7.7 5.3 3.0 50. 7 ' 88.4 
I 

51.ooi 76 25 7.29 14. 5 7 ! 2 I. 86 1 29. 14 36.43 43· 71 58.29 65. 57 437· I 874.3 1311.4' 1748. 6 • 2185.7 
26 . 28 · 55 . · 83 I . II ·39 . 66 0.94 . 22 .49 6.6 3.2 09·9 ! 6. 5 ' 3. l 

27 ?• . 54 . 81 ' . 07 ·34 . 61 . 88 . 15 .42 6. I 2.2 8. 31 4.4 So. 5 .... , . 
28 . 26 : .52 . 78 .04 .30 .56 . 8I .08 .34 5. 6 I. I 6. 7 I 2.3 77.8 
::!9 . 25 l .50 . 75 9.00 . 25 .50 . 75 8.0I .26 5.0 70. I 5. I 40.2 5.2 

: 
43-45 I I 

14.48 28.97 65. 18 869.0 76 30 7. 24 : 21. 73 36.21 50.69 57.94 434·5 r3o3.5 I738. I 2172.6 
JI . 23 i . 47 .70 .93 . 17 .40 . 63 .86 . IO 4.0 8.o 2.0 5.9 69.9 
32 . 22 : .45 . 67 .go . 12 . 35 .57 .79 5· 02 3·5 6.9 300.4 3.8 7.3 
33 • 22 I . 43 . 65 . 86 .08 . 29 . 51 . 73 4.94 2.9 5.9 298.8 31. 7 4. 7 ! 

34 . 21 i .41 . 62 . 83 6.03 .24 . 45 .65 .86 2.4 4.8 7.2 29.6 62.0 
I 

28.79 76 35 7. 20 '1 14.40 21. 59 35.99 43. I9 50.39 57.58 64.78 431. 9 863.8 1295.6 1727.5 2159.4 
36 . 19 ; .38 . 57 .76 . 95 .14 . 32 .51 .70 1.4 2.7 4· [ 5.4 6.8 

37 . 18 ' . 36 ·54 .7z .90 .08 .26 .44 . 62 o.8 r. 7 2.5 3.3 4.1 
38 17 ! . 34 .51 . 69 . 86 3.03 • 20 . 37 .55 3o.3 6o.6 9o.9 21. 2 51. 5 
39 . 16 ! . 33 ·49 . 65 .81 2.98 • 14 . 30 .47 29.8 59.6 89.3 19. I 48.9 

76 40 7. 15 I+. JI 21. 46 ' 28.62 35. 77 42.92 50.08 57.23 64.39 429.2 858.5 1287.7 1717.0 2146.2 
41 . 15 . 29 ·44 .58 . 73 . 87 50.02 .16 . 31 8.7 7.4 6.2 4.9 3.6 
42 . 14 . 27 . 41 . 55 .68 .82 49.96 .og . 23 8.2 6.4 4.6 2.8 4r.o 
43 . 13 .26 .38 . 51 .64 . 77 'B9 7.02 . 15 7.7 5.3 3.0 10. 7 38.3_ 
44 . 12 . 24 . 36 . 48 .59 . 71 . 83 6.95 4.07 7. l 4.3 8r.4 08.6 5.7 

i6 45 7. II 14. 22 21. 33 28.44 35.55 42. 66 49. 77 56.88 63.99 426.6 85J. 2 1279.8 17o6. 5 2133.1 
46 . IO . 20 . 30 .41 .5I . 61 .71 . 81 . 91 6. I 2.2 8.3 4.5 30 4 
47 .09 . I9 . 28 . 37 .46 .56 . 65 . 74 .83 5.6 I. l 6.7 2.2 27.8 
48 .08 . 17 . 25 . 34 . 42 .50 ·.59 . 67 .76 5.0 50. I 5. I 700. I 5.2 
.;9 .08 . 15 . 23 .30 . 37 .45 .52 . 6o .68 4. 5 49.0 3.5 698.0 22. s 

76 50 7. 07 14. 13 21. 20 28.27 35.33 42.40 49.46 56. 53 63.tid 424.0 848.0 1271. 9 1695.9 2II9. 9 
5I .o6 . 12 . 17 . 23 . 29 . 35 .40 .46 .52 3· 5 6.9 70.4 3.8 7.3 
52 .05 •IO . 15 .20 . 24 . 2§1 .34 ·39 .44 2.9 5.9 68.8 91. 7 4.6 
53 .04 .08 .12 . I6 . 20 .24 .28 .32 .36 ' 2.4 4.8 7.2 89.6 l2.0 

54 .OJ .o6 .og '13 . 16 . 19 .22 . 25 . 28 !. 9 3.7 5.6 7.5 09.4 

76 55 7. 02 14.04 21.07 28.09 35. II 42. 13 49· 16 56. 18 63.20 421.3 842.7 12i>4.o 1685.4 21o6.7 
56 .01 .03 .04 .05 .07 .08 .09 . II . 12 o.8 I. 6 2.5 3.3 4. I 
57 .01 4.01 I. 02 8. 02 5.02 2.03 9.03 6.04 3.o5 20. 3 40.6 6o.9 St. 2 101. s 
58 7.00 3·99 o.99 7.98 4.98 r. 98 8.97 5.97 2.97 19.8 39.5 S9· 3 79.I 098.8 
59 6.99 . 97 .96 .95 ·94 .92 .91 ·90 .89 9.2 8.5 Ml 6.9 6.2 

76 60 6.!}8 13.96 20.94 27.91 34·B9 41. 87 48.85 55.83 62.81 418.7 837.4 1256.1 1674.8 2093.5 
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Latitude 76° to 77°-Meridional arcs. Latitude 76°-Co-ordinates of Cllr\'ature. 

--·-
Lat.' 

v 1 f ,, I Sums of seconds for middle 'I I Sums of minutes for middle 
'1 

Value of r1 Longitude. I x y 
a ue 0 1 I latitude. '! I latitude. 

I I 
! ii I I 

' ii i 
I I 

I 

0 I llfeters. fl llfders. Ji Meters. I I ~Mete.-s. 0 I ll{etn-s. ,Jfetcrs. I, 

76 00 31. cog 

I 
186o.54 I I - I 9 I I 3r. or . 55 

I 

l I 86o. 5 0 I ! 450.3 O. I 

2 9 2 62.02 . 55 2 3 ]ZI. I 2 I goo.6 0.3 
3 9 3 93.03 . 55 3 5 581. 6 3 I I 350. 8 o.6 

I 4 9 4 124.04 . 55 4 7 442. 2 4 I I 8oI. I I. 0 I 

I 76 05 31. cog 5 155. 05 186o.56 

I 
5 9 302. 7 0 5 2 251. 4 I. 6 i 

6 9 6 186.o6 

I 
.56 6 II 163. 3 6 2 701. 7 2.3 

I 

7 9 7 217. 07 .56 

I 
7 13 023. 9 7 3 152. 0 3· I 

8 9 8 248.08 
I 

.56 8 I4 88+ 4 8 3 6oz. 3 4· I 

9 9 9 279.09 . 57 I 9 16 745· 0 9 4 052. 6 5· I 

I 186o. 57 
I 

18 6o5. 6 76 IO 31. cog IO 310. IO I 10 0 10 4 502. 8 6.4 
II JO I 341. II 11 . 57 I 20 466. I 15 6 754. 3 14.3 
12; Io 2 372. 12 11 . 57 

I 

2 22 326. 7 20 9 005. 7 25.4 
IJ 0 3 403. 13 l .58 3 24 187. 3 25 II 257. I 39·7 
14 0 4 434.14 I 

.58 4 26 047. 8 30 13 508. 4 57.2 i 
76 465. 15 

I 
186o.58 I 15 27 908.4 35 77- 8 15 31.0IO 15 I 0 15 759· 7 

16 0 6 496. I7 ' .58 6 I 29 769. 0 40 18 Oil. 0 IOI. 7 
17 0 7 527. 18 .59 7 31 629. 6 45 20 262. 3 128.7 
18 0 8 558. I9 ·59 8 33 490· 2 50 22 513. 5 158.9 
19 0 9 589.20 .59 9 35 350. 8 55 24 764. 7 192.2 

76 20 31.010 20 620.21 186o. 59 20 37 2I I. 4 r 00 27 015. 8 228.8 
21 0 I 651. 22 . 6o I 39 072. 0 05 29 266. 9 268.5 

2 682.23 ' .6o 2 40 932. 6 IO 22 0 31517.9 31 I. 4 
23 0 3 7I3.24 .6o 3 42 793· 2 15 33 768. 9 35i·4 
24 0 .4 744.25 .6o 4 44 653. 8 20 36 or9. 8 I 406.7 

76 25 31. OIO 25 775.26 186o. 61 25 46 514. 4 l 25 38 270. 6 I 459· I 

26 0 ' 6 8o6.27 . 61 6 48 375. 0 30 40 521. 3 I 514.7 I 
27 0 7 837.28 . 61 7 50 235. 6 35 42 772. 0 5i3·5 ' 
28 0 8 868.29 .61 8 52 096. 2 40 45 022. 6 635.4 
29 0 9 899.30 .62 9 53 956. 8 45 47 2]3. I jOO. 5 I 

76 30. 31. OIO 30 930.31 I86o.62 30 55 817. 4 I 50 49 523· 5 768. 8 
31 0 I ¢1.32 .62 I 57 678. I 55 51773.8 840.3 
32 0 2 992.33 .62 2 59 538. 7 2 00 54 024 915 
33 0 3 I 023. 34 .63 3 61 399· 3 3 00 81 017 2 058 
34 0 4 I 054. 35 .63 4 63 259. 9 4 00 107 986 3 659 

76 35 JI. Oii 35 I o85. 36 186o.63 35 65 120. 6 5 00 134 924 5 716 
36 I 6 l II6. 37 . 63 6 66 981. 2 6 00 161 824 8 228 

37 I 7 I 147. 38 .64 7 68 841. 8 7 ()() 188 677 II 196 
38 1 8 1 178. 39 .64 8 70 702. 5 8 00 215 477 14 619 

39 r 9 I 209.40 .64 9 72 563. I 9 00 242 214 18 494 

76 186o.64 74 423· 8 268 882 
I 

22 822 40 31. Oii 40 I 240. 41 40 IO 00 I 
41 I I 1 271. 42 .65 I I 76 284. 4 II 00 295 473 ! 27 6o1 
42 I 2 I 302. 43 .65 2 78 145. I 12 00 321 979 32 829 
43 I 3 I 333·44 . 65 3 So 005. 7 13 00 348 393 38 505 
44 I 4 I 364, 45 . 65 4 81 866. 4 14 00 374 706 44 628 

76 45 31. 011 45 I 395· 46 186o.66 45 83 727.0 15 00 400 913 51 1¢ 
46 I 6 I 426. 47 .66 6 85 587. 7 16 00 427 004 58 207 
47 I 7 I 457· 49 .66 7 87 448. 3 17 00 452 973 65 658 
48 I 8 I 488. 50 .66 8 89 309.0 r8 00 478 812 73 547 
49 I 9 I 519. 51 . 67 9 9r 16g. 7 19 00 504 514 81 874 

76 50 JI. OU 50 I 550. 52 186o.67 so 93 030.3 20 00 530 071 go 635 
51 I I I 581. 53 . 67 l 94 8g1. 0 21 00 555 476 99 827 
52 I 2 I 612. 54 • 67 2 96 75r. 7 22 00 58o 722 109 448 

53 I 3 I 643. 55 . 68 3 98 612. 3 23 00 6o5 801 119 495 

54 I 4 I 674 56 . 68 4 100 473· 0 24 00 630 7o6 r29 g65 

76 
- 1&6o.68 655 431 140 856 55 JI.OU SS I 705. 57 55 102 333· 7 2'5 00 

i 
56. I 6 I 736. 58 .68 6 104 194.4 26 00 679 967 152 163 

57 I 7 I 767. 59 .69 7 Io6 055. I 27 00 704 309 163 885 

58 I 8 I 798, 6o .6g 8 107 915.8 28 00 728 .449 176 01] 

l 59 2 9 I 829. 61 .6g 9 109 776. s 29 00 752 379 188 556 

76 6o 31. 012 6o I 86o. 62 1&6o. 6g 6o III 637. l 30 00 
j 

776 094 201 498 
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I .atitu<le 77° to 78°-Arcs of the parallel in meters. 

I i i I i I i 

I Lat. 111 2" 3'' I t" IF / 611 
) 'i" 8'' / 9" 1' I 

I- .. ----·--1-----~; ___ [ ______ 1··----f---I 
II ~07 ~ 6. 98 i 13. 96 ! 20. 94 I 27. 91 34. 89 41. 871 48. 85 55. 831 

I I • 97 i . 94 . 91 I . 88 . 85 . 82 . 79 . 76 : 
2 .961 .92 .861 .84 .8o .77 .73 .69' 

I 3 . 95 I . 90 . 88 : . 81 . 76 . 7 I . 66 . 62 

I
I 4 . 94 I . 89 . 83 I . 77 . 72 . 66 . 6o . 55 

77 05 6. 94 , 13. 87 20. 8o I 27. 74 34. 67 41. 61 48. 54 55. 48 
6 . 93 1· . 85 . 78 . 70 . 63 I . 55 . 48 . 40 I 

~ : ~: I : ~; : ~~ II : ~~ : ~! I : ~~ : j~ : ;i I 
9 . 90 I . 8o . 70 . 6o . 50 ! . 40 . 29 . 19 

6. 89 I 13. 78 20. 671 27. 56 34. 45 41. 34 48. 23 55. 12 77 IO 
II 

12 

13 
14 

77 15 
16 
17 
18 
19 

77 20 
21 
22 

23 
24 

77 25 
26 
27 
28 
29 

77 JO 
31 
32 
33 
34 

77 35 
36 
37 
38 
39 

77 40 
41 
42 
43 
44 

77 45 
46 
47 
48 
49 

77 50 
51 
52 
53 
54 

77 SS 
56 
S7 
58 
59 

77 6o 

.881 .76 .641 .53 .41 .29 .17 5.05 

. 87 I . 7 5 . 62 ' . 49 . 36 . 24 : . II 4. 98 

. 86 I . 73 . 59 . 46 . 32 I • 18 I 8. 05 I . 91 

.85 .71 .57 .42 .281 .13 7.99 .84 

6.85 13.6g 20.54 27.39 34.23 I 41.o8' 47.93 54.77 
. 84 . 68 . 51 . 35 . 19 I. 03 • 86 . 70 
. 83 . 66 . 49 . 32 I . 14 o. 91 . 8o . 63 
. 82 . 64 . 46 . z8 

1 
• IO • 92 • 7.!4 • 56 

. 81 . 62 . 43 . 2s I . o6 . 81 . 6s . 49 

6.So 13.61 
. 79 . 59 
. 78 . 57 
. 77 . 55 
. 77 . 53 

6. 76113. 52 
. 75 . 50 
. 74 .48 
. 73 .46 
. 72 .45 

6. 71 
. 71 
.70 
. 69 
. 68 

6.67 
. 66 
. 65 
. 64 
.64 

6.63 
. 62 
.61 
.6o 
.59 

6.58 
.57 
.56 
. 56 
.55 

6.54 
.53 
.52 
.51 
.50 

6.49 
.49 .,.s 
.47 
.46 

6.45 

1 3·43 
.41 
. 39 
.38 
. 36 

13.34 
.32 
. 31 
. 29 
. 27 

13.25 
. 24 
. 22 
. 20 
.18 

13. 16 
. 15 
. 13 
. II 

.09 

13. o8 
.o6 
.04 
.02 

3.01 

12.99 
.97 
.95 
.94 
.92 

12.90 

20.41 
.38 
. 36 
. 33 
. 30 

20. 28 
. 25 
. 22 
. 20 
. 17 

20.14 
.12 
.09 
.o6 
.04 

20.01 

19.98 
. 96 
. 93 
. 91 

19.88 
. 85 
. 83 
.So 
. 77 

19.75 
.72 
.6g 
.66 
.64 

19.61 
.59 
.56 
·53 
• 51 

19.48 
.46 
.43 
.40 
.38 

19.35 

27.21 
. 17 
. 14 
• IO 

.07 

27.03 
7.00 
6.96 
.95 
.89 

26.86 
.82 
.79 
. 75 
. 72 I 

26.68 
. 65 
.61 
.58 
.54 

26.51 
.47 
·4J 
.40 
.36 

<:O.jj 
.29 
.26 
• 22 

.19 

26. IS 
. 12 
.o8 
.05 

6.01 

25.gS 
·94 
.91 
.87 
.84 

25.So 

34.01 
3.97 
.92 
. 88 
.84 

33.79 
. 75 
.70 
.66 
. 62 

33.57 
.53 
.48 
.44 
.40 

33.35 
. 31 
.26 
.22 
.18 

33. 13 
.og 
.04 

3.00 

2.95 

32.91 
. 87 
. 82 
.78 
.73 

32.6g 
. 65 
.6o 
.56 
.51 

32.47 
·43 
.38 
·34 
.29 

32.25 

40.82 
.76 
. 71 
. 66 
.6o 

40.55 
.50 
. 45 
. 39 
. 34 

40. 29 
. 23 
. 18 
. 13 
.08 

40.02 
39.97 

. 92 

.86 

.81 

39.76 
. 71 
. 65 
. 6o 
. 55 

39.49 
.44 
.39 
.34 
.28 

39.23 
. 18 
• 12 
.07 

9.02 

J8.1)6 
• 91 
.86 
• 81 
. 75 

J8.70 

47.62 
.56 
. 50 
.43 
. 37 

47.31 
. 25 

: ~~ I 
.o6 

47.00 
6.94 
.88 
.82 
. 75 

46.6g 
.63 
.57 
. 51 
.45 

46.38 
.32 
.26 
.20 
. 14 

46.07 
6.01 
5.95 
.89 
.83 

45.77 
.71 
.64 
.58 
.52 

45.46 
·40 
.34 
.27 
.21 

45.15 

54.42 
. 35 
. 28 
• 21 

.14 

54.07 
4.00 
3.93 
.86 
.79 

53. 72 
.65 
.58 
.50 
.43 

53.36 
.29 
• 22 

. 15 

.o8 

53.01 
2.94 
. 87 
.Bo 
.73 

52.66 
.59 
.52 
.45 
.38 

52.31 
.24 
. 17 
·09 

2.02 

51:§§ 

. 81 
·74 
.67 

51.6o 

62.81 
. 73 
.65 
. 57 
.49 

62.41 
·~ 
. 25 
. 17 
.og 

62.01 
I. 94 
.86 
.78 
.70 

61. 62 
.54 
.46 
. 38 
.30 

61. 22 

. 14 
I. o6 
0.98 

. 91 

6o.83 
. 75 
. 67 
·59 
.51 

6o.43 
. 35 
. 27 
. 19 
. II 

6o.03 
59.96 

. 88 

.8o 
• 72 

59.64 
.56 
.48 
.40 
.32 

59.24 
. 16 
.o8 

9.00 
8.92 

58.84 
.76 
. 68 
.6o 
.53 

58.45 
. 37 
. 29 
. 21 

. 13 
58.05 

I 
418. 71 8.2 

7. 7 
7. I 
6.6 

416. I 

s.s 
5.0 
4.5 
4.0 

413.4 
2.9 
2.4 
I. 8 
1.3 

410.8 
10.3 
09.7 
9.2 
8.7 

408.2 
7. 6 
7. I 
6.6 
6.o 

405.5 
5.0 
4. 5 
3·9 
3.4 

402.9 
2. 3 
I. 8 
I. 3 
o.8 

400.2 
399.7 

9.2 
8.6 
8. I 

397.6 
7· I 
6.5 
6.o 
s. s I 

394.9: 
4.4 
3.9 
3.4 
2.8 

392.3 
I. 8 
I. 2 

0.7 
90.2 

38g.6 
9.1 
8.6 
8. I 

7.5 
387.0 

,, ~~-1-5' 
837 · ~ 11256. I 1674. 81 

6. 4 , 4. s 2. , I 
5. 3 I 3· o 10. 6 
4· 3 s I. 4 68. 5 
3· 2 49· 8 6. 4 ' 

832. I 
I. I 

30.0 
29.0 
7.9 

826.9 
5.8 
4.8 
3.7 
2.6 

821. 6 
20. 5 
19.5 
8.4 
7.4 

816.3 
5.2 
4.2 
3· I 
2. I 

811.0 
IO.O 

08.9 
7.9 
6.8 

8o5. 7 
4.7 
3.6 
2.6 
I. 5 

Soo.5 
799.4 

8.3 
7.3 
6.2 

795· 2 

4. I 

3.0 
2.0 

90·9 
789.9 

8.8 
7.8 
6.7 
5.6 

78+6 
3.5 
2.5 
1.4 

So.4 

779.3 
8.2 
7.2 
6. I 

5. I 
774.0 

1248.2 
6.6 
5.0 
3.5 
I. 9 
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Latitude 77° to 78°-Meridional arcs. Latitude 77°-Co·ordinates of curvature. 
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Latitude 78° to 79°-Arcs ot the parallel in meters. 
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Latitude 78° to 79°-Meridional arcs. Latitude 78°-Co-orclinate> of currnture. 
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latitude. I ·a ue 0 1 latitude. I 

I 

--- --~----- ··-
I 

0 f ,Vetcrs. 
i 

II J/etcrs. i :Jfeters. f 11/eters. 0 I .lfcters. .Jlcters. I 
78 00 31. 014 ! 186o.83 

- l 4 ! I 31. 01 i . 84 I I 860. 8 0 I 387.0 O. I 
i 

2 4 ! 2 62. 03 

I 
. 84 2 3 721. 7 2 774.0 0.2 

3 4 i 3 93.o+ . 84 3 5 582. 5 3 l 161. 0 0.5 I 

4 4 4 I 124. 06 I . 84 4 7 443. 4 4 I 548. 0 0.9 

78 05 31. 014 5 i 155.07 ! 1860.84 5 9 304. 2 0 5 I 935· 0 I. 4 
' 6 4 6 186.09 

I 
. 85 6 II 165. 0 6 I 2 322. 0 2.0 

7 4 7 217. 10 . 85 7 13 025.9 7 i 2 709. 0 2.7 ; 

8 4 8 248. 12 i . 85 8 14 886. 7 8 3 096. 0 3· 5 
9 4 9 279. 13 I . 85 9 16 747. 6 9 3 483. 0 4 5 

I 
78 IO 31. 014 10 310. 15 186o.86 10 18 6o8. 4 0 IO 3 870. 0 5 5 

II 4 I 341- 16 . 86 I 20 469. 3 15 5 805. 0 12.4 
12 4 2 372. 18 .86 2 22 330. 2 20 7 740. 0 22.0 

13 4 3 403. 19 .86 3 24 191. 0 25 9 675. 0 34-4 
14 4 4 434. 21 . 86 4 26 051. 9 30 II 6IO. 0 49.6 

78 15 31. 014 15 465.22 186o.87 15 27 912. 8 0 35 13 544· 9 67 4 
16 4 6 496.24 . 87 6 29 773- 6 40 15 479. 8 88. I 

' 17 5 7 527· 25 - 87 7 31 634.5 45 17 414. 7 III. 5 
18 5 8 558.27 . 87 8 33 495. 4 50 19 349. 5 137.6 
19 5 9 589.28 . 88 9 35 356. 2 55 21 284. 3 166. 5 

78 20 31. 015 20 620.30 186o.88 20 37 217. l I 00 23 219. I 198.2 
21 5 I 651. 31 - 88 I 39 078. 0 05 25 153. 8 232. 6 
22 5 2 _682. 33 . 88 2 40 938. 9 10 27 088. 4 269.8 

23 5 3 713.34 . 88 3 42 799. 8 15 29 023. 0 309.7 
24 5 4 744.36 .89 4 44 66o.6 :w 30 957. 6 352.4 

78 25 31. 015 25 775. 37 186o.89 25 46 521. 5 I 25 32 8<)2. I I 397· 8 
26 5 6 806.39 .89 6 48 382.4. 30 34 826. 5 

I 445.9 
27 5 7 837.40 . 89 7 50 243. 3 35 36 76o. 8 496.9 
28 5 8 868.42 .go 8 52 I04. 2 40 38 695. I 

I 550. 5 
29 5 9 899.43 .90 9 53 965. I 45 40 629. 3 6o6.9 

78 30 31. 015 30 930.45 . '1860. go 30 55 826. 0 l 50 42 563. 4 666, I 

31 5 I 961.46 .go I 57 686. 9 55 44 497. 4 728. I 

32 5 2 992. 48 .go z 59 547. 8 2 00 46 431 i93 
33 5 3 I 023. 49 .91 3 6r 408. 7 3 00 69 630 I 784 

34 5 4 I 054. 51 .91 4 63 269. 6 4 00 92 809 3 170 

78 35 31. 015 35 I 085. 52 186o.9r 35 65 130. 5 5 00 II5 96o 4 95z 
36 5 6 I 116. 54 . 91 6 66 991. 4 6 00 139 078 7 129 

37 5 7 I 147. 55 .91 7 68 852. 4 7 00 162 155 9 701 
38 5 8 I 178.57 . 92 8 70 713. 3 8 00 185 185 12 665 

39 5 9 I 20<). 58 . 92 9 72 574. 2 9 00 208 16o ! 16 023 
: 

78 40 31. 015 40 I 240. 6o 186o.92 40 74 435- I IO 00 231 076 19 773 
41 5 I I 271.61 .92 I 76 296. 0 II 00 253 923 ; 23 913 
42 5 2 I 302. 63 . 93 2 78 157. 0 12 00 276 697 28 442 

43 5 3 I 333· 64 . 93 3 80017. 9 13 00 299 390 33 36o 

44 5 4 I 364. 66 .93 i 4 81 878. 8 14 00 321 996 38 664 

78 45 31. 016 45 I 395· 67 186o.93 45 83 739· 7 15 00 344 509 44 353 
46 6 6 I 426. 69 .93 6 85 6oo. 7 16 00 366 920 50 426 

47 6 7 I 457· 70 .94 7 87 461. 6 17 00 389 225 56 881 

48 6 8 I 488. 72 .94 8 89 322. 6 18 00 411 416 63 715 

49 6 9 I 519. 73 -94 9 91 183. 5 19 00 433 488 70 927 

78 50 31. 016 50 I 550. 75 186o.94 50 93 044.4 20 00 455 433 
78 515 
86 477 

51 6 I I 581. 76 ·.94. I 94 905. 4 21 00 477 245 94 809 
52 6 2 I 612. 78 -95 2 96 766. 3 22 00 498 918 103 511 
53 6 3 I 643. 79 .95 3 98 627. 2 23 00 520 446 112 579 
54 6 4 I 674. 81 . 95 4 100 488. 2 24 00 541 822 

78 55 31. 016 55 I 705. 82 i86o. 95 55 102 349· I 25 00 563 041 122 010 

56 6 6 I 736. 84 . 95 6 I04 210. I 26 00 584 095 1:)1 802 

57 6 7 I 767. 85 .96 7 106 071. I 27 00 6o4 979 I 141 952 

58 6 8 I 798. 87 .96 8 107 932. 0 28 00 625 686 152 457 

59 6 9 I 829. 88 .96 9 109 793· 0 29 00 646 212 163 314 

78 6o 31. 016 tic> I 86o. go i 186o.96 60 111 653. 9 30 00 I 666 549 174 520 

I I 
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--- ---- --- -

Latitude 79° to So0 -Arcs of the parallel in meters. 

--- ------· -------

·i I I 
at. 1'' 2'" 3'' <l" an (I'' I i" ' 8" 9" 1' 2' I 3' -l' S' i 

i 
I l I I 

L 

---·~· - - ---·-·------· ~-·-~ --i--1~~-- ---··· 
, ______ -- -. 

I 
I 

' I i 
9 00 5.92 I I. 84 17. 76 ' 23.68 :9.6o 35.52 41.441 47.36 53.28 355.2 710· 4 I 1065.5 1420. 7 1775·9 

I . 91 : • 82 . 73 • . 64 .55 .46 .38 I .29 . 20 -. 4.6 9· 3 I 3.9 18.6 3.2 
2 .go; • So . 71 , 61 I . 51 .41 .31 I . 22 . 12 4· I 8. 2 I 2.3 6. 5 70.6 
3 .89 . ·79 .68 . 57 . 47 . 36 . 25 I . 14 3.04 3.6 7-2 I 6<:>.7 4. 3 67.9 
4 . 88 : .77 . 65 . . 54 ' .42 . 31 .07 2.96 3. I 6. I ! 59.2 2. z 5·3 

l 
. 19 i 

9 05 5. 88 . l I. 75 17. 63 . 23. 50 : 29.38 35.25 41. 13 47.00 52.88 352.5 705.0 1057.6 1410. I 1762. 6 
6 • 87 I .73 . 6o . 47 . 33 . 20 .06 6.93 . 80 2.0 +o 6.o 08.0 59.9 
7 .86 . 72 .57 . 43 ' . 29 . 15 1.00 . 86 . 72 I. 5 2.9 4.4 5.8 7.3 
8 . 85 .70 .55 . 39 ' . 24 .09 0.94 .79 . 64 0.9 I. 8 2.8 3. 7 _4.6 
9 .84 .68 .52 . 36 I '20 5.04 .88 . 72 .56 50.4 700. 8 I 51. 2 401. 6 52.0 

0 

IO 5.83 I I. 66 17.49 23. 32 I 29. 16 34.99 40.82 [ 46.65 52.48 349·9 699.7 1049.6 1399·4 1749.3 
11 . 82 .64 . 47 . 29 . . II ·93 .76 .58 .40 9.3 8. 7 8.o 7. 3 6. 7 
12 . 81 .63 .44 . 25 '07 .88 . 69 . 51 • 32 8.8 7.6 6.4 5.2 +o 
13 .8o .61 . 41 . 22 9.02 .83 .63 .43 I . 24 8.3 6. 5 4.8 3· I 41. 3 
14 .8o .59 .39 . 18 ; 8.98 '77 . 57 • 36 I .16 7.7 5.5 3.2 go.9 38.7 

9 15 5. 79 l I. 57 17.36 23. 15 28.93 34.72 40.51 46. 29 f 52.08 347.2 694.4 1041. 6 1388.8 1736.0 
16 .78 .56 ·33 •II '89 .67 .45 • 22 2.00 6. 7 3·3 40.0 6.7 3.4 
17 .77 .54 . 31 .08. . 85 .61 .38 . 15 I. 92 6. I 2.3 38.4 4.6 30. 7 
18 .76 .52 . 28 .04 .80 .56 .32 .08 . 84 5.6 1.2 6.8 2.4 28.0 
19 . 75 .50 . 25 3.01 

i 
.76 .51 .26 6.01 .76 5. I go.z 5.2 80. 3 5.4 

79 

7 

9 20 S· 74 : I I. 48 17.23 22. 97 ! 28.71 34.45 40.20 45.94 51. 68 344. 5 689. I 1033.6 1378.z 1722. 7 
21 . 73 ! • 47 .20 . 93 . 67 .40 . 14 . 87 '6o 4.0 8.o 2.0 6.o 20. I 

22 . 72 1 . 45 . 17 · 90 r . 62 . 35 .07 .80 . 52 3.5 7. 0 30.4 3.9 17.4 
23 . 72 . 43 . 15 .86 i .58 .29 40.01 . 73 .44 2.9 5.9 28: 8 71.8 4· 7 
24 . i1 I . 41 .12 . 83 ·53 .24 39.95 . 66 . 36 2.4 4.8 7. 2 6g.7 I:'. I 

7 

9 25 5.70 II. 40 17.og 22.79 28.49 34· 19 39.89 45· 58 51. 28 341. 9 683.8 1025.6 1367.5 1709.4 
26 . 69 .38 .07 .76 .45 .14 .83 . 51 .20 I. 4 2.7 4.1 5.4 6.8 
27 . 68 . 36 .04 . 72 .40 .08 .76 .44 .12 o.8 I. 6 2.5 3. 3 4· l 
28 . 67 . 34 7.01 . 69 . . 36 4.03 .70 • 37 1.b4 40.3 8o.6 20.9 61. I 701. 4 
29 . 66 . 33 6.99 . 65 . 31 3.98 .64 .30 0.96 39.8 79.5 19.3 59.0 6g8 8 

7 

9 30 5. 65 ! I I. 31 16.96 22.61 28.27 33.92 39.58 45.23 50.88 339.2 678.4 1017.7 1356.9 1696. I 

31 .64 .29 . 93 .58 . 22 '87 .51 . 16 .8o 8.7 7.4 6. l 4.8 3· 4 
32 .64 .27 . 91 .54 . 18 I .82 .45 .og . 72 8.2 6.3 4. 5 2.6 90. 8 
33 . 63 . 25 .88 . 51 • 14 I .76 .39 5.02 .64 7.6 5.2 2.9 5o. 5 88. I 

34 . 62 . 24 . 85 . 47 . 09 . 71 .33 4.94 .56 7. I 4. 2 I I. 3 48.4 5.4 

35 5.61 11. 22 16.83 22.44 28.05 33.66 39.27 4'1--87 50.48 336.6 673. I 1oog. 7 1346.2 1682.8 
36 .oo I . 20 .8o .40 8.oo .6o .20 .8o .40 6.o 2. I 8.1 4.1 8o. I 

37 .59 .18 .78 . 37 7.96 . '55 .14 .73 ·33 5.5 71. 0 6.5 42.0 77.5 
38 . 58 1 . 17 . 75 .33 . 91 .50 .o8 .66 .24 5. 0 69.9 4.9 39.9 4.8 
39 . 57 : ' I 5 .72 . 30 . 87 ·44 9.02 ·59 . 17 4.4 8.9 3·3 7.7 72.2 

79 

40 5. 57 I II. 13 16. jO 22.26 27.83 33.39 38.96 44· 52 50.og 333·9 667.8 1001. 7 1335.6 166g.5 
41 . 56 i • 11 . 67 • 22 . 78 ·34 .89 .45 50.00 3.4 6.7 IOOO. I 3.5 6. 8 
42 . 55 . . og .64 . 19 . 74 .28 .83 . 38 49·93 2. 8 5.7 998.5 31. 3 4. 2 
43 . 541 .08 .62 . 15 . 69 . 23 .77 . 31 . 85 2.3 4.6 6.9 29.2 61. 5 
44 . 53 .o6 . 59 • 12 . 65 .18 .71 . 23 .76 I. 8 3.5 5.3 7. 1 58.8 

45 5.52 11.04 16.56 22.o8 27.6o 33. 12 38.64 44. 16 49.6g 331. 2 662.5 993.7 1324. 9 1656. 2 
46 . 51 .02 ·54 .04 .56 .07 .58 .og . 61 0.7 I. 4 2. I 2.8 3. 5 
47 .50 I. 00 .51 2.01 . 51 3.02 .52 4.02 .52 30.2 6o.3 go.5 20.7 50.8 
48 .49 0.99 .48 I. 98 .47 2.96 .46 3.95 .45 29.6 59.3 88.9 18. 5 48.2 
49 .49 . 97 .46 .94 ·43 .91 ·39 . 88 . 37 9.1 8.2 7.3 6.4 5. s 

79 

79 

50 5.48 10.95 16.43 21. 91 27.38 32.86 38.33 43.81 49.29 328.6 657.2 985.7 1314.3 1642.9 
51 .47 ·93 .40 . 87 .34 .8o . 27 .74 . 21 8.o 6. I 4.1 2.2 40.2 
52 .46 • 92 .38 .83 . 29 . 75 .. :n . 67 • 13 7.5 5.0 2.5 IO.O 37-5 
53 .45 ·90 . 35 .8o . 25 .70 .14 .6o 9.05 7.0 3.9 8o.9 07.9 4.9 
54 .44 .88 .32 • 76 .20 .64 .o8 .53 8.97 6.4 2.9 79.3 5.8 32.2 

i9 

55 5.43 I0.86 16.30 21.73 27. 16 32. 59 38.02 43.45 48.8g 325.9 651. 8 977.4 1303.6 1629.5 
56 ,42 .85 '27 .6g '12 ·54 '14• .38 . 81 5·4 5o. 7 6. [ 301. s 6.9 
57 .41 . 83 .24 .66 .07 .48 .90 . 31 . 73 4-8 49.7 4.5 z99.4 4.2 
58 .41 . 81 . 21 .62 7.03 :1i .83 ·24 .65 4•i 8.6 2.9 7. 2 21. s 
59 .40 . 79 . 19 .58 6.98 .77 • 17 . 56 3. 7, s 71,'3 5.1 i8. 8 
6o 5·39 10.77 J6. 16 21. SS 26.94 32.JZ 37.71 43• IO 48.49 323.21 646.5 !fog. 7 1293.0 1616.2 

79 

79 
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I 

Latitude 79° to 80°-Meridional arcs. Latitud~ 7 

Lat. 
--~---- -~------

Value of 1" 
Sums of seconds for middle ! \"alue of 11 ' Sums of minutes for middle 

Longitude. latitude. I latitt:<le. 
I 

! ! '------

9°-Co-ordinat:.:f_c~rva~ur~ __ ! 

x y i 
! -----------

0 I M'ters. fl ,Yfeters. Meters. , llfeters. 0 , 
. 79 00 31. '016 186o.96 • I 6 I 31.02 . 97 I I 861. 0 0 I 

I 2 6 2 62.03 i . 97 2 3 72 1. 9 2 

I 3 6 3 93.05 . 97 3 5 582. 9 3 
I 4 6 4 124.07 .97 j 4 7 443· 9 4 

Meters. lrleters. 

355.2 0.1 
710. 3 0.2 

I o65. 5 0. 5 
1 420. 7 o.8 

79 05 31. 016 5 155.09 
i 

186o.97 5 9 304. 8 0 5 
6 6 6 186. 10 

I 
.98 6 II 165. 8 6 

7 6 7 217. 12 ' .98 7 lJ 026. 8 7 
8 6 8 248. 14 .98 8 14 887. 8 8 
9 6 9 279. 15 .98 9 16 748. 8 9 

I 79 10 31. 016 10 310. 17 186o.98 IO 18 6og. 7 0 IO 

II 6 l 341. 19 . ·99 l 20 470. 7 15 
12 6 2 372. 20 .99 2 22 JJI. 7 20 
13 6 3 403.22 ·99 3 24 192. 7 25 
14 7 4 I 

434.24 .99 4 26 05J. 7 30 

79 15 31. 017 15 465.26 186o.99 15 27 914. 7 0 35 
16 7 6 

I 
496.27 I. 00 6 29 775. 7 40 

17 7 7 527.29 I' .00 7 31 636. 7 45 
18 7 8 558.31 .00 8 33 497. 7 50 
19 7 9 589.32 .oo 9 35 358. 7 55 

I 775· 9 I. 3 
2 !JI. I I. 8 
2 486. 2 2.5 
2 841. 4 ' ry J·-
3 196. 6 4. l 

3 551. 8 5· I 
5 327. 6 I I. 4 I 

7 103· 5 :fo. 3 
8 879. 3 JI. i 

10 655. 2 45 G 
12 431. 0 62. I 
14 206. 8 St. I 

15 982. 5 102. 7 
17 758. 2 126. 8 
19 533. 9 153.4 

79 zo JI. 017 20 620.34 1861. 00 20 37 219. 7 I 00 
21 7 I 651. 36 .01 I 39 o8o. 7 05 
22 7 2 682.38 . 01 z 40 94!. 7 IO 

23 7 3 713.39 .Ol 3 42 802. 7 15 
24 7 4 744.41 .or 4 44 663. 7 20 

21 309. 6 182. 5 
23 085. 2 :!I+ 2 

24 86o. 7 248. 5 
26 636. 2 285. 2 

28 411. 7 324. s ·, 

79 25 31. 017 25 775.43 1861. or 25 

I 
46 524- 7 I 25 

26 7 6 8o6:44 .02 6 48 385. 8 30 
27 7 7 837.46 .02 7 50 246. 8 35 
28 7 8 868.48 .02 8 I 52107.8 40 
29 7 9 899.49 .02 9 53 968. 8 45 

JO t8j. I 366.4 
31 962. 4 4IO. i 
33737.6 457.6 
35512.8 507.0 
37 288. 0 559.0 

79 30 31. 017 30 930.51 1861. 02 30 55 829. 8 I 50 
JI 7 I 961. 53 .03 I 57 690.9 55 

39 063. 0 613.5 
40 838. 0 670.6 

32 7 2 992.55 .03 2 59551.9 2 00 

33 1 3 I 02J. 56 .03 3 61 412. 9 3 00 

34 7 4 l 054. 58 .03 4 63 274. 0 4 00 

42 613 730 
63 904 I 643 
85 176 z 920 

79 35 JI. 017 35 I 085. 6o 1861. 03 35 65 135. 0 5 00 

36 7 6 l tr6. 61 .04 6 66 996. 0 6 00 

J7 7 7 I 147.63 .04 7 68 857. I 7 00 

38 1 8 l 178. 65 .04 8 70 718. l 8 00 

106 423 4 561 
1z7 639 6 56G 
148 817 8 931 
169 95z II 665 

I J9 7 9 [ 209. 67 .04 9 72 579. 2 9 ()() 191 036 14 758 

I 79 40 JI. 017 40 I 240. 68 1861. 04 40 74 440. 2 IO 00 

41 7 I I 271. 70 .05 I 76 301. 2 II 00 

42 7 2 l 302. 72 .05 2 78 162. 3 12 00 

43 1 3 I 333· 73 . 05 3 8o 023. 3 13 00 

44 8 4 I 364. 75 .05 4 81 884. 4 14 00 

212 065 18 211 
233 OJI 22 024 

253 929 26 195 
274 7 53 30 7Z4 
295 496 35 6o9 

79 45 JI. 018 45 1 395· 77 1861. 05 45 83 745. 4 15 00 

46 8 6 I 426. 79 .06 6 85 6o6. 5 16 ()() 

316 152 40 849 
336 715 46 442 

47 8 7 I 457· So .06 7 87 467. 6 17 00 

48 8 8 I 488. F2 II . 06 8 89 328.6 18 00 

49 8 9 I 519. 84 :i . 06 9 91 189. 7 19 00 

357 r8o 52 386 
377 540 58 68o 
397 788 65 322 

79 50 JI. 018 50 I 550. 85 I 1861. 06 50 93 050. 7 20 00 

51 8 l I 581. 87 .06 I 94 9II. 8 21 00 

52 8 2 I 612. 89 
I . 07 2 96 772. 9 22 00 

I 

53 8 3 1643.90 i .07 3 98 633. 9 23 00 

54 8 4 I 674. 92 

i\ 

. 07 4 100 495.0 24 00 

79 55 31. 018 SS I 705. 94 1861. 07 55 102 356. l 25 00 

56 8 6 r 736. 96 .07 6 104 217. I 26 00 

57 8 7 l 767. 97 11 
. .08 7 1o6 078. 2 27 00 

58 8 8 I 798. 99 :j .08 8 107 939. 3 28 00 

59 g 
~ 

I 830. 01 .08 9 109 8oo.4 29 00 
! 

79 6o 31.m8 I 861. 02 ! 1861. 08 6o III 661.4 30 00 
i 

417 920 72 310 
437 93° 79 641 
457 81 I 87 315 
477 557 95 328 
497 164 103 678 

516 624 112 362 
535 933 121 379 
SSS o84 130 725 
574 073 140 398 
592 893 150 395 
6II 539 16o 713 

--------------~..! 
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'~·_ L''' 
o I 

[::i 00 5· :9 
I . 38 
~ . 3i 
3 . 36 
4 . 35 

So c5 5. 34 . 
6 . 33 : 
7 . 33 j 

0 . 32 : 
9 .31 

SoIO 5.30, 
ti . 29 
12 . 28 
13 . 27 
14 . 26 

So 15 5· 25 ' 
16 . 25 ' 
17 . 24 ' 
18 . 23 
19 • 22 

80 ZO 5· Zl 
21 . 20 
n . 19 
23 . 18 
24 . 17 

So 25 5· 17 I 

26 . 16 ; 
27 ·I 5 i 
28 .14 
29 . 13 

8o30 5.12, 
31 . II _ 

32 . 10 : 

33 . oq ' 
34 . 08 

80 35 5. 08 ' 
36 . 07 ' 
37 . o6 
38 . 05 
39 .04 

80 40 
41 
42 

43 
44 

So 45 
46 
47 
48 
49 

8o 50 
5r 
52 
53 
54 

So 55 
56 
57 
58 
59 

8o 6o 

5.03 ' 
.oz 
. 01 
.oo 

5.00 
4.99 

. 98 

. 97 

. 96 

. 95 

4.94 
.931 
. 92 
. 92 
. 91 

4.90 
.89 
. 88 
.87 
.86 

4.85 

2" 3" 

10. 77 16. 16 
. 76 . 13 
· 74 ·II 
. 7~ . 08 
. 70 .06 

JO. G9 ', 16. 03 I 

. 67 ' 6. 00 : 

.65' 5.98 

. 63 . 95 

. 61 . 92 

JO. 6o 
. 58 
.56 
.54 
. 53 ; 

10. 51 

·49 
. 47 
. 45 
. 44 

10.42 
.40: 
'38 ; 
·37 
'35 

10.33 
. 31 
. 29 
. 2S 
.26 

10.24 
. 22 
. 21 
. 19 
· 17 I 

10. 15 : 
• 13 ! 
. 12 1

1 

• IO I 

.08 I 

10.061 
.05 ' 
.03 i 

IO.OJ ' 

9·99 

9.97 
.96 
.94 
.92 
.90 

9.89 
• 87 
. 85 
.83 
.81 

9.8o 
.78 
• 76 
. 74 
• 72 

9· 71 

15. <JO • 
• 87 I 

. 84 ' 

. 82 : 

. 79 
15. 76 

.74 

. 71 : 

. 68 ' 

. 66 

15.63 
.6o 
. 58 
·55 
.52 

15.49 
. 47 
. 44 
. 41 
. 39 

j 

15. 36 I 

. 33 / 

. 31 ; 

. 28 : 

. 25 
15. 23 

. zo 
. 17 
, I 5 
. l2 

15· 09 ' 
. 07 
.04 

5.01 
4. 99 

14. 96 ! 

'93 
. 91 
. 88 
. 85 

14.83 
'8o .. , II 

. 75 ' 

.72 
14.69 

. 67 

.64 

. 61 

.59 
14.56 

2 1. 55 , 'I • 48 I 

.44 

.41 

21. 37 
. 34: 
.30 
':.:7 
.23 

ZI. 19 
'J(l 
. 12 

.09' 
· 05 I 

21. 02 : 

0.98 I 

. 95 ' 

. 91 I 

'87 ' 
I 

20. s4 I 

.So! 

. 77 

.73 

. 70 ' 

20.66 i 
. 62 I 
. 59 I 
. 55 1 

.52 

20.48 
. 45 i 
.41, I 

. 3.S i 

. 34 

10.30 

• :.:7 
. :3 
.:o 
. 16 

20. 13 ' 
.09 ' 
. 05 : 

20. 02 ' 

19. 98 

19.95 
. 91 ! 

. 88 

. 84 ' 

. 81 ' 

19.77 
. 73 
.70 
. 66 
. 63 

19·59 
. 56 
.52 
.48 
.45 

19 .• p 

Latitutlt 80° 10 81°-Arcs of the parallel in meters. 

6'' 8" 9'' 1' 2' 3' 4' 3' 

-··----- --- ---·----·---- ___ I__ 1------ ____ ! ______ _ 

26.94 
. ~9 
'85 
. So · 
. 76 

:6.72 
. 07 
. 63 
.59 
.54 

26.49 
.45 
.40 ! 

.36 
'31 : 

26. 27 i 

'23 : 
'18: 
. 14 
'OC) ' 

26. 05 ! 
6.oo i 

5. 96 • 
. 92 ' 
. 87 ' 

25. 83 : 
. i8 I 
. 74 : 
.69 ' 
· 65 i 

25. 6o ' 
.56 
. 51 
· 47 I 

4' ' 

25. 38 i 
. 3.f ' 
.:9 
. 25 
.20 

25. 16 • 
• 11 : 
.07 : 

5.02 

4.98 

24.94 
. 89 
. 85 
.So 
. 76 

24.71 
.67 
.62 
.58 
·53 
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Latitude 80° to S1°-Meridional arcs. Latitude 8o0 -Co-orclinates of curvature. 
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817. 4 
5.8 
4.2 
2.6 

II. 0 

8<>9·4 
7. 8 
6.2 
4.6 
3.0 

Soi. 3 
799.7 

8. I 
6.5 
4· 9-

793·3 
I. 7 

90· I 
88. 5 
6.9 

785. 3 
3·7 
2.0 

So.4 
78.8 

777- 2 

1143.4 
41. 3 
39· 1 

7.0 
4·9 

1132. 7 
30.6 
28.4 
6.3 
4.2 

II22. 0 
19.9 
7.7 
5.6 
3.5 

JIII.3 
09.2 
7.0 
4.9 
2.7 

1100.6 
098.5 

6.3 
4.2 

92.0 

1o8g.9 
7.7 
5.6 
3.5 

81. 3 

1079.2 
7.0 
4·9 
2.7 

70.6 
1068.5 

6.3 
4.2 

62.0 
59·9 

1057.7 
5.6 
3·5 

51. 3 
49.2 

1047. 0 
+9 
2. 7 

40.6 
38.4 

1036. 3. 

1456. 0 

3.3 
50. 7 
48.0 
5.3 

1442. 6 
40.0 
37.3 
4.6 

. 31. 9 

1429.3 
6.6 
3·9 

21. 2 

18.6 

1415. 9 
3.2 

10.5 
o7.9 
5.2 

1402.5 
399.8 

7. 2 
4.5 

91. 8 

1389. I 

6.5 
3.8 

81. l 

78.4 

1375.7 
3· I 

70.4 
67.7 
5.0 

1362. 4 
59.7 
7.0 
4.3 

51. 7 

1349.0 
6.3 
3.6 

40.9 
38.3 

1335. 6 
2.9 

30.2 
27.5 
+9 

1322. 2 

19. s 
6.S 
4.1 

11. s 
13o8.8 

6. I 

3.4 
3o0.7 
298. f 

1295. 4 
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Latitude 81° to 82°-Meridional arcs. Latitude 81°-Co-ordinate5 of curvature. 

---- ---- -- -- -~ 

Lat. i' I Sums of minutes for middle 
I 

Value of 111 Sums of seconds for middle I Value of 1' Longitude. x \' 
latitude. I latitude. 

I I '1 

I I 
-1 -----< 

I 

I 
'1 

i I 0 I JJleiers. II Jlfeten. 

I 
Meten. I Meters. 0 I JJ!eurs. fofeters. 

I i 
81 00 31.020 1861. 19 ! i I 

j 

. I I 861. 2 
I 

l 0 I 31.02 .19 I 0 I 291. 2 0.0 I 

2 0 2 62.04 I .19 

I 
2 3 722· 4 2 I 582.4 

I 
o. 2 

! 
3 0 3 93.o6 ! .20 3 5 583. 6 3 :! 

S73.6 0.4 

4 0 4 124.08 
I 

.20 4 7 444· 8 4 I I 164. 8 I 0.7 
I 

SI 05 Jl. 020 5 155. 10 1861. 20 
I 5 9 3o6.o 0 5 ', I 456. 0 I I. 0 

6 0 6 186.12 .20 6 II 167. 2 6 I 747· 2 I. 5 

7 0 7 217. 14 .20 7 13 028. 4 7 2 038. 4 2.0 
8 0 8 248.17 .20 8 14 889. 6 8 I 2 329. 6 2.7 

9 0 9 279.19 . 21 9 16 750. 8 9 2 620. 8 3- 4 

81 10 31. 020 IO 3ro. 21 I 1861. 21 IO 18 6r2. o 0 IO 2 912. 0 4· 2 

ll 0 I 341. 23 . 21 I 20 473. 2 15 4 368. 0 9.4 
12 0 2 372.25 . 21 2 22 334· 4 20 5 824. 0 16. 7 

13 0 3 4°3· 2 7 . 21 3 24 195. 6 25 7 28o. 0 26. I 
I 

14 0 4 434.29 . 21 4 26 056. 8 30 8 736. 0 37.6 

81 15 JI. 020 15 465.31 1861. 22 15 27 918. 0 0 35 IQ 191. 9 5r. z 
16 0 6 496.33 . 22 6 29 779. 3 +o II 647. 9 66.9 

17 0 7 527. 35 . 22 7 31 640. 5 45 13 !OJ. 8 84. 7 
r8 0 8 558.37 • 22 8 33 501. i 50 14 559· 6 zo+ 6 
19 0 9 589.39 • 22 I 9 35 362, 9 55 16 015. 5 126. 5 

81 20 31. 020 20 620.41 1861.22 20 37 224. I I QO 17 471. 3 150.6 
21 0 I 651. 43 . 23 I 39 085.4 05 18 927. I 176.7 
22 0 2 682. 45 .23 2 40 946.6 JO 20 382. 8 205.0 

23 0 3 713.48 . 23 3 42 807.8 15 21 838. 5 235·3 
24 I 4 744. 50 • 23 4 44 669.0 20 23 294. 2 267. 7 

81 25 31. 021 25 775. 52 1861. 23 25 46 530.3 I 25 24 749· 8 302.2 
26 I 6 8o6.54 • 23 6 48 39r. 5 30 26 205. 3 338.8 
27 I 7 837.56 . 24 7 50 252. 7 35 27 66o. 8 377. 5 
28 I 8 868.58 . 24 8 52 114. 0 40 29 116. 3 418.3 
a<) I I 9 899.0o . 24 9 53 975. 2 45 30 57r. 7 46r. 2 

I 

81 30 31. 021 I 30 930. 62 1861. 24 30 55 836. 5 1 50 32 027. 0 5o6. I 

31 I I l 961. 64 . 24 I 57 697. 7 55 33 482. 2 553.2 
32 I 2 992.66 • 24 2 59 558.9 2 00 34 937 6o2 

33 I 3 I 023. 68 . 24 3 61420.2 3 00 52 393 I 355 

34 I 4 I 054. 70 . 25 4 63 281. 4 4 00 69 833 2409 

81 35 31.021 35 I 085. 72 1861. 25 35 65 142. 7 5 00 S7 253 3f'63 
36 I 6 I 116. 74 . 25 6 67 oo3. 9 6 00 104 646 5 417 

37 I 7 I 147. 76 . 25 7 68 865. 2 7 00 122 009 7 370 
38 I 8 I 178. 79 . 25 8 70 726.4 8 00 139 335 9 623 

39 I 9 I 209. 81 . 25 9 72 587. 7 9 00 156 620 12 174 

81 40 JI. 021 40 I 240. 83 1861.26 40 74448.9 IO 00 173 858 15 022 

41 I I 1271.85 . 26 I 76 310. 2 II 00 191 044 18 168 

4Z I 2 I 302. 87 . 26 2 78 r71. 5 12 00 208 174 21 6o9 

43 I 3 I 333· Sg .26 3 8o 032. 7 13 00 225 242 25 344 

44 1 4 I 364. 91 .26 4 81 894. 0 14 00 242 243 29 3i4 

81 45 31. 021 45 I 395· 93 1861. 26 45 83 755· 2 15 00 259 172 33 696 

46 I 6 I 426. 95 . 27 6 85 616. 5 16 00 276 024 38 309 

47 I 7 I 457· 97 . 27 7 87 477.8 17 00 292 794 43 212 

48 I 8 I 488. 99 . 27 8 89 339· 0 18 00 309 477 48 403 

49 I 9 I 520. 01 . 27 9 91 200. 3 19 00 326 068 53 881 

81 50 31. 02[ 50 i ssr. o3 1861.27 50 93 o6I. 6 20 00 342 562 59 644 

I SI I 1 I 582.05 . 27 I 94 922. 9 21 00 35S 954 05 691 

l 
52 I 2 I 613. 07 . 27 2 96 784. I 22 00 375 240 72 019 

53 I 3 I 6.\4.10 .28 3 98 645. 4 23 00 391 414 78 627 

54 I 4 I 675.12 .28 4 100 5o6. 7 24 00 407 472 . 85 513 

81 55 ~I. 021 55 I 7o6. 14 1861. 28 55 102 368. 0 25 00 423 408 92 675 

56 I 6 I 737. J6 .28 6 104 229. 3 26 00 439 219 100 ]JO 

57 I 7 I 768.18 .28 7 106 "90· 5 27 00 454 goo 107 817 

58 I 8 1 799. ZO 
I .28 8 !07 95r. 8 28 00 470 445 115 793 
I 

59 I 9 I 830. 22 

I 
·29 9 Iog 813. I 29 00 485 850 !;?-{ 036 

i 81 6o 31. 0:31 6o [ 861. 24 1861. 29 6o III 674. 4 30 00 501 Ill 132 543 
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Lat. 

O I 

S2 oo 

2 

3 
4 

82 05 
() 

7 
8 
9 

82 10 
II 

12 

IJ 
14 

82 15 
10 
17 
18 
19 

82 20 
21 
22 

23 
24 

82 25 
26 
27 
28 
29 

82 30 
31 
32 
33 
34 

82 35 
36 
37 
38 
39 

82 40 
41 
42 
43 
44 

82 45 
46 
47 
48 
49 

82 50 
51 
:;2 

53 
54 

82 55 
56 
57 
58 
59 

82 6o 

1" 

4.32 
. JI 
.30 
. 29 
. 28 

4.27 
. 26 

. 26 

. 25 

. 24 

4.23 
. 22 

. 21 

.20 

. 19 

+ 18 
. 18 
. 17 
. 16 
. 15 

4. 14 
. 13 
. 12 
. II 

• I.O 

4.09 
.09 
.08 
. 07 
.06 

+05 
.04 
. 03 
. 02 
.01 

4.01 
4.00 
3.99 

. 98 

. 97 

3.96 
. 95 
.94 
. 93 
. 92 

3·92 

. 91 

. go 

. 89 

. 88 

3.87 
. 86 
. 85 
. 84 
. 83 

3.83 
. 82 
. 81 
. 8o 
. 79 

3. 78 

UNITED STATES COAST A~D GEODETIC SURVEY. 

8. 64 . 
. 62 
. 6o 
.58 
56 

8. 55 I 
.53 
.51 
. 49 
. 47 

8.46 
44 

.42 

.40 

. 39 

S.37 
. 35 
. 33 
. 31 
. JO 

8. 28 
. 26 
. 24 
, 22 I 

'21 

12. 95 : 
. 93 i 

90 : 
: 87 : 
. 85 ; 

~2. 82 i 

. 79 : 

. 77 . 
· 74 I 
. jl I 

12. 6q : 
. 66 i 
. 03 i 
.01: 
. 58 • 

12.55 
. 53 ! 

.50 

. 47 
·44 

12. 42 . 
. 39 . 
. J6 
. 34 
. 31 

8. 19 I 12. 28 : 
. 17 i . 26 ! 
. 15 . 23 
. 14 . 20 

. 12 . 18 

8.10 
.08 
.06 
. 05 
. 03 

8.01 
7.99 

. 97 

. 96 

. 94 

7.92 
.90 
.88 
. 87 
. 85 

7.83 
. 81 
. 8o 
.78 
.76 

7. 74 
.72 
. 71 
.69 
. 67 

7.65 
.63 
. fo? 
.6o 
.58 

7.56 

12. 15 
. 12 
. IO 

. 07 

.04 

12.02 
I. 99 
. 96 
. 93 
.91 

11. SS 
. 8:; 
. 83 
. So 
. 77 

11. 75 : 
. 72 \ 
. 69 
.67 
. 64 

11. 61 
.58 
.56 
.53 
.50 

II. 48 
. 45 
.42 
.40 
. 37 

II. 34 

Latitud€ 82° to 83°-Arcs of the parallel in meters. 

17.27 
.24 
.20 
. 16 
. 13 : 

17.09 
.06 

lj.02 

G. 99 , 
. 95 . 

16.91 
. 88 
.84 
. 81 
. ii i 

21. 59 
55 

. 50 ! 

.46 

.41 

21. 37 
.. 32 
.28 
.23 
. 19 i 

21: :~ 1· 

. 05 
1. or 
o. 96: 

I 6. i 4 : 20. 92 ! 
. 70. . 88 i 

. 66 ! • 83 : 

. 63 : . 79 ~ 

. 59 . 74: 

·49 
. 45 
.41 

10.38 
. 34 . 
. 31 
. 27 
. 23 ' 

1G.20 
. 16 
. 13 
. O<) 
.o6 

16.02 
5· 98 

. 95 

.91 

. 88 

15. 84 
. 81 
. 77 
. 73 
.70 

15.66 
. 63 
. 59 
. 55 
.52 

15.48 
.45 
.41 
. 37 
.34 

15.30 
. z7 
. 23 
.20 
.16 

15. 12 

20. 70 ! 

. 65 ' 

. 61 

.56 

20.47 : 
.43 : 
.38 
.34 
. 29 

20.25 
. 20 
. 16 
. 12 

.07 

20.03 

19.98 
.94 
.89 
. 85 

19. 8o 
.76 
. 71 
. 67 
.62 

19.58 
.53 
·49 
.44 
.40 

19.35 
. 31 
.26 
.22 

. 17 

19. IJ ; 
·09 
.04 

9.00 
8.95 

18.91 

6" 

25. 91 
. 85 
. So 
. 75 
. 69 

25.64 
.59 
.53 
. 48 
.42 

25.37 
. 32 
. 26 
. 21 

. 16 

25. 10 
. 05 

5.00 
4.94 

. 89 

2+ 83 
. 78 
. 73 
. 67 
. 62 

24. 57 
. 51 
. 46 
.41 
. 35 

24.30 
. 24 
.19 
. 14 
.08 

24.03 
3.98 
.92 
. 87 
. 81 

23.76 
. 71 
. 65 
. 6o 
. 55 

23.49 
. 44 
. 39 
. 33 
. 28 

23.22 
. 17 
. 12 
.06 

3.01 

22.96 
. 90 
. 85 
.79 
. 74 

22.6g 

1" 

. IO 

30.04 
29.98 

29.91 
. 85 
. 79 
.72 
. 66 

29.60 
.54 
. 47 
.41 
. 35 

29.29 
. 22 

9:l~ I 
28. 97 ; 

.91 

. 85 

. 78 

.72 

28.66 
.6o 
. 53 
. 47 
.41 

28.35 
. 28 
. 22 

. 16 

. IO 

28.03 
7.97 
.91 
. 85 
.78 

27. 72 
.66 
.6o 
.53 
. 47 

27. 41 
.34 
. 28 
• 22 

. 16 

27. og 
7· 03 
6.97 

• g<> 
.84 

26.78 
• 71. 
. 66 
·59 
.53 

26.47 

34. 54 
.47 i 
.40 i 

. 33 

.26 

34· 18 
. II 

4.04. 
3. 97 i 
. go i 

33· 83 : 
. 76 i 
. 69 1' 

. 61 

. 54 ; 

33.47 : 
.40 
. 33 
. 25 
.18 . 

33· II 
3.04 
2.97 
.go 
. 83 

32.75 
.68 
. 61 
.54 
. 47 

32.40 
. 33 
. 25 
. 18 
. II 

32.04 
I. 97 
·90 
. 82 
. 75 

31. 68 
. 61 
.54 
.47 
. 39 

31. 32 
. 25 
.18 
. II 

1.04 

30.97 
. 89 
. 82 
. 75 
.68 

30. 61 
.54 
.46 
. 39 
. 32 

30.25 

·-------------~--· ----~-- -·-·------· 

9" 

38.86 
.78 
.70 
. 62 
.54 

38.46 
. 38 
. 30 
. 22 

. 14 

38.06 
7.98 
'90 
. 82 
.73 

37.65 
.57 
.49 
.41 
. 33 

37.25 
. 17 
. 09 

7.01 
6.93 

36.85 
. 77 
. 69 
. 61 
.53 

36.45 
. 37 
. 29 
. 21 
. 13 

36.04 
5.96 
. 88 
. 8o 
. 72 

35.64 
.56 
.48 
.40 
. 32 

35· 24 
. 16 
.08 

5.00 
4.92 

34,84 
.76 
. 67 
.59 
.52 

34.43 
'35 
. 27 
,19 
. It 

34.03 

1' 2' 3' 4' 

-----------------1 

259. I 

8.5 
8.o 
7. s 
6.9 

256. 4 . 
5.9 
5.3 
4.8 
4. 2 

253.7 
3.2 
2.6 
2. I 
I. 6 

25r.o 
0.5 

50.0 I 
49.4 
8.9 

248. 3 ~ 
7. 8 . 
7. 3 . 
6.7 
6. 2 . 

245. 7 
5. I 

4.6 
4.1 
j.5 

243.0 
2.4 
I. 9 
I. 4 
o.8 

240.3 
39.8 
9.2 
8.7 
8. I 

237.6 
j. I 

6.5 
6.o 
5.5 

234.9 
4.4 
3· 9 : 
3· 3 ; 
2. 8 . 

232.2 
I. 7 
I. 2 
o.6 

30. I 

229.6 
9.0 
8.5 
7.9 
7.4 

226.9 

518.2 
7. I . 
6.o, 
4.9 i 

3.9 
512.8 

I. 7 
I0.6 
09.6 

8. 5 : 

507.4 
6.4 
5.3 
4.2 
3· I 

502.0 ; 
501. 0 j 

499. 9 . 
8. 8 : 
7. 8 ! 

496. 7 . 
5. 6 ! 
4. 5 
3.5 
2.4 : 

491. 3 
90. 2 
89.2 

8. I 

7.0 

486.0 
4.9 
3.8 
2. 7 : 
I. 7 

48o.6 
79. 5 
8.4 
7. 4 
6.3 

475.2 
4. 2 

3. I 
2.0 I 

70. 9 I 

46g.9 
8.8 
7. 7 : 
6.6 I 
5. 6 I 

464.5 
3.4 
2.3 
I. 3 ' 

6o. 2 i 

459· I 
8.o 
7.0 
5.9 
4.8 

453.7 

777· 2 
5. 6 
4.0 
2.4 

70.8 

769.2 
7.6 
6.o 
4.4 
2. 7 

761. I 

59. 5 
7.9 
6.3 
4· 7 

753· l 
51. 5 
49.9 

8.3 
6.6 

745.0 
3.4 
I. 8 

40.2 
38.6 

737.0 
5.4 
3.8 
2. 2 

30. 5 

728. 9 
7.3 
5.7 
+1 
2.5 

720.9 
19.3 

7. 7 
6. I 

4·4 

712.S 
II. 2 
og.6 
8.o 
6.4 

704.8 
3.2 

701. 6 
699.9 

8.3 

696. 7 I 

t ~ I 
I. 9 

90.3 

688.7 
7· 0 
5.4 
3.8 
2. 2 

68o,6 

1036. 3 Ii 

4. 2 

32.01' 
29.9 

1. 1 I 
1025. 6 i 

3. 4 f 

2 1. 3 I 
19. I i 

7. 0 i 
1014. 8 II 

2.7 
IO. 6 i 
08.4 

6.3 

1004. I 
1002. 0 
999. s ... 

7.7 
5.5 

993.4 
91. 2 

89. I 

6.9 
4. 8 

982. 7 
8o.5 
78.4 
6.2 
4· I 

971. 9 
69.8 
7.6 
5.5 
3.3 

961. 2 

59.0 
6.9 
4. 7 
2.6 

950.4 
48. 3 ' 

6. I I 
4.0 

41. 8 

939· 7 
7.6 
5. 4 i 
3· 3 I 

31. I : 

929.0 I' 
6.8 
4-7 i 
2. s I 

20.41 
918.2 

i;, I I 
3.9 

II. 8 I 

907· 5 

1295.4 
2. 7 

go.o 
87.3 
4.6 

1282. 0 
79.3 
6.6 
3.9 

. 71. 2 

1268.6 
5-9. 
3.2 

6o. 5 
57.8 

1255. I 
52 ·5 
49.8 

7. I 

4.4 

1241. 7 
39• I 

6.4 
3· 7 

31. 0 

1228. 3 
5.6 
2.9 

20. 3 
17. 6 

1214.9 
12. :2 

O(j. 5 
6.9 
4. 2 

1201.· 5 
198.8 

6. I 

3.4 
9o. 7 

1188. I 

5.4 
2. 7 

8o.o 
77.3 

1174. 6 
71. 9 
6g. 3 
6.6 
3.9 

1161. 2 

58.5 
5.8 
3. I 

5o. 5 
1147. 8 

5. I 

42.4 
39· 7 
7.0 

1134· 3 
09.61 

I~~--~-'-~-'-~--'~~..:...-~-'-~--'~~-'-~-'-~--''--~-'-~~-'-~--''--~--'--~--.,_.; 



 

i 
I 

Lat. 

0 I 

- 82 00 
I 

2 

3 
4 

82 05 
6 
7 
8 
9 

82 10 
II 

12 
13 
14 

82 15 
16 
17 
18 
19 

82 20 

21 

22 

2" _, 
24 

82 25 
26 
27 
28 
29 

82 30 
31 
32 
33 
34 

82 35 
36 
37 
38 
J9 

82 40 
41 
42 
43 
44 

!fa 45 
46 
47 
48 
49 

82 50 
51 
52 

53 
54 

8.:i 55 
56 
57 
58 
59 

82 60 
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-
Latitude 82" to 83°-Meridional arcs. 

V 1 f 11 l Sums of seconds for middle II Value of 11 Sums of minutes for middle 
a ue 0 1 latitude. latitude. 

11 

' 
1J.Icters. 

. 
II )/eters. Jlleters. I Jfcters. 

31. 021 
11 

1S61. 29 
I, I JI. 02 .29 I l 861. 3 
2 2 

I 
62.04 

11 
. 29 2 3 722. 6 

2 3 93.07 .29 3 5 583. 9 ·1 
2 4 124.09 Ii .29 4 7 445. 2 

31.022 5 155. I I ii 1861. 29 5 9 3o6. 5 
2 6 i86. 13 i.i. . 30 6 II 167. 7 
2 7 217. 16 1: . 30 7 13 029. 0 :I 2 8 248. 18 I• .30 8 14 890. 3 
2 9 279. 20 ;i . 3ci" 9 16 751. 6 

3 I. 022 10 310. 22 1861. 30 IO 18 61;. 9 
2 { 341. 24 ii .30 j 20 474. 2 

'i 
2 2 372. Z7 . 30 2 2Z 3.)5. 6 
2 3' 4°3 29 '31 3 24196.9 
2 4 434. 31 .JI 4 26 058. 2 

31.022 15 465. 33 rS6I. 31 r5 27 919. 5 
2 6 496.36 . 31 6 29 780. 8 
2 7 527.38 . 31 7 JI 64::>.,. l 
2 8 558.40 <'1 8 33 503. 4 
2 9 589.42 . 32 9 35 364. 7 

' 
JI. 022 20 b.20. 44 1861. 32 20 3i 226. 0 

2 I 65t.47 .32 I 39 087. 4 ., 2 682.49 . 32 2 40 948. 7 
2 3 i 13. 51 . 32 3 42 8w. 0 

2 4 ;44. 53 I 
.32 4 +4 671. 3 

31. 022 25 i7555 ,! 1861 .. F 25 46 532. 6 
2 6 806. 58 .33 6 48 394· 0 
2 7 837.6o . 33 7 50 255- 3 
2 8 S68.62 

' 
'33 8 52 I!6. 6 

2 9 899.64 '33 9 53 978. 0 
! 

31. 012 30 93o.6i 1861. 33 30 55 8:;9. 3 
2 I 961. 69 . 33 I 57 700. 6 
2 2 992 · 71 

11 

. 33 2 59 562. 0 
2 3 I OZJ. 7 3 .34 3 61 423. 3 
2 4 I 05+ 75 .34 4 63 284. 6 

31.oz2 35 l 085. 78 1861,34 35 65 146.0 
2 6 I 116. 80 34 6 67 007. 3 
2 7 I 147. 82 . 34 7 68 868. 6 
2 8 I 178. 84 . 34 8 70 7 30. 0 
2 9 t 209. 8"7 .34 9 72 591. 3 

31. 022 40 I 240. 89 1861. 35 40 74 452. 7 
2 I l 271. 91 . 35 I 76 314. 0 
2 2 I J02. 93 . 35 2 78 175. 4 
2 3 I JJ3· 95 . 35 3 80 036. 7 
3 4 I 364. 98 . 35 4 81 898. I 

31. 023 45 I 396. 00 1861. 35 45 83 759· 4 
3 6 I 427. 02 . 35 6 85 620. 8 
3 7 l 458. 04 . 36 7 87 482. l 

3 8 I 489. 07 .36 8 89 343· 5 
3 • 9 l 520. 09 '36 9 9l 204. 9 

Jl. 023 50 I 551. II 1861.36 50 93 o66. 2 

3 I I 582. 13 . 36 I 94 927. 6 
3 2 I 613. 15 . 36 2 96 788. 9 
3 3 l 644. t8 . 36 3 98 650. 3 
3 4 I 675. 20 . 36 4 I005IL7 

Jl. 023 55 l 7o(j_ 22 1861. 37 55 102 373· 0 
3 6 I 737 · 2.J. . 37 6 104 234. 4 
3 7 I 768. 26 . 37 7 Io6 095. 8 
3 8 I 799· 29 . 37 8 107 957. J 

3 9 I 830. Jl. . 37 9 IO<) 818. 5 
31. 023 6o 1861.33 1861.37 6o II I 679. 9 

Llititude S2°-Co-ordi uates of curvature. 

I Longitude. : 

I 
0 I 

0 I 

2 
3 
4 

0 5 
6 
7 
8 
9 

0 IO 
15 
20 
25 
30 

0 35 
40 
45 
50 
55 

I 00 

05 
IO 

15 
20 

I 25 
'0 ,) 

35 
40 
45 

l 50 
55 

2 00 

3 00 

4 00 

5 00 
6 00 

7 00 

8 00 

9 00 

IO 00 
II 00 

IZ 00 

13 00 

14 00 

15 00 

16 00 

17 00 

18 00 

19 00 

20 00 
21 00 

22 00 

23 00 

24 00 

25 00 

26 00 

27 00 
28 00 

29 00 

30 00 

x 

,):fete rs. 

2 

5 
7 

59· I 
18.I 
77.2 
36.3 I 0 

I 2 

[ 5 
I 8 

95.4 
54. 5 
13,5 
72.6 
31. 7 

20 

23 

2 5 
38 
5 I 
64 
~ ~ 

I j 

90, 8 
86. l 

81. 5 
76.8 
72.2 

9 
IO J 

o6j.5 
62.8 
58. I 

53.3 
48.5 

II 6 
IZ 9 
14 2 

1 5 5 
16 s 

43.7 
38. 9 
34. 0 

29. I 

14. 2 

18 I 

19 4 
20 7 

22 0 19.2 
q. 2 
OQ. I 

04.0 
98.8 

2 3 3 
24 6 
2 5 9 
27 I 

28 4 93.5 
88.2 
83 
13 
29 

29 7 
31 0 
46 6 
62 I 

77 6 :?6 
00 

46 
6o 

93 I 
I08 5 
123 9 
139 3 37 

I54 6 72 
62 
00 

S,3 
06 

1699 
185 z 
200 3 
215 5 

230 5 
245 5 

65 
55 
71 
IO 

66 

26o4 
275 3 
2900 

304 7. 
319 3 
333 7 
34& I 

36z 4 

376 6 33 
3go 
404 6, 

692 
14 
~6 
52 
19 

4184, 
432 I 
445 7 

Jleters. 

o.o 

~z 
3 

o.6 

0.9 
I. 3 
I. 8 
2.4 
3. 0 

3, 7 
8.4 

14.9 
23.3 
33.6 

45 7 
59·7 
75.6 
93.3 

Il2. 9 

134. 3 
15j.6 
1S2.8 
209.9 
238.8 

269.6 
302.2 
336. 7 
3i3· I 
41[.4 

451. 5 
493.5 
537 

I 209 
2 148 

3 356 
4 832 
6 574 
8 583 

IO 859 

13 400 
r6 205 
19 274 
22 6o7 
26 201 

30 051i 
34 170 
38 543 
43 173 
48 059 

53 200 

58 593 
. 64 237 

70 130 
76 Zj2 

Rz 659 
89 290 
96 163 

l0,3 27b 
I lO 627 
118 214 

I 

J 



 

308 UNITED STATES COAST AND GEODETIC SURVEY. 

Latitude 83° to 84°-Arcs of the J'llrallel in meters. 

9" 1' !' IV (' 5' "'· I" '1 ,,, I ,,, I ,,, ,,, I •" %" I 8" I 
---_, ____ , ___ ------------,----11----1----1----1----1----

o I 

83 00 

2 

• 3 
4 

83 05 
6 
7 
8 
9 

83 10 
II 

12 
13 
14 

83 15 
16 
17 
18 
19 

83 20 
21 
22 

23 
24 

83 25 
26 
27 
28 
29 

83 30 
31 
32 
33 
34 

83 35 
36 
37 
38 
39 

83 40 
41 
42 
43 
44 

83 45 
46 
47 
48 
49 

83 50 
5I 
52 
53 
54 

83 55 
56 
57 
58 
59 

83 6o 

3.78 
. 77 
.76 
. 75 
. 75 

3.74 
. 73 
. 72 
. 71 
. 70 

3.6<) 
. 68 
. 67 
. 66 
.66 

3.65 
. 64 
. 63 
. 62 
. 61 

3.6o 
. 59 
. 58 
. 57 
.57 

3· 56 
.55 
.54 
.53 
.52 

3.5I 
.50 
. 49 
.49 
'48 

3.47 
.46 
.45 
.44 
. 43 

3.42 
.41 
.40 
.40 
. 39 

3.38 
.37 
.36 
. 35 
.34 

3.33 
. 32 
. 31 
. 31 
._3() 

3.29 
.28 
. 27 
.26 
. 25 

3.24 

i i 

7.56 
.55 
. 53 
. 51 
.49 

7.47 
.45 
.44 
.42 
.40 

7.38 
.36 
'35 
. 33 
. 31 

7.29 
.28 
. 26 
. 24; 
• 22 • 

7.20 
. 19 
.17 
. 15 
. 13 

II. 34 
. 32 
. 29 
.26 
. 24 

I I. 20 
. 18 
. 15 
. 13 
• IO 

I I. 07 
. 05 

I. 02 
0.99 
. 97 

10.94 
. 91 
. 89 
. 86 
. 83 

10. 81 
.78 
. 75 
. 73 
.70 

7· II ' IO. 67 
. IO .64 
.08 . 62 
.o6 '59 
.04 . 56 

7.02 

7. 01 
6.99 
'97 
9- ' . ) 

6. 93 , 
. 92 : 
·90 
. 88 

. 86 ' 

ro.54 
.51 
.48 
.46 
. 43 

10.40 
.38 
. 35 
. 32 
. 30 

6. 85 : 10. 27 
. 83 • . 24 
. 81 . 2I 

. 79 i . 19 
• 77 '16 

6. 76 IO. 13 
. 74 . II 
. 72 . 08 
. 70 , 05 
. 68 . 03 

6.67 
.65 
. 63 
.61 
.59 

6.58 
.56 
.54 
. 52 
·.so 

6.49 

10.00 

9.97 
.,5 
. 92 
.89 

9.86 
.84 
. 81 
.78 
. 76 

9.73 

15. 12 

.09 

. 05 
5. 02 

4.98 

14.95 
. 91 
. 87 
. 84 
.So 

14.77 
. 73 
. 69 
. 66 
. 62 

14. 59 
. 55 
. 51 
.48 
.44 

14.41 
. 37 
. 34 
. 30 
. 26 

14.23 
. 19 
. 16 
. 12 

. O<) 

14- 05 ' 
4.01 
3.98 
. 94 
. 91 

13.87 
. 83 
. So 
. 76 
. 73 

13.69 
. 65 
'62 
.58 
. 55 ) 

13. 51 ' 
. 47 , 
.44 
.40 
. 37 

13·33 
. 30 
.26 
. 22 
. 19 

13. 15 
• I I 

.o8 
·04 

J.01 
I2.97 

I8.91 
.86 
.82 
.77 
. 73 

18.68 
.64 
.59 
. 55 
.50 

18.46 
. 41 
·37 
. 32 
. 28 

18.23 
.I9 
.14 
• IO" 

.06 

18.01 
7.97 
.92 
.88 
.S3 

17.79 
. 74 
.70 
. 65 
.61 

17. 56 
.52 
.47 
·43 
.38 

17. 34 
. 29 
. 25 
.20 
.I6 

17. 11 

. 07 ' 
7.02 
6.98 
. 93 

16.89 
. 84 
.So 
. 75 
• 71 

16.67 
. 62 
.58 
.53 
. 49 

t6. 44 
.40 
·. 35 
•JI 
. 26 

I6. 2:! 

22.69 
. 63 
.58 
.53 
.47 

22.42 
.36 
. 31 
. 26 
. 20 

22. 15 
.IO 

2.04 
I. 99 
. 93 

21. 88 
.83 
.77 
.72 
. 67 

21. 61 
.56 
.50 
.45 
.40 

21. 34 
.29 
.24 
. 18 
.13 

21.07 
1.02 

0.97 
. 91 
.86 

20.So 
. 75 
.70 
.64 
.59 

20.54 
.48 
·43 
. 37 
.32 

;:0.27 
. 2I 
. 16 
. II 

.05 

20.00 
19. 94 

.89 

.84 

.78 

19.73 
.67 
.62 
. 57 
. 51 

19.46 

26.47 
.41 
·34 
. 28 
. 22 

26. 16 
.09 

q.03 
5. 97 
·90 

25.84 
.78 
. 72 
. 65 
·59 

25.53 
.46 
.40 
. 34 
. 27 

25. 21 
. 15 
.09 

5.02 
4.96 

24.90 
. 84 
. 78 
' 71 
. 65 

24.59 
.52 
.46 
.40 
. 33 

24. 27 
. 21 
. 15 
.o8 

4.02 

23.96 
.90 
'83 
. 77 
' 71 

23.64 
.58 
. 52 
.46 
."39 

23.33 
.27 
. 20 
. 14 
.08 

23.01 
2.95 
.89 
.83 
.76 

22.70 

30.25 
. 18 
•II 

30.03 
29.96 

29.89 
. 82 
. 75 
. 67 
.6o 

29.53 
.46 
·39 
.32 
. 25 

29.17 
.IO 

9.03 
8.96 
.89 

28.82 
. 74 
. 67 
.6o 
. 53 

28.46 
. 38 
. 31 
. 24 
• 17 

28. IO 

8.03 
7 95 
. 88 
. 81 

27.74 
. 67 
. 6o 
.52 
. 45 

2 7· 38 I 
. 31 1' 

. 24 ' 

,, : . 
6. 95 

. 88 

. 81 

.74 

26.66 
.59 
. 52 
. 45 ' 
. 38 

26.30 
. 23 
. 16 

·09 
6.02 

25·94 

34.03 
3.95 
.87 
.79 
. 71 

33.63 
. 55 
.46 
. 38 
.30 

33.22 
. 14 

3.06 
2.98 
. go 

32.82 
.74 
.66 
.58 
.50 

32.42 
. 34 
. 26 
• 18 
.09 

32.0I 
I. 93 
.85 
. 77 
.6g 

31. 61 
.53 
.45 
. 37 
. 29 

31. 21 
. 12 

1.05 
0.97 

.88 

30.80 
. 72 
.64 
.56 
.48 

30.40 
.32 
. 24 
. I6 
.o8 

30.00 
29.,92 

.84 

. 75 

.67 

2'9· 59 
. 51 
.43 
.35 
. 27 

29.19 

226.9 
6.3 
5.8 
5.3 
4.7 

224.2 
3.6 
3· I 
2.6 
2.0 

221. 5 
1.0 

20.4 
19.9 
9·3 

218.8 
8.3 
7.7 
7.2 
6.7 

216. I 
5.6 
5.0 
4.5 
4.0 

213.4 
2.9 
2.4 
I. 8 
1.3, 

210. 7 
10.2 

09.7 
9· I I 
8. 6 i 

208. 0 l 
7. 5 , 
7.0 
6.4 
5·9 

205.4 
4.8 
4.3 
3. 7 ' 
3. 2 

202. 7 
2. I 

I. 6 
I. I 

0. 5 

200.0 

199.4 
8., 
8.4 
7.8 

197. 3 
6.7 
6.2 
5.7 
5.1 

194.6 

453.7 
2.7 
1.6 

50.6 
49·4 

448.4 
7.3 
6.2 
5. I 
4.1 

443.0 
1.9 

40.8 
39.8 
8.7 

437.6 
6.5 
5. 4 
4·4 
3.3 

432.2 
1.2 

30. l 
29.0 

7. 9 
426.9 

5. 8 
4. 7 
3.6 
2.6 

421. 5 
20.4 
19.3 
8.2 
7.2 

416. I 

5.0 
3·9 
2.9 
I. 8 

410.7 
09.6 
8.6 
7.5 
6.4 

405.3 
4.3 
3.2 
2. I 
I. 0 

400.0 
398.9 

7.8 
6.7 
5· 6 

394.6 
3·5 
2.4 
I. 3 

90.3 
389.ll 

68o.6 
79.0 
7.4 
5.8 
4• I 

672.5 
70.9 
69.3 
7.7 
6. I 

664.5 
2.9 

61. 2 

59. 6 
8.o 

656.4 
4.8 
3.2 
I. 6 

50.0 

648.3 
6.7 
5· I 
3.5 
I.(} 

640.3 
38.7 

7. I 

5.4 
3. 8 ' 

632.2 
30.6 
29.0 
7.4 
5.8 

624. I 

2.5 
20.9 
19.3 
7-7 

616. I 

4.5 
z.8 

I I. 2 
09.6 

6o8.o 
6.4 
4.8 
3.2 

'6o1. 5 

599.9 
8.3 
6.7 
5. I 

3·5 
591.8 
,0.2 
88.6 
7.0 
5.4 

583.8 

907.5 
5.3 
3.2 

!)tI.O 
898.9 

8¢.7 
4.6 
2.4 

90.3 
88.I 

886.o 
3.8 

81. 7 
79.5 
7.4 

875.2 
3· I 

70.9 
68.8 
6.6 

864.5 
2.3 

6o.2 
58.0 
5.9 

853.7 
51. 6 
49.4 
7.3 
S· l 

843.0 
40.8 
38.6 
6.$ 
4.3 

832.2 
30.0 
27.9 
5.7 
3.6 

821.4 
19.3 

7• I 
5.0 
2.8 

810. 7 
o8.5 
6.4 
4.2 

8o2. I 

799·9 
7-7 
5.6 
3.4 

91.3· 

789.1 
7.0 
4.8 
2.7 

So.5 
778.4 

1134. 3 
I. 7 

29.0 
6.3 
3.6 

1120. 9 
18. 2 
5.5 
2.8 

IO.I 

1107. 5 
4.8 

102. I 

099.4 
6.7 

1094.0 
91. 3 
88.6 
6.o 
3.3 

108o.6 
77.9 
5.2 

72. 5 
69.8 

1o67. I 

4.4 
61. 8 
59.1 
6.4 

IOSJ. 7 
51.0 
48.3 
5.6 
2.9 

1040.2 
37.5 
4.9 

32.2 
29·5 

1026.8 
4. I 

21.4 
18.7 
6.o 

1013. 3 
I0.6 
07.9 
5.3 

1002. 6 

999·9 
7.2 
4·5 

'I.8 
89. I 

986.4 
3-7 

81.0 
78.3 
5.6' 

972.9 



 

UNITED STATES COAST AND GEODETIC SURVEY. 309 

' 
Latitude 83° to 84°-Meridional arcs. Latitude 83°-Co-ordinates of curvature. 

Lat. I 
Value of I" Sums of seconds for middle I Value of I1 i Sums of minutes for middle 

Longitude. x latitude. I latitude. y 

.I I 
I 

0 I Meters. II Meters. Meters. I Meters. 0 I Meters. Meters. 
83 00 31. 023 I861. 37 

I 3 I JI. 02 . 38 I I 861. 4 0 l 226.9 o:o 
2 . 3 2 62.05 . 38 2 3 722. 7 2 453.7 O. I 
3 3 3 93.07 . 38 3 .5 584. I 3 68o.6 0.3 
4 3 4 124. 09 . 38 4 7 445. 5 4 907.5 0.5 

83 05 31. 023 5 I55· 12 1861. 38 5 9 3o6. 9 0 5 I 134. 3 o.8 
6 3 6 I86. I4 . 38 6 II I68. 3 6 I 361. 2 I. 2 
7 3 7 2I7. I6 . 38 7 I3 029. 6 7 I 588. I I. 6 
8 3 8 248. I9 . 38 8 I4 891. 0 8 I 814. 9 2. I 
9 3 9 279.21 ·39 9 I6 752. 4 9 2 041. 8 2. 7 

83 IO 31. 023 IO 310. 24 • I 1861. 39 IO I8 6I3. 8 0 IO 2 268. 7 3.3 
II 3 I 341. 26 .39 I 20 475. 2 15 3 4o3.o 7·4 I2 3 2 372. 28 .39 2 22 336. 6 20 4 537. 3 I3. I 
13 3 3 403.3I . 39 3 24197.9 25 5 671. 6 20. 5 
14 3 4 434.33 .39 4 26 059. 3 30 6 8o5.9 29.5 

83 15 31. 023 15 465.35 I861. 39 15 27 920. 7 0 35 7 940. 2 40. I 
16 3 6 496.38 ·39 I 6 29 782. I 40 9 074. 5 52.4 
17 3 7 527.40 .40 7 31 643. 5 45 IO 208. 7 66.3 
I8 3 8 558.42 .40 8 33 504. 9 50 II 343.0 81. 9 
19 3 9 589.45 .40 9 35 366. 3 55 \ 

12 477. 2 99· I 

83 20 31. 023 20 620.47 186r. 40 20 37 227· 7 I 00 13 6u.4 117. 9 
21 3 l 651. 49 .40 l 39 o89. I 05 I4 745. 5 I38.4 
22 3 2 682.52 .40 2 40 950. 5 10 15 879. 6 16o. 5 
23 3 3 7I3.54 .40 3 42 8II. 9 IS 17 OI3. 7 184.2 
24 3 4 744.56 .40 4 44 6n 3 20 18 147. 8 209.6 

83 25 JI. 023 25 775. 59 1861. 41 25 46 534· 7 I 25 19 281. 8 236.6 
26 3 6 8o6. 6I .41 6 48 396. I 30 20 415. 8 265.3 
27 3 7 837.64 .41 7 50 257. 5 35 21 549. 7 295.6 
28 3 8 868.66 . 4I 8 52 II8. 9 40 22 683.6 327.5 
29 4 9 899.68 . 41 9 53 98o. 3 45 23 817.4 361.1 

83 30 31.024 30 930.7I I86I. 4I 30 55 84r. 7 I 50 24 95r. 2 396.3 
3I 4 I 961.73 .. 41 I 57 703. 2 55 26o84.9 433.1 
32 4 2 992.75 .41 2 59 564. 6 2 00 27 219 472 
33 4 3 I 023. 78 . 42 3 61426.0 3 00 40 818 I o6I 
34 4 4 I 054. 8o .42 4 63 287. 4 4 00 54405 I 886 

83 35 31.024 35 I o85. 82 1861. 42 3~ 65 148. 8 5 00 67 975 2946 
36 4 6 I II6. 85 . 42 67 010. 2 6 00 81 525 4 241 
37 4 7 l 147. 87 .42 7 6887x.7 7 00 95 051 5 770 
38 4 8 I ry8. 89 . 42 8 70 733· I 8 00 1o8 548 7 534 
39 4 9 I 209· 92 • 42 9 72 594. 5 9 ()() I22 013 9 53I 

83 40 31. 024 40 I 240. 94 186r. 42 40 74 455. 9 IO ()() I35 44I II 761 
41 4 I I 271. 96 .43 I 76 317. 3 II 00 1{8 828 14 223 
42 4 2 I 302. 99 .43 • 2 78178.8 I2 ()() 162 17 I I6 917 
43 4 3 I 334· 01 . 43 3 8oo40. 2 13 00 175 465 19 841 
44 4 4 l 365. 04 .43 4 81901.6 14 00 I88 7o6 22 gg6 

83 45 31.024 45 I J96. o6 1861. 43 45 83 763. l 15 00 201 891 26 379 
46 4 6 I 427. 08 . 43 6 85 624. 5 16 00 2I5 015 29 990 
47 4 7 I 458.11 .43 7 87 485. 9 17 00 228 074 33 828 
48 4 8 I 489. 13 .43 8 89347.4 18 00 241 o65 37 892 
49 4 9 I 520. 15 .43 9 91 208.8 19 00 253 984 42 18o 

83 50 31.024 50 l 551, 18 1861. 44 50 93 070. 2 20 00 266 827 46 6g1 
51 4 I l 582. 20 .44 I 94 931. 7 21 00 279 589 51 424 
52 4 2 I 6I3. 22 .44 2 96 793· I 22 00 292 268 56 377 
53 4 3 I 644. 25 .44 3 98 654. s 23 00 304 859 61 549 
54 4 4 I 675, 27 .44 4 100 5I6. 0 24 00 317 358 66 939 

83 55 31.024 55 I 7o6. 29 1861. 44 55 102 377. 4 25 00 329 763 72 544 
, 56 4 6 I 737• 32 ·44 6 104 238. 9 26 00 342 o68 78 363 

57 4 'l l 768. 34 .44 7 Jo6 JOO. 3 27 00 354 270 84 395 . 58 4 8 l 799·3.~ .45 8 107 961. 8 28 00 366 367 90 637 
59 4 ~ ·~·39 .45 9 109 823. 2 29 00 378 353 97 o88 

83 6o •\ 
31.0.:14 I t.41 1861.45 6o III 684. 7 30 00 390 226 103 745 



 

310 U.NITED STATES COAST AXD GEODETIC SURVEY. 

,.------------------·----------------------;--------------. 
II Lntitucle 84° to 85°-Arcs of the parallel in meters. 
! ________________________________________________ _ 

I Lat. 1" I 1 
1 

4n i ii" I 6" • 'i" ! 8" 9" 1/ [ 2/ 3/ 4' I ii' 

1--0 -/--1----1--2-'/-11-3-//- ------l---'---1---,----1-----1---1---1------ ' _______ _ 
I

I 84 oa
1 

3. 24 6. 49 I' 9. 73 12. 97 I 16. 22 19. 46 22. 70 25. 94 29. 19 194. 6 389. 2 583. 8 778. 4 972. 9 
. 23 . 47 . 70 . 94 'I . 17 . 41 . 64 . 87 . II 4· I 8. I 2. 2 6. 2 70. 3 

i 2 .23 .451 .68 .90 .13 .35 .58 .80 9.03 3.5 7.0 8o.5 4.0 67.6 
! 3 ,22 ·43 .65 .86 .08 .30 .51 .73 8.95 3.0 5.9 78.9 71.9 4-9 

I 

4 .21 .41 .62 .83 6.04 .24 .45 .66 .87 2.4 4.9 7.3 69.7 62.2 

I 

84 c)

6
• 3. 20 6. 40 9. 59 12. 79 15. 99 9· 19 22. 39 25. 59 28. 78 191. 9 383. 8 575· 7 767. 6 959· 5 

. 19 .38 .57 .76 6.95 . 14 ·33 .51 .70 1.4 2.7 4.1 5.4 6.8 
7 .18 .36 .54 .72 .90 .08 .26 .44 .62 o.8 1.6 2.5 3·3 4.1 
8 .171.34 .51 .69 .86 9.03 .20 .37 .54 90.3 80.6 70.8 61.1 51.4 
9 .16 .32 .49 .65 .81 8.97 .14 .30 .46 89.7 79.5 69.2 59.0 ·48.7 

i ~4 IJ 3. 15 6. 31 9. 46 12. 61 15. 77 18. 92 22. 07 25. 23 28. 38 189. 21 378. 4 56;. 6 756. 8 946. 0 
1 

11 .14 .29 .43 .58 .72 .87 2.01 .15 .30 8.7 7.3 6.o 4-7 3·3 
I: . 14 . 27 . 41 . 54 . 68 . 81 I. 95 . 08 . 22 8. I 6. 2 4. 4 2. 5 40. 6 
13 .13 .25 .38 .50 .63 .76 .88 5.01 .14 7.6 5.2 2.S 50.3 37.9 
q .12 .23 .35 .47 .59 .70 .82 4.94 8.06 7.0 4.1 61.1 ,;S.21 5.2 

84 15 3· II 6. 22 9· 33 12. 431 15. 54 18. 65 21. 76 24. 87 27. 97 186. 5 373 o 559· 5 746. o I 932. 5 
I 6 . 10 . 20 . JO • 40 . 50 • . 6o . 70 . 79 · 89 6. 0 l: 91 7 · 9 3· 9 29. 8 
17 .09 .18 .27 .36 ·45 I .54 .63

1 

.73 .82 5·4 70.9 6.3, 41.7 7.2 
18 .08 .16 .24 .33 .41 .49 .57 .65 .73 4.9 69.8 4.7 39.6 4.5 
19 .07 .14 .22 .29 .36 .44 .51 .58 .65 4-4 8.7 3.1 7.4 21.8 

84 20 3.06 6.13 9.19 12.25 15.32 18.38 21.45 24.51 27.57 183.8 367.6- 551.4 735·3 919.1 
21 . 05 . I I . 16 . 22 . 27 . 33 . 38 . 44 . 49 3· 3 6. 5 49· 8 J. I 6. 4 
22 

23 
24 

84 25 
26 
27 
28 
29 

84 30 
31 
32 
33 
34 

84 35 
36 
37 
38 
39 

84 40 
41 
42 
43 
44 

84 45 
46 
47 
48 
49 

84 50 
51 
52 
53 
54 

Si SS 
56 
57 
58 

8 
59 

4 6o 

.05 .09 .14 .18 .23 .27 .32 ·37 .41 2.7 5.5 8.2 30.9 3.7 

. 04 . 07 . II . 14 . 18 . 22 . 26 . 29 . 33 2. 2 4. 4 6. 6 28. 8 I I. 0 

. 03 . 06 . 08 • JI • 14 . 17 . 19 . 22 . 25 I. 7 3· 3 5. O 6. 6 08. 3 

3.02 
.01 

3.00 
2.99 
. 98 

2 ·97 
.96 
. 96 
. 95 
·94 

2.93 
. 92 
.91 
• <JO 
.89 

2.88 
. 87 
.87 
. 86 
. 85 

2.84 
. 83 ' 
. 821 
.81 
.So I 

2.79 
. 78 
.78 
. i7 
. 76 

2. 75 
. 74 
. 73 
. 72 
. 71 

2.70 

6. 04 9. o6 12. 07 15. 09 18. II 21. 13 24. 15 2j. 17 181. I 362. 2 543· 4 724. 5 905· 6 
. 02 . 03 . 04 . 05 . o6 . 07 . 08 . 09 0. 6 I. 21 !. 7 2. 3 2. 9 

6.oo 9.00 2.00 5.00 8.oo 1.00 4.01 7.01 8o.o 6o.1 40.1 20.2 900.2 
5. 99 8. 97 I. 97 4. 96 7. 95 o. 94 3. 93 6. 92 79. 5 59· 0 38. 5 18. 0 897. 5 

. 97 . 95 . 93 . 91 . go . 88 . 86 . 84 9· 0 7. 9 6. 9 5. 9 4· 8 

5.95 
. 93 
. 91 
.89 
. 88 

5.86 
. 84 
. 82 
. 81 I 
. 791 

5. 77 
. 75 
. 73 
. 71 
.70 

5· 68 i 
. 66 
. 64 
. 62 
. 61 

5.59 
. 57 
.55 
.53 
.52 

5. 50 
.48 
.46 
.44 
.43 

5.41 

8.92 
.89 
. 87 
.84 
• 81 

8.79 
.76 
. 73 
. 71 
. 68 

8. 65 
. 62 
.60 
·57 
.54 

8. 52 
.49 
.46 
.44 
.41 

8. 38 
. 35 
. 33 
.30 
. 27 

8.25 
. 22 
. 19 
. 17 
.14 

8. II 

II. 89 
. 86 
. 82 
.79 
. 75 

II. 71 
.68 
. 65 
. 61 
.57 

II. 54 
.50 
. 46 
·43 
.39 

II. 36 
. 32 
.28 
. 25 
.21 

II. 18 
.14 
.10 

.07 

.03 

11.00 
0.96 
.92 
. 8g 
. 85 

10.82 

14. 87 I 7. 84 20. 82 23. 79 26. 76 I 78. 4 356. 8 535· 3 
.82 .79 .75 .72 .68 7.9 5.8 3.7 
. 78 . 73 . 69 . 65 . 6o 7. 3 4. 7 2, 0 

.73 .68 .63 .57 .52 6.8 3.6 30.4 

. 69 . 63 .• 56 . 50 . 44 6. 3 2. 5 28. 8 

14.64 17.57 20.50 23.43 26.36 175.7 351.4 527.2 
. 6o . 52 . 44 . 36 . 28 5· 2 50. 4 5· 7 
. 56 . 47 . 38 . 29 . 20 4. 7 49. 3 4. 0 
. 51 , 41 • 32 . 22 • l 2 4• I 8. 2 2° 3 
. 47 . 36 . 26 . 15 6. 04 3· 6 7. I 20. 7 

14.42 
. 38 
. 33 
. 29 
. 24 

14.20 
. rs 
, II 
.o6 

4.02 

13-97 
. 93 
. 88 
.84 
.79 

13·75 
.70 
.66 
. 61 
.57 

13.52 

17.30 
. 25 
. 20 

. 14 

.09 

17.03 
6.98 

. 93 

. 87 

. 82 

16.76 
. 71 
. 66 
• 6o 
·SS 

16.49 
.44 
. 39 
. 33 
. 28 

16.22 

20. 19 
.13 
.o6 

20.00 
19·94 

19: ~; I 
• 75 
. 68 
. 62 

19.56 
.50 
.43 
. 37 
. 31 

19.24 
. 18 
• I2 

9.05 
8.99 

18.93 

23.07 
3.00 
~93 

. 86 

. 78 

22. 71 
.64 
. 57 
.50 
.42 

22.35 
. 28 
. 21 
.14 

2.o6 

21.99 
.92 
. 85 
.78 
.70 

21,63 

25.96 
. 88 
.79 
. 71 
. 63 

25.55 
. 47 
. 39 
. 31 
. 23 

25. 15 
5. 07 
4.98 
.90 
. 82 

24.74 
. 66 
. 58 
.50 
.42 

24.34 

173.0 
2.5 
2.0 

I. 4 
0.9 

170. 3 
69.8 
9.3 
8. 7 
8.2 

167.6 
j. I 
6.6 
6.o 
5.5 

1~.9 
4.4 
3·9 
3.3 
!: 8 

162 .. 2 

346. I 519.1 
5. 0 7· 5 
3.9 5.9 
z. 8 4· 3 
I. 8 2. 6 

, 340. 7 511.0 
39.6 09.4 
8. 5 7, 8 
7. 4 6. 2 

6.4 4.5 

335.3 
4.2 
3. I 
2.0 

31.0 

329·9 
8.8 
7-7 
6.7 
5.6 

324.5 

502.9 

501. 3 
499· 7 

8. I 
6. s 

494.8 
3.2 
I. 6 

90.0 
88.4 

486. 7 

713.7 
I I. 5 
09·4 

7.2 
5. I 

702.9 
700.8 
6g8.6 

6,5 
4. 3 

692. I 
90.0 
87.8 
5.7 
3.5 

681.4 
79.2 
.. 0 

4.9 
2.7 

670.6 
68.4 
6.3 
4• I 

61. 9 

659.8 
1.6 
5.5 
3.3 

51.2 
649.0 

892. I 

89.4 
6. 7 
4.0 

81. 3 

878.6 
6.o 
3.3 

70.6 
67. 9 

865.2 
62.5 
59.8 

7. I 
4.4 

851.7 
49.0 

6. 3 
3.6 

40.9 

838. 2 

5.5 
2.8 

30. l 
27.4 

8z+ 7 
22.0 
19· 3 
6.6 
3.9 

S11.-2 
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-------·------- ----·~---~ ~-~~--~-

Latitude 84° to 85°-'.\Ieridional arcs. Latitude 84°-Co-ordinate:. of curYaturc. 
------· --

--~~ Lat. 
j1 I i 

Sums of ;econds for middle : Sums of minutes for middle I 
Value of l" Value of r1 Longitude. i x y latitude. · latitude. I 

I i -------- ---- ,- --- - - ---- -- ------· 

I I 
i 

I 
i 

0 I ,ifeters. ,, 
Jfeters. illeten. I Jleters. 0 , llieters. Jfeto-;. I 

84 00 I 31. 024 I 1861. 45 

I 
! I 4 I I JI. 02 . 45 I I 861. 4 0 l 194.6 0.0 I ! 2 4 : I 62.05 . 45 2 3 722. 9 2 389.2 0. I ! 

3 4 3 I 93.o7 . 45 3 5 584. 4 3 583.8 0. 3 1 I 
4 4 4 ' 124. IO .45 4 7 445. 8 4 j78.3 o. 5 

84 05 JI. 024 5 155. 12 1861. 45 5 9 307. 3 0 5 972.9 0. 7 
6 4 6 186. 15 . 45 6 II 168. 7 6 l 167. 5 I. 0 
7 4 7 217. 17 ,46 7 13 030. 2 7 I 362. I I. 4 

! 8 4 8 248. 20 
I 

.46 8 14 891. 6 8 I 556. 7 I. 8 
9 4 ! 9 279.22 .46 9 16 753· I 9 I 751. 3 2.3 

' 

84 IO JI. 024 i 10 310.25 1861. 46 IO 18 614. 5 0 10 I 945· 9 2. 8 
II 4 I 341. 27 i .46 I 20 476. 0 15 2 918. 8 6.3 
12 4 ! 2 372.30 

II 
.46 2 22 337. 5 20 3 8g1. 8 I I. 3 

13 4 i 3 403.32 . 46 3 24 198. 9 25 4 864. 7 17.6 
14 4 4 434.35 Ii .46 4 26 o6o. 4 30 

I 
5 837. 6 25.3 

84 15 31. 024 15 465.37 ii 1861. 46 15 27 921. 9 0 35 6 810. 5 34·5 16 4 I 6 496.39 II 
. 47 6 29 783. 3 40 7 783. 4 45.0 11 

17 4 i 7 527. 42 i! . 47 7 31 644. 8 45 8 756. 2 57.0 
18 4 s 558.44 

1: 

. 47 8 33 506. 3 50 9 729. I 70.4 
19 4 9 589.47 . 47 9 35 367. 7 55 IO 701. 9 85. I 

84 20 31. 025 20 620.49 

II 
1861.47 20 37 229. 2 I 00 II 674. 7 101.3 

21 5 I 651. 52 . 47 I 39 090. 7 05 12 647. 5 I18. 9 
22 5 2 682.54 . 47 2 40 952. I IO 13 620. 3 137·9 
23 5 3 713. 57 ii . 47 3 42 813. 6 15 14 593. 0 158.3 II 24 5 4 744-59 

I 
. 47 4 44 675. l 20 15 565. 7 180. l 

84 25 25 775.62 1861. 48 
I 

46 536. 6 16 538. 4 31. 025 

I 

25 l 25 203.3 
26 5 6 8o6.64 . 48 6 48 398. 0 30 17 511.0 228.0 
27 5 7 837.67 . 48 7 50 259. 5 35 18 483. 6 254.0 
28 5 8 868.6<) . 48 8 52 121. 0 40 19 456. 2 281. 5 
29 s 9 899. 72 i . 48 9 53 982. 5 45 20 428. 7 310.3 

84 30 31. 025 30 930. 74 

I 
1861. 48 30 55 844- 0 I 50 21 401. 2 340.6 

31 5 I 961. 77 ,48 I 57 705. 4 55 22 373. 6 372.2 
32 5 2 992.79 . 48 2 59 566. 9 2 00 23 346 405 
33 5 3 I 023. 81 

r 
. 48 3 ! 61428.4 3 00 35 OIO 912 

34 5 4 I 054. 84 .49 4 63 289. 9 4 00 46664 I 6z1 

84 35 JI. 025 35 

I 
l 085. 86 1861.49 35 65 151. 4 5 00 58 303 2 532 

36 5 6 I 116. 89 I .49 

I 
6 67 012. 9 6 00 69 925 3 644 

37 5 7 I 147• 91 i .49 7 68 874. 4 7 00 81 526 4959 
38 5 8 I 178. 94 !! .49 I 8 70 735· 9 8 00 93 IOJ 6 475 

I 39 5 9 I 209. 96 .49 9 72 597. 3 9 00 I04 651 8 191 

84 40 31. 025 40 I 240. 99 1861. 49 40 74 458. 8 lO 00 116 168 IO !Oj 
41 5 I I 272. OI . 49 I 76 320. 3 II 00 127 650 12 223 
42 5 2 I 303. 04 ·49 2 78 181. 8 12 00 139 093 14 539 
43 5 3 I 334· o6 .49 3 So 043. 3 13 00 150 494 17 052 
44 5 4 l 365. 09 .50 4 81904.8 14 00 161 851 19 763 

14 45 31. 025 45 I 396. II 1861. 50 45 83 766. 3 15 00 173 I 58 22 670 
46 5 6 I 427. 14 .50 6 85 627. 8 16 00 184 413 25 774 
47 5 7 l 458. 16 .50 7 

I 
87 489. 3 17 00 195 613 29 072 

48 5 8 I 48g. 18 .50 8 89 350. 8 18 00 2o6 753 32 564 
49 5 9 I 520. 21 .50 9 91 212. 3 19 00 I 217 832 36 249 

14 50 31. 025 50 I 551. 23 1861.50 50 93 073- 8 20 00 228 845 40 126 
51 5 I I 582.'!26 .50 I 94 935. 3 21 00 239 788 44 193 
52 5 2 I 613. 28 .50 2 96 796. 8 22 00 250 66o 48 450 
53 5 3 I 644. JI .50 3 98 658. 3 23 00 261 456 52 894 

i 
54 5 4 I ~75· 33 . 5 l 4 100 519. 8 24 00 272 I 73 57 526 I 

14 55 JI. 025 SS I 7o6. 36 1861. 51 55 102 381. 3 25 00 282 8og 62 343 
56 5 6 I 737· 38 .51 6 104 242. 8 26 00 293 359 67 343 
57 5 7 l 768. 41 .51 7 Io6 104. 3 27 00 303 820 72 526 
58 5 

I 
8 I 799•!i • 51 8 107 965. 9 28 00 314 190 77 890 

59 5 9 l 830. .51 9 109 827. 4 29 00 324 466 113 433 
a.. 6o 31.025 6o I 861. 48 1861. 51 6o Ill 688. 9 30 00 334 644 89 153 



 

312 UNITED STATES COAST AND GEODETIC SURVEY. 

! 
Latitude 85° to 86°-Arcs of the parallel in meters. 

I I 
Lat. 1" 2" 

I 
311 4" lV' 6" 'i" 8" 9" 1' 2' 3' 4' Ii' 

-----~ ---
0 I 

85 00 2. 70 5. 4I 8. II I0.82 I3-52 I6.22 I8.93 21. 63 24.34 162.2 324.5 486:7 649.0 Su. 2 
I .70 ·39 ·09 .78 .48 . 17 . 87 .56 .26 I. 7 3.4 5· I 6.8 08.6 
2 . 69 . 37 .o6 . 75 .43 .12 .8o .49 . 18 I. 2 2.3 3.5 4.7 5. 9 
3 . 68 . 35 . 03 . 71 ·39 .o6 . 74 .42 . 10 o.6 I. 3 J. 9 2. 5 3.2 
4 . 67 .34 8.oo . 67 ·34 6.0I . 68 . 35 4.02 6o. I 20.2 8o.3 40.4 Soo.5 

85 05 2.66 5·32 7.98 I0.64 13.30 15.96 18.62 21. 27 23.93 159.6 319. I 478.7 638.2 797.8 
6 . 65 . 30 . 95 .6o . 25 .90 . 55 .20 . 85 9.0 8.o 7.0 6. I 5. I 

7 . 64 .28 . 92 .57 . 21 . 85 .49 . 13 . 77 8.5 7.0 5.4 3.9 92.4 
8 . 63 . 26 . 90 .53 .16 .79 .43 I. o6 .69 7.9 5.9 3.8 31. 7 .89.7 
9 . 62 . 25 . 87 .49 . 12 .74 . 36 0.99 .61 7.4 4.8 2.2 29.6 7.0 

85 10 2.61 5. ::3 7.84 10.46 13.07 15.69 I8.30 20.91 23.53 156.9 313.7 470.6 627.4 784.3 
II . 61 • 21 . 82 .42 3.03 . 63 . 24 .84 .45 6.3 2.6 68.9 5.3 81. 6 

I 12 .6o . I9 .79 .39 2.98 .58 . 17 . 77 . 37 5.8 I.6 7.3 3• I 78.9 
13 ·59 . 17 . 76 . 35 .94 .52 . II .70 .29 5.2 I0.5 5.7 20.9 6.2 
14 . 58 . 16 . 73 . 31 .89 .47 8.05 . 63 . 2I 4.7 09.4 4. I 18.8 3.5 

85 15 2.57 5- 14 7- 71 JO. 28 12.85 I5-42 17.99 ,20. 55 23. 12 154.2 3o8.3 462.5 616.6 770.8 
16 .56 . 12 . 68 . 24 .8o .36 . 92 .48 3.04 3.6 7.2 6o.9 4.5 68. l 

17 . 55 . IO . 65 . 21 .76 .31 . 86 .41 2.96 J. I 6.2 59.2 2. 3 5.4 
18 . 54 .08 . 63 . 17 . 71 . 25 . 8o ·34 .88 :q 5• I 7.6 IO. 2 2-f'l 
19· . 53 .07 . 6o . 13 . 67 .20 . 73 . 27 .8o 2.0 4.0 6.o 08.0 6o.o 

85 20 2. S2 5- 0 5 : 7.57 IO. 10 12.62 15. 15 17. 67 20. 19 22.72 151. 5 302.9 454.4 6o5.8 757.3 
21 .52 .03: . 55 .o6 .58 .09 . 61 . 12 .64 0.9 1.8 2.8 3.7 4.6 
22 . 51 5. OJ . 52 IO. 03 .53 5.04 .54 20.05 .56 5°-4 300.8 51. I 6o1. 5 51.9 
z3 .50 4.99 . 49 9.99 .49 4.98 .48 19.98 .48 49.8 299.7 49.5 599.4 49.2 
24 . 49 . 98 : . 46 . 95 ·44 . 93 .42 . 91 .40 9.3 8.6 7.9 7.2 . 6.5 

85 25 2.48 4.96 7.44 9·92 12.40 14.88 17.36 19.83 22.31 148. 81 297.5 446.3 595.o 743.8 
26 . 47 .94 . 41 . 88 .35 .82 . 29 .76 . 23 8.2 6.4 4.7 2.9 41. I 
27 . 46 . 92 .38 . 85 .31 . 77 . 23 . 69 . 15 7. 7 ' 5.4 3.0 90.7 38.4 
28 . 45 • <)O .36 . 81 . 26 . 71 . 17 . 62 2.07 7.1 4.3 41.4 88.6 5.7 
:9 .44 . 89 . 33 . 77 . 22 . 66 . 10 . 55 I. 99 6.6 3.2 39.8 6.4 3.0 

85 JO 2. 43 I 4.87 7.30 9.74 12. 17 14.61 17.04 19.47 21. 91 146. I 292.1 438.2 584.2 730.3 
31 . 43 . 85 . 28 . 70 . 13 . 55 6.98 .40 . 83 5.5 1.0 6.6 82. I 27.6 
32 . 4-2 . 83 . 25 . 67 .08 .50 . 91 . 33 • 75 5.0 90.0 4.9 79.9 4.9 
33 .41 . 81 . 22 . 63 2.04 .44 . 85 • 26 .67 4.4 88.9 J. J 7.8 22.2 
34 .40 .8o . 19 . 59 I. 99 .39 .79 . 19 .59 3·9 7.8 I. 7 5.6 19. s. 

85 35 2 ·39 4.78 7. 17 9.56 I I. 95 14.34 16.73 19· I I 21. 50 143.4 286.7 430. I 573·4 716.8 
36 . 38 .76 . 14 .52 .90 .28 .66 9.04 .42 2.8 5.6 28.5 71. 3 4. I 

37 . 37 .74 . II .49 . 86 . 23 . 6o 8.97 ·34 2.3 4.6 6.8 6g. I II. 4 
38 . 36 . 72 .09 . 45 . 81 . 17 .54 .90 .26 I. 7 3.5 5. 2 7.0 o8.7 
39 . 35 . 71 . 06 .41 . 77 .12 .47 .83 .18 I. 2 2.4 3.6 4.8 6.o 

85 40 2.34 4.69 7.03 9.38 I I. 72 14.07 16.41 18.75 21. IO 140. 7 281. 3 422.0 562.6 703.3 
41 .34 . 67 7.01 . 34 . 68 4.01 . 35 . 68 1.02 40. I 8o.2 20.4 6o.5 700.6 
42 . 33 . 65 6.98 . 3I . 63 3.96 . 28 . 61 0.94 39.6 79.2 18.7 58.3 6g7.9 
43 . 32 .63 . 95 . 27 .59 ·90 . 22 .54 .86 9.0 8. I 7. I 6. 2 5.2 
44 . 31 .62 . 92 . 23 .54 .85 .16 . 47 .78 8.5 7.0 5.5 +o 92.5 

85 45 2.30 4.6o 6.90 9.20 II. 50 13. 8o 16. IO 18. 39 20.69 138.0 275. 9 413.9 551. 8 689.8 
4(i . 29 .58 . 87 . 16 . 45 .74 6.03 . 32 . 61 7.4 4.8 2.3 49.7 7. I 

47 . 28 .56 . 84 . 13 . 41 .6g 5.97 . 25 .53 6.9 3.8 10.6 7~ 5 4-4 
48 . 27 .54 . 82 .09 .36 .63 . 91 . 18 .45 6.3 2.7 09.0 5.4 81. 7 
49 . 26 .53 .79 .05 . 32 .58 .8{ •II .37 5.8 1.6 7.4 3.2 79.0 

85 50 2.25 4.51 6.76 9.02 I I. 27 13.53 15. 78 18.03 20.29 135.3 270.5 405.8 541.0 676.3 
51 . 25 .49 . 74 8. 98 . 23 .47 . 72 7.g6 . 21 4.7 6g.4 4-2 38.9 3.6 
52 . 24 ·47 . 71 . 95 .18 . 42 . 65 .• 89 .13 4.2 8.4 2.5 6.7 70.9 
53 . 23 .45 . 68 .91 . 14 .36 ·59 .82 20.05 3.6 7.3 400.9 '4.6 68.2 
54 • 22 .44 . 65 . 87 .09 . 31 .53 • 75 19.97 3. I 6.2 399.3 2.4 5.5 

85 55 2.21 4.42 6.63 8.84 II. 05 13.26 15.46 17.67 19.88 132.6 265.1 397.7 530. 2 662.8 
56 . 20 .40 . 6o .So 1.00 .20 .40 .6o .Bo 2.0 4.0 6. I 28. J 6o. I 

57 . 19 .38 .57 . 77 o.g6 . 15 .34 . 53 . 72 I. s 3.0 4.4 5.9 57.4 
58 . 18 . 36 ·SS ·73 .91 ·09 • 28 .46 .64 0.9 1.9 2.8 3.8 4.7 
59 . 17 . 35 .52 .69 . 87 3.04 . 21 .39 .56 30.4 6o.8 91. 2 ::n.6 52.0 

85 6o 2.16 4.33 6.49 8.66 10.8z 12.99 15. 15 17. 31 19.48 129.9 a59.7 38g.6 519.4 649.3 
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Latitude 85° to 86°-Meridional arcs. Latitude 85°-Co-ordinates of curvarure. 

Lat. I 

Value of 11 Sums of seconds for middle I Value of 1' Sums of minutes for middle Longitude. x I y 
latitude. latitude. 

I 
0 I MeJers. fl Meters. Meters. I Meters. " I Meters. Meters. 

- 85 00 31. 025 1861. 51 
I 5 I 31. 03 .51 I I 861. 5 0 I 162.2 0.0 
2 5 2 62.05 .51 2 3 723. 0 2 324.5 0. I 

3 5 3 93.08 . 51 3 5 584. 5 3 486.7 0.2 
4 5 4 124. IO .51 4 II\ 7 446. 0 4 649.0 0.4 

85 05 31. 025 5 155. 13 1861. 52 5 9 307. 6 0 5 811. 2 o.6 
6 5 6 186. 15 .52 6 II 11l9. I 6 973.5 o.8 
7 5 7 217. 18 .52 7 13 030. 6 7 I 135. 7 I. I 
8 5 8 248. 21 .52 8 14 892. l 8 l 298.0 I. 5 
9 5 9 279.23 . 52 9 16 753· 6 9 I 46o. 2 I. 9 

85 IO 31. 025 IO 310. 26 I86i. 52 10 18 615. 2 0 IO I 622. 5 2.3 
II 5 I 341. 28 .52 I 20 476. 7 15 2 433. 7 5.3 
12 5 2 372.31 .52 2 22 338. 2 20 3 245.0 9·4 
13 5 3 403.33 ! .52 3 24 199. 7 25 4056. 2 14.7 
14 5 4 434.36 ·S2 4 26 o61. 2 30 4 867.4 ;!I. 2 

85 15 31. 025 15 465.38 1861. 53 15 27 922. 8 0 35 5 67i.6 28.8 
16 5 6 496.41 ·53 6 29 784. 3 40 6 4-89.8 37.6 
17 5 7 527.44 .53 7 31 645. 8 45 7 301.0 47.6 
18 5 8 558.46 ·53 8 33 507. 3 50 8 112. 2 58.8 
19 5 9 589.49 .53 9 35 368. 9 55 8 923. 3 7r. I 

85 20 3r. 025 20 620. 51 1861. 53 20 37 230. 4 I 00 9 734. 5 84.6 
21 6 I 65I.54 . 53 I 39 091. 9 05 JO 545• 6 99·3 
22 6 2 682.56 .53 2 40 953. 5 IO II 356. 7 115. 2 
23 6 3 713.59 . 53 3 42 815. 0 15 12 167. 8 132.2 
24 6 4 744.62 .53 4 44 676. 5 20 12 978. 8 150.4 

85 25 31. 026 25 775.64 l86L 53 25 46 538. I I 25 13 789.8 I69.8 
26 6 6 So6.6,7 .54 6 48 399· 6 30 14 6oo.8 190.4 
27 6 7 837.69 .54 7 50 261. I 35 15 411.8 212.2 
28 6 8 868.72 .54 8 52 122. 7 40 16 222. 7 235. I 

29 6 9 899.74 .54 9 53 984. 2 45 17 033. 6 259.2 

85 30 31.026 30 930.77 1861. 54 30 55 845. 7 I 50 17 844. 5 284.4 
31 6 I 961. 79 . 54 I 57 707. 3 55 18 655. 3 310.9 
32 6 2 992.82 . 54 2 59 568. 8 2 00 19466 338 
33 6 3 I 023. 85 ·54 3 61 430.4 3 00 29 192 762 
34 6 4 l 054. 87 .54 4 63 291. 9 4 00 38909 I 354 

85 35 31. 026 35 I 085. 90 1861.54 35 65 153. 4 s 00 48 613 2 114 
36 6 6 l 116. 92 .54 6 67 015. 0 6 00 58304 3044 
37 6 7 I 147· 95 ·54 7 68 876. 5 7 00 67 977 4 142 
38 6 8 I 178. 97 ·SS 8 70 738. I 8 00 77 629 s 4o8 
39 6 9 I 210. 00 . 55 9 72 599· 6 9 00 87 258 6 841 

85 40 31. 026 40 I 241, 03 1861.55 40 74 46I. 2 IO 00 g686o 8442 
41 6 I I 272. 05 .55 I 76 322. 7 II 00 1o6 433 10 209 
42 6 2 I 303. o8 . 55 2 78 184. 3 12 00 115 974 12 143 

43 6 3 I 334- 10 ·SS 3 8o045.8 13 00 125 48o 14 242 

44 6 4 I 365. 13 ·SS 4 81 907·4 14 00 134 948 16 5o6 

85 45 31. 026 45 I 3g6. 15 1861. 55 4~ 83 768. 9 15 00 144 375 18 934 
46 6 6 J 427. 18 .55 85 630. 5 16 00 153 759 21 526 

47 6 7 I 458. 21 .55 7 87 492. 0 17 00 163 096 24 281 

48 6 8 I 489. 23 .55 8 89 353· 6 18 00 172 383 27 197 

49 6 9 l 520. 26 .55 9 91 215. 2 19 00 181 619 30 275 

85 50 31.026 50 I 551. 28 186I.56 50 93 076. 7 20 00 190 8oo 33 51 2 

51 6 l I 582. JI .56 I 94 938. 3 21 00 199 922 36 909 
52 6 2 I 613. 33 .56 2 g6 799· 8 22 00 208 985 40464 

53 6 3 I 644. 36 .56 3 98 661. 4 23 00 217 985 44 176 

54 6 4 I 675, 38 .56 4 100 522. 9 24 00 226 918 48 044 

85 55 31.026 Si I 7o6.41 1861.56 SS 102 384. s 25 00 235 783 52 o66 

56 6 1 737· 44 .56 6 104 246. I 26 00 244 577 S6 243 

57 6 7 I 768.46 .56 7 100 107.6 27 00 253 296 6o 571 

58 6 8 I 799·49 .56 8 107 g6g. 2 28 00 261 939 65 050 

59 6 9 I 830. 51 .56 9 109 830.8 29 ·oo 270 503 6g 679 

85 6o 31.026 6o 1861.54 1861. 56 6o lU 6g2.3 30 00 278 986 74 456 

H. Ex. 43--40 



 

314 UNITED STATES COAST A.ND GEODETIC SURVEY. 

Latitude S6° to 8;0 -Arcs of the parllllel in meter'. 

I • ; I I : 
1" I 2" i 311 

1. 411 I 5
11 

6
11 

7
11 

I' 8
11 

: 9" I '1 I t 
i l ! : I , i 1-0-/ ..___1--11--1--1----.--1--1---

. 

86 oo 2. 16, 4.33 6.49 ! 8.66 I ro.82, 12.99 15. 15; 17.31 I 19.48 
.16 ! .31 .47; .62 I .78 .93 .09 II ·.24 ! .40 

2 

3 
4 

86 05 
6 
7 
8 
9 

86 JO 

JI 
12 
13 
14 

86 15 
16 
17 
18 
19 

86 20 
21 

22 

23 
24 

86 25 
26 
27 
28 
29 

86 30 
31 
32 
33 
34 

86 35 
36 
37 
38 
39 

.15i .29 .44 .59j .73 .88 5.02 .. 171 .32 

. I4 i . 27 . 41 i . 55 i . 69 . 82 4. 961 . IO I . 24 

.I31 .26 .38i .511 .64· ·77,e .go 7.03, .16 

2. I2 4· 24 6. 36 i s. 48 l IO. 60 12. 72 14. 83 i I6. 95 I I9. 07 
. I I . 22 . 33 I . 44 I . 55 . 66 . 77 i . 881' 8. 99 
. IO I .20 .30 I .4I I .51 .61 .7I I .8I .91 
. 09 . 18 . 28 . . 37 . 46 · . 55 • 65 I • 74 , . 83 
.o8i .17 .25 .33 .42 .50 .581 .671 .75 

2.07 I 4.15 6.22 8.30 I0.37 12.45 14.52 I6.59 \ 18.6; 
. 07 I . 13 . 20 . 26 . 33 . 39 . 46 I • 52 I • 59 
. o6 . II . I7 . 23 . 28 . 34 . 39 I . 45 i . 5I 
. 05 . 09 . 14 . 19 . 24 . 28 . 33 I . 38 I . 4.1 
.04 .08 .II .15 .19 .23 .27i .31

1 
·35 

2. OJ 4• o6 6. 09 8. 12 IO. 15 12. 18 14· 20 i 16. 23 i 18. 26 
.02 .04 .06 .o8 .IO .12 .141 .161 .18 
. 01 . 02 . 03 . 05 . o6 . 07 . 08 I . 09 . 10 

2. 00 4. 00 6. 01 8. 01 IO. 01 2. OJ 4. 02 ; 6. 02 8. 02 
1.99 3·99 5.98 7.97 9.97 1.96 3·95 I 5·95 7.94 

I. 98 3· 97 5· 95 7. 94 9· 92 II. 91 13. 891 15. 87 17· 86 
. 98 . 95 . 93 . go . 88 . 85 . 83 . . 8c . 78 
. 97 . 93 . 90 . 87 . 83 . 80 . 76 ! . 73 . 70 
. 96 . 9' . 87 . 83 . 79 . 74 . 10 I . 66 . 62 
. 95 . go . 84 . 19 . 74 . 69 . 64 I . 59 . 54 

I. 94 3· 88 5. 82 7. 76 9· 70 II. 64 IJ. 58 , 15. 51 17. 45 
· 93 · 86 · 79 · 72 · 65 · 58 · 5 I i · 44 • 37 
.92 .84 .76 .68 .61 .53 .45 .37 .29 
. 91 . 82 . 74 . 65 . 56 . . 47 . 38 . 30 . 21 
, 90 · 81 · 71 . 61 . 52 i • 42 . 32 . 22 · I J 

I. 89 
. 88 
. 87 
. 86 
. 86 

I. 85 
. 84 
. 83 
. 82 
.81 

3.79 
. 77 
• 75 
. 73 
. 72 

3.70 
. 68 
. 66 
.64 
. 63 

5.68 
. 65 
. 63 
. 60 
. 57 

5. 55 
. 52 
. 49 
. 47 
.44 

7.58 
.54 
.50 
.47 
.43 

7.40 
. 36 
. 32 
. 29 
. 25 

9.47 : 
.43 ; 
· 38 I 
. 34 ! 

. 29 ' 
9. 25 i 

. 20 ! 

. 16 i 
• I I I 

.07 

II. 36 
. 31 
. 26 
. 20 
. 15 

II. 09 
1. 04 
0.99 

. 93 ! 

. 88 ! 

13.26 
.20 
. 13 
. 07 

3.01 

12.94 
. 88 
. 82 
. 75 
.69 

15. 15 
.o8 

5. 01 
4.94 
.86 

14. 79 

:~~I .58 
.50 

17.05 
6.97 

. 88 

. 80 

. 72 

16.64 
.56 
. 48 
.40 
. 32 

86 40 I. 80 3· 61 5. 41 7. 22 9.02 
8.98 

-93 
.89 
.84' 

10.82 
. i7 
. 72 
. 66 
. 6I 

12. 63 
. 57 
.50 
.44 
. 38 

14.43 
. 36 
. 29 
. 22 

.14 

16. 24 
.16 

6.07 
5.99 

. 92 

41 · 79 · 59 · 38 · I 8 
42 . 79 ' . 57 . 36 - 14 
43 · 78 ! · 55 · 33 · 11 
44 .77 I ·54 .30 .07 

86 45 1.76 ! 3· 52 5. 28 7. 04 
46 .75 .50 .25 7.00 
47 .74 .48 .22 6.96 
48 . 73 . 46 . 20 . 93 
49 · 72 · 45 · Ii . 89 

8.So: 
. 15 i 
. 71 : 
. 66 I 
.62 

IO. 55 
.50 
.45 
.39 
. 34 

12. 31 

. 25 

. 19 I 

. 12 

.o6 

86 50 I. 71 3· 43 5· 14 6. 86 8. 57 IO. 28 12. 00 

51 . 70 • 41 · I I . 82 . 53 . 23 l. 94 
52 . 70 . 39 . 09 . 78 . 48 . 18 . 87 
53 . 69 . 37 . o6 • 75 . 441 . 12 . 81 
54 .68 .36 .03 .71 ·39 .07 .75 

86 55 I. 67 3· 34 5· 01 6. 68 8. 35 10. 01 II. 68 
56 .66 .32 4.98 .64 .30 9.96 .62 
57 . 65 . 30 . 95 . 6o . 26 . 91 . 56 

14.07 
4.00 
3.93 
.86 
. 78 

13. 71 
.64 
.57 
.50 
.42 

13.35 
. 28 
. 21 
. 14 

3.o6: 
12. 99 ~ 

15.83 
. 75 
. 67 
.59 
• 5 I 

15. 43 
. 35 
. 26 
.18 
. 10 

15.02 
4.94 
.86 
.78 
.70 

14.61 

1' 

129.9 
9.3 
8.8 
8. 2 

7.7 

127.2 
6.6 
6. I 

5.5 
5.0 

124.5 
3.9 
3.4 
2.8 
2.3 

121. 8 
I. 2 

o. 7 
20. I 

19.6 

II9. I 
8.5 
8.o 
7. 4 
6.9 

u6. 4 
5. 8 ' 
5. 3 . 
4. 7 i 
4· 2 I 

113. 6 
3. l 
2. 6 ' 
2.0 ' 
I. 5 : 

110. 9 I 
10.4 
09.9 

9.3 
8.8 

108.2 
7.7 
7.2 
6.6 
6. I 

I05.5 ' 
5.0 
4.5 
3-9 
3.4 

102.8 
2.3 
I. 8 
I. 2 
0.7 

100. l 

99.6 
9.1 
8.5 
8.o 

97.4 

2' 

259.7 
8.6 
7.6 
6. 5 
5. 4 

254.3 
3.2 
2.2 
I. I 

50.0 

248.9 
7.8 
6.8 
5.7 
4.6 

243·5 
2.4 
I. 3 

40.3 
39· 2 

238. I 

7. 0 

5. 9 ! 

4-9 
3.8 

232.7 
I. 6 

30. 5 
29.5 
8.4 

227.3 
6.2 
5· l 
4. I 

3.0 

221. 9 
20, 8 
19.7 
8.6 
7. 6 

216.5 
5.4 
4.3 
3.2 
2.2 

21 I. I 
10.0 

08.9 
7.8 
6.8 

205.7 
4.6 
3.5 
2.4 
I. 3 

200.3 
199.2 

8.1 
7.0 
5.9 

194·9 

31 
! 
I 
I 

I 
389. 6 I 

8. 0 . 

6. 31 
4. 7 
3· I I 

381. 5 ! 
79.9 
8. 2 

6.6 
5.0 

373.4 
I. 8 

70. I 

68. 5 
6.9 

365.3 
3.6 
2.0 

60.4 
58.8 

357.2 
5. 5 

.3·9 
2.3 

50.7 

349. I 
7.4 
5.8 
4.2 
2.6 

340.9 
39.3 

7.7 
6. I 

4.5 

332.8 
31. 2 

. 29.6 
8.o 
6.3 

324.7 
3· I 

21. 5 
19.9 
8.2 

316.6 
5.0 
3.4 
I. 8 

IO. I 

308.5 
6.9 
5.3 
3.6 
2.0 

300.4 
298.8 

7.2 
5.5 
3·9 

292.3 

519.4 
7.3 
5. I 

3.0 
IO. 8 

5o8.6 
6. 5 
4.3 
2. 2 

500.0 

497.8 
5. 7 
3· 5 

91. 3 
39. 2 

487.0 
4.9 
2.7 

8o. 5 
78.4 

476. 2 

4.0 
71. 9 
6<). 7 
7.6 

465.4 
3.2 

61. I 

58.9 
6.8 

454.6 
2.4 

50. 3 
43. I 

5.9 

443.8 
41. 6 
39. 5 

7.3 
5. I 

433.0 
30.8 
28.6 
6.5 
4.3 

422.2 
20.0 
17.8 
5.7 
3.5 

411. 3 
09.2 

7.0 
4.9 
2.7 

400.5 
398.4 

6.2 
4.0 
I. 9 

389.7 

51 

649.3 
6.6 
3 9 

41. 2 

38. 5 

635.8 
3. I 

30.4 
27. 7 
5.0 

622.3 
19.6. 
6.9 
4. 2 

11. 5 

6o8.8 
6. I 

3.4 
6oo. 7 
598.0 

595·3 
92.6 
89.9 
7.2 
4. 5 

581. 8 
79.0 
6. 3 
3.6 

70.9 

¢8. 2 

5.5 
2.8 

6o. I 

57. 4 

554.7 
52.0 
49.3 

6.6 
3.9 

541. 2 
38.5 
5.8 
3. I 

3o.4 

527. 7 
5.0 

22. 3 
19.6 
6.9 

514.2 
II. 5 
o8.8 

6.1 
3.4 

500. 7 
498.0 

5.3 
92.6 
89.9 

487-11 f "U .:ll ,;; I .!! dl: .:i ,:~ . .:Ji 
1 

'----.!-.---'--~---'----'---·--'---'-----J------------'-----'----'------··-~·---· 



 

UNITED STA.TES COA.S'l' A.ND GEODETIC SURVEY. 315 

I Latitude 86° to 8i 0 -Meridional arcs. 

II Lat. Yalue of 111 I Sums of sec~nds for middle II Value of 11 II Sums of minutt" fur middle L . d I 

Latitude 86°-Co-orclinates of curvature. 

x i latitude. II latitude. ongitu e. I. 
!1----1-----1 1-----:---i-----_j.-----r-----------
·1-

8
°
6 00

1

1 

J[eters. ' /1 ,Veters. 

1

1 J)feters. 1 lffeters. 0 
' Metei·s. J'rfeters. 

31.026 1861.56 
6 I 31.03 .56 I 1861.6 0 I 129.9 0.0 

3
2 6 2 62. 05 II . 56 2 3 723. I 2 259. 7 o. I 

6 3 93· 08 . 57 3 5 584. 7 3 389. 6 0. 2 
4 6 4 124.11 .57 4 7446.3 4 519.4 0.3 

86 05 31. 026 5 155. 13 1861. Si 5 9 307. S o 5 649. 3 o. 5 
6 6 6 186. 16 . 57 6 II 169. 4 6 779· 2 0. 7 
7 6 7 217.18 .57 7 13031.0 7 909.0 0.9 
8 6 S 248.21 .57 8 14892.5 8 I 038.9 1.2 
9 6 9 279. 24 · 57 9 16 754· I 9 I 168. 7 I. 5 

86 IO 

II 

12 

13 
14 

86 15 
16 
17 
18 
19 

86 20 
21 
22 

23 
24 

86 25 
26 
27 
28 
29 

86 30 
31 
32 
33 
34 

86 35 
36 
37 
38 
39 

86 40 
41 
42 
43 
44 

86 45 
46 
47 
48 
49 

86 50 
51 
52 
53 
54 

86 55 
56 
57 
58 
59 

86 6o 

31. 026 10 
6 I 

6 2 

6 3 
6 4 

31.026 15 
6 I 6 
6 7 
6 8 
6 9 

31. 026 
6 
6 
6 
6 

31. 026 
6 
6 
6 
6 

31. 026 
6 
6 
6 
6 

31. 026 
6 
6 
6 
6 

31. 027 
7 
7 
7 
7 

31. 027 
7 
7 
7 
7 

31.027 
7 
7 
7 
7 

31. 027 
7 
7 
7 
7 

31.0;;17 

20 
I 

2 

3 
4 

25 
6 
7 
8 
9 

30 
I 

2 

3 
4 

35 
6 
7 
8 
9 

40 
I 
2 

3 
4 

45 
6 
7 
8 
9 

50 
I 
2 

3 
4 

SS 
6 
7 
g 

~ 

310. 26 
341. 29 
37z.32 
403.34 
434·37 

465.40 
496.42 
527. 45 
558.48 
589. 50 

620.53 
651. 55 
682. 58 
713. 61 
744.63 

775. 66 
806.69 
837. 71 
868.74 
899.77 

930.79 
961. 82 
992.85 

I 023. 87 
I 054. go 

l 085. 92 
I II6. 95 
I 147· 98 
I 179. 00 
I 210.03 

l 241. 06 
I 272. 08 
l 303. II 
I 334· I4 
I 365. 16 

I 396. 19 
I 427. 21 
I 458. 24 
I 489. 27 
I 520. 29 

I 551.32 
I 582. 35 
I 613. 37 
I 644. 40 
I 675. 43 

l 7o6. 45 
I 737· 48 
I 768. SI 
l 799· 53 
I 830. 56 
I 861. 58 

1861. 57 IO 

· 57 I 
. 57 2 

. 57 3 

. 51 I 4 

1861. 57 15 
. 58 6 
. 58 7 
. 58 8 
. 58 I 9 

1861. 58 
.58 
.58 
.58 
.58 

1861. 58 
.58 
.58 
.58 
.58 

1861. 58 
.59 
.59 
.59 
.59 

1861. 59 
.59 
.59 
.59 
·59 

1861. 59 
.59 
.59 
.59 
·59 

1861. 59 
.6o 
.6o 
.6o 
.6o 

1861. 6o 
.6o 
.6o 
.6o 
.6o 

1861. 6o 
.6o 
.6o 
.6o 
.6o 

1861. 6o 

20 
I 
2 

3 
4 

25 
6 
7 
8 
9 

30 
I 

2 

3 
4 

35 
6 
7 
8 
9 

40 
I 
2 

3 
4 

45 
6 

~ 
9 

50 
I 

2 

3 
4 

55 
6 
7 
8 
9 

6o 

18 615. 7 
20 477. 2 
22 338. 8 
24 200.4 
26 062.0 

27 923. 5 
29 785. I 

31 646. 7 
33 5o8. 3 
35 369. 8 

37 231. 4 
39 og3. 0 

40 954. 6 
42 816. 2 
44 677- 7 

46 539· 3 
48 400.9 
50 262. 5 
52 124. I 
53 98j. 7 

55 847. 2 

57 108. 8 
59 570. 4 
61432.0 
63 293. 6 

65 155. 2 
67 016, 8 
68 878. 3 
70 739. 9 
72 6o1. 5 

74 463. I 

76 324. 7 
78 186. 3 
8oo47.9 
81 909· 5 

83 771. I 
85 632. 7 
87 494. 3 
89 355. 9 
91 217. 5 

9J 079. I 
94 940. i 
96 Soz.3 
98 663. 9 

100 525. 5 
102 387. I 
104 248. 7 
Io6 110, 3 
107 971. 9 
109 833. 5 
HI 6g5. I 

0 IO 

15 
20 
25 
30 

0 35 
40 
45 
50 
55 

I 00 

05 
10 

15 
20 

I 25 
30 
35 
40 
45 

I 50 
;s 

2 00 

3 00 
4 00 

5 00 
6 00 

7 00 
8 ()() 
9 00 

IO 00 
II 00 
12 00 

13 00 
14 00 

15 CJ() 

16 CJ() 

17 00 
18 00 
19 00 

20 00 
21 00 
22 00 

23 00 
24 00 

25 00 
26 00 

27 00 
28 00 

29 00 
30 00 

I 298. 6 
I 947· 9 
2 597· 2 

3 246. 5 
3 895. 8 

4 545. 0 

5 194. 3 
5 843. 6 
6 492. 8 
7 142.0 

7 79r. 2 
8 440.4 
9 089. 6 
9 738. 8 

IO 387. 9 

II 037. 0 
II 686. I 

12 335· 2 
12 984. 2 

13 633. 2 

14 282. 2 
14 931. 2 

15 58o 
2 3 364 
31 141 

38 909 
46 665 
54406 
62 132 
69 838 

77 523 
85 185 
92 821 

100 428 
108 006 

II5 550 
123 o6o 
130 532 
137 965 
145 356 

152 702 
16o 003 

167 255 
174 456 
181 6o4 

188 698 
195 7 34 
202 711 
209 626 
216 478 
223 264 

I. 9 
4. 2 
;.s 

l I. 8 
17.0 

23. I 
JO. I 
38. I 

47· I 
57.0 

67. 8 
79.6 
92. 3 

100.0 
120.6 

136. l 
152.6 
170.0 
188.4 
207.7 

228.0 
249.2 
271 
610 

I 085 

I 6g5 
2440 
3 320 
4 334 
5 483 

6 766 
8 182 
9 732 

II 414 
13 229 

15 175 
17 252 
1946o 
21 797 
24 264 

26 859 
29 581 
32 430 
35 405 
38 504 

41 728 
45 075 
48 543 
52 133 
55 843 
59 671 
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Lat. 

o I 

2 

3 
4 

87 05 
6 
7 
8 
9 

87 10 
II 
12 
13 
14 

87 15 
16 
17 
18 
I9 

87 20 
21 
22 
23 
24 

87 25 
26 
27 
28 
29 

87 30 
31 
32 
33 
34 

87 35 
36 
37 
38 
39 

87 40 
41 
42 
43 
44 

87 45 
46 
47 
48 
49 

87 50 
51 
52 
53 
54 

87 55 
56 
57 
58 
59 

87 6o 

UNITED STATES COAST AND GEODETIC SURVEY. 

Latitude 87° to 88°-Arcs of the parallel in meters. 

1" I II 311 i '" I 511 I 6" 7" 8" II 911 1' 2' I 3' ,, I 51 

---·!-----'-------------1---,,----1>-----1----'"--------11-------

I. 62 3· 25 4· 87. 6. 50 ' 8. 12 9· 741 II. 37 12. 99 I 14. 61 97. 4 194. 9 292. 3 3~- 7 487. 2 
• 61 • 2j • 84 • 46 I • 08 • 69 • 31 • 92 1 

• 53 6. 9 3• 8 go. 7 7, 6 4. 5 
.61 .21 .82 .42 8.03 .63 ·24 .85 .45 6.3 2:7 89.0 5.4 8r.7 
. 6o . I9 . 79 . 39 7. 98 . 58 . 18 . 77 . 37 5. 8 I. 6 7. 4 3· 2 79. 0 
• 59 • I8 · 761 · 35 · 94 · 53 · ll · 70 · 29 5· 3 90· 5 5- 8 81. l 6. 3 

I. 58 3· I6 4. 74 6. 31 7. 89 i 9· 47 II. 05 12. 63 14. 21 94· 7 189. 5 284. 2 378. 9 473· 6 
.57 .14 .71 .28 .85 .42 0.99 .56 .I3 4.2 8.4 2.6 6.7 70.9 
.56 .I2 .68 .24 .So .36 .92 .49 4.05 3.6 7.3 8o.9 4.6 68.2 
.55 .IO .65 .21 .76 ,3I .86 .4I 3.96 J.I 6.2 79·3 2.4 5·5 
.54 .og .63 .17 .71 .26 .So .34 .88 2.6 5.1 7.7 70.3 2.8 

1.53 3.07 4.6o 6.13 7.67 9.20 10.74 12.27 I3.80 92.0 184.0 276.1 368.1 
. 52 . 05 . 57 , IO , 62 . I 5 • 67 · 20 • 72 I. 5 3· 0 4· 4 5· 9 
. 52 . 03 . 55 . o6 . 58 . 09 . 61 . l 3 . 64 0. 9 I. 9 2. 8 J· 8 
. 51 . 01 . 52 6. 03 . 53 ' 9. 04 . 55 2. 05 . 56 go. 4 8o. 8 71. 2 61. 6 
. 50 3· 00 • 49 5· 99 . 49 8. 99 . 48 I. 98 . 48 89. 9 79· 7 69. 6 59· 4 

1.49 2.98 4.47 5.95 7.44 8.93 10.42 11.91 13.40 89.3 178.6 268.0 357.3 
.f& .96 -44 .92 _40 .88 .36 .84 .32 8.8 7.6 6.3 5.1 
. 47 . 94 . 41 I . 88 . 35 . 82 . 29 . n . 24 8. 2 6. s 4. 1 3· o 
.46 .92 .381 .85 .JI ·77 .21 .69 -I5 7-7 5.4 'J.I 50.8 
. 45 . 91 . 36 I . 81 . 26 . 72 . 17 I . 62 3· 07 7. 2 4. 3 61. 5 48. 6 

2. 89 4. 33 5· 77 7. 22 8. 66 IO. II I J. 55 I2. 99 86. 6 I73· 2 259. 8 346. 5 1.44 
·43 
.43 
.42 
. 41 

1.40 
.39 
.38 
.37 
. 36 

I. 35 
. 34 
.34 
·33 
.32 

I. 31 
. 30 
. 29 
. 28 
. 27 

I. 26 
. 25 
. 25 
. 24 
.23 

I. 22 
.21 
.20 
.19 
. 18 

I. 17 
. 16 
. 15 
. 15 
. 14 

I. I3 
.12 
•II 
. 10 

1::l 1 

I 

.87 .30 .74 . 17 .61 10.04 .48 .91 6. 1 2.1 8.2 4.3 

. 85 . 28 . 70 . I 3 . 55 9· 98 . 41 . 83 5· 5 I. I 6. 6 2. I 

.83 .25 .67 .08 .50 .92 ·33 -75 5.0 70.0 5.0 40.0 

.82 .22 .63 7.04 .45 .85 .26 .67 4.5 68.9 3.4 37.8 

2. 80 4. 20 5. 59 6. 99 8. 39 9. 79 II. 19 12. 59 83. 9 167. 8 251. 7 335· 6 
.78 .17 .56 .95 .34 .73 .12 .50 J.4 6.71 50.1 3.5 
. 76 

1 
• I 4 , 52 . gD , 28 . 66 I. 05 • 42 2. 8 5 • 7 '4.8. 5 31. 3 

:~~I :~ ::~ J~ ::~ :~ o:~ :~i ::~ j:~ ~:; 2~:~ 
2.71 4.o6 5.41 6.77 8.12 9.47 10.83 12.18 8r.2; 162.4 243.6 324.8 

. 69 . 03 . 38 . 72 . 07 . 4I . 76 . IO 0. 7 I. 3 2. 0 2. 7 

. 67 4. OI . 34 . 68 8. 01 , 35 . 69 2. 02 8o. I 00. 2 40. 4 20. 5 

. 65 3· 98 . 31 . 63 7. 96 . 28 . 61 I. 94 79. 6 59. 2 38. 7 18. 3 
· 63 . 95 . 27 . 58 . 90 • 22 · 54 . 86 9· 0 8. l 7. I 6. 2 

2.62 3.93 5.23 6.54 7.85 9.16 10.47 11.77 78.5 157.0 235.5 314.0 
.6o .90 .20 .50 .8o .IO .4& .6g 8.o 5.Q 3•9 II.8 
.58 .87 .16 .45 .74 9.03 .33 .61 7.4 4.8 2.3 09.7 
. 56 . 84 . I3 . 41 . 6g 8. 97 . 25 . 53 6. 9 3· 8 30. 6 7. 5 
. 54 . 82 -og . 36 . 63 . 91 . 18 . 45 6. 3 2. 7 29. 0 5. 3 

2.53 
.5I 
·49 
.47 
.45 

2.44 
.42 
.40 
.38 
.36 

2.35 
. 33 
.31 
. 29 
.27 

2.26 
.24 
.22 
.20 
.18 

2.17 

3-79 
.76 
- 74 
. 7I 
.68 

3.65 
.63 
.6o 
.57 
.55 

3.52 
.49 
.47 
.44 
. 41 

3.38 
. 36 
. 33 
.30 
.28 

3· 25 

5- 05 6. 32 7. 58 8. 84 IO. It II. 37 75· 8 151. 6 
5.02 .27 .53 .78 10.03 .29 5·3 50.5 
4- 98 . 23 . 47 . 72 9· g6 . 21 4. 7 49· 4 
. 95 . 18 . 42 . 65 . 89 . I3 4. 2 8. 3 
-91 - 14 -36 . 59 . 82 I. 05 3· 6 7. 3 

4· 87 6. 09 7· 31 8. 53 9· 74 IO. 96 73• I I46. 2 
.84 .05 .26 .46 .67 .88 2.6 5.1 
. 8o 6. 00 . 20 . 40 . 6o . 8o 2. 0 4. 0 
. 76 5. 96 . 15 . 34 . 53 . 72 I. 5 2. 9 
.73 .91 .og .27 .46 .64 0.9 I.8 

4.6g 5.87 7.04 8.21 9.38 I0.56 70.4 
. 66 . 82 6. 98 . 15 . JI . 48 69. 8 
· 62 · 78 . 93 . c8 · 24 · 39 9· 3 
.58 .73 .88 8.02 .17 .31 8.8 
·55 .69 .82 7.g6 .IO .23 8.2 

4· 51 5. 64 6. 77 7. 90 9· 02 IO. IS 67. 7 
.48 .6o .7I .83 8.95 10.07 7.1 
. 44 . 55 . 66 . 77 • 88 9· 99 6. 6 
. 40 . 50 . 6 I . 7 I . 81 . 91 6. I 

·37 - .46 ·55 .64 .74 .83 5.5 
4.33 5.41 6.50 7. 58 8.66 9.75 65.0 

140.8 
39.7 
8.6 
7.5 
6.4 

135.4 
4.3 
3.2 
2. I 

31.0 
129.9 

227.4 
5.8 
4· I 
2.5 

20.9 

219.3 
7.6 
6.o 
4.4 
2.8 

2H. l 

09.5 
7.9 
6.3 
4.7 

203.0 
201.4 
199.8 

8.2 
6.5 

194.9 

303.2 
301.0 
298.8 

6. 7 
4.5 

292.4 
90.2 
88.o 
5.9 
3.7 

281. 5 
79·4 f 

7. 2 
5.0 
2.9 

270.7 
68.5 
6.4 
4.2 

62.0 
259.9 

46o. I 

57.4 
4. 7 

52.0 
49.3 

446.6 
3.9 

41. 2 
38. s 
5.8 

433· I 

3°-4 
27.7 
5.0 

22.3 

419.6 
6.8 
4· I 

II. 4 
o8. 7 

4o6.o 
3.3 

400.6 
397.9 

5.2 
392. 5 
89.8 

7. I 

4.4 
81. 7 

379.0 
6.3 
3.6 

70.9 
68. I 

365.4 
2.7 

6o.o 
57.3 
4.6 

35r.9 
49.2 

6.5 
3.8 

41. I 

338.4 
5-7 
3.0 

30.3 
27.6 

324-9 
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Latitude &7° to 88°-Meridional arcs. • Latitude 87°-Co-ordinates of curvature. 

Lat. 
V 1 f ,, I Sums of seconds for middle [ 

I 
Sums of minutes for middle I 

a ue 0 1 latitude. I Value of 11 
latitude. Longitude. x y 

I 
I 

0 ' Meters. " i Meters. Meters. I Meters. 0 I Meters. Meters. 
87 00 31. 027 1861. 6o -

7 .6o I 861. 6 I I 31.03 I 0 [ 97·4 o.o 
2 7 2 62.05 .6o 2 3 723. 2 2 194.9 O. I 

3 7 3 93.08 . 61 3 5 584. 8 3 292.3 O. I 

4 7 4 124. II .61 4 7 446.4 4 389.7 0.2 

87 05 31. 027 5 155. 13 1861. 61 5 9 3o8. 0 0 5 487.2 0.4 
6 7 6 186.16 .61 6 II 169. 6 6 584.6 o. 5 
7 7 7 217. 19 . 61 7 13 031. 2 7 682.0 o. 7 
8 7 8 248.22 . 61 8 14 892. 9 8 779.5 0.9 
9 7 9 279.24 . 61 9 16 754. 5 9 876.9 I. I 

87 IO 31. 027 IO 310.27 1861. 61 10 18 616. [ 0 IO 974.3 I. 4 
II 7 I 341. 30 .61 I 20 477. 7 15 1 461. s 3.2 
12 7 2 372.32 • 61 2 22 339· 3 20 I 948, 6 5.7 
13 7 3 403.35 . 61 3 24 200. 9 25 2 435· 7 8.8 
14 7 4 434.38 . 61 4 26 o62. 5 30 2 922. 9 12.7 

87 15 31. 027 15 465.40 1861. 61 15 27 924· I 0 35 3 410.0 17· 3 
16 7 6 496.43 . 61 6 29 785. 7 40 3 897, I 22.7 
17 7 7 527.46 . 61 7 31 647. 4 45 4 384. 3 28.7 
18 7 8 558.49 .61 8 33 509· 0 50 4 871. 4 35.4 
19 7 9 589.51 .61 9 35 370. 6 55 5 358. 5 42.8 

87 20 31. 027 20 620. 54 t861. 6r 20 37 232. 2 1 00 
I 5 845. 5 50.9 

21 7 I 651. 57 .62 I 39 093. 8 05 • 6 332. 6 59.8 
22 7 2 682.59 .62 2 4° 955. 4 10 6 819. 7 69.3 
23 7 3 713.62 . 62 3 42 817. 0 15 7 3o6. 7 79.6 
24 7 4 744.65 .62 4 44 678. 7 20 7 793· 7 go.6 

87 25 31. 027 25 775.67 1861. 62 25 46 540. 3 I 25 8 28o. 8 102.2 
26 7 6 8o6.70 .62 6 48 401. 9 30 8 767. 8 I14. 6 
27 7 7 837.73 .62 7 50 263. 5 35 9 254. 7 127.7 
28 7 8 868.76 .62 8 52 125. I 40 ' 9 741. 7 141.5 
29 7 9 899.78 .62 9 53 986. 8 45 IO 228. 6 156.0 

87 30 31. 027 30 930.81 1861. 62 30 55 848. 4 I 50 IO 715. 5 171. 2 
31 7 I 961. 84 .62 I 57 710. 0 55 II 202. 4 187. I 

32 7 2 992.86 .62 2 59 571. 6 2 00 II 689 204 
33 7 3 l 023. 89 .62 3 61 433. 2 3 00 17 529 459 
34 7 4 I 054. 92 .62 4 63 294. 8 4 00 23 364 815 

87 35 31. 027 35 I 085. 94 I 1861. 62 35 65 156. 5 5 00 29 192 I 273 
36 7 6 I II6. 97 .62 6 67 018. I 6 00 35 Oii I 832 

37 7 7 I 148. 00 .62 7 68 879. 7 7 00 40 819 2 493 
38 7 I 

8 I 179. 03 I .62 8 70 741. 3 8 00 46 615 3255 
39 7 9 I 210.05 .62 9 72 6o3. 0 9 00 52 397 4 118 

87 40 31. 027 40 I 241. o8 I 1861. 62 40 74 464. 6 IO 00 58 163 5 o82 
41 7 I I 272. II .62 I 76 326. 2 II 00 63 911 6 145 
42 7 2 

I 
I 303. 13 

I 
.63 2 78 187. 8 12 00 69 640 7 309 

43 7 3 I 334· r6 .63 3 8o o49. 5 13 00 75 347 8 573 
44 7 4 I 365. 19 .63 4 81 9II. I 14 00 81 032 9 936 

87 45 31. 027 45 I 396. 21 1861. 63 45 lS3 772. 7 15 00 86 692 II 397 
46 7 6 "I 427.24 .63 6 I 85 634. 3 16 00 92 326 12 958 

47 7 7 I 458. 27 I .63 7 I 87 496. 0 17 00 97 932 14 616 
I 

48 7 8 I 489. 30 . 63 8 89 357. 6 18 00 103 507 16 371 

49 7 9 I 520. 32 .63 9 91 219. 2 19 00 109 052 18 223 

87 50 31.027 50 1 551. 35 1861.63 50 93 08o.9 20 00 I14 563 20 172 

51 7 I I 582. 38 .63 I 94 942. 5 21 00 120040 22 217 

52 7 2 I 613. 40 .63 2 96 8o4. 1 22 00 125 48o 24 357 

53 7 3 I 644. 43 .63 3 98 665. 7 23 00 130 882 . 26 591 

54 7 4 I 675, 46 .63 4 100 527.4 24 00 136 244 28 g19 

87 55 I 7o6. 48 1861. 63 102 389.0 141 565 ' 31 340 55 31.027 5~ 25 00 I 

56 ; 6 I 737• 51 .63 104 250. 6 26 00 146 843 i 33 853 

57 7 I 768. 54 . 63 7 1o6 II2. 3 27 00 152 076 36 458 

58 7 8 I 799· 57 .63 8 

I 
107 973· 9 28 00 157 263 39 154 

59 7 9 I 830. 59 .63 9 109 835.5 29 00 162 402 41 940 
• 87 6o 31.027 6o 1 861. 6a 1861. 63 6o Ill 697, 2 30 00 167 492 44 815 
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-----------·--- ---·-

I Latitude 88° to 89°-A"l:cs of the parallel in meters. 

I 
I 

. ·-

I 
I Lat. 1" 2" 311 I 411 .) I/ 6" 'i" I 8" 91/ 1" 2" 3" !" IW 

! i 

I I I 
I I 

1---!--------- . --- ---·i---- ,--·------,---:---' 

• I ! 
c I I 

i 
6. 50 65, 0 I I 88 00 I.CO , .2. 17 3.25 4.33 5.41 7. 581 8.66 9.75 129.9 194.9 259.9 324.9 

l I . 07 . IS . 22 .29 . 3i . 44 .52 .59 . 66 4.4 i 8.9 3.3 7. 7 22. I 
I z . c.6 . 13 . 19 .26 . 32 . 39 .45 ! .52 .58 3·9 7· 8 I. 7 5· 5 19.4 

J 
3 .ob . II . 17 . 22 ! .2H .33 . 391 . 45 .50 3.3 6.7 90.0 3.4 6. 7 
4 .05 . 09 . 14 . 19 ' .~3 .28 . 33 .37 . 42 2.8 5.6 88.4 51. 2 4.0 

I 

88 05 !. 04 2.08 I 3. II 4. 15 5. 19 ! 6. 23 7.26 8. 30 9.34 62.3 124.5 186. 8 249. I 311. 3 
6 . c;3 i .06 .09 . II . I4 . 17 . 20 . 23 . 26 I. 7 3.4 5.2 6. 9 I 08.6 
7 .02 . 04 .06 .08 . IO , . 12 . 14 .16 . 18 I. 2 2.4 3· 5 4· 7 I 5.9 
8 .Ol . 02 .03 . 04 05 .o6 .07 .09 . IO o.6 I. 3 I. 9 2. 61 3. 2 

I 9 I. 00 i 2.00 3.01 4.01 5.01 6.01 7.01 8.01 9.01 6o. I 20.2 8o.3 40.4 3oo. 5 
I ! 

I 
88 IO 0.99 I. 99 i 2.98 S·'J7 +96 5.96 6.95 7.94 8. 93 59.6 119. I i78. 7 238. 2 297. 8 

I I . 98 . 97 . 95 93 . ~)'.2 . 90 .89 . 87 . 85 9.0 8.o 7.0 6.1 5. I. 
I;; .97 . 95 . 92 . 90 i 8- . 85 . 82 .So . 77 8. 5 6.9 5.4 3·9 92·4 . I 
I" . 97 i . 93 .90 .86 . 83 .79 . 76 .73 . 69 7.9 5.9 3.8 31. 7 89.7 ,) 

1.1 . 96 . . 91 . 87 . 83 . 78 .74 .70 . 65 . 01 7. 4 4.8 2.2 29.6 7.0 
~:s 15 0.95 I. 90·: 2.84 3. 7~, 4. 74 5. 69 6.63 7.58 8.53 56.9 113. 7 170.6 227.4 284. 3 

16 .94 . 88 . 82 ·75 . 69 ' . 63 .57 . 51 . 45 6. 3 2.6 68.9 5.2 81. 5 
17 . 93 . 86 . 79 . i2 . 65 . 58 . 51 . 43 . 36 5. 8 I. 5 7.3 3· I 78.8 
18 .92 . 84 . 7(; . 68 . 60 .·52 ·44 .36 . 28 5.2 IO. 5 5.7 20.9 6. I 

I9 .91 . 82 . 73 6 .. .56 . 47 . 38 . 29 . 20 4. 7 09.4 4. I 18.7 3.4 . ) 

88 20 a.go I. 80 2.71 3. 61 4. 51 5.41 6.32 7.22 8. 12 54. 1, !08. 3 162.4 216.6 270. 7 
21 . 89 . 79 ,.68 .57 . 47 • 36 . 25 . 15 8.04 3 . 7,2 6o.8 4.4 68.o 
22 . 88 . i7 . 65 . 54 i . 42 . 31 .19 .07 7.96 3· I 6. I 59.2 2.2 5.3 
23 '88 . 75 . 63 .50 .38 . 25 . 13 7.00 . 88 2.5 5.0 7.6 IO. I 6z.6 
24 l:)~ . 7 3 .6o . 4i . . 33 . 20 .06 6.93 . 8o 2.0 4.0 5.9 07. 9 59.9 • I 

88 25 o. 86 I. i I 2.57 3 43 4. 29 5. 14 6.oo 6.86 7·72 51. 4 102.9 154·3 205.7 257.2 
26 8- .70 .55 .39 . 24 i .09 5.94 .79 . 63 0.9 I. 8 2. 7 3.6 4. 5 . ~ 

"" .84 . b8 .52 . 3(1 . 20 5.04 . 88 . 71 . 55 50.4 100. 7 51. I 201. 4 51. 8 -J 

28 . 83 . 66 .49 . 32 : . 15 4.98 . Sr . 64 . 47 49.8 99.6 49.4 199.3 49· I 
. 82 . 64 .46 

I 

. 75 .57 . 39 9.3 8. 5 7. 8 6.4 29 . 2<) . II . 93 7. I 

' 8S 30 o. Si I. 62 2.44 3.15 .;.. c6 
1 4.87 5. 69 6.50 7. 31 48. 7 97. 5 146. 2 194.9 243· 7 

31 . 80 i . (;I .41 . 21 +02' . 82 .Gz .42 . 23 8.2 6.4 +6 2.8 40.9 
-2 .79 .59 .38 18 :;. 91 I .76 .56 . 35 . 15 7.6 5.3 2.9 90.6 38.2 ·' 33 .78 . 57 . 36 . 14 . 93 . 71 .50 . 28 7.07 7• I +2 41. 3 88.4 5.5 
34 .78 ·SS .33 . IO ' . 88 ' . 66 .43 . 21 6.98 6.6 3. I 39. 7 6.3 2.8 

88 35 0. 77 I. 53 2.30 3.o7 I 3. S4 : 4.60 5.37 6. 14 6.90 46.0 92.0 138. I 184. l 230. l 
36 "76 .52 . 27 . 03 '79 ' . 55 . 31 . 06 . 82 5. 5 91. 0 6.4 81. 9 27.4 
3i . 75 .50 . 25 3.00 . 7 5 ·49 .24 5.99 . 7+ 4.9 89.9 4.8 79.8 +7 
38 . 74' .48 .22 2.96 : 70 .44 . 18 . 92 .66 4.4 8.8 3. 2 7.6 22.0 
39 . 7.) . 46 . 19 : '92 '65 .39 . 12 . 85 .58 3·9 7. 7 I. 6 5·4 19.3 

88 40 0.72 I. 44 2. 17 ' z. ~~9 3.61 4.33 5.05 5.78 6. 50 43·3 86.6 130.0 173.3 216.6 
41 .j'I . 43 . 14 : . 1'5 . 5i .28 4.99 .70 .42 2.8 5.6 28. 3 71; I 3.9 
42 .70 .41 .11 . 82 .52 • 22 . 93 . 63 . 34 2.2 4.5 6. 7 68.9 11. 2 

43 . 69 . .. w . (() : . 78 . 48 . 17 .86 .56 . 26 I. 7 3.4 5. I 6.8 o8.5 
44 . 69 . 37 • C>) : . 74 ' . 43 ' . 12 . 8o ·49 . 17 I. 2 2.3 3.5 4.6 5· 8 

88 45 o. 68 I. 35 2. 03 : z. 71 3.39 4.o6 4. 74 5. 42 6.og 40.6 81. 2 121. 8 162.4 203. I 
46 . 67 . 34 : 2.00 ! • (>j . 34 4.01 .67 . 34 6.01 40. l 

. 
8o. I 6o.3 20. 2 200.3 

47 . 66 ' . 32 I. 98 . 63 j . 29 3.95 . 61 . 27 5.93 39.5 79· I r8. 6 58. I 197. 6 
48 . 65 . ·'° . 95 . 60 . 25 .ga .55 .20 . 85 9.0 8.o 7.0 5.9 4.9 
49 .6.j. . 28 . 92 . 56 ' • 20 . 84 .48 . 13 . 77 8.4 6.9 5.3 3.8 92. 2 

88 50 0.63 I. 26 . I. 90 2 • 53 ' 3· 16 3.79 4.42 5.05 5.69 37.9 75.8 u3. 7 151. 6 189. 5 
51 .62 . 15 . 87 '49 I . JI .74 .36 4.98 .6o 7. 4 4. 7 2. I 49.4 6.8 
52 . 61 . 2.) : .84 i . 45 . 07 .68 . 30 • 91 . 53 6.8 3.6 IO. 5 7. 3 4· I 

I 
53 .6o . 21 ' . 81 .42 3.02 .63 . 23 . 84 .44 6.3 2.6 o8.8 5. I 81. 4 
54 .6o . 19 ' .79 . 38 2.98 . 57 . 17 . 77 .36 5· 7 l. 5 7.z 3.0 78.7 

88 55 0. 59 I. 17 : 
I. 76 2.35 2.93 3.52 4. 11 4.69 5.28 35.2 70.4 105.6 140.8 176.0 

56 .58 . 16 ·73 . 31 .89 ·47 4.04 .62 .20 4.7 69.3 4.0 38.6 3·3 
57 .57 .14 . 71 . 27 .84 .41 3.98 . 55 . 12 4. l 8.2 2.3 6. 5 70.6 
58 .56 . 12 .68 . 24 .So .36 .92 .48 5·04 3.6 7. I 100, 7 4·3 67.9 

I 
59 . 55 .JO .65 . 20 . 75 .30 . 85 .41 4.96 3.0 6. l 91}. I 2, I' 5.2 

88 6o 0.54 I, 08 I. 62 2. 17 2.71 3· 25 3·79 4.33 4.87 32.5 65.0 97-5 130.0 162.5 
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Lat. 

Latitude 88° to 89°-Meridional arcs. Latitude 88°-Cu-urdinates of curvature. 
I 

~l~c of 
1 
,,-: -Su_m_s-of sec=~-s_fo_r--n-1-id_d_le--; -v--a-l-ue-of--1 ,--;1-s-·u_m_s_o_f_m_i_m_1t-eh-~-o-r -m-i<l_<l_le-+-Lu-n-g-il-l.\d_e __ ----X--~---,-. --1 

I latitude. i' latitude. 

1----.------I-··--, --·--·--ji-----·1----,-1 ------11--------------------
,ueters. f 

/1 J/ders. ..Jfeters. 1 ! o I 

88 00 
I• I 

2 

3 
4 

88 05 
6 

7 
8 
9 

88 IO 

II 
I2 

13 
14 

88 15 
16 
17 
18 
19 

88 20 
21 
22 

23 
24 

88 25 
26 
27 
28 
29 

88 30 
31 
32 
33 
34 

88 35 
36 
37 
38 
39 

88 40 
41 
42 
43 
44 

88 45 
46 
47 
48 
49 

88 50 
51 
52 
53 
54 

88 55 
56 
57 
58 

.59 
88 6o 

31. 027 I: 1861. 63 I 
7 I 31.03 .63 I 
7 2 62. 05 . 63 2 
7 3 93- 08 . 63 3 
7 4 124. II . 63 4 

31. 027 
7 
7 
7 
7 

31. 027 
7 
7 
7 
7 

31. 027 
7 
7 
7 
7 

31. 027 
7 
7 
7 
7 

JI. 027 
7 
7 
7 
7 

31. 027 
7 
7 
7 
7 

31. 027 
7 
7 
7 
7 

31. 027 
7 
7 
7 
7 

31. 027 
7 
7 
7 
7 

31. 027 
7 
7 
7 
7 

31. 027 
7 
7 
7 
7 

31.oz7 

5 
6 

7 
8 
9 

IO 

I 
2 

3 
4 

15 
6 
7 
8 
9 

20 

2 

3 
4 

25 
6 
7 
8 
9 

30 
I 
2 

3 
4 

35 
6 
7 
8 
9 

40 
I 
2 

3 
4 

45 
6 
7 
8 
9 

50 
I 
2 

3 
4 

55 
6 
7 
8 
9 

6o 

I55- I4 
I86. I6 i 

~~~: ~; :1,I 

279.24 

3IO. 27 
341. 3° 
372.33 
403.35 
434.38 

465.4I 
496.44 
527.46 
558.49 
589.52 

620. 55 
tfs1.57 
682.6o 
7I3.63 
74+65 

775. 68 
806.jI 
837.74 
868.76 
899.79 

930.82 
961. 85 
992.87 

I 023. go 
l 054. 93 

I o85. 95 
I 1I6. 98 
I 148. 01 
I 179· 04 
l 210. o6 

I 241. 09 
I 272. 12 

I 303. 15 
I 334· 17 
I 365. 20 

I 396. 23 
1427.26 
I 458. 28 
I 489. JI 
I 520. 34 

I 55!. 37 
I 582. 39 
I 613. 42 
l 644. 45 
I 675. 48 

.r 7o6. 50 
I 737· 53 
I 768. 56 
I 799· 59 
t 830. 61 
I 861. 64 

1861. 63 5 
. 63 6 
. 64 7 
. 64 8 
. 64 9 

I861. 64 
.64 
.64 
.64 
.64 

1861. 64 
.64 
.64 
.64 
.64 

I86r. 64 
.64 
.64 
. 64 
.64 

I861. 64 
.64 
.64 
.64 
.64 

1861. 64 
.64 
.64 
.64 
.64 

1861.64 
.64 
.64 
.64 
. 65 

I861. 65 
. 65 
. 65 
. 65 
. 65 

I86r. 65 
. 65 
. 65 
. 65 
. 65 

1861. 65 
. 65 
. 65 
. 65 
.65 

1861. 65 
. 65 
.65 
. 65 
.65 

1861. 65 

IO 
1 
2 

3 
4 

I5 
6 
7 
8 
9 

20 

I 
2 

3 
4 

25 
6 

7 
8 
9 

30 
I 
2 

3 
4 

35 
6 
7 
8 
9 

40 
I 

2 

3 
4 

45 
6 
7 
8 
9 

50 
I 

2 

3 
4 

55 
6 

~ 
~ 

I 861. 6 
3 723. 3 
5 584. 9 
7 446. 5 
9 308. 2 

II 169. 8 
13 031.4 
14 893. I 

16 754. 7 

I8 616.4 
20 478. 0 

22 339- 6 
24 201. 3 
26 062. 9 

27 924. 5 
29 786. 2 

3I 647.8 
33 509. 5 
35 371. I 

37 232. 7 
39 094. 4 
40 956. 0 

42817.7 
44 679. 3 

46 540. 9 
48 402. 6 
50 264. 2 

52 125. 9 

53 987. 5 

55 849. I 

57 910. 8 
59 SF· 4 
61 434- I 

63 295. 7 

65 157.4 
67 OI9. 0 

68 88o. 7 
70 742. 3 
72 6o3. 9 

74 46,. 6 
76 327. 2 

78 188. 9 
So 050. 5 
81 912. 2 

83773.8 
85 635. 5 
87 4<_lj. I· 

89 358. 8 
91 220.4 ~ 

93 082. I 

94 943· 7 
96 8o5. 4 
98 667. 0 

100 528. 7 

102 390· 3 
104 252. 0 
106 113.6 

107 975. 3 
109 836. 9 
III 698. 6 

o I 

0 I 

2 

3 
4 

0 5 
6 

7 
8 
9 

0 IO 

15 
20 
25 
30 

0 35 
40 
45 
50 
55 

I 00 

05 
IO 

15 
20 

I 25 
30 
35 
40 

45 

I 50 
55 

2 00 
3 00 
4 00 

5 00 
6 00 

7 00 
8 00 
9 00 

IO 00 
II 00 
12 00 

I3 00 
I4 00 

15 00 
16 00 
17 00 
18 00 
19 00 

20 00 
21 00 

22 00 
23 00 
24 00 

25 00 
26 ()() 
27 00 

28 00 
29 00 
30 00 

llleters. 

65.0 
130.0 

I94·9 
2 59·9 

324·9 
3b9.8 
454.8 
519.8 
584.7 

649.7 
974.6 

I 299. 4 
I 624. 3 
I 949· I 

2 273. 9 
2 598. 8 
2 923. 6 
3 248. 4 
3 573. 2 

3 898. I 
4 222. 9 
4 547. 6 
4 872. 4 
5 197. 2 

5 521. 9 
5 846. 7 
6 171. 4 
6 496. I 
6 820.8 

7 145. 5 
7 470. 2 

. 7 795 
'II 689 

15 580 

19466 
23 347 
27 220 

31 085 
34 94° 

38 785 
42 618 
46 438 
50 244 
54 035 

57 809 
61 s6s 
65 3o3 
69 021 

72 718 

76 393 
80045 
83 672 
87 274 
90 849 

94 397 
97 915 

IOI 405 

104 863 
108 289 
II I 683 

11-feters. 

0.0 
o.o 
0. I 

0.2 

0.2 

0.3 
o. 5 
o.6 
o.8 

0.9 
2. I 

3.8 
5. 9 
8.5 

11. (> 

15. I 

I9. I 

23.6 
28.6 

34.0 
39.9 
46.3 
53· I 
6o.4 

68.2 
76.5 
85.2 
94.4 

!04. I 

114. 3 
124.9 
136 
306 
544 
849 

I 223 
I 664 
2 li2 

2 748 

3 391 
4 IOI 
4 878 
5 721 
6 6,)1 

7 6o6 
8 647 
9 754 

IO 925 
12 161 

13 462 
14 826 
16 254• 
17 745 
19 298 

20 914 
22 591 
24 330 

J

i ~~ ~~~ 
29go6 
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Latitude 89° to 90°-Arcs of the parallel in meters. 

Lat. 1" 2" 3" 4" 5'' I 6'' 'jll 8'' 9n 1' 2' 31 4' ii' I 

1. 

,_____ i 

0 I I 
89 00 0.54 l. o8 I. 62 2. 17 2. 71 I 3.25 3.79 4.33 4.87 32.5 65.0 97.5 130.0 162.4 

l ·53 .o6 .6o I . 13 . 66 I . 19 .73 . 26 .79 I. 9 3·9 5.8 27.8 59.7 
2 .52 .05 .57 .og • 62 I .14 .66 .19 . 71 J.4 2.8 4.2 5.6 7.0 

3 . 51 . 03 I . 54 . 06 . 571 ·09 .6o. •II . 63 0.9 l.7 2.6 3·5 4. 3 
4 . 51 1.0I . 52 2.02 . 53 3.03 .54 4.04 . 55 30.3 6o.6 91.0 ~!I. 3 51. 6 

89 05 0.50 o.99 l. 49 J. 99 2. 48 i 2.98 3·47 3.97 4.47 29.8 59.6 89.3 n9. l 148.9 
6 .49 . 97 .46 . 95 .44 i . 92 .41 .90 . 39 9· 2 8.5 7.7 7.0 6.2 

7 .48 . 96 .43 .91 ·39 . 87 . 35 . 83 .30 8.7 7.4 6. I 4.8 3.5 
8 .47 . 94 . 41 . 88 . 35 • . 82 .29 .75 . 22 8.2 6.3 4. 5 2.6 40.8 

9 .46 . 92 . 38 . 84 . 30 ! .76 .22 .68 . 14 7.6 5.2 2.9 JO. 5 38. I 

89 IO 0.45 0.90 l. 35 J. 81 2.26 2. 71 3.16 3.61 4.o6 27. I 54.2 81. 2 Io8. 3 135. 4 
II .44 . 88 . 33 . 77 . 2I . 65 . IO .54 3· 98 6.5 3· I 79.6 6. t 2.7 
12 .43 . 87 .30 . 73 . 17 . 6o 3.03 .47 .go 6.o 2.0 8.o 4.0 30.0 

13 .42 . 85 . 27 . 70 . 12 .55 2· 97 ·39 . 82 5.5 50.9 6.4 101.8 2 7·3 
14 .41 .83 .24 .66 .o8 .49 .91 .32 .74 4.9 49.8 4. 7 99.6 4.5 

89 15 0.41 0.81 I. !!2 I. 62 2.03 2.44 2.84 3· 25 3· 65 24.4 48.7 73· I 97-S 121.8 
16 .40 .79 .19 .59 I. 99 . 38 .78 .18 . 57 3.8 7.7 71. 5 5.3 19. I 

17 ·39 . 78 .16 .55 . 94 . 33 ·72 .JO ·49 3·3 6.6 69.9 3· l 6.4 
18 . 38 .76 . 14 . 52 .go . 27 . 65 3.03 . 41 2.7 5.5 8.2 91.0 3.7 
19 . 37 . 74 . II .48 . 85 .22 ·59 2.96 ·33 2.2 4·4 6.6 88.8 II. 0 

89 20 0.36 0.72 I. 08 r.44 I. 81 2. 17 2.53 2.89 3· 2 5 Zl. 7 43·3 65.0 86.6 1ci.3 
21 . 35 . 70 .o6 . 41 .76 . 12 .46 . 82 . 17 1.• 2.2 3.4 4.5 5.6 
;22 ·34 .69 .03 . 37 .72 .o6 .40 .74 ·09 o.6 [. 2 I. 7 2.3 2.9 
23 .33 . 67 I. 00 .34 .67 2.00 .34 .67 3.01 20.0 4~. I 6o. I So. I 100.2 

24 . 32 . 65 0.97 .30 . 63 I. 95 .28 .6o 2.93 19.5 39.0 58. 5 78.0 97.5 

89 25 0.32 0.63 o.95 I. 26 l. 58 I. go 2. 21 2.53 2.84 19.0 37.9 56.9 75.8 94.8 
26 . 31 . 61 . 92 . 23 ·53 .84 . 15 .46 .76 8.4 6.8 5.2 3.6 92. I 

27 . 30 .6o . 89 . 19 .49 . 791 ·09 .38 .68 7.9 5.7 3.6 7r. s 89.4 
28 . 29 .58 . 87 .15 .44 . 73 2.02 . 31 .6o 7.3 4-7 2.0 6g.3 6.6 
29 . 28 .56 .84 .12 .40 . 68 I. 96 .24 .52 6.8 3.6 50.4 7. 1 3.9 

89 30 o. 27 0.54 0.81 1.08 l. 35 1. 62 J. 89 2. 17 2.44 16.2 32·5 48.7 65.0 Br. 2 
31 . 26 .52 .78 .05 . 31 . 57 . 83 .og .36 5.7 1.4 1· I 2.8 78 .. 5 
32 . 25 .50 . 76 LOI .26 .52 . 77 2.02 . 27 5.2 30.3 5.5 6o.7 5.8 
33 • 24 .49 . 73 0.97 . 22 .46 . 71 1.95 .19 4.6 29.2 3.9 58. 5 3. I 

34 . 23 ·47 .70 ·94 . I7 . 41 .64 .88 . JI 4.1 8.2 2.2 6.3 70.4 

89 35 0.23 0.45 o.68 0.90 I. 13 J. 35 I. 58 I. 81 2.03 13.5 27.1 40.6 54.2 67.7 
36 . 22 .43 . 65 . 87 .08 .30 . 52 . 73 r.95 3.0 6.o 39.0 52.0 5.0 
37 • ZI .41 . 62 .83 i r.04 . 25 .45 .66 .87 2.5 4.9 7.4 49.8 62.3 
38 . 20 .40 .6o . 79 ' o.99 . 19 . 39 .59 . 79 I. 9 3.8 5.7 7-7 59.6 
39 . 19 .38 . 57 . 76 ' .95 .14 . 33 .5z . 71 r.4 2.7 4. I 5.5 6.9 

89 40 o. 18 0.36 0.54 0. 72 o.go 1.08 1.26 I. 45 l. 63 l0.8 21. 7 32.5 43.3 54.2 
41 . 17 ·34 .51 . 69 .86 1.03 . 20 .37 ·54 10.3 20.6 30.9 41. 2 51. 4 
42 . 16 .32 .49 . 65 .81 0.97 . 14 . 30 .46 9.7 19.5 29.2 39.0 48.7 
43 . 15 . 31 .46 . 61 ·77 .~2 .07 . 23 .38 9.z 8.4 7. 6 6.8 6.o 
44 . 14 . 29 . 43 .58 .72 . 87 I. 01 . 15 .30 8.7 7.3 6.o 4.7 3.3 

89 45 0. 14 0.27 0.41 0. 54 o.68 0.81 o. 95 I I. o8 !. 22 8. I 16.2 24.4 32·5 40.6 
46 . 13 . 25 . 38 . 51 .63 . 76 . 88 : 1. or . 14 7. 6 5. 2 2. 7 30.3 37.9 
47 . 12 . 23 . 35 :47 .59 .70 . 82 0.94 I.o6 7.0 4. I 21. I 28.2 5.2 
48 . II . 22 . 32 .43 ·54 .65 .76 . 87 0.98 6.5 3.0 19.5 6.o 32. 5 
49 • IO .20 .30 .40 ,.50 .6o . 70 . 79 . 89 6.o (. 9 7.9 3.8 29.8 

89 50 o.og 0.18 0.27 0.36 0.45 0.54 0.63 o. p. 0.81 5.4 ro.8 16.2 21. 7 27. l 

51 .o8 . 16 .24 . 33 .41 .49 ·57 . 65 . 73 4.9 ,. 7 +6 19.5 4·4 
52 .07 . 14 • 22 . 29 .36 .43 .51 .58 . 65 4-~ 8.7 3.0 • 7.3 21. 7 
53 . o6 . 13 .19 . 25 . 32 .38 ·44 • 51 .57 3· 7.6 II.4 5.2 19.0· 
54 .05 •II .16 • 32 . 27 .32 .38 .43 .49 3.2 6. 5 9.7 3~0 6.2 

8g 55 0.05 o.og 0. 14 o. r8 0.23 0.27 o.3r 0.36 0.41 2. 7 5.4 8. t 10.8 13·5 
56 ·04 .07 •II .14 .18 • 22 • 25 .29 .32 2.2 4.3 6.5 8. 7 10.8 
57 .03 .05 .o8 . II . 14 . 16 .19 . 22 ·24 1. 6 3.2 +9 6. 5 8. I 

58 .oa ·04 .05 .07 ·09 . II .13 . 14 .16 I. I 2. 2 3.2 4-3 5.4 

I 59 .or .02 .03 .04 .05 .05 .o6 . o'/ .08 0.5 I. I I. 6 2.2 2. 7 

I 8g 6o o.oo o.oo o.oo 0.00 o.oo 0.00 o.oo o.oo o.oo o.o 0.0. 0.0 o.o o.o 
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Latitude 89° to 90°-Meridional arcs. Latitude 89°-Co-ordinates of curvature. 

Lat. I 

I 
Val f 11 i Sums of seconds for middle Value of 11 I Sums of minutes for middle 

Longitude. x y ue 0 1 I latitude. latitude. 

I 
I . I 

I 
i 

0 I Meters. 

I 
II Meters. Meters. I Meters. 0 I Meters. I Meters. 

89 00 31. 027 1861. 65 I 

I 8 I 31. 03 .65 I I 861. 7 0 I 32·5 o.o 
2 8 I 2 62.05 . 65 2 3 723. 3 2 65.0 0.0 
3 8 3 93.oS . 65 3 5 585.0 3 97.5 0.0 
4 8 4 124. II . 65 4 7 446.6 4 130.0 0.1 

89 os 31. 028 5 155. 14 1861. 65 5 9 3o8. 3 0 5 162.4 0. I 
6 8 6 186.16 . 65 6 II 169. 9 6 194.9 0.2 
7 8 7 217.19 . 65 7 13 031. 6 7 227.4 0.2 
8 8 8 248. 22 . 65 8 14 893. 2 8 259·9 0.3 
9 8 9 279.25 . 65 9 16 754. 9 9 292.4 0.4 

89 JO 31. 028 IO 310. 28 1861. 65 IO I 18 616. 5 0 IO 324.9 0.5 
II 8 I 341. 3° .65 I 20478.2 15 487.3 I. I 
12 8 2 372.33 .65 2 22 339_ 8 20 649.8 I. 9 
13 8 3 403.36 .65 3 24 201. 5 25 812.2 3.0 
14 8 4 434.39 .65 4 26 o63. I 30 974.7 4.3 

89 15 31.028 15 465.41 1861. 65 15 27 924. 8 0 35 I 137. I 5.8 
16 8 6 496.44 . 65 6 29 786. 4 40 I 299. 6 7.6 
17 8 7 527.47 .65 7 31 648. I 45 I 462. 0 9.6 

. 18 8 8 558.49 .65 8 33 509. 7 50 I 624. 5 II. 8 
19 8 9 58~52 . 65 9 35 371.4 55 l 786. 9 14. 3 

I 

89 zo 31. 028 20 620.55 1861. 65 20 37 233. 0 I 00 ! 
I 949· 3 17.0 

21 8 I 651. 58 .65 I 39 094. 7 05 I 2 III. 7 20.0 
22 8 2 682. 6o .65 2 40 956. 3 IO I 2 274. 2 23.2 I 

23 8 3 713.63 .65 3 42 818.0 15 2436.6 26.6 
24 8 4 744.6(, .65 4 44 679. 6 20 2 599.0 30. 2 

89 25 31. 028 25 775.69 1861. 65 25 46 541. 3 I 25 2 761. 4 34· I 
26 8 6 8o6. 71 .65 6 48 403.0 30 2 923. 8 38.3 
27 8 7 837.74 . 65 7 50 264.6 35 3o86. 2 42.6 
28 8 8 868.77 . 65 8 52 126. 3 40 3 248. 6 47. 3 
29 8 9 899.So . 65 9 53 g87. 9 45 3 411. 0 52. l 

89 30 31. 028 30 930.83 1861. 65 30 55 ~9-6 l 5" 3 573. 3 57· 2 

31 8 I 961. 85 . 65 I 57 71r. 2 55 3 735· 7 62. 5 
32 8 2 992.88 .65 2 59 57z.9 2 00 3 8g8 68 

33 8 3 I 02J. 91 .65 3 61 434.5 3 00 5 846 153 
34 8 4 I 054. 94 .65 4 63 296. 2 4 00 I 7 791 272 

89 35 3i. 028 35 I 085. 96 1861. 65 35 65 157. 8 5 00 I 973. 425 I 

36 8 6 I 116. 99 .65 6 67 019. 5 6 00 II 675 612 

37 8 7 I 148. 02 .65 7 68 881. 2 ' 00 13 612 832 
38 8 8 I 179. 05 .65 8 70 742. 8 8 00 15 545 I o87 
39 8 

I 
9 I 210. 07 .65 9 72 004. s 9 00 17 473 I 375 

89 40 31. 028 40 I 241. 10 1861. 66 40 74 466. I IO 00 19 395 r 697 
41 8 I I 27z. IJ .66 I 76 327. 8 II 00 ZI 312 2 052 
42 8 2 I 303. 16 .66 2 78 189. 4 12 00 23 222 2 44(7 

43 8 3 I 334· 18 .66 3 8o 051. I 13 00 25 126 2 862 

44 8 4 I 365. 21 .66 4 81 912. 7 14 00 27 021 3 317 

8g 45 31. 028 45 I 396. 24 1861. 66 45 83 774.4 15 00 28 908 3 8o5 
46 8 6 I 427. 27 .66 6 85 636. J 16 00 30 787 4 326 
47 8 7 I 458. 29 .66 7 87 497. 7 17 00 32 656 4 880 

48 8 
I 

8 I 439. 32 .66 8 8g 359.4 18 00 l 34 515 5466 
49 8 I 9 I 520. 35 .66 9 91 221.0 19 00 I 36 364 6o84 

' 
89 so 31.028 

I 
50 I 551. 38 1861. 66 50 93 082. 7 20 00 38 202 6 735 I i 

51 8 I I 582. 40 .66 1 94 944.3 21 00 I 40028 7 417 
52 8 I 2 I 613. 43 .66 2 g6 8o6.o 22 00 i 41 841 8 132 

53 8 3 I 644.46 .66 3 98 667. 7 23 00 I 43 643 8 878 

54 8 I 4 I 675. 48 .66 I 4 100 529. 3 24 00 45 430 9 655 

8g SS 31.o28 • si I 7o6. 51 I 1861. 66 i · 55 102 391.0 25 00 47 204 10 463 

56 8 I 737· 54 .66 6 104 252. 6 26 00 48 964 II 302 

57 8 7 I 768. 57 .66 7 1o6 114. 3 27 00 50 708 12 172 

58 8 g I 799· 6o .66 8 107 975. 9 28 00 52 438 13 072 

59 8 9 I uo.62 .66 9 109 837. 6 29 00 54 15 1 14 002 

89 6o 31.028 6o I I. 65 1861. 66 
I 

6o Ill 6gg. 3 30 00 

I 
55 848 14 962 

I 

H. BL 4.3--41 
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APPENDIX No. 7. 

FORMUL1E AND FACTORS FOR THE COMPUTATION OF GEODETIC LATITUDES, 
LONGITUDES, AND AZIMUTHS. 

[Third edition.*] 

When the geographical co-ordinates of latitude and longitude of a point on the earth's surface, 
and the distance and azimuth to another point are known, we may treat the problem of computing 
the latitude and longitude of the second point and the reverse azimuth in two different ways. 

We may either solve the spheroidal triangle formed by tbe two points and the pole as a whole, 
a.rrh·ing at trigonometrical functions of the sought co.latitude, azimuth and difterence of longitude; 
or we may seek expressions for the differences of the sought from the given data. 

The former or direct method has the inconvenience of requiring the u11e of ten places of deci· 
mals in the computation, in order to give the positions with a degree of exactness corresponding 
to that of the known distance between the two points, while the second leads to very convenient 
expressions, on account of the smallness of the differential arcs in most cases of triangulation. 

When, however, the arc between the two points reaches several degret>s in length, tbe direct 
method must be resorted to. This solution has been very completely and elegantly performed by 
BESSEL, and is given in Astronom. Nachrichten, No. 86, 1826. 

Adopting the second method, we follow in the main PUISSANT ( Tra.ite de aeodesie),t in the 
development of the difference of latitude of two points on the spheroid in terms of the distance, 
azimuth and latitude of the given point. It will be convenient first to recall the expressions of 
several lines of an ellipse in terms inrnlving the latitude, L, which is the angle that the normal to 
any point on the ellipse makes with the major axis. 

Designating the major or equatorial semi-axis by a,, and the minor or polar semi-axis by b, 
then the ellipticity or ratio of their difference to the former is 

a-b e=--
a 

The eccentricity e is expressed by 

a,2- b2 
fJ.= -2-· 

a 

being shown in the figure by cf, the distance from the 
ce11ter to the focus. 

The normal 

a (1- e2) nl-------
- (l - e2 sin2 L)i 

The normal nm produced to the minor axis 

a 
N = (1 - e"' sin2 L)i 

The abscissa 

cd=tw =N cos L 

this is the radius of a parallel on the spheroid. 

• 

FIG.L 

•These formulre aud 1iables of log.factors were :first printed in United States Coll8t Survey Report for 1860, 
Ap~ndi:r No. 36; the second t>dition followed in United States Coast Survey Report for 1875, Appendix No. 19, 

t TraiU de Geod6eie. Par L. Pnilll!llDt. Third edition. Tome I, Ohp. XV, p. 347 3lld fol. Paris, 1842. 
323 
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The tangent nt ending at the minor axis = N cot L 
The ordinate 

a (1 - e2) sin L nd - -- ------- - -- -
- (1 - r? sin2 L)1 

The reduced or geocentric latitude being A., we have 

b2 
tanl= -tanL az 

The radius vector 
p=a (1- e2 sin2 A.)1, neglecting terms in el and higher terms. 

The radius of curvature, r p, r' p', r" p", at any point on the ellipse, is 

R = - (),_(~__:-_!)_ 
(1-e2 sin2 L)! 

The terminal points, f, p, p', p", q, form an evolute; at the equator, where sin L = O, R = b
2

, an<l 
a . 

aZ 
the center of curvature is in the focus; at the pole, where sin L = 1, R = -,j 

The radius of curvature, R, and the normal, N, are the principal fonctions used in geodesy. 
It will be observed that radii of curvature for different latitudes do not intersect unless produced, 
and that when the~· lie in different meridian planes on the spheroid they will not intersect at all. 

A, B_, in l<'ig. 2, are two points on a spheroid of revolution, having the latitudes L, L', and 
joined by the geodetic liue AB= s, making the angles with the meridian, PAB = 180-Z, 
PEA= Z' -1800, The azimuths, z, are reckoned from sot:th around by west in consequence of the 
latitmlps being reckoned from the equator toward the poles, by settled custom, without~which the 
meridional co-ordinate of a }JOint would be more properly measured from the pole, and the azimuth 
of a line reckoned from the north. The angle APB, between the two meridional planes passing 
through ..11 and B, i8 _the difference of their longitudes, M, M1

, which being reckoned positive to the 
westward, we have 1\1'-M=dM. Furthermore, An, Bn', Ar, Br', indicate the normals, N, N' 

' and the radii of curvature in the meridiau, R, R', at the points A and B. 

Fm. 2. 

This being premised, and the latitude L of the point A 
being given, as well as the length K of the geodetic line AB, 
and its azimuth z, we propose to find the latitude L' of the 
point B, the angle dM, and the reverse azimuth Z', by solv
ing the geodetic triangle ABP. Writing it, 1', for the co-lat
tudes, !; for 1800 - Z, ands for the arc AB, referred to radius 
= I, we have, in a spherical triangle, for,\' the following equa
tion: 

cos il'= cos i\. cos 8 +sin 1 sin 8 cos e 
Observing now thats is always a small arc, rarely exceed

ing 10, and generally less than 30', we can develop the incre
ment of,\. with reference to that of s in a rapidly converging 
series, and will have, by Taylor's theorem 

,\.' _ l d 1 1 d2 l 2 1 d3 A 3 ) - + as 8 + 2 • dB2 8 + 6 . ai' 8 + .. . (a 

In order t,o determine the differential coefficients, we con
sider a differential spherical triangle having:the sides A., a., 
andl+'.dA.,:in which 

cos (A.;+ d~A. ):=cos A. co(d6;+ sin A.~sin d1 cos' 
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and, developing by the known processes of the differential calculus, we find 

dFJi . •c 
d sz = + sm•c; cot ;t 

Introducing these values in (a), we obtain 

li'-l=-s eos £"+ ~sZ sin2 E cotA +is3 sinz ~cos~ (1+3 cot2 A)+ ... 

and substituting L, L', and Z in this expression we have for the difference of latitude 

L-L' = 8 cos z+ ~8z sin2 z tan L-is3 sin2 z cos z (1+3 tan2 L)+ ... 

325 

(b) 

It will be readily seen that the inst t.erm expresses the distance on the meridian P B from B 
to p, tbe foot of the perpendicular from A ; the second t€rm1 the distance very nearly from p to the 
parallel passing through A; while the third term is a further approximatiou, and so on. 

Referring now our case to a sphere, having the radius equal N, or its center at the point where 
the normal .A n intersects tbe polar diameter of the spheroid, we have 

substituting which we have 

K cos Z 1 K 2 sin2 Z tan L 1 K3 sin2 Z cos Z . 
2 L-L' =-·--.:~r·-+::r---:w--- -tr - --N3- ~ (1+3 tan L)+ ... (c) 

This difference of latitude is, however, referred to a sphere whose radius is N, and requires still to 
be transformed by referring it to one whose radius is the radius of curvature in the meridian for 
the middle latitude, Rm. Since we do not at first know the middle latitude, it is more convenient 
to refer to the radius of curvature I~ of the starting-point, the latitude of which is known, and 
then seek the small correction due to the ratio of R to Rm. 

l\fultiplying, then, equation (c) by ~'and dividing, moreover, by arc 111 , in order to express dL 

in seconds of arc, we get 

-d L =R- K 
11

, cosz+ 
9
1

. RN KZ ;:;; sih2 Z tan L- -
6
1 .R ... N:-~.1i,sin2 Z cos Z (1+3 tan2 L)+ ... (d) 

arc .. arc ... arc 

The computation of this series is facilitated by tables giving the logarithms of the followiug 
factors to the argument of L, viz: 

C- tan L 
-2RN arc 111 

moreover, substituting the in third term the value of tbe first term, designatkid by h, we can 
write it 

and tabulate another factor 
1+3tanZL 

E= 6N' 

when our formula for computation becomes 

- 8 L = K cos Z • B + K2 sin' Z . G - /r. K' sin! g • E + ...... . (e) 
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In order, finally, to obtain the true dL referred to ~m' we must increase o L byR~~"'oL 
Now 

~e2 (sin2 L-sin2 Lm) 
=a ( l-c

2l (1 _:.():l-sTI.l'L)f (f:_e2si.ii21~-.:)i 

by developing and ueglecting terms in vol Ying higher powers of & ; but 

siu2 L-siu~ L,,.=sin (I..1-Lml siu (L+L.,)=o L sin 1" sin L cos L very nearly, 

because 
rr sin 2 L = sin L cos L 

hence we write 

R-R,,. a (1-c2)% c2 o l..1 mn 111 sin L cos L (1-e2 sin2 Lm)~ -il- c2 o L sin 1" Rill L cos L --- -- - - - -- - -- - ---- ---- ----- ---- x -~-------- --- - -~-- -- - -- - --·- -

making 

H,,, - (1-e2 8in2 L)• (l -e2 :sin2 L"')i a (l-e2
) - (l-v2 sin2 L)~ 

! ez- sin L cos L sin 1" 
D = - -(f:._(J:lsfri2 i,-)~ -

we get, for the desired corrective term 

l{-Rmo L=(o L)2 D 
R,,. . 

a111l we finally have, for the true differe11ce of latitude 

- d L = K cos Z. B + K2 sin2 Z. U + ( o L )2 
• D - h K 2 sin2 Z . E (1) 

which formula, although of a somewhat complicated derivation, is very simple and convenient in 
practical computation with the aid.of the tabulated factors, B, C, D, E. The term• (o L? Dis 
lwre interposed between the second and third terms of the series proper, because the latter is fre
quent!~· uot required, being insemiible when the dil$tance K is less than about 10 miles, or log Kin 
meters less than 4.23 The term ( o L)2 D 8hould ue used whenever log h exceed8 2.31, and h2 may 
be u8ed for (r~ Ji)2 in all cases where log K does not exceed 4.90 

Tim term depending on the fourth differe11tial co-officient, neglected in equation (a), never 
exceedi:; 0" .001 for s = 1°, or K = 100 000 meters, and may therefore be safely neglected in practice. 

For secondary triangulation, and when the sides do not exceed about 12 miles, or 20 000 
meters, the formula (1) may be advantageously reduced to the following: 

(2) 

In order next to deduce the angle A P B between the meridional planes passing through A 
and B and intersecting in the polar axis, or the difference d M of the longitudes M and M' of the 
points A and B, co11nted from east to west, we avail ourselYes of the latitude L' of B, which has 
become known b~- the previous calculation, and have simply, using the same notation as before 

sin A. : sin & = sins: sin d M 

Referring 8 to a sphere the radius of which is the normal B n' = N', we have s = ~' and assum

ing for the present the small arcs 8 and d M proportional to their sines, we obtain 

dM = ______ K sin_~_ 
N' cos L' are 1" 

• This term was deyii;ed by t.}1e writer of this article in 1846, while arranging the formulre for use in the Coast 
Survey, and putting them into the form above given, in which they have been employed ever since.-J. E. B. 
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dividing by arc l" in order to obtain d M, expressed in seconds of arc. The talile gives the loga 
. 1 . • K sin Z A' 

r1thm of the factor A= N-----1," which must be taken out for L'. v'li e have: d 1\1 = _-L, arc cos 
In order to correct for the assumption that the small arcs s and d M are proportio11al to their 

sines, we use a table giYing the differences of the logarithms of the ares and sines. This table is 
given on page 365; in using it, take out the differences for the arguments log K and log d M, 
tlie first with a negative, the second with a positive sign, and add tlleir algebraic sum t-0 log d M. 

~Te obtain, finally, the reverse azimuth Z' by cousi<leriug that in the spherical triangle .APB 
(fig. 2) we have the following relation: 

, cos ~ (il+A.') sin~ (L+L') 
cot ~ (t+t) =tan~ d M cos 1 (il'-il) =tan~ dM cosHV-L) 

but 

therefore 

or 

t;°=lSOo-z 

cot~ (1800-z+~') = -tan~ (~'-Z) 

sin~ {L+L') 
-tan~ (d Z) =tan 2 (d M) cos-J} (L'-L) 

• 

.Assuming the tangents of i d Z and 2 d M proportional to their arcs, and writing ;\ for the middle 
latit~de, ~e have 

sin .:l 
-dZ = dMcosraL (4) 

and 
Z' = Z + 1800 + d Z 

When the difference of longitude is very large, it may be necessary to correct for the error in 
the assumption that tan i d Z : tau ~ d M = d Z : d M. By an obvious transformatiou, we find the 
correction to be +1~ d M 3 sin /I. cos2 /I. sin2 l", for which we write +a l\P F~ where Fis to be taken from 
a special table, given on page 374. This term is only 0".01 when log d M=3.36 and need never be 
used for secondary triangulation. A convenient table for finding cos i d Lis given ou page 373. 

In the :first and second editions the tables were based upon the supposition that the earth is a 
spheroid of revolution, having its equatorial semi-diameter 

its polar semi-diameter 

and, consequently 

a=6 377 397.2 meters 

b=6 356 079.0 meters 

a : b=299.153 : 298.153 

as derived by BESSEL, in .Astronom. Nachrichten, Nos. 333 and 438, 1837 and December 1841, from 
the ares measured up to that time. All geodetic computations made in the Coast Survey between 
1844• aud February, 1880, were based upon those elements. Ver~' considerable additions have, 
however, been made to our knowledge of the figure and magnitude of the earth since Bessel's time. 
A late combination is that made by Col. A. R. Clarke, H. E., of the British Ordnance Sun'er, and 
published in "Comparisons of Standards of Length, made at the Ordnance Office, Southampton, 
1866." He finds 

consequently 

• 

a=6 378 206.4 meters 
b=6 356 583.8 meters 

a : b=294.98 : 293.98 

He also finds, by elaborate comparisons, that 
1 meter=39.370432 inches 

which may well be taken as the most accurate value now known. This spheroid of 1800 was · 
adopted in the survey by Superintendent Patterson in 1880. 

In the present edition the tables of the log fact-Ors A, B, c, D, E, have been conformed t-0 the 
Olarke spheroid. 

The following exa.mples will further illustrate the use of the formulre and tables. 

• Before 1844 a ditferent spheroid of reference was employed by Superintendent Ha.ssler. 
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L. M. Z.-FORM FOR PRIMARY TRIANGULATION. 

l Mount Blue to Mount Pleasant ---------------------------------------------------__\ :6 1 19 I 2:'6g I 
\ Raggedand Mount Pleasant --------------------------------------------------------85 35 I 25.78 

z 
L 

! -----
d~ I Mount Blue to Ragged------------------------------------------------------------ 300 44 02.91 

+ 50 03.88 

i -----

11
1~

0 

I Ragged to Mount Blue ___________________________________________________________ _ 

! • 

18o I 
121 

I 
34 

I 
06.79 

L I ~ :3 4/
1

437 I 
I dL :- 30 

1

56.052 

I 1~---
u I 44 I 12 145.385 

I I K I 5· 0443191 K2 
I I I 9.7084678 cos z I sin• Z 

B 

I 
8. 5rn4887 c 

--
h i 3· 2632756 ' 

I 

I 
II 

1st term +1833.478 3d term 
2d term + 22.756 4th term 

I +1856. 234 ! 
3d and 4th terms i - o. 182 

Mount Blue. 

I 10743. 7 meters.* 

Ragged. 

I i 
lo.o8864 I I 
9.86854 (tl"L)~ I 6. 5372 I 

I. 39991 D 
I 

2.3933 

I. 35709 I I 8.9305 

II I 

I +0,0852 

-0.2675 

• 
* 68.8 st, miles nearly. 

I 
I 

I 

0 ' " 

70 20 33· 157 M 

dM - I II 27. 830 

M' 69 ! 09 05. 327 

Ii 3.2633 
K• sin2 Z ; 9.9572 

E 
I 

6.2069 

I 

I 

9.4274 

dM3 10.897. 

F I 7.844 

8.741. 
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L. M. z.-FORM FOR SUBORDINATE TRIANGULATION. 

I 
l I O I 11 

I
) Tomales Bay to Sonoma--·------·------------ ------------·----------·------------' 244 08 30. 9 

I ' 

Bodega and Sonoma _____ ---------------------------------------------------------:- 83 1 14 I 34. 7 

I : ---'.·---I-

I TomalesBaytoBodega __ ----------------------------------------------· I 16o 1 53 ' 56.2 

I i z : o1.9 
'I • I I I ---- ------------------------ ·- · · -- ----~-~-1--;-----

1s)0 
1 

18o I · 
Z' i BodegatoTornalesBay _,. ___ .. __________________________________ 340 \ 51 ___ /___________________ / 

54-3 

L 

a'L 

i 
I 

I. 38 
1-r--

----i 

j II 

10 : 47· 982 

' 28. 222 

[--... -----·-----
v i 3s I 18 16. 204 

0 II 

il.=38 14 32 

II 

1st term --448. 273 

zd a.nd 3d terms + 0.051 

-a'L -448. 222 

H. Ex. 43-4-2 

K 
cos z 

n 

It 

K 

sin Z 

A' 
; cos I/ 

ar. comp. 

dM 

Tomaleo Bay. M 

14626. 8 meters. dM 

Bodega. M' 

--- -·--·-- ------· ~--------

4. 1651480 K' 8.3303 

9·9754055n sinZ Z 9.0297 

8. 5109892 c I. 3003 

2.6515427n 8. 66o3 

0.046 

0 " 122 56 47.301 

3 16. 993 
! 

123 . 00 04. 294 

5.303 
2.38o 

7.683 

0.005 

,--·-----·-----------------I 

4· 1651480 

9.5148002 

I 
8. 5091611 

l\~052~~--
clM 2. 29445 

sin A, 9. 79168 

! 2.2944503 2.o8613 

I+ 
,, 

196.993 
I 

II 

-dl .;.. 121. 9 

• 
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TnE INVERSE PRODLEM.-There are cases wlien it is required to compute tlie distance and 
azimuth between two points that are given by their latitudes and longitudes. This problem is of 
comparatively rare occurrence, aml it lia:s not been found necessary to construct special forrnulre 
and blank forms for it since it can readily Le solved by using those pro,·ided for the case heretofore 
treated. This is done by dividing d M=K sin Z. A' sec L' b~· the first term for dL, h=K cos Z. B, 

when we get, tau Z= d:\I L . Bh. which would give us the azimuth at once if we knew h, dM being 
A' sec ' . 

gi"en. 'Ve therefore seek to compute the smaller terms for the difference of latitude, in order to 
obtain h hy subtracting tLem from the known dL. The only addition to the usual form is the 
term, log tan Z=log (K sin Z)-log (K cos Z). K will best be taken from the term h when sin Z 
is greater than cos z, and from the term dM when the reverse is the case. When the distance K 
is large, as in primary triangulation, it will he necessary to introduce the correction for dM due 
to difference of ratio bet ween sine and arc, using the form for primar,y L. M. Z. inversely, as indi· 
cated above. 

z 
L. 

lO -·-·-··-··· 

and 

Z Tornale.' Bav tr• llndq:a 

dZ 

18oo : 
I 

L. 'II. Z.-FOR:\I FOR lNU.;RSE SOLl'TION. 

i 0 I I // 

-- - - - - - - -- - - -- __ ..... _ - ~ -- - - - - - ~~ - ~ - ~ ~~ ~- - - - - ______ i ____ - -i-- - - - -·M - - -- ......... ; 

i I 
I 6o I SJ : 56. 2 ; 

i 2 . or. 9 I 
• I 

1-------.----1 
18o i 

Z/ [ B'.>dega to Toniale; Bay ------ _ -------- ______ ------. ______________ ---· 340 s1 I 54· 3 ! 

----·~---

II 

L 38 10 47. 982 

dL 28. ::!22 

-~--·- --· 

J, I 38 IX 16. 204 

!-------·-- -- -

I 

I I zd and 3d term' 

II 

1st term -448.273 

0.051 

f --dL 

!------·--

. -----·--·--------'----c __ :._I ___ i 

K 

cos z 
H 

h 

K 

Tomales Bay. 

14626. 8 meter>. 

Bodega. 

+ 1405535" 

~, 3. 68oooS::a 

8. 509161 t 

~OS f / l , 0. !052810 

ar. comp. S ,------·--' 

d:\I +196. 993 

c 

dM 

sin/, 

--dZ 

7· 36oo 

I. 3003 

Ill 

d:'l'l 

I 
0 : I I II : 

I 56 i 47.301 : 

3 I 16.993 i 
[ ! 

122 : 

I 

123 : 00 04. 2941 

-----1 
·--1 

I 

5. 303 i . 
I 2.38o I 

1~7-·6;;-I 
I 0.005 

1 
-----·--K-s-in_z_I 3. 68ooo82 • 

K cos Z 

2.29445 
9. 79168 

1

1 

---
1 -sin Z 

tan Z 

z 
z. o8613 

fl 

+121. 9 
! K 

I 4. 14055350 _
1 

i 9· 539454711 
I : 
1 100° 531 56'1

• 2 1· 1-
i 9.51486o2 I 

·1 4. 165148o l 
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l 

I 

Lat. 

o I 

23 00 
I 

2 

3 
4 

05 
6 
7 
8 
91 

JO 
II 

J2 
13 
J4 

15 
16 
17 
18 
19 

zo 
21 
22 

23 
24 

25 
26 
27 
28 
29 

30 
31 
32 
33 
34 

35 
36 
37 
38 
39 

40 
41 
42 
43 
44 

45 
46 
47 
48 
49 

UNITED STATES OUAST AND GEODETIC SURVBY. 

Log. factors A, B, C, IJ and E between latUudes 23:::i and 650. 

[Based on the Clarke spheroid of I 866.] 

LATITCVE 23° 

lor; A log B log C log D log E 

cliff. 1"=0-·-0.05 cliff. 1"=----0.16 diff.1 1 '----- 0.57 cliff. J"-=---:-0.04 <liff 111 =- 0.04 

8. 509 502J 
17 
14 
II 
08 

05 
02 

8. 509 4999 
96 
93 

8. 50<) 4990 
87 
83 
So 
ii 

74 
71 
68 
65 
62 

8. 509 4959 
55 
52 
49 
46 

43 
40 
37 
34 
31 

8. 509 4927 
24 
21 
18 
rs 
12 

09 
05 
02 

8. 509 4899 

8. 509 4896 
93 
go 
87 
83 
So 
77 
74 
71 
68 

8. 509 4865 
61 
jj8 

55 
52 

49 
45 
42 
39 
36 

8.5120026 
17 
08 

8. 5 II 9998 
89 
So 
71 
61 
52 
43 

8. SII 9934 
24 
15 
06 

8. 5 II 9896 

87 
78 
68 
59 
50 

8. SII 9840 
31 
22 
12 

03 

8. $1 l 9794 
84 
75 
66 
5<) 

8. 51 I 9747 
37 
28 
19 
09 
00 

8. 511 96go 
81 
71 
62 

8. 511 9653 
43 
34 
24 
15 
05 

8. 511 9596 
86 
77 
67 

s. SI I 9558 
48 
39 
29 
20 

IO 

OJ 

8. 5II !)41)1 
82 
7'1· 

I. 03390 
425 
460 
495 
530 

565 
600 
634 
669 
704 

I. o37 39 
774 
8og 
843 
878 

913 
947 
982 

r. 04017 
052 

I. 04086 
121 

J55 
J90 
224 

259 
293 
328 
362 
397 

I. 0443J 
466 
500 
534 
569 

6o3 
63; 
672 
706 
740 

I. 04775 
809 
843 
sn 
9II 

945 
980 

1.05014 
048 
o8z 

I. 05u6 
150 

~~ 
252 

286 
320 
354 
J88 
422 

2. 2487 
90 
92 
95 
97 

2.2500 
02 
05 
07 
O<) 

2.2512 
14 
17 
19 
21 

24 
26 
29 
31 
34 

2.2536 
38 
41 
43 
45 . 

48 
50 
53 
55 
57 

jJ 

74 
76 
79 
81 

2.2583 
86 
88 
90 
93 

95 
97 

2. 26oo 

02 

04 

2.26o6 
08 
II 

13 
16 

18 
20 
23 
25 . 
27 

5.7997 
99 

5.8°"2 
04 
07 

09 
12 

14 
16 
19 

5· 8021 
24 
26 
29 
31 

34 
36 
39 
41 
44 

5.8046 
49 
51 
54 
56 

59 
6J 
64 
66 
69 

5· 8o71 
74 
76 
79 
81 

84 
Sti 
89 
91 
93 

5.8og6 
99 

5· 8101 
04 
o6 

09 
II 

14 
16 
19 

5. 8IZI 
24 
26 
29 
31 

34 
36 
39 
41 

44 

l l 66 ' g_ SOC) 4833 8. 511 9463 . l. 05456 _____ (~---~--~··----· -- -···--~------·---·······- .... -- .-

5.8146 

331 
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LATITUDE 2&0 

---- --- --------- ----- ------ - - ------

log A. log B 
Lat. 

log C log D log E 

diff. 1"=-0.05 diff. I II =-0.16 diff. 1"=+0.56 diff. 1"=+0.04 diff. 1"=+0.04 
·-------------- ----~-- -----·---- -- ------- --~----

o I 

24 00 8. 509 4833 8. 5n 9463 1.05456 2. 2629 5.8146 
I JO 53 490 32 49 
2 26 44 523 34 51 
3 23 34 557 36 54 
4 20 24 591 39 57 

05 17 15 625 41 59 
6 14 05 658 43 62 
7 10 8. 511 9396 692 45 64 
8 07 86 .726 48 67 
9 04 77 76o 50 69 

10 8. 509 4801 8. Sil 9367 I. 05794 2.265a 5.8172 
II 8. 509 4798 58 827 54 74 
12 94 48 861 57 77 
13 91 38 894 59 79 
14 SS 29 9z8 61 82 
15 85 19 962 63 85 
16 82 09 995 66 87 
17 78 00 1.o6o29 68 90 
18 75 8. 511 9290 o62 70 92 
19 72 81 096 72 95 

20 8. 509 4769 8. 511 9271 I. o6130 2. 2675 5.8197 
21 66 61 163 77 5.8200 
22 62 52 197 79 02 
23 59 42 230 81 05 
24 56 32 263 84 07 
25 53 23 297 86 IO 
26 so 13 330 88 13 
27 46 03 364 90 15 
28 43 . i. 511 9194 397 92 18 
29 40 84 431 95 20 

30 8. 509 4737 8. 511 9174 1.o6464 2.2697 5.8223 
31 33 65 497 99 25 
32 30 SS 530 2.2701 28 
33 27 45 564 03 31 
34 24 35 597 o6 33 
35 20 26 630 o8 36 
36 17 16 664 IO 38 
37 14 o6 697 12 41 
38 II 8. 511 9096 730 14 43 
39 07 87 763 17 46 

40 8. 509 4704 8. Sil 9077 I. 00797 2.2719 5. 8249 
41 01 67 830 21 51 
42 8. 509 4698 58 863 23 54 
43 94 48 896 25 56 
44 91 38 929 27 59 
45 88 28 962 30 61 . 
46 85 18 995 32 64 
47 81 09 r. 07028 34 67 
48 78 l!. SII 8999 o61 36 69 
49 75 89 095 38 72 

50 8, 509 467<1 8. 511 8979 1.07128 2.2740 5.8274 
51 68 70 161 43 77 I 52 65 6o 194 45 So 
53 62 50 226 47 8a 
54 59 40 259 49 85 
SS SS 30 292 51 87 
56 52 Zl 325 SJ 

~ 57 49 II 358 SS 
58 45 01 391 58 95 
59 42 8. 511 8891 424 6o g8 

6o 8.509 4639 8.511 8881 1. 07457 a.a76z 5.8300 
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LATITUDE ~15° 

------~----·-····------- ----------, 

log .l. logB log c logD logE 
Lat. 

diff. If!= -·O.o6 cliff. 1" =-0.16 diff. 1''=+0.54 diff. 1"=+0.03 diff. 111 =+0.04 
.. - -- ------- -·--- ------- --- -- --------·- --- -- - - --- ---------- -

0 I 

25 00 8. 509 4639 8. 511 8881 I. 07457 2.2762 5. 8300 
I 36 71 490 64 OJ 
2 32 62 523 66 05 
3 29 52 555 68 o8 
4 26 42 588 70 II 

05 23 32 6:n 72 !i 6 19 22 654 75 
7 16 12 687 77 18 
8 13 02 719 79 21 
9 O<J 8. 511 8793 752 &1 24 

IO 8.509 46o6 8. 5II 8783 I. 07785 2.2783 5.8326 
II 03 73 817 85 29 
12 00 63 850 87 32 
13 8. SO<J 4596 ' 53 883 89 34 
14 93 43 915 91 37 
15 90 33 94B 93 39 16 86 23 981 96 42 
17 83 13 I, o8o~3 98 45 
18 8o 04 046 2. 28oo 47 
19 76 8. su 8694 078 02 50 

20 8. SO<J 4573 8. SII 8684 I. o8111 2.2804 5. 8352 
21 70 74 143 o6 55 22 66 64 176 o8 59 
23 63 54 208 10 6o 
24 6o 44 241 12 63 
25 56 34 273 14 66 
26 53 24 3o6 16 68 
27 so 14 338 18 71 
28 46 04 370 20 73 
29 43 8.5u 8594 403 23 76 

30 8. 509 4540 8. 511 8584 I. o8435 2.2825 58379 
31 37 i4 468 27 81 
32 33 64 500 29 84 
33 30 54 532 JI 87 
34 26 44 565 33 89 
35 23 34 597 35 92 
36 20 .i4 629 31 94 
37 17 14 662 39 97 
38 13 04 694 41 5.8400 
39 10 3. Sil 8494 726 43 02 

40 8. 5094507 8. su !4!4 I. o8758 2.z845 s. 84os 
41 03 74 791 47 o8 
42 00 64 823 49 IO 

43 8. SO<J 4496 54 855 51 13 
44 93 44 887 53 16 

45 90 34 919 55 18 
46 86 24 951 57 21 
47 83 14 984 59 24 
48 So 04 I. 09016 61 26 
49 76 8. 511 8393 048 63 29 

50 8. 509 4473 ll. Sil 8383 1.0908o 2.:<1865 5.8431 
i SI 70 73 112 67 34 
' 5* 66 63 144 69 37 

I 53 63 S3 176 71 39 

" 
54 6o 43 208 73 42 

~~ 56 33 340 75 45 
SJ 23 272 77 47 I 

~· 
50 13 304 79 50 
46 03 336 81 S3 

S9 43 i. su 8293 368 83 55 

6o 8.5094439 8. SU 8283 1.09400 2.2885 S· '4S8 
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Lat. 

o I 

26 00 

2 

3 
4 

05 
6 
7 
8 
9 

IO 
II 
12 
13 
14 

15 
16 
17 
18 
19 

20 
21 
22 
23 
24 

25 
26 
27 
28 
29 

30 
31 
32 
33 
34 

35 
36 
1" 
~I 

38 
39 

40 
41 
42 
43 
44 

45 
46 
47 
48 
49 

50 
51 
52 
53 
54 

55 
56 
57 
58 
59 

6o 

' i 

UNITED ST.ATES COAST .AND GEODETIC SURVEY. 

LATITUDE 26° 

log A log B log C log D logE 

diff. 1" = - 0.06 diff. 1" = --- o.r7 diff. 111 =-+ 0.52 diff. 1 11 = + 0.03 diff. 1 11 = --1- 0.04 

8. 509 4439 
36 
33 
29 
26 

22 

19 
16 
12 
09 

8. 509 44o6 
02 

8. 509 4399 
95 
92 
88 
85 
82 
78 
75 

8. 509 4372 
68 
65 
61 
58 

54 
51 
48 
44 
41 

8: 509 4337 
34 
31 
27 
24 
20 

17 
13 
JO 

07 

8. 509 4303 
00 

8. 509 4296 
93 
89 
86 
83 
79 
76 
72 

8.'509 4269 
65 
62 
58 
SS 

8. 511 8283 
F 
62 
52 
42 

32 
22 
12 
01 

8. Sil 819i 

8. 511 8181 
71 
61 
51 
40 

30 
20 
IO 
00 

8. 511 8o89 

8. Sii 8079 
69 
59 
48 
38 

28 
18 
08 

8. 511 7997 
87 

8. Sii 7977 
67 
56 
46 
36 

25 
15 
05 

8. 511 7895 
~ 

8. 5 II 7874 
64 
53 
43 
33 
22 
12 

02 

8. 5 II 7791 
81 

8.5u7771 
6o 
50 
40 
29 
19 
09 

8. 511 76g8 
88 
77 

I. 09400 
432 
464 
496 
527 

559 
591 
623 
655 
687 

I. 09718 
75° 
782 
814 
845 
877 
909 
94° 
972 

I. 10004 

I. 10036 
067 
099 
130 
162 

194 
225 
257 
288 
320 

I. 10351 
383 
414 
446 
477 

509 
540 
57 1 

6o3 
634 

I. io666 
697 
728 
76o 
791 

822 
854 
885 
916 
947 

I. 10979 
I. 11010 

041 
072 
103 

134 
166 
197 
228 

259 

2.2885 
87 
89 
91 
93 

95 
97 
99 

2. 2901 

03 

2. 2905 
07 
09 
II 

13 

15 
17 
19 
20 
22 

2.2924 
26 
28 
30 
32 

34 
36 
38 
4o 
42 

2.2944 
46 
47 
49 
51 

53 
55 
57 
59 
61 

2.2963 
65 
66 
68 
70 

72 
74 
76 
78 
8o 

5.8458 
61 
63 
66 
69 

71 
74 
77 
79 
82 

5.8485 
88 
90 
93 
96 

98 
5. 8501 

04 
o6 

09 

5.8512 
14 
17 
20 

22 

25 
28 
30 
33 
36 

5.8539 
41 
44 
47 
49 
52 
55 
57 
6o 
63 

5.8566 
68 
71 
74 
76 

79 
82 
85 
87 
90 

5.8593 

~ I 
s- 86o1 . I 

04 I 

~ I 
:: I 
17 

1.-~~~~-~34 8. 51I 7667 I. 11290 2. 3000 5.8620 

--- -~------·-----.. """'~--~~----···-·-~-----..! 



 

UNITED STATES COAST AND GEODETIC SURVEY. 335 

LATITUDE 2'2' 0 

---~------ . --- -- ------ ---~--------------------

Lat. 
log A logB log(; logD log E 

diff. 1//=~-0.06 diff. 111=-0.18 diff. I II= T 0.51 diff. l II=-"- O.OJ cliff. 111 -· :- 0.05 .. 
-· ~--·~---- .-----------------~ 

_____ ,_ _________ ·---~·-~ .... ·-·-----.. -~------·-·--1 

0 I 

27 00 8. 509 4z34 8. 51 I 76'57 I. !1290 2. 3000 5. 8620 
I JI 57 321 02 23 
2 z7 46 35 2 04 25 
3 24 36 383 ob 28 
4 20 25 414 07 31 

05 17 15 445 09 34 
6 13 05 476 II 36 
7 JO 8.5117594 507 13 39 
8 06 8.j. 538 15 42 
9 03 73 569 17 44 

10 8. 509 4200 8.51I 7563 I. 1I6oo 2. 3m8 5.8647 
II s. 509 4196 53 631 20 50 
12 93 42 662 22 53 
13 89 32 693 ;z4 55 
14 86 21 724 26 58 
15 82 II 755 27 61 
16 79 00 786 29 64 
17 75 8. ,SI I 7490 817 31 66 
18 72 79 848 33 69 
19 68 69 878 35 72 

20 8. 509 4165 8. 511 7458 1. u909 z.3037 5.8675 
21 61 48 94° 38 77 
22 58 37 971 40 80 
23 54 27 I. 12002 42 83 
24 51 16 032 44 86 
25 47 06 o63 45 88 
26 44 8 5II 7395 094 47 91 
27 40 85 125 49 94 28 37 74 156 51 97 
29 33 64 186 SJ 99 

JO 8. 509 4130 8.5u 7353 I. 12217 2.3054 5.8702 
JI 26 43 248 56 05 
32 23 32 ;178 58 o8 
33 19 22 309 6o JO 

34 16 II 340 61 13 
35 12 OI 370 63 16 
36 o8 8. 511 7290 401 65 19 
37 05 So 432 67 22 
38 01 6g 462 69 24 
39 8. 509 4098 58 493 70 27 

40 8. 509 4094 8. 5ll 7248 ]. 12523 2.3072 5.873o 
41 91 37 554 74 33 
42 87 27 584 76 35 
43 84 16 615 77 J8 
44 So o6 646 79 41 

45 77 8. 5u 7195 676 81 44 
46 73 84 707 83 46 
47 70 74 737 84 49 
48 66 63 768 86 52 
49 63 53 798 88 55 

50 8. 509 4059 8. 511 7142 I. 12829 2. 3090 5.8757 
51 56 31 859 91 6o 
52 52 21 889 93 63 
53 49 JO 920 95 66 
54 45 00 95° 96 6g 

SS 41 S.5u 7o89 981 98 72 
56 38 78 I. IJOU 2.3100 74 n 34 68 041 02 77 

3r 57 072 03 So 
59 27 46 102 05 83 

6o 8.509 4024 8.511 7036 I. 13132 2.3107 5.8785 



 

336 UNITED STATEe 00.A.ST A.ND GEODETIO SURVEY. 

LATITUDE lH" 

--------

log A logB log C: logD logE 
Lat. 

ditf. 1"=-o.o6 diff. 1"=-0.18 <liff. 1"=+0.50 diff. I"=+o.03 diff. 1"=+0.05 

- ------- • c I 

28 00 8. 509 4024 8. 511 7036 I. 13132 2.3107 5.8785 
20 25 163 09 88 

2 17 14 193 10 91 
3 13 04 223 12 94 
4 IO g, 511 6993 .!5~ 14 97 

ri ~~ 

05 o6 284 15 99 
6 02 72 314 17 5.88o2 
7 s. 509 3999 61 345 19 05 
8 95 50 375 20 08 
9 92 40 405 22 II 

IO s. S09 3988 s. 511 6929 I. 13435 2.3124 s.8813 
II 85 18 465 26 16 
12 8r 08 4¢ 27 19 
13 78 8. 511 6897 526 29 22 
14 H 86 • 556 31 25 

15 70 75 586 32 27 
16 67 65 616 34 30 
17 63 54 646 36 33 
18 6o 43 677 37 36 
19 56 33 707 39 39 

20 8. 509 3952 8. 511 6822 I. 13737 2.3141 5.8841 
21 49 II 767 42 44 
22 45 00 797 44 47 
23 4• 8. 511 6790 827 46 50 
24 38 79 857 47 53 
25 35 68 887 49 SS 
26 JI 57 917 51 58 
27 27 47 947 52 61 
28 24 36 977 54 64 
29 20 25 I. 14007 56 67 

30 8. 509 3917 8. 511 6714 I. 14037 2.3157 5.8870 
31 13 04 007 59 72 
32 09 8. 511 66g3 097 61 7S 
33 o6 82 127 62 78 
34 02 71 157 64 81 

35 8. 509 38g9 61 187 66 84 
36 95 50 217 67 87 
37 92 39 247 69 8g 
38 88 28 277 70 92 
39 l4 17 3°7 72 95 

40 8. 509 3881 8. 5n 66o7 I. 14337 2 • 3174 5.88g8 
41 77 8. SH 65!)6 J66 75 5. 8go1 
42 73 85 396 77 04 
43 70 74 426 79 o6 
44 66 63 456 8o 09 

45 63 52 486 82 1:1 

46 59 42 516 83 15 
47 55 JI S45 85 18 
48 52 20 575 87 21 
49 48 09 6o5 88 23 

.50 s. 509 3845 8. 511 6498 1. 14635 2. 3190 5· 11926 
51 41 87 664 92 29 
52 37 76 694 93 32 
53 34 66 724 95 35 
S4 30 SS 7S4 96 38 

55 26 44 783 98 40 
56 23 33 81i z. 3200 43 
57 19 22 843 OJ 46 
58 16 11 872 03 49 
59 12 00 902 04 52 

6o 8.509 38o8 8. 511 638g I. 14932 2.3206 5. Sg55 



 

10 

II 

12 
13 
14 

15 
16 
17 
18 
19 

20 
21 
22 
23 
24 

25 
26 
27 
28 
29 

30 
31 
32 
33 
34 

35 
36 
37 
38 
39 

40 
41 
42 
43 
44 

45 
46 
47 
48 
49 

50 
51 
52 
53 

• 54 

SS 
56 
57 
58 
59 

6o 

UNITED STATES COAST AND GEODETIC SURVEY. 

8. 509 38o8 
05 
01 

8. 509 3797 
94 

90 
86 
83 
79 
76 

8. 509 3772 
68 
65 
61 
57 
54 ,0 
46 
43 
39 

8. 509 3735 
32 
28 
24 
21 

17 
13 
JO 
o6 
02 

8. 509 3699 
95 
91 
88 
84 
8o 
'7 
73 
69 
66 

8. 509 3662 
58 
55 
51 
47 
44 
40 
36 
33 
29 

8. 509 3625 
21 

18 
14 
10 

07 
03 

8.509 3599 
96 
93 

8.509 3588 

8. 5 u 6389 
78 
68 
57 
46 

35 
24 
13 
02 

8. 511 6291 

8. 511 628o 
69 
58 
47 
36 
26 
15 
04 

8. 511 6193 
82 

8. 511 6171 
6o 
49 
38 
27 
16 
05 

8. 511 6og4 
83 
72 

8. 511 6o61 
50 
39 
28 
17 
00 

8. 5II 5995 
84 
73 
61 

8. 511 5950 
39 
28 
17 
o6 

8. 511 5895 
84 
73 
62 
51 

8. 5u 5840 
29 
18 
o6 

8. 511 5795 
84 
73 
6z 
51 
40 

8. 511 5729 

LATITUDE 29° 

I. 14932 
961 
991 

l. 15021 
050 

o8o 

I. 15228 
257 
287 
316 
346 

375 
4°5 
434 
464 
493 

r. 15522 
552 
581 
611 
640 

670 
699 
728 
758 
787 

I. 15816 
846 
875 
904 
934 

963 
992 

r. 16o21 

051 
080 

I. 16109 
138 
167 
197 
226 

255 
284 
313 
343 
372 

1. l64or 
43° 
459 
488 
517 

546 
575 
6o4 
633 
663 

1.1~2 

• 

2.32o6 
08 
09 
II 
12 

14 
15 
17 
19 
20 

2. 3222 
23 
25 
26 
28 

30 
31 
33 
34 
36 

2.3237 
39 
40 
42 
43 
45 
47 
48 
50 
51 

2.3253 
54 
56 
57 
59 
6o 
62 
63 
65 
66 

2.3268 
6g 
71 
72 
74 
75 
77 
78 
8o 
81 

2.3283 

84 
86 
87 
89 

90 
92 
93 

u 

5.8955 
58 
6o 
63 
66 

6g 
72 
75 
78 
8o 

5.8983 
86 
89 
92 
95 
98 

5. gooo 
03 
o6 
09 

5.9012 
15 
18 
21 
23 
26 
29 
32 
35 
38 

5. 9041 
43 
46 
49 
52 

55 
58 
61 
64 
67 

5.go69 
72 
75 
78 
81 

84 
87 
90 
93 
96 

5. gog8 
5· 9101 

04 
07 
10 

13 
16 
19 
22 
25 

5.9127 

337 



 

338 UNITED STATES COAST AND GEODETIC SURVEY. 

I 
I 
I Lat. 

log A 

diff. 1" = - 0.06 

1

--,-----

0 ! I 

I 30 00 : 8. 509 3588 
I I 84 

I 2 81 
! 3 77 

I 'i ~ 
9 55 

IO 
II 
12 
13 
14 

IS 
16 
17 
18 
19 

20 
21 
22 
23 
24 

25 
26 
27 
28 
29 

30 
31 
32 
33 
34 

35 
36 
37 
38 
39 

40 
41 
42 
43 
44 

45 
46 
47 
48 
~9 

50 
SI 
52 
53 
54 
55 
56 
57 
58 
59 

6o 

8, 509 3551 
47 
43 
40 
36 

32 
29 
25 
21 
17 

8. 509 3514 
IO 

o6 
02 

8. 509 3499 

95 
91 
88 
84 
8o 

8. 509 3476 
72 
6g 
65 
61 

57 
54 
50 
46 
42 

8. 509 3439 
35 
31 
27 
24 

20 
16 
12 
09 
05 

8. 509 3401 
8.509 3397 

94 
go 
86 

82 
78 
75 
71 
67 

8.509 3363 

LATITUDE 30° 

logB 

diff. l"=-0.19 

8. 511 5729 
18 
o6 

8. 511 5695 
84 

73 
62 
51 
40 
28 

8.5u 5617 
06 

8. 511 5595 
84 
73 
61 
50 
39 
28 
17 

8. 5II 5505 
8. 511 5494 

83 
72 
61 

49 
38 
27 
16 
04 

8. )II 5393 
82 
71 
59 
48 

37 
26 
14 
03 

8. 511 5292 

8. 511 5281 
69 
58 
47 
35 
24 

• 13 
02 

8. su 5190 
79 

8.5115168 
56 
45 
34 
22 

II 
00 

8. 511 5o88 
77 
66 

8. 5x1 5054 

log C log D 

I. 16692 
721 
75° 
778 
807 

836 
865 
894 
923 
95 2 

J. 16981 
1. 17orn 

o39 
068 
097 
126 
155 
184 
212 
2~1 

I. 17270 
299 
328 
357 
385 

414 
443 
472 
500 
529 

I. 17558 
587 
615 
644 
673 
701 
'i\30 
759 
788 
816 

1. 17845 
874 
902 
93 1 

959 
988 

I. 18o17 
045 
074 
!02 

I. 18131 
16o 
,~88 

217 

245 

274 
302 
331 

~il 
I. 1gft6 

2.3298 
99 

2.3301 
02 

04 

05 
06 
08 
09 
II 

2.3312 
14 
15 
17 
18 

19 
21 
22 

24 
25 

2.3327 
28 
30 
31 
32 

34 
35 
37 
38 
39 

2.3341 
42 
44 
45 
47 
48 
49 
51 
52 
54 

2.3355 
56 
58 
59 
6o 

62 
63 
65 
66 
67 

2.3368 
70 
71 
73 
74 
76 
77 
78 
So 
81 

:z.3382 

lugE 

diff. II/=+ 0.05 

5.9127 
30 
33 
36 
39 
42 
45 
48 
51 
54 

5.9157 
59 
62 
65 
68 

71 
74 
77 
8o 
83 

5.9186 
89 
92 
95 
98 

5.9200 
03 
o6 
09 
12 

5.9215 
18 
21 
24 
27 
30 
33 
36 
39 
42 

5· 9245 
48 
51 
53 
56 

59 
62 
65 
68 
71 

5.9274 
77 
So 
83 
86 • 

89 
92 
95 
98 

5. 9301 

5.9304 



 

Lat. 

o I 

31 00 
I 

2 

3 
4 

05 
6 
7 
8 
9 

JO 

II 

12 

13 
14 

15 
16 
17 
18 
19 

20 
21 
22 
23 
24 

25 
26 
27 
28 
29 

30 
31 
32 
33 
34 

35 
36 
37 
38 
39 

40 
41 
42 
43 
44 

45 
46 
47 
48 
49 

50 
51 
52 
53 
54 
55 
56 

I 
57 
58 
59 

L_ 6o 
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log A 

diff. l 11=-o.o6 

8. 509 3363 
6o 
56 
52 
48 

44 
41 
37 
33 
29 

8. 509 3325 
22 

18 
14 
IO 

o6 
03 

8. 509 3299 
95 
91 

s. 509 3287 
84 
8o 
76 
72 
68 
65 
61 
57 
53 

8. 509 3249 
46 
42 
38 
34 

30 
26 
23 
19 
15 

8. 509 3211 
07 
03 
00 

8. 509 3196 

92 
88 
84 
81 
77 

8. 509 3173 
69 
65 
61 
57 
54 
50 
46 
42 
38 

8. 509 3134 

LATITUDE 31° 

log B log C log D 

diff. 111=--o.19 

log E \ 

diff. 1"=+0.47 diff. 1"=+0.02 dift. 1 11~+0.05 I 
- ------- ------ - ----------~ --------------~-~----------

8. 51 I 5054 
43 
32 
20 

09 

8. 51 I 4998 
86 
75 
64 
52 

8. 5 I I 4941 
29 
18 
07 

8.5114895 

84 
72 
61 
50 
38 

8. SII 4827 
15 
04 

8. 5II 4793 
81 

70 
58 
47 
35 
24 

8.5II4713 
01 

8. 5II 4690 
78 
67 

55 
44 
32 
21 

09 

8. SII 4598 
86 
75 
63 
52 
40 
29 
17 
o6 

8. 5u 4494 

8. 511 4483 
71 
6o 
48 
37 
25 
14 
02 

s. 511 4391 . 

79 

8. 511 4368 

I. 18416 
445 
473 
)01 
530 

558 
587 
615 
643 
672 

I. 18700 
729 
757 
785 
813 

842 
870 
898 
927 
955 

I. 18983 
I. 19012 

040 
068 
096 

125 
153 
181 
209 
238 

I. 19266 
294 
322 
35 1 

379 
407 
435 
463 
491 
520 

I. 19548 
576 
604 
632 
66o 

688 
716 
744 
772• 
8oo 

l. 19828 
856 
884 
912 
940 

968 
996 

I. 20024 
052 
o8o 

I. 20Io8 

2.3382 
84 
85 
86 
88 

89 
go 
92 
93 
95 

2.3396 
97 
99 

2. 3400 
01 

02 
04 
05 
o6 
08 

2.3409 
10 
12 
13 
14 

16 
17 
18 
20 
21 

2. J422 

23 
25 
26 
27 
29 
30 
31 
33 
34 

2 ·3435 
36 
38 
39 
40 

41 
43 
44 
45 
47 

2.3448 
49 
50 
52 
53 
54 
55 
57 
58 
59 

2.346o 

5. 9304 
07 
IO 
13 
16 

19 
22 

25 
28 
31 

5.9334 
37 
39 
42 
45 
48 
51 
54 
57 
6o 

5.9363 
66 
69 
72 
75 
78 
81 
84 
87 
go 

5.9393 
96 
99 

5.9402 
05 
08 
II 
14 
17 
20 

5.9423 
26 
29 
32 
35 
38 
41 
44 
47 
50 

5.9453 
56 
59 
62 
65 
68 
72 
75 
78 
81 

I 
I 

5.9484 I ____ _/ 



 

340 UNITED STATES COAST AND GEODETIC SURVEY. . 
LATITUDE 32° 

1-----r -·- ·-·------ ----- ------------- ·--··---·---·---·------· 

log A. log B loge logD logE 
! Lat. 
. I dff "·- ( diff. 111 =--0.19 diff. 111 =+0.46 diff. 111 = + 0.02 diff. 111 = + 0.05 1. I ----0.0l 

1--0-1 1-
- --- ------ - --~-- - ~-------------------------

I 
8. 509 3134 8.5114368 I, 20108 2. 346o 5.9484 I 32 00 

I 
I 31 56 136 62 87 

I 2 27 44 164 63 90 
3 2' 33 192 64 93 

I 
" 4 19 21 220 65 96 

05 15 10 248 67 99 

I 
6 I! 8. $1 I 4298 276 68 5.9502 
7 07 87 304 6<] 05 
8 04 75 332 70 o8 
9 00 63 36o 71 11 

lO 8. 509 3096 8. 511 4252 I. 20387 2 ·3473 5· 9514 
II 92 40 415 74 17 
12 88 29 443 75 20 
13 84 17 471 76 23 
14 8o 05 499 78 26 
15 76 8. 51 I 4194 527 79 29 
lb 73 82 555 8o 32 
17 67 71 582 81 35 
18 65 59 610 82 38 
19 61 47 638 84 41 

20 8. 509 3057 8. Sil 4136 I. 20666 2.3485 5-9544 
21 53 24 694 86 47 
22 49 13 722 87 50 
23 46 ·01 749 88 53 
24 42 8. 511 4089 777 go 56 
25 38 78- 805 91 6o 
26 34 66 833 92 63 
27 30 54 86o 93 66 
28 26 43 888 94 69 
29 22 31 916 96 72 

30 8. 509 3018 8. 51 I 4020 1. 20944 2.3497 5.9575 
JI 15 08 971 98 78 
32 II 8. 51 I 3996 999 99 81 
33 07 85 I. 21027 2. 3500 84 
34 03 73 054 02 87 
35 8. 5°9 2 999 61 082 03 go 
36 95 50 IIO 04 93 
37 91 38 137 05 g6 
38 87 26 165 o6 99 
39 83 15 193 07 5.96o2 

40 8. 509 2980 8. 511 3go3 I. 21220 2·3509 5. g6o5 
41 76 8. 5IJ 3891 248 IO o8 
42 72 79 276 II II 

43 68 68 303 12 15 
44 64 56 331 13 18 

45 60 44 358 14 21 
46 56 33 386 16 24 
47 52 21 414 17 27 
48 48 • 09 441 18 30 
49 44 8. Sii 3798 46g 19 33 

50 8. 509 2940 8.5II 3786 I. 214<)6 2.3520 5.g636 
51 37 74 524 21 39 
52 33 63 551 23 42 
53 29 51 579 24 45 
54 25 39 6o7 25 48 
55 21 27 634 26 51 
56 17 16 662 27 54 
57 13 04 689 28 58 
58 09 8. 5II 3692 717 29 61 
59 05 So 744 JI 6'.I. 
6o 8,.509 2901 8. 5ri 366<] 1. 21772 2.3532 5. ¢61 

----·--------,--------------·-· 
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LATITUDE 33° 

--~-- - ---·----·-----·--- ---·---·-------·----- ------- - ------------·------------- - --------- ---- --- ----------- ----- ----

log A. log B 
Lat. 

logC IogD log E 

diff. I II= - 0,07 diff. 111 =-0.20 diff. 111 = + 0.45 di ff. I /1 = + 0.02 diff. 111 ~ -'- 0.05 
---------------- ----- --------- - --·-----, 

0 I 

33 00 8. 509 2901 8. 51 I 3669 I. 21772 2.3532 5.9667 
I 8. 509 2897 57 799 23 70 
2 94 45 827 34 73 
3 go 33 854 35 76 
4 86 22 882 36 79 

05 82 IO 909 37 82 
6 78 8. 5u 3598 937 38 85 
7 74 86 964 40 88 
8 70 75 992 41 92 
9 66 63 I. 22019 42 95 

IO 8. 509 2862 8.511 3551 I. 22047 2.3543 5.9698 
ll 58 39 074 44 5.9701 
12 54 28 IOI 45 04 
13 51 16 129 46 07 
14 47 04 156 47 IO 

15 43 8. 511 3492 . 184 49 13 
16 39 8o 211 50 16 
17 35 6g 238 51 19 
18 JI 57 266 52 22 
19 27 45 293 53 26 

20 8. 509 2823 8. 5II 3433 I. 22321 2.3554 5·9729 
21 19 21 348 55 32 
22 15 10 375 56 35 
23 II 8. 511 3398 403 57 38 
24 07 86 43° 58 41 
25 03 74 457 6o 44 
26 8. 509 2799 62 4~5 61 47 
27 95 51 512 62 50 
28 91 39 539 63 53 
29 88 27 567 64 57 
30 8.509 27~ 8. 511 3315 J. 22594 2. 3565 5.976o 
31 8o 0" 621 66 63 ·' 32 76 8. SH 3291 648 67 66 
33 72 . 8o 676 68 6g 
34 68 68 7°3 69 72 

35 64 56 730 70 75 
36 6o 44 757 71 78 
37 56 32 785 73 81 
38 52 20 812 74 85 
39 48 09 839 7S 88 

40 8. 509 2744 8. 511 3197 l. 22866 2.3576 5.9791 
41 40 85 893 77 94 
42 36 73 921 78 97 
43 32 61 948' 79 5.98oo 
44 28 49 975 So 03 

45 24 37 I. 23002 81 o6 
46 20 25 029 82 10 
47 16 13 057 83 13 
48 12 02 o84 ~ 84 16 
49 o8 8. 5II J090 Ill 85 19 

50 8.509 2704 8. 5II 3078 I. 23138 2.3586 5.9822 
51 01 66 165 87 25 
52 8. 509 2697 54 192 88 28 
53 93 42 220 8g 31 
54 8g JO 247 91 35 
55 85 18 274 9;i 38 
56 81 o6 301 93 41 

~l 77 8. 511 2995 328 94 44 
73 83 355 95 47 

59 6cj 71 382 96 50 

6o 8.509~5 8; 511 2959 I. .2J409 2.3597 5.9853 



 

342 UNITED ST.A.TES CO.A.ST AND GEODETIC SURVEY. 

LATITUDE 34. 0 

- ---··· ----------- ------- ·---- ----------- - -

log A logB log C logD logE 
Lat. 

diff. 1"=-0.07 diff. 1"=-0.20 diff. I"=+ 0.45 diff. 1 11= + 0.02 diff. 1"=+0.05 

--- -------~----~-------------

.o I 

34 00 8. 509 2665 8. 5u 2959 I. 23409 2·3597 5.9853 
I 61 47 437 98 57 
2 57 35 464 99 6o 

3 53 23 491 2. 3600 63 
4 49 II 518 01 66 

05 45 8. 511 2899 545 02 6g 
6 41 87 572 03 72 
7 37 75 599 04 75 
8 33 63 626 05 79 
9 30 51 653 o6 82 

IO 8. 509 2625 8. 51! 2840 I. 2368o 2 · 36o7 5.g885 
II 21 28 707 08 88 
12 17 16 734 09 91 
13 13 04 761 IO 94 
14 09 8. 51I 2792 788 II 97 

15 05 8o 815 12 5. 9901 
16 01 68 842 13 04 
lJ 8. 509 2597 56 869 14 07 
18 93 44 896 15 IO 

19 8g 32 923 16 13 

20 8. 509 2585 8. 51 I 2720 I. 23950 2.3617 5. 9916 
21 81 08 977 18 19 

22 77 8. 5II 26g6 I. 24004 19 23 
23 73 84 031 20 26 
24 6g 72 058 21 29 

25 65 6o o85 22 32 
26 61 .48 !12 23 35 
27 57 36 139 24 38 
28 53 24 165 25 42 

29 49 12 192 26 45 

30 8. 509 2545 8. 511 z6oo I. 24219 2.3627 5.9948 
31 41 8. 5u 2588 246 28 51 
32 37 76 273 29 54 
33 33 64 300 30 57 
34 29 52 327 31 61 

35 25 40 354 32 64 
36 21 28 381 33 67 
37 lJ 16 4o8 34 70 
38 13 04 434 35 73 
39 09 8. 5u 2492 461 36 76 

40 8. 509 2505 8. 511 248o I. 24488 2.3637 5-998o 
41 01 . 68 515 38 83 
42 8. 509 2497 56 542 39 86 

43 93 44 56g 40 8g 

44 8g 32 595 41 92 

45 85 20 622 42 g6 
46 81 o8 649 43 99 
47 77 8. 511 2396 676 44 6.0002 
48 73 ~ 703 44 05 
49 69 72 729 45 o8 

so 8. 509 2465 8. su 236o I. 24756 2.3646 6.0011 
51 61 48 783 47 rs 
52 57 35 8ro 48 18 
53 53 23 837 49 21 
54 49 II 863 50 24 

55 45 8. Sll 2299 !!<JO 51 27 
56 41 87 917 52 JI 
S7 37 75 944 53 34 
58 33 63 970 54 37 
59 29 51 997 55 ~ 

6o 8. 509 2425 2. 5'. 2239 1.25024 2.3656 6.0043 



 

UNITED STATES COAST AND GEODETIO SURVEY. 343 

LATITUDE 3li0 

------------------------------~-----

Jog A logB Jog C: logD log E 
Lat. 

diff. I"= -· 0.07 cliff. 111 =-·0.20 diff. 111 = + 0.44 cliff. I"=+ 0.01 diff. 111 =+0.05 

----··---··-·--- --------- --·-·-- - - ---- ------------------·-----

0 I 

35 00 8. 509 2425 8. 51 I '.l239 I. 25024 2. 3656 6.0043 
I 21 27 050 57 47 
2 17 15 077 58 50 
3 13 03 104 59 53 
4 og 8. 511 2191 131 59 56 

05 05 78 157 6o 59 
6 01 66 184 61 63 
7 8. 509 2396 54 211 62 66 
8 93 42 237 63 69 
9 88 30 264 64 72 

IO 8. 509 2384 8. 511 21I8 I. 25291 2.3665 6.0075 
II So 06 ~317 66 79 
12 76 8. 511 2094 344 67 82 
13 72 82 371 68 85 
14 68 70 397 69 ~8 

15 64 57 424 70 91 
16 6o 45 451 70 95 
17 56 33 477 71 98 
18 52 21 504 72 6.0101 
19 48 09 531 73 04 

20 8. 509 2344 8. 5II 1997 I. 25557 2.3674 6.0107 
21 40 85 584 75 II 
22 36 72 610 76 14 
23 32 6o 637 77 17 
24 28 48 664 78 20 

25 24 36 690 79 23 
26 20 24 717 79 27 
27 16 12 743 8o 30 
28 12 00 770 81 33 
29 08 8. 5ll 1887 796 82 36 

30 8. 509 2304 8.511 1875 I 25823 2.3683 6.0140 
31 00 63 850 84 43 
32 8. 509 2296 51 876 85 46 
33 92 39 903 86 49 
34 87 27 929 86 52 
35 83 15 956 87 56 
36 79 02 982 88 59 
37 75 s. 511 1790 u:6oo9 8g 62 
38 71 78 035 90 65 
39 67 66 o62 91 69 

! • 
40 8. 509 2263 8.511 1754 I. 26o88 2.3692 6. 0172 

i 41 59 41 115 93 75 
42 " 55 29 141 93 78 
43 51 17 168 94 81 
44 47 05 194 95 85 

45 43 8. 511 16g3 221 g6 88 
46 39 8o 247 97 91 
47 35 68 274 g8 94 
48 31 56 JOO 99 98 
49 27 44 327 99 6.0201 

so 8. 509 22Z2 8. 511 1632 [. 26353 2. 3700 6.0204 
51 . 18 20 38o 01 07 
52 14 07 4o6 02 II 

53 IO 8. 51r 1595 432 OJ 14 
54 <06 s~ 459 04- 17 .J 

SS· 02 71 485 05 20 

56 8. 509 ;n98 58 512 05 24 

~1 94 -4-6. 538 o6 27 
<JO 34 565 07 30 

59 B6 22 591 o8 33 

6o 8.509 2184 8. su 1510 J. 26617 2.3709 6.0237 



 

344 UNITED ST.ATES COAST AND GEODETIC 8URV.EY. 

LATITUDE 36° 

1~-----·--·--.---.·--- --·-· -·--· ~·-~~-~-~···--·- ~--------·--- --- - ~--~~---- --------------1 

I \ log-"- logB log() logD IogE 
1 Lat. : 

dilf. 1" = + 0.44 diff. r" = -l- 0.0I : diff. ,,, = - 0.07 diff. I 11 -= - 0.20 diff. 111 =+0.05 

!~-----1-- ·-·-- ..... --~---·- --- -----~-----~--- ----- --- - -·----------'"~- -------~ 

I . 

I 0 ) 

36 00 8. 509 2182 8. 511 1510 I. 26617 2. 3709 6.0237_ 
I 78 8. 511 1497 644 10 40 
2 74 85 670 10 43 
3 70 73 697 II 46 
4 65 61 723 12 50 

05 61 48 749 13 53 
6 57 36 776 14 56 
7 53 24 8oz 14 59 
8 49 12 828 15 63 
9 45 8. 511 1399 855 16 66 

[O 8. 509 2141 8. 511 1387 1. 26881 2. 3717 6.02~ 
II 3i 75 908 18 72 
12 33 63 934 19 76 
13 29 50 96o 19 79 
14 25 38 987 20 82 

15 21 26 I. 27013 21 85 
16 16 14 o39 2;il 89 
17 12 OI o66 23 92 
18 o8 s. 511 12B9 092 23 95 
19 04 77 I!S 24 99 

20 s. 509 2100 8. 5ll 1265 l. 27145 2.3725 6.0302 
21 8. 509 2096 52 171 26 05 
Z2 92 40 197 27 08 
23 88 28 223 27 12 
24 84 15 250 28 15 

25 8o 03 276 29 18 
26 75 8. SII II91 302 30 21 

27 71 79 329 31 25 
28 67 66 355 31 z8 
29 63 54 381 32 31 

30 8. 509 2059 8. Sil I 142 I. 27407 2.3733 6.0334 
31 55 29 434 34 38 
32 51 17 46o 35 •P 
33 47 05 486 35 44 
34 43 s. 511 1092 512 36 48 

iS 39 8o 539 37 51 
36 35 68 565 38 54 
37 30 56 591 38 57 
38 26 43 617 39 61 
39 22 31 644 40 64 

40 8. 509 2018 8. 511 1019 J. 27670 2.3741 6.0367 
41 14 o6 696 41 71 
42 10 8. Sii 0994 722 42 74 
43 o6 82 748 43 77 
44 02 0 775 44 8o 

45 8. 509 19g8 57 8o1 4S ~ 
46 93 45 827 45 87 
47 89 32 853 46 90 
4-8 85 20 879 47 94 
49 81 o8 905 48 97 

50 8. 509 1977 8. Sil o895 1.27932 2.3748 6.0400 
51 73 83 958 49 03 
52 69 71 984 50 07 
53 65 58 l. 28010 51. 10 
54 61 46 036 51 13 

55 56 34 o62 52 17 
56 52 21 088 53 llO 

57 48 09 114 54 :113 
5s _44 s. 511 0797 141 54 27 
59 40 ~ 167 SS JC> 

6o 8.509 1936 8. su 0772 1.28193 2.3756 6.04" 



 

UNITED STATES COAST AND GEODETIO SURVEY. 345 

LATITUDE 37° 

--------·------~---------------- - ------------- -----~------ ---------~---------------

log A log B log c log D log E 
Lat. 

diff. 111=-o.07 diff. 111=-0.21 diff. 111=-t-0·4'3 diff. 1"= + 0.01 diff. 1"=--'--o.o6 

----- -----------~--------- - - ----- -- --------· -- --·------------------ -- -------·---- ----~----------

0 I 

37 ()(). 8. 509 1936 8. 511 0772 I. 28193 2.3756 6.0433 
I 32 6o 219 56 37 
2 28 47 245 57 40 
3 23 35 271 58 43 
4 19 22 297 59 46 

05 15 10 3~ 59 50 
6 II !. 511 o698 35° 6o 53 
7 07 85 376 61 56 
8 03 73 402 62 6o 
9 8. 509 1899 61 428 62 63 

10 8. 509 1895 8. 511 o648 I. 28454 2.3763 6.0466 
II go 36 48o 64 70 
12 86 23 5o6 65 73 
13 -82 fl 532 65 76 
14 78 8. 511 0599 558 66 8o 

15 74 86 5~ 67 83 
16 70 74 610 67 86 
17 66 61 636 68 8g 
18 62 49 662 69 93 
19 57 37 688 6g 96 

20 8. 509 1853 8. 511 0524 I. 28715 2. 3770 6.0499 
21 49 12 741 71 6.0503 
22 45 00 767 72 o6 
23 41 8. 511 0487 793 72 09 
24 37 75 819 73 13 

25 33 62 ~5 74 16 
26 28 50 871 74 19 
27 24 37 897 75 ~~ 28 20 25 923 76 
29 16 13 949 76 29 

30 8. 509 18u 8. 511 0400 I. 28975 2. 3777 6.o533 
31 o8 8. 511 0388 I. 29001 78 36 
32 04 75 027 79 39 
33 00 "63 053 79 43 
34 8. 509 1795 51 079 8o 46 

35 91 38 104 81 49 
36 87 .26 130 81 53 
37 83 13 156 82 56 
38 79 01 182 83 59 
39 75 8. SII 0288 208 83 63 

40 8. 50<) 1771 8. 511 0276 I. 29234 2·37~ 6.0566 
41 66 64 26o 85 6g 
42 62 51 286 85 73 
43 58 39 312 86 76 
44 54 26 338 87 79 

45 50 14 364 87 83 
46 46 01 390 88 86 
47 41 8.5II OI8g 416 8g 89 
48 37 . 76 442 8g 93 
49 33 64 468 90 96 

50 8. 509 1729 8. SII 0151 1. 29494 :!. 3791 6.o6oo 
51 25 39 520 91 03 
52 21 26 546 92 o6 

53 16 14 571 93 IO 

54 l2 02 597 93 13 

SS o8 8. 511 oo89 623 94 16 
56 04 77 649 95 20 

57 00 64 675 95 :i3 
58 8.5091696 52 7or 9li 26 

S9 92 39 727 9li 30 

6o 
! 

8. 509 1687 8. 511 0027 I. 29753 2. 3797 6.o633 

B.·BL 43---44 



 

346 UNITED STATES COAST AND GEODETIC SURVEY. 

LATITUDE 38° 

log A logB log C logD log E 
Lat. 

cliff. 1''=-0.07 cliff. I II =;o - 0.21 cliff. 1'/ = + 0.43 diff. 111 = + 0.01 cliff. 1" = + o.o6 

--- ~··--- .. ·-·-·--·~~-----~-------· ---------

0 I 

38 00 8. 509 1687 8. 511 0027 I. 29753 2.3797 6,0633 
I 83 14 778 98 36 
2 79 02 8o4 98 40 
3 75 8. 510 9989 830 99 43 
4 71 77 856 2.38oo 47 

05 67 64 882 00 50 
6 62 ·52 908 or 53 
7 58 39 934 02 57 
8 54 27 959 02 6o 
9 50 14 985 03 63 

10 s. 509 1646 8. 510 9902 I. 3001 I 2.38o3 6.o667 
II 42 8. 510 9889 037 04 70 
12 37 77 063 05 73 
13 33 64 089 05 77 
14 29 52 114 06 8o 

15 25 39 140 07 ~ 
16 21 27 166 07 87 
17 17 14 192 08 go 
18 12 02 218 08 94 
19 08 8. 510 9789 243 09 97 

20 8. 509 1604 8. 510 9777 I. 30269 2.3810 6.0701 
21 00 64 295 JO 04 
22 8. 509 1596 52 321 II 07_ 
23 92 39 347 12 II 
24 87 27 372 12 14 
25 83 14 398 13 17 
26 79 OJ 424 13 21 
27 75 8. 510 9689 450 14 24 
28 71 77 476 15 28 
29 66 64 501 15 JI 

30 8. SO<J 1562 8. 510 9652 I. 30527 2.3816 6.0734 
31 58 39 553 16 38 
32 54 27 579 17 41 
33 50 14 6o4 17 44 
34 46 01 630 18 48 

35 41 8. 510 9589 656 19 51 
36 37 76 682 19 55 
37 33 64 707 ::io 58 
38 29 51 733 20 61 
39 25 39 759 21 65 

40 8. 509 1521 8. 510 9526 1.30785 2.3822 6.0768 
41 16 14 810 22 72 
42 12 01 836 23 75 
43 08 8. 510 9488 862 23 78 
44 04 76 887 24 82 

45 00 63 913 24 85 
46 8. 509 1495 51 939 25 89 
47 91 38 965 26 92 
48 87 26 990 26 95 
49 83 13 1.31016 27 99 

so 8. 509 1479 8. 510 9401 1. 31042 2.3827 6.o8o2 
51 75 8. 510 9388 o67 28 o6 
52 70 76 093 28 09 
53 66 63 u9 29 13 
54 62 50 144 30 16 

55 58 38 170 30 19 
56 53 25 196 31 !l 57 49 13 221 31 
58 45 00 247 32 30 
59 41 8. 510 9287 273 32 33 

6o 8. 509 1437 8. 510 9275 I. 31299 2.3833 6.o836 
-----------



 

UNITED STATES COAST AND GEODETIC SURVEY. 347 

LATITUDE 39° 

----·-----·-- -- - ---------·--- - ----- ------------------ -- - -- - ------ --- ----- ---- ---- ----- -----------------

I 
log A. logB log C logD log E 

Lat. 
diff. 111=-0.07 diff. 111=·-0.21 diff. 111= +0.43 diff. 111= i- 0.01 diff. I"= -;-0.06 

I __ :_ 
-----------~--- -- --------------- - -------

I 0 I 

I 39 00 8. 509 1437 8. 5ro 9275 I. 31299 2.3833 6.0836 I 
I 33 62 324 33 40 
2 28 50 35° 34 43 
3 24 37 375 35 47 
4 20 25 401 35 50 

05 16 12 427 36 53 
6 12 8. 510 9199 452 36 57 
7 07 87 478 37 6o 
8 03 74 504 37 64 
9 8. 509 1399 62 529 38 67 

JO 8. 509 1395 8. 510 9149 I. 31555 2.3838 6.0871 
II 91 36 581 39 74 
12 86 24 6t>6 39 77 
13 82 II 632 2.3840 81 
14 78 8. 510 9098 658 40 84 

15 74 86 683 41 88 
16 70 73 709 41 91 
17 65 61 734 42 95 
18 61 48 760 43 98 
19 57 36 786 43 6.0902 

20 8. 509 1353 8. 510 9023 I. 31811 2.3844 6.0905 
21 49 10 837 44 o8 
22 44 8. 510 8998 862 45 12 

23 40 85 888 45 15 
24 36 73 913 46 19 

25 32 6o 939 46 22 
26 28 47 965 47 26 
27 23 35 990 47 29 
28 19 22 J. 32016 48 32 
29 15 09 041 48 36 

30 8. 509 1311 8. 510 88g7 I. 32o67 2.3849 6.0939 
31 07 84 092 49 43 
32 02 72 118 2.3850 46 
33 8. 509 1298 59 144 50 50 
34 94 46 169 51 53 

35 90 34 195 51 57 
36 86 21 220 52 6o 

37 81 08 246 52 63 
38 77 8. 510 8796 271 53 67 
39 73 83 297 53 70 

40 8. S09 1269 8.5108771 I. 32323 2.3854 6.0974 
41 64 58 348 54 77 
42 6o 45 374 55 81 
43 56 33 399 55 84 
44 52 20 425 56 88 

45 48 07 450 56 91 
46 43 8. SID 8695 476 57 95 
47 39 82 501 57 98 
48 35 69 527 57 6. 1002 

49 31 57 552 58 05 

so 8. 509 1227 8. 5IO 8644 !. 32578 2.3858 6. 1008 
51 22 31 6o3 59 12 
52 ,18 19 629 59 15 
53 14 o6 654 2.386o .19 
54 10 8. sm 8593 68o 6o 22 

55 o6 81 705 61 26 
56 01 68 731 61 :19 
57 8.509 1197 55 756 62 33 
58 

~ 
43 782 62 36 

59 30 8o7 63 40 

6o 8. 509 1~8.t. 8. 510 8517 I. 32833 2.3863 6. 1043 



 

348 UNITED STATES COAST AND GEODETIC SURVEY. 

LATITUDE 40° 

-------- ---- ------ --------" ----~------------

log A. logB log C: logD logE 
Lat. 

di ff. I fl = - 0.07 diff. 111 =-0.21 diff. I fl = + 0.42 diff. 1''=+0.01 diff. 1" = + o.o6 

0 I 

40 00 8. S09 u84 8. 510 8517 I. ]2833 2.3863 6.1043 
I 8o 05 858 64 47 
2 76 8. 510 8492 884 fui so 
3 72 79 909 64 54 
4 67 67 935 6S S7 

05 63 54 96o 6S 61 
6 S9 41 986 66 64 
7 SS 29 I. 33011 66 67 
8 so 16 037 67 71 
9 46 03 o62 67 74 

10 8. 509 I 142 8. 510 8391 I. 33o88 2.3868 6. 1078 
II 38 7&. 113 68 81 
12 34 65 139 68 85 
13 29 53 164 6g 88 
14 25 40 189 6g 92 

15 21 27 215 2.3870 95 
16 17 15 240 70 99 
17 12 02 266 71 6. II02 
18 08 8. 510 8289 291 71 o6 
19 04 77 317 72 O<) 

20 8. 509 IlOO 8. 510 8264 I. 33342 2.3872 6. 1113 
21 8. 509 log6 51 368 72 16 
22 91 38 393 73 20 
23 87 26 418 73 23 
24 83 13 444 74 27 

25 79 00 46g 74 30 
26 74 8. 5108188 495 74 34 
27 70 75 520 75 37 
28 66 62 546 75 41 
29 62 50 571 76 44 

30 8.509 1057 8. 510 8137 I. 33596 2.3876 6. 1148 
31 53 24 622 77 51 
32 49 II 647 7i SS 
33 45 8. SIO 8ogg 673 77 58 
34 41 86 6g8 78 62 

35 36 73 723 78 65 
36 32 61 749 79 6g 
37 28 48 774 79 72 
38 24 35 8oo 79 76 
39 19 23 825 2.388o 79 

40 8. 509 1015 8. 510 8010 J, 33850 2.38So 6. 1183 
41 II 8. 510 7997 876 81 86 
42 07 84 901 81 90 
43 02 72 926 81 93 
44 8. S09 OC}98 59 952 82 97 

45 94 46 977 82 6. 1200 
46 90 33 I. 34003 83 04 
47 85 21 028 83 07 
48 81 o8 053 83 II 

49 77 8. 510 7895 079 84 15 

so 8. S09 0973 8. 510 7883 I. 34104 2.3884 6. 1218 
51 68 70 129 84 22 
52 64 57 155 85 25 
53 6o 44 18o 85 29 
54 56 32 2o6 86 32 

SS 52 19 231 86 36 
56 47 o6 256 86 39 
57 43 8. 510 7793 282 87 43 
58 39 81 307 8z... 46 
59 34 68 332 81, So 

6o 8.5090930 s. 510 7755 I, 34358 2.JSSS 6.1253 



 

UNITED 8TATES COAS1 AND GEODETl(1 SURVEY. 349 

LATITUDE 41° 

--· -· --~·-- -~--~ - -·--

log A. logB logC logD log 

diff. 11'=-0.07 diff. r 1·' ~--0.21 diff. 1"=70.42 ditf. 1u=+o.01 dilf. 11r=+o.o6 

·------------~·--------~- -~ -- ---- -- ____ , 

41 00 8. 509 0930 8. 5!0 7755 ' L 34358 2.3888 6, 1253 
l 26 42 383 88 57 
2 22 \0 4o8 89 6o 
3 18 17 434 89 64 
4 IJ 04 459 8g 67 

05 09 8. 510 7691 484 90 71 
6 05 79 510 90 75 
7 00 66 535 90 78 
8 8. 509 0896 53 56o 91 82· 

9 92 40 586 91 85 

10 8. 509 0888 8. 5!0 7628 I. 346ll 2. 38<;1 6. 128g 
II 83 15 636 92 92 
IZ 79 02 662 92 96 
13 75 8.510 75110 687 93 99 
14 71 77 712 93 6. 1303 

15 67 64 738 93 o6 
16 02 51 763 94 IO 
17 58 39 788 94 14 
18 54 26 814 94 17 
19 49 I' .) 839 95 21 

20 8. 509 0845 8.510 7500 I.34864 2.38g5 6. 1324 
21 41 8. 510 7488 8go 95 28 
22 37 75 915 96 31 
23 32 62 940 96 35 
24 28 49 965 g6 38 

25 24 36 991 97 42 
26 20 24 I. 35016 97 46 
27 15 II 041 97 49 
28 II 8. 510 7398 o66 98 53 
29 07 85 092 98 56 

30 8. 509 0803 8. 510 7373 I. 35117 2.38g8 6. 136o 
JI Ii. 509 0798 6o r42 99 63 
32 94 47 168 99 67 
33 90 34 193 99 70 
34 86 22 218 2.3900 74 

35 81 09 243 00 78 
,36 77 8. 510 72.96 26g 00 81 
37 73 83 294 00 85 
38 69 70 319 01 88 
39 64 58 345 01 92 

40 8. 509 076o 8. 510 7245 I, 35370 2. 3901 6. 1395 
41 56 32 395 02 99 
42 52 19 420 02 6. 1403 
43 47 07 446 02 o6 
# 43 8. 510 7194 471 03 10 

45 39 81 496 03 13 
46 35 68 522 03 17 
47 30 55 547 03 20 
48 26 43 572 04 24 
49 22 30 597 04 28 

50 8. 509 0718 8.5107117 1.35~~ 2.3904 6. 1431 
51 IJ 04 05 35 
S2 °'} 8. 510 7091 673 05 38 
53 05 79 6g8 05 42 

54 00 66 723 05 46 

55 8. 509 o6cj6 53 749 o6 49 
56 92 40 774 o6 53 
57 88 27 799 o6 56 
58 83 15 824 07 6o 

59 79 02 850 07 63 I 

6o s.;09o67s 8.510 6g89 1.35875 2. 3907 . _6:_1467 _ __\ 
--~·-- ~-----------



 

350 UNITED STATES COAST .A~D GEODETIC SURVEY. 

LATITUDE <1~ 0 

--- -------- -
I ' 

I 
log A log B log C log D log E 

Lat. 

I 
diff. 111=-o.07 diff. 111= -0.21 di ff. I /1 = - 0-42 diff. 11'=+0.oo diff. 1"=+0.06 

0 , I 
42 00 I 8. 509 o675 8. 5!0 6989 I. 35875 2.3907 6. I467 

I 7I 70 900 08 71 
2 66 64 925 08 74 
3 62 51 95I 08 78 
4 58 38 976 08 81 

05 54 25 I. 36ooI 09 85 
6 49 12 026 09 89 . 7 45 00 052 09 92 
8 41 8. 510 6887 077 09 96 
9 36 74 102 IO 99 

IO 8. 509 0632 8. 5!0 6861 I. 36I27 2. 39!0 6. I503 
II 28 48 I52 IO 07 
I2 24 36 I78 IO IO 
I3 19 23 203 II I4 
I4 I 15 IO 228 II 17 

15 I II 8. 5IO 6797 253 II :u 
16 I 07 84 278 12 25 
17 02 72 304 12 28 
18 8. 509 0598 59 329 12 32 
19 94 46 354 12 35 

20 8. 509 6590 8. 510 6733 1. 36379 2.3913 6. 1539 
21 85 20 404 I3 43 
22 81 07 430 13 46 
23 77 8. 510 6695 455 13 50 
24 72 82 480 13 54 
25 68 69 505 14 57 
26 64 56 530 14 61 
27 60 43 556 14 64 
28 55 31 581 14 68 
29 51 18 606 15 72 

30 8. 509 0547 8. 510 66o5 I. 3663I 2.3915 6. 1575 
31 43 8. 510 6592 656 15 79 
32 38 79 682 I5 83 
33 34 66 707 I6 86 
34 30 54 732 16 90 

35 25 41 757 16 93 
36 ZI 28 782 16 97 
37 I7 15 808 I7 6. 16o1 
38 13 02 833 17 04 
39 08 8. 510 6490 858 I7 o8 

40 8. 509 0504 8. 510 6477 I. 36883 2.39I7 6. 1612 
41 00 64 908 17 15 
42 8. 509 0496 5I 934 18 19 
43 9I 38 959 18 22 
44 87 25 984 18 26 

45 83 13 I. 37009 18 30 
46 78 00 034 19 33 
47 74 8. 510 6387 059 19 37 
48 70 • 74 085 19 41 
49 66 61 110 19 44 

50 8. 509 046I 8. 510 6348 I. 37135 2. 3919 6. Ifi48 
51 57 36 160 20 52 
52 53 23 I85 20 SS 
53 48 ~ IO 210 20 59 
54 44 8. 5IO 6297 235 20 63 

SS 40 84 26I 20 66 
56 36 7I 286 21 70 
57 31 59 311 21 73 
58 27 46 336' 2I 77 
59 23 33 361 21 81 

6o 8. 509 0419 8. 510 6220 I. 37386 2. 392I 6. I61!4 

ERRATUM. 

(.At foot of page 360.) 
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UNITED STATES OOAST AND GEODETIU SURVEY. 351 

LATITUDE .&3° 

log A log B logC logD log E 
Lat. 

diff. l//=-0. 07 diff. l" =-0. 21 diff. 1/":::::.: --r-0. 4-2 diff. 1 11 = + 0. 00 diff. l'' =+o. 06 
---~-- ·-------~~------

43 00 8. 509 0419 8. 510 6220 I. J/J86 2. 3921 6. 1684 
I I4 07 4I2 22 88 
2 'IO 8. 510 6195 437 22 92 
3 o6 82 462 22 95 
4 01 69 487 22 99 

05 8. 509 0397 56 5I2 22 6.1703 
6 93 43 537 22 o6 
7 89 30 563 23 IO 
8 84 17 588 23 14 
9 80 05 613 23 I7 

IO 8. 509 0376 8. 510 6092 I. 37638 2.3923 6. 1721 
II 71 79 663 23 25 
12 67 66 688 24 28 
lJ 63 53 713 24 32 
14 59 40 739 24 36 
15 54 28 /64 24 39 
16 50 15 789 24 43 
17 46 02 814 24 47 
18 41 8.5105989 839 25 50 
19 37 76 864 25 54 

20 8. 509 0333 8. 510 5963 I. 37889 2.3925 6. 1758 
21 29 50 915 25 61 
22 24 38 940 25 65 
23 20 25 965 25 69 
24 16 12 990 25 72 
25 12 8. 510 5899 I, 38o15 26 76 
26 07 86 040 26 8o 
27 0'' 73 o65 26 83 ·' 28 8. 509 0299 6o 091 26 87 
29 94 48 116 26 91 

30 8. 509 0290 8. 510 5835 I. 38141 2.3926 6. 1795 
31 86 22 166 27 98 
32 82 09 191 27 6. 1802 
33 77 s. 510 5796 216 27 06 
34 73 83 241 27 09 

35 69 71 266 27 13 
36 64 58 292 27 17 
37 6o 45 317 27 20 
38 56 32 342 27 24 
39 52 19 367 28 28 

40 8. 509 0247 8. 510 57o6 I. 38392 2.3928 6. 1831 
41 43 8. 510 5693 417 28 35 
42 39 81 442 28 39 
43 34 68 467 28 42 

r 
44 30 55 492 28 46 

45 26 42 518 28 50 I 

46 22 29 543 28 53 I 
47 17 16 568 29 57 I 

41! 13 03 593 • 29 61 I 49 09 8. 510 5591 618 29 65 

8. 509 0204 8. 510 5578 I. 38643 6. 1868 I 
50 2. 3929 i 51 00 65 668 29 72 
52 8. 509 0196 52 693 29 76 

/. 53 92 39 719 29 79 
54 87 26 744 29 83 I 

55 83 13 76') 30 87 l 
56 79 01 794 JO 91 I 
57 74 8. 510 5.488 819 30 94 

1 
58 70 75 844 30 98 
59 66 62 869 30 6. 1902 

6o 8. 509 0162 8. 510 5449 I. 38894 2.·3930 6. 1905 

----~-~--.--- ·-- --- ··---'----~---- -- -- -----~ - --



 

352 UNITED ST.ATES <JO.AST AND GEODETIO SURVEY. 

LATITUDE 44° 

·- ----·-- - -·---- ··--~·---

log A log B log C logJ) log E 
Lat. 

diff. I 11= --0.07 diff. 111= -0.2! <liff 1''==+0.42 diff. 1"=+ 0.00 diff. 1 "= + o.o6 ' 
--------- ------ -- -------1 

0 I 

44 00 8. 509 0162 8. 510 5449 l. 38894 2. 3930 6. 1905 
57 36 919 30 09 

2 53 23 945 30 13 
3 49 01 970 30 17 
4 44 8. 5rn 5388 995 30 20 

05 40 75 I. 39020 31 24 
6 36 62 - 045 31 28 
7 31 49 070 JI 31 
8 27 36 095 JI 35 
9 23 23 120 31 39 

10 8. 5090119 8. 510 5311 I. 39145 ~.3931 6. 1943 
II 14 07 171 31 46 
12 JO 8. 510 5295 196 'I ·' 50 
13 o6 82 221 11 54 
14 02 69 246 31 58 

15 8. 509 00<)7 56 271 JI 61 
16 93 43 296 31 65 
17 89 30 321 32 6g 
18 84 18 346 32 72 
19 8o 05 371 32 76 

20 8. 509 0076 8. 510 5192 I. 39396 2.3932 6.1g8o 
21 72 79 422 32 84 
22 67 66 447 32 87 
23 63 53 472 32 91 
24 59 40 497 52 95 

25 54 28 522 32 99 
a6 50 15 547 32 6.2002 
27 46 02 572 32 o6 
28 42 8. 510 5o89 597 32 IO 

29 37 76 623 32 14 

30 8. 509 0033 8. 510 5063 I. 39648 2.3932 6.2017 
JI 29 50 673 32 21 
32 24 37 6g8 32 25 
33 20 25 723 33 29 
34 16 12 748 33 32 

JS II 8. 510 4999 773 33 36 
36 07 86 798 33 40 
37 O' ·' 73 823 33 44 
38 8. 508 9999 6o 84s 33 47 
39 94 47 873 33 51 

40 8. 5o8 9990 8. 510 4935 I. 39898 2.3933 6. 2055 
41 86 22 924 33 59 
42 81 og 949 33 62 
43 77 8. 510 48g6 974 33 66 
44 73 83 999 33 70 

45 69 70 I. 40024 33 74 
46 64 57 049 33 77 
47 6o 44 074 33 81 
48 56 32 099 33 85 
49 51 19 124 33 8g I 

I 

' 8. 5o8 9947 50 8. 510 48o6 I. 40149 2. 3933 6.2092 I SI 43 8. 510 4793 174 33 g6 
52 39 8o 200 33 6.2100 

I 53 34 67 225 33 04 
54 30 54 250 33 o8 I 

I 

55 26 41 275 33 II 

\ 56 
i 

21 29 300 33 15 
57 17 16 325 33 

_1J 58 13 03 350 33 
59 I 09 8. 510 46go 375 33 

I 
6o I s. so8 9904 • 8. s10 4611 1. 40400 2. 3933 

--- ----·------~--- ---.- ----------------.. --- --- -- ----·---



 

UNITED STATES COAST AND GEODETIC SURVEY. 353 

LATITUDE 4;'>0 

-

log A. log B log C log D log E 
Lat. 

diff. I"=-0.07 diff. I//=-0.2I dilf. 1"=+0.42 diff. 1//=±0.00 diff. I//=+0.06 

0 , 
45 00 8. 508 9904 8. 510 4677 I. 40400 2. 3933 6.2130 

I' 00 64 425 33 34 
2 8. 5o8 9896 51 450 33 38 
3 91 39 475 34 4! 
4 87 26 501 34 46 

05 83 13 526 34 49 
6 78 00 551 34 53 
'l 74 8. 510 4587 576 34 57 
8 70 74 6o1 34 6I 
9 66 61 626 34 64 

10 8. 5o8 986I 8. 510 4548 I. 4o651 2.3934 6.2168 
II 57 36 676 34 72 
12 53 23 701 34 76 
13 48 IO 727 34 8o 

14 44 8. 510 4497 752 34 83 

15 40 84 777 33 87 
16 36 71 8o2 33 91 
17 3I 59 827 33 95 
18 27 46 852 33 99 
19 23 33 877 33 02 

20 8. 508 9818 8. 5104420 1.40902 2.3933 6.22o6 
21 14 07 927 33 10 
22 IO 8. 5104394 952 33 I4 
23 o6 81 978 33 I8 
24 01 68 1.41003 33 21 

25 8. 5o8 9797 56 028 33 25 
26 93 43 053 33 29 
27 88 30 078 33 33 
28 84 17 103 33 37 
29 8o 04 128 33 40 

30 8. 5o8 9776 8. 510 4291 1.4u53 2.3933 6.2244 
JI 71 78 I78 33 48 
32 67 65 203 33 52 
33 63 52 229 33 56 
34 58 4<> 254 33 6o 

35 54 27 279 33 63 
36 so 14 304 33 67 
37 46 01 329 33 71 
38 41 8. 510 4188 354 33 75 
39 37 75 379 33 79 

40 8. 5o8 9733 8. 510 4I62 1.4I404 2.3933 6.2283 
41 28 49 429 33 86 

42 24 37 454 33 go 

43 20 24 479 33 94 

44 16 II 505 33 98 

45 II 8. 510 4098 530 33 6. 2302 
.¢ 07 85 555 32 o6 

47 03 72 58o 32 09 

48 8.5o8 9698 6o 6o5 32 lJ 
49 94 47 630 32 17 

so 8.5o8~ 8.5104034 J. 4I655 2. 3932 6. 2321 

51 86 21 68o 32 25 
52 82 o8 705 JZ 29 

53 78 8. 510 3995 7Jl 32 32 

54 74 82 756 32 36 

55 68 69 781 3z 40 

56 64. 57 8o6 32 44 

57 6o 44 831 32 48 

58 SS 31 856 32 52 

59 51 18 881 32 SS 

6o 8. 5o8 9647 8.5103905 I. 41906 2.3932 6. 2359 



 

354 UNITED STATES COAST AND GEODETIC SURVEY. 

LATITUDE 46° 

I 
. 

log A log log C logD log 
Lat. 

ditf. r"=-0.07 diff. r''=-0.21 diff. I II= + 0.42 cliff. I"=-0.00 diff. l"=+o.o6 

' I 
0 I I 

46 00 8. 508 9647 8. 510 3905 I. 41906 2.3932 6.2359 
I 43 8. 510 3892 931 32 63 
2 38 79 957 31 67 
3 34 67 982 31 71 
4 30 54 r.42007 31 75 

05 25 41 032 31 79 
6· 21 28 057 31 82 
7 17 15 082 31 86 
8 13 02 107 31 90 
9 I o8 8. 510 3789 132 31 94 

10 I 8 508 9004 8. 5rn 3776 I. 42157 2.3931 6.2398 
I 

I I 00 64 183 31 6.2402 
12 8. 508 9595 51 208 31 06 
13 91 38 233 30 09 
14 87 25 258 30 13 

15 83 12 283 30 17 
16 78 8. 510 3699 3o8 30 21 
17 74 86 333 30 25 
18 70 74 358 30 29 
19 65 61 384 30 33 

20 8. 508 9561 3. 510 3648 I. 42409 2.3930 6. 2436 
2I 57 35 434 30 40 
22 53 22 459 30 44 
23 48 09 484 29 48 
24 44 8. 510 3596 509 29 52 

25 40 84 534 29 56 
26 35 71 559 29 6o 
27 31 58 584 29 64 
28 27 45 610 29 67 
29 23 32 635 29 71 

I 30 8. 508 9518 8. 510 3519 1.4266o 2.3929 6.2475 
I 

31 14 o6 685 29 79 
32 IO 8. 510 3494 710 28 . 83 
33 05 81 735 28 87 
34 01 68 76o :18 91 

35 8. 508 9497 SS 786 28 95 
36 93 42 Sn 28 99 
37 88 29 836 28 6.2502 
38 84 17 861 28 o6 
39 8o 04 886 28 IO 

40 8. '5o8 9475 8. 510 3391 I. 42911 2.3927 6.2514 
41 71 78 936 27 18 
42 67 65 g61 27 22 
43 63 52 g87 27 26 
44 58 39 ·I. 43012 27 30 

45 54. 27 037 27 34 
46 50 14 o62 27 38 
47 45 01 o87 :z6 41 
48 41 8. 510 3288 112 26 45 
49 37 75 137 26 49 

50 8.5o8 9433 8. 510 3262 1.4316i 2.3926 6.2553 
51 28 49 18 26. 57 
52 24 37 213 :z6 61 
53 20 24 238 26 65 
54 16 II 263 25 6g 

SS II 8. 510 31g8 288 25 73 
56 07 85 314 25 71 
57 03 72 339 25 81 
58 8. 5o8 9398 6o 364 25 84 
59 94 47 38g 25 88 

6o 8. 5o8 9390 8. 510 3134 1.43414 2.3924 6.2592 



 

UNITED STATES COAST AND GEODJilTIO SURVEY. 355 

LATITUDE 4To 

log A. IogB Jog c IogD logE 
Lat. ... 

diff. 1"=-0.07 diff. 1"=-0.21 diff. 111 = + 0.42 diff. 1// = - 0.00 ditf. 1n=+o.07 

I 

0 , 
47 00 8. 508 9390 8.510 3134 I. 43414 2.3924 6. 2592 

I 86 21 439 24 96 
2 81 08 465 24 6. 26oo 

3 77 8. 510 3095 490 24 04 
4 73 82 515 24 08 

05 68 70 540 24 12 

6 64 57 565 23 16 

7 00 44 590 23 20 
8 56 31 615 23 24 
9 51 18 641 23 28 

IO 8. 5o8 9347 8. 510 3005 1.43666 2.3923 6.2632 
II 43 8. SIO 2993 6gI 23 35 
12 38 8o 716 22 39 
13 34 67 741 22 43 
14 30 54 766 22 47 

15 26 41 792 22 51 
16 21 28 817 22 55 
17 17 16 842 21 59 
18 13 OJ ·867 21 63 
19 09 8. 510 2890 892 21 67 

20 8.508 9304 8. 510 2877 I. 43917 2.3921 6.2671 
21 00 64 943 21 75 
22 8. 508 9296 51 968 20 79 
23 91 39 993 20 83 
24 87 26 I. 44018 20 87 

25 83 13 043 20 91 
26 79 00 o69 20 95 
27 74 8. 510 2787 094 19 99 
28 70 74 ll9 19 6.2702 
29 66 62 144 19 o6 

30 8. 508 9261 8. 510 2749 I. 44169 2.3919 6.2710 
31 . 57 36 195 19 14 
32 I 53 23 220 18 18 

33 49 IO 245 18 22 

34 44 8. 510 2698 270 18 26 

35 40 85 295 18 30 
36 36 72 321 18 34 
37 32 59 346 17 38 
38 27 46 371 17 42 

39 23 33 396 17 46 

¥> 8. 5o8 9z19 8. 510 2621 I. 44421 2.3917 6.2750 
41 14 o8 447 16 54 
42 10 8. 510 2595 472 16 58 

43 o6 82 497 16 62 

44 02 6g 522 16 66 

8. 5o8 9197 57 547 16 • 70 
4S 
46 93 44 573 15 74 

47 89 31 598 15 78 
48 84 18 623 15 8z 

49 8o 05 648 15 86 

50 8.5o8 9176 8. 510 :3493 r.44673 2. 3914 6. 2790 

SI 72 8o 699 14 94 
52 67 67 724 14 g8 

53 63 54 749 14 6.28o2 

54 59 41 774 13 o6 

55 SS 28 8oo 13 IO 

56 50 16 825 13 14 

57 46 03 850 13 18 

58 42 8.510 2390 875 u 22 

59 38 '1'1 goo I2 26 

6o 8.5o8 9133 8.510 2364 1.44926 2. 3912 6.2830 

-



 

356 UNITED STATES CO.A.ST AND GlilODETIC SURVEY. 

LATITUDE 48° 

log .A log B log U log D log E 
Lat. 

cliff. I11=-o.07 diff. I"=-0.2I diff. I"=+ 0.42 diff. I"=-0.00 diff. I"=+o.07 

0 I 

48 00 8. 508 9I33 8. 510 2364 I. 44926 2.3912 6.2830 
29 52 95I 12 34 

2 25 39 976 II 38 
3 20 26 I. 45DOI II 42 
4 16 I3 027 II 46 

05 12 00 052 II 50 
6 08 8. 510 2288 077 IO 54 
7 03 75 I02 IO 58 
8 8. 508 9og9 62 128 IO 62 
9 95 49 153 IO 66 

IO 8. 508 9091 8. 5IO 2236 I. 45178 2.3909 6.2870 
II 86 24 203 09 74 
12 82 II 229 °' 78 
I3 78 8. 510 2I98 254 o8 82 
14 74 85 279 08 86 
15 69 72 304 o8 90 
16 65 60 330 08 94 
17 61 47 355 07 98 
18 57 34 • 38o 07 6.2902 
19 52 21 4o6 07 06 

20 8. 508 9048 8. 510 2108 J. 45431 2.3907 6.2910 
21 44 8. 5IO 2096 456 o6 14 
22 39 83 481 o6 1.8 
23 35 70 507 o6 22 
24 31 57 532 05 26 
25 27 45 557 05 30 
26 22 32 582 05 34 
27 18 19 6o8 05 38 
28 14 o6 633 04 42 
29 JO 8. 510 I993 658 04 46 

30 8. 508 9005 8. 510 I981 J. 45683 2.3904 6.2950 
31 01 68 709 03 54 
32 8. 508 8997 55 734 03 58 
33 93 42 759 03 6.:z 
34 88 30 785 02 66 

35 84 I7 8Io 02 70 
36 8o 04 835 02 74 
37 76 8. 5m 1891 861 02 78 
38 7I 78 886 OI 82 
39 67 66 9u OI 86 

40 8. 5o8 8963 8. 5IO 1853 I. 45937 2.3901 6.2990 
41 59 40 962 00 94 
4Z 54 27 987 00 98 
43 50 15 I. 46o12 00 6.3002 
44 46 02 038 2.38g9 o6 
45 • 41 8.5101789 o63 99 IO 
46 37 76 088 99 15 
47 33 64 114 98 19 
48 29 51 I39 98 23 
49 24 38 I64 g8 27 

50 8. 508 8g20 8. 510 1725 I. 46190 2.3897 6.3031 
5I 16 13 215 97 35 52 12 00 240 97 39 
53 o8 8. 510 1687 266 

~ 43 
54 03 74 291 47 
55 8. 5o8 8899 62 316 96 51 
56 95 49 342 95 55 
57 90 36 367 95 59 58 86 23 392 95 63 
59 82 JO 418 94 67 

6o 8. 5o8 8878 8. 510 I598 I. 46443 2 ·3894 6. J071 



 

UNITED STATES COAST AND GEODETIC SURVEY. 357 

LATITUDE 49° 

Lat. 
log A. log B log c logD log Jil 

diif. 111 = - 0.07 diif. 111 =-0.2[ ditf. r" = + 0.42 diff. 111 =-0.0I diff. 111 = + 0.07 

. 
0 , 

49 00 8. 5o8 8878 8. 510 1598 I. 46443 2.3894 6. 3071 
I 73 85 468 94 75 
2 69 72 494 93 79 
3 65 59 519 93 84 
4 61 47 544 93 88 

05 57 34 570 92 92 
6 52 21 595 92 g6 
7 48 o8 621 92 6.3100 
8 44 8. 510 1496 646 91 04 
9 39 85 671 91 o8 

10 8. 5o8 8835 8. 510 1470 I. 46696 2.3891 6. 3112 
II 31 58 722 90 16 
12 27 45 747 90 20 
13 23 3z 773 2.3889 :14 
14 18 19 798 89 28 

15 14 07 824 89 32 
16 IO 8. 510 1394 ~9 88 37 
17 o6 81 874 88 41 
18 01 68 899 88 45 
19 8. 508 8797 56 925 87 49 

zo 8. 508 8793 8. 510 1343 J. 46950 2.3887 6.3153 
21 89 30 976 87 57 
22 84 17 1. 47001 86 61 
23 8o 05 026 86 65 
24 76 8. 510 1292 052 85 6g 

25 72 79 077 85 73 
26 67 67 103 85 78 
27 63 54 128 84 82 
28 59 41 153 84 86 
Z9 SS 28 179 83 go 

30 8. 5o8 8750 8.5101216 l. 47204 2.3883 6.3194 
31 46 03 230 • 83 g8 
32 42 8. 510 1190 255 82 6.3202 
33 38 78 281 82 o6 

34 33 65 3o6 82 IO 

35 29 52 331 81 15 
36 25 39 357 81 19 

~ 
21 2'/ 382 8o 23 
16 14 408 8o 2'/ I 39 12 01 433 8o Jl 

40 8. 5o8 87o8 8. 510 1o88 J. 47459 2.3879 6.3235 
41 04 76 484 79 39 
42 00 63 509 78 43 
43 8. 5o8 8695 50 535 78 47 
44 91 38 56o 78 52 

4S 87 25 586 77 56 
46 83 Ill: 6n 77 6o 
47 78 00 637 76 ~ 
48 74 8. 510 0987 66:z 76 68 
49 70 74 688 75 72 

So 8. So8 8666 8.5100962 J. 47713 2.3875 6.3276 
51 61 49 738 75 81 
s:z 57 36 764 74 85 
53 SJ 23 78g 74 89 
54 49 11 815 73 93 

55 4S 8.510 o8g8 &Jo 73 97 
S6 40 85 866 73 6.3301 

u 36 73 891 72 05 
32 6o 9•7 72 O<J 

59 28 48 942 71 14 

ti!> 8.5o8 8623 8.510 o835 1.47968 2.3871 6.3318 



 

358 UNITED STATES COAST .AND GEODETIC SURVEY. 

LATITUDE '50° 

log A. logB logC logD log E 
Lat. 

diff. I fl= --- 0.07 diff. l"=-0.21 diff. 1"=-0.43 diff. 1//=-0.01 diff. 1" = + 0.07 

0 I 

50 0 8. 5o8 8623 8. 510 0835 I. 47968 2.3871 6.3318 
I 19 22 993 70 22 
2 15 og I. 48o19 70 26 
3 II 8. 510 0797 044 70 30 
4 o6 84 070 69 34 

05 02 71 095 69 39 
6 8. 508 8598 59 121 68 43 
7 94 46 146 68 47 
8 90 33 172 67 51 
9 85 21 197 67 55 

IO 8. 508 8581 8. SID 0708 1.48223 2.3866 6.3359 
II 77 8. 510 o695 248 66 63 
12 73 83 274 66 68 
13 68 70 299 65 72 
14 64 57 325 65 76 
15 6o 45 350 64 8o 
16 56 32 376 64 84 
17 s2 19 401 63 88 
18 47 07 427 63 93 
19 43 8. 5100594 452 62 97 

I 20 8. 5o8 8539 8. 510 0581 I. 48478 2.3862 6.3401 
21 35 69 504 61 05 
22 30 56 529 61 og 
23 26 43 SSS 6o 14 
24 22 31 58o 6o 18 

25 18 18 6o6 6o 22 
26 14 05 631 59 26 
27 og 8. 510 0493 657 59 30 
28 05 8o 682 58 34 
29 01 67 708 58 39 

30 8.5o8 8497 
< 

8. 510 0455 1.48734 2.3857 6.3443 
31 93 42 759 S7 47 
32 88 29 785 56 51 
33 8.t. 17 810 56 55 
34 8o 04 836 55 6o 

35 76 8. 510 0392 861 55 64 
36 71 79 887 54 68 
37 67 66 913 54 72 
38 63 54 938 S3 76 
39 59 41 964 53 81 

40 8. 5o8 8.t-55 8. 510 0328 [. 48989 2.3852 6.3485 
41 50 16 I. 49015 52 89 
42 46 03 041 51 93 
43 42 8. 510 0291 o66 51 97 
44 38 78 092 so 6.3502 
45 34 65 117 so o6 
46 29 53 143 49 10 
47 2s 40 16g 49 14 
48 21 27 194 48 18 
49 17 15 220 48 23 

so 8. 508 8413 8.5!0 0202 I. 49246 2.3847 6.3527 
51 08 8. 510 01go 271 47 31 
s2 04 77 297 46 35 
53 00 64 322 46 40 
54 8. 5o8 8396 52 348 45 44 
55 92 39 374 4S 48 
56 87 27 399 44 52 
57 83 14 425 44 56 
58 79 01 451 43 61 
59 75 8. 510 oo8g 476 43 65 

6o 8. 508 8371 8. s10 0076 1.49502 2 • .J84z 6. 3S69 



 

UNITED STATES COAST AND GEODETIC SURVEY. 359 

LATITUDE 31° 

log A logB log C logD logE 
Lat. 

diff. r/'=-0.07 dilf. 111 =-0.21 diff. 111 = + 043 cliff. 1"=-0.01 cliff. 1"=+0.07 

0 f ' 

51 00 8. 508 8371 8. 510 0076 I. 49502 2.3B4z 6.3569 
I 66 64 528 41 73 
2 62 51 553 41 78 
3 58 38 579 40 82 
4 54 26 6o5 40 86 

05 50 13 630 39 go 
6 45 01 656 39 95 
7 41 8.509 9988 682 38 99 
8 37 75 707 38 6.36o3 
9 33 63 733 37 07 

IO 8. 508 8329 8. 509 9951 I. 49759 2.3837 6.3612 
II 24 38 785 36 16 
I2 20 25 810 36 20 
13 16 13 836 35 24 
I4 12 00 862 35 28 

I5 o8 8. 509 9887 887 34 33 
16 OJ 75 913 34 37 
17 8. 5o8 8299 62 939 33 41 
18 95 50 965 32 45 
19 91 37 990 32 so 
20 8. 508 8287 8. 509 9825 I. 50016 2.3831 6.3654 
21 82 12 042 31 58 
22 78 8. 509 9799 o67 30 63 
23 74 87 093 30 67 
24 70 74 119 29 71 

25 66 62 145 29 75 
26 62 49 170 28 8o 
27 57 37 196 27 84 
28 53 24 222 27 88 
29 49 JI 248 26 92 

30 8. 5o8 8245 8. 509 9699 1.50273 2.3826 6.3697 
31 41 86 299 25 6.3701 
32 36 74 325 25 05 
33 32 61 351 24 IO 
34 28 49 376 23 I4 

35 24 36 402 23 18 
36 20 24 428 22 22 
37 16 II 454 22 27 
38 Il 8. 509 9599 48o 2I 31 
39 o'; 86 505 20 35 

40 8. 508 8203 8. 509 9574 I. 50531 2.3820 6.3740 
41 8. 508 8199 6I 557 19 44 
42 95 48 583 19 48 

I 43 go 36 609 18 52 
44 86 23 634 18 57 

45 82 II 66o 17 61 
46 78 8. 509 9498 686 16 65 
47 74 86 712 16 70 
48 70 73 738 15 74 
49 65 61 764 15 78 

50 8. 5o8 8161 8.509 9448 1.5078g 2. 3814 6.3782 
51 57 36 815 13 87 
52 53 23 841 13 91 
53 49 II 867 12 95 
54 45 8. 509 9398 8g3 12 6. 38oo 

55 40 86 919 ll 04 
56 36 73 944 IO o8 
57 32 61 970 IO 13 
58 28 48 gg6 09 17 
59 24 36 1.51022 o8 21 . 
6o 8.5o8 81:10 8.509 9323 I. 51048 2.38o8 6.3826 



 

360 UNITED STATES OOAST AND GEODETIC SURVEY. 

LATITUDE '5!1° 

log A logB log C:: log D log E 
Lat. 

diff. 1"=-0.07 diff. 1"=-0.21 diff. 1"=+0.43 diff. 1"=-0.01 diff. 111=+0.07 

0 , 
52 00 8. 508 8120 8. 509 9323 J. 51048 2.38o8 6.3826 

I 15 II 074 07 30 
2 11 8. 509 9298 JOO 07 34 
3 07 86 126 o6 39 
4 03 73 151 05 43 

05 8. 508 8099 61 177 05 47 
6 95 48 203 04 52 
7 90 36 229 04 56 
8 86 23 255 03 6o 

9 82 II 281 02 65 

JO 8. 508 8o78 8. 509 9198 1.51307 2.38o2 6.3869 
II 74 86 333 01 72 
u 70 73 359 00 78 
13 65 61 38s 00 82 
14 61 48 4n a. 3799 86 

15 57 36 436 98 91 
16 53 23 462 98 9S 
17 49 II 488 97 99 
18 45 8. 509 9099 514 97 6.3904 
19 41 86 540 96 o8 

20 8. 5o8 8036 8. 509 9074 J, 5151;6 z.3795 6.3912 
21 32 61 592 95 17 
22 28 49 618 94 21 
23 24 36 644 93 25 
24 20 24 670 93 30 

25 16 II 696 92 34 
26 Il 8. 509 8999 722 91 38 
27 07 86 748 91 43 
28 03 74 774 90 47 
29 8. 508 7999 62 8oo 8g 51 

30 8. 508 7995 8. 509 8949 1.51826 2.378g 6.3956 
31 91 37 852 88 6o 
32 87 24 878 87 65 
33 82 12 904 87 69 
34 78 8. 509 88gg 93° 86 13 

35 74 87 956 85 78 
36 70 74 982 85 82 
37 66 62 1. S20o8 84 86 
38 62 50 ~ 

83 91 
39 58 37 83 95 

40 8. 5o8 7953 8. 509 8825 I. 52086 2.3782 6.4000 
41 49 12 1[2 81 04 
42 45 00 138 81 o8 
43 41 8. S09 8788 164 8o 13 
44 37 75 190 19 17 

45 33 63 :u6 78 21 
46 29 so 242 78 116 
47 24 38 268 77 JO 
48 20 25 294 76 35 
49 16 13 320 76 39 

so 8. 5o8 7912 8. 509 8701 I. 52347 2.3715 6 • ..,~ 
SI o8 8. 509 8688 373 74 
52 04 76 399 74 52 
S3 00 63 425 73 57 
54 8. 5o8 78g5 51 451 72 61 

SS 91 39 417 '/2 65 
56 87 26 503 71 70 
57 83 14 529 70 74 
58 79 02 sis = 79 
59 75 8. 509 8589 5 I . 83 

6o s. 5o8 7871 8. 509 8577 l. 526o8 2.3768 6.<tGIS 



 

UNITED STATES COAST .A.ND GEODETIC SURVEY. 361 

LATITUDE 453° 

log A. logB logC log D logE 
Lat. 

diff. 111 = - 0.07 diff. ! 11 =-0.21 diff. 11/=+o.44 diff. 1'/=-0.01 diff. 11/=+o.07 

. 
0 I 

53 00 8. 508 7871 8. 509 8577 1. 526o8 2.3768 6.4088 
I 67 64 634 67 92 
2 62 52 66o 67 96 
3 58 40 686 66 6.4101 
4 54 27 712 65 05 

05 50 15 738 64 [O 

6 46 02 764 64 14 
7 42 8.509 8490 790 63 r8 
8 38 78 817 62 23 
9 34 65 843 62 27 

IO 8. 508 7829 8. 509 8453 I. 52869 2.3761 6.4132 
u 25 41 895 6o 36 
12 21 28 921 59 41 
13 17 16 947 59 45 
14 13 04 974 58 49 

15 09 8. 509 8391 I. 53000 57 54 
16 05 79 026 56 58 
17 01 67 052 56 63 
18 8. 5o8 7797 54 078 55 67 
19 92· 42 105 54 72 

20 8. 5o8 1788 8. 509 8329 I. 53131 2.3753 6.4176 
21 84 17 157 53 8o 
22 8o 05 183 52 85 
23 76 8. 509 8292 20<) 51 89 
24 72 8o 236 50 94 

25 68 68 262 50 98 
26 64 55 288 49 6.4203 
27 6o 43 314 48 07 
28 55 JI 341 47 12 
29 51 18 367 47 16 

30 8. 5o8 7747 8. 509 82o6 I. 53393 2.3746 6.4221 
31 43 8. 509 8194 419 45 25 
32 39 82 446 44 29 

l3 35 6g 472 44 34 

34 31 57 4g8 43 38 

~~ 
27 45 524 42 43 

~~ 
32 551 41 47 

37 20 577 41 52 
38 14 08 603 40 56 

39 IO 8.5og 8095 630 39 61 

40 8.508 77o6 8.509 8o83 I. 53656 2.3738 6.4265 
41 02 71 682 37 70 
42 8.508 7698 58 709 37 74 

43 94 46 735 36 79 

44 90 34 761 35 83 

45 86 22 788 34 88 

46 82 09 814 34 92 

47 77 8. 509 7997 84o 33 97 
48 73 85 867 32 6.4301 

49 6g 72 893 31 . o6 

50 8. 5o8 7665 8.509 796o I. 53919 2.3730 6.4310 

51 61 48 946 30 15 

52 57 36 972 29 19 

53 53 23 998 28 24 

54 49 II 1. 54025 27 28 

SS 45 8. 509 7899 051 26 33 

56 41 87 07'1 26 37 
57 37 74 104 25 42 

58 32 ~ 130 24 46 

59 28 so 157 23 51 

60 8. 5o8 762.t 8. 509 7838 1. 54183 2.3722 6. 4355 



 

362 UNITED STA.TES CO.A.ST AND GEODETIC SURVEY. 

LATITUDE IH.O 

I log A. logB log<: logD logE 
Lat. 

diff. I" = - 0.07 diff. 1" = - 0.20 diff. 111 = + 0.44 diff. 1 11 =-0.0I diff. I If = + 0.08 

. 
0 , 
54 00 I 

8. 508 7624 8. 509 7838 1.54183 2.3722 6.4355 
I 20 25 209 22 6o 
2 16 13 236 21 64 
3 12 OI 262 20 6g 
4 oS 8. 509 7789 288 19 73 

05 04 76 315 18 78 
6 00 64 34I 18 82 
7 8. 5oS 7596 52 368 17 87 
8 92 40 394 16 9I 
9 88 27 421 15 96 . 

IO 8. 508 7584 8.509 7715 I. 54447 ·2. 3714 6.4400 
II 79 03 474 13 05 
I2 75 8. 509 76gI 500 IJ 09 
13 71 78 527 12 I4 
I4 67 66 5SJ II 18 

IS 6J 54 58o IO 2J 
16 59 42 6o6 09 28 
17 SS 30 633 08 J2 
18 51 17 659 08 37 
I9 47 05 686 •07 41 

20 8. 508 754J 8. 509 7593 I. 54712 2.37o6 6.4446 
21 J9 81 739 05 50 
22 35 6g 765 04 55 
23 31 56 792 03 59 
24 27 44 818 02 64 
25 22 32 845 02 68 
26 18 20 871 01 73 
27 14 o8 898 00 78 
28 10 8. 509 7495 924 2.3699 82 
29 o6 83 951 98 87 

30 8. 508 7502 8. 509 7471 1.54977 2.36g7 6.4491 
JI 8. 508 7498 59 I. 55004 97 g6 
32 94 47 031 96 6.4500 
33 90 J4 057 95 o,s 
34 86 22 o84 94 09 

JS 82 IO 110 9J 14 
J6 78 8. 509 7398 IJ7 92 19 
37 74 86 I6J 91 !i 38 70 . 

74 190 90 
39 66 61 217 go 32 

40 8. 508 7462 8. 509 7349 I. 5524J 2.J689 6.4537 
41 58 37 270 88 ·4-1 
42 53 25 297 87 ¢ 
43 49 13 323 86 51 
44 45 01 35° 85 SS 
45 41 8. 509 7289 376 84 6o 
46 ; 

37 76 403 83 64 
47 3J 64 430 83 69 
48 29 52 456 82 74 
49 25 40 483 81 78 

50 8. 5o8 7421 8. 509 72il:I 1.55510 2.368o 6.4583 
SI 17 16 536 79 87 
52 13 04 563 78 . 92 
53 09 8. 509 7191 590 77 97 
54 05 79 616 76 6.46o1 

SS OJ 67 643 75 o6 
56 8. 5o8 7397 SS 670 75 10 

57 ~ 43 6g6 74 15 
58 31 723 73 20 

59 85 19 750 7a 24 

6o 8. 5o8 7381 8. 509 7107 1.55777 2.3671 6.46., 



 

UNITED STATES COAST AND GEODETIC SURVEY. 363 

LATITUDE ;JG0 • 

I 
log A logB log C logD logE 

Lat. 
<lift'. rn=-0.07 dilf. I'/=-0.20 dift'. I"=+o.45 diff. r''=-0.02 diff. 1"=+0.08 

0 I 

55 00 8. 5o8 7381 8. 509 7107 I. 55777 2.3671 6.4629 
1 77 8. 509 7095 8o3 70 33 
2 73 82 830 69 38 
3 69 70 857 68 43 
4 65 58 884 67 47 

05 61 46 910 66 52 
6 56 34 937 65 57 
7 52 22 964 65 61 
8 48 IO 991 64 66 
9 44 8. 509 6998 I. 56o17 63 70 

10 8. 508 7340 8. 509 6g86 I. 56o« 2. 3662 6.4675 
II 36 74 071 61 So 
12 32 62 098 6o 84 
13 28 49 125 59 89 
14 24 37 151 58 94 
15 20 25 r78 57 98 
16 16 13 205 56 6.4703 
17 12 01 232 55 08 
18 08 8. 509 6889 259 54 12 
19 04 77 286 53 17 

20 8.508 7300 8.509 6865 I. 56312 2.3652 21 
21 8. 508 72¢ 53 339 51 26 
22 92 41 366 51 31 
23 88 29 393 50 35 
24 84 17 420 49 40 

25 80 05 447 48 6.4745 
26 76 8. 509 6793 474 47 49 
27 72 81 500 46 54 
28 68 6g 527 45 59 
29 64 57 554 44 63 

30 8. 5o8 726o 8. 509 6745 l. 56581 2.3643 68 
31 56 33 6o8 42 13 
32 52 21 635 41 77 
33 48 09 662 40 82 
34 44 8.509 6696 689 39 87 

35 
,. 40 84 716 38 6.4791 

36 36 72 743 37 96 
3'1 32 6o 770 36 6. 48o1 
38 28 48 797 35 05 
39 24 36 823 34 10 

40 8. 5o8 7220 8.509 6624 1. 56850 2.3633 6.4815 
41 16 12 877 32 20 
42 12 00 904- 31 24 
43 o8 8,509 6588 931 30 29 
44 04 76 958 29 34 

45 00 64 985 28 38 
46 8. 5o8 7196 52 I. 57012 27 43 
4'1 92 40 o39 26 48 
48 88 28 o66 25 52 
49 ' 84 16 093 24 57 

50 8. 5o8 718o 8.509 6505 I. 57120 2.3623 6.4862 
51 76 8. 509 6493 147 22 66 

52 72 81 174 2I 71 
53 68 6g 20[ 20 76 
54 ~ 57 . 229 19 Sr 

~i 
6o 45 256 18 85 
56 33 283 17 go 

~l 52 21 310 16 95 
48 09 337 15 6.4900 

59 44 8. 509 6397 364 . 14 04 

6b 8. 5o8 7140 8. 5096385 1:57391 2.3613 6.4909 



 

364 UNITED STA.TES COAST AND GEODETIC SURVEY. 

LATITUDE :56° 

log A log B log C log D log E 
Lat. 

diff. 1"=-0.07 dilf. 111=-0.20 dilf. 111=+0.45 diff. 1"=-0.02 diff. I"=+ 0.08 

0 I 

56 00 8. 508 7140 8. 509 6385 I. 57391 2.3613 6.4909 
I 36 73 418 12 14 
2 32 61 445 II 18 
3 28 49 472 IO 23 
4 24 37 499 09 28 

05 20 25 526 o8 33 
6 16 I3 554 07 37 
7 12 OI 581 o6 42 
8 08 8. 509 6289 6o8 05 47 
9 04 77 635 04 S2 

IO 8. 508 7100 8. 509 6266 I. 57662 2.36o3 6.4956 
II 8. 508 7096 54 689 02 61 
12 92 42 7I7 01 66 
13 88 30 744 00 71 
14 84 18 771 2.3599 75 

15 8o o6 798 98 8o 
16 76 8. 509 6194 825 97 85 
17 72 82 . 852 96 go 
18 6g 70 88o 95 94 
19 65 58 907 94 99 

20 8. 508 7o61 8. 509 6147 I. 57934 2.3593 6.5004 
21 57 35 961 92 og 
22 53 23 989 91 13 
23 49 II I. 58o16 90 18 
24 45 8. 509 6og9 043 89 23 

25 41 87 070 88 28 
26 37 75 098 87 32 
27 33 63 125 86 37 
28 29 51 152 84 42 
29 25 40 179 83 47 

30 8. 5o8 7021 8. 509 6o28 I. 58207 2. 3582 6. 5052 
31 17 16 234 81 56 
32 13 04 261 8o 61 
33 09 8. 509 5992 28g 79 66 
34 05 8o 316 78 71 

35 01 68 343 77 75 
36 8. 508 6997 S7 371 76 8o 
37 93 45 3g8 75 85 
38 89 33 425 74 go 
39 86 2I 453 73 95 

40 8. 508 6982 8. 509 5909 I. 5848o 2.3572 6. 5099 
4I 78 8. 509 3897 507 71 6. 5104 
42 74 86 535 70 09 
43 70 74 562 68 14 
44 66 62 58g 67 19 

45 62 50 617 66 24 
46 58 38 644 65 28 
47 54 27 672 64 33 
48 50 15 6gg 63 38 
49 46 03 726 62 43 

50 8. 508 6942 8. 509 5791 1.58754 2.3561 6.5148 
51 38 79 781 6o 52 
52 34 67 8cl9 59 57 
53 30 56 836 58 62 
54 26 44 864 56 67 

SS 23 32 891 SS 72 
56 19 20 919 S4 '17 
57 I5 09 946 S3 8I 
58 II 8. 509 56g7 974 52 86 
59 07 85 I. 59001 51 91 

6o s. so& 6903 8. 509 5673 1. 59028 2.3550 6. 5196 



 

UNITED ST.A.TES CO.A.ST .A.ND GEODETIC SURVEY. 365 

LATITUDE :57° 

. 
log A. logB log c log D log E 

Lat. 
' diff. l"=-0.00 diff. l"=-0.19 diff. 1"=+0.46 diff. 1 11=-0.02 diff. 1"=+0.o8 

0 J 

57 00 8. 508 6903 8. 509 5673 I. 59028 2.3550 6. 5196 
I 8.508 6899 61 056 49 6. 5.201 
2 95 so o83 48 o6 

3 91 38 Ill 46 10 
4 87 26 139 45 15 

05 83 14 166 44 20 
6 79 03 194 43 25 
7 75 8. 509 5591 221 42 30 
8 72 79 249 41 35 
9 68 67 276 40 40 

IO 8. 5o8 6864 8. 509 5556 r.59304 2.3539 6.5244 
II 6o 44 . 331 37 49 
12 56 32 359 36 54 
13 52 20 387 35 59 
14 48 og 414 34 64 

IS 44 8. 509 5497 442 33 69 
16 40 85 46g 32 74 
17 36 73 497 31 79 
18 32 62 525 29 83 
19 28 so 5s2 28 88 

20 8. 508 6825 8. 509 5438 r.5958<> 2.3s27 0.5293 
21 21 27 6o8 26 98 
22 17 15 635 25 6.5303 
23 13 03 663 24 o8 
24 og 8. 5og 5392 691 23 13 

25 05 8o 718 21 18 
26 OJ 68 746 20 22 
27 8. 508 6797 56 774 19 Z7 
28 93 45 80I 18 32 
29 90 33 829 17 37 

30 8. 508 6786 8. 509 5321 I. 59857 2.3516 6.5342 
31 82 IO 885 14 47 
32 78 8. 509 5298 912 13 52 
33 74 86 940 12 57 
34 70 75 968 II 6z 

35 66 63 996 10 67 
36 62 51 I. 6oo23 09 72 
37 58 40 oSI 07 76 
38 54 28 079 o6 81 
39 51 16 107 05 86 

40 8. 5o8 6747 8. 509 5205 r. 6o134 2.3504 6.5391 
41 43 8. 509 5193 162 03 96 
42 39 81 190 OJ 6.5401 
43 35 70 218 00 o6 
44 31 58 246 2.3499 II 

45 27 46 274 98 16 
46 23 35 301 97 ZI 

47 20 23 329 g6 26 
48 16 ll1 357 94 31 
49 I2 00 385 93 36 .. 
50 8.5o8 67o8 8. 509 so88 I. 00413 2,3492 6. 5441 
51 04 7'1 441 91 46 
52 00 65 46g 8g 50 
53 8.5o8 66g6 54 496 88 SS 
54 92 42 524 87 6o 

55 89 JO 552 86 65 
56 85 19 58o 85 70 
57 81 07 6o8 83 75 
58 77 8.509 49~ 636 82 8o 

59 73 664 81 85 

6o 8.5o8 666g 8.509497a I, 6o69a 2.J48o 6.5490 . 



 

366 UNITED STATES COAST AND GEODETIO SURVEY. 

LATITUDE 1i8° 

log A. logB log c5 logD logE 
Lat. 

dilf. 1"=-0.o6 diff. 111 =-0.19 diff. 111 = + 0,47 diff. Jll =-0.02 diff. 1" =+ o.o8 

0 , 
58 00 8.508 6669 8. 509 4972 J, 60092 2. 348o 6.5490 

I 65 61 720 79 95 
2 62 49 748 77 6. 5500 
3 58 38 776 76 05 
4 54 26 8o4 7S IO 

05 50 14 832 74 15 
6 46 03 86o 72 20 
7 42 8. 509 4891 888 71 2s 
8 38 8o 916 70 30 
9 35 68 944 6g 35 

10 8. 508 6631 8. 509 4857 I. 6og72 2.3467 6.5540 
II 27 45 . J. 61000 66 45 
12 23 33 028 65 50 
13 19 23 056 64 SS 
14 15 IO o84 63 6o 

15 II 8. 509 4799 112 61 65 
16 08 87 140 6o 70 
17 04 76 168 59 75 
18 00 64 197 58 8o 
19 8. 508 6596 53 225 56 85 

20 8. 508 6592 8. 509 4741 I. 61253 2.3455 6.5590 
21 88 30 281 54 95 
22 85 18 309 52 6.56oo 
23 81 07 337 51 05 
24 77 8.509 46g5 365 so 10 

25 73 84 393 49 15 
26 6g 72 422 47 20 

27 65 61 450 46 25 
28 62 49 478 45 30 
29 58 38 5o6 44 35 

30 8. 508 6554 8.509 4626 I. 61534 2.3442 6.5640 
JI 50 15 563 41 45 
J2 46 03 591 40 50 
33 42 8. 509 4592 619 38 SS 
J4 39 8o 647 37 6o 

35 35 6g 67s J6 6S 
36 JI 57 704 35 70 
37 27 46 732 3J 75 
38 23 35 76o 32 8o 
39 20 23 789 31 86 

40 8. 508 6516 8. 509 4512 I. 61817 2.3429 6.5691 
41 12 00 845 28 96 
42 08 8.509 4489 873 27 6.5701 
43 04 77 902 26 o6 
44 00 66 93° 24 II 

45 8. 508 6497 54 958 . 23 16 
46 93 43 g87 22 21 
47 89 32 l. 6201s 20 :116 
48 85 20 043 19 31 
49 81 09 072 18 36 

so 8. So8 6478 8.509 4397 I. 62100 2.3416 6.5741 
SI 74 86 129 rs 46 
52 70 74 1S7 14 51 
53 66 63 185 12 S6 
54 62 52 214 II 62 
SS 8. sos 64S9 40 242 JO "' S6 SS 29 271 09 t2 
57 51 17 299 07 

'~ 58 47 o6 327 o6 
59 43 8. 509 4295 356 05 "' 6o 8. 5o8 6440 8.5094283 I. 62384 2.3403 6.5792 . 



 

UNITED ST.A.TES COAST .A.ND GEODETIC SURVEY. 367 

LATITUDE $9° 

log A log B Jog C: Jog D log E 
Lat. 

diff. 1"=-o.o6 diff. 111=-o.19 cliff. 111=+048 diff. 111=-o.oz diff. l"=+o.09 

0 I 

59 00 8. 508 6440 8. 509 4283 I. 62384 2.3403 6.5792 
I 36 72 413 02 97 
2 32 61 441 Ol 6.58o2 
3 28 49 470 2 ·3399 07 
4 24 38 498 98 13 

05 21 26 527 97 18 
6 17 15 555 95 23 
7 13 04 584 94 28 
8 09 8. 509 4192 612 92 33 
9 05 81 641 91 38 

IO 8.5o8 6402 8. 509 4170 I. 62669 2.3390 6.5843 
II 8. 508 6398 58 6g8 88 48 
[2 94 47 727 87 54 
13 r; 36 755 86 59 
14 24 784 84 64 

15 83 8. 509 4113 812 83 69 
16 79 02 841 82 74 
17 75 8. 509 4090 870 So 79 
18 71 79 898 79 84 
19 68 68 927 78 89 

20 8. 508 6364 8. 509 4056 I. 62955 :i.3376 6.5895 
21 6o 45 984 75 6. 5900 
22 56 34 I. 63013 73 05 
23 53 2:1 041 72 10 
Z4 49 II 070 'JI 15 

25 45 8.509 4000 099 69 20 
26 41 8. 509 3989 127 68 26 
27 38 77 156 67 31 
28 34 66 185 65 36 
29 30 55 214 64 41 

30 8. 508 6326 8. 509 3943 I. 63242 2.3362 6. 5946 
31 :13 32 271 • 61 51 
32 19 21 300 6o 57 
33 15 IO 329 58 62 
34 II 8. 509 3898 357 57 67 

35 o8 87 386 55 72 
36 04 76 415 54 77 
37 00 65 444 53 82 
38 8. 5o8 6296 53 47l 51 88 
39 93 42 501 50 93 

40 8. 5o8 6289 8. 509 3831 I. 63530 2.3348 6.5998 
41 85 20 559 47 6.6oo3 
42 Sr o8 588 46 08 
43 78 8. 509 3797 617 44 14 
44 74 86 6+6 43 19 

45 70 75 674 41 24 
46 66 63 703 40 29 
47 63 52 732 38 34 
48 59 41 761 37 40 
49 55 30 790 36 45 

so 8. 5o8 6251 8.509 3719 I. 63819 2·3334 6.6o50 
51 • +s o8 848 33 55 
52 44 8.509 36g6 877 31 61 

53 40 85 go6 JO 66 

54 36 74 935 28 71 

SS 3J 63 96+ z7 76 
56 Z9 52 993 26 81 

:' 
25 40 

.. 
J. 640Z2 24 87 

" Z9 051 z3 92 
.59 18 18 o8o ZI 97 

6o 8. 5o8 6214 8. 509 36o7 1. fi+1og 2.3320 6.61oz . 
... . . 



 

368 UNITED STATES COAST AND GEODETIC SURVEY. 

LATITUDE 00° 

log A logB logC logD logE 
Lat. 

diff. 1"=-0.06 diff. 1"=- 0.18 diff. I11 =+049 diff. 1" =-0.03 dilf. 111 =+0.09 

o I 

6o 0 8. 5o8 6214 8. 509 36o7 1. 64109 2.3320 6. 6102 
I JO 8. 509 3596 138 18 o8 
2 07 85 167 17 13 
3 03 73 196 16 18 
4 8. 508 6199 62 225 I4 23 

05 96 51 254 13 29 
6 92 40 283 II 34 
7 88 29 3I2 IO 39 
8 84 18 341 08 44 
9 81 07 370 07 50 

10 8. 5o8 6177 8. 509 3495 I. 64400 2.3305 6.6155 
II 73 84 429 04 6o 
12 70 73 458 02 66 
13 66 62 487 OI 71 
14 62 51 516 2.3299 76 

15 58 40 545 98 81 
16 55 29 574 g6 87 
17 5I 18 6o4 95 92 

I 18 47 07 633 93 97 
19 44 8. 509 3395 662 92 6.6203 

20 8. 5o8 6140 8. 509 3384 J. 64691 2.3291 6.6208 
21 36 73 720 89 13 
22 33 62 750 88 18 
23 29 51 779 86 24 
24 25 40 8o8 85 29 

25 21 29 838 83 34 
26 18 18 867 82 40 
27 14 07 896 80 45 
28 IO 8. 509 3296 925 79 50 
29 07 85 955 77 56 

I 30 8. 508 6I03 8. 509 3274 I. 64984 2.3276 6.6261 

I 31 8. 508 6o99 • 63 I. 65013 74 66 
I 32 96 52 043 73 72 

33 92 40 072 71 77 
34 88 29 101 69 82 

35 85 18 131 68 87 
36 81 07 16o 66 93 
37 77 8. 509 3196 190 65 98 
38 74 85 219 63 6.6304 
39 70 74 248 62 09 

40 8.508 6o66 . 8. 509 3163 I. 65278 2.326o 6.6314 
41 63 52 307 59 20 
42 59 41 337 57 25 
43 SS 30 366 56 30 
44 52 19 396 54 36 

45 48 8. 509 3108 425 53 41 
46 44 8. S09 3097 4S5 51 46 
47 41 86 484 so 52 
48 37 75 514 48 57 
49 33 64 543 47 62 

50 8.508 6o30 8. 509 3os3 I. 65573 2.3245 6.~368 
51 26 42 6o2 43 73 
52 22 31 632 42 ~ 53 19 20 661 40 
54 IS IO 6gr 39 89 
55 II 8. S09 2999 721 31 6 95 
56 o8 88 750 36 .64oo 
57 04 77 78o 34 05 
58 00 66 809 33 II 

59 8. soS 5997 SS 839 31 16 

6o 8.5o8 S993 8.509 2944 
I 

I. 6586g 2.3229 6.6422 



 

UNITED STATES COAST .A.ND GEODETIO SURVEY. 369 

LATITUDE 61° 

-- -------- ---- - -- ---·- -- ----- ------"--

loi::A logB log C: log D log E 
Lat. 

diff. 111 =-0.06 diff. 111 =-0.18 diff. 111 = - 0.50 Jiff 111 =-0.03 diff. 111 = --i· 0.09 

-~--1--- -------

0 I 

61 00 8. 508 5993 8. 509 2944 I. 65869 2. 3229 t>.6422 
89 33 898 28 27 

2 86 22 928 26 32 
3 82 II 958 25 38 
4 79 00 987 23 43 

05 75 S. 509 2889 I. 66o17 22 48 
6 71 78 047 20 54 
7 68 67 076 18 59 
8 64 56 1o6 17 65 
9 6o 46 136 15 70 

IO 8. 5o8 5957 8. 509 2835 1. 66166 2. 3214 6.6476 
II 53 24 195 12 81 
12 49 13 225 10 87 
13 46 02 255 09 92 
14 42 8. 509 2791 285 07 97 
15 39 80 315 o6 6.6503 
16 35 69 344 04 08 
17 31 58 374 02 14 
18 28 48 404 OJ 19 
19 24 37 434 2.3199 25 

20 8. 508 5920 8. 509 2726 I. 66464 2.3198 6.6530 
21 17 15 494 96 36 
22 13 04 524 94 41 
23 IO 8. 509 2693 5~3 93 46 
24 o6 83 5 3 91 52 
25 02 72 613 CjO 57 
26 ll. 508 5899 61 643 88 63 
27 95 50 673 86 68 
28 92 39 7o3 85 74 
29 88 28 733 83 79 

30 8. 508 5884 8. 509 2618 I. 66763 2.3181 6.6585 
31 81 07 793 8o 90 
32 77 8. 509 2596 823 78 96 
33 74 85 853 77 6.66o1 
34 70 74 883 75 07 

35 66 64 913 73 12 
36 63 53 943 72 18 
37 59 42 973 70 23 
38 56 31 I. 67003 68 29 
39 52 20 033 67 34 

40 8. 5o8 5848 8. 509 2510 I. 67o63 2.3165 6.6640 
41 . 45 8. 509 2499 094 63 45 
42 41 88 124 62 51 
43 38 77 154 6o 56 
44 34 67 184 58 62 

45 30 56 214 57 67 
46 27 45 244 55 73 
47 23 34 274 53 78 
48 20 24 305 52 84 
49 16 13 335 i;o 89 

50 8. 508 5813 i. 509 2402 I. 67365 2. 3148 6.~5 
51 09 8.509 2391 395 47 6. 6700 
52 05 81 425 45 06 
53 02 70 456 43 12 
S4 8. 508 5798 59 486 41 17 

SS 95 49 516 40 23 
56 91 38 547 38 28 
51 88 ~7 577 37 34 
58 8.i 16 007 35 39 
59 8o o6 637 33 45 

6o B.5o8 5117 I. 509 2295 I. 67668 2.3132 6.6750 

" . - ·-·· ~-- --~~---- ----------~- ~-------

H. Ex. 43--47 
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LATITUDE 6!1° 

---·- ------· ----·---·------ -- -------·------------------------ -1 

log C log E 
I 

log A log B logD I 

Lat. 
cliff. I /1 = - 0.06 diff. 111 0=-o.18 diff. 1"=+0.51 diff. 1 11 =-0.03 diff. 1 11 ~ + 0.09 

-- -------- -------~---------·-" 

0 I 

62 00 8. 508 5777 8. 509 2295 I. 67668 2.3132 6.6750 
73 84 698 30 56 

2 70 74 728 28 61 
3 66 63 759 27 67 
4 63 52 789 25 73 

05 59 42 820 23 78 
6 55 31 850 21 84 
7 52 20 88o 20 89 
8 48 IO 911 18 95 
9 45 8. 509 2199 941 16 6.6801 

IO 8. 5o8 5741 8. 509 2i88 I. 67972 2. 3115 6.68o6 
II 38 78 I. 68oo2 13 12 
12 34 67 033 I I 17 
13 30 56 o63 09 23 
14 27 46 094 08 29 

15 24 35 124 06 34 
16 20 25 155 04 40 
17 16 14 185 03 45 
18 I' ·' 03 216 01 51 
19 09 8. 509 2093 246 2.3099 57 

20 8. 508 57o6 8. 509 2082 I. 68277 2.3097 6.6862 
21 02 71 3o7 96 68 
22 8. 5o8 5699 61 338 94 73 
23 95 ~o 3~ 92 79 
24 92 40 399 90 85 

25 88 29 430 88 90 
26 85 19 461 87 96 
27 81 o8 491 85 6. 6902 
28 77 8. 509 1997 522 83 07 
29 74 87 553 82 13 

30 8. 508 5671 8. 509 1976 I. 68583 2. 3o8o 6.~19 
JI 67 66 614 78 24 
32 64 55 645 76 30 
33 6o 45 675 75 36 
34 56 34 7o6 73 41 

35 53 23 737 71 47 
36 49 13 768 69 53 
37 46 02 799 67 58 
38 42 8. 509 1892 829 66 64 
39 39 81 86o 64 70 

40 8. 5o8 5635 8. 509 1871 I. 68891 2.3o62 6.6975 
41 32 6o 922 6o 81 
42 28 50 953 59 87 
43 25 39 984 57 92 
44 21 29 I. 6go14 55 98 
45 18 18 045 53 6. 7004 
46 14 o8 076 51 og 
47 II 8. 509 1797 107 50 15 
48 07 87 138 48 21 
49 04 76 169 46 26 

so 8. 5o8 56oo 8. 509 1766 I. 69200 2. 3044 6. 7032 
51 8. 508 5597 55 231 42 38 
52 93 45 262 41 44 
53 90 34 293 39 49 
54 86 24 324 37 55 
55 83 14 3~5 35 61 
56 8o 03 3 6 33 67 
57 76 8. 509 1693 417 32 72 
58 73 82 448 30 78 
59 69 72 479 28 &i 

6o 8. 5o8 5566 8. 509 1661 I. 69510 2. 3026 6.7o8g 
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LATITUDE 63° 

I 
- ·-·----~--~-·--~--- ·--- ----~~--

log A. logB log c Jog D togE 
Lat. ! 

diff. 1 11 = - o.o6 diff. 111 =---o.17 d.iff. 1"=+0.52 diff. 1"=-0.03 diff. I 11 = ~- O. !O 

!------!-- -
I 

0 

63 00 8. 508 5566 8. 509 1061 I. 6g510 2.3026 6. 7089 
I 62 51 541 24 95 
2 59 40 572 22 6. 7101 
3 55 30 6o3 21 07 
4 52 20 635 19 12 

"-' 48 09 666 17 18 
6 45 8_ 509 1599 697 15 24 
7 4l 88 728 IJ JO 
8 38 78 759 II 35 
9 34 68 791 JO 41 

IO 8. 508 5531 8. 509 1557 I. 6<;822 2.3008 6.7147 
II 27 47 853 oO 53 
12 24 36 884 04 59 
13 20 26 915 02 64 
14 17 16 947 00 70 

15 14 05 978 2. 29(/8 76 
16 IO 8. 509 1495 I. 70009 97 82 
17 07 85 041 95 88 
18 03 74 072 93 93 
19 ()() 64 JO' ·' 91 99 

20 8. 508 5496 8_509 1454 I. 70135 2.2989 0.7205 
21 93 43 166 87_ II 

22 89 33 197 85 I 7 
23 86 23 229 83 22 

24 83 12 26o 82 28 

25 79 02 292 80 34 
26 76 8. 509 1392 323 78 40 
27 72 81 355 76 46 
28 69 71 386 74 51 
29 65 " 61 417 72 57 

30 8. 508 5462 8. 509 1350 J. 70449 2.2970 6. 7263 
JI 58 40 480 68 6c) 
32 55 30 512 66 75 
33 52 19 544 65 81 
34 48 09 575 63 86 

35 45 8. 509 1299 6o7 61 92 
36 41 89 638 59 g8 

37 38 78 670 57 6.7304 
38 34 68 701 55 IO 

39 31 58 733 53 16 

40 8. 5o8 5428 8.509 1248 I. 70765 2. 2951 6. 7322 
41 _.'24 37 796 49 z8 
42 21 27 828 47 33 
43 17 17 86o 45 39 
44 14 07 891 44 45 

45 II 8. 509 1196 923 42 51 
46 07 86 955 40 57 
47 04 76 986 38 63 
48 00 66 I. 71018 J6 6g 

49 8. 508 5397 55 050 34 75 

50 8. 5o8 5394 8. 509 1145 r. 71o82 2.2932 6.7381 
51 90 35 114 JO 86 
52 87 25 145 28 92 
53 83 15 177 26 98 
54 8o 04 209 24 6.7404 

55 77 8. 509 1094 241 22 ro 

56 73 84 273 20 16 

57 70 74 3°5 18 22 
58 66 64 337 16 28 

59 63 54 368 14 34 

6o 8.5o8 536o 8. 509 I0.4J I. 71400 2.2912 (>. 7440 

j 
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LATITUDE 64° 

·--1 ----------------~----------···-· 
I loiA logB logC 

Lat. I 

D , 

64 00 
I 

2 

3 
4 

05 
6 
7 
8 
9 

10 
II 
12 
13 
14 

15 
16 
17 
18 
19 

20 
21 

22 

23 
24 

25 
26 
27 
28 
29 

30 
31 
32 
33 
34 

35 
36 
37 
38 
39 

40 
41 
42 
43 
44 

45 
46 
47 
48 
49 

50 
51 
52 
53 
54 

55 
56 
57 
58 
59 

6o 

diff 1"=-0.o6 diff. 1"=-0.17 diff. 111=+0.54 

8. 5o8 536o 
56 
53 
49 
46 

43 
39 
36 
33 
29 

8. 5o8 5326 
22 
19 
16 
12 

09 
o6 
02 

8. 5D11 5299 
96 

s. 508 5292 
89 
85 
82 
79 

75 
72 
69 
65 
62 

8. 508 5259 
55 
52 
49 
45 
.. p 
39 
35 
32 
29 

8. 508 5225 
22 
19 
15 
12 

09 
05 
02 

8. 508 5199 
95 

8. 5o8 5192 
89 
86 
82 
79 

76 
72 
69 
66 
62 

8. 509 1043 
33 
23 
13 
03 

8. 509 0993 
82 
72 
62 
52 

8. 509 0942 
J2 
22 

12 
02 

8. 509 o891 
81 
71 
61 
51 

8.509 0841 
31 
21 

II 
01 

8. 5"9 0791 
81 
71 
61 
51 

8. 509 0741 
31 
21 

11 
DI 

8. 509 "691 
81 
71 
61 
51 

8. 509 o641 
31 
21 

II 

01 

8. 509 0591 
81 
71 
61 
51 

8. 509 0541 
JI 
21 
ti 
01 

8. 509 0491 
82 
72 
62 
52 

8. 5090442 

I. 71400 
432 
464 
496 
528 

56o 
592 
624 
656 
688 

I. 71720 
752 
785 
8Ij 
849 
881 
913 
945 
977 

I. 72010 

I. 72042 
074 
1o6 
139 
171 
203 
235 
268 
300 
3J2 

I. 72 365 
397 
430 
462 
495 

527 
559 
592 
624 
657 

I. 72689 
722 
755 
787 
820 

852 
885 
918 
950 
98J 

I. 73016 
048 
o81 
114 
146 

179 
212 
245 
278 
310 

I. 7J343 

logD 

2.2912 
IO 
08 
07 
05 
·-~ 03 
or 

2. 2899 
97 
95 

2.2893 
91 
89 
87 
85 

83 
81 
79 
77 
75 

2. 2873 
71 
69 
67 
65 
63 
61 
59 
56 
54 

2.2852 
50 
48 
46 
44 

42 
40 
38 
36 
J4 

2.28J2 
JO 
28 
26 
24 

22 
20 

17 
15 
IJ 

2. 2811 
09 
07 
05 
03 

01 
2. 2799 

97 
94 
92 

logE 

diff. 1"=-J-O.IO 

6.7440 
46 
52 
58 
63 

69 
75 
81 
87 
93 

6. 7499 
6. 7505 

II 

17 
23 
29 
35 
41 
47 
53 

o. 7559 
65 
71 
77 
83 

89 
95 

6. 76o1 
07 
13 

6.7619 
25 
JI 
37 
4J 

49 
56 
62 
68 
74 

6.768o 
86 
92 
g8 

6. 7704 

IO 
16 
22 
28 
35 

6. 7741 
47 
53 
59 
65 
71 
77 
84 
90 
96 

6.78o2 
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TABLE OF CORRECTIONS TO LONGITUDE FOR DIFFERENCE IN ARC AND SINE. 

I i 
Log K 

Log d~fference ... I Log d M Log K 
!. Log difference. Log d M Log K I Log difference. 

Log d M 
(-) (+) (~) 

I (+) (-) i (+) 

·----1 I~ 
3.876 0. 000 0001 ! 2. 385 4.813 0.0000075 3.322 5. I14 

I 
o. 000 0300 3· 623 I 

4.026 02 I 2.535 4.825 080 3.334 5. 120 30<) 3.629 
4. 114 03 2.623 4.834 084 3.343 5.126 318 3.635 
4.177 04 2.686 4.849 089 3.358 5. 132 i 327 ' 3.641 
4.225 05 2. 734 4.S6o 094 3. 369 5.138 336 3. 647 

4.265 o6 2. 774 4. 871 ! 098 3.38o 5. 144 345 3. 653 
4.298 07 2.8o7 4.882 103 3.391 5. 150 354 3.659 
4.327 08 2.836 4.892 108 3.401 5. 156 364 3.665 
4.353 09 2.862 4.903 114 3.412 5.161 373 J.670 
4.376 ' IO 2.885 4.913 119 3.422 5.167 383 3.676 

.... 396 ll 2.905 4.922 124 3. 431 5. 172 392 3.681 
4.415 12 2.924 4·932 130 3.441 5. 178 402 3· 687 
4.433 13 2.942 4.941 136 3.450 5. 183 412 3.692 
4.449 14 2.958 4.950 142 3.459 5. 188 422 3.697 
4.464 15 I 2.973 4.959 147 3.468 5· 193 433 3.702 

4.478 16 2.987 4.968 153 3.477 5. 199 I 443 3.7o8 
4.491 17 3.000 4.976 100 3.485 5.204 453 3.713 
4.503 r8 3.012 4.985 166 3.494 5.209 464 3.718 
4.526 20 3.o35 4.993 172 3.502 5. 214 474 3. 723 
4.548 23 3.057 5.002 179 ' 3. 511 5.219 486 3.728 

4.570 I 25 3.079 5.010 186 3·519 5.223 49i 3.732 
4.591 27 3· IOO 5. 017 192 3. sz6 5. 228 508 3.737 
4. 612 30 I 

3. 121 5.025 199 3.534 5.233 519 3.742 
4. 63r 33 ' 3· 140 5.o33 206 3. 542 5. 238 530 i 3.747 
4.649 36 I 3· 158 5.040 213 3.549 5. 242 541 I 3· 751 i 
4.667 39 3· 176 5.047 221 3.556 5. 247 553 3· 756 
4.684 42 3. 193 5.054 228 3.563 5. 251 565 3.76o 
4. 7or 45 3.210 5.o62 236 3.571 5. 256 577 3. 765 
4. 716 48 3. 225 5.o68 243 3. 577 5.z6o 588 3.769 
4· 73 2 52 3· 241 5.o75 I 251 3. 584 5.265 6oo 3. 774 

4. 746 56 3· 255 5.o8z 259 3.591 5.269 613 3.778 
4. 761 59 3.270 5.088 267 • 3. 597 5. 273 625 3.782 
4.774 63 I 3.283 5.095 275 3.6o4 5.278 637 3.787 
4.788 67 3.297 5.102 284 3. 611 5.282 650 3· 791 
4. 8o1 71 3.310 5. 1o8 292 3.617 5· 286 663 3.795 

------·-- ·-------------------·-------------------~- --------- ·-----· 
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TABLE OF VALUES OF LOG cos i' ti L 

dL log--1- dL lo . I ,/ L log----~- dL lo --
1
- dL log--1-

cos~ d L gcos~dL cos! d L gcos!dL 

1:--
cos! d L 

-~-1 
ii i ' 

10 I o. 000 000 28 0.000 004 46 0.000 OIO ii 64 0.000 019 I 8:2 0.000 031 
II 29 4 47 IO 65 19 1

1 

83 32 
12 

I 
30 4 48 II 

Ir 

66 I 20 84 32 

13 JI 4 49 II 67 21 85 33 
14 '2 5 50 II 68 21 86 34 _, 
15 33 5 51 l:Z 69 22 87 35 

16 34 i 5 52 12 70 22 88 36 
17 35 6 53 13 71 23 89 36 
18 36 6 ! 54 13 72 24 90 

I. 37 ! 

19 2 37 6 55 14 73 24 91 38 
20 2 38 7 56 14 74 25 92 39 
21 2 39 7 57 15 75 26 93 40 

22 2 40 i 58 15 76 26 94 41 
23 2 41 8 59 16 77 27 95 41 
24 3 42 8 6o 16 78 28 96 42 

25 3 43 8 61 17 79 29 97 43 
26 3 I 44 9 62 18 8o 29 98 44 
27 3 45 9 63 18 81 30 99 45 

·-------- --~--~~---

TABLE OF LOG F . 
.. ~ 

I' I 
1: I 

Lat. LogF Ii Lat. Log F i Lat. i Log F i! Lat. I Log 
11 ' ' 1: I 'i-- I ,. ,--, 

0 )I 0 0 0 ' I 
23 7. 812 34 7. 877 45 7.840 56 I 7.7o6 I 
24 23 35 77 46 32 57 I 7.688 
25 32 36 77 47 24 58 I 69 
26 41 37. 76 48 14 59 1 49 
27 49 38 74 49 04 6o l 27 
28 55 39 72 50 7.792 61 05 
29 61 40 69 51 8o 62 7. 581 
30 66 41 64 52 67 63 56 
31 70 42 6o 53 53 64 29 
32 73 43 54 54 38 65 01 
33 75 44 48 55 23 66 7.471 
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FORMULA AND 'l'ABLE FOR COMPUTING THE SPHERICAL EXCESS OF TRIANGLES. 

In every spherical triangle the excess of the sum of the three angles over 1soo bears the same 
ratio to eight right angles as the area of the triangle bears to that of the whole sphere. Putting 

e .1 . e th h E area h area. d r ior raums, e ior e excess, we ave 4"-;f = 4-~;i' ence E = ri·· In or er to express e in sec-

onds of arc, we must divide the expression by sin 1". The area of the triangle, when it is small 
in relation to the whole sphere, as is the case in all geodetic triangles, may be expressed with suffi. 
cient accuracy for this purprn~e by ~ A B sin c, where A and B are two sides and c the included 
angle. We have then 

AB sine 
e = 2 r' sin 1,-; 

Iu estimating e in a triangle on the terrestrial spheroid, we can refer it to an osculating sphere, 
the radius of which is taken as the mean of the radii of curvature in the meridian and prime ver
tical at the center 9f the triangle. These are respectively 

R = a (1 - e2) N = ~- . a _ _ _ 
(1- e2 sin2 L)~ (1 - ff sin2 L)i 

using the notation of the L, M, Z formulre. 
The mean of these two expressions developed, but embracing only terms below the fourtli 

power of e, is i (R + N) =a (1 - i e2 cos 2 L + .. ) 
We have, therefore, for the spheroidal triangle, 

AB sin c 
E= . 

2 a2 (1-! e2 cos 2 L)2 sin 1" 

for which we write E = AB sin c x m, and tabulate the logarithms of m = ~-- ! e" 
1 I ----.--·· 

2 a - · COS 2 ~)1 Blll 1 11 

for different latitudes. 
TABLE OF LOG m. 

Latitude. ! Logm. Latitude. Log m. Latitude. Lag"'· ii Latitude. Logm. 
i ii --- ----lt----·-r --·---- -------~--

0 ' 0 ' 0 ' 0 I 

20 00 I.40625 32 00 J. 40528 44 00 I. 40410 56 00 I. 40290 
20 30 622 32 30 524 44 30 405 56 30 285 
21 00 619 33 00 519 45 00 400 57 00 28o 

21 30 615 33 30 514 45 30 395 57 30 276 
::12 00 612 34 00 509 46 00 390 58 00 271 
22 30 6o8 34 30 5°5 46 30 385 58 30 266 

23 00 6o4 35 00 500 47 00 38o 59 00 2fo 
23 30 6o1 35 30 495 47 30 375 59 30 257 
24 00 597 36 00 491 48 00 369 6o 00 253 

24 30 592 36 30 486 48 30 J64 6o JO 249 
25 00 588 37 00 481 49 00 359 61 00 244 
25 30 584 37 30 476 49 30 354 61 30 240 

26 00 58o 38 00 471 50 00 349 62 00 236 
26 30 576 38 30 466 50 30 344 62 30 231 
27 00 572 39 00 461 51 00 339 63 00 227 

27 30 568 39 30 456 51 30 334 63 30 223 
:z8 00 564 40 00 451 52 00 329 64 00 219 
28 30 559 40 30 446 52 30 324 64 30 215 

29 00 555 41 00 441 53 00 319 :I 65 00 211 

29 30 551 41 30 436 53 30 314 II 
65 30 207 

30 00 547 42 00 431 54 00 309 66 00 203 

30 30 542 42 30 426 54 30 304 II 66 30 200 
JI 00 537 43 00 420 55 00 299 l': 67 00 196 

Ji 
,, 

67 30 1.40192 JI 30 1.40533 43 30 I. 40415 ]; SS 3° I. 40295 \i 

' ii ---------

The above ta.ble is oomput;ed for the Clarke spheroid of 1866. 



 

Blank page retained for pagination 



 

APPENDIX No. 8 . .. 
THE RUN OF THE l\HUROMETER. 

By GEORGE DAVIDSON, A"sistant. 

CO.A.ST AND GEODETIC SURVEY OFFICE, 

TVashington, January 15, 1885. 
DEAR STR: I herewitb transmit the paper upon "Tlle Run of the .Micrometer," which you 

asked for a sllort time since iu response Mm,v meutiou that it bad been of such use to the ,rouuger 
members of m.r party aud to others that. this fact seemed to warrant its puhlicatiav among Uw 
append ices of your report. 

Yours, respectfull.r, 

Prof. J. E. HILGARD, 

Superintendent Coast and, Geo1lctic Sui·v&y. 

GEORGE DA VIDSOX, 
A.<1si;;tant. 

THE RUN OF THE MICROMETER. 

The term '' run of the micrometer" occurs in the microscope-micrometer measurement of 
fractional parts of the arc between two adjacent graduations on the circle of an a:;;trouomical or 
geodetic instrurnent. 

If the adjacent graduations are 5' or 300" apart the microscope-micronrnter is so adjusted that 
the image of a given point 011 the micrometer thre.ad iu traversiug the cl1ord betweeu the two 
graduatious (or the tangents pamllel to the chord) shall exhibit exactl;v 300 1livisiom1 or sec0111lR 
of arc. Iu this case there is no run of the micrometer. But should the micrometer record more 
or less than the prescribed seconds of graduation, this difterence is the nm of tlw ·micrometer iu 
terms of the arc value of the micrometer divisions. 

In practice we find the following facts and conditions as the basis for our im·estigatio11 to 
determine the apportionment of the run for the different fractional parts of the arc measure11. 

The circle is graduated to any gh'en number of mi11utes of arc, usuall,\· fiYe. 
The m1meration of the graduations upon the circle may increase, as the numbers on the watch 

face, or the reverse. The microscope-micrometer measures the arc which the zero line of tht" 
micrometer has passed over and beyond the last graduation of reterence. · 

The micrometer screw is generally cut to make on_e r1:wolutio11 for one minute of arc, and the 
head of the screw is usnaHy divided into sixty equal parts, intended to represent secouds of arc . 

.At each observation there are ma<le two pointings and "readings'' of eaeh micrometer-one 
pointing and ''reading" on the gra,duation followf'ng the micrometer line of zt•ro, L e., on the gmtlu· 
ation last passed by tlie micrometer line of zero, or fiducial line; the other pointing and "reading'' 
on the grad'Uation preceding the same micrometer line of zero, i. e., on the graduation uot .vet 
reached by the micrometer line of zero. 

377 
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The "back reading"• is the desig11atio11 used for the record of the micrometer 1ioi11ting 011 the 
graduation following the micrometer line of zero. 

The "forward reading" is the designation used for the record of the micrometer pointing on 
the graduation preceding the micrometer line of zero. 

When the micrometer is turnetl backwards to the last graduation passerl h;r tlie zpro 1ii1P th<• 
numbers on the micrometer head increase. Therefore the" forward" reailing iomhtracted from the 
"hack" reading plus the whole revolutions~ gives the number of micrometer <livisiom; in the llv('
minute space. 

CONDITIONS. 

(a) If the graduations of the circle were equidistant throughout the circle; 
(b} If the microscope-micrometei. and the graduation were concentric; i. e., if there Wf\l'f' no 

eccentricity of the graduation; 
(c) If the microscope-micrometer screw made exactly one revolution for one minute of arc; 
(d) If changes of temperature did not change the distance of the micrm;copc-mieromctcr from 

the center of rotation of the circle; 
(e) If' cha11ges of temperature did not change the distance of the objective of the microi;co1w 

from the graduated arc; 
(f) If cllanges of temperature did not change the distance. of the objective of the microRcop<' 

from the plane of the micrometer thread; 
(g) If' the micrometer thread moved always in a plane parallel to the plane of the gradnati011N 

on the circle; 
(lt) If the micrometer screw moved alwa~·s at right angles to the radius denoted h,y tke zero 

lirie of the micrometer ; 
(i) If the graduated circle did not warp from changes of temperature, or from mechanical 

strains in changing "position," &c.; 
(j) If the observer made perfect pointings and readings on the graduations; 
(k) If the micrometer line of zero remained unchanged between the "back" and "forwartl" 

rradi11gs; 
( l) If the movement of the zero line were uniform throughout each revolution of tlw Rerew; 
(ni) lf the chord or parallel tangent of a very small arc were identical with the Ieng-tli of 

the arc; 
Then the part of the arc to be measured by the microscope micrometer would be !lct.(•rmim·<l 

at once hy simply measuring from the line of zero to the graduation following, that is, m(•asnri11g· 
backwards to the graduation last passed by the line of zero, and thus reading off dimetly tlw Hlltall 

arc betwepn that graduation and the line of zero. 
Bnt n01ie of these conditions are realized in practice, and, if eacl1 of the intergmtluatiou 

space:s throughout the circle has not been absolutely determined, we must assume: 
(I) That the graduations throughout the circle may be equidistant, but thP mieroscop<'

microml'lt•r may he in such imperfect adjustment that one revolution of the screw doeR 11ot, con
form to tl1e prescribed unit of arcs (that is, the distance apart of two contiguous graduat.ionR). 

(:l) 'l'hat, if errors of graduation exist, the graduation following and the graduation l•l'ee1•11ing 
the mi('I'ometer line of zero are equally displaced, and in contrary directions. 

(:3) 'l'hat the changes in the distance of the objective of the microscope-micrometer from tl1e 
tJl:tnc of the graduated circle; changes in the distance of the plane of the micrometer thread from 
the ohjective of the microscope'; changes in the parallelism of the planes of the micrometn threatl 
and the graduated circle; changes in the distance of the axis of the micrometer screw from tlJt• 
<~euter of rotation of tbe circle, &c., all displace the images of the forward and back gr:ulnalPd 
liueR efprnlly and in opposite directions. 

(4) That, if t11e perpendicularity of the microscope-micrometer to the plane of the graduated 
--- -- --------·----- ------------------------

•!<'or tl11•. nBe of tlw terms" hack" and "forward" l'tladings, consult Albrecht, "Formeln und Hiilfstafeln fiir 
areographisclle Orts-Bestimmungen,'' &-c. (p. 49), Leipsic, 1873. -

Also Zacharie, "Die geodiitiscben Hauptpunkte nnd ihre Co-Ordinaten" (p. 73), Berlin, 1878. 
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arc has ueeu di8t11rlletl in the vertical plane of the instrument passing through the center of rota
t,io11 and the zero line of the micrometer, the images of the forward and back graduations are 
equally displaced and in opposite directions. 

(5) That, if the line of zero has changed in azimuth, the forward aud back readi11g8 are 
equally aftected and in opposite directions. 

(6) These changes are supposed to take place between the readings of the back arnl forwarcl 
gm1luations. 

(7) That in the pointing on each graduation the observer makes equal errors which l1ave the 
same sign or which have opposite signs. 

It ii,; evident that these assumptions are similar in character, and that in consequcuce of the ex
istence of any or all of them, one revolution of the micrometer screw moves the zero thread through 
a11 arc (rigorously along the chord of a very small arc, or along the tangents parallel thereto) not of 
the constant value of 60" but of 60" + r. This quantity r exhibits itiself as the diftereuce between 
the uack and forward readings of the micrometer, and is the" run" of the microscope-micrometer. 
Autl it is also evident that the proper point from which to measure the micrometer part of the arc 
is the middle point, between each two consecutive graduations. 

In order, therefore, to obtain the most probable value of the fractional arc measured by the 
microscope-micrometer, when the readings of the pointings upon the two adjacent graduations 
difter, it is necessary to determine a correction to each reading, or to either or to the mean of the 
two readings based upon the preceding considerationR : 

li'or this investigation let us make: 
D = the mea1i value in micrometer divisions of the space between every two cousccntfre 

graduations of the whole circle. 
b = the position of the zero line of the micrometer referred to the graduation last passed,.in 

micrometer divisions; and denominated the "back" reading of the miorometer. 
If tlrn zero line js between the graduation last passed and the middle point of the two gradua

tions, the "forward" reading is referred to the "back" reading by means of D. 
And (supposing three equally or nearly equidistant microscopeR) in the reductions, 

b = A+:+ C where the three "back" readings of the microscope-micrometers are A, B, and C. 

f = the position of the zero line of the micrometer referred from the graduation not yet 
reached by it, and denominated the "forward" reading of the micrometer. If the 

zero line is between the middle point of the two graduations, and the graduation uot ;yet reached, 
the "JJack" reading h; referred to the forward reading by means of D. And in the reductions 

f =A'+~{'+ C', where the three "forward" readings of the microscope-micrometers are A', E', 

and C'. 
e:, = (300 + b ) - f = the observed number of micrometer divisions between the two givt.m 

graduations; and always very nearly equal to D. 
d = 6 -D. 

1ri = ~ (b + f) = the observed position of the zero line of the micrometer, as referred to two 

actual graduations. 
1\1 = The corrected position of the zero line of the micrometer as referred to two mean gmd

uations, taking the place of the two actual graduations. 
lt' the" forward" and the" back" readings of the micrometer poiutings are ident,ieal (that is, 

if b =f), then 6 = D, and no correction is required to either reading, nor to the mean of both; 
and the position of the zero line of the micrometer is given directly by b, or by;; or by 111, which 
is equal to M in this case. But if the forward and back readings differ, then a correction is 
ue-eessary to each reading, b andf, or to eith~r of them, or to m, the mean of both. 

And it is evident th•, in application, the quantity 6 - D ml!St be a11portioned to the two dis· 
cordant micrometer readings; that is, to the two observed discordant positious of the .zero line. 

This correction, as already defined, is the "run of the micrometer," and is represented by r. 

[It is evident that_(!:::; -!>2 where n is the number of measures of 6, is the n1em1 run of tile n I 
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rnicrm;cope-micrometer so loug as there is 110 change of the conditions in the relation of the 
micrometer to the arc measured. This mean run h; desiguate<l b;y f'-] 

The correction r i.- tlnrn examiued: \Vhen the space ( 6) bctweeu two consecutive g-radnatious 
is measured great1'1· thau t]w 111ea11 munber of micrometer divisious (D) between every two gradua
tiorrn, the diHta11c:e of th zero line from tlie gradnat.ion last passed will he gfren too great by the 
"back" readi11g b al01w; awl thP distauce of tlle zero llue from the graduation not yet n•ached, 
as derived through the "forwanl" readiug f rt:>duced by meaus of D, will be giYen too small b~· 
the forward readiug f alone. 

The "back" rt>adi11g· /1 rnnst therefore be numerical!~· decreai;;ed by a quantity devernling 
rlfrectly npo11 tlw di.~tance of the zero line from the graduation last passed, lliminil'llied by ~ d, and 
multiplied h,v d; awl ·inrer8el;IJ as the value of L':. But as D is ver.r nearly equal to 6, we r11ay, 
without seusiule error, use D for L in this case; and theu the correction to bis · 

- (b - ~d) d 
c - ·-----n -

Aud the forward n·acli11g f must therefore be uumerically iucreased lJy a quantity depending 
directly upon the tlistauce of the zero line from the graduation uot ;yet reac11ed (at' derin~d through 
the forward reading aud D), diminished by 2 d, ancl multiplied b~· d; aud i1wer.~ely as thl' value 
of LI. 

As llefore, we use D for 6, and then the correction to f is 

I - [(D - ~ d)-fJd C---·.v---

\Vhen tl1e space hetween tbe two consecutive graduatiom; ( 6) iH mea,sured l08s tban tlw mean 
1111mhcr of micrometer <livisionR between every two graduatious (D) it is evident that th< distance 
of thl' zero liue a:s <lerin~d from tbe graduation last passed will be gh-eu too xmall by the " hack' 
reading b alom·; and that the distance of the zero line from the i,,rraduation not yet reached, as 
1h·ril-ed from tlie "forward'' reading j~ aud reduced throug·b means of D, will be given too great by 
till' forward rea1 liug f alolle. 

Tht•se rea<li11gs mnst therefore be corrected iu a rnam1er 8imilar to the preceding. 
But instead of correcting each readiug si•parately, it is preferable to a1>pl,y one correction 

directly to the mean m. 

As m = b+f the correctiou thereto is . !! 

d m.d 
-2-- -D 

whence 

M=m+~-;~ 

The correction (rl - m.d) · d · ted th t l f th · te d · lb '..l D 1s estgna e ac ua. run o e m1crome ran is representcc y 

r. A. tal)\e of doublP eutr~· ma~· be calculated from this formula, using as arguments the 1listance, 
in seco11ds, of the zt>ro line from the graduation last passed b, aud the value of d, for tenth!l of 
seconds, from O to :J11 .0. It is only 11ecessary to com1mte the correction so far as ~ D, lmcause at 
that point it !;imply changes the sign, aud numericall~- increases to D.• 

Calling D = 30011
, the correction may be put in the form • . 

•see annexed Table of corrections for Run of Microscope-Micrometers: D = 3001 , 
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[t is here proposed, Fig. I, to give a gTaphical illustration of the graduation and correctiom; 
of a 5' space, which is w reality larger thaJJ that quantity. The actual graduations, 45' au1l .'iO', are 
i·e1JTese11ted by heavy lineR; the positions where thet'ie. linP8 should he are rPpre,;ented h;1 tine lim•:< 
quitf' close to the former. 'l'ht' distance apart oftllesefine lines is ::lOO" (= D); the nwasurerl di.-
tance apart of the two actual graduatious is :m.'i micronwter divisions ( = c:.o ), which ma~· he. a:<1-nrn1e<l 
without sensible error as 305 secoml8 of arc. Other fine lines han~ lwen iutrodnced to indicate tl1t• 
other minutes 46, 47, 48, 49 and the half minutes. The liue of reference midway between the two 

graduat.ions is denoted b;y a dashed liue, aud tlie zero line of the micrometer, or the ficl ucial liue, 
by a dotted line. 

In the first e:xarn1ile, the micronwter line of zero has JHISH:d the hist graduation «Hi'), 11~· 77.::; 
micrnmeter divisious, but is not up to tl1e line of reforeucP; in the seeond pxample, tlw micrometer 
line of zero has pa:sst>d 257.fJ micrometer diYisions be;rnml tlw Mi' graduatiou aud is necessarily 
heyoud the line of reference. 

Fwma: I. 

Back reading;= b 

Back reading= b. 

B:r:a.mple I. 

4-'i' 48 

~ = 305!1.00 from hack awl 1orward pointin_u.R > 
b= 77•'.50 

I 
>< 

c =- -1 11 .25 

< 1/f= I 76 11 .~5 > 

I 
11-J=d,=; 5''.00 

corrPcted I :realliu~H- f'= 7{)11 .25 

c = - (IJ~t_d,)_~ 
300 

c' = [(300-idl-·Jld 
300 

I 
d ·m.d r= - - -
2 30() 

= +1".25 

I 
I 

7U".OO 

I 
7611.25 =1'[ 

--~~,--2~ 
c·~ I+ 2.so 

. ·. I <' - c ~ a. - n = d = 5''.o 

Emmplc I I. 
i I 

a. = 305".00 from bnck antl forward pointing•. 
I • ' I 

J >< i ' 

df'riYt>d = 257d.5 = 252•.5u 

> 

b -f,;,, a=+ 5'1.oo I c -•".25 

corrected readin~s I b" = 4' 13".25 
r'= +fY'.75 

f = 4' 131
' .25> 

I 
J r:::=d _f1~:d =-lu,75 

2 300 
I 
I 
I 

~---------

. c· - c --:: 

():.=:...:.I - ~.f)O 

c' ,~ I + 2.r><' 
I 

.> -I D oc d = + ii.u 

I 

> Forward i·eatliug ~.r 

> 

> = forward t"Cadiug /. 

The form of reeor~ and reduction, nsiug the actual run of micromr1er ior ea(•h i111liYiihrnl ('HH' 

as it occurs in the dail;r work in the :field, may be illustrated as follows, it being bom1· in miud 
bat e11eh wfor~nneter mean reading may be reduce(l separately instead ot the meun of the three; 
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J1,,'.co11111ll'8. 

------------

KXAMl'LE l. 

}\wwanl Back Mt,an d 'Ill. d ('orr1'.1·tflfl 
llk reading Te:ulin!.!; l~ fl 

.f. b . 
:mo rearlin)!. 

0 ' I>il"S. Dits. DioB. Ihus. 

A 40 12. s 17. 5 

B 19. 3 23. 7 

(" 16. 8 20. 0 
------

16. 20 20. 40 18. 30 -i-1.00 w.::o 

EXAMl'Llr. II. 

-------- -· -· - ----------

A 7 40 12. 5 17. 5 

u 16. 8 20. 0 

c 19. 3 23. 7 
------

16. 20 20.40 18. ao -1.52 lfi. 78 

Havi11g determiued the 11wan rnn of the microscope-micrometers at a statio11, when no change 
of conditions lms interposed, it is required to fnmish a table of nm corrections, which shall chauge 
by regular numerical increments of 0".01, aml for which tlle arguments sllall lJc 111 and r. 

Make b =the "liack" reading of the microscope-micrometer, the 11wa11 of the three. 
b'= any other hack reading. 

Then 

f =the forward readiug of the microscope-micrometer. 
f'= auy other forward reading. 

&c., &c. 

b+f 
1n=-!!-- b'+J' m' = :! , &c. 

Uall p = the mean run over all the 5' spaeeH 1·mul at L. 
r = the correction for run for m. 
r' = the correction for run for tn'. 

'fheu 

. _, (·2r+p) .. m-300 2 P 

• •• 11i' = 300 (
2 r~~-E) 

&e., &c., &e. 

m - ·m' - 3()4)_( 2 _.,. ±_El - 300 (~~' :+-__E) = ~oo_!'_=_r! 
- 2p 2p p 

Then if we require r - r' = 0."01 we have 
311 

m-m'=-
P 

Aml if the minus sign is used in the values of rand 1·1, the r.-r' become~ r' -r. 
Tlw Yalue of r for 111 = 2' ~~0" is of course 0".00; and from 2' 30" to 0' 00", au<l from 2' 3011 to 

fl 00", the numerical values increase 0" .01 for each value of m - m' with different signs. 
Tl1e following examples exhibit the uecessary tables for two stations. Then• were three eon

<litions of the microscope-micrometers at b Northwest Yolo Base Line. The one with the excep
tionally large run is given. 

[Wl1ere this refinement to 0".01 is not warranted by the conditions of the instrument, &c., the 
correction is taken to the nearest 0".1 only and the tabulation is usually made for an assumed run 
of 111, the computer mentall,y multiplying the correction for any other.given run.] 
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E.'f:amplf a.t Hout/1.eaRt Yolo lJaRc Stat·t'.on. 

From G72 ohscnations or tl1rcn micrO>;CO)lC·llli

crometers ea.ch, the Yalm• or p=-0" .l H:> .·. m-m' 
'~II 

=-__: -, =-Hi".ri44 and tlw tahle is <~011st.meb•d .rn:J 
as follow~: 

r m r 

' 0 00. 00 5 00. 00 
+.0\16: 

02.33 4 57.67 
-.09» 

+.O!l 
17. RR 

-.OH 
42. 1:: 

+.08 
3~t 42 

-.OR 
20. f1R 

-t. 07 '! -.0~ 
0 48. !Ii] 4 ll. 04 

+.OG -.Oft 
l Ol. 51 a 6:5. 40 

-l·. Dfi -.o.; 
20. o;; :rn. r~:-; 

+.l>l -.04 
3f>. 5U 24.H 

+.03 -.o:i 
I 51.14 :l O~. RG· 

+-02 --. o~ 
2 06. 6~ ~ ."i:l. :12 

+.Ol -. 01 
22. 2:1 :;i, Ti 

+.oo --. OH 
ao. oo :lO. Oil 

---~-~-----~-

Bxmnplc at Northwc.~t. Yolo Ba.se Station .. 

! From Nos. 43 to 124 P= -t-111 .120. ·. 11t-m/;::: 
3" ~2".0785.J 

l. l':! 

r '" m 
----~ 

0 00 OD t) oo. 00 
-.fiG 

0 01. :15 4 f"1R. £i!i +.56 
• ri;, 

04. 02 fi5. 9~ 
,:,;, 

.M 06. 70 r.a. 30 • 54 

.G:J 09. 38 ;~.G'.:! 
. 53 

: 
• :>2 12. 06 47. 94 

. 52 

.51 1-L 74- 45. 26 . 51 

.r.-0 17. 42 42. i).~ . 50 

.4!1 20. 09 ;19. 91 . 49 

.48 22. i7 :l7. 23 • 48 

. 47 
25. 45 ~4. 5;, . 4i 

.46 
~~- 1;1 31. 87 . 4fi 

• 45 30. 81 29. JU 
. 4;. 

J 

.44 33.49 26. 51 .44 

. 43 36.17 23. 83 
. 4;1 

• 42 38. 84 21. IG 
4" 

.41 
41. 52 18. 48 

. 41 

. 40 
14. 20 15. 80 

. 40 

• 39 
46. 88 13.12 

. ;i9 

. 38 49. 56 lll. 44 
.3R 

• 37 52. 24 07. 76 
• :17 

. 36 54. O!! 05. 08 
.:w 

. 35 0 57. 60 4 02. 40 
• 3!') 

• 34 I 00. 27 3 59. 73 . 3~ 

. 33 02. 95 57. or. .3:! 

. :~2 
o5. G3 54. 37 . 3~ 

. 31 08. 31 51. 611 
.31 

. 30 . 30 : 
10. ll9 49. Ol 

. 29 13. 67 46. 33 .2H 

• 2R 16. 34 43. (l(l 
.28 

• 27 19. 02 40. !l8 . ~7 
: 

. 2G 21. 70 38. 30 '26 

• 25 24. 38 35. 6:"! '2f) : 

. 24 27. OG 32. 9l . ~4 

• 2:1 29. 74 30. 26 
. ~:i 

. 2:? :-!Z.42 27. 5R ''" 

. 21 !l5. l0 24. 90 . ~] 

.20 ;17_ 77 22. 2:t • 2.0 

. 19 40. 4.~ rn. 55 J9 

. 18 43.H 16. 87 . lH 

. 17 45. Rl 14. J!l . 17 

. 16 48. 49 11.51 
. rn 

. 15 51.17 08. S:l 
• 1:-1 

.H r.:l. 84 ,, OG. 1;. • 14 

.n 5G • .'."il o:i.47 .13 

.12 l 59. 20 3 oo. ~o . l~ 

.JI :! Ol. 88 2 fiR.12 • 11 

. JO 04.511 :"i5.44 .10 

.09 07. ~4 52. 77 
• 119 

.08 09. 91 
'"· 09 

• 08 

. 07 12. 1'9 47. 41 
. 07 

• ()6 15. 27 44. 7:1 
,()(j 

,O!'i 
17. 95 4!!. Oft 

. 05 

. 04 !.,>{}, 62 39 .. 38 
. 114 

• (13 23. :io :l6. 70 : .o:I I 

.02 25. 9H :t4. o~ 
. O!?, 

.Ill 28. 65 ~1. a4 . 01 

-.00 : +.oo 
1 2 30. 00 30. Oil 
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The tabulation of the actual run, r, of the microscope-micrometers through a series of observa
tions at a station indicates whether any change has taken place in the value of the run from some 
known or unknown cause. If this change is establisliell, the mean values of the run must be taken 
for the different periods when the microscope-micrometers were supposed to be under the same 
conditions. For example, it is evident, from au inspection of the following tabulation of the 
actually observed run of the microscope-micrometers (each result being the mean of three microm
eters), at Station Northwest Yolo Base, tiiat througll some unexplained cause a change took 
place between numbers 42 and 4:l, and again bebw~en numbers 124 and 125; so that three values 
of the mean run fJ are nsed in the office reductions at this station. 

As the run was cleri\-ed from the mean of the readings of the three microscope-micrometers, 
A, B, and C, no clew is gi\•m1 by this tabulation for judging· whether one micrometer or more than 
one was affected. It would require the tabulation of the actual run for each microscope-micromet.er 
to establish which of them underwent change. of adjustment; but the labor of reduction would be 
doubled and nothing esseutial would be gained. 

TabulaUon of the micr01net1~r runs obs1Ti•ed at /Station N ortltwcst Yolo Base. Eacli reading i8 the mean 
of the three mwro.~co11e-micrometcr readings. 
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Tabulation of tke micrometer runs observed at station northwest Yolo Base-Continued. 

11~i:~-~i + - I + i- I+! - + - '+I - i + -=-+--= + -~---=-~=I~-~-¥'~ 
1-1-1-- --1-1-1---:-------i---- -- - -
1.4

1

1 

..... 8 1 .•.. j .11····1··-11.2
1 
.... 2 .... 21.3 .••.• 4 .... J.5 .4·.2 .o 

i .. 3 .... 1 ..•... :.oi .9:·-······1·2i ..... 5' ..•. il.Oi····'l.6 .. 3 ........ :.2 .31 ... 4 .•.. 1.1 
I 81 4 I ! 2 c. I 4 . : 4 I 3 . 2 2 I 2 .1 ........• 8 

di ·1!1;1_·~iE1:i''·;:1· ::~ : ::' :::: :< : . : •••····· 
1-· I... ,., 1 .. ..1. ..... 1 ...... t • "' i-········1 ··, ·"····'°' :.... .• ..... .• ... . ... .. .. ···'1· ... . 
;l. 7 I"'.. 1. 3 : .•. · 11 • 2 I" ...... ,l. 2 I • 1 .' .....••. I • 3 

1
., • 6 .......... I . 1 . • • . . 7 : . 2 .••. : • 2 .... · .. 9 . . . . .. " .. . 

' I : ' ' I \ ' j 
.• 41 .... .41 .......... 

1

.6 ..... 01 .••. ;1.o .6 ..... 1
1 
••••• 3 ........ 1.2 .6 ..... 5 ..... 5 1 .... : .. . 

1 ·6i···11.91·····1······ .0 ... I .41 .. --: .0 .... 5 .. 6 .7 ..... 1.1 :· .8 .. G ..•.. 7 ····I .. 
:1.21 .•.. 1 1.4 .•. 1 •.•••. 1.8 ····1 ·5 I •••• : .8 I ••••• 7 I .9 ..•...... 3 .... 3 ,4 .•.. ,7 1.1 ··· 1· 
'1~~}-j_~~l~·· i····· I ·7 .1 ..... ] ... 

1
1.1 ..... 4 ,1.1 I ___ .-_2 ____ .3 ·---~--~.....:_-_-~~-·· __ 

d 
Noa. 1 to 42: [/-bl= - 6.8: n= 42 .·. p=-0.162 

d 
Nos. 34 to 120 : (/--0 ]= + 87.4: n=78 ". p= + 1.120 

d 
Nos.121to716: [J--0]=-31.7: n=595 ·" p=-0.053 

Table of tlie corrections for the "run of 1nicrosco11e niicrometers": D = 300". 
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[When the mean r•ading mi• found at the top of the table, the correction tom is "- when b ~J. When found at the bottom, the correctlon to 
mis + when b ~/.] 

-----------------------·-------- ····---~------·-----·-------

Q' I 1' 2' 

b-f. I I I ' I 1---, ---1--1--,-- - -- ,-, -1·---~-I I ' ' I I 

-1o~!w"llluj2~~·l30•l35u•w4~• 1 ~u100•05•wn•~:20•25•w M· 1 ~~50"~1•••u•1~20·'~• 1 30• 
-:;- - 1-1--,-1-:-1-1 -:--- -/-·· ;- -f-· r-1- - - :-:-!- __ , __ I ---!-1-i-1--
0.1 .osJ .osi .05

1

.04 .04 .04\' .04 .04, .04 .04 .03i .031 .031 .03
1 

.03
1

.02 .02 .02 .02 .02 .02, .01 1 .01 .01 .-01 .01 .01 1 .oo .001 .oo .oo 
o. 2 .10 .10 • 09 • 00

1
· • 09 • 08 • 05\ • 08 • o7 . 01 . rn . 061

1

' . 001. 06' . os
1 

. osj . 051 . 04 . 04
1 

• 041 . oai . oa/ . 03 . 02
1 

. 02 . 02 • 01; . 01 • 011 . oo . oo 
I ' l I I I I l I I I ' 

0. 3 • 15 .14 • H . 131 • 13 . 121 . 121 . 11 . 11 .10 . 10 . 09 . Olli . 081 . 08[ . 071 . 111
1 

• 06 . 06 . 051 . 05 . 04 . 04 . 03 . 031 . 02 • 02: . 01 . 01: . 00 , 00 

o. 4 . 20 .19 • 19i . 181 . 11: .17, .16 .• 15 .15 .14 . 13 .131 . 12! .111 . 111 .10, . 091 • 09
1 

. 08: . 011 • 07: . 06 .. 05, • 05j • 04\ • 03; • 031 • 02 . 01/ • 01: • oo 
o.s .25 .24 .23i .22

1

· .221.211
1

.201

1

.19 .1s .18 .11 .101 .15; .141
1 

.rn[ .121.12! .111 .10
1 

.09: .08
1

.01,
1 

.o7 .06j .os1 .04 .oa
1

.021 .02'

1

.01
1

' .oo 
' I I : I I ! ' ' I ! ' i ' I ' ~6 .30.29.~.m.26.~.~-~.22.n.20.~.~-~-H.l5.~.m.~.11.~.09·~·~·~·~·~···~-~.oo 

~7 ·•·~·~·321···~·~·~·•1·24·~·22·~·~·~·9·~-1~.~-~.w.w.•.•.rn.oo.04.~.021.m.oo 
0.8 .4() .391 ,37· .36 .351.3-11 .32111 .31 .29 .28/ .27, .25 .24, .231 .211.20 .191 .17 .16 .15 .13 .12 .11 .09 .08 .111 .05 .04

1 

.03 .011.00 
I ' I . I I j I I I 

o.9 • .a .44 .42 .40
1

.39
1

.38
1

.36
11

.34 .33 .321.3o1.28 •• 21
1
.2s:.24i.22 .21

1

.191.18 .16
1

.1s, .13 .12 .10
1

.09
1

.01 .06
1

.04 .oa .02

1

.00 
l.o .50 .48 .47 .'5, .431 .42

1
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APPENDIX No. 9. 

CONNECTION AT LAKE ONTAHIO OF THE PlUMAiff TIUANGTJLATION OF THE COAST AND GEODETIC 
Sl~RVEY WITH THAT OF THJ;; LAKE SUlffEY. 

Observation"' by CHARLES 0. BOUTELLE, A"'"'i'"'tant. 

Dif'cnssion by CHART .. ES A. RCHOTT, As"i"'tant. 

lTNITED STATES COAST AND GEODETrn SURVEY OFFICE, 

Waskinpton, Jlarch 2'i, 1884. 

Sm: l have the honor to forward with this letter, the report of the computing dfrisiou 011 the 
connection between tlw respectfre triangulations of the Coast and Geodetic S111Tey and tile J,ake 
Survey at Lake Ontario. The close agreement showu between t11ese two e11tirely imlPpt>ndent 
Rystems of surveyti is highl.Y grati(dng, and adds largely to tlw rapid!,\· hJCreasing nrn!'ls of data 
bearing on the true dirnei1siou and figure Qf tliat part of t!Je <'arth con•red hy geodetic ope.rations 
in this country. 

Yon rs, reHpectfully, 

Prof. J. E. HILGARD, 

C. 0. BOUTEI,LE, 
Assi.~tant in charge of O.Uicc. 

Superintendent United State11 Coa$t and Geodetic Ruri·ey. 

COAST AND GEODETIC SFRVEY OFFICE, 

Computing IHrision, 1lforc/t 27, 1884. 
DEAR Sr&: The otlice computation of the triangulation connecting Lakes Uhamplain and 

Onatrio has just been completed by J\Ir. Doolittle. The rapidity and correctness with which the 
work was executed are very creditable to the computer. The following results, comparisons, and 
remarks are respectfully submitted. 

The total development is about mo statute miles, and all needful particulars about the stations 
are shown on the accompanying triangulation sketch. (See plate No. 20.) 

The horizontal directions at each station were adjusted as mmal; the probable error of an 
observation of a direction• (consisting of pointing and reading, telescope D, and pointing and 
reading, telescope R) comes out as follows: 

Station. 

ProBpect 
Helderberg 
Mount Hamilton 
Otsego 

Tassel 
Pen MouDtain 
Fenner 

l'robablo 
error. Station. 

F}QreDOO. 

I~oornis. 

Howlett. 
O.wego. 
Victory. 
Clsde. 

0. r;~ 

0.8Q 

0.63 

0.60 

O.M 

All Jne8"nros were taken with the 20-inch (50 cm.) Wiirtlemann-Lingke 
thoo<lolite C. S., No. 113. 

*Determined by e1= /~~5§..~fZS~- where n=numberof observations, 8=number of 11erie1t, d= mimbcr of directions. 
"Jn-..i-d+l 

3H7 



 

388 UNITED STATES COAST AND GEODETIC SURVEY. 

The average value of e, is::!: 0".64 This invokes 12 divisions of the circle. At Mount Ham
ilton two station adjustments were made, one with the direction to Pen Mountain without dis
tinction as to day or night-measures, the other splitting the direction in two; one for night, the 
other for day. The results are shown in the following table: 

Sttmma1'!/ of resulting directions at Mount Hamilton. 

Directions. F . t •·t' _,. t t Second station I H's s .... IOnau.JUS men.. adjustment. i Remark. 

Mark 
Prospect 

Helder berg 
Otsego 

Tassel 

0 

101 

174 

214 
249 

00 

52 

50 

56 

39 

00. 000± o. 082 

05. 357 .134 

31. 735 .131 
25.123 .138 

02. 725 .146 

00. 000 ± o. 072 Having in second 
05. 365 .129 adjustment intro· 

duced one more. 
31. 536 .112 unknown quan· 
24. 936 .128 titv to be deter· 

milled. tbe proba· 
02. 888 .154 ble errors on the 

average must be 02. 970 .291 
280 53 04. 712' • 332 smaller. 

06. 645 
• { nigbt } Pen Mountaw. 

day .354 

/:;= 3.675 

By request ot the observer no use was made of the resulting direction from day measures in 
the present figure adjustment, but the value• had been used in the first office adjustment then 
terminating with the line Pen Mountain to Tassel.t The difference in the two adjustments for the 
observed direction is 1".742, by which amount (nearly) each of the two ·triangles Pen Mountain, 
Mount Hamilton, Otsego and Pen Mountain, Mount Hamilton, Tassel are improved in the sum of 
their angles; the side equation involved is also improved. The present adjustment gives but the 
trifling correction of -0".061 to the observed night-direction. Between the sides Prospect-Hel
derberg and Oswego-Sodus there are 4 quadrilaterals with a pentagon including a quadrilareral, 
giving rise to 24 conditions; these were satisfied by application of the method of least squares. 

No notice was taken of the direction Loomis to Mannsville. 
The triangulation of the United States Lake Survey joins that of the Coast and Geodetic Sur

vey in a figure around the central station Victory. The adjusted triangles of the Lake Survey, 
which connect the Sandy Creek base with the line Sodus-Oswego, selected to show the closeness 
of agreement, were verified and recomputed. We have the following comparisons: 

Log distance I D" ta c 

Coast and Geodetic Survey. 
Lake Survey. 

Sodus-Oswego.

1 

~~ .. e. 

4. 7098864 51249. 12 

4. 7096782 1--.::~ 

DiJference. 82 I u1 

or nh:r of the length, a satisfactory agreement. 

The discord between the Buffalo base and the Sandy Creek base, as distributed in the Lake 
Survey, diminishes the above difference of 82 to 75. For the shorter interior sides Victory-Oswego 
and Clyde-Viet-Ory we have, respectively: 

--------1-~~-~~tan:-T~i d~:~°" I 
\ Victory Oswego. I Cly e-Victory. \ 

--- ----1 1-----------1 
Coast and Geodetic SuITey. 4. 416847a ! 4. 4471660 I 
Lake Survey. 4. 41118'18 4. 4471567 I 
Difference. :----55j 103 1 

--·--··--------... -- ·-~--L. _________ I 
-~---------- -·- --·-----·- ·--------·-------------- - .. -------------~------·----- - - -----------~---- ---- ___ ,, ________ _ 

tThe use of the combined measures, generally followed by me, but subject to modifieat.ion in special cases, is 
based upon the hypothesis that lateral refraction is referable to undue beating of a part of the ground (bare) oloee to 
and over which the line passes comparatively near to the observing sta.tion, and that consequently the opposite effect 
may be expected at night from undue cooling (radiation) of the same ground; now observations are not generally 
made either during the day or during the night about the t.imes of maxim nm disturbing effect, so that it may reasonably 
be supposed that compensation takes place only partly. During cloudy days the phenomenon is supposed to disappear 
and to reach a maximum during clear weather. The time of change from one curvature into the opposite one may 
take place in the early night holll'S. Unequal distribution of aqueous vapor may also contribute to the phenomerum• 
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The linear comparison first giYen, wheu expressed in a familiar form, amotmh; to HI millimeters 
per kilometer (or to l.2 inches per statute mile). 

The United States Lake Sun·ey triangulation is developed 011 1be Ularke spheroid of 18G~i 
(same as ours), hence direct comparisons can lJe made lJetween the resultl'i of the two snrniys: 

Sodus. OsW<'go. 

Coast and Geodetic Survey. 4;; 14 13. i24 i7 04 43. 628 43 26 3i. 313 76 30 49. 281 

Lake Survey. 43 H 1:1. 74 77 04 44. 74 43 26 37. 28 76 30 50. 41 

Difference. --0. 02 -1.11 -+ 0. 03 -1.l:l 

Which shows that the Lake Survey standard ,·alues for q10 and ;\ 0 agree well with our standard 
values. 

SoduR to Oswego. 

a1 

Coast and Geodetic Surve_,._ 243 12 ~l. 401 63 35 :17. 616 
I,ake SurYe;L 248 I~ 26. 58 6:3 35 42. 81 

Difference. ·-5.18 -5.16 

This azimuth comparison is less favorable than the position comparisoll, ~·et the correction to the 
triangulation would be small if we were to adjust distance and azimuth and have 26 in the plae of 
24 conditions. 

The following is added as further iilustrnting tlw character of the work. The mean error 111 

of an angle is frequently employed as a characteristic of accuracy of the angular mea1rnres of a 
triangulation. Supposing the directions obsern~d at each station adjmited (Bessel's method), thPn 
the additional corrections demanded hy the subsequent figure adjustment will giYe a Yalue of 111, 

viz: 

where :Sec = sum of squares of corrections to directions and ne = nnmher of conditions iu the 
figure, or we may use with sufficient accuracy 

J
<)··· 

m=l. 253 .::_ .~(c) 
ns 

where :S(c) =sum of corrections without regarcl to sign, n =number of conditions and s =number 
of directions in the figure. 

In our case we have with n0 = n = 24 ands= 60 the values m = :I: 011.986 and m = ± W'.!l5 
by the first and second formula, respectively."' 

We may also note tlu~ result that of the 23 triangles the closing error is 15 timeR positive -and 
but 8 times negative. This may be accidental. The four greatest closing errors are +2".854, 
-211.481, +2".443, aad -2".223 The three greatest corrections to a direction arc +1".07'9 
(Prospect to Otsego), - 11.907 (Olyde to Victory), and -0".801 (Flore11ce to Howlett). 

The positions of 12 new principal and of 20 subordinate points ha,·e been inserted in the 
regist.ers. 

*For comparison: "Horllel!boe" triangulation iu Pennsylvania, m = ± l''.75 (iu my report t>f Augu~t Hi, l&l:I, 
the probable error corresponding to this mean error ha.d boon given) i Bessel's Gradmes1rnug 111=±0".77 (as stated 
by Jordan); British Ord. Sur., 1n = ± :.J".21 (IMI stated by Jordan). 
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In connection with the Champlain-Ontario branch triangulation, it may be remarked that the 
country between its western part, where the Pamplico-Chesapeake are of the meridian intersects 
it, and the Pennsylvania line has already been reconnoitered by the New York State Suryey. 

Having seen red a satisfactory junction with the Lake Survey, we may ad Yance a step fortlier, 
as shown in the following preliminary comparison: 

Junction of triangulations in Illinois of the Coast and Geodetfo Survey tmnscontinenta.l triangt1la tion 
(through Assistant Fair.field's .field computation) a.rul the Lake S1tney arc of the meridian, vicinity 
of the Olney base. 

Claremont. Denver to Claremont. 

~I 

Coast. a.nd GPodetic SurY"e~· 

, Lake Snrvoy 

38 46 22. 75 88 12 41. 91 38 4fi :l3. 33 87 59 39. 02 274 32 30. 3 94 40 4U. 5 

38 4fl 18. 16 88 12 41. 38 ~8 45 28. 75 87 59 41. 54 274 32 26. 8 94 40 37. 0 

Difference t-3. 5 

These rough comparisons are quite satisfactory, aJl(l in particnlar the longitudinal differ«nce, 
which is of great· irnportanee in our own line; it may he reduced to - l".4 b,,- applying the cor
rection found at Oswego. The spheroid emplo;yed in both survess appears to amrwcr for tltis 
western region. 

Our knowledge of the western boundary line of Pennsylvania, which is connected with tl1e 
Lake Survey, will also he impro\'ed, since a comparison of geodetic aurl astronomical lougitudes 
may now be made by the Boundary Commission. 

Yours, respectfully, 

C. 0. BOUTELLE, Esq., 
Ass-istant, in charge Office and Topography. 

CHAS. A. SCHOTT, 
Assistant, in cha.rge Computing Division. 
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ArPENDIX No. 10. 

HEl'iliLTS OF A TRIGDXOMETJUCAL DETElDIINATIOl'i OF THE HEIGHTS OF THE RTATIIJXS FORMIXG 
TJIE DA"\rmso;-; (/f'ADUJLATEJ:ALS. CALIFORNIA. 

Oh"Pl'Yation" hy C:i-EOHG:E~ DA \"IDSOX. A>'>'istant. 1870-18'-':2. 

T)i>-'<"ll>-'>-'ion hy CHAI~l.}<;:c; A .. SC'l·I.O'l'T • .;-).,.,sii'en1t. 1884 •. 

COAST AND CEODETIC SURVEY OFFICE, 

Computing Dfrision, October 14, 1884. 
Tl tis trig-rn1ometrical <1Pterminatio11 of heig·ltts is hasP(l upon stations connected by spirit-lerel 

win1 the <lYPrag-e or llalf-ti11P ;,;nrf'ac<> of the ocean. Up to date the heights of four" of the trigo· 
110111etrical points lJaye ht>e11 <letermined by <lireet leYeling from thP ocean; tlw;y are: 

ilontheasr. Yoln Ba"' a howo bal f-till<> level of the ocean __________ . _____ . __ .. _ _ _ _. _ _ _ _ _ _ 21. (;(j 
Northwest Yolo Base ____ -- _________ --- _______________ ..... _ .......... ___ .. ___ . _____ .. _ 46. 66 
.\lount, lliahln _____ . ______ ... -·-. _______ . ______ ... ___ ......... ____ .. ___ . __ . __ . __ .... __ 117:1.10 
Hm-iR~l,ni11tai.11 ·- _ --· ___ . __ ·-- ___ . _____ .. _______ ........... __ . ___ . _____ .... __ ...... -----· ti72. 2:.~ 

Tlw height;,; of the otlH•r trigonometrical statiomd aho\·c the twcrage sea level depend ou 
rneasnrei:; of zenith di;,;tances and are based upon the auo,·e stations whose elevations had hecome 
known b.r ;,;pirit leYcliug. 

The large ~calP upon which the geodetic work is being carried out in the central part of Cali
fornia, the pecnliarit,\ ot' the climate nf this part of the fltate and our consequent impcrft>ct 
knowlt•dge of tlw atmosphPric rc>.fraction, conpl!:'tl with tl1t• fact that zenith distances were. ohsen·ed 
neai·l~- at all houri,; of the day between 8nnrise and sunset, and that no simultaneous reciprocal 
measures were tnken, reiulers tlw application of the ordiuar,v method of reduction somewhat 
hazardou;,; and ditlicnlt. 'l'o compute differences of heights np to 0000 mt>ters and inYolYing zenith 
<li;,;tances t11ken only at one eud of liues ao; great in length as 142 statute miles or 229 kilometers 
was heretofore hardly co11sidered a practical undertaking; yet we shall see from the :;uccess 
attained that onr former idem; as to the limiting range of useful applicaliility of the trigo110111drical 
method need to be considerably expanded. The possibility of compntiug the heights of the 
8tationR with the dPsirable <lt>gree of accuracy i;,; mainly tine to the exct>llPnt series of hourly and 
simultaneous reciprocal Iin1souwtric obsen·~itions made L.Y Assistant G. Davidson's part.r on 
Mount Diablo and at Marti11ez East, California, iu 1880. The measures were discussed at length b~
me aud publi;,;hed in Coast and Geodetic Survey Heport for 1883, Appendix No. 12. These ouser
vatious and results constitute a decided adYance iu geodetic hypsometry and tllcy have enabled 
me to giYe a practical test to the theory of refraction as presented by Dr. \V .• Jordan t by apply
ing· to it tbe rl'sults to the vertical measures of the primary triangulation of Central California. 

*See Coast and GPodetic Survey Report fo1· 1883, Appendix No. 12, p. 290, and Const anrl Geodetic Suney Ue
port. for 187ti, Appendix No. 16, p. 339. 

t For triangtilation sketch see Coast 11.nd Geodetic Survey Report for le84 plate No. 11"!. 
t First puhliHhcd in the A.stronomische Nachdchten No. 20'J5, nil. 88. pp. 99-108, Ma~·, 1876. Prof. C. Fearn

ley's contribution to the theory of terrestrial refraction appended t.o the proceedi11gs of the Seventh International 
Geodetic Coulerence at Rome, 1883, Berlin, 18~, was received too late for consideration in the present paper [Nov., 
1881.-Sch. -] 
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392 UNITED STATES COAST AND GEODETIC SURVEY. 

The theor;y itself starts from Laplace's differential equation to a ray of light passing through our 
atmosphere, and a,fter introlluci11g certitin simplifications for the purpose of adapting the expression 
to terrestrial refraction, tlie meteorological elements are iutrodnced by means of the expression of 
the ratio of density of t,he air at the upper and lower stations. Full use is made of the author's 
barometric fonnu1a, but the distinctive feature of the method lies in the direct introduction of 
the law of deerease of atmospheric temperature with altitude-all of which bas been referred to in 
Appendix No. l~, Report for 1883 (pp. :308-313.) 

In the absence of simultaneous reciprocal mear;ures of zenith distances we are obliged to 
procure in some way suitable values for the coefficient of refraction; even were such observations 
available, the knowledge of this coefficient could only be dispensed with in the computation for 
differences of heights under certain restrictions, viz, we have to assume its value to be the same 
at the upper and at the lower station and take the path of the pencil of light to be part of an arc 
of a circle. 

It wonkl therefore appear preferable in all cases to secure hy the best means at our command 
such values of the coefficient as will be most consisteut with or conform most nearly to the actual 
state of the atmosphere at iiie time. 111 case of reciprocal or double measures, simultaneous or 
not, we shall obtain two independent \·alues for the difference of heights, viz, h2-h1 and h1 -h., the 
weighted mean of which results rua;r be taken for the final value Le. h. 

To introduce the results of the Mount Diablo and Martinez East observations, or of ,;;imilar 
observations at Hound Top and Jackson Butte, Cal., antl to accommodate Jordan's formul::e to 
practical computation applicable to the particular region under consideration, we proceed as 
follows: 

PuWng the minor terms with the factor 18400 occurring in the author's formula for the com
putation of heights from barometric measures, viz, 

18400 ( 1 + . 377 ;) (1 + . 002573 cos 2 <p) ( 1 + 
2 ~) 

equal to K, so that the complete formula for the difference of height would read• 

6 h = K log:, (1+.003665 t) 

'fht~ \'alue of K and consequently also tllat of MK, where M is the logarithmic modulus, may be 
taken as eoustaut for au,y limited region under the same climatic conditions. For Central Uali· 

foruia we may put for the mean vapor pressure in the ratio; the value e = 7.5 millimeters 

and corresponding to it the mean atmospheric pressure = 750 millimeters (or for an;}" higher level 
. 5.5) e 1 . we may use tl1e ratio 550 ; hence we take p = IOU' we put 'P or the average latitude equal to 

390, then for variomi average altitudes H = ~ t_hi we find K with log M = 9.63778 and r = 6371000 

meters, which is very nearly the radius of a sphere, having about the same surface and volume 
as the earth, considered as a spheroid of the dimensions m~signed by Clarke. 

"\Vith sufficient accuracy for our purpose, we may take log MK = 3.9046 or use the tabul~r 
valnt>s be1ow. 

,,., 
; Ji'or H = 500 Log ,M K = 3. 00453 

1000 6Q 

2000 \ 74. 

3000 i 88 

*Appendix No. 12, Coast and Geodetic Survey Report for 188'J, p. 305. 
t One minute of arc on the surface of snch a sphere is 1853m.248 in the ca.se of surface ·equality and 1863111.246 

in the case of volnme equality. Hence, log f' = 6.804207'Z 
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'l'he coefiieit>nt of re¥~wtiou m is given b;\· the expression: 

c P ('1 - cT ) 
2 m = k = 1 + c T MK - T f r (1) 

.00029286 
'Vhere c = a constant = 760 benc<i log c = 3.58585 - 10, :11111 t = a constant = .oo;rno;; 

P = atmospheric vressure iu millimeters (mercurial column rt:'1lueetl to tempt'ratun· (p U), 
T = atmospheric tem11erature in centigrade dPgrees, 

d'l' 
r = d h nearly, it imlii.:ates the aYerage rate of elrnuge in tlil' temperature of tlw air fo1· a 

ginm rise iu altitu1le. The following Yalues of r for e\·er,Y hour of the 1h1,,· and for a l'iHe of 
17 11 = 1 mas resulting from the 1\lou11t Diahlo-Martinez Ear;t ohr;ervution,; an· take11 from Tallll' 
XXI, p. 311, of the appendix referred to abow•. Tbe,Y are: 

----------------- ------~- -~--. " 

Hour. 
Ti - 71 

r obi:;ervecl. Hour. 
Ti+ T1 

T ohl"l.erved. ? T -

6 a. m. -· . 0003 + . 0013 111. ru . + . 0056 . 004'.? 

7 a.UL • 0002 15 2 p. rn. 64 53 

8 a. rn. + . 0008 12 3p.m. 6::! 6~ 

Ha. UL . 0014 11 4p.m. tH 61 

10 a. rn. . 002:_{ 11 5p.m . 55 6'.! 

II a.m. '0038 17 6p.rn. 37 flG 

Noon. + . 0048 +0032 7 }J. ill. +.0020 -T. U04a 
--- -- --- -··------

where the yalues of r firnt given are meau Yalues for the strata of air immediatel:; above thP 
upper aud lower statious and the second set of values of r are those answering directly to tlu• 

. . l 1• 1 . . t f . T-Ti F h ohsern"d ratio for tie wuo e mtervenmg stra um o air or to 
6 

h · 'or t e present application 

llrefereuce is giveu to the second set of Yalues. 

. er 1-tT 
Pnttmg 1 + c T = .f and ··· J\f.K- = !J 

the factors f and g can he tabulated for the argument T, aud we have for the com1mtatiou of tht> 
coeflicieut of refraction the convenient form: 

2 1n = k = j p (g - T e) ('.?) 

For the difference of height the usual expression has been expanded• to 

. ( h + lt1) ~ 1 - 2 m z ( h + h1 ) 2 cl - 2 111)2 " ,, h1 .-h=Llh=s l+ '>-- cot,,+ ·- 2. -- s l+ ., + --,, - s·'cot.,, 
..,p P '-'P , -P 

( 
h. + "!) ( 1 - 2 lll ) • Derive<l from the equation h1-h= 6 h =8 l -:- -Zp- cot (- --- 2 · if; <lirPdly fro111 tl1t· g-eo111etri .. al 

conditionR. 1 t 
8 d d l . ( 1 - 2 ' 11 

) • ' Putting tho aug eat .he center V' = p an m·e oprng cot \ - · '2p ·' mto a snws, W<' ]111\·<>.: 

( 
1-2111 ) 1-2111 

cot ~- ·z:pB =cott,:+ -;;,(;-· 
8 (1 - 2 Iii) ' 8 2 

C08 
sin'~·+ - 2p . sfii" ~ + . . . . 

and with sin'{--' 1 

( h+h,)· [ 1-2111 (l-2m)' h1 - h = s 1 + --2µ- _ cot t; + ip + - 2P · B' cot ; . . J 
( 11+11,) 1-2m ( h-1 h')' (1-2"')'" . 

h1 - 1i = s 1 + Zp - cot ( + 2/) •' 1 + '2{J + '2p -" eot' 

H. Ex. 43--50 
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Auxiliary tables. • 

Local hour. 

6a.m. 

G.5 a. m. 

7 a.UL 

7.5 a. m. 
8 a.m. 
8.5a.ru. 
9 a.m. 

9.5 u.m. 

10 a.m. 
10.5 u..m. 
11 a..m. 

ll.5 a. Ill. 
Noon. 
O.fip.m. 

lp.m. 

1.5 p. rn. 
2p.m. 

2.5 p. Ill. 

3p.w. 

3.5p.m. 

4p.m. 
4.5p.m. 

5p.m. 

5.5p.m. 

6p.m. 

6.5p.m. 

FromMonnt 
DiabloMar
tinez East 
series. 

______ , 
+.ooo 0048 

0051 

0055 

0050 

0014 

0042 

0040 

0040 

0040 

0051 

0062 

0090 

+. 000 0117 

0136 

0154 

0174 

0194 

0210 

0227 
0226 

0224 

0224 

0224 
0213 

0202 

0180 I 

I 

From--~~~ -~f-i--·------~------

Monnt Diahlo, 
Martinez East 
and Round T 
Top Jackson 
llntte series. 

!I 

+. 000 0134 

0138 

0142 

0142 

0143 

0138 

0134 

0135 

0135 

0142 

0149 

0163 

+. 000 0177 

0189 

0200 

021:! 

0226 

0235 

0244 

0243 

0242 

0241 

0240 

0232 
OZM 
0211 

! 0 0 c . 000 1246 

1241 

1237 

1232 

4 1228 

1223 

1218 

1214 

1209 

1204 

10 I • 000 1200 

11 1195 

12 

13 
14 

i 15 

16 

17 

1191 

1186 

1182 

1177 

1173 

1168 

18 1164 

19 1159 

20 ' • 000 1155 

21 1150 

22 1146 

23 1141 

24 1137 

25 1132 

Log.f. 

0. 3904 

888 

872 

856 

SH 
825 

810 

794 

779 
763 

o. 3748 

733 
718 

702 

687 
672 

657 

642 

627 
612 

7p.m. +.000 0158 I +.ooo 0197 26 1128 

o. 3597 

582 

567 

052 

538 

523 

508 

494 

480 

465 

( 
h + h1) Log. 1+2p· · 

lUO 

. 00001 

07 08 

14 15 

21 22 

28 29 

35 36 

00 

16 

22 

29 

36 

l 27 1123 

23 1118 

29 lll4 l 
30 . 000 1109 

31 1104 

32 I 1100 

a3 I loos I 
~I 

34': 10111 

35. i 1086 
!"I 

0. 3451 

437 

423 

408 

. 394 

380 

Argument h_11'i with p = 6 371 000 m. 

400 

• 00003 
10 

16 

2ll 
30 
37 

500 -----6:-- - 700 -~ I 900 

-----1------- - --!--\--
• 00003 '·' • 00004 • 00005 • 00005

12 
I! . 00000

18 10 ! 11 12 
H R R » ~ 

u I ~ ~ ~ i ~ 
ail· a2 a2 331 
37f 38 39 39 

l 

83 

40 



 

UNIT.ED STATES COAST AND GEODETIC SURVEY. 395 

log p. 

Middlelatitude. 380 390 400 

Meridian 6. &0342 6. 80350 6. 80357 
a=50 344 351 359 

10 348 355 : 36'.! 

15 355 362 : 36H 

20 3f>4 371 378 

25 375 382 388 

30 388 394 401 

35 402 408 4H 

40 418 423 4~9 

45 434 439 444 
50 450 454 459 

.~5 465 469 474 

60 480 484 487 

65 493 496 500 

70 504 507 510 

75 513 516 519 

80 520 523 525 

85 524 527 529 
Perpendicular ! 526 528 531 

In case of simultaneous reciprocal zenith distances at the termini of a line, we h:we for the 
lower and upper stations respectively : 

2m1=k1=f; P1 (g1-T1 c) 

and compute the coefficients of refraction from 

hence, difference of' heights 

where s0 cciuals the horizontal di11t~uce at the middle height of the 1'tatio11i-;. It. i1,o; ohvious that 
for one-sided zenith distance8 the pressure P aml temperature T could he d1•1luce1l apprnxi111at1·ly 
for the opposite station hy means of a knowledge of an approximate \"alue for ::oh, which may lw 
found with sufficient accurac~· by 

6'1=18400 log ; 1 (1 + .003665 t) 
• 

where Tis found bJ' means of the values of r and the observed tern1Hm1turn at the occupi(•<l xta
tion, whence t, which is the mean of the two temperatures; the valuex of 111 1 and 111 11 rna,v th(•n he 
employed in pref'ereuoo to m. The utility of this proceeding may be considCI·ed as depcndi11g ou 
special circumstances; it has not been employed in the present investigation . 

.ABS'l'RACT OF RESULTING VER'l'ICAL MEASURES AND COMPUTATION OF HEIGHTS O:F S'l'.ATIONS 

FORMING THE DAVIDSON QUADRILATERALS, CALIFORNIA. 

The stations are as follows: Soutbea~t Yolo Ba1<e, Northwest Yolo Fase, Monticello, Vaca, .Mouut 
Diablo, Monot Helena, Mount Tamalpais, Ross Mountain, Mount Lola and Round Top. 'l'here are 
also two intermediate, as yet unoccupied statious, viz, Pine Hill and Marysville Butte, am.I there is 
Jackson Butte used for bypsometric observations in connection with Round Top-these are usefaJ 
stations in the adjustment of heights and will therefore be included in our discussion. 
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111 order to reuder tl1h; account of tl1e determinations of heights as u;;eful aH possible, it is 
propm;ed to gin1 first a Hpecirnen of vart of the record, also isiwt.:imens of abstracts of n·.;;ult.8; next 
a statement of the reduced measures and computed ditforences of heights, and finally their least 
square adjnstmen t. 

Specfoien of record. 

DOUBLE ZENITH DISTANCES. 

!Station, Vaca (eccentric*). Date. Welluef!day, ~o>emher 3. 1880. Observer. E. F. Dickinfl- (G. Davidson in charp;c of party~. Instru· 
ment, 25 cm. Gambey Verticul Circle,! C. S. Nu. 80.] · 

"Jbject ol1servt>d. 

Soutlu·ast Yolo Ba8e, 
::\. ~ ·m --d. m-sf __ 

Sonth('ast Yolo Bas". 
N.: m-d.111-st. __ 

Soutln·ast Yolo BRse, 

~.: 1n-d.m-~·t ... 

p. fll. 
4li 2fi'" 

Level. 

O. E. 

IU'.1 JO'. 5 

9. 2 11. 3 

10.G 10. 0 

9. 0 12. 0 

R 

r .A 
j 11 

t~ 

Circle. 

o0 00' 15'1 l 
~~ J 

f .A.18R041' 12" j 
R J:B 06 l 
J, ,1~ ~ J 

, r.A. 170 21' 57" • 1 
:B 42 i~ 

1 C 3C •j 
[D 36 . 

It 

:Mean. 

0911
• 7 

04'1• fj 

4211 • 7 

Zenith distance. Remarks. 

Instrument adjusted before 
beginnin~ olu1ervationR. Tlu~ 
ve.rnforFl rc~.itd to 311 . One di
-vision of le't'el scale =3". 84 
Observations taken in seta of 
3 repetitions of the double 
zenith distance, first poiutiu~ 
alwayR wlth vertical circJe to 
the ri~ht (RJ, level• are read 

910 26, 49.1'': ~~!~~hfi{:l'_and last pointing 

Level r.orrectiou.+ 2. 4 ; in. 
51. 5 Barometric pressure, 27. {)7 

op. 
,' Attached tbermometer, 71. 1 

910 26' 46. 4" Dry-lmlh thermometer, 64. 8 
Level correction,+ Z. 3 , Wet-bnlli thermometer, 51. o 

48. 7 : Wind. north west. fresh. 

•Vertical angle pier S 60 02' E and 15m. 9 distant from center ofstation (8). 
t .Axis of tele•cop" 1 m. 310 above copper bolt of Rtation Vaca 8. 
~ Ile-Hot.rope JOm. 515 above&:,,. of southeast base. 

Specimen of abstract of resulting daily measures of the zenith distance of the same object. 
[Station Vaca, eccentric. Obaer\"ed zenith distances of station southeast Yolo Dase.] 

-~~ 
::i 

Zenith distance._ .,., :e 
~ Date. -&§ 

..E: 
::: -~--~-------~----------

.0 s ~~ >. ;; First 
i Second l:M 

" .5., i:i l:l: measure. 

:::-_:_~~ -=~~-~ -<l:;l 
~----- --

1880. DF. OF. OJ<'. 0 ' " i II \' II 

: Noveml,er 3,p.m. 71.1 64.8 51. 0 91 26 51. 5 ! 48. 7: 50, 1 

2) Novemher 4,p. m. 66. 7 65.2 45. 9 47. 6 ' 47. 8 ; 47. 7 

3 November 5, p.m. . 77 76. 9 70. 6 51. 3 ' 55. o I 52. 8 ! 53.11 

4 November 6,p.m. 2 04 .78 75. 9 69.1 52.4 : 50.6 i 53. 5 i; 52.0 

5 NoT"ember 7, p.m, 1 51 . 72 81. 5 70.4 55.1 i 34. 0 ' U.9 i! 37.9 

6 November 8,p.m. 1 48 .66 oo. 3 63. 0 42.4 53. o I 52. 0 :' 52.5 

7 No\"emher 9, p. m. 1 46 .65 74. 5 64.2 53.1 ' 53. 7 i 52. 9 ,, sa. 3 

No\"ember 10, p. m. l 53 I • 71 62. 0 : 53.6 40. 0 i 52.1 I 51.1 l 51.6 

9 i November 11, p. m. ] 54 I . 73 57. 9 51.1 37. 3 51.2 : 52.6 i 51. 9 

j JO ' November 24. p. m. 
I 

.58 51. 0 ' 45.8 34. 0 i 51, 8 51.0 3 00 : 50. 2 i 

L _______ --------
---- .. - _,. ___ 

Mean, by days, 68. 4 61. 8 46. 2 91° 26' 50.2 

At this station (Vaca) there were eight such objects observed as above. 
The next step is to compute the following quantities required in the reduction, viz: 
1. The eccentric distances, between the vertical circle and the heliotrope at the distant sta

tion. This is effected with all needful accuracy by letting fall a perpendicular from the eccentric 
station occupied to the li11e centrally joining the two stations. The distance and azimuth of the 
eccentricity being known, as well as the azimuth of the line, the distance of this foot-point from 
the central station b is added or subtracted (as the case. may be) from the horiwntal distances 
between the stations, as given by triangulation. Thus, the distance s. from eccentric station A 
to heliotrope at B is not the same as s. between the eccentric station B and the heliotrope at A. 

It will be found convenient to make use of the formula. log (s+ .6B)=log s+M.D..s, very nearly. 
If 
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2. 'l'he observed zenith distances are re1lnced to the ground or station mark '"'',i.e., for height 
of vt>rtical circle above this point; and they are also reduced to the station mark at the d1M:rnt ,.;ta
tion, i.e., for height of heliotrope above that mark. 

~-1. By means of tables the mean values of the readings of the mercurial barometer are reduced 
to the freezing temperature, and the resulting height of the column is converted into millimeters; 
the mean temperature of the air is expressed in centigrade degrceH. The effect of diiforencti of 
moisture am] of variation of gravity at any two connected stations may be neglected in the present 
application. 

4. To the above quantities is added the mean value of re taken from the table ~itl1 t11e argu
ment time of da;r; thus, for the above example we haw the ten Yalnes 10' ET=224, 225, lSI, 1!16 
190, 190, 190, 194, 194, 22i; meau, 201. For the stations east of Mount Diablo the second table for 
107 n has been used, also for the Ross Mountain cmmection. The \·alnes of p are likewise talrn
lated; argument, mean la ti tu de and azimuth. 

'Ve have the following abstracti;i of resulting data for computatiou of heights: 

Abstmct.~ of rC11ulting zmiitli distances and of other data for the computation of heights iiwolved in the 
Davidson quadrilaterals. 

[Sou!Mast Yolo BaJte. August, lSRO. Vertical Circle :Ko. 80.] 

------------- --------..... .,-0 o"' ; ..... Observed ·~ ... 
;~ :,: +"I~ • 

Object obsen-ed. zenith ~ ...... <a Rf".duced ;. ' J'. T. 107 f7, Log •e. 
'8" distance. ""O""' !;::i"O; --~ 0 iZ ~ 
.. __ I __ 

0 ' 0 ' m111. oc. 
Northwest Yolo Bas~ i 89 59 56.7 +14.6 90 00 11. 3 750 32. 2 229 4. 24:l~36 ' 

Mount Diablo '892153.7 -4.6 R9 21 49. l 7m1 33. 2 2'21 4. 8.19R04 

Marysville Butte 89 49 20. 4 -4.0 89 49 16, 4 751 32. 4 236 4. ~7570g 

Vaca : 88 46 02.0 -11.9 88 45 50. 1 751 3R 4 219 4. 477558 i 
8 Monticello 88 44 35. 0 '-10.4 88. 44 24. 0 750 32. i 219 4. 5iO:Jl3 ! 

------ -

[Nortkwut I'olo Ba••· August and September, 1$80. Vertical Circle No. 80.] 

10 I Vaca 
8 '.Pine Hill 

J J .

1

, Marysville Butte 

f 10 Southea<>t Yolo Base 
I 9 ! Monticello 

)_ 6 ! .Mount Diablo 

,890851.3 - 2. 7 : S9 OB 48. 6 
89 51 11.8 :_ 0. 8 ! 89 51 11. 0 . . 
!-9 38 29. 2 - o. 8 : 89 38 28. 4 

I 90 07 40.2 i+l04.6 I 9o 09 24.8: 

: !(8 21 26. p !- 4. 6188 21 22. 2 , I 
i 89 36 44. o C __ °'.9. ~89-~-4~~~-

753 33.6 

754 32. 7 
75~1 33. 6 

753 33. 7 

753 33. 5 
I 

754 31. 3 

[Monticello. Octnber, 1880. Vertical Circle No. 80.) 

8 N oTthweet Yolo Ease 

8 Sou tbeast Yolo B&Se 
Mount Helena 
Mount Diablo 
Mount Tamalpais 

\ 10 i Southe&et Yolo Base 

110 \ Northwest Yolo Baae 
II i .Monticello 

1 10 : .Mount Diablo I 8 i MaTysville Butt;i 
7 Mount Ta.maJpais 

: 5

1 

Pine Hill 
j ro Mount Herena 

91 51 38. 9 +19.6 91 51 58. 5 682 18. 6 ' 
i 91 31 56. 0 +50.8 91 32 46.8: 682 18. 9 

89 34 05.1 - 0.1 89 34 05.0: 682 19. 2 

90 11 47. 9 ; - 0. 2 90 11 47. 7 683 18. 8 
90 26 19.3 i - 1. 0 90 26 18. 3 682 18. 2 

90 3o 11.• 1 + o. 2 · 903011.6' 682 : 18. 3 

902845.0 1 -1.3 9028~.7' 683 . 19. 9 

90 33 37.4 o.o 903337.4 682 ' 18. 1 

{Vaca. November, 1880. Vertical Circle No. 80.) 

1 01 2s so. 2 I +63. 2 Dl 27 53. 4 701 16. 6 

\ DJ 08 57. 4' I +14.9 Dl 09 12. 3 701 ' lfi.6 
I ' 

89 46 57. 0 ' 701 17. 2 I 89 46 57.0 I 0.0 
; '89 46 02. 7 - 0. 1 89 46 02. 6 : 761 15. 7 ~ 

i 90 25 03.6' + 0.3 90 25 OK 9' 701 14.4 

: 90 12 27. 31- 1. 1 90 12 26. 2 : 701 H. 4 

190 26 30.5 + 0.1 90 26 30.6 i 700 .16.0 

89 as 12. 7 L + 0.1 I~ 38 12. sJ~~~l~. a 

216 4. 590894 
240 4. 878871 

240 4. 761973 

221 4. 242594 

226 I 4. 461052 

220 i 4. 947430 
: 

225 4.46(1831 

221 4. 569880 

214 : 4. 586474 

220 . 4. 9546:J6 

224 ' 4. 9516!19 

239 4. 8H3754 

211 4. 521838 i 
240 5. 0193[13 ! 

200 4. 47i660 

212 : 4. 5910:12 

167 : 4. 522277 
203 : 4. 754460 

237 ' 4. 977639 
188 4. 827909 

239 5. 011729 
174 4. 762834, 
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Ab.~tractR of resulting zenith distances amd of other dtita for the computation of heights, d'c.-Cont'<l. 

i 

13 

7 i 

8 

s 
I 6 

10 

8 

7 

9 

9 

10 
l~ 

' 11 
10 

10 

10 

9 

[Mount 1'amaZpais.' September and October, 1882. 'Vertical Circle No. Ill.] 

Observed 
zenith 

distance. 
R~·duced ;. P. 

Mount lliablo 89 51 33. 2 +o. 3 : 89 51 33. 5 
1 ·~;~· ;1~2 i 133 ' 4. 779631 ' 

Mount Helena 89 56 54. 0 i +1. 2 89 56 55. 2 693 1 17.1 ' 191 : 4. 917994 
Monticello 00 15 20. 0 , +o. 3 90 15 20. 3 694 i 18. 4 169 , 4. 951656 ; 

V'aca. 90 18 32. 4 -+ u. 9 90 18 33. 3 694 : 19. 9 ! 152 4. 827912 1 
Macho 90 08 43.6: ......................... , ...... ,. ... .. 

Ross_~~~-~~~~·--------~-~~~~-; +L 5 90 23 20. g 693 18. 7 ~-- ~~3_i 4. 8984~~ 

Mount Helena 
Mount Tamalpais 
Monticello 
Vaca 
Round Top 

Marysville Butte 
Mount Lola 
Pine Hill 
Macho 

90 19 49. 6 +4. 9 90 19 54. 5 

00 35 40. 3 + 9. 0 90 35 19. 3 

90 29 43. 5 +6. 0 90 29 49. 5 

90 39 50. 1 +9. 5 . 90 39 59. 6 

00 06 57. 4 +2. 9 : 90 07 00. 3 

904537.8 +3.6;904541.4 

90 25 07. 6 ' + 2. 3 i 90 25 09. 9 

662 ' 19.1 

662 17. 9 

6112 18. 4 
662 . 19. 0 

662'17.3 

662 16.1 
661 16.2 

131 5. 032217 

178 4. 779316 

118 4.9546.50 

154 4. 754465 

137 5. 275549 

163 5. 167936 

144 5. 339902 

00 43 25. I 

90 07 54. 3 

+4. 4 ' 90 43 29. 5 662 15. 7 190 5. 090642 

' ' -· -------------~ ----------------------~--~-~-~-~-----~-------~ -
[Mount Helena. October and November, 1876. Vertical Circle No. 37.] 

Mount Diablo 
Monnt I~ola 

Vaca 
Marysville Butt< 
Snow Mountain, east 
Mount Tamalpais 
Round Top 

.Mont.iMllo 
Pine Hill 
Ross Mountain 

: 90 29 03 . .5 

90 24 27. 7 

: 90 48 17. 3 

904614.6' 

:s9422s.a 

90 40 46. 8 

902356.4' 

+ l. 8 : 90 29 05. 3 

+o. 9 · go 24 28. 6 

90 48 21. 0 

652 

654 

652 

652 

10. 7 

11. 8 

653 

90 23 57. 3 ' 652 8. 3 

'90 43 32.1 -1.7 90 43 30. 4 652 7. 8 ' 
904820.8 +1.5 90 48 22. 3 654 10. 8 

90 58 50. 7' -1.4 00 58 49. 3 ! 653 : 9. 3 

133 : 5. 032199 

177 5. 330129 

177 i 4. 359980 

155 i 4. 586067 

179 : 5.155412 

194 ' 4. 664110 

[Mount Lola. Jnly, 1879. Vertical Circle No. 80.] 

Pah Rahl 
MountComo1 
Round Top 
Pine Hill 
MountDiablo 
Mount Helena 
Marysville Butte 

90 31 24. 8 
902253.3, 

90 07 24.9. 

91 40 21. 9 

91 16 15. 5 

M 13 19.1 

91 27 44. 5 

-0. 3 90 31 24. 5 
-1.0 ! 90 22 52.3 

-0.6' 90 07 24.3 
-0. 5 ' 9 l 40 21. 4 

-0. 4 91 16'15. l 

-0. 3 91 13 is. 8 ! 

-0. 5 91 27 44. 0 ' 

------ ------·· 
' ' 

546 12. 2 218 4. 959149 

546 ' 12. 1 ' 230 • 4. 98191>0 

i46 8. 9 162 5. 339834 

546 ' 7. 9 152 5. 330148 

546 10. 2 208 5. 107305 

12 Snow Mountain, east 90 58 38.9 1 .......................... , ..... . 

JO Mount Linn 90 57 03.6 '. ................... : ...... : ... .. 

19 

18 

19 

20 

14 

16 

7 
18 

10 

-----------------~--------- -----'--~--____'_____,_ ________ !.. I 

[Round Top. August, September and October, 1879. Vertical Circle Ko. 80.] 

Mount Lola 
Mount Como I 
Mount Grant! 

Mount Conne88: 
,Jack""n Butte§ 
Mount Diablo 
Mount Helena 
J)inellill 

Marysville Butte 

I 
90 36 00. 8 -0. 2 ' 90 36 00. 6 i 524 : 12. 1 ' 206 4. 9511'206 : 

90 38 13.6 -2. 3 9-0 38 11.3 ; .................. •·•·•••••• 
oo 16 45.7 +o.s oo ia 46.51---- _______________ : 

1s95930.4 -i.1'su5934.1L •••..•••....•.•..•.•.•••••• 

92 13 54. 8 , o. O ! 92 13 54. 8 / 526 9. 1 235 4. &59571 

91 20 17. 6 0. 0 • 91 20 17. 6 i 523 6. 8 i 144 5. 275472 

912036.6! 0.0.912036.61 521 4.6J 147 5.il60027, 

92 01 ao.s: +o.a I 92 0131,1 j 524, 9.21 1so 4.931¥.l3o · 
91 ao 34.1 , o. o 1 91 30 34.1 s22 s.1 I 152 ~- 227520 , 

Snow Mountain, east 91 12 09.7 : ....... : .•....•.••. , ............ :···--·,•···•······ 

-~---·--·Macha_ _____ -··-····--· -~ 19"oa.~L····J·~·:· .................. / ............... .[ 
[Jackson Butu. September, 1879. Vertical Cirele No. Ill.] 

-----·-· 
t 7 

P1··-n_e_H_i_ll _______________ ~-·-·-·-j-· - -- -··· ...... _ .. 1----·-i·-· --; 
90 16 49.5 i -1.0 90 16 48.5 I 701 [ 28.6 I 140 : 4. 683264 I 

235 I 4. 850037 ! i 14 Round Top§ 88 20 02. 6 ! o. o 88 20 02. 6 702 i 24. 9 ; 

• There are other otations observed upon from Mount Tamalpaia, but omitted h<>re, as they form no part of the qua<lrllaterlila and oon 
seqnently do not enter into the present discussion. Tbe eame remark applies to other stations. Mount Ta.malpai• wa11 fo1merly ealled Table 
:Mount.in. 

t Connecting primary station a of N evad&. l Connecting primary stations of California and N ~ada. ~.From special diecU81lion. 
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A preliminary computation gave the values for approximate heights which were needed for 
the following steps. We have-

m. m. 
Southeast Yolo Base 22 Mount Helena 1320 
Northwest Yolo Basc 47 Mount Lola 2790 
RosH Monntain 672 Round Top :n10 
Monticello 934 Marysville Butte 64f> 
Vuca no Pinc Hill G:lf> 
Mount Tamalp1tis 789 Jackson Butte 710 
Mount Diablo 1173 

RESULTING DIFFERENCES OF HEIGHTS, from application of formula> (2) and (3) i<•the preceding 
data of observation. 

The. column lieaded n gives the number of claJS of ohservation of zenith distances and is the 
weight for tl1e combination of all double determinations of Li h, -i.e., by means of h1 -hand li,Y means 
of h-h1• 

The resulting weighted mean, or 11 Li h+ ni -6 hi is given in the table of results. 
n+n1 

n Station. Weighted n+n . : B1· spirit i 
mean a..h. ' ' level. 

: ---------- ·-- ·-----·-~-~ ~-----··-

m m m. m ; 
8 Nort,hwest Yolo BaAe. JO + 19.68 27.30 23. 91 ' 18 2.>. 00' 

7 
: 

Mount Diablo. + 1157. 50 : 1151. 44: 

6 Marysville Butte. + 617.17 
: 

8 Vaca. 10 + 708. 56 ' 708. 57 708. 57 18 
8 Monticello. 8 + 910. 39 : 910. 57 910. 48 16 

:NORTUWESTYOLO BASE. 10, Vaca. 10 + 682. 71 : 684. 52 683. 62 20 

8 : Pine Rill. + 578. 70 

11 1 Marysville Butte. + 599.18 

9 YonticC'llo. 8 + 885. 82 885. 81 885. 82 17 

6 Mount Diahlo. + 1126. 74 1126.44 1
• 

MONTICELLO. 8 Mount Helena. + 390. 35 ' 390. 75 390. 54 15 
: 

7 Mount Dia,blo. 8 + 234. 67 245. 29 240. 32 15 

6 Mount Tamalpais. 7 148. 50 + 129. 90 : 138. 48 rn 
8 Marysville Bntte. 286. 68 

6 Va.ca. 9 203.84 + 199. 37 j 201.16 15 

7 Pine Hill. 291. 07 

VACA. 10 Mount Dfa.blo. 8 + 444.32 446.09 445.11 18 

8 ' Marysville Butte. 92.96 

7 Mount Tamalpais. s: + 54. 19 64.51 59. 69 15 

5 : Pine Hill. 1- 90. 91 

10 : Mount Helena. 10 ! + 587. 59 595.23 591.41 20 ~ 

MOUNT TAMALPAIS. 13 Mount Diablo. 7 I+ 386. 09 386.19 386.12 20 

9 ' Mount, Helena. 8; + 528. 95 535.54: ; 532.05 17 
9 Ross Mountain. 1- 120.12 

149. 98 i MOUNT DIABLO. 8 Mount Helena. 8 I+ 144. 66 147.32 16 
8 Round Top. 1a I + 1965. 2 - 1993. 7 1984. 2 24 

6 Marysville Butte. ' - 517.5 

6 Mount Lola. 10 ! + 1563. 3 - 1600.4 1590.2 rn . 
Pine Hill. \- 548. 1 

g Ross Mountain. I 649,0 1-

MOUNT HELENA. 4 :Mount Lola. 10 i + 1501. 0 - 1472. 8 H80.9 14 

8 Marysville Butt.e. i - 679. 46 
9 Round Top. 7 i + 1856.3 - 1821. 7 lUl.2 16 

6 Pine Hill. ! - 662.9 

M:om<TLOLA. 11 Round Top. 19 \ + 373.42 381.63 31s. 62 I 30 

10 Pine Hill. I - 2168. 6 1- 2149.8 

I 

9 Marysville Butte. 

ROU!Ul TOP. 14 J a.ck8on Butte. 14 I - 2460.6 + 24-07.9 2459.3 28 

18 Pine Hill. 1-~8 9 Marysville Butte. - 2517. 9 

JACl!J!O>I BUTT& 7 Prue Hill. - 81.23 

-----
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'l'he above table contains sixty-two differences of height, three of which were previously given 
hy spirit leveling. For the difference in height between the termini of the base, the computad 
difference falls short of the spirit-level result by 1 m,l and the observed t;'s apparently prove the 
refraction along this line to have been negative, i. e., the ray of light was convex toward tbe 
earth's surface. TLis is due to the excessive heat of the ground• and the proximity of the ray 
thereto. In the lines from the lmse to Mount Diablo with zenith distances observed only at the 
base, we have differences of 6"'.1 and of om.3, the distances being 72 and 89 kilometers. No further 
notice will be takeu of the results by zenith distances of these three lines. 

ln the following adjustment h,y the method of least squares, the heights of the stations form
ing the conn1;¥Jtion of the hase with a primary line had to be treated by themselves, for the reason 
that this part of the work only is complete, whereas the stations to the eastward of the base will 
be ultimately con11ccted with the transcontinental line of spirit-levels at l\fouut Lola, at Hound Top, 
and at Jackson Butte, for which point:s our present results are only of temporary use; the long 
lines betwee11 188 and 229 kilometers will then disappear from the bypsometric work. 

In general, when there is a choice of selection of the process of adjustment between ''indirect 
ohsenations" and "conditioned observations," the former is generally preferable as offering greater 
facilities for the computation of probable errors of the result. 

ES'l'IMATE OF 'l'HE PROBABLE ERROR OF THE PRECEDING RESULTS 6 h AND DETERMJNA· 

TION Ol<' WEIGHTS l<'OR THEIR ADJUSTMENT. 

M k . f h . 1 . ..- l t .~ l - 2 m 2 h · a mg use o t e s1mp e expresis10n 6 i = s co ,. + 9----- - s we ave . 
... p 

d. 6h =(cot t; + ~) ds- srii.2--, d t;- ~d m 

And putting d s = 0 and sin2 
:;- = 1, also let e~ =probable error of t; and em = probable error ot 

1n, tlttu the square of probable error e. of a value 6 h 

~ =(s arc 1" e:.;)2 +(~e )2 
Aud the weight= 

e~ is here expressed in seconds; its numerical value was found from the table of measured ze1;ith 
distances of 57 stations on 488 days, between 9 occupied stations; the resulting probable error of 
a mea1mred zl!uitlt distance :.; on any single da.y was found = ::!: 11".4, hence our value e' for the 

mean of n days. 
P'" 11".4 

e-.,= ;In 
The amount of 11".4 is chiefly made up of variations in the refraction, the actual observing error 
being very much :mmller, perhaps not exceeding::!: 2". The numerical value of e .. had to be esti
mated, and the >alue e., = ± 0.0020 was adopted as a close approximation. 

Tbe a priori probable error for each of the 14 results computed by the above formula is given 
in the table of results submitted to adjustment, together with the weights of each determination 
depending thereon. 

AD.JUSTMENT OF' THE MEASURED DIFF~R.ENCES OF HEIGHTS OF STATIONS FORMING '.l'HE CON· 

NECTION OF THE YOI,O BASE WITH THE PRINCIPAL TRIANGULATION BY APPLICATION OF THE 

METHOD OF LE.AST SQUARES BY THE PROCESS REFERRING TO INDIRECT OBSERVATIONS. 

This aojustment comprises the heights of stations Monticello, Vaca, Mount Tamalpais, and 
Mount Helena, as depending on zenith distances and the absolute heigh~ by spirit-level of South-

• Ou two dayl! the temperature of the air during observations rose above 1000 Fah. 
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east Yolo Base, Northwest Yolo Bttse, Mount Diablo, and Ross )1ouutain. These stations are 
shown in their rt~lati,·e position in the accornpa11~·ing figure, and tlie mea~mred zenith distances are 

N.W. Yolo Base 

S.E.Yolo :Base 
Ross Mtn,, 

indicated b~· arrows. It is important to hnar in mind that eacl1 difl'erenee of height depends on a 
double determination, except the measures 011 Hoss Mountain. The lougest dista11ee, 1". e., Mount 
Helena to Monut Dial>lo, is 108 kilometers, or 6i statnte miles. 

\Ve have give11 by spirit, leYel: 
m. m. 

Height, abm·1., average Rea-l~wel, of Southeast Yolo Balle Tl 1 = 21.<lfi :±: 0.3.J 
N nrth we1St Yolo Base Il2= 4(i.(Jr; :± (J.:l;J 

:Mount Diablo 11:1= 1l1;u o :± O.!!O 
Ross l\founta}n ll 8 = 672.23 :l: 0.1[1 

And from table p. 399 by zenitl1 distanee.s: 

Stations. 
'No. ---

h 

8ontl1ca~t YidO nas(! and Vaca. 

Southeast Yolo nu.~e arni ...,\funtfocllo. 

N orthw~st Yolo Ba~(1 and Vaca. 

Nortliweist Yolo H:1~1· an1l )fontkt~llo. 

!i M.outicello aud Mount Hdena. 

1 Monticello 
7 Montio~llo 

8 i Montic<lUo 
9 ' Vaca 

10 

arnl :\-Imu1t lJiablo. 

alHl Mount 'l'anialpais. 

arnl Vac11. 

and Momrt J)iahlo. 
nrnl Afonnt 'l'unialpH.i~. 

and Mount Ht•kna. 
a1Hl Mount Diahlo. 

antl Mom1t llo1em1.. 

ttml RusK J\'.lor1ntain. 

and Mount DiHlJlo. 
and Rosto:t Mountahi. 

··-----~.-- ·-

lh)'S 
Differfmce nf 

hei~ht 

"· Ah=h1-it 

·m. 
IB 70R r.7 

HJ 9W.4R 

20 os;:. 62 

17 .81::'.:). 82 

15 :190. 54 

15 240. ;13 

J:! -l:l8.4R 

15 -201. 16 
18 445.11 
l!i Ji9.Gfl 

20 : 591.41 

20 380. 12 

17 '.,32.0:"> 

-120. 12 
JG -147. 32 

-649. 00 

-- ----- -------·-·· 

,. -------

]Jmlmhfo 
error Wci:;ht. 

'• 

'Ill. 

···O, 40 :!.!I 

o. r.t 1 :> 
(), r,3 l.ti 

o.:m 3. 0 

0. 5R l.:J 

2. OG 0. II 

2. Oft fl. l~ 

0.4R L9 

0.9:> 0, 50 

l. 28 o. 2~ 
0,00 0. 50 

I, 01 0.44 

1.0:-C O. H"> 

2. 95 o.o;, 
2. 78 o. tu 
t. 17 0, 33 

1'h<>.re being four unknown height8 to be 1Jetermine<l, we make the follo\\·ing m;f'nmptious: 
tll. 

Heights of' Soutoheast Yolo Base 
Northwest Yolo Base 
)fount Diahlo 

H. Ex. 43---.51 

Vaca 
Mouticello 
Mount Tarualpais 
Mount Helena 
Ross Mountain 

Il1= 21.66 
H2= 46.Gfi 
B,=l lli';_to 

Il,= 7;30 +·"• 
115= 9:3:: +.l',, 
H,1= 790+x6 
Il,= 1:322 +.1·7 
H 8= 67:!.28 
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The equations resulting- directly from the ol1sern1tious are of the form 

arnl x 1 .t'z X3 .r4 ••• an· the col'rections to the assumcrl values (H1) (H2) (H 3 ) (11 4) ••••• 

To obtain more convenient numbers for the weight:s, tlIOse QL tile preceding table were multi
plied hy 10 aud the nearest whole numbers were kept. 

IO 
11 

12 

13 

14 

a 

+i 

+1 

+l 
-1 

-] 

-I 

-·--·-
+1 

+1 
-1 

-1 

-l 

-1 

+1 

d 

-{). 2:~ 2!J 

-0.]4' l:J 

-0. 28 ' JG 

-0. 48 30 

+I . -0. ;,4 13 

+o. 77 

--3. 52 
-0. ~4 19 

-2.01 

+o.a1 
+o.59 

-1 -3.02 4 

2 -1 +1 --o.o;; 
-1 

15 -1 -1. 58 

16 ···-·· ··---·. -1 -0.77 

Norma-l rqu.ations. 

0= 77 X.t-19 Xo-· 3 Xt:- 5 X1-20. ~4 

Q;:::;--J9x,.+79xr.- Xti-13x1+ 9.23 

0=-- ~~ x~- :r.o+l 1 :'.fj:- 2 x1-f- 7. ~4 

0-=- - [1 X~-1~1 X.'i- ~ Xt.i+24 X1- 0. ~ti 

Solu,tion. 
Residnals. 

x.i=+o. 2:!78 j 
:r5=--0. 074U l 
x .. ,-__ -0. GOfi f 

n:..~-~o. o:m1 1 

.\11,iusted Leight•. 
JLF-: 7~(1•n. 228 

n r;-_- g:n w_ 925 

H6~-: 789111• :m~ 
.1r,~1:J:!l"'. 969 

r
-f. 017 

. 01 :! 

·1+.004 
l +. 033 

S11h;;t.itnti11g into the obserTation-equatiom; we form 

<J1 
<Jr, = 
(J!I = 
<Jn c= + 

.00"' 02 = - .:.!lm 0:1 = .05"' (J4 = 

.;)0 05 = + .84 07 4.0;) a" ~~--

2.:.!4 om = - .53 011 = + ~) ') 

·'''' <l12 = 
,;}3 014 = + 2.9G <l1r> = - 1.;)5 om= 

aud 2'p r) (J = H8.74 

l\iea11 crwr of a11 ohsnn1tion of m1it wc·ig-ht I !IS.74 = ::!:: 2rn.87 
"Jli-4 

ProhahlP error of an ohserYatiou of unit weight .G74 J98.74 = ::!:: 1.94 
IG-4 

- Ji5lll 

- .54 
- 2.41 

- .74 

'l'l111s for a \\'(;ight 15 a8sig11ed to a11 ohReiTation tlw cm·1·psp01uli11g prn!Ja.hle error would he 

l"'.94 
v'rn 

::!:: 0111 .ii() 

The a J>riori aRsigJ](~d Yalnc i11 thii; case WHR ± 0111 .ii4, sl1owi11g a f'afo;factory accord. The corn·
spo11di11g distanrn; h; 1warl,Y 3!1 kilometers. 

J<'or tl1e deter111i11atiou of tl1t· Wliig·ht::; of x; we IPani tlw 11umerical terms iu the uonnal t;t1m1-
tio11s symllolic, tlHrn: 

.::'\ 4 = + 77 .t', - l H .r, - :J .1·G - 5 x7 

..::'\;, = - lU ;r:4 + 7!1.1,, - Xu - ];~ x7 

x G = - ;) ,('i - ,/'0 + l] ,';';r, - 2 X; 

N 7 = - ii :.c4 - 1:) .K:; - 2 :cu + 24 X7 



 

Solving we tirnl 

UNITlm S'I'ATBS UOAST ANH GBODETIU SUJtVEY. 

•r4 = + .0147 N4 + .0046 X-, + .005[) N,; + .OOGO N7 

•t·,, = + .004H N, + .0154 X, + .004[) No+ .00!!7 N7 

:i·" = + .0055 N 4 + .OO-J5 N,, + .094!! N,; + .0115 N7 

:r7 = + .0060 N, + .OO!l7 N0'.+ .01J5 NH+ .(H!ll N, 

the weight .-i:i is the reciprocal of the diagonal factor of N; i11 the abm·e t'quatious, thus 

wcigbtp4 of :i·4 = ~()i47 
weight p 5 of x5 = :o;M 

weight p,; of X'6 = .()~49 
weight p 7 of X7 = :o}\Jl 

The probable error of an a<\jnsted value r; is given by 

where v =number of obserYations and fl= rrnrnlwr of conditions between them. 
m. 

Probable error of a-.=1.!14-v'.0147 = :± 0.235 
.L,= 1.\)4 y.-()15J= 0.240 

,r,,=U14y.0!14U= 0.596 

.7-';= 1.94 v'.04Hl = 0.429 

and the resulting heights become: 

lleights of Yaca, 
Monticello, 
Mount Tarnalpais, 
Mount Helena 

m. 

730.228:::1: 0.235 
931.925 0.240 
789.392 0.59() 

1321.969 0.429 

-1()3 

In conclmiion of this paragraph, it may he stated that m1der the h,Ypothesis of equal refraction 
at the upper and lower st.ations, and h,Y treating the reciprocal nou-simultauoous measures of :; 
as if they had bemt simultaneous, there rcsultl' from 19 cases the average coefficient of' refractio11 
m,= 0.0725, after having thrown out one Yalue, i. c., that at the base, which gives a negatin' Yalue, 
as already staterl; the individual Yalnes rn.ry between 0.058 and 0.078 On the other hand, the 
new method followed gave au average value, m. = 0.074'..l, resulting from (iO Yalucs, arnl varyi11g· 
between the extremes 0.061 and 0.085 The average ·value ma;\· be useful for other height-deter
minations in this part of California. 

The results given in the remaining part of this paper are only for temporary use until tu<> Jiphl 
operations, aml in particular the spirit levelings, l'lhall hiwe been completed. 'Ye must, ther<•fon., 
be content for the present with a rough determination of the heights of Mount Lola and Hound 
Top stations, belonging to the Davidson Quadrilaterals. 

No least square adjustment will be attempted, bnt the separate individual results for lliffer!'tl1.~e 
of height, already given, and which enter into combination, will be treated by tlte method of the 
weighted mean, as shown below. 

The accompanying diagram imlieatl's the· stations invol"ed; those snrronnded hy a ring hanJ 
tbeir heights fixed, and the heights of the o1her five stations depend on these, as indicated hy tlw 
arrows, which represent measured zenith dist.ancei;;. The longest distance is from l\1onnt Helena 
to Round Top, 229 kilometers in length ; the scale is the i;;ame as in the diagram of the preceding 

,part. 
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.Mt.Lalo-

J..f'C.Helena. 

MLDiablo 

The corr)1mtatiou of difference of heights, their probalile errors arnl weights, were made prc
ciRely as in the preceding part. In the following recapitulation of' rmmJt,s Urn distances expres1-m1l 
in kilometers ha\'e been added. The probable errors giYen depend on the assumption of e~ and 
Cm as before, and the ordinary combination weights were multiplied by 100 for convenience sake. 
The least weight admitted is 0.5 

Recapitulation of measures. 
---~----~ 

St.ationR oc.cnpied and obserYed. Difference l'robable Relath-e 
No. -----~-~--~-- Distance of error weight s. beiglit 

I-~:~~-! h hi lt1-h. h 

rn. j m. 
Southea•t }[ olo Base and Marys"l'il!e Jlutte. 1.u; I 

6 + 617.17 . 12 

:Northwest Yolo Base and l)ine Dill. 8 + 578. 7 I u I 14 
3 Xodhwe.at Yolo Bns-e anrl Marysvi1le RutW. ll + 59!J. JR I 1. J I 36 

4 Monticello and Marysville llntte. 8 - ~86. r,s I 1.ti 
I 

19 

: Moutice1lu aml Pine Hill. 104. 6 -2m.1 3. 0 5 
6 I Vaca and Marysville llutte. 95.1 - H2.00 2. 5 

Vaca and Pine Hill. 10~. 7 - 90. g 3. 2 
8 Mount l>iahlo and Marysville Butte. 147. 2 - fil7.5 5.fi 

9. l!o1mt J Hahlo ancl Pino Hill. 123. 2 :J - 548. l 4. 7 ., 
10 Mount Uial)lo aml Round Tov. 188. 6: ~4 ! +1984. 2 7. 7 
11 ' Mount Diablo and Mou.ut Lola .. 218. 7 16 : +1590.2 ! 

JO, 5 0.5 
12 , 1\.fonnt Heleua and Mount Lola~ 213.ll 14, +H•0.0 10. u 0.5 
13 , Mount Helena ancl Marysville llntt.1 .. 9'2. 3 - 679.fi 2. 4 8 
14 : Mount Helena awl Round Top. 229.1 16 +1841.2 11. 4 0.5 
.lfi Mount Helena llll(lPineRill. 143. 0 6 - 662.9 5. 2 2 
16 ; Mount Lola awl &mud Top. !11.0 30 T 378.6 1. 9 12 
17 : Mount Lola ancl Iiine Hill. 95.11 10 -216H.6 2.5 8 
18 ; Mount Lola am] Mary.·Rville Buttf!. 12!1,.ll -2140.H 4.0 3 
19 : Round TOJI and Jackson Butte. 7~. 4 28 -2459.3 1.3 Z1 
20 : Iiound Top a.nd Pino Hill. 86.3 18 -2M3.8 1.9 13 
21 i Round Top arnl Maryaville Bntt.e. 168. 9 9 -:!517.9 6.6 1 
22 . Jackson Butte and Pine Hill. 48.~ 7 - 81.2 1. 0 « 

~-~--------~-- --·-·-----------
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For the combination of these diflerences of heights we follow the principle of selectiug for the 
first station, that one whose height is most accurately determined from surrounding statiom; 
already known. The•accuracy depends on the number of separate determinat.ions, aH well as 011 

the distances from the stations of known heights. The same principle is followed for the next sta
tion, and so on. Accordingly we have the following combinations : 

llcight of llar_ysville Untte from 
Southeast Yolo Ua8u ...•......... 
Northwe•t.YoloHa•e------- ___ _ 
Monticello .•...• - •••. -._ ....•... 

m. m. 1ll. 

21. 66+ 617.17= 630. 83 
46. 66+ 590. lS= 645. 84 

931. 92- 2~6. 68= 645. 24 

Vaea ____ -----··-·····-·······--· 730.23- 92.96= 637.2i 
Mount Helena .•....•••....•.•... 1322.0 - 679.5 =- 642.5 
Mount Diablo .••• _. _ .... _...... .. 1173. 1 - 517. fi = 655. 6 

l~ 

36 
19 

Weiizht-ed mean 64:L 9 84 

llcight of Piuc Hill fr-om 
Northwest Yolo Base ... __ ...... _ 46. 7 + 57~. 7 = 625. 4 H 
:Monticello ..... - --- --- -·-·-- ····- o:n. 9 - 201. l = !HO. 8 
Va-0a_. -- .•.••.•••••••.•• -- .•••••• 730. 2 - 90. !I= 639. 3 
Mount Helena ....................... 1322.0 - 662.9 = 659.1 

MuuntUiablo ... --·-··----·· 1173.1 - 54Kl = 62i>.0 

W eip:btecl mean 632. 8 27 

Height of Jackson Butte from 
Pine Hill .••.. - •.. - - - ••••.. 632. 8 + 81. 2 = 714. o H 

Hl'i~ht of Round Top from 
MountDiablo ..... -············-- 1173.1 +1984.2 = 3157.3 
Mount. Helena • -· ...... -·-· -__ . 1:122. O + lfi41. 2 ~ 311;;;_ 2 o_ 5 
Pine Hill •••••.••.•.•••. __ ·-·· .. 632. 8 +2M3. 8 = 3170. ti l:l 
Marysnlte Butte ··- ... ___ -··· __ 6(3. 9 +2517. 9 = 3161. 8 1 
Jackson Butte....................... 714.0 +2459.3 = 31i3.a ~7 

Weij(l1ted mean 3l7:l. 5 4~. 5 

Heii::hi of Mount Lola from 
Pin<> llill •••... ····-· --·-.. 632. 8 +2168. 6 = 2801. 4 R 
Mary•villellutte ··-·----- 643.9 +2149.8 = 279il.i 3 
RounrlTop ......................... 3173.5 ~ 378.8 = ~794-.0 12 
Mount Helt•na .... -· -·· __ . _ ·····- 1322. o +141'0. 9 = 2H02. l! 0. 5 
Mount Diablo ..... ····- 1173.1 +1590. 2 = 2763.3 0. ;, 

It will be noticed that in every case *here Mount Diablo enters the resulting height represents 
an extreme values from which we may infer that the disturbing camm would seem to he local and 
may be sought in the peculiar position of the mountain with respect to the sea and to the valley. 

As stated, Round Top and Mount Lola will ultimately be counected by spirit leYel brought 
up directly from Fort Poiut or Saucelito in the Golden Gate . 

For temporary use we have the approximate values: 

Heights of Marysville Butte 
Pine Hill 
Jackson Butte 
Round Top 
Mount Lola 

.. 

643.9± 1.1 
632.8±3.4 
714.0 

3173.5±1.3 
2796.4±2.0 

where the rough value for the probable error is derived, as usual, from 

.67 4\/__[puu r= 
fp](n-1) 

n being the nnm ber of separate determinations. 
UHAS. A. SCHOTT, 

Assi.stant, in eltar9e Comp. l>ivis-ion. 
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APrENnrx No. 11. 

LONGITUDES DEm:c1m IN THE C'OAST AND GEODETIC SURVEY FHOM DETERMI~ATJONS BY MEANS OF 
THE ELECTRIC TELlWRAPII BET\VEEN THE YEAHS l>Wi AND 11"1\i>. SECOND ADJl'STMENT. 

By CHARLTCS A. ~CHOTT, Al"Rist:an.t. 

PREFATORY NOTE. 

In thi8 report on tlie principles adopted and the results obtaine1l in a second adjustment of 
the longitude system of the Coa:st and Geodetic Suney, As:sistaut Scl10tt has presentetl a com
prehensive discussion of all meai'iures for longitude by the 1'lectric telegrnph hitherto obtained 011 

the Surwy. He ha:s included in thi8 1liscu8sion tht> longittHle of Detroit, ::\Iich., the fmHlamental 
longitude station of the United States I,ake Survey, and has given in his table of results a ,·alue 
1lerived for the lougitu1le of Ogden, Utah, this being the prineipal point of reference for the longi
tudes obtained in the United States Geographical Snr\'P,YS west of the one hundredth meridian. 

For the computation of the probable error of results, he has ginn the leading steps (formula: 
an(l numbers), since the treatment of the prouable enor of a functio11 of adjusted measures, involv 
ing conditional equations aud tlw use of correlates, has not hitl1erto lmeu shown in an.v application 
on the Survey. 

It will be seeu from the report that the resultt> of the American system of tdegraphic longi
tudes compare quite favorably in accnrac.r with t.hmm of the I<:nropean sy:stem, the averagt> proh-

able error of a longitude determination for the lattn system as deduced by Dr. Bruhm; i11 his 
recent discu8sion difl'eriug not greatly from the average probable error of a single determination as 
found Ly Mr. Schott. 

J.E. HILGARD, 
Superintendent. 

COAS'I' AND GEODETIC SURVEY OFFICE, 

Computing 1Jfoi11ion, NoVl"lnber '..m, 1884-. 

DEAR Sm: Since the publication, in 1880,* of the results of a first adjustment of telegraphic 
1ougitude8 determined by the Coast and Geodetic SurYe;y, the progress made in this branch of 
geodesy has been con:siderable, not only iu the field work, but al8o in the office computatiorn<. 
Tltis may he seen at a glance by the following comparison of the state of the work at that time 
and at present: Total nmuber of difterences of lougitmle measured, in 1880, 127, at present lii8; 
of the former number.30 required a second or check computation, whereas the final values of all 
longitudes, to date, with tlie exceptiou of two for which further data are wanted, are now prl'
sented. In the first adjustment of the s;rstem of longitudes there were 25 points between which 10 
conditIOilS had to be satisfied, in the second adjustmeut the lllllllher of COlllJCCted principal points 
has increased to 33, aud the num her of condition8 hetween them to 21. The cliauge in the ratio 
of the number of points to the number of conditions indicates great increase in strength of the 

~ Appendix No. 6, Coast and Geodetic Survey Report for l&lO. 
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system. Referring to the diagrams of the two reports, the westernmost station was New Orleans, 
La., in 1880; in the present papers it ii'i Omaha, Nebr., and it may be expeeted that in the next 
discussion the checkis will reach tlie Pacific coast. The appended diagram, plate No. :n, which is 
intended to show the connections only, has been made more definite b.Y the addition to each line 
of the year of determination. The geographical positions of all tlie longitude stations and their· 
connections are showu 011 the accompanying chart N o.19. As a matter of interest and for the right 
understanding of the earlier results of the survey, I have thought it desirable to repeat here a brief 
historical note taken from my first discussion. 

In the autumn of 1845 Superintendent A. D. Bache issued instructions to Sears C. Walker, 
Assistant, for the development of the method of determining geographical longitudes by means of 
tl1e elect.ro-magnetic telegraph. 

The first published notice by the Superintendent of the use of this method for geodetic pur-. 
poses is found in Uoast Surrny Re.port for 1846, on p. 32, and in its Appendix No. 11, p. 72. The 
first difference oflongitude, actually measured and comparing in accuracy with other astronomical 
methods then in use, was on October 10, 1846, between Washington and Philadelphia. The co
operation of the Superintendent of the United States Naval Obserrntor~- and of the director of 
the High School observatory having been secured, the Survey built short telegraphic lines connect
ing the respecti ,-e observatories with the telegraph offices of the two cities; the resulting dif. 
ference of longitude is given as ~o. 1 iu our general table. The 1ield and office work connected 
with the telegraphic longitudes of the Coast Sun·ey was under the special charge of Assistant 
Walker, by wl:om tqe method was speedily developed into one of great accuracy, and at once 
superseded the older methods in all cases where electric connection could be had. Assistant. 
'\Valker continued in charge for seven years to the close of 1852, when in consequence of his illness• 
Dr. Benjamin A. Gould was appointed Assistant bJ· the Superintendent in December, 1852, to take 
charge of the telegrapllic-longitude work; Dr. Gould con tinned i11 this dutytill 1867, when he resigued 
hie! position in tbe Survey. From 1867 to 1874, inclusive, Assistant G. W. Dean was principally 
in charge of tlie work under the immediate instructions of the Superintendent. After the year 
1874 no special appointment was deemed necessary, as the method had long taken its place among 
other kuown geodetic operations. In September, 1878, however, Superintendent 0. P. Patterson 
directed tlie computations for telegraphic longitudes to be made in the Uomputing Division of the 
Office as a part of its regular duty, but still requiring a rough field computation from the observer. 

The revisions of computations and the new computations of longitudes indicated in my report 
of .June, 1880, haYe since been carried out, and the new determinations made after 1880 and up to 
the present time ha>e all been computed. Additional attention was paid to ~be relative weights 
of iudh·idual results at a station so far as they depend on the variability in the rate of the chro
nometer in the interYal between the transit epoch and that of the time of exchange of signals 
with tbe oppm;ite station, ~yet the eftect of small changes in weights on the final result is in most 
1~ases inappreciable. '\'nth regard to field-practice, the superiority of results by the substitution 
of arbitrary break-signals in the place of automatic breaks for the exchange between stations h:is 
been fully recognized. During exchanges the chronograph is run at double speed, allowing Hie 
ncareHt hundredth of a second of time to be readily measured off. The modern use of quick
acting electro-magnets and the equalization of the strength of the current contribute to greatl_y 
increased accuracy. As far as practicable, the same stars are obsen•ed at both stations. 

EXl'LANA'l'ORY REMARKS TO THE FOLLOWING '.!.'ABLE OF RESULTS. 

The westernmoi,it of the two stations is always given first, thus avoiding all ambiguity, all 
differences of longitude having the same sign. The reference-mark at fixt:>.d observatories is gen
erally the center of dome or other reeoguized local meridian ; when t.he transit of the station is 
reforred to it is indicated hy Tr't. Two numbers in the column "No. of days of obsenation" 
iudicate the number of 1lays before and after the observers exchanged places; when but one 
number is given no exchange took place, and the differential personal equation was, in general, 
ascertained before or after the longitude determination proper. 

•He died in February, 1853. 
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The station Detroit, .M:ich., which had served as the fundamental lo11gitude station of the 
UuHed States Lake Survey, t as well as the station Ogden, Utah, which had served in like ca1Jaciiy 
for the Uniti!{l States Geographical surveys west of the lOOth meridian t·were intrm:lucoo i11 our 
tabfo (though without running numbers) in con1:1equence of their geographical importance. 

TABLE !.-General table of nsults for ditferences of longitude of stations determined by the United Stairs Coast 
and Geodetic Sun1e;· by uteans of the electnf; telegraph, between the years 1846 and 1884 ( 7u1y ). 

---1 --------·-- -·· --- ----~------r-- ·--------~----------

No.:' 
,1 

I 

Western and Eastern %tations. 

-----1--~~ 

8 

{

) Washington, United States Naval Ob- . Dome. 
f serv.atory, D .. C. ' 

*1 ! Philadelphia, Central (old) high school, ' Mer. C. 
lf Pa. , 

{

I Washington, United States Na\-a.l Ob- Dome. 
i servatory, D C. ' 

2 I Philadelphia, Central (old) high scbuol, ' Mer. C. 
f Pa. , . 

3
\ Pa. , 
( 

1

1 Philadelphia, Central (old) high school, / Mer. C. 

( Jersey City, Loomis' obsenratory, N. J. Tr't. 

{

j Washington, United States Naval Ob- Dome. 
-4. I servatory, D. C. , 

[Jersey City, Loomis• observatory, N. J. Tr't. 
! New York, Rutherfurd's observatory, Tr't. 

{

[ N. Y. ; 
.5 . Cambridge, Harvard College observa- j Dome. 

I tory, Mass. , 

f 
I Cincinnati, Mount Arla.ms observatory, ~ Tr't. I Ohio. l 

6
) I PhiJ,.delphia, Central (old) high school, ! Mer. C. 
! Pa. I 

1 Hudson, Western Reserve College,Ohio. Tr't C. 
15) Philadelphia, Central (old) high school, , Mer. C. i 

1 

Pa. I 

Washington, Seaton station, D. C. f Tr't. 
*8 5) Philadelphia, Central (old) high school, ! Mer. C. 

~ Pa. · 
, ~ ,. Charleston, GIL bes' observatory, S. C. Tr't. 

Q ( 'Vashington, Seaton station, D. C. Tr't. 
Savannah, Exchange statwn, Ga. Tr't. 

*rn { Charleston, Gibbes' observatory, S. C. Tr't. 

lfl 
Cambri~e, Harvard College observa- Dollle. 

tory, ass. 

l 
Bangor, Thomas Hill station, Me. Tr't. 

,.~ 
Cambri~e, Harvard College observa- Dome. 

tor}r / &SS~ 

Halifax, naval yard observatory, N. S. Tr't. 

131 
Rangor, Thomas Hill station, Me. 'Tr't, 

IJaii&.x naval yard obser~atory, N. S. Tr'L 

·~ { 
Petersburg, Rt>Slyn station, Va. Tr't, 
Washington, Seaton otation. D. C. Tr't. 
Raleigh, State-House grounds, N. C. Tr't. 

Observer. 
Year. Month, 

[Chief of party or of place.] 

S. C. Walker, M. F. Maury, 

}•846 ]. ]. Almy. 
E. 0. Kendall. October 

R, Keith [M. F. ;.1auryj, 

}'~47 E. 0. Kendall, - Reynolds, July, Aug. 
A. Mason. 

Do. 

} l847 Do. 
E.Loomis. 
R, Keith [111. F. Maury]. 

! ~ 1847 Do. 
E. Loomis. 

E. Loomis,S. C. Walker. 

Js4s W. C. llon<l, Joseph Bond. Do. 

0. M. ,Mitchel, - Twitchell, i 

1 
M. 1 arnall, - Trask, S. C. 

• Walker, L. F. Pourtales. 1848 October 
E. 0. Kendall, A. Mason, - I 

Reynolds. ' I 
E. Loomis. 

E. 0. Kendall, A. Mason. } i&49 , August 

L. F. Pourtales, ]. C. Langton .. } , 
E. 0. Kendall, A. :'.'>!ason, - ' 1849 Do, 

Reynolds. 

L. R. Gibbes. ~ 
L. F. Pour!llles, J.C. Langton. 5 i85o February 

C. 0. Boutelle. · l 
L. R. Gibbes, J.C. Langton. f 1 85r Feb., Mar. 

W, C. Bond. i 
S. C. W9.lker, L.F. Pourtales, , i85t Nov., Dec. 

J.C. Langton. .J 
W, C. Bond. 

Capt. Shonla.nd, R. N. } 1851 December 

S. C. Walker, L. F. Pourtales, 
J. C. Langton. 

Ca.pt. Shortland, R. N. 
;t 1851 i Do. 

A. D. Bache, G. W. Dean, 
L. F. Pourtll.les. 
B.A. Gould. 

} 1852 'July,Aug. 

is{ Wuh!ngton, SeatOll station, D. C. Tr't. , L. F. Pourtales. } 1833 April 

: 
' ,.; 

l E 
Difference of J

1 

-.o: 
longitude. _ 

.--1-1 
n. "'. s. ) s. 

0 07 34• 14 ::!::-Oo 50 

0 ()'] 33.61 ±0.10 

0 :t2 03.50 ±0.23 

0 1I 26.044 ::l.:0.04:;1 

o 3i 20. 586 :tto.o6o 

0 07 20.81 ±0.30 

43.27 ±t.).10 

0 04 37.15 ±0.[l 

o OQ z3.o80 ·:to.043 

0 3<> 09.44 ±o. 13 

D "' ~6.557 J;.o.o6,1 

6 0 Of 35 59' ±0.022 

0 oli 32.873 ±0,044 

\l) Th.is ~esult is now only of historical interest as the first one whm-e" numerical m""5ure waa attempted. 
(8) No use is made of this weak <letermiruo.tion. Combined with No. 1 it would give for Wasbi~on Naval Ub$ervatory and Seaton 

A A~12•.3o±O".:i2 when the correct V'alue is n•.62 
(9) A defecti\'e nlue; only one night's observation; per1i0nal equation supposed too Stllall to be considered; a preliminary adjustment 

showed the result to be in error about one.quarter of a second; itilas consequently been abandoned. . 
(«>) An unreliable det<lrmhlatiou; no omervatiollll for pe11ional equation; a prelemlnuy adjustment indicated the result, like the precedwg 

one, to be nevly one-quarter of a second too great; it has been rejected. 

t Prof~ionai Papers Corps of Engineers, U.S. A., No. 24. Report upon the primary trianglllation of the United States 
Lake Survey, by Lieut. Col. C. B. Comstock. Washington, 1882. 

:j: United State;;; GeQgraphU:al Surveys west of the tooth meridian, in charge of Lieut. G. M. Wheeler, Corps of Engineers, 
U.S. A. Vol. II: Wasbi:ngton, 18~7. 

B. Ex. 43---62 
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TABLE !.-General table of results for difierences of longitude, &c.-Continued. 

I i ~ Observer. Year. 
1 

llf ~ 
Month. 1 ~ ~ Difference of u 

/ ~ / [Chief of party or of place.] I No. W estem and Eastern stations. I 'Cl·~ ! longitude. :0 

1~J1 ___ 1 l i ~ I ________ !,' ____ _ ---; ---1---1·-~ i 
I! Charleston Gibbes' observatory, S. C. r Tr't. ' L R. Gibbcs. I 

*16 ! ! Raleigh, S~te-House grounds, N. C. [ Tr't. B. A. Gould. 11 
I I k. "'· I ,_ 

r853 [ April, May / 3 ! o 05 x2.o8 I ±0.15 

) ', Columbia, Capitol Square, S. C. ) Tr't. B. A. Gould, G. W. Dean. l 
1 7 l ; Raleigh, State-House grounds, N. C I Tr't. G. W. Dean, R. A Gould. 5 : 

1 1 

35.862 'r' ±o.n•1 1854 :{Jan., Feb.,) I! •+2 ! o 09 ~ 
: .Mar. I, i I 

{

: Wilmington, De Rasset station, N. C. 
1 

Tr't. G. W. Dean, A. D. Bache, L.11 
i F. Pourtales. J 

iB Petersburg, Roslyn station, Va. !' Tr't. B. A. Gould, L. F. Pouttales, i 
i G. ""· Dean. I 

I i I 
I I 11.3•0 '1 ±0.033 1854 I May, June i 3+41 o 02 ' 

~ Macon, Academy Square, Ga. 
'9 l, Columbia, Capitol Square, S. C. 

5 Columbia, Capitol Square, S. C. 
20

( I Wilmington, De Rosset station, N. C. 

~
' Montgomery, Capitol grounds, Ala. 

21 
' Macon, Academy Square, Ga. 

Lower Peach Tree, Ala. 
:Montgomery, Capitol grounds, Ala. 
Mobile, Public Square, Ala. 

Lower Peach Tree, Ala. 
Bangor, Thomas Hill station, b-Ie. 

Calais, Academy grounds, Me. 

II Tr't. G. W. Dean, E. Goodfellow. i } 
Tr't. E. Goodfellow, G. W. Dean. 1' 

I Tr't. G. W. Dean, E. Goodfellow. ~ 
1 Tr't. E. Goodfellow, G. W. Dean. I 

Tr't. G. W. Dean, A. D. Bache, E. } 
Goodfellow. 

Tr't. E. Goodfellow, G. W. Dean. / 

Tr't. Do. I l 
Tr't. G. ~~. Dean, E. Goodfellow. 5 
Tr't. E. Goodfellow, G. W. Dean. !,, l 
Tr't. G. W. Dean, E. Goodfellow. 

1 
5 

Tr't. A. D. Buhe, E. Goodfellow, I} 
G. W.Dean. i 

Tr't. G. W. Dean, E. Goodfellow. 1 

1855 [5Jan., Feb.,l! 3+4 j o io 
I( Mar. lj ! 
I I I 

:::1::::, 1::1 0 '" 

1857 i April 14+4 o 04 
i I 

1857 i .May, June I 4+3 o 01 

I I' 
1857 ! Sept., Oct. I 4+3 o o6 

i 
I 

I 
22.250 i 

i 
21:. 731 i 

I 
41.570 I 

58.7891 
I 

i 
59. 768 j 

OCl.]161 

l 
(',alai~, Academy grounds, Me. 
Fredericton, Toldervy~s observatory, 

Tr't. E. Goodfellow. 1 ~ 
Tr't. Dr. J. Toldervy, Dr. W. B.1 ( 18571 October 0 02 34.73 

to 

4• 

Jack. I 
'I'r't. E. Goodfellow. I ( t858 , Jan., Feb. 

1'. B. 
New Orleans, Basin street station, La. 
Head of Passes, Mississippi delta, La. 
New Orleans, Basin street station, La. 
Mobile, Public Square, Ala. 

Tr't. J. G. Oltmanns[F. H. Gerdes].

1

5 

Tr't. E. Goodfellow, G. W. Dean. 
1

} 

Tr't. G. W. Dean, A. T. Mosman1 

x858 5Jan., Feb.,i, 6+3 I Mar., Apr. 5 
E. Goodfellow. 

New York, Rutherfurd's observatory, Tr't. E. Goodfellow, G. "\\.'".Dean. t i858 I )fay, June 
1'. Y. 

3+3 
Albanf, Dudley observatory grounds, Dome. G. W. Dean, E. Goodfellow. 

IJ 1'. 1'.. 
Eufaula, Forsyth street station, Ala. Tr't. E. Goodfellow, G. W. Dean. 

1

} <86o i Feb., ~lar. •+3 
Apalachicola, Fla. Tr't. G. W. Dean, E. Goodfellow. 

Eufaula, Forsytll street station, Ala. 1 Tr't. Do. I} 18fu I April, May 3+2 I Tr't. Macon, Academy Square, Ga. E. Goodfellow, G. W. Dean. 

Mobile, Public Square, Ala. I Tr't. Do. 
/ ~ 1861 I Jan., f'eb. 'J+• 

Pensacola. Harkley Point, Fla. Tr't. G. W. Dean, E. Goodfellow. 
Clarksburg, Academy station, W. Va. 

1 
V.Cir. A~ T. Mosman. 1863-41 Dec., Jan 

Grafton, station near railroa.d, W. Va. IV. Cir. Do. 1864 I January 
Cameron, station near church, W. Va. 

1 

V. Cir. Do. 
18641 Do. 

Wheeling, near river, \V. Va. V. Cir. Do. 1864 Do. 
Parkersburg, Courtland street, W. Va. IV. Cir. Do. 1864 ' Do. 

• I 
Point Pleasant, near river, W. Va. V. Cir. Do. 1864 ' February 
South Point, station near brick church, I V. Cir. Do. 1864 Do. 2 

Ohio. 

Gauley llridge, west side of river, W. I V.Cir. Do. T864 Do. 
Va.. . ' 

Cumberland, Decarture street, Md. I V. Cir. Do. 1864 March 2 

Martinsburg, near railroad station, W. V. Cir. Do. 1864 Do. 
Va. 

Washington, United .States Naval Ob-I Dome. G. W. Dean, J. R. Eastman 
servatory, D. C. ·[J.M. Gilliss]. 

Heart's Content, Trinity Bay, N. F. Tr't. G. W. Dean, E. Goodfellow. r 1866 Foilbommerum, \'"alenti.a Island, Ireland. Tr't. B. A. Gould, A. T. Mosman. Oct., Nov. 

0 03 r7.74 

0 08 07. 147 

0 00 57.400 

36.671 

0 o6 02.986 

0 03 20.316 

0 13 0\1-431 
0 " 5-1.68 

0 14 05.461 
0 14 42.40 

0 18 
:>.j.68, 

0 20 

"~j 0 22 09.70 

0 16 39.79 

0 o6 49.57 
0 OJ 37.46 

• 5' 56.356: 

±0.051 

±0.015 

±0.016 

:l:o.016 

±0.015 

:;to.3 

±0.02':l 

±0.012 

±0.010 

:to,031 

.i:0.022 

±o.st 

±0.009 

(16) A new station was established at Charleston, on Citadel Square, in 188o. It is 5".114 or o'.3¢ east of the Glbbes' observatory transit, 
hence A>.. Charleston, Citadel Square, transit and Raleigh tnutsit 5m 1 <'.68 

("6) A subordinate detennination made only for temporary use until the triangulation could be completed; now abandoned.· 
(a7) A new station was established at New Orleans In 188o in Lafayette Square. It is ,.11 .g85 or o'.866 e<UI of the old -ion of •llsS; hence 

AA New Orleans Transit of x88o and Mobile Transit s•o&.a8i 
m Estimated prob&ble error of any one result. 
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TABLE !.-General table of results for differences ef longitude, &c.-Continued. 

I ~ a 111 

" Observer . 
No I Western and Eastern stations. ~ I Year 

• II ~ • 
Month. Difference of 

longitude. 

1 

~ [Chief of party or of place.] I 
_l ______ I 1- ------1-- '•------

{

: Foilhommerum, Valentia Island, Ire- ! Tr't. i B. A. Gould, A. T. Mosman. i} 
43 I G;:::;.,ich Observatory, England. I Tran.Cir.' Greenwich observers [G. B. \ 

1866 
November 

( Airy]. I 

1 

I 
! 

{ 
j Calais, Acade•y grounds, Me. Tr't. ! G .. Davi1!5on, C. 0. Boutelle, : ~ 

44 1 I S. C. Chandler. 1 1866 December i 
: Heart's Content, Trinity Ray,N. F. Tr't. i E, Goodfellow [G. W. Dean] .. . I 

{ 
i Washington, Seaton Station, D. C. Tr't. G. W. Dean, E. Goodfellow. ~ 

45 ' · 
1 

1867 June : Cambridge, Harvard College observa- Dome. J. Winlock, G. M. Searle. :
1 j tory, Mass. 

( 1 Washington, l!nited States Naval Ob-
• 6i i se~atory, D. C. 
4 

\ Cambri(jge, Harvard College observa-
1 torr, Mass. 

. 1
1 Washi.ngton, United States Naval Ob-

47 , servatory, D. C, 
1 \\'l'ashmgton, Seaton station, D. C. 

·~g { Galveston, Public square, Tex. 
New Orleans, Basin ~"treet station, La. 

{ 

Omaha, Capitol Square (grounds of 
* 

1 
high school>, Nebr. 

49 1 Cambridge, Harvard College observa
tory, Mass. 

{ 

Salt Lake City, Temple block station, 
Utah. 

50 
Omaha, Capitol Square (grounds of 

high school), Nebr. 

{

, San Francisco, Washington Square, 
I Cal. 

51 I Omaha, Capitol square (groun<ls of 

I 
high school),Nebr. 

I San Francisco, Washington Square, Cal. 
52 ) I Salt Lake City, Temple block, Utah. 

~
, Salt Lake City, Temple bloek, Utah. 

53 I Cambru;Jge, Harvard College observa-
\ tury, Ma::,,-s. 

S j Sa.n Francisco, l-\' .. a.shington Square, Cal. 

54~ i CambriU;e, H&nard College observa-

S I A:l:;~en;~Jlegheny observatory, Pa. 
•55 ~ JI Cambridge, Harvard College observa-

1 tory, Mass. 

{

] Staunton, near Dr. Sears' house, Va. 

5
6 

'I Washington, United States Naval Ob
servatory, D. C. 

Oma.ha, Capitol Square (grounds of high 
school), Nebr. 

57lj Mattoon, grounds of l!Cb.iol-house, Ill. 

1 
Springfield, grounds new State House, 

•to I Ill. 
I Burlington, Public Square, Iowa. 

6o I Des Moines, grounds of Court-House, 
Iowa. 

61 Bushnell, U nlon Pacific Railroad station, 
Nebr. 

6.. I ] ulesbu!'g, Union Pacific Railroad Stlt.-
1 tion, Colo. 

Dome~ 

Dome. 

Dome. 

Tr't. 
Tr't. 
Tr't. 
Tr't. 

Dome. 

Tr't. 

Tr't. 

Tr't. 

Tr't. 

Tr't. 
Tr't. 
Tr't. 
Dome. 

Tr't. 
Dome. 

Dome. 
Dome. 

Mer. T. 
Dome. 

Tr't. 

Tr't. 
Tr't. 

Tr't. 
Tr't. 

r Omaha, Nebr. Tr't. 

S. Newcomb A. Ilall, 
Thirion [B. F. Sandsl, 

1 
J. Winlock, G. M. Searle. 

c. :1 
'~ 

I J 
I 

s.T~i;;;;;o~~F.'§;.n~1;j11, c. i,· ~ 
G. W. Dean, E. Goodfellow. 

Do. 

1867 Do. 
I 

E. Goodfellow. 
G. W. Dean. 
E. Goodfellow. 

i 
! } 1868 ' February 
: 

J. 'Winlock, A. T. Mosman, F. 
Rlake, _ir. 

!} 
I} 

G. W. Dean. 

E. Goodfellow. 

} 
G. Da..-idson. 

E. Goodfellow. 

G. Da..-idson. } 
G. W. Dean. J 

Do. j} 
J. Winlock, A. T. Mosman, I 

F. Blake, jr. 

G. Davidson. i 
J.'Winlock,A.T.Mosman,F. 5 

Blake, jr. 1 

s. P. Langley. i ~ 
J. Winlock,A. T. Mosman, F. S 

Blake, jr. 

Do. 

Do. 

Do. 

186) Feb., Mar. 

Do. 

r86c} Do. 

li!6c) March 

A. T. Mosman. 
C. Thirion [B. F. Sands]. ~ •869 April 

E. Goodfellow. 

E. P. Austin. 

do. 

do. 
do. 

0. N. Cbalfee. 

do. 

E. Goodfellow. 

•869 April, May 
,869 M&y, June 

Iil6g June 
,869 July 

Do. 

Do. 

k. m. J'. 

0 •I' 

o 55 37-973 

6 : 0 :;a3 28.474 

o ~3 41. u6 

6 ' 0 18 51.85 

i 
:11 \ 1 OJ 49.111 

6 1 ' 4s sz.307 

IO 0 4• 03.196 

9: 3 25 07.372 

5 : 0 35 31.88 

0 o8 "4·93 

4 : 0 JO lJ-5-1 

3 ' 0 •5 o8.70 

3 ; 19, 30.38 

3 1, 0 09 16.q6 

0 31 "45-75 

l ) 0 25 39.38 

411 

s. 

±o.o66 

+0.031 

±0.015 

±0.009 

±0.014 

±a.on 

:i:0.0111 

±0.0H 

:t:o.o.t 

:i:0.10 

±0.11 

±0.IO 

±o.t.:z 

(~) The terminations Nos. 45 and 46 are not quite independent, four of the dates in No. 46 occurring also in No. 45- See new determina.tion 
11 1872 further on. 

(47) Reault not entirely independent of Nos. 45 and 46; only.one independent day included. 
(48) Referred to r88o station a.t New Orlean• the result becomes 18• 5•'.72 See note to No. 27. 
(49) The results Nos. 49 to S4 are not quite independent. The six measures D. A between the four stations, Cambridge, Omaha, Salt Lake and 

i. n Francisco, have ~e k>CaJ transits of February 11, 18, !Lf, ~s .. and 2 1 in coDlmon. The three discrepancies th9rising were _a·
01_71 +•.011 

4 -•.007, wbic:b were T'elno'Ved b.y least square adjustlXlent. The maximum e<>rrection is small, lesll than o'.01 In consequence of this entan
ment Nos. So, 51, 52 cannot be introduced in any general a.djustment of longitudes in which Nos. ~q, 53, s. have already entered. 

(55} See redetermination in ..,,.. mean of the two measures, 35• 3>' .94 ± o'.04 
Bl See redetennlnatlon Of Sprinafield in 18110, from Saint Louis, Mo. and 01nalla, Nebr. 
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TABLE !.-General table of results for deferences of longitude, &c.-Continued. 

No. y,~ estern and Eastern stations. " il 
l ] 

'· 

i Year. 
{Chief of party or of place.] 1 

Observer. 
Month. 

' . 
l~§ ~ 
:! ,g~ Difference of : 
1 'O •@ longitude. ~ 

OB e 
z~. I p.. I ~ I 

----------1---~1· ·---:--- :-~--1--

' Tenn.:,, Ya. 
' Tr't. ! R. D. Cutts, A. T. Mosman. il 

{ 

1 Goodson, Lancaster Hill (near Hristol, 

63 
' Washington, United States NaYal Ob

servatory, D. C. 
Cedar Falls, near railroad station, Iowa. ) Tr't. 

Dome. i Various observers [B. F. 
· Sands). J 

'} 64 
{ ) Chk-ago, Dearborn obserYatory. JU. ~ 

I 
, Cambridge .. Han·ard College observa- . Dome. 

6s tory, Mass. ! 
, Duxbury, station near cable office, ~iass.' Tr't. 

~ .
, Duxbury, station near cable office, Mass.\ Tr't. 

"66 : Br~st, station r.ear St. Louis tower, [ .& 
: ¥ranee. \ 

{ 

· .. : Saint Louis, grounds Washington Uni- J. Tr't. 
, vers1ty. Mo. \ 

•
67 

: Wa.~hington, United States NaYal Ob- ! Dome. 
· servatory, D. C. l 

) I San Francisco, \\<""ashington Square, Cal. I Tr't. 
6& i • Los Angeles, lluenavista station, CaL f Mer. T. 

{ 

: Burlia,gton, Yt, ~ 1'r1t. 
•69 • Cambridge, Ha.rnrd College observa- I' Dome. 

;. tory, 'Mass. , 

5 ! San Francisco, Washington Square, Cal. 1 Tr't. 
70 ~ 11 

San Diego, Newtown, Cal. i Mer. T. 
. I 

r
t Detroit~ United States, Lake Survey ob-) 
: servatory, Mich. · 

t "l l Washington, United States Naval Ob- I Dome. 
: servatory, D. C. J 

{ 
i Chetopab, Kans. l Tr't. 

1<7I , Saint ~ouis, grounds Washington Uni- \ Tr't. 

I F. Blake, Jf. [J. &. Hilgard). 
T. H. Salford, A. N. Skinner. 
J. Winlock, jr., E. P. Austin. 

E. Goodfellow. 
do. 

G. W.Dean. 

W.Eimbeck. 

'} 
i} 
! { 

W. Harkness, E. Frisby [fl. F. 1· 
Sands). 

G. Davidson. t 
S. R. Throckmorton. S 
A. T. Mosman [G. W. Dean]. ( 

E. P. Austin [J. Winlock]. ; 5 
S. R. Throckmorton. 

'

:, ~ 
G. Davidson. S 
0. B. Wheeler [C. B. Com- '} 

stock]. 
J. R. Eastman [B. F. Sands]. 

R. Keith. 
W.Eimbeck. I~ 

18"9 July, August. 

,s6c) October 
i 

1869 December 

1870 Jan., i<eb. 

Do. 

Sept., Oct. 

Do. 

July 
, vers1ty, Mo. '[ 

5 1 San Francisco, Washington Square, Cal., Tr't. 
12 i f Seattle, Duwamish !lay, Wash. Ter. i Mer. T. 

G. Davidson. 
S. R. Throckmorton. 
S. P. Langley. 

i} 1871 Sept., Oct. 
I 

{

; Allegheny, Alleghe11y observatory, Pa. I Dome. 
•73 Cambridge, Harvard College observt.- I Dome. 

: tory, Mass. I 

{

' Columbus, Capitol Square, Ohio. [ Tr't. 

74 : Cambridge, Harvard College observe.- ( Dome. 
tory, ~lass. 1 

Columbus, Capitol Square, Ohio. ! Tr't. 

75 ~ , Cle\·eland, grounds Marine Hospital, 1, Mer. T. 
l Ohio. 

f j Cleve1and 1 grounds Marine Hospltalt i ~fer. T. 
Ohio: I 761 Cambr1~ge, Han~ard Colleg-e observa \1 Dome. 

l tory, Mass. , 

77 5 
Oakland, near eclipse station, Ky. i Tr't. 

l Cambri~c, Harvard College obscrva- I Dome. 
tory ~ . ass. ) 

Shelbyville, college grounds, Ky. I Tr't. 

H. Gannett !J. Winlock\. 

G. W. Dean. 
H. Gannett [J. Winlo;k]. 

G. W. Dean. 
E. Goodfellow. 

Do. 

H. Gannett p. Winlock]. 

A. T. Mosman. 

H. Gannett LJ. Winlock]. 

Do. 

Do. 

October 

Do. 

November 

7sS Cambridge, Harvard College observa- i Dome. l tory, Mass. I 
A. T. Mosman [G. W. Dean]. ii 
H. Gannett !J. Winlock). i 5 i1!7t Nov., Dec. 

{ 

Falnrnuth, Colman's farm. Kr. f Mer. T. 
79 Cambri~ge .. Han~ard College obs.erva- ! Dome. 

tory, Mass. ! 

E. Goodfellow. 
H. Gannett [J. Winlock!. 

W. Elmbeck. 8o \ Austin, public reservatiun, l'ex. · Mer. T. 
! Allegheny, Allegheny observatory, Pa. Dome. S. P. Langley. 

December 

April 

It. m. s. 
) 

s. 

0 20 ±o.o6 

~ 19 20.8 ±0.5 

0 Ol 50.191 ±0.022 

±o.026 

±o.o6 

J • 0 <>8 28.6 eo , 

±o.o6 

0 '9 35.5{; ±0,10 

13 0 oO IS.42 :lo.-02 

I 
S I o 35 32.01 +-0.05 

6 ' 0 47 27.713 ±0.035 

0 05 12.929 ±0.~5 

±0.05 

3 j 0 52 49.6o ±o.t3 

I 10 53.86 J,o.o6 

81 
f San Francisco, Washington SquareJ~al Tr't. ; G. Davidson. 

( Verdi, East I.lase, Nev. i Mer. T. ! s. R. Ttuockm<>rton. June 6 o 09 47.333 . ±o.~s 

(66) Reduced to ftag-sta ff or trigonometrical station on the Sai11t Louis tower. the transit being o'.~09 west of the tower. The difference of lon
gitude referred to the tower station is•'~•"' 42'.867 + o' .. 409= 4' z4• 43'.276 as given in th'e table. See also note to No. 83. 

(67) The new station established in 188r is o'.ns west of the old station, hence dtff'erence of longitude when referred to "tatfon of 2881, 
oh 52• 37•.026 

(6<;) A subordinate an.porary determination new abt.ndoned, the trigonometrical connection ha .. ing been made. 
\tl Detroit, Mich., though not a Coast Survey station, bas been included in our longitude system in consequence of its ialportance. as the 

initial longitude si..tion from which many of the United States Lake Survey detenninations were made. 
(71) A subordinate station; the difference of longitude when referred to the station of 18e1 at Sa!Dt Louisbeco- •9'" 35•.44 
(73) See note to No. ss; mean of the delel'lllimotiOll9 of 186g and 18-,1, 35• p'.94*o'.04 



 

UNITED STATES COAST AND GEODETIC SURVE1".. 

TABLE I.-General table of results for differences .of longitude, &c.-Continued. 

--------------------·-----·----------·-----------------

Difference of 
longitude. 

413 

" :0 
" .n 

! £ 
-N-o._l __ ·_W_est_e_r_n_a_n_d_E_as_te_r_n_s_ta_t_io_n_• 11 IChl• .:::::~ •• ~] v~, 

1 

M_•n_t_h_._r !1 
82 

~ ! Sallta1:.ke City, Temple-block Square, I Tr't. A. T. Mosman. ! i 
1872 

: June, July 

·------1---

h. "'· $. s . 

1 
Sherman, near railroad station, Wyo. Mer. T. R. D. Cutts. S 

{

I Brest, station near to.wer of Saint Louis, A F Blake jr [J E Hilgard] l 
•s.~ I G~:=~h. Royal Observatory, Eng- Tran. C. G: S. Cti~v;ck ~n~ others [C~. j 

/ land. B. Airy]. 

{ 

1 Brest, station near tower of Saint Louis, & F. Blake, jr. [l. E. Hilgard]. i 1 
• 84 1, France. 

; Pa.ris1 Observatory of Paris, France. Mer. of L. F. Folain [Delaunay and : J i Fr. Loewy]. , 

{

i Saint Pierre, island of Saint Pierre, Tr't. E. Goodfellow [G. ·w. Dean]. : .. l 
8
•
5 

i ~~~~Ion group, Gulf of Saint Law- i' 

I Brest, station near towerof Saint Loul~, 8 F. Blake, jr. [J. E. Hilgard]. I J 
j France. 

I 

r872 j July. 

8 0 • 6 oo.93 ±0.04 

0 17 57.598 ±0.02~ 

9: 0 27 18.512 ±0.091 

I 
26 44.810 7 ' ~~0.027 

i 

Do. 

Do. 

{

I Washington, United States Naval Ob- Dome. W. Harkness, J. R. Eastman, i} 
•86 [ servatory, D. C. E. Frisby [B. F. Sands]. f 

1
, CambTidge, Harvard College observa- Dome. E. Smit~ [J. Winlock]. ·, 

I 
tory, Mass. 

I Washington, United States Nava.I Ob- Dome. W. H~r)mess. J. R. Ea.stman, i l 
· servatory, D. C. E. F nsby [B. F. l>ands]. i 

87 l Saint Pierre, island of Saint Pierre, Tr't. E. Goodfellow [G. W. Dean]. iJ 
Miquelon group, Gulf of Saint Law-

1 
rence. 

f Cambridge, Harvard College observa- Dome. E. Smith(]. Winlock]. I} 
tory, MllSS. 

881 Saint Pierre, island of Saint Pierre, Tr't. E. Goodfellow [G. W. Dean]. i 
~!~i~~lon group, Gulf of Saint Law- \ 

Greenwich, Royal Observatory, Eng- Tran. F. Bia.ice, jr. [G. B. Airy, J.E. \} 
land. Hilgard j. I 

Paris, Observatory'Of Paris, France. Mer. of L. F. Folain [Loewy]. I 
Fr. j 

Carpenter's Point, near Port Jervis, Tr't, E. Smith. ·i} 
N. Y. 

Cambridge, Harvard College observa- Dome. W. A. Rogers [J. Winlock]. 
tory, Mass. 

Omaha, Capitol Square (grounds of Tr't. E. Goodfellow. l j 
high school), Nebr. 1

1

,

1 Madison, grounds of University of Tr't. F. Blake, jr. [G. W. Dean]. 
Wisconsm, Wis, 

Denver, near railroad depot, Colo. Mer. T. E. Smith [G. W. Dean]. 1

1

·} 

Omaha, Capitol Square (grounds of Tr't. E. Goodfellow. 
high school), Nebr. 

oh';'~'1'°S.:f:.Sl'.oke~'.'"'e (grounds of Tr't. L', B!Dakoe .• J·r. [G. W. Dean]. II} 
Minaeapolis, grounds of University, Tr't. " 

Minn. 

I} C~~~o Spring11, experimental garden, Mer. T. E. Smith [G. W. Dean]. 

Omaha, Capitol Square (grounds of Tr't. 
tµgh school), Nebr. 

E. Goodfellow. 

1B72 July, Aug. tr 0 23 40.¢7 +O,OIQ 

1872 Do. 9 I •3 29. 553 +0.027 

1872 Do. 0 59 48.008 ±:l,021 

1872 Aug., Sept. 0 09 21.CX>O ±0.-038 

1813 May, June 0 14 15.67 ±0.10 

1873 July 6 0 o6 09.849 ±a.oz" 

1873 July, Aug. 0 "J6 12.20 :±0.04 

1873 August 4 0 10 49.567 :1-o.o63 

1873 Do. 0 35 3"·45 +0,02 

f Kalama, Wash. Ter. Mer. T. W. Eimbeck. t 
95 ~ San Francisco, Washington Square, Cal. Tr't. G. Davidson. 5 

1873 September I 12 0 01 43.88 ±0,026 

{ 

Omaha, Capitol Square (grounds of Tr't. E. Goodfellow. l f 
g6 high school), Nebr. i I673 Do. 4 i <> 18 46.850 ±o.on 

La Crosse, Court-House Square, Wis. Tr't. F. Blake, jr. [G. W. Dean). I i 

(83) The station was o'.444 east of the trigonometrical station on the Saint Louis tower, the transit station of r870 being different from that of 
187", for which reason both were at once referred to the tower station &. The determination of the difference of longitude betweeD" the 
respective transits gave 17'" 57•.154, which, increased by o'.4-14, refers it to the tower. The transit circle at the Greenvvich obsen'lltory marks the 
Greenwich or initial meridian. 

(84) At Brest the position east of the tower was referred to the tower, and al Paris the position of the Gambey meridian instrument, which 
was o'.ua ~ast of the meridian of France, was referred to the latter meridilm. The Coast Survey result for these points waA AA.::-: :ira 18•. 533 
± o>.038; in the .Aunalesde l'ObsetVAtoire de Paris, Vol. VHI, 1866, p. 279, Le Yerrier gives bis telegraphic resull = 27• 18•.49; the mean value 
of tHae two detllrminatiOlll, with equal weight, is ~ven in the table. -

(86) Tho results of 1Sn and 11167, vb:, 23• 40'.«)67 and 03• 41•.116, were combined and the mean result .:IA=< 23• 41'.041 ± o..,8 was linally 
adopted. 

{89) At Grffllwlcll. tlao C-Sun-e;y mmsit,..... <>'.roo <ad (N. B.-Ia Coast Survey report for 1874, p. 177, I. :I<> from top; for west, read east) 
of the Gr-"lrldl meJidlul, .and at Paris the insbument was o'.12 etut of the meridian of France, whicll is the same as that of CaSllinl. The 
.-It ill the table ls ref-.! tot~ reapect.IVO 1Hri4iana. 
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TABLE I.-Gmeral table of results for differences of longitude, &c.-Continued. 

___ !_____ I ~ ~~ i I g 

i
i· l»::l. " 

v Observer. , ~ ~ '. Difference of j " 
No. 

1 

Western and Eastern stations. ~ Year.: Month, _0.~ 11 longitude. 
1 

~ ! ~ [Chief of party or of place.] i 

1 

_ I 

---1 i __ o:: __ i __________ 1 ___ 1 ____ 11 ~~ 1-----J-£ __ 
1 , h. m. s. II s, 

97 
5, Trinidad, station near jail, Colo. Mer. T. I E. Smith [G. W. Dean]. ,I~ 1 
( Omaha, Capitol Square (grounds of high i Tr't. 'i E. Goodfellow. S 1873 '. September I 

school) Nebr. I I I I 

{ 

Ogden, United States Engineers' ob.. l EastTr't'; F. Kampf. :} I. 

' servatory1 Utah. • 1 I 
4> ,· Salt. Lake City, Temple-block station, : Tr't. i J. H. Clark. ' 813 Sept., Oct. 

U~. 1 

.._{:Ogden, United States Engineers' ob-! EastTr't: F. Kampf. } 

.. servatory, Utah. 1 I 
Detroit, United States Lake Survey ob.. ~ East Tr'!' 0. B. Wheeler. 

servatory, Mich. - ! ( 
Key West, Clinton Place, Fla. r Mer. T. I' E. Smith. ~ 
Washington, United States Naval Ob-- ! Dome. W. Ha~kness._J. R. Eastman, 5 

servatory, D. C. ' E. Fnsby [H. F. Sands]. 
Punta Rasa, Charlotte Harbor, Fla. i Mer. T. i E. Smith. 

Savannah, Exchange station, Ga. 1. Tr't. 'I F. Blake, jr. 
Savannah, Exchange station, Ga. ' Tr't. 

1 
Do. 

Washington, United States Naval Ob- 1 Dome. 1 W. Harkness
1 

J. R, Rastrnan 
servatory, D. C. : ! [C.H. Davis]. 

JOO~ 
f Cedar Keys, near railroad depot, Fla. 

101 l , Savanna.h 1 E:J.chauge statiun, Ga. 
f [ Atlanta, City-Hall Square, Ga. 

'
02 l i Sav!lllnah, EJ<change station, Ga. 

1 Mer. T. : E. Smith. 
Tr't. : F. Blake, jr. 
Mer. T, I E. Smith. 

Tr't. I F. Blake, jr. 
oh- EastTr'tl J. II. Clark. " { '. Ogden, United States Engineers' 

.,, servatory, Utah. 
Washington, United States Naval Ob

servatory, D. C. 
S Nashville, State-House Square, Tenn. 

ro3 ~ Columbus, ra.pitol grounds, Ohio. 
Washington, United States Naval Ob

servatory, D. C. 

:z:o.(. 

1 

Tra.\"is, near Hale's Eddy, N. Y. 
105 Burt, near Wellsburg, Pa. 

Dome. 

Tr't. 
Tr't. 
Dome. 

Mer. T. 
Mer. T. 

J. R. Eastman. 

G. W. Dean. 
W. Eimbeck. 
J. R. Eastman,_~- Jl'risby, A. 

N. Skinner, tt. M. Paul U. 
Rodgers). 

E. Smith. 
Do. 

,o6 Fino, near Great Bend Village, N. Y. Mer. T. Do. 

•<>7S, Cohmbus,Capitolgronnds,Obio. Mer. T. W.Eimbeck. } 
( Washington, United States Xaval Ob- Dome. J. R. Eastman, E. Frisby, A. 

servatory, U. C. N. Skinner [J. Rodgers]. \ 
5 Nash ville, State-House Square, Tenn. Tr't, G. W. Dean, H. W. Blair. ! { 

•clll Washington, United States l'iaval Ob- Dome. J. R. Eastman. E. Frisby, A.'. 5 
servatory, D. C. N. Skinner U. Rodgers]. : 

5 Washington, l;nited States Naval Oh- Dome. E. Frisby U. Rodgers]. \:,. ~ '°"t servatory, D. C. 5 
Harrisburg, grounds State Capitol, Pa. Mer. T. E. Smith. 

110
5 Paducah., Court-House Square, Ky. Tr't. W. Eimbeck. 
l Nashville, State-House Square, Tenn. Tr't. G. W. Dean. 

111 {' Cairo, Custom-House block, 111. Tr't. 
Tr'i . 
Tr't. 

. Nashville, State-House Square, Tenn. 
u•{ Hicl<man, Court-House lot, Ky. 

i ~ashville, Sblte~House Square, Tenn. Tr't. 
It

3 
~ \ Memphis, Custom-House Square~ Tenn~ Tr't. 
l ; Nashville, State-House Square, Tenn. Tr't. 

W. Eimbeck. 
G. W.Dean. 
W.Eimbeck. 
G. W.Dean. 
W.Eimbeck. 
G. W.Dean. 

{ 
i Summit, station of Central Pacific Rail- Mer. T. B. A. Colonna. 

u
4 

i road, (;al. 
i Washington, United States Naval Ob- Dome. Various observers 

servatory, D. C. DavisJ. 
S ! Helena, Court-House grounds, Ark. . Mer. T. E Smith 

"
5l: Nashville, State--House Square, Tenn. ''l'r't. ' G .. W. D~an. 

~ 
i San Francisco, Washington Square, Cal. Tr't. i J. F. Pratt. 

n 6 
1
1 Summit, station Central Paci6c Rail- Mer. T. 1 B A Colo i road, Gal. [ · · nna. 

[C. 

1873 Do. 

r873 December I} 1874 January 

I 
1874 February 

r874 Feb., )1ar. 

I 
1874 March 

r874 Do. 

1874 October 

I 
1877 ' July, Aug. 

r877 July 
i877 I August 

1:877 ~ Aug., Sept. 

1877 '. August 

I 

i 
1S77 ; Aug., Oct. 

1877 Sept. 

1877 Do. 

October 

Do. 

November 

May 

Do. 

M'lly,June 

±0.03 

6 : a oo •4·H1 

I 55 47 .47< ro.o6S 

11 0 19 Ol.554 ±o.p17 
I 
I 

4 I 0 0.1 41.45 ±0.04 

0 16 09.30 ±0.07 

0 07 45.95 :to.04 

6 0 '3 11.<)6 ±o.°'\6 

±o.ofy 

0 o6 46.54 ,i,o.o6 

17.43 ±0.05 

0 05 09.95 ±0.03 

0 •J 46.816 ±0.038 

13 0 38 55.')SB :1-0.Q.tO 

0 00 40.79 ±0.03 

0 07 25.77 ,J,.0.03 

3 0 "9 33.05 

0 13 05.o6 

4 ~ 53 "'1·57 

3 0 15 •3·59 

6 0 o8 19.01 ±o.o6 

(<~) The three determinations of Ogden observatory, the fundamental western longitude station of the United States Engllleers, though no 
included in tie opemtions of the Coast Survey, yet indirectly connected with It, are here given on account of the importance o! the po•ltlon of 
this observatory. It bolds the same place with respect to the United States Ellgineers' surveys as Detroit did wilh the United States l.alce 
SutTey. The probable ertors have been increased to allow for probable error of pel'llOllll.l equat!OJI. It wu connected with salt Lake City and 
Detroit in s873, and with Wuhiftgton In •S,4. · 



 

UNITED ST.A.TES CO.A.ST AND GEODETIO SURVEY. 

TABLE !.-General table "./results ./(11' differences o.f longitude, G--c.-Continued. 

No. Western and Eastern stati0ns. 

S 
1 

N atchez1 grounds near Cath.ohc church, Mer. T. 

"7( I Miss. 
Nashville, State-House Square, Tenn. Tr't. 

1
Jl 1 Vicksburg, station in fort~ Miss. i Mer. T. 

1 
Nashville, State-House Square, Tenn. l Tr't. 

Si Greenville, near l:<:piscopal church., Miss. Mer. T. 
u9}' 

j Nashville, State-House Square, Tenn. Tr't. 
( 

1

. States_viJle, Simonton ~ollege sta.tfon, Tr't. 
120; N. C. 

( Washington, grounds No.val Observa- Dome. 
'! tory, n. c. 1 

~ 
Atlanta, City-Hall Square, Ga. 1 Tr't. 

121 I \\ .. ashin,R'to;, grounds Naval Observa- Dome. 
tory, D. C. 

,.
2 

{ Nashville, State-House Square, Tenn. Tr't. 
Louisville, grounds of University, Ky. Tr't. 

SI Nashville, State-House Square, Teno. Tr't. 
123 ~I Atlanta, City-Hall Square, Ga. Tr't. 

*i~4 5) New Orleans. Lafayette Square, La. Tr't. 
l I Nashville, State-House Square, Tenn. Tr't. 

125 
SI New Orleans, Lafayette Square, La. Tr'!. 
l \ Atlanta, City-Hall Square, Ga. Tr't. 

~I
' Baton Rouge, grounds United States Mer. T. 

1 :;ro barracks, La. 
Atlanla, City-Hall Square, Ga. TT't. 

S Atlanta, City-Hall Square, Ga. Tr't. 
121 ~ Charleston, Citadel Squarei S. C. Tr't. 

ras{ 

tt { 

129{ 

130{ 

i3z ~ 

•132{ 

Washington, grounds Na.val Obsenra-
tory, D. C. I 

Dome. 

Cape May, Pennsylvania Railroad Com- Tr't. 
pany's grounds, N. J. 

Detroit, United States Lake Survey ob
servatory, Mich. 

Cambrici2'e, Harvard College observa
tory, Mass. 

Strasburg, earthworks north of town, Va. 

Washington, grounds of NaYal Ob
servatory, D. C. 

Cincinnati, grounds of Mount Lookout 
observatory, Ohio. 

Washinitton, grounds United States 
Naval Observatory, D C. 

Nashville~ State-House Square, Tenn, 
Cincinnati, grounds Mount Lookout 

o bserva.tory, Ohio. 
Saint Louis, observatory of Washington 

University, Mo. 
Cincinnati, grounds Mount Lookout 

observatory, Ohio. 
Saint Louis, observatory of Washington 

University, Mo. 
Nashville, State-House Square, Tenn. 

E. Tr't. 

Dome. 

Tr't. 
Dome. 

Dome. 

Dome. 

Tr't. 
Dome. 

Tr't. 

Dome. 

Tr't. 

Tr't. 
Tr't. •M{ Vincennes, C<>urt-House yard, Ind. 

Nashville, State-House Square, Tenn. Tr't. 
S Saint Louis, observatory of Washington : Tr't. 

135 l University, Mo. ! 

Vincennes, Court-He>use yard, lnd. 
1 

Tr't. 
Charle>ttesville, McCormick observr.tory, Dome. 

University of Virginia, Va. : 
Wa.shiDJrton, grounds United St.ates i Dome. 

NavarOhllervatory,D. C. 1 

Yeat. i 
I 

Observer. 

[Cliief of party or of place.] 
Month. 

, I 
!-~~~~~~~~~~~--~~!~~~~~ 

E. Smith. 

G. W. Dean. 

E.Smitli. 

I 
, ~ 1878 II June 

, } 1878 July 
G. ""''-Dean. 
E. Smith. 
G. W. Dean. 
E. Smith, G. W. Dean. 

G. W. Dean, E°'.'Smith. 

Do. 
E. Smith, G. W. Dean. 

G. W. DeaD, E. Smith. 
E. Smith, G. W. Dean. 

Do. 
G. W. Dean, E. Smith. 
E. Smith, G. W. Dean. 
G. W. Dean. E. Smith. 

Do. 
E. Smoth, G. W. Dean. 
E.Smith. 

G. W.Dean. 

.} 

I} 

E. Smith, G. W .. Dean. } 
G. W. Dean, E. Smith. 

E. Smith, G. W. Dean. ii'} 
G. W. Dean, E. Smith. 

I 
A. R. Flint, O. B. \\'heeler (C. I} 

B. Comstock]. 

1 
0. B. Wheeler, A. R. Flint. 

I I 

E. Smith, G-. W. Dean. 
'G. W. Dean,E. Smith. 

Do. 

E. Smith, G. W. Dean. 

C. H. Sinclair, E. Smith. 
E. Smith,C. H. Sinclair. 

E.Smith,G. W.Dean. 

G. W. Dean, E. Smith. 

Do. 

E. Smith, G. W. Dean. 
Do. 

G. W. Dean, E. Smith. 
E. Smith, C. H. Sinclair. 

C.H. Sinclair, E. Smith. 

I~ 
Ii 
} 
it 
i) 
i 

I} 
I 
'} 

I 1 

i878 

J:879 

1879 

1879 

i879 
r8Bo 

rSBo 

18Bo 

t88o 

i88o 

1881 

i:881 

:i881 

1:881 

18$1 

1881 

i:881 

1881 

r881 

C.H. Sinclair, F. H. Pa.rsons. 

F. H. Parsons, C. H. Sinclair. 
} z88• 

Do. 

December J 
January 

pan., Feb.,} 
March 

Nov., Dec. 

December ~ 
January 

Feb,, Mar. 

Mar., April 

April 

May 

Do. 

May, June 

June 

July, Aug. 

Aug, Sept. 

Sept., Oct. 

Oct., Nov. 

November 

Nov., Dec. 

July, Aug. 

r ..... rn 
'oc 
I g;. .. 3 
""' .,, " 

IC~ 
I ·<> , c~ 
z~ 

3 

3 

4+3 

s+6 

: 

i 

.i+3' 
: 

s+s: 

s+s 

•+s 

s+s 

s+s 

6+s 

3+3 

4+5 

•+• I 
! 

4+4 

3+4 

s+3 

4-/-3 

3+,f 

Difference of 
longitude. 

k. m. s. 

0 18 :!:8.24 

0 16 24· •s 

0 l] 07. 43 

0 15 22.6ot 

0 29 21. tB4 

0 04 04.459 

0 "9 J4'748 

0 1:-; o8.66g 

0 22 43. 382 

0 27 11.Q! 

0 17 49.224 

0 o8 29.072 

0 47 '4-l .l.7':.l 

0 05 14.230 ! 

0 29 29 .262 

0 O;I 26.682 

0 23 07.893 

0 13 41.207 

0 02 57.886 

0 %0 of3.230 ' 

4J5 

s. 

±0.05 

±0.05 

±0.03 

±0.0J6 

±0.01~ 

±0.017 

±0.017 

±0.017 

-:;O.CDifi 

:!-_0.03 

±0.012 

±o.on 

±0.031 

S:O.OLO 

:dro.013 

±o.oog 

±0.017 

±0.014 

±0.025 

.±.o.oo6 

(<"4) Tbe old -ion near intersection of Basin and Canal streets of 1858 could no longer be used and a new station was established in La
fayette Square and geodetically connected with the former: see note to No. •7· 

(tt) Not a C- and Geodetic S..ney station, but included for reason stated in note to t page 412. 
{IJO) The old obaen'atory, establlslled by 0. M. Mitchel on Mount .~dams, electrically connected by the Coast Survey in <848 with Phila-

delpbia, has at present ,,., coueetion, geod~c or aatnmomlcal, with the new observatory on Mount Lookout. • 
(•3'1) The old station of 186g.-'7r could oot be recovered in 1881, when a new roc.ti011, the small observatory in tbe grounds of the Washing 

ton Uninnll;ywaa 1elected. lt ila-..tof ilte old stati<>n o".125; llCe note to No.71. 
(•36> The rtfcrence at ClwiotteS9ille II to the ti-• of tile UMiwr,lty. 
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TABLE I.-General table ef results for dijferences ef longitude, &c.-Continued. 

~~--i--:estern and ~stern stations. l ---~~:rve~--~M.l Month. I ~--~~erence 
. -- \ ____ - --- ------ - ___ ! j __ : [Chief :~arty or of place.] : ___ !. _____ \ ~] \~f:gitude. 

! I I I k. "'· s. 

{

: Kansas City, grounds Franklin school, Tr't. ' C. H.Sinclair, C. Terry, jr. [G. I J 
1
J 

I Mo. W. Dean]. . ( IS82 : Sept., Oct. 
137 Saint Louif'l1 observatory of \\~ashington ' Tr't. C. Terry, jr., C.H. Sinclair. ]J [ i s+s 0 17 12,H)9 

1 I 

University, Mo. I 

Saint Louis~ observatory of W a..c;hington ' Tr't. 

138 S University, Mo. ' 

( London, near railroad depot, Ky. Tr't. 
Saint Louis, observatory of Washington 

University, Mu. 
Tr't. 

Guthrie, near post-office, Ky. 1 Tr't. 

Saint i,ouis.observatory of Washington i Tr't. 
University, Mo. ' 

Henderson, near Court· House, Ky. 

Omaha, grounds of high school, Nebr. 
: Tr't. 

Tr't. 

C. Terry,jr .. C. H.Sinclair [G. ! 
W. Dean]. IS 

F IL Parsons. 

C. H. Sinclair [G. W. Dean]. : ~ 

1 F. H. Parsons. 1 

C.H. Siltclair [G. W. Dean]. ll 

Do. 

r 882 ! October 
I 

Do. 

i 

I 
I 

3i 0 

0 

0 

I 

24 27.82 

.. to.73 

10 •7.39 

±O.cnt 

±<>~ 

±0.18 

±0.03 

Saint Louis.observatory of Washington 
University~ Mo. 

Tr't. 

F. H Porsons '1 

C. Terry,jr., C.H. Sinclair [G. } 
W. Dean]. 

C.1--I. Sinclair, C. Ter.ry, Jf. i 
I 

1882 Ocl., Nov, o 22 56.825 , ± o.on 

Little Roel<, yard of government build
ing, Ark. 

Saint Loufa,observalory of Washlngton 
University, Mo. 

Saint Louis,observatory of '\Vashington 
University, Mo. 

Springfield, State-House grounds, Ill. 
Omaha, grounds of high school, N !'!br. 

Springfield, State-House grounds, lll. 
Saint Augustine, Fort Marion, Fla.. 

'145 5 
{ Savannah, Exchange station, Ga. 
( Kansas City, grounds of Franklin 

school, Mo. 
146~; Indianapolis, grounds of State-House, 

l Ind. 

Tr't. 

Tr't. 

Tr't. 

Tr't. 
Tr't. 
Tr't. 
Jller. C. 

Tr't. 
Tr't. 

Tr't. 

:: :~::n:. W. Dean]. l} 
I 

:~ 
Do. 

F. H. Par~mns. 
C. H. Sinclair [G. W. Dean). 1} 
F. 1:1. Parsons. 

' Captain Defforges, E. D. Pres- ~ 
' ton [Cul. F. Perner]. 
: E.D.Preston,Capt.Defforges. 
; C. Terry,jr. [G. W. Dean]. 
! 
i F. H. Parsons. 

•
117 

J ' San Francisco, Lafayette Park, Cal. 
Fort Selden, parade grounds, N. 1\fex, 

r ! Omaha, grounds high school, N"ebr. 

Tr't. i J. J. Gilbert. 
Mer. T. j G. Davidson. 

il 
J 
} 

Tr't. 

148 ': ) • . 

l , Kansas City, grounds of Frankhn 
school, ~lo. 

Tr1t. 

I ; Louisville, grounds of high school, Ky. Tr't. 
•49'\ Lexington, grounds of College of Ag- Tr't. 

f riculture a.nrl Mechanics, Ky. 
\, Louisville, grounds of high school, Ky. Tr't. 

1 5°) LDK~~' nea.r Cross and Fra.nklinstreeta, Tr~t. 

\ Louisville, grounds of high school, Ky. Tr't. 
JS:Il. GreenslJurg, near C. & 0. Railroad 

{ '1 engine-house, Ky. 

Is21 
! Louisville, grounds of high school, Ky. 

Jellico, near depot of L. & N. Railroad, 
Tenn. 

Tr't. 

Tr't. 
Tr't. 

153{ 
Louisville, grounds of high school, Ky. Tr't. 
Richmond,. grounds Kentucky Central Tr't. 

College, Ky. 

I~{ 
Louis•ille, grounds of high school, Ky. Tr't. 
Smith's Ferry, near boundary on Ohio, Tr't. 

Pa. 
I _i Louisville, grounds of high school, Ky. 

1

. Tr't. 

•55), Charleston, grounds of State House,W. Tr't. 
I· Va. 

i C. H. Sinclair, C. Terry, jr. [G. i} 
W. Dean]. 

C. Terry, jr., C. H. Sinclair. 
I 

: C. Terry, jr. [G. W. Dean]. 
F. H. Parsons. 

. C. Terry, jr. [G. W. Deaoj. 
F. H. Parsons. 

~ 
} 

c. Terry,jr. [G. W. Dean}. l 
·F. H. Parsons. if 

i 
C. Terry,jr. !G. W. Dean]. 
F. H. Parsons. 

C. Terry,jr. [G. W. Dean]. 
F. H. Parsons. 

C. Terry,jr. [G. w. Dean]. 
C. H. Sinclair. 

} 
} 

c.Terrv,jr.,F.H.Parsons[G. l 
W.Dean]. 

F. H. Parsons, C. Terry,jr. 11 

x882 November 

Do. 

x882 Do. 

:188~ Nov., Dec. I 
1882 Do. I 

December 1- . 
lNov.,Dec.,.1 + 
f Jan. \\S S 

I 

May I 
l 

lune 

Do. 

3 

Do. 3 

Do. 

1883 : Aug., Sept. i s+s 
: 
I 

±0.02 

±0.15 

0 33 42.86 ±o.o6 

0 05 02.o8 ::t:o.05 

o 12 39.ro 

0 01 03.75 

0 "" 33.59 

0 21 03.39 ±0.07 

0 16 31.5"8 ±0.016 

{<43) The direct result is 2m n'.87: the adjusted, 2• u•.8<), taking in Oma.ha and Springfield. 
(144) The direct result is 25• o8".76; the adjusted, .,m oS'.71, with consideration of the determinations Omaha-Spring&eld, 1869 and 1!82, and 

Omaha-Saint Louis. 1882. 
(145) Determined in connection with the ohl;ervationo of the Transit of Venus by the French party 111 chllflfe of Colonel P..-rleT. The 

French records JJ>.ve not yet been communicated. 
(147) Determined in connection with the observatioosof the Transit of Venus by the Coast and Geodetic S.,,,,ey party in charge of AllSlstant 

\ G. Davidson. Resu,lt not Yet known. The Davidson AstronolJlical Obse"atory, in Lafayette Patt, b about a statute mDe WeSt"l\'ard of the ob
servatory In WllSbiagtnn Square, San Francillco. 
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TABLE !.-General table of results/or dfffermccs of longitude, &<.-Continued. 

I 
I 

No. I 
I i 

~-'------·i 

Western and Eastern stations. 
Observer. 

[Chief of party or of place.] 
Year. Month. 

{ 

Logansport, grounds of Central high 11 Tr't. 
is6 ochool, Ind. 

Louisville, grounds of high scbool, Ky. 1 Tr't. 

1 
Chicago, University grounds, Ill. I Tr't. 

*1 57 Louisville, groui:id~ of high school, Ky.! Tr't. 
I 

{I 
C\~~gton,nearC.& O.Railroaddepot, i Mer. _T. 

'
58 

Washington, grounds of United States I Dome. 
Naval Observatory, D. C. 

(1:57) The Coast and Geodetic Survey tran!it instrument wa.s mounted in the meridian of the Dearborn observatory meridian circle. 

The following Table II contains the observed values for the differences of longitude of all 
stations forming part of a connected system, and which is joined directly with that of Europe. 
Thus it contains only those 53 measures between which rigid geometrical conditions subsist, which 
it was the object of the present adjustment to satisfy; this was done by application of the method 
of least squares, a.nd Tahle II is arranged suitably for that purpose. 

Oolumn one gives the year of observation, column two the names of the western and eastern 
stations, and column three their observed difference of longitude directly taken from Table I. 
The fourt.h column contains the probable error of the measure a priori assigned; the fifth column 
gives the corresponding value of the reciprocal of the weight, and the last column contains the 
symbolical correction to the observed value. Let li be an observed difference of longitude where 

i represents integers from 1 ro 53 inclusive; e; its probable error, and _!_ = l05e;2 the weight as 
p; 

used in the computation, the multiplier 105 being introduced for convenience; also let o; be the 
correction and x1 the mest probable value of the observed quantity, then l; + 01 = x1 

TABLP: IL-Observed differmces of longitude, their probable errors, numbers for 'eciprocal of weights and sym
bolic corrections. 

Observed i Probable I ' Year. \Vestcrn station. Eastern station. difference.' of -~ ==t· o, 
longitude. error. p; 

i I --·--1 .I -·---~ --- --- --1 
I I 

! h. flt. s. s. I 

1872 i Greenwich, England. Paris, France. 0 
I 

09 21. 000 ±o. 038 .00144. (1) 

1872 ) Brest, France. I Greenwich, England. 0 17 57.598 . 022 48 (z) 

1863}: Brest, France. ! Paris, France. ! 0 27 18. 512 . 027 73 (J) 
1872 : 

1851 Cambridge, Mass. Bangor, Mc. 0 09 23.08o .043 185 (4) 

1857 Bangor, Me. Calais, Me. 0 o6 00.316 . 015 22 (5) ! 

1866 Calais, Me. Heart's ConteRt, Newfoundland. 0 55 37.973 .o66 436 (6)' 

1866 Heart's Content, Newfoundland. Foilhommerum, Ireland. 2 51 56.356 .029 84 (7) 

1866 Follhommerum, Ireland. Greenwich, England. 0 41 33.336 .049 240 (8) 

1872 SaintPierre,GulfofSaintLawrence. Brest, France. 3 26 44. 810 .027 73 (9) 

1872 . Cambridge, Mass. SaintPierre,Gulf of SaintLawrence.1 0 59 48.6o8 . 021 I 44 (10) 

<870 \ °"'"""' M-
Brest, France. 4 z4 43.276 .047 i 221 (11) 

1869 } Cambridge, Maaa .. Duxbury, Mua. O· 01 50. 191 .0221 48 (u) 
-1870 

B.h43-33 
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TABLE II.-Obseroed dijfereuces of longitude, tlzcir probable errors, &c.-Continued. 

Year. J 
\Vestern station. 

-------1---
! 

1867} l 
1872 

Wa;;hingt6n, D. C. 

Wa.:;hington, D. C. 

Seaton, D. C. 

Washington, IJ. C. 

J'etershurg, Va. 

Raleigh, N. C. 

Charleston ( 1880), S. C. 

Columbia, S. C. 

Wilmington, X. C. 

Columbia, S. C. 

Atlanta, <_;a. 

Atlanta, Ga. 

Savannah, Ga. 

~lacon, (;a. 

Montgomery, Ala. 

1872 

1867 

1867 

1852 

1853 

1853 

1854 

1854 

1856 

1874 

1879 

1874 

1855 

1856 

1857 

1857 

1858 

188o 

188o 

1877 

I Lower Peach Tree, Ala. 

Mobile, Ala. 

' New Orleans (188o)_, La. 

New Orleans, La. 

New Orleans, La. 

:'.\' ashville, Tenn. 

1879} ,_. 
Na,hville, Tenn. 

188o . 

188o 

1877 

1877 

1871 

1871 

1871 

1881 

1871 

1881 

1881 

1881 

1870 

1881 

1881 

1881 

1869 
1882 

18b 

1882} 

1883 

Atlanta, Ga. 

"'ashville, Tenn. 

Columbus, Ohio. 

Columbu>, Ohio. 

Cleveland, Ohio. 

Columbus, Ohio. 

Detroit, Mich. 

I>etroit, Mich. 

Cincinnati, Ohio. 

Kashville, Tenn. 

Saint Louis, 1\lo. 

Saint Louis (1881), Mo. 

Saint Louis, Mo. 

Saint Louis, Mo. 

Vincennes, Incl. 

Omaha, Nebr. 

Omaha, Nehr. 

Kansas City, Mo. 

Omaha, Nebr. 

---·--------, ---T--

Eastern station. 
Observe<l 

differences of 
longitude. 

1 Probable ' I ,. , 
error. I p

1 
=< 

·1 
----------------1------1--: 

I l ! h. 111. s. 

I Ca1nbridgt_\ ~la~:--.. 0 23 41. 041 

Saint l'ierre,Gulf ofSaintLawrence.i 

Cambridge, Ma8S. I 
Seaton, D. C. 

23 29. 553 

0 23 28.474 

0 00 12. 634 

0 01 35. 591 

0 06 32. 873 

0 05 I l. 68 

0 Di) 35. 862 

Seaton, D. C. 

Seaton, J). C. 

Raleigh, N. C. 

Raleigh, !\'. C. 

Petersburg1 \'a. 

"Wilmington, :;-\. C. 

Savannah, Ga. 

Washington, IJ. C. 

·w ashington, lJ. C:. 

Columbia, S. C. 

1\iacon,Ga. 

Montgomery, Ala. 

Lower Peach Tree, Ala. 

Mobile, Ala. 

Nashville, Tenn. 

: Atlanta, Ga. 

Washington, l>. C. 

Atlanta, Ga. 

Charleston, S. C. 

Columbus, Ohio. 

Washington, D. C:. 

Cleveland, Ohio. 

Cambridge, Mas"s. 

Camhridge, Mass. 

Cambridge, Mass~ 

Washington, D. C. 

Washington, D. C. 

Cincinnati, Ohio. 

Nashville, Tenn. 

Washington, D. C. 

Cincinnati, Ohiu. 

Vincennes, Ind; 

:\"ashville, Tenn. 

Carnhridge, Mass. 

Saint Louis, Mo. 

Saint Louis, Mo. 

KallSaS City, Mo. 

0 02 11.340 

0 12 21. 731 

0 IJ I l. 96 

0 29 21. 184 

0 16 "9- 30 

0 IO 22.250 

0 IO 41. 570 1 

0 04 58. 789 
0 01 59. 768 

o o8 o6. 281 I 
I 

0 13 o8. 669 

0 22 43. 382 

0 38 55. 988 

0 17 

0 15 

0 23 

0 05 
0 42 

0 47 

0 47 

0 24 

0 29 

0 09 

0 13 

0 52 

49.224 
I 

09· 125 I 

I I o 23 

46.816 

12. 929 

14.875 I 

27. 713 i 
41. 172 

00, 15 

29.262 

26.682 

41. 207 

37.026 

07.893 

43.230 

57.886 

i5.o65 I 
56. 825 II 

32. 199 

t 0 IO 

I o 02 

' 39 

I : :: 
I 

24. 621 I 

s. 

±0.018 ! . 00032 I (13) I 

. 027 I 
I 

. 023 ~ 

.015 

. 022 

.044 

. 15 

. 041 

. 033 

. 028 

.046 

.019 

. 07 

. 051 

. 015 

. 016 

. 016 

.022 

. 017 

. 016 

'040 

. 017 

'012 

. 025 

'038 

,045 

. 038 

. o35 

'031 

. o6 

. 013 

. 00<) 

'014 

.026 

. 017 

.oo6 

'025 

. 023 

. 012 

. 021 

.OZI ' 

73 (14) 

53 (15) 

:;!2 I (16) 

48 (17) 

194 (18) 

2250 (19) 

168 (20) 

109 (21) 

78 (22) 

212 (23) 

36 (24) 

490 ' (2 5) 

26o (26) 

22 (27) 

26 (28) 

26 (29) 

48 (30) 

29 I (31) 

26 '(32) 

r6o (33) 

29 (34) 

14 I (35) 

62 (36) I 

144 (37) i 

202 (38) 

144 (39) 

122 (40) 

96 (41) 

36o (42) 

17 (43) 

8 (44) 

20 (45) 

68 (46) 

29 (47) 

4 (48) 

62 (49) 

53 (50) 

14 (51) 

44 i (5 2 ) 

441 (53) I 
/ I 
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The aNerage e2 equals .00142, hence the average probable error of the tabular quanti
ties=± 0•.038 It may be stated that since 1878, when certain improvements were introduced, 
the average probable error of a determination 6 A, as deduced from 14 value8 (Yarying between 
the limits± o•.006 and 0•.025), equaled± o•.orn, which amount ma.) be regarded as a measure of the 
degree of accurac.Y attained by the SurYey of late years. 

There are admitted in the present scheme 53 longitude determinations between 33 stations; 
hence the number-of eonditions to be satisfied, 5:{-33+1=21. 

The conditional equations will be of the form 

a1 01+~ 02+a3 •l3+ 
b1 •>1+b2 02+b3 rl:1+ 

C1 01+c2 '~2+<'3 '1:1+ 
etc. 

+w1=0 
+w2=0 
+w:1=0 

an(l introducing the correlates C; where i represents integers from 1 t-0 21 inclusive, we haYe the 
usual normal" and correlate equations: 

fu. aaj C1+[u. abj 02+[u. acj C3+ +w1:::0 
+u-2=0 
+1~3=0 

Pi '~1=a1 C1+b1 C2+c1 C3+ 
Pz 02=~ C1+b2 C2+<'2 C3+ 
p, 03=a'3 U1+b3 C2+c3 C3+ 
etc. 

otc. +fu. bb]Cs+[u. be] C3+ 
etc. +[u. cc] 03+ 

Tbe reduced conditional equations to be satisfied are as follo"lfs: 

o = + o•.bs6 + (1) + (2) - (3) 

• 

0= + 0 .045 - (2) + (4) + (5) + (6) + (7) + (8) - (9) - (10) 
0 = - 0 .049 + (9) + (10) - (11) - (l:!) 
0 = + 0 .(l9G + (10) + (13) - (14) 
0 = - 0 .067 + (13) -(15)- (Hi) 
0 = + 0 .193 - (16) + (18) + (20) - (24) + (26) + (27) + (28) + (29) + (30) - (32) 
0 = - 0 .076 - (23) + (24) - (25) 
0 = - 0 .073 + (17) - (18) - (20) + (21) + (22) 
0 = + 0 .04l + (16) - (18) - (19) + (24) - (3;)) 
0 = - 0 .056 + (24) - (33) + (34) 
(J = + () .03.5 + (31) - (32) + (34) 
0 = + 0 .047 + (33) - (36) - (37) 
0 = - 0 .14! - (13) - (37) + (40) 
0 = + 0 .091 + (38) + (39) - (40) 
0 = + 0 .019 + (13) - (41) + (42) 
0 = - 0 .044 - (33) + (43) + (44) 
0 = + 0 .169 + (33) + (45) - (46) 
0= - 0 .CI04 + (44) + (45) - (47) 
0-= + 0 .091 + (45) - (48) - (49) 
0 = - 0 .173 + (13) + (46) - (50) + (51) 
0 = + 0 .005 + (51) - (52) - (53) 

.. To avoid fractional notation we write" for 1 
p 
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Scheme of coefficimls and of inverse weights for the formation of normal equations and for computi'ng tire correc
tions expressed in terms of the correlates. 
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I C1 i C2 _! Cs c, : 
. I ' 

: ~-,i~-1--. -----
i I ' 

+ws1- 48 . 

- 4Sj+u32. -n1j - H 

: .- 11i +386~ + H· 
44: + 44

1 

+z49: + 32 

--- I 

Normal equations. 

'. : I : ' ' I : . . . 
C10 i Cn I C12 C1a j C14 : Cu j C1s : Cu 1 C11: C1, · C"' C::u ·w __ ;__1--r----- :--i--!--i---- ~:-: __ ; ________ _ 

I I I +~
I 

I + J2' +tOJ + 22 
1
- 221! 

I + a2 +s2s! - 36
1 
-3621- 252 36f+w' 

- 3• 

-.049=0 

:+.o<J6=o 
.-.00,=o 
:+.193=0 
-.076=0 

•-.073=0 

·+.041:=0 

-.os6=o 
,+.o35=<> 
'+-o+1~0 

1-.144=0 

- 36i +138' l+ 36: + 361 

-36.1 . +591.+ 194; 
- n' -•s•I + 36: +194'+•s•6: + 36; . ' 

. - 361 + 36' + 36J +••s'+29I -1c! 
' + >6; I f -t- •9i+s•I ' , 

! -16o : +366' +144' : -16oi +16o 

i +iH. +298' -122: - 32; ' - 32 

-122; +468: 
! - 32: ' +•li8! : : : '. + 32 

-16oi 1 +1ss; -•6o'.+ s , 
+•6o: ! -16o' +-.a·+20+=' - 6& 

i + s' + 20:+s1 +20· 
II, , ' i + :oo'+:zo+86: 

' / I ' I r i 

__ -~~+ 
3

~ ________ J __ , ____ 1 __ 1 __ 1- 321 

___ + 
3l ___ -_~ 1 

____ F·~,-~,_::1~:~~:: 
Solving the respective equations we obtain the following values of C1 and of o1 whence the 

oorrected measures :.r1 as below : 

,--
i 

I 

l 
Ci IJ I C1 

·~+-~~': i1J-,=:::i 
215-2 !I 14 I + 38o 3 + 

4 

5 + 
6 

+ 
8 

9 
JO + 
II 

tJS84 I 15 I 495 
9138 :1 16 i 6141 
2647 I 17 · 3583 

:;! \I :: I 
341120: 

41 ' 21 ) 

3363 I I. 
" I 

+ 

+ 

-68oo i 

11330 

1096o 
-.0001995 

-----
I 

Names of stations. Mea..•ured ,6A I Correction tl1 _I I 
1---

I Greenwich-Paris "· m. s. 1 s. 

0 OC) 21. 000 -0.048 
2 I Brest-Greenwich 0 17 57. 598 - .013 

3 · Brest-Paris 0 27 18.512 + .025 

4 , Cambridge-Bangor 0 c9 23.o8o - .or3 

5 I Bangor-Calais 0 o6 00.316 - .002 

0 CahUs-Heart'a Content 0 55 37.973 - .030 

7 Heart's Cc>ntent-i'oilhommerum 2 51 ,6.35i -- .oo6 

s FoiU1ommorum-Greenwicb 0 41 33.336 -- • 017 

Seconds 
corrected. 

--

s. 

20.952 

57.585 
18. 537 
23.o67 
00.314 

37.943 
56.350 
33.319 
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Values of Ci and of r1;-Continued. 

, __ _ 
I 

9 
TO 

11 

12 

13 

l'amt~ of stations. 

Saint l'ierre-Brest 

Cambridge-Saint Pierre 

Duxbury-Brest 

l'ambridge-I h1xbury 

\Vashington-Camhridge 

14 \Vashington-Saint Pierre 

I 5 '"Seaton-Cambridge 

I 6 \V ashini,:ton-Seaton 

1 7 l'eter•burg-Seaton 

18 Raleigh-Seaton 

19 Charleston-Raleigh 

20 Colnmbia-Raleigh 

21 Vlilmington-l'etersburg 

22 Columbia-\Vihnington 

23 Atlanta-Savannah 

24 Atlanta-\Vasbington 

25 Sal'annah-Washington 

26 Macon-Columbia 

Montgomery-Macon 

• 

Lower Peach Tree-Montgomery 

~fobile-Lower Peach Tree 

30 New Orleans-Mobile 

31 ?l<ew Orleans-Nashville 

32 New Orleans-Atlanta 

33 NashYille-Washington 

34 Nashville-Atlanta 

35 Atlanta-Charleston 

36 .'.\'ashville-Columbus 

37 Columbus-Washington 

38 ( 'olumbus-Cleveland 

39 Cleveland-Cambridge 

Columbus-Cambridge 

I>etroit-Camhridge 

42 Detroit-Washington 

43 Cincinnati-Washington 

44 Nashville-C1ncinnati 

45 Saint Louis-Nashville 

46 Saint Louis-Washington 

47 Saint Loui;-Cincinnati 

Saint Louis-Vincennes 

Vincennes-Nashville 

Omaha-Cambridge 

Omaha-Saint Loui' 

, K_ansas City-Saint Louis 

Omaha-Kansas City 

~feasured t.i. 

h. m. s. 

3 26 44. 8IO 

0 59 48. 6o8 

4 24 43.276 

0 OI 50. 191 

0 23 41. 041 

23 29.553 

0 23 28.474 

0 00 12.634 

0 01 35. 591 

0 06 32. 873 

0 05 II. 68o 

0 09 35,862 

0 02 I I. 340 

0 12 21. 731 

0 

0 29 21. 184 

0 16 09.300 

0 IO 22. 250 

0 IO 41. 570 

0 04 58.789 

0 Ol 59· 768 

0 08 06,281 

0 ·IJ 08.669 

0 22 43. J82 

0 38 55.988 

0 09 34.748 

0 17 49.224 

0 15 09. 125 

0 23 46.816 

0 05 12. 9.29 

0 42 14. 875 

0 47 27,713 

0 47 41. 172 

0 24 00.150 

0 29 29.262 

0 09 26.682 

0 13 41. 207 

0 52 37.026 

0 23 "07.~3 

Seconds 
Correction tli: correctt{I. 

s. 
+ .021 

. 030 

. OTO 

+ .070 

.001 

.040 

-;- . 077 

.040 

. 003 

. 002 

. 019 

.012 

.045 

. o69 

.006 

. 007 

. 007 

. 013 

.OIO 

+ .016 

. 054 

s. 

44. 831 

48,578 

43.228 

50. 181 

41. 045 

29.623 

28,426 

12.619 

35.590 

32.833 

I I. 757 

35.82~ 

I I. 337 

21. 729 

JI. 941 

21. 196 

09.255 

22. 181 

41. 564 

58,782 

59.761 
o6. 268 

08.659 

43.39~ 

55.934 

- OTO 34· 738 

+ .ooo 49.224 

+ .036 1. 09. 161 
I .044 46. 7i2 

12.937 

14.881 

+ . 008 

+ .oo6 

-t . 104 

+ .005 

. 018 

.OTO 

+ .000 

.016 

+ ,099 
.020 

27.817 

41. 177 

00. 132 

29.252 
26.682 

41. 191 

37.125 

07.873 

0 IO 43• 2JO + • 004 i 43· 234 

0 02 57. 836 + . 070 i 57. 956 

39 15.o65 .058 i 15.007 

0 22 56. 825 i + . 013 l 56. 838 

o 11 32. 199 I + . 009 32. 208 

0 05. ~:~~:_1_ --~--~:_J__~~6~~J 
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If we put these results together, we have the.final longitudes ). as follows (east longitudes beiug 
marked+, west longitudes from Greenwich -, in accordance with a decision of the lnternational 
Meridian Oonfen·uce helll at Washington last October): 

I Longitude stations. 
I --\-------- --- --- -----------~------ -----~-~-----· 

i h. 1/l. L 

1 Greenwich, Transit Circle, Ob~e1·vatory ~ England. 0 00 00.000 

2 l'aris, Mcrirlian of France, Observatory; France. _;_o 09 20.952 

3 Brest, Tower of Saint Louis; France. --0 17 57.585 
4 ; Foilhommerum, Transit; Ireland. -0 41 33.3r9 
5 Heart's Content, Tran,;it; Xewfoundland. 3 33 29. 661) 

6 Ce.lai,;, Transit; Maine. --4 29 07. 6J2 

7 Bangor, Transit; Maine. 4 35 07.926 

8 Cambridge, llome of Ol»;errntory, fl'lr'·anl College: :\h»sach11,;etb. -4 44 30. 993 

9 Saint Pierre, Transit; ':iulf of Saint Lawrence. ---3 44 42.415 

IO Duxbury, Transit; :\fassachusctts. -4 42 40.812 

II "Washington, Dome of United Stale,; Naval Obsenatory; District of Columliia. -s 08 12. 038 

12 Seaton, Transit, "'ashington, E. C.; District of Columbia. -s 07 59.419 
13 l_)etei-.slmrg, Tran~it; Yirg-inia. -5 09 35-00<) 
14 Raleigh, Transit; North Carolina. -5 14 32.252 

15 Wilmington, Transil; 'fo1th Carolina. 5 II 46.346 

16 Columbia, Transit; South Carolina. -s 24 08. 074 

17 . Atlanta, Transit; Georgia. ---s 37 33.234 
18 Charleston, Transit (1880); South Carolina, -s 19 44. 00<) 

19 Sarnnnah, Transit; Georgia. --s 24 zr. e93 

20 Macon, Transit;" Georgia. -s 34 30.255 

21 :\-lontgomery, Transit; Alabama. -5 45 ll. 819 

22 Lower Peach Tree, Transit; Alabama. -s 50 10.6o1 

23 Mobile, Transit; Alabama. -s 52 10.362 

24 Nashville, Transit; Tennessee. -5 47 07. 971 
25 New Orleans, Transit (188o); Loui:;ian;i.. -6 00 16.630 

26 Columbus, Transit; Ohio. -5· 31 58. 810 

27 Cleveland, Transit; Ohio. -5 z6 45.1!73 
28 Detroit, E. Transit of Cnited States Lake Survey Oliserrntury; :\fichigan. -5 32 I2. 170 

29 Cincinnati, Dome of Observatory, Mount Lookout; Ohio. --s 37 41. 290 

30 Saint Louis, Transit (1881); Missouri. -6 00 49. 163 

31 Vincennes, Transit; Indiana. -s 50 05.928 

32 Omaha, Transit; Nebraska. --6 23 46.000 

33 Kansas City, Transit; Missouri. ---6 18 21. .)70 

A comparison of the \'alues of the above table with the corresponding values reached in the 
first adjn&tment (of 1880) shows but very slight differences; before reacl1ing Washington the differ
ences do not exceed 0•.001; for Washington the dift'erence is 0".002, and for New Orleans, the last 
station of the old adjustment, it rises only to ()A.012 We may, therefore, conclude that our eastern 
longitudes will not hereafter undergo any (practically) important change due to additions to our 

-system ; the only a.ppreciable change might come from additional transatlantic connections. The 
links via South America a.re many and tbefr probable errors nooessarily somewhat greater than 
for land lines, hence we do not anticipate any reaction from the closing of such extended circuits 
on our present longitude stations which stand in such direct connection with Gre~nwich. 
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The following table contains the longitudes l of the remaining stations, viz, those connected 
with the general scheme by a single line only, and others of a subordinate character, arranged by 
States and Territories in alphabetical order. The point of reference is the transit, unleas other
wise stated: 

Name of station. 

Eufaula 

Helena 

Little Rock 

San Francisco, Wash
ington Square 

, Los Angele> 

San Diego 

Summit 

Julesburg 

Denver 

Colorado Springs 

Trinidad 

Apalachicola 

Key West 

Punta Rasa 

Cedar Keys 

Saint Augustine 

Pensacola 

Mattoon 

Springfield 

Cairo 

Chicago 

Indianapolis 

Logansport 

i Burlington 

Des Moines 

Cedar Fall> 

Chetopah 

Oakland 

Sht;lbyville 

Falmouth 

Paducah 

Hickman 

i Louisville 

London 

Guthrie 

Henderson 

Lexington 

Louisa 

Greensburg 

Richmond 

Hend of Passes ( aban
doned) 

State. 

Ala. 

Ark. 

Ark. 

Cal. 

Cal. 
Cal. 

Cal. 

Colo. 

Colo. 

Colo. 

Colo. 

Fla. 

Fla. 

Fla. 

Fla. 

Fla. 

!<la. 

Ill. 

Ill. 

Ill. 

Ill. 

l!ld. 

Ind. 

Iowa. 

Iowa. 

! Iowa. 
I 
·Kans. 
i 

: Ky. 

i Ky. 

i Ky. 

Ky. 

Ky. 

Ky. 

Ky. 

Ky. 

Ky. 

Ky. 

i Ky. 

i Ky. 

Ky. 

La. 

k. m. s. 
-5 40 33.24 

-6 02 21.56 

-6 09 05.58 

-8 09 38. 34 

-7 52 58. 65 

-7 48 38.72 
_g 01 19.40 

-6 49 25.38 

-6 59 58. 20 

-6 59 16.45 

-6 58 00.20 

-5 39 56.57 
--5 27 13. 59 

-s 28 02.74 

·-5 32 07. 25 

i -5 48 50.05 

-5 53 32.46 

-5 58 37· 29 

i -5 56 41. 02 

-5 50 27.o6 

-5 44 38.51 
-5 45 24· 36 
--6 04 25.62 

-6 14 29.04 

-6 09 47.86 
--6 20 24. 6o 

-5 45 01. 22 

-5 40 53.04 

- 5 37 20. 59 

-s 54 23.74 
-5 56 46.69 
-5 43 03.51 
-5 36 21. 34 

-5 48 38.43 
-s so 21. 77 

-5 38 01.43 
-5 JO 24.41 

-s 41 59.76 

-5 37 II. 41 
-5 56 59. 8 

Name of station. 

Baton Rouge 

Cumberland 

Minneapolis 

Natchez 

Greenville 

Vicksburg 

Bushpell 

Verdi 

Jersey City 

Cape May 

Fort Selden 

Albany (dome) 

New York 

Carpenter's Point 

Travis 

Finn 

Statesville 

Cincinnati, Mitchel's 
Obs'y (abandoned) 

Huds.;n, We•tern Re
serve College 

South Point 

Philadelphia, old high 
school (abandoned) 

Allegheny Observatory 
(dome) 

Burt 

Harri•hurg 

Smith's Ferry 

Memphis 

Jellico 

Galveston 

Austin 

Salt Lake City 

Burlington (abandoned) 

Staunton 

Goodson (or Bristol, 
Tenn.) 

Struburg 

Charlottesville, Univer-
sity of Va. (dome) 

Covington. 

Seattle 

Kalama 

i State. 

I 
Ii.a. 
I Md. 

I
I :::s~· 

Miss. 

I Miss. 

! 11."ebr. 

f Nev. 

i N.J. 
N.J. 
N. Mex. 

N. Y. 

N. Y. 

N. Y. 

N. Y. 

'N. Y, 

N.C. 

Ohio. 

Ohio. 

Ohio. 

Pa. 

Pa. 

Pa. 

Pa. 

Pa. 

Tenn. 

Tenn. 

Tex. 

Tex. 

Utah. 

Vt. 

Va. 

Va. 

Va. 

Va. 

Va. 

.Wash. 
Wash. 

h. m. s. 

-6 04 45.14 
-5 15 01. 61 

-6 12 56. 43 

-6 05 36.21 

-6 04 15.40 
--6 03 32. 12 

-6 55 JI. 75 
-7 59 51. 00 

-4 56 08. 57 

-4 59 42. 97 

-4 

54 59. 65 i 

55 
58 

-·5 01 

-s 03 02.09 

-5 23 34.64 

-s 37 59. 05 

-s 25 44.16 

-s 30 21. 74 ' 
-5 00 38.46 

-5 20 02. 93 

-5 o6 54. 61 

-s 07 31. 25 
·-s 22 oo. 12 

-6 00 13. 03 

·-5 36 Z9· 92 

--:6 19 09. 36 

-6 30 56. 79 

-7 27 35.14 
-4 52 49.6 

-s 16 16.,7 

-5 28 44. 88 

~s 13 26.27 
-5 14 OO.:J2 

-s 19 58.56 
-8 og 19.92 

-8 II 22.22 
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?\ame of station. State. A :'\ arne of station. State.· I. 
- ------~ . -· -----------·-·-

h. Jl/, Ii. "'· ·'· 
('larkshur~ W. Va. --5 21 21. 47 ( 'harleHon \V. \·a. 5 zh 32.00 

Grafton W. \'a. 5 20 06.72 ~Ia<li:ion \\ j,_ 5 57 36. 15 
Camer011 W.Va. 22 17. 50 I.a ( 'ro~:-.e Wis. --6 04 59· 15 
\\'heeling \V. Va. '? 54.44 Sherm au Wyo. 
Parkersburg W.Va. ~- 5 2(1 16.72 

--7 01 34· 21 

Point Pleasant W. \'a. ---5 28 35.02 
Guulcy Bri<lge W.Va. -5 24 51. 83 

Halifax, ~ova Scotia ·-4 14 21. 41 

:\lartin~hnrg \V. Va. ---5 II 49. 50 Fredericton, New Brun:-. wick -4 26 32.88 

CO:'t1Pl1TA'l'ION OF PROBABLE ER.ROR8 OF A.D.TUS'.rED I,ONCH'l'UDES. 

The mea.11 error of au observation of weight 1 is found IJy the expression 

(where n =number of couditional equations), it may lie cl1ecketl hy the relation 

[pooJ = - [ w OJ 

We fiI}d [p r5 o] = .00074895 antl -[1l' CJ = .000748H7, hence M = :I:: 0.005H7 

1 
The value of thr :fferage weight is 14:!' hence the mean error of au average determiuation 01 

a 1lifferm1ce of longitude .M v'i42 = ::!: O. 0712 and t'be probable error of an average determination 

r = 0.674 ( ::!: 0.0712) = ::!: 0".048 

whid1 would i11dicate that our a priori assigned probahle errors were slightl,y underestimated. 

DETERMINATION OF 'l'HE PROBABLE ERROR8 OF THE Rl;suLTING LONGITFDES OF WASHINGTON, 

UNI'l'ED STA'l'ES NAVAL OBSERVATORY AND OF CAMBRIDGE, HARVARD. COLLEGE OHSEltVA· 

'!'ORY. 

In consequence of the somewhat laborious process of computing probable errors of functions 
of' a1ljnste11 values, and in tlle absence of' any special need to kuow the probable errors of all thP 
longitudes, I have here confined myself to those for two principal stations, 'Vashingtou and Cam
bridge. The probable errors of these longitudes being known, it i11 easy to form a close estinrnte 
of the reliability of all other resulting longitudes. 

Let F equal the function whose probable error is to he computed, then 

F =Ji Xi + fz X.i + .f:i 3:'3 + 
where 

For the numerical terms iu the formation of the so-calle1l (by Gerling) Transfer equatious • we 
need the values of 

[u. of] [-u.~f] [u. cf] etc. 

•:p.,r further ioforruatfon on the method, Art. III of the treatise on the adjnstmeot of ob..ervations, et-0., l>y T. 
W. Wright, New YOTk:, 1884, may be consulted. 

H.Er.43-M 
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The equations are: 

[u. aaj R1+[u. ab] R2+[u. ac] R~+ 
[u.ab] H1+[u.bb] Rz+[u.bc] R3+ 
[u. ac] R1+[u. be] Rz+[u. ccJ l~3+ 
etc., 

+[u.af]=O 
+[u.b/]=0 
+[u.ef]=O 

the c<wfficieutfl of which are the same as those of the normal equations, but in the place of 0 1 we 
have uow ]{; and the former yalues of ir are now replaced by the terms [ v. af ], [ u. bf], etc. 

Solving these equations the valu<'s of R; become known and we compute next 

:F1=/1+a1 R1+b1 Rz+c1 R3+ 
Fz=f2+a2 R1+b2 R.+ei R:i+ 
F3=f~+a" R1+b:i Ri+c3 R3+ 

etc., 
and form [¥t''J=[u. FFJ=;, 

where P equals the weight of the function; then the mean error of the function 

Mf ..; ~ aud the probable error=0.674 ,; ~ 

For Washington we have by the most direct connection with Greenwich via Brest and Saint 
Pierre, involving therefore the observed values Z.,, 19, and 114 ; hence 

similal'ly /9=l aud/14=1 as indicated in the preceding tabular scheme. 

Also tu.aJJ=+48 fu.b/]=-121 fu.c/]=+7~~ [u.d/J=-73, all others=O; hence the 
Transfer equations: 

+265 R1 - 48 Rz etc. + 48=0 
48 R 1+1132 R2-117 R.J- 44 R4 etc. -121=0 

117 R.i+386 I~.+ 44 U4 etc. + 73=0 
- 44 R2+ 44 R3+ 149 R4 etc. - 73=0 

+ 32 H4 etc. 0=0 
etc. 

For Oambridge we have F =h Xz +f9 X9 + fio ;rrn 

Ji=/9 =frn = 1 and 

[u. af] = + 48 [u. bfJ =-165 f u. cf]=+ 117 [u. <lfJ = + 44; all others zeN. 

Values of R1 for Values of R1 for 

·---~--··--------· 

Washington. Cambridge. Washington. Cambridge. 

------- ---~~----

--- . 163 - . 162 12 - .038 + .013 

2 + . 102 

' . 105 13 + • of>7 -·- .022 

3 ,. - .234 ---- . 247 14 + .017 - .ao6 

4 + .663 -- . 215 15 - . 022 + .OQ7 

5 .,._ . 137 + .045 16 I - . o81 + .026 

6 + .003 . 001 17 - .0.83 + • 027 
L 

7 + .002 - .001 i 18 + .037 - .012 

8 + .002 ! - .001 
I + .Oii ·~ I', 19 -

9 - .0007 + .0002 ll 20 - .119 + .039 !i 
n 

10 - .029 + .010 !i 21 + .016 - .005 
11 + .009 - .003 !! 

Ii 



 

UNITED STATES COAST AND GEODETIC SURVEY. 427 

Value• of F1 for Value.' of F1 for 

-- - ·-----.-·--------~-----------·' 

Washington. Cambridge. ii Washington. Cambridge. 

- ---- ----- ---11 
--- . 163 ' -- . 162 ' 28 + .003 - . 001 
..L + 

!I 
+ ·2 

I . 735 . 733 p 29 .003 - .001 ,, 
3 + . 163 + . 162 

,, 
30 .003 - .001 

4 r- . 102 -:- . 105 31 -~· -009 .003 

s ·t· . 102 + . 105 32 -- . 012 --- .002 

6 •i . 102 + . 105 33 . 01 I + .004 

7 1 . 102 -t- . 105 34 .. - .020 + . 007 

8 + .102 + . 105 35 ' . 001 .000 

9 i + .664 + .648 36 -;- .038 - .013 

IO . 327 + .433 37 ,i 
- .029 + .009 

II + . 234 + . 247 38 I ..L .017 - .oo6 

12 ~- . 234 -r . 247 39 .017 -- .oo6 

IJ + . 318 - .102 40 -- .050 -- . 016 

14 + . 337 + . 215 41 + .022 - . 007 

15 + . 137 - .045 42 - .022 + . 007 
16 + · 134 - .044 43 - .o81 + .026 

17 .002 - .001 44 - -044 + .014 

18 + .001 .ooo 45 -· . 035 +· .Oii 

19 + .OOI .ooo 46 - .036 + .012 

20 + .001 .ooo 47 - .037 
' 

.012 

21 + .002 - .001 48 - • Oil ·+ .004 

22 + .002 - .001 49 - .Oil --'- ~004 

23 -- .002 + .001 50 ~ + . 119 -- .o39 

24 - .031 + .OIO 51 I -- .103 + .034 

25 - .002 + .001 52 - .016 ' .005 

26 + .003 - .OOI 53 - .016 ·~ .005 
27 + .003 .001 

--~---·--------· ---~--- - --------- ------ --- -- ---- - --- -------~- - ----~ 

In the case of Washington [u. FFJ=108.~ and in the case of Cambridge [K. FF]=101.5; hence 
meau error of assigne(l longitncle of Washington 

~p=.00597 v'108.4= ±()e.062 

·mean error of assigned longitude of Cambridge 

M 
v'P=.00597v'101.5= ±0".060 

and finally the probable error of the adjusted longitude of Washington =::1:0-.042 aud of Cam· 
bridge ±()e.041 

LONGITUDE OF DETROIT, MICH. 

The value adopted in the United States Lake Survey (seep. 717 of Report of the Primary 
'l'ria.ngnlation of the United States Lake Survey, Lieut. Col. C. B. Comstock in charge, Washing
ton, 1882) is 5la 32m 12".24::l:()e.08; the value found in the present discussion is (jh 321n 12•.170± o•.050, 
the probable error being a close estimate. Accordingly all Lake Survey telegraphic longitudes 
depending ou Detroit need a correction of' -00,0'T . 
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LONGI'l'l'DE OJ<' OGDEN, U'l'J..H. 

This station was not admitted into the adjustment of the system, but wa8 reserved for special 
combination. Using our adjusted values for Detroit, \Vashiug·tou, aud Omaha., we ham 

lz. 111. s. s. 

1. Jtl Ogden and Detroit ................ - l 55 47.471±0.068 
;\Detroit. .................................. 5 32 12.170±0.050 

.:I. Ogden ............................ 7 27 59.641±0.084 
---------~---------------

,, JA ()g·den aud \V.ashingtou ···--- ...... ·----· ....... 2 19 47.515±0.067 
A \Vashiugton ............................... 5 08 12.038±0.042 

A Ogden .. ·. · · ...... · ... · ·· - · · · · -· 7 27 59.553±0.079 

:J • • .:L\ OgdeuaudSa1tLake .... ..................... o oo 24.747:±:0.060 
A Salt Lakec=6h 23"' 46".000+Ih 03'" 49".111 .... 7 27 35.111±0.046 

± .045 ± .009 

A Ogdeu .. ···-·-- .................. 7 27 59.858±0.076 

Tile weights of these three determinations are practically equal, and we shall adopt the simple 
mean or A.= 711 27111 59•.684±0•.07, the probable error being estimated. The value adopted b~· 
the United St&tes Engineers (see p. 55 of Vol. 11 of Lieut. G. M. Wheeler's Report upon United 
States Geograpl1ical Surveys, Washington, 1877) is 7h 27m ti9".{)43±0•.027* Hence all telegraphic 
lon~itudes depending on Ogden need an increase of 0".04 

.JUNCTION OF THE A'MERICAN AND EUROPEAN SYS'l'EMS OP LONGITUDES. 

The lines comwcting Greenwich, Paris and Brest are common to both, and in strictness these 
s.nitems should be adjttsted as one, but such a proceeding would involve an amount of labor 
altogether disproportionate to the gain, and another far less laborious process may be adopted 
with results equally satisfactory. Nor is either system at the present time complete. Our own is 
iucreasing in extent and complexity year by year; and with respect to the European system, it 
has beeu ispecially pointed out as desirable that the French determinations should be strengthened 
by «onuectiug those stations inter se which surround Paris (Proceedings Sixth Conference of the 
Iuternational Geodetic Association, 1880, .Appendix III, p. 32). If this suggestion be carried out 
it will briug Brest into more intimate connection with the l<Juropean s~·stem, and thus may slightly 
react upon our longitudes. 

In the Astrouomi:sche Nachriclit.eu, No. :313:3 (May, 1877), Dr. Albrecht published a preliminary 
adjustment of the telegraphic longitude-net of Central Europe. This discussion had for its special 
oqject to ascertaiu the degree of accuracy which bad then been reached in these measures. He 
submitted to treatment 2:.! determinations of difltn'ences of longitude, linked together by ll condi
tions. The weights allowed (by e.stimation) range from 1 to 5, and the average correction to any 
one measure, irrespecth·e of' sign, is 0•.041; two corrections exceed OS.l Greenwich is not included 
in this scheme. 

In No. 2265 (.Tune, 1879) he returns to the subject of adjustment of the longitud,es connected 
with the German 8ystem, his data in the mean time having increased to 39 determinations between 
16 stations, ~·et his reimlts are stated to be still provisional. The weights assigned range from 
1 to 6, according to the estimated value of the operation. The stations Greenwich and Paris are 
now included, and their 11ifl'erence 6 A.= 9m 20•.97 is given as <Jbserved; respecting this va.Jue see 
remarks further on in connection with Dr. Bruhns' adjustment of 1880, in which the ~ame slightly 

• Thi11 probable error is too small, as it t-akes no account of the probable errors of the baee 11tatio11a, nor of the 
probable error due to the personal equations. The apparently better aooord of the Ogden-Salt Lake value, on p_, 56 of 
the Engineers' work, as compared with the ahove value (3), is dne to the circumstauee that a geodetic instead of an 
astronomical value for the longitndeofWashingt-00 ha.cl inadvertently been qaed; theva.lue 21' 19"' 22-,740 there given 
iUQUld have ~u ~ 19"' ~.Q731 acwrdiug t<> our present infurlli11tion, 
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defectirn ntlue is employed. Berlin, Bonn and Yienna connect directly with Greenwich and 
Paris, hut Brest is omitted, probably as foreign to the geographical range adopted in this paper. 
After changing th•~ weights of H determinations, the result of llis second adjustment girns the value 
,~ A. Greenwich and Paris !)rn :!I•.0:!5, with the difference, computed minus observed = + •.05i'i 

Tl1ere are six similar differences which exeeed O•.l It will be noticed in the ucxt and mm·e complete 
adjustment that onr long·itude dctermimitiou of Gi·eenwich and Paris is not snl(ject to so large a 
correction as + •.055 

The latest discussion of the Europeau telegraphic longitudes is containetl in the Proceediugi; 
of Um Sixth Conference of the International Geodetic Association, at l\Iunich, 1880 (Berlin~ 1881); 
Appendix III coutaius the report of Dr. C. Brulms, gi\·iug au account of the astronomical deter
miIJations of positions, and includes a collection of tile telegraphic results for lougitude executed 
to date and falling' within ti.le limits of the work proposed by the association. The number of 
measures involved is 59, and between these there subsist 2(i conditions. His assigned weights 
rest upon estimation, and rauge from l to 1. The adjustment shows the probable error of a 
detcnninatiou e<pial to ::!:: 0".035 on the <werage, and there are six corrections to ohsenTed Yalues 
which exceed 0'.l The oldest, measure admitted dates from 186:!, aud the latest measures refer to 
18it>. The triangle Greenwich, Paris, Brest in Dr. Brulms' adjustment stands as tbllows: 

Observ"d }, ( ·orrcction Correcte\ 1 /. 

-~----._-~--

II/. ,\. Iii. .<. 

Greenwich and Paris 9 20. 9i 0.012 ') 20. 982 : 
Bre:-.t and {;reenH"ich r7 5i·59 ---0. 031 Ii 57. 559 
Brest and Jiari;-.. 18. 51 -'-o. 067 18. 5i7 ' 27 2j 

'l'here is some defect in t!1is adju;;tment, as may be seen by acltling the first. two numbers and 
comparing the sum with the third number; in fact, we place little reliance in the adjustment. 
For the aboYe triangle his fundamental data are uot those here accepted as the result of direct 
observation, the value Greenwich-Paris !Jm 20•.97, for instance, being partl;r adJu.<1ted."' 

The abo,·e triangle in our record and adjustment is as; follows: 

( !hsen·ed /, ( 'orredion Corrected /. 

Ill. s. s. -'· !It. ·'· 
Greenwich and Parib 9 21. 000±0. 03~ 0.041> 9 20.952 
Brest and Greenwich 17 57.598±0_022 

: 
-0. OIJ 17 57.585 

i Brest and Paris 27 r8. 512-:::cO. 027 ~-0. 025 27 18. 537 

1n the European system Greenwich and Paris are now directl,Y (or nt~arly di1·ectly) connected 
,·ia Bonn, Bediu, Municli, Vie11ua and Brest, ancl wheu once satisfactorily a1~justed, it will probably 
he found advantageous for us to adopt the corrections demanded by it and readjust the American 
system with the condition of the longitudes of Brest and of Paris as .fixed. In the mean time no 
inconvenience can ari1:1e, though it shonhl be borne in miutl that in consequence of any tjiture 
cha.nge in the European system of longitudes, as just pointed out, our own longitudes may possibl.r 
be affected by a constant correction, and to an amount that may 1>ossibly reacll 0•.0:!;) 

In conclusion, I append the purely observat·ional results for the longitude of Cambridge arising 
from tbroo iadependent determinations. Since the earlier statements of 1874 were found to need 
some changes+ iu order to present the results entirely free of any adjustment, the observed values 
a.re taken from the general table of this report. These values are: 

I. By Anglo-American cables in 1866, via Foilhoum1erum, Heart's Content, Calais and Bangor, 
41t 4_-1,lll 31•.061 :I: 0".098 

"See Co.a11t Survey Report for 1874, pp. lt:I0-162. t Clarke's Geodesy, Oxti>rd, J.880, p. 213, 
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II. By French joinetl cables in 1870, via Brest and Duxbury, 4h 44"' 31 •.065 ± o•.056 
III. By French caUle in 1872, via Paris, Brest and Saint Pierre (a), 4h 41"' ::m•.930 ± O".Oi'i8, 

and by omitting Paris (b), 4h 44ru 31".016 ± o•.041 
The adjusted value is 41t 44'u 30•.H93 ± 0•.04l 
Considering the special difficulties inseparable from work through long submarine ca.hies, it 

does not appear to the writer as at all superfluous to add another transatlantic determination to 
the above by making use of one of the modern cables, and on this side preferably to connect with 
New York and Cape May, thus :idding another link between Cambridge and \oVasliington. 

Respect.fully submitted h,y 
OHA8. A. SCHOTT, 

A ssi11tant. 
C. 0. BOUTELLE, Esq., 

Assistant in charge Office and Topogrn.ph,IJ. 
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APPENDIX No. 12. 

l'HY8ICAL HYDROGRAPHY OF DELAWAf{E IUYEH AXD HAY. cmil'AHISON OF HECEXT \\'ITH 
FOJUJEH 8V1tVEY8. 

U. S. COAST AXD GEODETIC SURVEY, 

Boston, .~Jass., .June :m, 18S4. 

SIH: In accortlance with <lirections from Prof. H .. Mitchell, assistant iu charge of party, I 
ha Ye the honor to report upou the cowpletion of a compitrison of suneys of parts of' tht· Delaware 
River shown iu illustratious Nos. :22 aud 23. 

Illustration No. 2:! shows that part of the riYer lletw<>en Old J\l:m',.; Point ~m<l Deep ,,-ater 
Point, iuelmling Cherry Island Flats. Tim surW\)'S compared were executed in 1841ant!1S81, both 
by the Coast SmTe;y. 

Illustration No. 23 shows that part of Delaware Bay l_ying hetwePn Reed;y l.slaud aud J,istou's 
Point; tl1e sun·e,ys for the last-11anwd part W<'l'C executed in 1840-'41, by Lieuteuant-Comma1J1li11g
B. S. Blake, li. S. N., and in 1882 by the part,y of Lieut. Il. n. ":\1ansfiehl, t:. S. N., Assis taut. 

I was directed to take up the comparison of these disconnected localities because the Yicinit~· 
of Cherry faland Flats has been undergoiug artifichil clmnge8 hy dredging wlticll migltt lun-e 
a:ffected the surrounding depths; aud, with reference to that part. giYe11 i11 ilh18tratio11 ~o. 23, 
llecause the Yicinny of Reedy Island is generally a<.'eept!:'1l as the head of DeL1ware Uay, and 
hecanse it is proposed to lmild here a much-needed ice harbor, the locatio11 of which may be aided 
b~· a knowle<lge of the changes which Lave obtained in the forty one ,years intern:>nillg lletwee11 
the dates of the surYeys. 

The illustrations indicate by shading lines differences for eYery 3 feet in depth. The increaiw 
of depth is denoted by the lines in blue ink, and the shoaled parts by the black lines. The chaug!:' 
of 0 feet to 3 feet by the lightest shading; that of 3 feet tu U feet Ly the ucxt heavier shading, and 
so on. The blank spaces indicate no change of depth. 

To maintain uuiformit:1· between the data gh·en in previous reports" by Prof: .Mitchell aml 
myself, we ha Ye retained tlie di visious by num lier of cross·sectio11 and 11autical miles from Fort 
Mifflin, as measured a.long the axis of tl1e stream. This enables us to compare Pach co11secutiYe 
mile. 

The comparison on illustration No. 22 eovers an area of 6.36 square nautical miles and lliscloi,;es 
many changes in the depth. In the instance of the general shoaling OYer the Cl.terry Islawl Flat~, 
it corroborates the results obtained iu previous comparisons, ,i, c., that the sl.toals ha,-e become 
isiloaler. Over a larg'e area of tlie flats the decrease of deptiI attains a m:iximum of 11 feet, and 
as this was the least depth found on them ill 1841, we have uow tlle apex of the shoal hare at low 

water. 
The deepest part of the reach under comparison, in the proximity of Deep Wakr Point, al,.;o 

shows unmistakable shoaling: that this narrow section with an area of cross, section of 0111:1· 11G,7n6 
square feet-much below that which would lie expected at this distance from the month-shoul<l be 
in process of being reduced is anomalous, and Professor Mitchell, in preYious studies of this locality, 
has found that Deep Water Point falls out of line in the discussion Of' the phyisical conditions of 
the Delaware. 

•See Appendix No. l& to the Report for 1882 and No. 8 to that for lb83. 
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Hf'. is of the opiuion that accurate obsernttions of tlle currents and tides might possibly give 
a clew to these irregularities. The mean area of cross-srction for the mile which i11cludeS l>Pe.p 
Water Point is 127,SGH square feet, while the adjoining mil(•, Loth alHffe and bl'low, gin•i-; Bil,000 
s111rnrt> f(•et as the measure for this part of the rinw. 

In order to be able to compare small areas of tlw stream, the rin~r i8 diYidPd into mile reaclies; 
tlte8e are denominated hy large letters on the illustrations, and begin at mile O, 14 rni!es from Fort 
l\liffli11; this mile gins an excess of excaYation oYer i;hoaling of 2,291j,282 cubic yanhl, which prolia
hly bas 1110Yed down-stream. The whole Yolnme of dPepening was 2,4!10,i2.; cnbie yard,;, and the 
shoaling-194,443 cubic yards, which g·i,·es the exce81> uoted aboYe. This t>xcess, if sprea1l out ewuly 
m'rr the 8H3 acres witl1in the mile limits, would girn au increase of drpth of 1.fil fret. It nm~, he 
noted that thf' conditions, within this mile, art> Yl'r:Y fayorahle to the mai11terntnc(• of the cli:mnel 
1lt'pths, and that the fair-way occupies the width of the rirnr, witll an indication of the formation 
of Cherry Island shoal at its lower limit. 

The next mile, P, presents also an excess of deepening of 880,,WJ enbic yards, whicli occurretl 
chiefly in the deeper parts of the channel. On the shoal which uegins to show itself at. the uppt>r 
limit, the shoaling is clecideil, showing a maximum difference of 11 feet. '£his was the minimum 
depth fonnd 011 this shoal in 1841. In 1881, at tlie date of the ];1st surYey, we :fin<l hare spots at low 
water stage. Yet, notwithstanding this large accumuhition uu the shoalest part of the fiats, the 
irnlica.tioni; am that the aYerage depth-witbin mile P-has increased 0.5 toot. The 1111n-ement of 
material within this mile was 2,383,864 cuuic yards of exc~wation, and l/iO:-l,4():3 cnbie yar<h1 of 
o;hoaliug, from which the average increase of depth given aboYe is derived. 

Since the greater part of the material remo\'ed from mile 0 must haYe vassed dowu stream 
through P, and as P shows still an excess of deepening, we may find that thi8 matt•rial, l'e-inforce<l 
hy the amount from mile P, has in great measure lodged in the lower reacl1 at and above Deep 
Water Point. 

In tl1e next, mile Q, there has been an excPss of 8hoaling of 8J0,688 cuhic yards, loilged prin
cipally 011· the apex of Cherry Island Flats, and as a large \'Olume of material has beeu dredged 
011 the west side of tl1e flats for a ship channel, this excess should he increased hy that amonnt in 
order to show the actual mcffement. The changes were l,i3 L-!72 cnhic yards of deepening and 
2,ii82,1fi0 cnuie ;yard,:; of shoali11g, from which t'xcess of shoaling an :n-erage deerea,;e of 0.38 foot 
in the <lepth is obtained . 

. Mile R next below, gh·es an excess of deposit of 1,283,041 cubic ,Yards distributed fairl)' 
e\"e11I.v <ffer the area iuclosed, with the excPptiou of the vicinity of tlle mouth of Christiana Creek, 
wlwre a large accumulation ma.Y be traced. The southern end of the dredged channel through 
Cl1nry Tsla1ul Flat8, from wllich a large volnme has beeu exciffated, fall8 within this mile, so that 
the actual volume of shoaling shoul<l exceed that given abovP. 'fhe aYerage decrease of depth ii' 
O.CT:) foot. 

The following mile, S, which is the last on the tracing, shows the largest. accumulation of 
deposit, amounting to 4,230,16!) cubic yards, or nearl.r 87 per cent. of the entire shoaling within the 
Ii miles. This depoF1it gives an a,·erage decrease of depth of 3.05 feet, which woul<l be alarming 
werl' it not that there is still a clear water-way with 44 to 48 feet in the channel at mean low water. 
'!'he changes uoted were 160,23() cubic yards of deepening, and 4,:)90,404 cubic yards of shoaling. 

If we now ohserrn the entire change within the 5 miles we find an excess of 3,187,215 cubic 
yards of shoaling; adding to this :mm l,G24,741 cubic yards" dredged by the United States Engi-
1wers on the Cherry Island R:111ge, and we find 4,811,!J55 cubie yards of material lodged witbin 
tl11; area represented 011 illui>tration ~o. 22, with, howeYer, the bulk of tlih; shoaling within mile S, 
in tl1e vicinity of Deep Water Jloint. 

The movem(•nt of tlrn shore-line was not ascertained, owiug to the omission of sectio11s of this 
line from the slleets of tlle survey of 1841. 

The comparison of tlialu·e.!J depth through tlie cl1anuels east all(l west or Cherl'y faland Flats 
preseut8 a favorable outlook. ln 1841, before the present dre<lged cut tlnough the fiats was 
begun, the mean a\·erage thalweg depth along the Delaware shore, between a point oppm;iw 

* Tht'8e data were furnit<he<l hr Maj. W. H. Heuer, llnite<l Statl'I! Bnginecr~. The tlrNlging began in October, 
1879, antl ended in Oct.ober, 1883. 
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Dupont's Landing and the mouth of Christiana Oreek, was 23.(i feet, with a minimum depth of rn 
feet about on the site of the range-cut. In 1882, after the completiou of the dredged dianuel, the 
thalweg depth was 25.5 feet, with a minimum of 23.5 feet. 

The western channel also Rhows an improvement throughout. From a poiut opposite Ohl 
Man's Point to the deep water below the ftatR the thaitceg depth was '.!4 feet in 1ts41, with a mini
mum depth of 19 feet. In 1881 the average thal1cl'{} depth between the same poiut1' was 2r1.:1 feet, 
with a minimum depth of 20 feet. All depths given refer to meau low-water stage. 

The inference can be drawn from the above results of the comparison of depths in the vicinit,> 
of Cherr.v Island Plats, that of the two rival channels around the fiats the eastern channel woul!l 
have been the better one to have chosen for artificial improvement by drndging. This is strongly 
suggested hy the fact that without any aid outsitle of natural forees the eastern chmmel bas 
ainell in depth since 1841, notwithstanding the ad verse condition of opening a rival cltanuel Lly 
t"!re removal of I,500,000 cubic yards of material. The vicinity of the dredged cut also sllows cou
siderable shoaling by the motion of the 18-foot curve to the edge of the cut. 

This closes the discussion of the results given graphically on illustration No. 22. These results 
are gi\'en in a condensed form in Table No. I which follows: 

TABLE No. 1.-0hanges in Delau:are River between 18±1 nnd 1881. 

(See illustration No. 22.l 

: §~ 1\ i Volume of- Excess of- Change in u1ea.n rl("pt.h. · 
:-!:: ~ ~ ) Between : Area in 
i ~1: ~ .& : cr_oss- ! acres. ~---· --- -- 1--- -------· , 

I,~~~ 3 section8- \ Deepening:.! Shoaling:. ; De~pening.'. Slioaliug. Increase DecreaRe. 

1-------- !-------- ------------- i----- ----- ' 
' Oubicyard•.:Oubicyard.,'Oubieya.rdg,iCul•ie11ards. Feet. Pert. 

15 0 ', 2!.19 to 3l8 i B83.0 2,490,725

1

! 194,443 2.296,282 ...... ..... 1.61 .... 

16 , P : 318 to 337 [ l, 070. 8 2, J!la, 864 1, 503, 463 , 880, 401 ll. 50 

17 l Q j sa1to3:;7: 1,:no.7 l,73l,4n 12,582,160 ; ............ ' 850,688 .......... [ o.as 

1

18 ; :R i 357 t.o 377

1

1 l,Zl7.5 :. 1,289,344 2,572,385 i·····--·-···i 1,283,041 ···--·······i 0.65 

~:__i 377 _t<i~56 9-"-~~4. 390. 404 1-==~L4·2~0. 1~9 _ :_:_~~~~~: ___ ~. 

In the accompanying illustration, No. 23---0omprising the head of Delaware Bay-the compar
ison begins at cross-section 574, 32 miles from Fort Mifflin; this cross section crosses the southern 
point of Reedy Island and ends just above the mouth of Alloway's Creek. Tue first mile, marked 
H, ends nt cross-section No. 586 and contains 2,407 acres, within which we find au excess of shoal
ing of 2,236,227 cnhic ;ranls, which, if spread out, decreases the mean depth hy 0Ji7 fel~t. This 
shoaling may be due in part to the erosion of the shores, which have retreated inland :tloug uoth 
the New Jer8e;y and Delaware side, about 28.'l feet for the former and J2fi foet for the Delaware 
shore. Tbe mean width of the stream, for the 5 miles shown on illustration No. 2;1, has therefore 
increased 411 feet. The decrease of depth has obtained principally in the 1leep parts of the chan
nel-way and along the Delaware shore. 

· Tbe south end of Reedy Island, included within the limits of this mile, shows a large decrease 
of superficial area since 1841, equal to 71 per cent. Should the loss coutiune at this rate, the south 
point, including the present site Of the light-house, Will ha\"e disappeared in the year HIOO. 

The loss of area for the whole island is, however, much below that given for the south point. 
Iu 1841 the island had au area of 152.2 acres; in 1882 tbe area was 116.1 acres, which show,.; a loss 
of 35~ acres or 23 per cent. At this rate the island would still be in existence 135 .veani. 

In a chart of the Delaware published in 1670, Reedr Island is shown and called l!izt l:slaud. 
The scale of the chart heing very small, no comparison of area can be made; but in a ,;nrvtw of 
Des Barres, rna<le in 1779, the island is called Reedy Islan<l, and has an area of 28~ acres. 'fhis 
area. seems large, and if not actually measured might be accounted for by the t,endency to exag
gerate objects when sketching them. This is mentioned merely to show that the island has been 
wasting away sinee our knowledge of its existence. 

In the mile between sectioau~ 586 and 597, marked I, the shoaliug again exceeds lleepeuiug b:y 
2,563,51.l cubic yards, which reduces the depth for this mile 0.56 foot. Four hundred and eigl.ttcen 

H. E:x:. 43--55 
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acres show no change out of a rotal of 2,809.3 acres. The shoaling is again found mainly in the 
deepest part of the channel and occupies nearly the whole width between the 18-foot curves. 

The next mile, J, has an area of 2,638.9 acres, showing a still greater volume of shoaling than 
the preceding reach. The excess of shoaling is 4,418,311 cubic yards, which reduces the mean 
depth by 1.04 feet. An inspection of the illustration discloses that the shoaling extends nearly 
throughout the width of the bay, and that it is the heaviest in the channel where a maximum loss 
of 6 feet may be noted. 

The next area, mile K, between sections 608 and 619, begins to show a large decre.ase in the 
volume shoaled, although still in excess of the volume excavated. The area within this mile is 
2,321.5 acres, over which the excess of shoaling of 923,226 cubic yards gives a decrease of mean 
depth of 0.25 foot. Only 96.6 acres give no change of depth. The accumulation appears to have 
been heavy on the west side of the ship channel, while the eastern half shows a decided deepeni~ 
which also obtains along the Jersey shore. 

Mile L, between sections 619 and 631, is the first which presents an excess of deepening over 
filling; this increase of depth has taken place largely in the channel, while the Delaware side 
shows a decrease of depth. The depths along the Jersey shore also show better water. The area 
within this mile is 2,360.5 acres, with an excess of deepening of 2,045,125 cubic yards, which gives 
a mean increase of depth of 0.54 foot. Two hundred and thirty-five acres gave no change of 
depth. 

A recapitulation of the changes exhibited in illustration No. 23, which represents 15 square 
nautical miles of the head of Delaware Bay, gives 23,044,616 cubic yards of shoaling, which if 
spread out ornr the area where shoaling has occurred gives an average decrease of 2.35 feet in 
the depth. 

H we compare the above aggregate amount of shoaling with the volume of 14,948,466 cubic 
yards excavated, we find an excess of filling of 8,096,150 cubic yards, which would give an average 
decrease of 0.4 foot in the depth for the five miles in comparison. The erosion of the shores, 
amounting ro 4,234,389 cubic yards, doubtless accounts for part of the above filling. This, how
ever, still leaves a balance of 3,861,761 cubic yards of foreign material supplied from elsewhere; 
but as the reach above Reedy Island, as far as Fort Delaware, shows an excess of deepening over 
shoaling, we may infer that the supply has come from up-stream, and, as in this case, the volume 
of supply is greatly in excess of the amount found to have lodged within the limits under com
parison, we may look for further deposits toward the capes of the Delaware. 

The following table No. 2. presents the changes exhibited graphically on illustration No. 23: 

TABLE No. 2.-Changes in lJelaware River between 1840and188.2. 
,[See illustration No. 23.) 

a~ . 
. j:;;;l ' . Volume of- Ex"""" of- Clumge in mean depth. I' _..,.....,, . Between i Area- in 1 

~~= ~ 1 ee::;:,S:e-; acree. ;---.-!-· --------r--·--
:iji:i:ii: ~ : i Deepenmg.i Shoaling. DeepeniJJg. Shoalin&· Incr<>aee. i Dooreaee. · 

----' . '----1------1----1----

1 /Oubicvarda.
1

0ubieyard6. Otdrievtmti. Oubiavara.. Fett. --;.,--;--
33 H 1 574to58t1: 2,407.7 ! 1,837,051 i 4,073,278 .•.•.•..•..• 2,230,227 ............ ! 0.57 

34 I . 586 to 597, 2,809.3 ! 2,002,046 4,565,Mi7 ---------·-- 2,563,511 .•.••..••••. i 0.56, 

35, J .597toG08. !,638.9l 2,308,886 G,727,11111 ············! 4,418,3111···········-j l.041' 
36 K. 608 to 619 I .,3'11.5 ! 3, 761,936 '.685,182 ·····-······1 923,2211 •.•..••..••. ! 0.2/i 
37 , L: 619 to 631 i 2,360.5 i 5,038,648 2,993,423 2,045,125 i------·----- 0.641············ 

• The results given in these pages are derived from a vast a.mount of work which cannot 
appear. The determination of areas with the planimeter and the computations of volume ·were 
made by Mr. J. A. Sullivan, Coast and Geodetic Survey, under the direction of the chief of party. 

Respectfully submitted. 

J. E. HILGABD, Esq., 
Suplritttendem Ooaat and G«>deti6 &r'Deg. 

HENRY L. MARINDIN, 
Aaaista.nt O<HUt and Geodetic Survey. 



 

APPENDIX No. 13. 

GEOLOGY OF THE SEA-BOTTOM IN THE APPROACHES TO NEW YORK BAY.• 

By A. LINDENKOHL, COAST .AND GEODETIC SURVEY. 

During the survey of the sea·approaches to New York in the years 184-2 and 1844, specimens 
of sea-bottom were collected while soundings were in progress. The samples were examined under 
the direction of Professor Bache by .Assistant L. F. Pourtales of the Coast Survey office, and by 
Prof. ,J, W. Bailey, of West Point, N. Y., and the results of the analyses were published as; 
.Appendix No. 11 to the Coast Survey Report for the year 1869. The investigations by these 
naturalists attracted attention and ended in opening the way to a field of scientific inquiry, which, 
at this time, is cultivated by men eminent in such researches in all the leading nations. Neither 
of the naturalists here named is now living. 

Within the last five years, minute hydrographic surveys have been made in the same locality. 
Some collateral information also has been furnished by the Geological Survey of New Jersey under 
the direction of Prof. George H. Cook. We are thus enabled to invest deductions with increased 
precision, and to extend inquiry beyond the limits to which .Assistant Pourtales restricted himself. 

Tile sea-bottom off the entrance to New York Lower Bay is characterized by features peculiar 
to that region. These include: (1) .A well defined submarine valley; (2) an area of clay bottom 
extending about one hundred miles seaward; (3) a deep ravine at the edge of the continental slope. 

The features here specified will be separately described. (See illustration No. 24.) 
Submarine valley.-The early survey of the sea-approaches to New York developed the exist

ence of a series of "deep mud holes'' lying in a straight line oft' the entrance. These it was 
supposed might serve as guides to mariners, but no special significance was attached to the "mud 
holes" until Professor Dana, from a study of the Coast Survey soundings, showed that they lay 
in the course of a valley-like depression which had the right position to have been, in a period of 
higher level, the continuation of the Hudson River channel. When these views were communicated 
to the Coast Survey office, these mud holes were at once recognized as indications of such a channel, 
and it was surmised that they actually formed a continuous channel instead of being separated. 
The last survey has developed the existence of this channel; and thus the question is opened, 
whether this channel was produced by a break in the strat.a, as was the upper channel of the Hud
son, or by the current of a river seeking an outlet to the ocean. The following facts bear upon 
the question : 

.The first indications of the channel are found ten nautical miles east by south off Sandy 
Hook, at a depth of nineteen fathoms. .After following a southerly course for a.bout ten miles, the 
channel takes an easterly turn in the next five miles: from the distance of fifteen miles (twenty 
miles in a direct line from the Hook) it maintains a straight course (600 t:)E.) to its bar, which is 
seventy-five miles from the Hook. 

From the head of the channel to the bend, the top of the banks remains at about an even level 
of eighteen fa.thorns depth, while the channel increases in depth from nineteen to thirty.six fathoms. 
The average slope of the banks is one degree, and. the width of the inclosed channel from three-

"Thi& paper wa1 read by the Superintendent at the meeting of the National Academy of Scienoes in April, 1885, 
and wa1 first pnbli&hed in the American Joarnal of Science for June, 1885. 
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quarters of a mile to a full mile. 1 n the bend, this slope is increased to three degrees, and the 
width coutracte<1 to one eighth of a mile. 

The hanks maintain the '1>anw height on both sides, and are, as also is the bottom, composed 
of a sandy clay on·rlaitl hy a crust of sand and gran~l which spreads conti.nnously over tlrn adjacent 
tla.ts. Tlds clay is Yery uniformly de;;cribed by the surveyors as "blue cfay" iu the upper channel 
to tlte distance of forty miles from the Hook, and "green mud" in the lower diaunel. The bar 
(at seventy-five uautical miles from the Hook) is composed of fine saud. At the distance of eighty
iiYe miles the channel reappears as a deep ravine and it will he described separately. The croRs 
section8 of the channel, at intervals of ten miles, starting from Sands Hook and taken from tbe 
recent sun'ey, are llere given. 

-----·-------------------
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From this exhibit we may iufer that the channel has been produced by erosion and that its 
present shape is due to the action of tlowing water. The mud brought up by the lead has not been 
deposited upon the sea-bottom hy precipitation, but is the actual soil, which is a stratum of clay 
which must have a thickness of over ninety feet. 

This Raudy cla~· is helieved to be identical with the Tertiary ''sandy clay strata" of the New 
,Jerse.r Ueo1ogfoal Survey, which underlies nearly the whole of the peninsula of lower New Jersey. 

The diRappeara11cc of the submerged valley at a less depth than nineteen fathoms must be 
attributed to 1he obstructive action of Sandy Hook bar. Uy taking this depth as the greatest ever 
reached by the cliannPl over the bar near Sandy Hook we can form an estimate of the geological 
age of this har. 

Professor Cook, in a stateme11t made before the. Riparian Commission of New Jersey, Novem
her 17, 1883, estimatei-1 the present rate of subsidence of the coast of New Jersey at about two feet 
iu a hundred yearR. ~u th is rate the decrease of depth from nineteen fathoms to four fathoms, 
which is about tlw present mean depth of the New York bar, would cover a period of 4,500 years. 

'l'he transfer per 8altum of a. liar at the depth of forty· one fathoms and at a distance of seventy
fiye miles from the Hook to one of nineteen fathoms depth, aml in the immediate vicinity, however, 
canuot well he explained upuu the theory of such a gradual and moderate subsidence as is believed 
to be going on at the present time. 

The State geologist, Professor Cook, assuming a mean dip of twenty-five feet to the mile for 
th<' marl heds, has indicated lines of strike upon his geological map, showing the depth below sea. 
level of the re<l sand bed (a subordinate 11tratum of the Cretaceous marl formation) and the lines A 
~md B on ilh1Rtration No. 24 are such lines for the depths, respectively, of 250 foot and 1,040 feet. 
Tlleiw lines produced to the submerged channel strike the top of the clay bank at point..s the re
spe<ltirn depths of which are 108 and 162 feet below the ocean level. 

The great differeuce in dip (790 feet against 54 feet) may be accounted for by supposing that the 
top of the clay bank does not coincide with the line stratification (its slope being about two feet to 
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the mile), or there may be a flattening out of dip toward tlle sea. And, again, the sandy clay bed 
may not rest couformabl.Y on the formations which crop out on the 1.lry land. 

In the geological surveys of Pennsylvania and New ,Jersey the terminal moraine was accu
rately traced through tl1eRe two States, and the Rketeh shows its conrse from tlie valle.v of the 
.Alleghan;r in Vl7t>stern New York, eastward and southward to New York Bas. The line as there 
shown wastaken from a map b;y Professor Lewis in the .American Journal of 8cience., 1884, and 
from the geological map of New .Tersey, 1882. lt will be seen at a glance that this line and the 
!mhmerged valley of the Hudson form a continuous line, and this coiucidencl' sugge8t8 that this 
valles stands as a mark of the limit of the glacial drift and as one of the "great waste-weir8 of 
the melting glacier," to use an expression which Professor Lewis applies to the I.ehigh River. 'flw 
range of hills which tra\'erses Long Island from the New York Narrows to Moutauk Point has 
been recognized as a weH-deYeloped glacial moraine, and Professor Cook has established its lateral 
connection with the New Jersey moraine b;r way of the southern part of Staten Island. Now, if 
the contemporaneous existence of these two moraines could be proved, it would follow that tlie 
south end of Staten faland was the most advanced point of' the. glacier. Professor CLamberliu 
has very recently (in a contribution to the annual report of tbe United States Geological Survey, 
1882-'83) made the relative ages of these two glaciers the subject of a careful study. For our 
present purposes it will suffice to state that the Long Island moraine, by reason of its great bold
ness, which implies a period of powerful glacial action, bears a greater resemhlance to the morP 
northel'lJ moraines of the interior than to the terminal moraine which stands ats the extreme 
advance of a gr3dually receding glacial drift. This circumstance alone warrants the assum1)tion 
that the terminal moraine must be looked for to the southward of Long Island. 

Cl(/,y bottom.-AssistantPourtales drew atteution to a large area of muddy bottom off the eastern 
end of Long Island, and remarked also upon the scarcjty of remains of animal life in the speci
mens of bottom from this region. That muddy bottom zone is interposed between the wide sand 
belt which skirts the coast and the deep-sea ooze which is of calcareous nature and which covel'8 
all the deeper bottoms of the ocean. By careful study of the soundings, includiug those recorded 
by the United States .Fish Commission, we are enabled to trace the outline of this formation. It 
is triangular; the base DE (see illustration) coincides uearly with the Iiue of I,ooo fathoms a11d 
reaches from the latitude of Cape Charles to the longitude of Oape Sable. The apex (P) lies 
about ten miles southeast of Block Island, but a narrow strip of muddy bott-Om can be traced 
still farther north, nearly to the western end of Martha's Vineyard. 

Assistant Pourtalei; says (Coast Snrv<.'y Report for 1869, Appendix No. 11), "'l'he mud or ooze 
had its origin probably in the Tertiary formation of which we see only tlle remnants in the cliffs of' 
Gay Head, and in a few localities of small extent on the coast of Massachusetts, as at Marslifield or 
elsewhere. • • • A similar sea-bottom is found in the so-called mud boles (lfi' the entrance to 
New York. They are depressions below the general depth of the surrounding bottom, filled with 
mud." These expressions do not render it clear to me whether he consi<lered this mud to he sedi
ment or true soil; but judging by the uniformity and the magnitude of its range, since the greater 
11art if not the whole of the mud in question is either clay or corroded cla,y,• we recognize iu it the 
traces of a great geological formation having a vt-rtical range of nearls six thousand feer. The 
sea-bottom within this area ma;y contain the outcroppings of strata of various compositions and of 
different ages, but these strata must be assumed to be always more or less argillaceous. The 
shoaler soundings generally show a strong admixture of sand, while the deeper ones appear as 
purer clays. At about the depth of 1,000 fathoms the clay gives way to the globigerina ooze; 
but in some instances cla;y bas been found by the Fish Commission at depths ornr 1,500 fathoms. 

In view of the fact that in a coast region the distribution of "sand" and ''mud" bottoms is· 
very often the result of ocean currents, it appears proper to define the extent to which such cur
rents may have affected the bruits of our "clay region." Vl-~e may freely admit that, in moderate 

"'The fact that the specimens of sea-bottom brought up from this region, instead of being recogniz<'d as clay, 
nearly always have the character of a green sandy mud, may be accounted for, partly by the difficulty of penetrating 
hard clay and bringing up large quantities of matter with the sounding aµparatus in general use, aud partly by the 
supposition that in regionM where there are no strong currents, clay bottoms will always be found a.tfected Ly the 
aolvent power and chemical action of sea-water upon their components. 
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depths, currents may disturb and shift the material of the bottom and may also change its mineral 
composition hy the introduction of sediment washed out to sea, but such changes cannot take place 
at great depths nor at great distances from the coast and could have affected but a very limited part 
of the clay bottoms. The only agency which could change the geological structure of the sea
bottom at the depth of the main part of the clay region, we take to be precipitation of very fine 
material held in suspension by the sea-water; but the effect of such precipitation would be to 
obliterate existing geological distinctions rather than to render them more apparent. 

A line drawn from 'l'renton to Jersey City separates the clay region from the red sandstone 
region. This line is about one hundred and fifty miles from the curve of one thousand fathoms. 
Bence if we assume these two lines t-0 be on one plane of stratification, the dip of the strata 
would be forty feet to the mile. It appears quite plausible to assume that the dip of pliable 
strata which is found to be decreasing in the coast region should show an 3ccelerated increase 
when it approaches the continental slope. 

It has been suggested by Professor Dana, and is so stated in Dana's .Manual of Geology, 2d 
edition, p. 537, that the lower limit of the ~ew England part of the terminal moraine probably 
coincided with the outline of the deep-water slope, about 80 miles south of Long Island and out
side of Saint George's Shoal. Now, the clay bottom region being bare of drift, we can safely 
assume that the lines F D and F E indicate the extreme limit of glacial drift on this part of the 
(\Ontineut. The thickness of tl1e cover of diluvial drift in the vicinity of tbe submerged valley 
a1)pears to be at the utmost about 60 feet. 

Tlte Hudson Rirer fiord.-The deep ravine mentioned above as one of the remarkable foatures 
of the sea·a}Jproaches to New York lies in a nearly straight continuation of the submarine 
channel, and reaches from the outer end of the bar already mentioned, or about 85 miles to sea
ward from Sandy Hook, to the edge of the continental slope, at a distance of about 105 miles from 
the Hook. This ravine is about 25 nautical miles long and 3 miles wide. It commences with a 
depth of about 60 fathoms below the ocean's surface, which increases to 200 fathoms within the 
:first mile; the greatest depth, 474 fathoms, is close to its outlet. This outlet to the ocean is 
in the shape of a bar, with a depth of about 200 fathoms. .For half its length, from its middle to 
the ba1·, thii; raviue maintains a vertical depth of more than 2,000 feet, measuring from the top of 
iti> banks; tllese banks have a nearly uniform slope of about 140. It remains to be stated that 
tlie bottom a11d the sides of the raviue are compo3ed of a green sandy mud, and the adjacent 
flats, unlike those of the 1mbmerged channel, show the same material. 

The absence of signs of violent action in the region of this depression preclurles the suppo
sition that it is a fissure; ou the contrary, its position at the lower limit of the glacier, its shape 
and its direction, render probable the supposition that it belongs to the class of :fiords so common 
to higher latitudes. If we so conclude, the question cannot be avoided-why is the continuity of 
the submerged channel interrupted by a bar Y The borings at Cape May, Atlantic City, and else
where along the New Jerse~· sea-border, carried down to depths of 200 feet or more, do not show 
auy harder i>trata than cla~-. Hence there is no reason to assume that this bar was induced by a 
rocky obstruction. 1t appears more plausible to suppose that the fiord belongs to an earlier time 
when the 1·iver made its channel t-0 the sea through ice obstructions, and that the submerged 
channel farther up is of a later period, when the passage to the ocean waB free~ and the regime of 
the river was well established. 



 

.,. 

.,, ,-_. 

,___.i 
,,L--; 

~~ 
\ ... ___ : 

~,,_--, "i:~ 

:,'' :: ' •. i 
I. 

;; 
~ Q 

" ~ 
~ "' ' ~ ~ .,, 

~ :..; 
-~ 

.. 

"' ' ~ 
' ~ / 

-

-,.. 

~ 

~ ,, 
1 
~ 
.. 
~ 
::;: 

~ 
" -~ ~ ·;: 

" 
: -!" !'" 

1
1: ; ~ ~ ~ 
.~ ....J. 

~ ~ ~ ~l;z ~ ; ~~ 
;; 

' 
-- '·ii 

" r-: 
" 

" I " 
I ~ 

-:--
~ J-

$ ~ 

"· ~ "" ·r. 2 
~ 

~ -.,-_. 

' c; 

~ ~ 

~ 



 

APPENDIX No. 14. 

DETERMINATIONS OF GRAVITY WITH THE KATER PENDULUMS AT AUCKLAND, NEW ZEALAND; 
SYDNEY, NI<:W SOUTH WALES; SINGAPORE, BRITISH INDIA; TOKIO, JAPAN; SAN l'RANCISCO, 
CAL. ; AND WASHING TON, D. C. 

By ED~IN SMITH. Assistant. 

WA.SHING'l'ON, lifay 1, 1884. 

DEAR SIR: I have the h.onor to submit the following report of the pendulum work executed 
by the 1iarty under my charge, in conformit.y with your instructions of Hepternber 8, 1882 . 

.A party going to Auckland, New Zealand, to ouserve tbe trausit of Veuus iu Decemlx>r, 1882, 
an opportunity was afforded to make valuable pendulum obserrntions at that place and other 
points at a comparath·ely i;mall additional expenditure of mone~·. 

During 1881-'82, 3:1ajor Herschel, R. E., swung the three invariable Kater pendulums, Nos. 4, 6 
(1821 ), and 11, at Kew, Greenwich, and Laugham, England, and at ~Washington and Hoboken. 
United States, in order to form a connectiou between the English and American p1•mlulmn work, 
Ou completion of these obsern1tiomi the pendulums were loaued to the United States Coast and 
Geodetic Survey. Nos. 4 and 6 (1821) are the pendulums used iu the Great Trigonometrical Sun·eJ' 
of India, and all three have most important places in the pendulum observations of the present 
century. It seemed to J·ou in e\·ery way most desirable to use these pendulums on the proposed 
expedition, and thus add important data to that already existing, and strengthen the connection 
between American pendulum work and that executed in other countries. Having been appointed 
~ the charge of the United States Transit of Venus party to New Zealand, these pendulums were 
turned over to me by Prof. C. S. Peirce, Assistant Coast and Geodetic Survey, in whose care 
they had beeu since Ma:jor Herschel's departure. 

Prof. H. S. Pritchett, of the 'Vashingtou University, of Saint J,ouis, was appoiuted A8;;istant 
Astronomer, and Augustus Story, of Boston, and Gustave Theilkuhl, of ·washington~ as photog
raphers in the Transit of Venus party. 

We sailed from San Francisco on September 24, 1882, and arrived at Auckland, New Zealand, 
October 15. After the Transit of Venus and pendulum work at this station was completed, the 
two photographers returned to the United States. .Accompanied by Prof. H. S. Pritchett as Act· 
ing Assistant in the <Joast and Geodetic Survey, I visited the following places at which the peudu· 
lurns were swung, viz: Sydney, New South Wales, in January, 1883; Singapore, Straits Settle· 
mentR, British India, in March; Tokio, Japan, in .April and May; San Francisco, Cal., in June. 

It was intended, also, to swing these pendulums at Batavia, Java, and at Hong-Kong, China, 
but these stations bad to be given up from want of both time and funds. 

The pendulums were finally again swung in Washington, during March and April, 1884, where 
I was assisted by ~Ir. H. :Farquhar, of the Coast and Geodetic Survey, who had assisted Major 
Herschel in his observations at Washington and Hoboken in 1882. 

INSTRUMENTS. 

The party was furnished with the following outfit : 
Meridian telescope• No. 13, Coast and Geodetic Survey-focal len.gth, 26 inches j aperture of 

objective, lf inches ; power, 60. 

"Combination of transit and zenith telescope. 
439 
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Chronograph No. 5, Coast and Geotletic Survey. 
Sidereal break circuit chronometer, Bond & Hons, No. 387, Coast and Geodetic Sun'e,v. 
Sidereal break-circuit chronometer, Negus No. 153!J, Transit of Venus Commi>1siou. 
Mean time break-circuit chronometer, Negus No. 1490, Transit of Veuut\ Comrnitlsiou. 
Green cisil'rn barometer, Coast and Geodetic Survey. 
The following Kater pendulums am1 apparatus turned over to the Ooa:st and Geodetic Sune,r, 

b,y Major Hersclwl, ILE., viz: 
1. A clock witb gridiron pendulum, b,Y Slielton, of London, marked H. S. and 34 ou tbeface, aud 

No. 2" ou tbe plate at back, which carries the supports of thf~ peudulum. Tlie clock is accom
panied with Henichel's disks for observing coincidences. 

!!. Kater iuniriable plc'ndulmus Nos. 4, 6 (1821), and 11, and a dmumy. Each pendulum is pro-
vided with a carriage and planes with co'rresponding number. 

3. A copper Yacunm chamber with glass bell for top, air-pump, &c. 
4. 'Yoode11 frame-work isupport and accessories. 
5. Telescope for obserYing coincidences. · 
(i. Lens for bringing the image of clock pendulum iu same plane with tail-piece of tbe detached 

pendulum. 
7. ThermorneterH b,r Adie, Nos. ~l, 4, 714, and 715. Nos. 714 and 715 were attach£>d to the 

durnruy, as in the Indian work. 
8. Siphon barometer, by Adie. A quantity of moisture ha Ying accumulated in the glass tulw, 

a new one was obtained from Green, of Kew York, and nsed at Auckland, Sydney, aud Singapore. 
At Tokio it was found broken, and the old tube was broken while trying to driYe the moisture and 
air out. At Tokio alHl San Francisco obserYatiom; were made at full pressure of the atmos11here, 
the Green cistern barometer beiag used. A new siphon tube was obtained from Grl:'en for the 
\'\'ashington observations. 

A cletailec.l description of these pendulums and apparatus is given iu Vol. V of the Great 
Trigonometrical Survey of India, and it is thought unnecessary to repeat it here. 

ME1'HOD OF OBSERVATION. 

The work with these pendulums being pnre]J c.liffereutial, and intended for comparison with 
the obserYations matle by Ma;jor Herschel, hii> methods were adopted as nearly as practicable. 

Tile pressure in the vacuum chamlJer was kept such that the density would be nearly that of 
air at ;):!O F. uwler a pressure of 26 inclies. 

The pernlult1m was started "'ith au arc of ahout 75' (1.1 inches), a11fl swuug for about six lwurs, 
wh1·11 the arc was about 8' ( .12 inch). A coincidence, the arc, temperature, aml pressure were 
ohserrnd at the beginning aud eud of the set, aud also an occasional intermediate coincidence. 
Four such sets were observed in the position called l\l (marked face towards obser\'er), a11d four 
set,.; in position called I' (marked face from obserYer). Thus eaeli vendulum was swuug rorty
ei~ht 11ours, tweuts-four iu each po8ition. The observations with the three pendulums at each 
stati011, exePpt \Vashington, were completed in 144 to 168 cousecutive hours. At vVashingtou 
douhle the number of ohservatiom; were made. 

Iu ohsl:'niug coincidtmces. the disappearance and· re-appcaranee of the Herschel dots were 
uoted on ouly one si<le of the tail-piece of the pendulum-always the apparent right. The obsen,er 
callecl "ti11,:' and the time was uoted and recorded by an assistant standing by the clock. At 
'Vashington we had no recorder, and as the face of the clock conld not he seen b~· the observer, 
the time of coincideuce was uott~d with mean·time chronometer, Bond & Sons, No. 196, and from 
the comparisons of time-pieces the R. S. Clock times of coincidences were deduced. 

The coincidencei,; were obsened lJy Prof. H. S. Pritehett or myself at all the stations etcept 
\Vashingtou, where l\lr. H. Farquhar, of the Ooast. and Geodetic Surve.v, took part in the observa. 
tions in place of Professor Pritchett. 

•In the inventory reccivc<l from Major Herschel with this apparatus, it stated that the number on the plate at 
back which carries the supports of the pendulum iij 1. When this clock was unpacked at the Coast and Geodetic 
Survey Office, in January, 1"84, the case Wilt! so much damaged that a new one was made, and it was then disoovexed 
that the number is %.-E. S. 
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METHOD OF REDLTCTION. 

As I have 110 du fl uite knowledge of the preeise method of l'P!lnetion a!lopte(l hr 1\i~~jor Iler
suhel, 1 have practieall,Y adopted that given in Vol. V of the Great 'frigonometrical SnrYey of 
India. In this rt'.port are gh•en all the data neeessar,y to make a complete 11ew rt-dnctiou, or 
additional corrections, as may be deemed necessar,v. The results are or 1miy be made strictl,v com
parable with all observations heretofore made with these pendulums. 

The preliminary 1111m1Jer of \'ibrations 1~' in a mean solar day correspo)l(liug to each 8Ct was 
computed as follows: 

X being the interntl in clock seconds between the first aurl la,,;t eoincitle11cc, a1ul m the 1111mher of 
coineidence intervals iu the set, aud H the number of \'ihratiom' made by the cloek pemlult1m in 
a meau solar day. 'fhe rate of the clock lrnsiug been obtaiue1l in sidereal time exeept at ,\~ash
iugton. 

R = 86636 555-(r + !. ). . 365 

and for W ashiugton R = 86400- r 

R' then received three correctious. 
1. Reduction to infinitely small arc. 

C t . 1,, (D - a) 2 
{ ( + 1) 2 (a - b) 2

} orrec .ion = " -- .--- - a, 1 - ~ ,-- --
,)b r D 3 

D = 84 inches, bt>ing the distauce of the ol1jective of the telescopt~ from the scale b.)' which tlw 
arcs were measured, d the distance of the tail-piece of pendulum from this scale, and r = 50 iuclici,;, 
the distance of knife-edge of pendulum above this scale, a and b the arcs iu inches at the begin
ning and end of set. 

2. Reductiou t.o density of air under pressure of 26 inches, and t.empemture 320 F. 

orrec ion - . ~ -----·- -- -- - ---- .. -.- ' C t . - o 3·> ( r ''(··) 
. lx.0023 (t-32) 

P being the meau pressllre, and t the meau temperature of the set. 
3. ltednction to mean temperature of all the sets with each pendulum. 

Pen(lulmnNo. 4·: Correction= 0.458 (t-tm) 
Pendulum No. 6: Correction = 0.44o2 (t-t,,,) 
Pendulum No. 11: Correctiou = 0.450 (t-t,,,) 

t being the temperature of the set, and tm the meau temperature of all the set;.; witli the 
pendulum. 

The,,;e results wern afterwards reduced to 62° F. by the use of the ahon1 co-efficie11t.s. 

Dctcrnt-iiiation of tlu~ rate of tlw R. B. Clock. 

Olmervatious of the transit:,; of star;; were ma.de as frequently as the 1rnather would permit 
during pendulum observatiou:; at each 8tatio11. Sidereal cbrouomt•ter, Neg-us No. J;i;m, was used 
in recording the star observations, except at S;ydney, aml wai; compared with the other two chro
nometel'8, and the R. S. Clock at the time of star ob8ervatious, aml at the uegiuui11g atJ<l ernl of 
each set of pendulum o,bserrntions. 

At Syduey, Negus No.15a9 was first compared with tlw Sydney Observatory Clock, J?rollsham 
No. 987, whose rate was determined by transits of stars observed b;y H. U. H.nsscll, the director of 
the Sydney Observatory. 

H., Ex. '3----56 
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The time observations at Auckland and Singapore were made with meridian telescope No. 
13, arnl at Tokio with the transit of tlic 'fokio Observatory, by l'rotessor Pritchett. At Singapore 
no chro11ogmph was used. At Sau Praucisco the first two uight's observations were made by 
Professor Pritchett, and the rcmainiug nights by myself. At Washington the rate of the R. S. 
Clock WH8 d!'tcrmined from sig11al8 received from the Naval Observatory. 

In reducing the time oh8c>n-atio11s. tlH• times of transit over the mean of the wires were cor
rectell for a herration, rate, and leYel. 'l'he collimation constant was then computed from the stars 
obsen~ed, clamp \H'8t and east, a11d a11 azinmth coustant was computed for each of these positions 
of tlle im;trn 111e11t hy tlie methrnl ot 1uai-t NfJuares, as given in Appendix No. 14 of the Coast and 
Geodetic Smniy Heport, for J8,'\0. 

The ratt• of the IL 8. rnock ltas becu takeu as uuiform between star observatiorn•. The com
parisons of the other time-pieceK were made as checks, but have not, been used. 

'l'HERMOME'l'ERS. 

I was furnishcil with two Baudin thermometers that had been compan•d and examined by 
Prof: C. S. Peirce, and it was intcudecl that frequent comparisons should be made between them 
and No8. 714 and 715. At Auckland and S;rdney there was no opportunity, and at Batavia they 
were accidentally carried off to E11gland with my trunk, in which they had been placed for safety. 
The_y were finally obtained without injury ou my return to the United States. On completion of 
the observations at \Vashiugton iu April, 1884, all the thermometers were turnerl over to Prof. C. 
S. Peirce for comparison, and I here gi rn his letter addressed to you concerning them: 

UNITED STATES CoAS'l' AND GEODETIC SURVEY, 

Baltimore, .April 29, 1884. 
DEAR SIR: I have determi11ed the corrections to the thermometers of the Kater pendulum 

apparatus; they are as follows : 

1~===--N~~ _ No.~~~·-1,--1-'e_m_p_._ 
First comparison. 

Second comparison. 

Third comparison. 

Means. 

0 

- 0.05 

- 0.09 

-- 0.07 

- 0.07 

- 0.35 
- 0.39 
- 0.37 

- 0.37 

i 
68.05 
68.61 

70.43 

In these comparisons the bulbs were down. When 715 is inverted it reads 00.2 more, and its 
correction is larger. 

The Kew certificate dated November, 1881, gives the following corrections: 

Temp. No. 714. I -No. 715-.-, 

-----:- ____ I ___ -

0 

---1 
32 - 0.45 - 0.50 

I 42 - 0.40 -- o.6o 

52 - o.35 - 0.65 

\ 
62 -- 0.30 - 0.70 

I 72 - 0.30 - o.6o 
I 82 - 0.30 - 0.70 

I 92 - 0.42 - 0.70 
_I ___ 
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Subsequently the following corrections were fonnd at Kew Observatory: 

-------·-------·------· 
(Kov. 9. Temp. 60°.J 

!---·----------·------··---------· .. ----------. -

Hour. 7f4 715 J four. 714 7I5 

Noon. - 0.25 -- 0.95 Il a. m .. 0. 30 o. 65 

2 p. m. - 0. 25 -· 0.70 r p. Jll. - 0.30 - o. f15 

3 p. Ill. - 0. 25 0. 70 2 ]/~ P· m. 0.30 -- o. 70 

4 p. Ill. -- 0. 30 0. 70 - 0.50 - o. 70 

7 P· 111 • 
-- o. 30 0.60 

--·--· ·------~~~--

I suppose that in these observations 715 was right sidt~ llp. (It is used njlside dowu.) 
Owing to the peculiar manner of determining the tixe<l points at Kew, tlle corrections ob

tained there will lie more uegatirn tllau those 1 should get. 
The.r will take a calibrated thermometer, aud iirst keep it iu ice fo1· l.wnrs, 11util tlie glasR liai,; 

considerably contrar·ted and the merenrs has risen, and will then 11rnrk the freezing point. 'fbt'y 
will then rai.se it to the boiling point and mark the hoili11g poiut. Suppose, then, sneh a tht·r
mometer shows 200 C., without correction aecording to tlw111. l iil1onhl take thi;, tb.ermometPr a111l 
place it in ice for abont 100 seconds, and obserYe the freeziug point. It wonld mark a lower point 
than zero, and would have a positive correctio11, accorcliug to nw. 

The discrepancy would be a little less owiug to my 100° occupying a long1;r range ou the stem 
but still there would l>e a di:ffereuce at ordinary tempern.tnre.-; of o0 .'..l or 00.3 .P. The infereuee is, 
therefore~ that these thermometers have not changed since tlw Kew determinations, especiall_y as 
the negative correction ought, with time, to increase instead of diminishing· .. Therefore, since the 
absolute temperature is 11ot desired, but the difforence from Ifori<chel's temperatures, the Kew 
corrections should be adhered to in reducing Mr. Smith's work." 

Yours, vers respectfull~·, 

Prof. J. E. HILGARn, 

Superintendent . 

C. S. PEIRCE, 
A.ssi.~tant. 

.A. correction of -0°.50 to the mean of the readings of :N"os. 714 and 715 haR been nsPd 
throughout. 

PROBABLE ERRORS. 

No probable errors have been assigned to the results, arnl 1L'I no correction has becu made 
for hourly rate, l llo uot see that any probable error can he assigned from the observations them
selves, except from the. me.ans of days at "\Vashington, and the differences of the results iu the 
two positions of the pellllnlnms at the various stations, and these are not snffieient in numhe1·. 

COMPUTATIONS. 

The first reduction of the observations at a.II the stations except \.Vmihington vms mad1• hy 
myself, and a complete revision by Mr. H. Farquhar. The re<lnction of the ·Washington ohi:<er rn· 
tions bas been made jointly by Mr. Farquhar and myself,each istep having beeu gone over twice. 

On the foUowing pages are given the details of the observations at eaeh station. in tile order 
in which they were occupied. With what 1.J.as already IJeen saitl the headings of the various col
umns are sutlicient explanation. 

--------~~--"· 

•The correctness of this inference by Mr. Peirce is shown by the followiug gfakrnent. which I t<'-<:.etYe<I from 
him December 11, 1884: "1884, July 20.-Tliermometers 714 and 715 were irnmergn<l i11 ice water about 40,·· C .. for five 
holll'll; being th•m in poumled ice for half an hour, both read 32°.4." Aei 7Hi reatle ou.2 greater when iuvertetl, t.!Je 
oorrectiou to the mean of the two t.hermomelm:s would be - 00.5 E. S. 
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AUCKLAND, NEW ZEALAND. 

To the southwest of tl1e Transit of Venus 8tation, in the reservation known as the Domain, 
was a brick building called the Block House. The lmildiug was at first rented as a store-house, 
and w:ts afterwards fouucl to he the hest place we could get to swing tlie pendulums. In the east 
room was constructed a pier of scori:P and lime seven feet square, and one and a half feet deep, 
upon which the apparatn'l was mom1ted. The clock was a,ttached to tl1e east wall of the building. 

The position of this pin is: Latitude 360 51' 51" S.; longitude ll1' 39m 07•. l E.; height, 261 
feet. 

Tlte latitude is from ohservatious made by Professor Pritchett with Meridian Tel. No. 13; the 
longitude an!l height from geodetic cmmectiou witl1 the New Zealand Sm·,·ey . 

• Just hefort> the hegi11ni11g of theRe observations I began to sufler with a severe infliction in 
my eyes which soo11 corn1lelled mt1 to give up all ouserving, and after tlie first da,v all the ohserva
tiom; at this statio11 werf\ made hy l'rofessor Pritchett. 

llatc. Star. 

·------·· --

1882 

No1·. 27 Arletis. 

I l!y1lri. 

t Eridnni. 

,, Tauri. 

y Hydri. 

y Eri<lani. 

o' Eridani. 

} 'Lu1ri. 

Nov. 28 11 IIy,Jri. 

/J l'eti. 

,\ llydri. 

~~ ( 'eti. 

~O\". 29 w Pi:scium. 

33 Piscium. 

a Andromeda. 

y l'cgasi. 

f3 l!ydri. 

,:i Ceti. 
. Andro111eda. , 
,\ l)ischm1. 

' l'iscium. 

il .-\ndromeda. 

• 'l'ucan~e. 
Nu,-. 30 f Eridani. 

)' llydri. 

y Eridani. 

! ot Eridani. 

' ,j Muse'"· 
i a Tauri. 

Dec. I (jl CetL 

! a Eridani. 

Auckland, New Zealand.-Time observations. 

'Clamp. 

w. 
\\. 

W. 

i \Y. 

E. 

I _E, 

E. 
E. 

W. 
W. 

w. 
\\'. 

\V. 
I W. 

\V, 

W. 

w. 
E. 

E . 

E. 
E. 

E. 
E . 

w. 
w. 
w. 
E. 

E. 
E. 

w. 
w. 

····------- ---------,---! ,--·----------·-··-----
T K r i Aa , llb : Cc a I 6 T 

I i i : ! I 
--·:·--·-1---1--·1·---·· '----·---·1---

h. 111. s. I h. 111. s. i 
3 07 40. 08--0. 02,+o. 01[-o. 58i+o. 08;--o. 01 39· 56 3 08 12. 62/ -j-33. o6 

18 22.98-0.09, :+2.02:+0.48:- 0,05 25.341 18 58.43: .09 

26 53. 88
1
--o. 02

1 

1-0. 3oi+o. 12/--0. 01 53. 671 27 26. 81\ . i4 

40 01. 38:-0. 02: '-o. 62!+0. 07:-0. 01 oo. 8oi 40 33. 88I . 08 

48 33. 201-o. 07/ !+I. 26!+0. 23,+o. 04 34. 66) 49 07. 78

1 

. 12 

3 52 02, 92
1

-o. 02! l-o. 23!+0. 07
1 

-t o. 01 02. 751 3 52 36. 02 . 27 

4 05 38.14-0.02[-o.01[--0.281+0.071+0.01 37.91'. 4 o6 11.04
1

1 . 13 
: ! I ! ' i I 4 12 37.52
1

--0.02--0.01
1
-0.45--t·o.05:-i-o,01 37.101 4 13 10.11

1 
+33.01 

I I i i I I 1' 

0 19 02. 20
1-0. 091+0. OJ +1. 70 0. 00[-0, 52 03. 30! 0 19 36. 20

1 

+32. 90 
I : I ' i o 37 I 1. 46;--o. 02: !-o. 18 ,--o. 12 1 11. 141 o 37 44. o6\ . 92 

' I I I ' ' 
2 19 09. 26:-0. 051 j+o. 82 )···O. JI; 09. 72,_! 2 19 42. 641 · 92 
2 21 25. 66 o. 02, 1-o. 39 1--0. 11 25. 141 2 21 58. 04 +32. 90 

23 52 47. 0)--0. 02l+o. mf-o. 50-0. ogl-o. 18! 46. 26i 23 53 19. 21 +32. 95 
! 1 1 1 

1 I 
23 58 49· 49,-0. 02,-+ 0. 01!-0, 37-0. 10\-0. 18. 48. 83, 23 59 21. 73 +32. 90 

I I I ' ! ' ' 
o 01 49. 78;--0. 021-f-O. 01

1

1--0. 76i-o. 061-o. 21: 48. 74! o 02 21. 76 +33· 02 
I i i I : I 

o6 41. 89.-0. 021 -0. 59:·-0. 081-0. 19 41. Oil 07 IJ. 85 +J2. 84 
I I ! • I : I 

19 02. 26j-o. 09, 1+2. 29 --o. 43!-o. 861 03. 17j 
I' I I I ' 8 37 I I. 271--0. 021 ,-0. 24-0. I 2j-j·O. 19:. I I. 0 , 

40 37, 42\- o. 02 1-0. 69.
1
-o. o6\+o. 20

1 
36. 85\ 

42 05, s1;--o. 02 -0, so:-o. 081j-o.18 05. ISi 

o 56 21. i3i--0. 02/ ,--o 52
1

-0. 08!'+0. isl 20. 69, 
; : 1 I I 

I 02 40. 50'-0. 02
1
-o. OJ j-0. 85-0. 04 +o. 221 39· 8o\ 

11115.54l-o.051
1
.,-o.01+1.12-o.28,+o.51l16.83 

I ' I I I 
3 26 55. 22!--0. 02'1+0. 01 l--0. 301-0. 14 -o. 2oj 54. 57j 

I I I I I 

48 35. 24,-0. 07! +1. 48[-o. 46--0. 751 35. 441 
I I I .· : .. I 

3 52 04. 32,
1
'-o. 02, 1-0. 261-0. 15 --o. 21; 03. 681 

4 05 38, 98'--0. 02! l-o, 29-0. 13~1 +0. 20! 38. 74\ I I ' I : ' 
25 26. 541-0. Io-

1
1 1+2. 391 ..:o. 65 +I. 211 29. 39! 

l l ! i j 
4 28 42. 56

1
-o. 021 1-o, 47:-o. 09 +o. 211 42. 19

1

, 

l [ I' I I 17 40. 46;-o. 021 o. oo;-o. 26 -o. 07 . 39: 39. 721 

32 50.97\--0.03: l+o. 361--0.13-0. 11l so.46j 

1936.10 .93 

37 44. 051 . 97 

41 09. 731 • 88 

42 38.00 . 85 

0 56 53· 61 +32. 92 

I 03 12. 81 +33· ol 
I 

I I I 49· 761 + 32. 93 

3 27 26. 821 +32. 25 

49 07. 73 . 29 

3 52 36.03 . 35 

4 o6 II.~O .31 
26 01. 67 . 28 

4 29 14. 45 + 32. z6 

I 18 II. +Jz.o8 
33 22.53 ~32.07 
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Auckland, New Zealand.-Time observations-Continued. 

Date. Star. bamp. T IC Aa Hb Cr a 
I 

-----·-I ---------------·--~-----~- ---------- ----- - :--1-----------

1882 

Dec. 

Dec. 2 

Dec. 4 

Dec. 

I 

o Piscium. 

(3 An<lrome<la. 

K Tucanct•. 

Ceti. 

1J Pisciurn. 

'Ti Jliscium. 

a Eridani. 

v Pisciuin. 

o Piscium. 

{3 Ceti. 

o Piscium. 

/l A n<lrnmerla. 

II Ceti. 

rl Hydri. 

.;" Ceti. 

rl Ceti. 

13 Cdi. 

IJ Ceti. 

71 Piscium. 

t a Eridani. 

i o Pisciun1. 

( Ceti. 

f Pisciun1. 

11 lly<lri. 

w. 
w. 

W. 
w. 
W. 

w. 
E. 

E. 

E. 

I 

h. 111. s. I I 
l I ! I 

38 43. 34 -{). 02; 0. 00.-0. 39.-0. os:.-o. 391 42. 491' 
' I I 1 I 

I 45 11. 21 1---0. 02i 1-0. 24 -0. 071·--0. 39: IO. 491 
: I i • ! I 

1 02 42.50--0.021 o.oo:-o.88+0.04---0.69; 40.95: 
: I . , 

I I I8. 12:-0. 051 1+1. 17:+0. 23-1. 63\ 17. 84: 
17 40. 96:-0. 021 [--0. 37

1
+0. 09-0. 58' 40. 08' 

1 I i I · 1 ; 

24 44. 30: 0. 02! !-0. 62;+0. o6_-o. 59· 43· IJ; 
: I I l ' I 

30 23. 161--o. 021 ,-o. 41 +o. 21 +o. 58, 23. 52, 
' I I l I I 

32 48. 76,-0. 03 +o. 35 1+0. 55 + 1. 07
1 

50. 70 

34 4g. 82
1
-0. 02

1 
l--0. 35!+0. 23'+0. 58 50. 26' 

r I 1 1 1 1 
E. ' I 38 42. 32---0. 021 ,-o. 38

1
+0. 23 +o. 58 42. 73 

0 37 13. IOl-0.021+0.01
1

-0. 191+0.04·+1.02, 6I E. 

E. 

E. 

E. 
w. 
w. 
W. 

E. 

E. 
E. 

i I ' I 13. 9; 
o 42 07. 30,--0. 02;+0. 01-0. 39,+o. 03 +o. 97 07. 90

1
: 

I I ! : ' 
1 02 42. 26;-o. 021+0. oi:-o. 65·+0. 02 +1. 17 42. 78

1 
17 40. 96[-o. 02l o. oo;-o. 27'+0. 04

1
+0. 98' 41. 69: 

I 1 
: ! : I 

2 19 14.191-0.05/-0.011+0.So!+o.16--2.71; 12.38j 

21 29. 32L-o. 02·-o. 01-0. 38:+0. 05 -o. 98 21. 98. I I : I ! : I 
2 33 02. 0!11-0.021-0.01/--0. 321-1- 0.051--0. 961 00. 75\ 

o 37 14.70--0.02.+o.01j--0.o8·+0.03--0.07. 14.57[ 
I ' : I i ! 

I i I I : i 
I 17 42. 641--0. 02 r-o. IIl+o. 031-0. 07: 42. 47] 

24 45. 96--0. 02 ·-O. 19 +o. 021-0. 07. 45. 70; I I I • : 

E. fl 32 53.12,--0.03.
1 

i+o. 16
1

1
+0.o6:-o.13! 53.18i 

8 I i I I ' 
W, 3 45. 22

1
-o. 02

1 

-1-o. 191+0.051!+0. 07i 45. 13[ 

V.'. I 45 13. 181-0. 02 :--0. 12
1
+0. 001.+o. 071 13. 17,. 

I ' ' I : 

h. 11l. s. 

I 3'1 14.59 +32. IO 
I 

I 45 42. 521 +J2. 03 

I 03 12. 79 +31. 84 

II 49. 65
1 

. 81 

18 I I. 79, . 71 

25 14. 94; . 81 

30 55. 34 . 82 

33 22. so, .8o 

35 22. 06 . 8o 

I 39 .14. 49, +JI. 76 

0 37 44. oo: +30.04 

D 42 37· g6i + 30. o6 
I 

l 03 12. 77j +29. 99 

I 18 II. 78: +Jo.og 

2 19 42. 45f . 07 
I 

21 58. 031 . 05 

2 33 JO. 8o'i + 30. 05 

o 37 43. 99 +29. 42 

l 18 II. 771 . 30 

25 14. 921 . 22 

33 22. 441 . 26 
I 

39 14. 47'1 

45 42. 49i 

I 47 31. 40 

·34 

.32 

. 25 W. 1· I 47 02. 221-0. 021 :-o. 17'1-t·O. 05+0. 071 02. 15] 

W. ! 2 19 12. 40,-0. 051--0. 01J~o. 40 +o. 161+0. 201 13. IOj 

~--~-----·-----~ 

----------------------------~ 

[Instrumental corrections, meridian telescope No. 13.] 
[Corrections and daily rates, si

dereal chronometer Negus No. 
1539.) 

Dec. I +0.54 
2 +0.76 +0.53 

4 + 0 ·53 +0.56 

5 +0.27 +0.24 
I 
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Auckland, New Zeazand.-Time ObservatiMl.8-0ontinned. 

l,_-·_· ______ [_C_o_m_p_an_·so_n_s_w_it_h_c_Ioc_k_.J ______ I 

I _:« --l--N-e_gu_s_1_53-9. ' R. S. clock. l_D_R_a'._1~_._~~-~-k~-f I 
I I 1882. h. m. s. h; m. s. I 

[Number of vibrations of R. S. clock pen
dulum in mean solar day.] 

I , 86636.555 

j Date. I Sets. !-( r +-r __ 

'-----'------1 365) 
Nov. 27 I 50 05 

2 20 I5 

8 00 I7 

I 33 IO 

I 40 4I 11 I 1883. i 1 

30 

Dec. 

2 

4 

s 

20 o6 20 

2 15 00 

3 00 I6 

21 19 33 

3 18 24 

22 02 II 

4 o6 01 

22 o6 I2 

3 54 40 

2 37 29.o6 

~ :: :!1~ 
19 05 iJ 

I9 48 35 I 
I 56 02 I} 
2 36 25 

20 52 05 

2 49 45 } 
21 29 50 

3 32 28 } 
21 24 21 

J II 4000 } 
I 50 

I Nov. :~:: : IIII~~I I! 8635:: ~: 
I 29-30 i VII-X ' 2. I4 

! Nov. 30 /} XI-XIV 
Dec. 1 I 

1-2 XV-XVIII 

2-4 I XIX-XXVI 2.03 

2.14 I 
I 

----'-----~-·------------'--------' 

A:uckland, Netc Zealand.-Pendulum No. 4. 

[d=o. inch.) 

I

I j ·g :.1 

1

1 ci I 
1 

~ ~ I Corrections. ~ ·: ~ I I 
, ·s 8 , ·;;: 1-- ""'""' I 

N be f J , " .., ; Time of coin-
1 

-~ !,' :i .... .,.:, j ~ i:: • .§ :;; J 

um r ° Face. 1 'O g i cidence by I - j .E 0 .S ~ 
1 

• .E ~ ro ~ £ 
i I .g i 11 'o '1 ~ I ~ ""e § ~ l ~ ~"° ~ i> ~ ~ ~ " , e "' ·- 0 u "' s ... "" ,., "' "' 

Date. 
set, t ~ 1 clock. •> e I ~ t W ~ ~ ~ Q~ ~ ~ i:::! • 1 • 

" I ~ cu v :== ... v. i }.., t GJ.2 ooM v q,,I 

,z I < IE-< I&:: z < .... E-< u ;::.: ~ 

N--o~-~~-2-.2-7
1

---1--l--M---J :~ ~-4>~/n;~~!-5-9-.9-J:;~:~ -- 1--------- --i--
2g 31/ I9 o6 07. 00 • 15163. 5olj 27. 43 86og7. 97 + . 14- . 14 - , 8ol86og7. I7 Rejel ct, 

II II I9 I7 54.70, I.o6164.20, 27.48 ! 
311 I 03 25. 20

1

1 • 15: .. 65. 00
1

1 27. 5c,86IOI. 69+ . 16- . I4 + . 52 86102. 23 t , 1 
III 

IV. 

v 

VI p 

VII 

VIII 

IX 

I1 I 10 11. 25 I. 161 65. 00, 27. 61! I I 
31! 6 SS 52.~ .17163.85127.44

1 

1.30+ .19- .12+".44 r.81 ~f 
11 7 II 40. 301 I. Ill 63. 851 27. 44 I 0 i 

JII 12 57 36.70 .17161.75! 27.34 1.49+ .18-. I~- .31 1.23 ~1 
II 13 16 02. 30 I. 151 62. 15 27. 37 ' 

JI! 19 02 04· 40 • 17165. 00 27. 491 I. 56 + . 19 · I4 + • 05 I. 66 

I: I9 27 04· 83 I. 291 65. 9C:1 27. 5I ci 
0 

2 1 I9 38 34· 50 . 
JI\ I 12 21.00 .18 64. 75 27.44 

i~ 
I 

Ii I 27 12. 401 I. 07 64 75 27, 44 

311 7 I3 28. 00 • 15 62. IO 27. 23 

I: 7 30 30. 501 I. I8/ 62. 15/ 27. ~' 
31' 13 I7 25. 50 . 171 6o. 85\ 2 7. 15 

I IJ 27 39· 70 I.19\ 61. lj 27. 16 

31 19 14 36. 8o • 17163. 151 27. 

2. 7 5 + . 16~ . I( -- • 02 

3.231+ .2C - • 17- ·9' 

3.25+ .21'-. I7- .62 

2. ::2 j 
2.67 
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Auckland, Netc Zcala:nd.-Ptmdulum No. 6. 

[d:=o.8 inch.) 

30 

Dec. 

I 
I 

I 
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XIX 

xx 

XXI 

XXII 

XXIII 

XXIV 

3 xxv 
4 

4 XXVI 

UNITED STATES COAST .AND GEODETIC SURVEY. 

l'. 

Auckland, New Zealand.-Pendulum No. 11. 

21 29 38. 381 

37. 3 !6 IO. 25' 
I 

3 23 36. 70j 

3]' 9 IO 18. 6of 
I I 

I. 9 17 36. 901 
37i 15 04 16. 4oi 

1i I 5 I I 35. 50/ 
37j 20 57 56. 8ol 

Ji 21 o6 IO. 701 

371 2 52 26. 751 
381

1 3 02 05. 15 

[d=o.8 iach.] 

SYDNEY, NEW SOUTH WALES. 

Corre-ctions. 

It was intended to swing the pendulums at Fort Macquarie, where Freycinct and Duperry 
had swung pendulums in 1819-'22-'25, but it was found impracticable to do so. The magazin~ 
wa,i, the only place at the fort suitable for pendulum work, and was not large enough to admit tbe 
Kater apparatus. 

Mr. H. C. Rm'lsell >ery kindly offered theJacHities of the Sydney Ubservat;ory, of which he is 
the Director. The pendulums w~re hung in the cellar under the transit room. The fl.oor and 
walls are concrete<l. The foundation is very solid and the temperature very constant. It would 
be difficult to find a more suitable place for pendulum observations-as the results 8how. The 
apparatm1 was set upon the floor, and the clock attached to the west wall. The posit.ion of this 
station as given in the volume of Sydney Observations, 1877-'78, is: Latitude, 33° 51' 41".1 S.; 
longitude, lOh 04m r~·.81 E. ; height, 140 feet. 

After the apparatus was set up at this station the work was conducted entirely by Professor 
Pritchett, my eyes being still in such a condition that I couJd make no observations. 

Our sincere thanks are due to Mr. Russell for his many attentions and personal assistauoo in 
the pendulum work. 
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Time obsei·vations, with Sydney Obseriiatory meridian circle and sidereal clock Frodsham, No. 987, 
as furnished by Mr. H. C. Russell. 

-----------~-- - ---·-·--------·-----
I I 

I Datt. ~tar. R.A. Corrected transit. 
' ,', T of observa- : 

I tion clock. 

I 1883. 

I Jan. 5 I K Orionis. 5 42 14. 53 5 41 45· II ~29. 42 

µ Geminorum. 6 15 55.40 6 15 25.92 . 48 

a Argus. 6 21 23.82 6 20 54. 38 -'·29. 44 
I 

( Jan. 6 A Tauri. 3 57 48. 81 3 57 17.95 +30. 86 

t Tauri. 4 21 49.23 4 2l 18. 37 .86 : 

i µ Eridani. :~9 41. IO 39 JO. 18 . 92 

I t Auriga:. 4 49 24.99 4 48 54. 14 ! . 85 

' Leporis. 5 00 32.45 00 01. 47 .98 

a Aurigre. 5 08 05.go oS 34·93 +Jo.97 

Jan. 7 y Tauri. 4 I3 IO. I8 4 12 38.01 I +32. 17 

t Tauri. 21 49. 22 2I I6.97 .25 I 

; a Tauri. 29 I4. 5" '28 42.31 . 27 i 
Jl Eri<lani. 39 41. 10 39 08.89 . 21 

t Auriga:. 4 49 24.99 4 48 52.87 C' . I2 

e Leporis. 5 00 32.44 5 00 00. 13 . 31 

f3 Orionis. 08 05.9I 07 33.62 .29 

o Orionis. 5 26 03.86 5 25 31. 58 +32· 28 

Jan. 8 f3 Geminorum. 7 38 II. 80 38 38. I8 + 33. 67 
; Argus. 7 44 24. 72 7 43 51. 03 --33. 69 

Jan. 9 v Orionis. 6 00 55. 85 6 ()() 21. 23 +J4.62 

~ Cancri. 8 36 33.08 8 35 58.43 . 65 

e Hydne. 8 40 36.92 8 40 02.32 +34·6o 

Jan. II ' Auriga:. 4 49 . 24. 97 4 48 48.43 +36. 54 

" Leporis. 5 00 32.42 4 59 55.87 .55 
f3 Orionis. 5 08 56.89 5 08 20.37 -f-36. 52 

H. Ex. 43----57 
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[Comparisons of Sid. Clock Frodsham No. 937, and Sid. Chron. Negus No. 1539.) 

Date. 

9 7 55 I I. 08 

II I 5 22 13. 98 

7 02 59 
7 54 59 

I 

5 21 59 '1 

32.30 

33.65 

34.63 

+ 36. 56 

23.50 

23. 15 

I 22. 55 
! + 2L 58 

- 0.579 
- 0. 512 

[Comparisons of Chron. 1539 with R. S. clock.] I [Number of vibrations of R. S. clock 

I i I ' I 
1 D · I Daily rate of '·,,, ate. i Negus 1539. R. S. clock. R S I k L__ .. coc. 

1-~883. I _____ , ___ _ 

I 
] an. 5

6 
1

1 

6 07 36 

6 53 07 

1

54400 

.: I : ~ ;: 

11 o6 00 

II 46 25 

IO 42 34 

JI 52 52 
12 38 42 

+ 296.428 

+ 2g6. 109 

+ 296. 122 

+ 295.930 

+ 296. 025 ! 

I 

I 
I 

pendulum in mean solar day.] 

86636.555 
Date. Sets. -( r+_.:_} 

365 

1883. 
Jan. 5-6 I-IV 86339.32 

6 v .62 

6--7 VI-VIII -64 
7 IX .63 

7--8 X-XIII .62 

8-g XIV-XVII • 81 

g--11 XVIII-XXIV . 72 
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Sydney, New .South Wales.-Pendulum No. 4. 

[d=o.85 inch.] 

I [ i , , 

I 
I : Ti ' I ~ ~ 
I I.:: ! .~ 'I~ s 

I I ' 8 · I Time of coin- i <O,.. ~ 
I K umber of [' F' ! '-0 1:i - ' '- <: :>, 

I 
t ace. ; o: I cidence by .n B : o ·- .g 

se. l I! i ~ I clock. ~ ~ ~ i ~ ~ 
1 1 s ~ e ~ a .s o u 

Date. 

Corrections. 

451 

..... 
0 

I 
I I :::;I ! - v ~ - in i.... i i z I <i: t-< ~ I;.,::; < 

----i----1! !--1 I i--1--I--- ----

' I I " I, 0 i I : 1883. 

I I I h. m. s. 1Inches. 1 1Inches., , I 
I I i I 

, M. If S 51 08.401 1.o6\ 68. 75; 28.05, ! 

! 32J II 45 22.go! .13i 68.6oi.i 28.05!86o87.4H- .15.I_ .04+ .05,86o87.63 l j 

Jan. 5 

!1 
I 

I 
I 

I 
i 

1 / 

I 

II 11' 12 04 19. IOI I. 041 68. 65! 28. 191 ! I '1 : I 
32 17 58 34.6oi .14j 68.40128.16 7.481+ .15: .00- .02, 7.61'!..c 

n1 11f 1s 09 58. 3o. 1. 05\ 68. ss\ 28. 17 : \ j 1 J 

32 0 04 12. 20' . 14

1

. 68. 40
1 

28. 15 7. 46·+ . 15j- . 01 _ . 04. 7. 56, r~ 
IV Ii 0 13 36. 50 I. ii 68. Sol 28. 17 1·1 I I 

00 
I 

21 0 25 00. IO I : ' i l I i "' 
':I : : ;: :: , :1: :1 :: :1 , T. 11651,-+ .01-t- .o6l 7.651J i rf 
311',1 12 03 47. IO: . 151· 68. soi 28. 04i 8. rn1+ . 04- . 06: 8. 15·.· l !, I 

IZ 13 IO. 2oi o. 97 68. 6o,: 28. 051' ' I I I I 
I · I 1 : I 

31. 11 56 36.go: .1 3168.2si 28.04i 8.251+ .13

1

,_ .04:- .o6
1 

s.281.:1100
~~ I 

I 18 07 58. go.
1 

I. 04J 68. 50 28. 22; i : I 

I I I ' I I 
31 23 51 17. 301 . 13l 68. 35i 28. 21

1 
8. 1s+ . 14

1
+ . 01i- . o6\ 8. 24!,,· 00 ·,.·J 

Ii 00042.75, 1.17168.55128.221 I I I i 

I 

I I I I I 
31 54358.70: .17168.55128.221 8.121+.19:+.01, .001 8.32; i 

v 

VI 

VII 

VIII 

P. 
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Sydney, New S01tth Wale.~.-Pendulum No. 6. 

[d=o.85 inch.] 

-------------------------
I, I, ·g I f ~ Corrections. i .5 ~ 

·- :::: :-9 E S % "C "O' 

! i a Tln1eofcoin- -~ ~ I::~>.. 'I ~ g.E~ ; 
'Number of I Face. 'c ~ ' cidence by ' 1:: .B 0 -~ "' ' ' ::: .i- - ~ 0 ::=: 
\ set. -~ ~ clock. ;;: e ~ I ii 00 ~ I ~ ~ o0 v .s ~ ~ 
I _ ~ ~ ~ I~ i:::..:g ] ;,; 1 ~ 2' ~;;. ~ ~ c: 

Date. 

.. . = " "' I' " 0 0 . I ~ I ~~ . ... '- = " "' - ;::: 8 v =·.;:: :.r. I ~ I CJ E c 5 c ~ I Q.l 

_____ j - _z_~__ _"""_· __ ,... __ ::i.,_" __ z ___ ' __ <_1_i:t:_1_~_~_i_u ____ ::.:_l_::E_ 

i88~. I h. 111. s. :Inches. 0 iznches./ ' ! i I 
Jan. 7 

1 

IX M. 6 27 02. 20: I. I3 1 70. 7Si 28. 20/ ! I 

42' 12 01 04. 75' . 15 68. 85i 28. 10185986. 39 + . 17,- . 03+ . 34:85986. 87! l h 
I, x ,, 12 o9 32. 6o'i t. II. 68. s5l 28. ul ! I 11 

7 
8 

g 

9 

I 2 I 2 I 7 41. 2 5: I ! I i ~ l 
44 IS 00 I5. 50 . 13 68. 45' 28. 08 6. 76; . I6.- . 03:- . 11:_ 6. 72i ~ '° _:_ J 

I. I I 68. 65 28. IO i i I ~! I 
. IJ! 68. 60 28. 091 6. 88 + . I6'

1

- . 03:.- . I9 6. 82\

11

_ , ~! 
I. I 2:. 68. 70, 28. 10' I I i i 
. IJ:, 69. Io!I 28. og 6. 19',+ . 16,- . 031

1

- . o6i 6. 86
1 

J ~ 

I. 01! 69. 501 28. 2s I r ~ 
! ' ti 
'11 I I i I 

44 12 07 06.50, . 11 69.05j 28.21 7.221+ . I31 .oo:+. II' 7.46il I 
l 12 16 26. 70 I. OI

1 

69. 051 28. 21 I i J I I I I 
44' 18 07 44.00

1 
.II: 68.9oj 28.21 7.52!-i .IJ .oo:- .03! 7.62/ ~i 

I 18 14 37. 701 I. 0416g. 101 28. 21i ! i ~~!I 
+:. : ~~ ~:::!! 1 ::~! ::::~i :~::~j 7-SI(+. 14 .oo:+ .021, 7.6711 ~IJ 
44, 6 04 50. 38; . 11! 69. ooi 28. 201 7. 51!!+ . 14 . OO'- . 01: 7. 641 J I 

_____ I 1 _________ 1 I I I 

XI I I8 Oj 13.70 

44 23 58 04. 00 

XH 0 05 26.90 

44 5 56 II· 40 

XIII P. 6 15 56.30 

43 II 58 55.75 

XIV 

xv 

XVI 
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Sydney, New South Wales.-I'endu/urn No. 11. 

I : , 

I 
·c; 

" 
I 

·s 
~ i) 

Date. , Kumberof Face. c g ! set. ' ""' a; 

I """ ~ 

" 5 
! j ;z; 

Time of coin
cidence by 

clock. 

[d = 0.65 inch.] 

Corrections. 

----
' 

u 

< 

453 

" "' " -~ --·-i------ ·--~ ;- ·-- ~-1--- ---·-- --~---i-----,-· 

Jan. 9 XVII 
I883. I 

I :XYIII 1•· 
I XIX 

91 
ID i 

I 

:xx 

xxr 

XXII 

IO XXJI! 

II 

XXIY 

M. 

1'. 

I 

h. tJJ. 5. :Inches. :Inches.! I 
65437.40 

38 12 48 15. 80 

I 12 56 44.8o 

37 IS 4I 03. 40 

I I8 48 53· 00 

2 18 58 25. 88 

37, 0 33 13. 70 

I' 0 43 25. IO 

I. 08, jO. 35 28. 19
1 

. 12i 69. 25 28. 10,86o38. 70 + 
!. 16~ 69. 45 28. 10/ 

.15· 69.r5
1 

28.09f 

I. 08° 69. JO: 28. JO 

. 12 69. 05' 28. 10 

37: 
! 

6 27 43. w, 

I. 13 69. 35: 28. 23 

. I4 69. 45: 28. 23, S.8oj-,- .17, 
I 

I 6 42 00. 90, 

37: 12 25 42. 80 

I' 12 33 33· 70 

39 1S 36 28. 40 

I 

I. IJ: 70. 00! 28. 23 
I 

·I 3
1 

69. 35: 28. I8, 

I. I6 69. 65 28. I9 

69. 25 2S. I8 . 13 

I 18 43 25. 50 I. IO 69. 35, 28. 19, 

3s' o 30 53. 9o . 12 69. 35 , 28. 18 

1' 0 45 00. JO I. I2! 69. 60' 28. I9 
I I 

,\8, 6 38 27. 40, .131 69. 30 28. 17 
.. -- -- ·- --- ____ J ____ __'__ ! 

I 

8. 3i-+ . 17:~ 

8.46+ .15,-
I 

8.45!+ 

1 

.I6!-

SINGAPORE, STRAITS SETTLEMENTS. 

. 12: 

. 00-· . 02 

i 
. 01 - . 10; 

.02 

.02:- .04! 

.02! .00, 

At Singapore the pendulums were swung in the laboratory of the New European Hospital. 
This is a large, rnasRive building 011 a slight rise of grouud to the west of the town. The labora
tory on the ground tloor was at this season protected from the sun, and has a solid, tiled floor. 
It was very well suited for pendulum work. The apparatus was set upon the tloor, and the clock 
was attached to a lmam Oil the north wall. The laboratory is cJ,765 fet>t sooth and 3,870 feet west 
of the flag-staft' at. Fort Carming. The position of this flag·stufl:' is girnn bJ· the United Sta.tes 
Hydrographic Office as: Lat., io 17' 3311.7 N.; long., (jh 55"' 23•.5 W.; from which we find the 
position of the laboratory to be: Lat., 1 o 161 4611 N.; long., Gh 55m 21" E. The height of floor is 
45 foot. 

The transit pier was built of brick near the northwest corner of the building. Permission to 
occupy this building was granted by his excellency Governor Weld. Pr. Simon, the resident 
physician, gave us quarters, and every facility of the institution, and to Captain McCallum, R. E., 
in charge of the office of colonial engineers, we are indebted for very important assistance. 
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Singapore, Straits Settlements.-Time observations. 

Date. \ Star. 
I ____ , ________ _ 
t 

1883. I 
March 1 , a• Gemiuorum. 

I a Canis :Minoris. 

{'J Geminorum. 

g Argus. 

6 Cancri. 

15 Argu;;. 

f3 Cancri. 

'7 Cancri. 

1\larch 2 a Colurnba:. 

K Orionis. 

a Orionis. 

v Orionis. 

11 (;eminon1m. 

Ji. Geminorurn. 

a Argus. 

)' Geminorum. 

; (;eminorum. 

March 3 I' Geminorum. 

a Argus. 

y · Geminorum. 

~ Geminorum. 

0 Canis Majoris. 

' Canis Majoris. 

y Canis Majoris, 

J Geminorum. 

March 5 a Orionis. 

i' Odonis. 

q Geminorum. 

I' Geminorum. 

a Argus. 

; Geminorum. 

; Geminorum. 

' Canis Majoris. 

y Canis Majoris. 

March 6 µ Geminorum. 

a Argus. 

y Geminorutn. 

~ Geminorum. 

fl Canis :M.ajoris. 

' Canis Majoris. 

y Canis Majoris. 

tl Geminomm. 

March 7 a• Geminorum. 

{3 Geminorum. 

g Argus. 

T IC r 1:1:u~l'--
: , I 

I • i \ 
Bb j Cc i t j a 

1 
tiT 

1:--- i--11--·--1--
E. 
F i 

E. 

E. 

\\'. 

w. 

w. 
w. 
\V. 

w. 
\\'. 

E. 

E. 

, E. 

E. 

____ · ----i------
1 

i '. 
s 1 6: · • I 27 40.1 -0.02

1
--0.01

1

-1.2 ;-r-o.01:-1.o6
1 

37.84
1 

7 27 10.62
1 

-27.22 

33 4r. 18.--0. OZi-'O. 01:--0. 15.+o. 011--0. 91! 40. 10: 33 12. 86\ . 24 

38 41. 48!-0. ozi : J. 06'+0. 01;--J. 02: 39· 39 38 II. 82! . 57 

4"J. 52. 03:-0. q2'i 99;+o. Oli-0. 98; 52. OJ 44 24. 611 . 42 

5h 50. 18,--0. 02: : -1. 28 -j-o. 02+ l. 02 49. 92 7 56 22. 371 . 55 
' I ' ' ' ' I s 03 01.20.-0.021 •+1.16+0.02+0.98: 03.341 8 02 35.94, .40 

10 39. 37'--o. 02!+0. 01, -o. 36 +o. 02\+o. 92\ 39. 94' 10 12. 541 . 40 
I I I ! i ! I 

8 26 26. 12: -o. ozi +o. 011-0. 90,+o. 02!+0. 96! 26. 19! 25 '9- 001-27. 19 

5 35 51.64-o.02-o.01--o.19-:o.10+J.21; 52.73, 5 35 26.05, -26.68 
! ! • t i I I 

42 39· 86,-o. 02,-0. 01,---0. os,+o. 10',+i. 021 40. 921 42 13. 95 . 97 

5 59 17.soi--0.02
1 

;+0.03:+0.10'.+1.01! 18.62; s 48 52.01i .61 
6 01 2r. 02'--o. 02' H-o. 06:+0. 10:+ I. 04! 22. 201 6 oo 55. 41

1 

• 79 

08 16. 38 -0. 02: \+o. 11!+0. 10i+ I. o8i 17. 65( 07 50. 92 . 73 

16 22. 76 0. 02: • :+o. 10: +o. 08;-r. o8i 21. 84] 15 55. 05; . 79 

21 5 r. 36!-o. 03i /-o. 331+0. 07:--1. 64J 49. 43) 21 22. 701! . 73 ' , , I , ' 
31 26. 90

1
-0. 02: J-o. 01'+0. oj,+o. 08,-1. 04 26. oo[ 30 59. 19!' . 81 

6 39 13.02'1-o.02i-j-o.01:+0.05 +0.08\--1.03\ 12.11\ 38 45.42
1
. -26. 69 

Ji. }}1, s. 

! I : i : : i 
W. , 6 16 22. 66i·-O. 02;-o. 011-1. 83 +o. 17+0. 27; 21. 24i 6 15 55. 041 -26. 20 

W. 21 41. 98,--0. 031 

1

+6. 19 ·t-o. 17 +o. 411 48. 721 21 22. 66! . 06 

W. 31 26. 221-o. ozi -I. 32 +o. 17'+0. 26\ 25. 31[ 30 59. 18, 26. 13 

39 11. so
1
-o. 021

1 

l-1. 03+. o. 17 +o. 26! u. isl. 38 45. 411
1 

25. 77 \V. 

E. 

E. 
E. 

i E. 

w. 
w. 
w. 
w. 
w. 
E. 

E. 

E. 

E. 

\V. 

w. 
W. 

w. 
E. 
E. 

E. 

E. 

\'Ii. 

w. 
w. 

I I I . I I 
49 12. 26i-o. 021 1+x. 061.+o. 14. -o. 261 i3. 181 48 47. 10j 26. o8 

54 27.06:-0.02 \+2.61:+0. 14:--0.28129.5/11 54 03.49] .02 

6 58 54. 68'--0. 02'1 :+ 1. 371+0. 14i-o. 26 55. 91 6 58 29. 81J1 . 05 I ; I I I I I 
7 13 38. 42

1
-o. 02 +o. 011-1. 79.,+o. 14.1---0. 27

1

. 36. 491 7 13 IO. 461-26. 03 

5 49 16. 921-o. 021-o. 01H-o. 041+0. 01+0. 56 17. 50 5 48 51. 96 -25. 54 ' ! I i I JI 

I I i ' I 
6 OI 20. 26;-0. o2i-O. 01,+o. 081+o. Ol!+o. 57: 20. 89 6 00 55. 361' . 53 

08 15. 6o
1

1-o. 021 l+o. 13j+o. 01;+0. 59\ 16. 3111 07 50. 87

1 

. 44 
! I i i I I 

16 19. 96[-o. 02[ 1+0. 13
1
+0. oI;+o. 591 20. 61 1 15 55. oo . 67 

21 47. 62\-0. di 1

1

-o. 43:+0. 01j..Lo. 90 48. 07 21 22. 53 . 54 
31 25. 30! .. -o. 02 .+o. 071. o. 001---0. 57 24. 78 30 59. 141 . 64 

I I ' 39 1 I. 38·-o. 02 l+o. 061 o. i---0. 57 IO. 85 38 45.37 .48 

54 29. 84/.--0. 02\+o. 01 --0. 14i o. 001-0. 63 29. 06 

6 58 55. 94!-o. 02 +o. 01 -o. 08: o. oof-o. 57 55. 28 

I I I i I 6 16 19. sz•.-o. 02 -0. 011+0. 18:.· o. 001-l--o. 48 20. 45 
I : i 1 · 21 47. 88/-0· 03, j-o. 6ol o. oo+o. 72 47. 97 

31 24. 02
1
-o. 021 l+o. I Ji O. 001+0. 46 24· 59 

39 Io. 221-0. 02 +o. Iol o. oo+o. 45 10. 75 
49 13.161-0.02 i--0.05--0.021-0.45 12.62 

54 29. 54,-0. 02 ,-o. 12 -o. 021-0. 50 28. 88 

6 58 ss. 70

1

-0. 02 -o. o6

1

-<l. 02r-(). 46 55. I4 

7 13 36. 20 -0. 02 +o. oI +o. o8-o. 02j-o. 48 35. 77 

7 27 34. 281--0. 02-0. 01 +o. 31 +o. osl+o. 64 35. 25 
38 35. 76 -0. 02 +o. 26 +o. 04 +o. 61 36. 65 

44 \8. 88,--0. 02, -o. 24 +o. 04 +o. 59 49. 25 

54 03.45 . 6I 

6 58 29.82 ,--25. 46 

6 15 54.98 -25.47 

21 22. 55 .42 

30 59. 12 . 47 

38 45. 35 .40 

48 47.04 .58 
54 o3.43 .45 

6 58 29. 8o ·34 
7 I3 10.41 -25. 36 

7 27 IO, 52 -24. 73 
38 u.74 .91 

44 24. 52 -24. 73 
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Singapore, Straits Settlements.-Time obserrntions-Continued. 

·-·---

a 1'T I Star. 
i I I 
iCianip.: T ,. j Aa Eb Cc· j Date. 

----1-------- i--!-----1--i----!--·--:--:---'-----
l i I I ' I 

1883 

March 7 

March 8 

16 Cancri. 

I
I fj Cancri. 

1/ Cancri. 

! 11 Geminorum. 

I µ Gerninorum. 

! a Argus. 

I y Geminorum. 

I 
f Geminorum. 

! I h. "'· s. I I : 
E. I 7 56 48. 14

1

--o. 021 , --o. 41 to 02,--0. 61: 47. 12
1 

56 22. 29 -24.83 

s IO 12. 47 . 79 

25 58. 94 ---24. 72 

E. 8 IO 37. 92 -0. 02i ,-o. I I -'-0. 02-0. 55, 37. 26! 

E. 8 26 24. 52 -o. 02:+0. m --o. 29 +o 02. --o. 58, 23. 66: 

w. 
W. 

w. 
W. 

E. 

E. 

E. 

E. 

E. 

i , ~ ! I 
6 oS 14. 82 -o. 02

1
--o. ol~o. IO.-·o. 02,+o. 54 15. 411 6 07 50. 81 -24. 60 

16 18. 84 -o. 02!-o. 01 +o. IO:-o. 02
1
+0. 54, 19. 431 15 54- 94' . 49 

21 46. 52 -0. 03! :-0. 33'-o. OI.-j-0. 82, 46. 9i 21 22. 48 · 49 

31 22. 90--0. 02! 1-Lo. 07 -o. 02,+o. 52 23 45
1 

30 59. oq . 36 
I 09·. "9!. 39 IO. 20 -0. 021 :+o. 03 1 0. 00--0. 521 . u 

1 
38 45. 32 · .17 

4912.12-0.02'. 1-0.03 0.00:-0.5111.56! 4847.01 .55 

54 28. 5E -o. 02: i---o. 07 o. oo. --o. 5 7 27. 92
1

1 54 03. 39 . 53 I , , 
6 58 54· 74 -0. 02[ :-o. 04 0 00,-0. 57: 5+ Ill 6 58 29. 7i . 34 

fJ Canis M ajoris. 

I e Canis Minoris. 

I y Canis Majoris. 

I (f Gen1inorum. 

---~-

7 13 35. 44 - o. ozj+ o. 01, + o. 05
1 

o. 00
1
- o. 54

1 

3~-~-~~ 1~. 37:_~·2+ 57 

[Instrumental corrections. Meridian telescope No. 13.) 

Azimuth. I Level. 

Date. Coll. 

West. I East. I West. East. I 
----1----!-----i----- ------1-----

1883. 
Mar. I 

2 

3 

5 
6 

7 
8 

s. 

+2. 51 

-o. 27 

+4.69 

-0.33 

-0.45 

-0.50 

-0.25 

1 I I 
I i 
1 +2.07 +0.02 -j-0.01 I 

I o. 25 +o. IO +o. 08 i 
+4· 58 +o. 17 +o. 14 I 
-o. 25 +o. 01 o. oo 

-0.20 0.00 -0.02 I 

+0.90 

+1.00 

+o. 25 

+o. 55 
+0.44 

+0.81 +0.04 +o. 02 i +o. 54 

-o. 12 ·---0. OI o.oo +o. 50 

[Corrections and daily rates of sic!. 
chron. Negus 1539.) 

h. 1ll. 

52 

6 08 

6 43 

6 24 

6 43 

7 54 

6 41 

-27. 37 

-26. 75 
-26.04 

-25. 54 
-25.44 

-24. 78 

-24. 48 

Daily rate. 

+o.66j 

+0.694 

+o. 252 

+0.098 

+0.629 

+a. 3Ii 
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Singapore, Straits Settlements.-Tirne obsen1ations-Contiuued. 
-----------~-----------------~--- -----

[Comparisons of chron. and R. S. clock.] 

---~--------------------

' [Number of vibrations of clock pendulum I 
in mean solar day.] 

Date. Kegus 1539· 

' 
R. S. clock. : Daily rate of 

R. S. clock. 

I 

Date. Sets. 
86636. 555 I 
-er+ 3;5 )I 

----- _______________ ! 1883. I 
Mar. I 1 8 44 33 9 54 20 

Date. 

2 I 
3 I 
5 
6 

7 
8 

6 

7 

7 

7 
8 

7 

52 
26 

08 

24 

35 
19 

00 7 
l(j s 
25 7 

53 8 

20 9 

32 7 

55 46 ' 
+40J. 073 1883. 

i 403. 105 Mar. 2 86232.35 
23 13 

402. 753 2-3 IT-IV .34 
51 59 

402.497 3 v -55 01 40 
402.946 3-5 VI-XII .69 

05 05 

56 
+402._486 5 XIII. . 85 

42 
5-6 XIV-XVI . 95 

----
6 XVII . 67 

6-7 XVIII-XX .50 

7 XXI . 69 

7-8 XXII-XXIV . 96 

Singapore.-Pendulurn No. 4. 

-------
: ·d [ ~ ~ Corrections. 12 .S ~ 1

1 

J ~ 
I ! .a i : .:: i :-::: E s ,,. -o 1' "I:>::;:" .. 

N b f ! i 8 
a) l Time of coin- ! ·~ ~ i ~ . ! ~ I g -~ a 

urn ero : Face. 
1
1 o g 1 cidence b-v 1 ..c " ,. 0 .a ;;-- i " .... iii o 

I "8 'C fr ~ • "E .§ .a I 0 ~ ~;;,; ~ > ~ ~ r:: 
set. I ~ ~ clock . .I ·;;: ~ ~ ~ tll ~ I ~ ~ ":- ] a : I 'o 

I ! z I ~ v ' ., I "~"' I .. i: ~ .s ~'OE I ~ ~ 
-----------,--! . < !~_j_d:: __ 1~ ____ :_-<_ -~- ~ _ l_c..; ___ 1_:_1!_ 

I I i i I I :II ' h. m. s. [Inches.. /nch£S.' 

: M. I, 5 39 38. 83i l' 10' 83. 00: 28. 97: I 

2si
1
. II 31 3s. Sol . 15 81. 5si 28. 90:8001 x. s1;+ .· 

1

17

2

_,_-__ .. 

0

02

2

: ._ 2

2

3

7 

S6o12

1 

.. 2

54

51 ll 
0 

,j'] II II 40 55. 831 . 94, 81. 6ol 28. 911 I -

28, 17 32 41. Soj . 12, 80. 75~ 28. 831 I. 71~+ ) 

1j 17 42 40. 25[ I. 17' So. soi 28. 841 i ~I I 
281 23 34 27. 001 . 16 82. 451 28. 941 I. 7 3~+ . 19-- . 02 :_ . 07 I. 83 ~I 
1 \ 23 43 46. 331 I. 00:,·, 82. so;ll. 28. 96

1

1' i 
2

1 
23 57 16. oo, I : 

28! 5 35 15. 401 . 131 82. 501 28. 961 I. 541+ . 141

- • 02 + '33 I. 99 ~ 
11 s 52 24. sol 1. OI[ 82. 00128. 97j I I j 

291 II 57 24- 001 . 131 81. 55
1 

28, 88 2. 04:+ · 14i- . 02 + . 14 2. 30 

lj 12 IO 37· 30: I. Oli 81. 55j 28. 88 i 
271 17 49 39. ool . 15' So. ss1 28. 72 2. 26:+ . isi- . 04- . 33 

1i 17 59 16. 70! I. 03! So. ssi 28. 72 I 
1 

28\ 23 51 3o. 70! . 151 s2. 001 28. 91! 2. 351+ . is:- . 04- . 221 

I• 23 59 45. 90, I. o6! 82. I s1 28. 92
1
1 I I 

261 s 25 36. 10! . 11! 82. 2sl 2s. 92 2. I s
1

.+ . 11r1 . 03 + . 20
1

1 

I I I I 

1883. 

March 2 

2 

3 

II 

III 

IV 

v P. 

VI 

VII 

VIII 



 

Date. 

1S83. 

UNITED STATES COAS'l' AND GEODETIC SURVEY. 

Numher of i Face. 
set. 

S·ingapore.-Pendulum No. 6. 

·;:; 

·S .g 
u · Time of coin- ·1 ~ 
b ~ 1 cidence hy I ..o 
t1 ~ R. S. clock. ~ 

.D 0 

§ u 

j z ! ~ 
i 
I 

h. 111. s. 1/nches. 

Corrections. 

.\lar. 4 5 54 46. 83: 

JQ 11 34 15.251 
II 41 02.'JC 

40 17 29 30. 751 
I 

I I 7 34 54· 70! 

Ilate. 

1883. 

4 

5 
6. 

XI 

XII 

Xlll I'. 

XI\' 

X\-

41 23 32 20. 901 
I 23 38 16. 70! 

; 
2 2J 47 I I. 50; 

40 5 26 44· 90: 

5 38 27. oo' 

40~ II 27 21.00' 

I I I 32 08. 501 

41 17 29 29. IOj 

I 1-, 35 JI. 30'1 

I. IO 

. 12 82°. 10 28. 94 

I. I I 82. 30 28. 85 

. 13 

I. 09 82. 35 28. 96 

. 13 81. 35 28. 90' 

I. 08 81. 45 28. 90 

. I 3 8o. 05 28. So 

I. IO 8o. 05 28. 8o 

' 
I \ 

o. 99-" . 15 1
-- • 02•-

I 
1.02'-- . 16 . 021-· 

0. 99 -+- .16
1

- .03j+ 

. 16/- .021~ . II I. 55 -'-
1 
' 1. , 9 + . isl-- . 02:- . J8 

! 
. I 

40· 23 24 05. IOI . 13 
I. o6 

82.00' 
I 

.02:- . 26l 

XVI 23 29 31. 70/ 
I 

82.00' 
I 

41' 5 26 58. 501 I
,: . .) 82. 45; 28. 96 I. 29;+ . 15:- . 02+ 

I f I 
,,_,_ .. ____ , __________ -----------

Singapore.-Pendufam No. 11. 

·o 
" 

- --~--------!-, ------·-----1-:-~----

1 ] a1 Corrections. 
·s 
u . 

Number of Face. i 'c g 
set. ~ v 

.,-;; 

"E 
"' z 

I ·;: s :--· I .9 I Time of coin- i ij ~ 
cidence by I .c " 'o .=. ~ 
R. S. clock. ; ~ ~ ~ ti :r. ~ 

' 0 ~ ~ .D §.S 
u E " . § ·~ >i 

i < ~ i ~ j z 
-----1------ , -- I - - -----1--

! 

March 6 i XVII M. : 

/t. m. s. fbuher.
1 

0 !buhes.1 j 

I; 5 56 36. IOI I. 16 82. 55i 29. 04j I 

321 I I 26 23. sol · 16, 81. 6~11 28. 99185962. 48\+ 

XVIII 

XIX 

6 xx 

7 I 
I XXI P. ! 

XXII 

Ii II 34 49· IOI I. II! 81. 6)! 28. 991 ; 
34f 17 26 03. sol . 131 81. ool 28. 95, 2. 44/--:-
1 ! 17 3156.751' 1.14/ 81.00/ 28.95! 

34; 23 23 14. 90 . 14, 82. so; 29. 04: 2. 49l ' 

I: 2J 29 o8. 001 I. 16 82. SO; 29. 04: 

2; 23 39 45· 5of 
34 5 20 12. ooi . 14' 83. oof 29. o6'f 

'I 1 I 

if 5 54 34· 75 1. 12\ 83.' 00
1

29· o6i 
11 2J 09. 67 . 161 82. 05• 28. 991 

II 32 24. JO I. 14! 82: osl 28. 991 

. 14; 81. 30, 28. 93 
I. 171 81. JO 28. 93; 

2. 31!--L 

i 
I 5d-L-. I. 

I. B4j+ 

' 
. 17:-f .OJ --- . 18 

- 18 . 00 -+- . 2j' 

. 18! . oo-:- . 17 

. 17, .00-. 21 . 

Ji 23 31 o6. 5 I. o8: 83. 00 29. 02j I . . 

457 

XX III 

~--1 XXIV 

I 

34: 23 18 55. . 14! 82. ~ 29. 03j r. 91;+ . 18':- . 01 - • 05' 

34t 52055. .IJl83. 29.1 1.So/+·15!-·01+.JSj 
-------------' _ _:__ _____ _:..... __ :,__ ___ -.-______ _ 
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TOKIO, JAPAN. 

On arrival at 'I'okio a11 i1ivit:ition was recefred from Mr. Koto, the president of the Imperial 
Uninll'sity of Tokio, to swiug the pemltilums at the nuiversity where Professor Mendenhall had 
made sueh obserrntions iu 18:-10. The Kater apparatus could not be set up in the physical labora. 
tory where 11endenhall had made his observations, and :so a new "go-down" (mud fire-proof build
ing) was phice1l at our disposal. The ground at the university is low and wet, and d@es not afford 
a good foundation, hut after several days were spent in examining various localities, it was concludetl 
that the uufrersity would be the best point. 

By Mr. Koto'ti direction a portion of the floor of the "go-down" was taken up, and piles dri\•eu 
nry closely together, upon which was built a solid stone pier, 7 feet square and 5 feet deep. Upon 
tliiis pier the apparatns was monnterl. The clock was attached to the wall. 

'.l'he Tokio Observatory is uearly 2 miles distant from the university, but is conuected with it. 
by telegrapl1. By the kintluess of H . .M. Paul, professor of astronomy, the time observations were 
mitde at the obsen·ator~·, and r<'corded on the chro11ograph at the uui\·ersity. The position of the 
obserYatory tr:msit, as furnished by ProfeR.sor Panl, is, latitude 35° 42' 4011 N., longitude 911 19"' 
04• E. 

The p1mitio11 of the pendulum pier is not so well known, but is gh'ell as latitude 350 42' N., 
lougitmle H" 19"' 0. • E.; height, 20 feet. 

On April 23 the apparatus was set np and rcatly to begin observations. About 10 p. m. quite 
a severe earth•1nake took place, which fortunately tlid 110 harm. The seismographs gave no iudi· 
cation of any otlier earthqn:lkes till Ma_y 2, the day after the observations were completed. 

Mr. Koto assigned to our aid three of the assistants of the university, who bad taken part in 
Professor Mendenhall's observations, Messrs. Tmoka, Yamada, and Ono. One or other of these 
gentlemen was always present acting as interpreter, recortler, &c. We were also given quarters 
aud servm1ts in the maiu buildi11g, 1lnri11g our i;tay in Tokio, by the authorities of the university, 
au<l to ttem we are much indebted for attentio11 at1d assistance, without which our work would 
l1iwe been difficult. 

Tokio, Japan.-'Pime observation11. 

!>ate. Star. I I i I I I I 
1
Clamp. T K 1· 1· Aa / Bb 1 Cc I ! a L\'( 

188~-------·----···-··-- ----h~-=~---~ , -l 1 1---1---i 11/J. s. 

Apr. 24 II Virginis. E. r3 08 48.86.:-0.02 --o.01,+o.39i-o.07l.+o.07I' 49.22: 13 03 56.421-4 52.8o 
I ' · . I 20CanumVenaticorurn.i E. 1713.30
1

-0.02
1 

1-0.08;-o.12;-t-o.0913.17

1 

1220.37 .8o 

:Crs.l''.\fajoris. E. 2408.82
1

--0.03 '1-o.36

1

-o.15i+o.12
1 

8.40
1 

1915.59 .81 

( \'iq~inis. W. 33 39. 22~-o. 02, I ! o. 51 ·-O. o61-·o. 07
1 

39. 58 28 46. 761 . 82 

~ l"rs.t· \!ajoris. W. 47 51. 941··-0. 02. 1--0. 33!--o. 12!--o. II 51. 361 42 58. 54 . 82 

11 Hootis. \'\. 13 54 02. 20 --o. 02 +o. 01J+o. 27j-o. 08
1
:--o. 07, 2. 31 13 49 og. 55,1-4 52. 76 

I I ! i 

11 07 59. o8j--o. 02 -o. 01!-o. 20'.-o. 03i--o. 1ol 58. 72j II 03 07. 39-4 51. 33 

12 46. 88.
1

1-0. 02 ·-o. 01 l+o. 23i-o. 02;-o. 071 46. 99l 07 55. 49 . 50 
I I I . I 

19 59. 94J-o. 02 j +o. 43:-0. 021 · -0. 071 6o. 26i r 5 08. 62 . 64 

29 23. 12!-o. 05, l-1. 44!-o. os;--o. 20'121. 381 24 29. 87 . s~ 
I I J i 

35 S 1. o8j-o. 02 H-o. 281+0. 01 / +o. 07 51. 421 31 oo. 02
1
· . 40 

40 51. 38
1-o. 04 1-o. 64

1
+0. 03;+0. 18i 50. 911 35 59· 431 . 48 

I : I i I : ' 
47 59. 281-0. 02:~0. 01

1
+0. 17!+0. m1+0. 07 1 59. 52 43 07. 96! . 56 

II 49 29.78[--o.02+0.01.-j-o.26:+0.01+0.07130.11! u 44 38.6o\-4 51.51 

! ' I I i I I 
II 01 24. 321.'-0. 04--0. 01

1
-0.481-0. 191-0. 19: 2J. 411 10 56 32. 63-4 50. 78 

03 51.98~-o.02.-o.01 1.+0.24--0.09,-0.09152.01/ 59 01.21; .So 
I 2 46. 36;--0. 02. !+o. I 3

1

--0. 101--0. 101 46. 27 11 07 55. 48' . 79 

29 21.62 -0.05 1--0.97
1
--0.:!0+o.26 20.66

1

1 24 29.83\ .83 

4445.62/-o.02+0.011--0.20--0.121+0.14f 45.43 39 54.731 .70 

II 47 58.58,-o.02'+o.01)+0.21l--0.07l+o.09! 58.8oj u 43 07.¢!-4 50.84 

Apr. 26 .l' l'rs;1· ~lajori.-. W . 
,, Le 1ni>. w. 
0 l.euni ... , w. 
i. I lrac~ \ni:... \\". 

I' l.t: •ni~. E. 

3 l)r;i.conis. E. 
{j I~coni...;, F:. 

(J Yirginis. E. 

a Ur.;."1: Majoris. W. 

x Leonis. W. 

rl Leoni:-.. w. 
A. Drnconis. E. 

x Ursa: Majoris. E. 

{J Leonis. E. 

Apr. 27 
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Tokio, Japan.-Tirtic obseroatio11s-Uout.Juncd. 

Dale. Star. 

--~"---~----- j I ----~-~ 

Clamp. T IC r J Aa I Bb I Cc a 

1883. 
--c----,~-,,~----1------

May v lJrs"' Majoris. W. I I l 7 01. 02·-0. 02. -0. OJ -y-0. OJ +o. 12' -0, 05 I. oi I I 12 11. C)0-4 49. ! 7 

i 
i 

I Leonis. 

'Ii Draconb. 

• llooti>. 

W. 22 40.88·-0.02-0. of-\-o.271+0.09---0.04, 41, 15 
' I I I ' ' 

W. I I 29 I 9. 96 -0. 051-0, OJ-!. 07-'-o. 24 -0. l2' IS. 93' I I 

E. 13 46 33. 88.-0. 021+0. 02' -l-o. 15 +o. 03 +o. 041 34- IO 13 

[j 51.83 

24 29.66 

41 44.86 

. 32 

. 27 

'l Bootis. 
' I , 

E. 13 53 58. 62:-0. 02:+0. 021+0. 14.+o. 03 --o. 041 58. 83 lJ 49 09. 56 . 2j 

E. 14 06 o6. 02:--0. 041'+0. 021--o: 53,-1o.07 -i-o. 09. 5. 63 14 01 16. 39 . 24 a Draconi:->. 

a Houtis. E. 14 15 11.26--0.021+0.03+0.13·+0.03-r·o.04, 11.47 14 IO n.22-A 4'J.25 
i 1 '. ~ --------

i (Instrumental correcliuns, Tokio transit.] 

I 
[Corrections and daily rate sidereal 

chron., '!\egus :\o. I539·] 

i--------1- -Az;:-u:.----------·Level.. I 
! Date. !------- -----. ----! Coll. 

1 I West. East. 

!)ai!y rnk. 

:----l---·----
1883. I s. s. 

April 24 l +o. 88 +o. 6o 

26 +o. 88 +o. 47 

May 

+o. 59 

+0.45 

West. 

s. 

-0.08 

-0.02 

--0. IO 

+o. IO 

[Comparisons with clock.] 

East. 

s. 

-0.09 

+0.01 

--0.08 

+0.03 

s. h. VI. 

-0.07 IJ 26 -4 52.80 +o 684 
--0.07 II 25 51. 49 +o. iD:Z 
--0. O<) II 21 5o. 79 +o. 379 
-0.04 12 46 -4 49.25 

• 
1 
----------~-·- ~---~-·-~-~-·--

! (Number of vibrations of R. S. clock in mean 

/-----~-1---------------
1 i Daily rate of R. 

i solar day.] 

86636.554 
Date. Negus I539· 

1 

R. S. clock. _ l

1

, S. clock. 

1883. 

April 24 13 42 47 II 23 45 
1

} 

I + 314. 982 
26 I I 27 11 8

8 

58 IO •,', } . + 315. 233 

May 

27 

:: :: : 8 :: :: 1} +315.428 

14 og o6 l I 13 15 !J 
I -- ------------~--------------

I 
Date. Set. 

r } --(r- 365 

1----------- --·------------
! 
I zss3. 

1 

April 24-25 

26 

26-27 

27 

: Apr. 27-May I 
J 

I-VII 

\'II! 

IX-XI 
XII 

Xl\'-XX\'Ul 

86320.71 

·59 
.46 

. 36 ! 

.26 
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Date. 

April 24 

24 

25 

25 
26 

----.-

UNITED STATES COAST AND GEODETIU SURVEY. 

Tokio, Japan.-Pendulum No. 4. 

[d=o.75 inch.] 

·c ------~--r-------1~~-§------~~e;t~=--- '. j .:= ~ 

·§ .~ : ~ e : ~ ~~ § 
~ be f ~ u Time uf·coin- I e ~ ...... . 2:! ' ~ -~ ~ • 
·um ro Face. o ~ cidence bv ..o .E i o.e .g B~ 1l f!o ::S 

set. il~ clock. . ;: ~ ~ ! ] igE ' ~ ~'& ~~ ~ ui 'o 

~ j ~ ~, ~ :S·~£i e: ~ .~z ~'cs',~,~ 
--- ----- --- -~---- .-------:___::__ ~i_____i:_l_z ___ [-~----=-----_'.:_ ___ ~--:~i~ 

I I 

M. 

II 

III 

l \' 

\' l'. 

n 

VII 

VIII 

h. m. s. !Inches. !Inches.I 
1 

I, II 51 03_00: 

28 17' 44 07. 8o[ 
I. 00 6o. 25: 30. 161 i 
. 09 59. 6o: 30. 32\86100. 68:+ . 12-+ 

I 18 01 47. 50i 0. 92 59· 6oj 30. 32! i 
27 23 41 lJ. OOf · I 58. 45! 30. 36i 100. 301+ 

2

1: 23 50 IO. 00! I. 23 58. 10\ 30. 36JI -

1

1 

0 OJ 21. 75 1 

.11+ 
I 
! 

281 5 41 54. 40: . 12 57- 50
1 

30. 29
1 

099· 84!+ . 19+ 
! 

I, 5 50 48. 25 I. 05 57. 40
1 

JO. 29; 1 

100 .. w!--:- . 14'+ . 84 - . 20, 29, II 56 29.00 • I I. 57 · 35,· JO. 29! 

I.~ 57. so; 30. 28, 

. 10 57.00: 30. 20: 

I 12 09 47.90, 

29, 18 17 35. 25' 
(. 18 26 54.50 

I 

25i 23 42 01. 8o 

I 23 55 41. 701 

271 5 37 16. 90
1 

I I 
Ii 5 46 02. 90; 

28 II 40 24. 00 

0.97 57.00,_130.18, 
I I 

. 12 56. 70, 30. o6i 
I. 02 56. 6o. 30. 05! 

I ' 
.JI 57.001 29.91: 

i ! 

I: 7:1 
57. 00, 29. 92· 

I 
58. 00

1 
29. 98; 

----·---· --------------· ------

IOI. 66[-+ .83_-. 26 

IOI. 57:+ · 13 + · 8o,- · 44 

IOI. 70'--f : 

IOI. 35:-T
I 

. 13+ .761-
1 

. 13 + . 73,--
1 

I 

. 471 

'15 



 

Date. 

1883. 
.\pril 26 

26 

27 

28 

UNITED STATES COAST AND GEOllETIU SURVEY. 

I 
I 

Number ofl :face 'o ~ 
set. · . i-i llJ 

: (l) -0 
' ' .0 

Tokio, Japan.-Pe11dulum No. 6, 

[d=o.75 inch.) 

,---- - \ Jl ~ - . - ~~~ec~ions~--j~e j 
, j § ·;; E ! E ~ ~ 
:. Time of coin-1 ·.::: ~ I--- --, --1·~-~-1 ~ .S :0 
l cidence by ~ = b .s· ~ '. : I .E ;. : "'t: ~] 

dock. ·;; f ~ "" ~ ~ E o · llJ ~ .-
'- G.> ::: ~~~ - VQO t)"; 

1,1 o S ~ 5.20 V. ~lrl ~'-~ 

461 

r! u ~ =-rr. E ~ ~s ~c= .. - i _ _::__,-=_ _ __:___ 7: _______ <!'. ____ , ____________ , _____ _ 

l

lnc!us.: 
0 

iliiclies., 

I 
I § 
;z 

1-- I 
i 

! l 

IX M. 

x 

XI 

XII 

Xlll P. 

XIV 

xv 

XVI 

11 12 o6 31.10 1.o8: 59.25130.00 '' 

39! 17 42 52. So! . 12 58. 00; 30. I 2 85995. 40 7 
I ! I I 

I 17 48 36. 301 I. 10. 58. 20! 30. 12 

41· 23 43 18.301 .12! 56.go! 30.25' 5.98--

1: 23 49 33.88 1.15' 56.90! 30.25 

. 15-;- . 8o- . 38 

I ' I 
2 23 58 25. 831 ' 

40 5 35 30. 8o1 
. 12 58. 20 30. 29 

I 5 40 54. 501 I. 10 58. 35 30. 30 

41 II 35 31. 201 . I I 58. 45 30. 36 

I I I 45 OJ. go: 
41: 17 39 54- 50

1 

i 
I 17 45 55· 30: 

41: 23 40 45. ooj 
11 23 47 04. 90! 
2 23 55 57. 50! 

41 ~ 41 48. 20: 
5 55 o6. so: 

40 II 40 54· So! 
I 

I. 05' 58. 451
1 

30. 35 
. 12· 58. 50 30. 28 

I. 08: 58. 45 30. 271 

. II 58. 50 30. 15 

I. 10\ 58. 50 30. IJ 

. 12' 59. 00129. 951 
I. 07! 59. 00 29. 94' 

I , 
. 12, 59· 901 29. 75, 

5.8o;+ .15- .83 .oo 

! 
5. 901+ . 15,..:.. . 79 + . 03' 

s. Soi+ . '5j+ . 74i+ . is: 
5. 1sl+ . 1si+ . 611+ . 46 

1 I 1 I 
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JJate. 

UNITED STATES COAST AND GEODETIC SURVEY. 

I 

Number of! F' 
t 

r ace. se. 1 

i 

Tokio, Japan.-Pendulum No. 11. 

[d=o.75 inch.] 

'() 2 ~ § Corrections. I ~.a ~ " ~ ~S E:ll-o 
·g · ;Timeofcoin-i -~ <.i ' .,.. w -·1 ~.9; 
0 ~ d b ~ P. I 'O •= ~ ~ ~ 0 
1-i ;::; ci ence y ·;; ~ ~ ! s..... "'CJ p ~ 8' 

1 
] ~- ::". 

~ ~ clock. i.+-. ~ 5 , v /J.I M :: a:; 
0 

• 1 D ,... ; oo ~ 
i ~ , 0 - oo ~ §~ ~ I O..o ! v u ;::: ct - : ~ · 5 ! ~ ;;·.= ~ 1 ~ • ~ 1 a~ I ~'Os ~ ~ 

l ! ~.; l I _....... . j I-< ,_ 1 ~ ' - ' W I ~ .,.... 
I ~ :~:t--ii~ ~!~le..;:- 1U ,~G. ----l----1--:---l ;--,---1-----;--,--:--1----:-,-

i h. m. s. 1'IncJ1es.l 0 iI11ches.: ! I 1883. 

April 28 XVII M. 

XVIII 

28 XIX 

29 ' 

xx 

30 XXYII 

'.\lay 

May xxvm 

April 29. XXI P. 

XXII 

29 i xxm 
30 ! 

i' XX ff 

xxv 

XXVl 

I I ' ! 

1i 12 22 31. roi o. 92i 6o. 90

1

1 29. 70 ; ! . i . 
1 

34/ 18 IO 08. 20; • I 1,.1 00. 8o 29. 73 86o47. 111+ · II 1 + • 6o. -t· .,34186o48. i6; l 1.· 1 
1

1 

18 17 27. 10 1.04J 6o. 8oll 29. 73 , ! I . 
I ' I , I . ' 

32. 23 44 02. 20, . l4i 61. oo. 29. 87; 7. 141' . 15,+ . 62 + . 3•1 8. 27! ~ 

1! 23 51 09. 6o: 1. 09; 61. ooj 29. 86: I : I i I 
3:; ; :: ~:: ;:: o: ~!I ::: ~:: ::: :· 7. oo:-+ . 16 + . 62 + . 57! 8. 35! r i I 
3;: :: !~ ~:: ;; (: :;, :;: ::i ::: :~ 6. 86+ . 12 + . 61+ . 90t 8. 49, 00 I 
34, 5 25 30.901 .14; 56.901 29.99

1 
8.27-: .191+ .74-1.401 7.So:' II 

5 31 53· 00 L 17: 57. ooi 30. 01 I I I 
I l 21 II. oo' 6 8. 42 -t Si . . 78-1. 281 8 ) 34 .14157.5030.1 .1;-.-. I .IOi ·1t--

I II 43 52. 50i I. lOi 62. 55 29. 90 i i : : 

35 17 40 31. 001 • 12162. 20 29. 94 5. 951 i . 16 + . 63+ I. 03j 7. 771 I I l 
1174650.ooj 1.u62.25 29.95 j 'I 'I 

34 23 33 02. 33: . 13! 61. 251 29. 96 5. 99 "- . 16 + . 65+ . 75f 7. 55; : 

1 23 39 IO. oo; 1. I~
1 

6r. 45 29. 96 I ' I ! I 
34 52551.00: .13l6o.55j29.87 (>.38 1 .17+.66-.41! 7.621~:, 

5 31 51. 75 I. 141 6o. ssi,', 29· 87 i , ~'. I 
2 5 42 19. so, 1-8 ' 

341 II 18 38.6oi . 14i 59·55i 29.82! 6.45,-r .17+ .65- .02 7.25 "°:,., 
I I I 24 25. 25 I. 13'. 59· 50[ 29. 81' i 

3;1;~~::~~!; 1::!!!!::;11:::~; 6.84;+.11,+.67-.57 7.11:1 ii 
34 23 25 32.8o .13! 57.10129.92: 7.02!+ .17l+ .71-I.Ill 6.79iJ jJ 

SAN FRANCISCO, CAL. 

At San Francisco the pend11lum station was selected by Prof. George Davidson, Assistant 
Coast and Geodetic Survey. This station is located in the middle of Octavia street (not yet an 
open street), just north of Clay street. A space is inclosed by a high board fence, within which 
were three wooden buildings, none of which could be used for pendulum observations. Another 
wooden building, 10 by 20 feet, and divided into two rooms, was therefore erected. The north 
room was lined with heavy wrapping paper. In this room the pendulum apparatus was mounted 
upon a brick pier. During the pendulum observations the whole building was eovered with can
vas. This was the best that could be done under the circumstances, and it proved very unsatis
factory, the fluctuations of temperc\ture being too great. Soon after the observations were begun 
Professor Pritchett was detached from the party, and I was assisted by E. F. Dickins, Assistant 
Ooast and Geodetic Survey, who volunteered bis services. 

The geographical position of the station is latitude 370 47' 22'1 N., longitude Sii oom 42".7 W.; 
hei;ht, 375 feet. 
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Date. 

1883. : 
I 

June 20 '. 

June 21 

June 22 
I 
I 

Star. 

( Virginis. 

'" \~irgini:;. 

1J Bootis. 

a Draconis. 

1 Virginis. 

109 Virginis. 

/~ Urs"' J\linoris. 

1{J Bootis. 

C Virginis. 

1J Urs'1' Majoris. 

r Virginis. 

a Draconis. 

I. Hootis. 

5 lJrsre Minoris. 

µ Virginis. 

109 Virginis. 

( Vrsre Minoris. 

e llootis. 

P. XIV. 221. 
,j llootis. 

i' Ursre Minoris. 

a Corona' Borealis. 

June 23 d Bootis. 

June 24 

June 25 

June 26 I 
I 
I 
I 
I 

I 

4 Urso= Minoris. 

I. Rootis. 

5 Urs::e Minoris. 

33 Bootis. 

e Bootis. 

d Boot is. 

4 U rsre Minoris. 

.l Bootis. 

5 Urs::e Minoris. 

33 Bootis. 

£ Bootis. 

d Boot is. 

4 Urs:e Minoris. 

.l Uootis. 

5 Urire Mino1is. 

33 Bootis. 

e Boot is. 

d Bootis. 

4 Utsre Minoris. 

A. Bootis. 

5 Ursre Minoris. 

33 Rootis. 

t. Bootis. 

San Francisco, Oal.-Time observations. 

'clamp. 

E. 

E. 

E. 
E. 
\\'. 

w. 
i w. 

w. 

w. 
\V. 

I -:'>.V. 

W. 
E. 
E. 

I E. 

E. 

,'loE. 

E. 
E. 

T ,. A" Bb Cr a 

h. m. s. I I 
i : ' ' 

13 29 35. 50:--0. 02'--o. 01: o. 00.--0. r,'+o. 16
1 

35. 46 13 28 46. 54 

36 20.00:--0.02--0.01.- o.01;--0.15·+0.16 19.97 35 31. 12 

49 58.30--0.02--0.01 1 0.001-0.21+0.17, 58.23 49 09.33 

14 02 04. 16
1

-0.03 

IO 44. 80 -0. 02 

+ o. 01 .-0. 48<+0. 41 04. 07 14 01 15. 18 

·-o.02'-0.08
1

---0.16 44.52 0955.71 

40 22.99 

51 05. 44 

T 

-48. 92 

. 85 
. 90 

. 89 

. 81 

. 95 

. 88 

15 oo 17.82
1

-0.02+0.02- o. 00·--0.12:--0.18 17.52 14 59 28.61: -48.91 
: 

IJ 29 35. 16-·0. 02
1

-0. 02 + o. 02:-0. 00
1
--0. 11 34· 97 13 28 46. 53' -48. 44 

43 46. 52--0.02.-0.0l -- 0.01--0. 12,--0.17 46. 19 42 57.81\ .38 

56 32. 82'-o. 02 + o. 01 --o. o6' --o. II, 32. 65 . 36 55 44. 28 

14 02 04. 06'--o. 03 : __ 0. 03 --0. 17 --0. 28' 03. 55. . 41 14 01 15· 14 
12 46. 82 ·--0.02

1 
;_ 0 • 01 ---o.14 +o. 16. 46. 81 

28 37. 22:--0.oS+o.01 -- o. 15 ---o. 32 -j-0.46 3i· 14· 

37 45.00-0.02+0.01 + 0.04-0.07 +0.11 45.07 

41 11.38--0.02+0.01 _;. 0. 03 -0.oS+o.11 11.43. 

II 

27 

36 

40 

58. 31 

48. 75 

56. 76 

22.98 

.50 

. 39 

. 31 

14 28 26. 64 -o. o8'-o. 01 + 8. 85 +o. 11 -j-o. 67 

40 43. 32i-o. 02 -0. or - o. 68 -j-o. 04, +o. 18 

51 33· 38-0. 02, - [. 39. \·O. 03+0. 17 

38. 18; 14 27 48. 67 -47. 51 

42. 83 39 55. 27 . 56 

32. 17. . 45 

W. 1 15 II 37.69--0.02 _ 0 , 31 ,+o.24·-0.191 37.41_ 15 IO 49.81 

21 37. 97
1

-0. o6.+o. 01 + 7. 21 i+o. 531-o. 52: 45. 14. 

30 35.11,-0.02
1
+0.01 __ o.82·-;-o.22!--0.18' 34.32 

.60 

\\'. 

w. 
20 57.6o• .54 

29 46. 88 --47. 44 
I '. I I . 

W. 14 05 53. 52 1-0. 02 -o. 01 _ o. 74i+o. 33;--0. 04
1 

53. 04 
1 I : I • I i 

14 05 o6. 23 -46.81 

w. 
w. 
E. 
E. 
E. 

OC) 56. 49i--0. 09 : + 9. 97;+ I. 12;-o. 19: 67. 30: 

12 44.37
1

-0.02, + 0. 71 1+0.44;-o.o6 45.44' 

28 25. 861--0.08 + 8. 42!+1. 19;+0. 17: 35. 561• 
: I I ' ' ' 

35 17. 34;--0. 02+0. 01.+ o. 571+0. 5 l+o. o6' 18. 471 
, : I I . I 

40 42. 27:--0. 02;+0. 01·_ 0. 65:+0. 40+0. 04, 42. 05! 

09 20.32 46.98 

II 58.27 47. 17 

27 48.61 46.95 

34 31. 27 47.20 

39 55.26 ·-46. 79 
j _ , , I , ' 

\V. 14 05 53.44-0.02:-0.01;_ o.871-f-0.07--0.37 52.24 14 05 o6.22; 
I I '. I ~ '. 

46.02 

. 25 W. 
w. 
E. 
E. 
E. 

09 56. 20
1

-o. 091 :-j-II. 72H-o. 25j-1. ooi 66. 48 O<J 20. 23' 
I I I i 8 88 I I 58. 25 1 

12 44.44
1

---0.02
1 

;+ o.34+0.10--0.4, 44. 

8 8. · 14- 8·+ 8o 27 48. 52
1
, 

.63 

. 28 2 22. 94
1

---0. 0 : ·-J-IO. 07 , 0. 4 . !. 39 34· 

35 16. 37--0. 02:+0. 01 + o. 68i+o. zoj+o. 47'. 17. 71 
i 1' :I i : i 

40 41. 67:-0. 02,+o. or.- o. 77,-J-o. 16 +o. 37 41. 42 

34 31. 24: . 47 

39 55. 24i --46. 18 
I I I • , ! 

W. 14 05 53. 25;-0.02]--o. 01 _ o. 99'+0. 12,-0. 47 51. 88 14 05 o6.20 ---45· 68 

w. 
w. 
E. 
E. 
E. 

09 54· 29:-0.091 -j-13.32+0.43j-2.04 65.91 
I I ' : , I 

12 43. 63;--0.02: + o. 95;-J-o. l7j--0. 61: 44. 12 
I o81 1 i • 6' 28 22. 121--0. i + 9. 94:+0. 47j+ I. 7 : 34· 21 

35 15. 83[--0.02+0.01!.+ o. 671+0. 20,+o. 591 17. 28 

40 40. 92 --o. 02.-j-o. 01: - o. 761+0. 16. -ro. 471 40. 78 

O<J 20. 13: . 78 

II 58.23 . 89 

27 48.44 45.77 

34 31.23 46.05 

39 55.23 -45· 55 
: : ' I i : 

W. 1405 52.59~---0.021-0.01 1- o.~l+o.o6,-o.33 51.40 14 05 o6.19, -45.21 
I I I I • : 

W. 

w. 
E. 
E. 
E. 

09 54· 75---0. '<>91 <+II. 971-j-o. 20!-1. 46; 65. 37 
I I ' . ; I 

12 43. 13---0. 021 ;+ o. 86.+o. o8,--o. 44, 43. 61 

28 22. oo!-o. 081 :+ 9. s71 +o. 28(+1. 26; 33. 63 

35 15. 59j-o. 021-j-o. 011+ o. 6.4+0. 12!+0. 42! 16. 76 
i I I I I I 

09 20. 07i 

II 58. 21 1 

27 48. 39'. 

34 31. 22! 
I 

. 30 

.40 

. 24 

39 55. 23, ---45. 05 
_[_ __ _ 40 40· 58

1
--0. 021+0. 011- 0. 731-J-o. l°l-j-0. J4i 40. 28 

~~~-'--~~~~~~~~~~-'-~~~~~ 



 

464 UNITED STATES COAST AND GEODETIC SURVEY. 

[Con.,tants of Transit.] 

Azimuth a. Level b. 

Date. :----------· --------·· 

w. w. 

1883. 
June 20 --· o. 02 -- 0.01 0.11 0.21 

21 + 0.02 1 o.o6 o.o8 o. 10 

22 J. 90 < 3.39 + 0. 20 + 0.04 

23 i . 3. 18 ' -·· 3.23 + 0.30 0.36 

Coll. c. 

- 0. 16 i 

-·· O. II 

- 0. 16 ! 

----· 0.04 

[Corrections and rates of sid. 
chron. Negus No. 1539.] 

/,, m. 

14 19 

14 08 i 

15 00 i 

' 14 21 l 

.:'..i T i Daily rate. 

L 

·- 48.89 

48.41 

47.52 

-- 46.98 

+ 0.48 

+ o.86 

24 - 3.74 3.86 + 0.07 + 0. 15 - 0.33 14 21: ·- 46.30 
-•· 0. 68 

_l_ 0. 51 
25 - 4. 25 3. 81 ! + o. 12 7 o. 14 o. 42 14 21 - 45. 79 

______ _26 __ ~~,. s2--==-3-:~~j--~-~:~~~:·: __ ..=~=:--~2_1__- ~5~:~- --~-:·_
5

: 

·::. 

[Comparison of chronometer and R. S. clock.] 
i 

86636.555 
Date. ::-:umher of set. ,. ) 

. -- - --. ----:-·---- ~~~y rate ~>~ I -(•·+365 
Pate. .1\ egus 1539. R. :-.. clock. K S 1 ·k -.... --.. . c oc . 

- -~~----- ··-------1 1883. 

1883. I 
June 20--21 f-l\' 86317.51 

June 20 6 21 v .45 13 02 00 44 21} I 
20 15 o8 8 50 40 ! 21-22 VI-VIII ·43 47 l +318. 175 

35 8 15 
22 IX . 65 21 14 47 24 

22 25 
+318. 255 22-23 X-Xll .76 15 40 14 9 JI 

:l' 48 8 45 
+317. 920 23 XIII .79 

·' 14 40 14 
+3Ij. 885 

24 14 56 49 8 17 35 
23-24 ' 

Xl\'-XVI . So 

25 8 05 
-j-318. 123 24 XVII • 6z 

14 49 30 00 

26 38 59 50 
-j 318.471 24-25 XVIII-XX .56 14 49 7 

25 XX! . 31 
---- -------- - --

25-26 XXII-XXTV . 21 

. ------·--- -------



 

Date. 

1883. 
June 20 

20 

21 

21 

22 

lJate. 

1883. 

}une 22 

Num-berof 
>el. 

II 

Ill 

l\' 

y 

VI 

VII 

VIII 

Number of 
set. 

IX 

x 

22 XI 

23 
XII 

XIII 

XIV 

xv 

XVI I 
I 

UNITED STATES UOASl' .AND HEODETIC SURVEY. 

Face. 

.'.\1. 

San P;·ancisco, Cal.-Pemlul·um No. 4. 

Time of coin 
ci<lence bv 
R. ~.clock. 

ln(/11·.1. 

18 41. 8S' I. 04 (>O. 40 29. 55 

C'orrcction:--. 

465 

27 IJ IO JI. 60 . 13 50. 25 29. 55 86104. 8S-, . 15 - . t>O . 45 SbIOIJ. oX 

I'. 

l IJ 2J lh. 70 I. 09 56. 20 29. 55 

27! 19 16 14. 80 . 15 53. 85 29. 60 

1, 19 28 21). 33 I. 21 54· 20 29. 61 

25 0 54 09. (JO • 20· 58. 00 29. 64 

I 04 26. 20 I. Oj 59· 45 2~l. 64' 

6 55 41. 90 

27 12 47 22. 50 

I 12 55 45· IO 

27 18 48 35· jO 

l 18 58 45· 50 

27, 0 51 52. 00 

1: 10236.88 

271 6 54 21. 50 

. 13 61. 15 29.62 

I. 01 61. 25 29. 60 

. 15 56. bo 29. 62 

I. 01, 56. 60 29. 62 

. 14' 54· 15 29. 66 

I. 09' 54· 20 29. 68 

. 14. 56. 85 29. 70, 

I. 06 57.65 29. 71 

. 14: 60. 50 29. 68. 
I 

5 · 57 -:·- · If l. 00 

5. 47 '7' . 22 ... 6(, 

4. 52 -'·· . 15 . 58 . I. 30 

4.73--. 15.: .. 6o. ., 
. / ,) 

5. 57 + . 16.+ . 69 . . 831 

San Pr.a11cisoo, Gal.-Pendulum No. 6. 

·u 
" ·c: 

' l ~ ~ 
race .. 0 " 

... " ' Q./'"C . .c. 
s z 

, Time of coin
cidence by 
R. S. clock. 

-- - --:-~----~---------:( _____ i 

h. m. s. ilnches.i 
I 

M. 

Corrections. 

lnches.1 

1. 7 21 I I. 40; I. 08j 61. 05 29. 69 

37: 12 51 04. 50: . 15i 56. 6o 29. 71 is6oo3. 66)+ . 16 + . 63-f--

P. i 

1; 12 59 23. 62: I. 15! 56. 20: 29. 71 

39! 18 48 17. 90! . 14: 53. 90: 29. 74! 

1: 18 56 05.4oj 1.ogi 54.05 29.75: 

39: 0 45 I I. 40; . IS! 57. 55: 29. 75 

IJ 0 56 28. ool I. 031' 59· IO:' 29. 74j i , 
39 6 44 22. IO! . 12: 62. 75: 29. 7oi 

1: 65507.25! 
i I 2! 7 04' 14. 62 

39! 12 43 14. so\ 
1: 12 49 43.6o, 

39i 18 39 00. 67: 

1: 18 46 o6. &o1 

I 
37i 0 17 14.401 
If 0 26 08. 6o: 

i i 
I. 09( 62. 6ol 29. 70: 

I I 
i I I 

. 13, 57. ss, 29. 701 
I. 02: 57. 40 29. 70: 

. 12. 54. 8oj 29. 7Ii 

1.02 54· 8o: 
.12! 56.05! 

1.01' 56.65 
I 

29. 721 

29. 711 
29. 71, 

29.67! 

4.39 ,18+ .71-1.16 

4-57·+· .17+ .71--- .83 

3. 49'i" . 14 

.14-J 

: 
4. 99[-1 . 14 .• 

i 

. 6o fl. 44· 
i 

I 

.68 

. 70- .99· 

5. jj 

5. 79 "" 

t!. 61 

G. 21 I 

5. }41 :::-

' "ILI 1 

6. 33 I I 

5.62 391 6 14 49. 121 . 121 61. 65 4. 22
1

i+ . 13 ..L • 62. + ... o5; 
: ____ ______:_ ___ ._ 

H. Ex. 43--59 
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Date. 

• 

1SS3. 

June 24 

24 

25 

.. 

25 
26 

UNITED STATES COAST AND GEODE'flC SURVEY. 

C\"umher of Face. 
set. 

X\'Jl '.II. 

xnr1 

XIX 

xx 

XXI I'. 

XX!l 

XX Ill 

XXJ\' 

z 

San Fran«isco, Oal.-Pen«ulum No. 11. 

32 
I 

33 
I 

33 

32 

TinH: of coin~ 
cidence bv 
R . ..;_ clock. 

h. m. ,\'. 

(, 46 34.20 

12 2" I 25.20 

12 35 05.So 

18 28 .p. 50 

18 36 29.yo 

0 31 04.40 

0 38 50.00 

6 21 39.75 

6 32 JO. 20 

2 6 43 06. 30 

33 12 23 33· 00 

I 12 34 09. So, 

33· 18 26 35. 00 

JI 18 35 16. 20' 

33 0 28 06. 00 

0 35 21. 62 

34 6 37 42. 67: 

2 
< 

Corrections. 

I '° 
'"' "N 
~ r:-
"'0 
"'00 ""V) 
= c y~ 

:-

I
I~ 

~ 
I . 
I;:::: 

J ll 1---
:Jncht'S. I 

bJ 05 29. 68 I . 
58 JO 29 6S86o55.94! +. 15

1

.' -- .59 +.8486057 52 [ l 
Inches. 

I. 06 

. lJ 

57.80: 29.66i I . I I 
55.00: 29.68 7. 181-!.13: -'-.67-1.04 6.94 i!. I 

' I I...:. 
54 85 29. 69 i r ~I 

I. 01 

. 12 

I. 03 

. II' 57.45 29.68 

. 98, 58. 50 29. 68: 

. II 62.25 29.63 

. 99 62. ss: 29. 63 
I 
i 

. 12; 58. 501 29. 61: 

. 96, 58. 30, 29. 61 

·I Ii 55· 351 29. 63 
· 99' 55· JO• 29. 64 

. JO: 58. JO: 29. 66 

I. 04 59· 30: 29. 67 i 

• 12' 64. 95
1 

29. 65 
I __ L_ I 

7. 89 -+. 14, -. 68-1. 16 7. 551 ~ • 1 

7.39 ,.12 '""-·59 +.75 8.85 J , I~ 

6. So 1 ! r I 
5.871 ~J 

J~,1 
6.18T~ I 

-T-. 13 ---. 5S -"-. 81' 

5. 93 -+-. I:.! ·: . 65 --. 85 

+. 12 -- . 66, --. 86 6. 26 

5. 17 -~ . 14 7.40,J J 

WASHINGTON, D. C., 1884. 

On my return to ·washington in July, 1883, I fournl the entire east wing of the Smithsonian 
Institution was being rebuilt, and it was not till .March, 1884, that the pendulum room was placed 
at our disposal. 'fbe room is the same in which Major Her1wbel made bis observations iu 1882, 
hut iR 110w much better adapted to pendulum work-being less damp, and divided into two rooms 
~o that the apparatus may be in one and the obserncir in the other observing through a small hole 
tn the interveniug door. 

111 Major Herschel's observations the H.. S. clock was attached to the north wall, while in this 
work it was attached to the south wall. This ch1111ge was neces~ary on account of the division of 
the room and the arrangement of certain steam-pipes in the 11ortb wall. Signals were received 
from tlw Na Ya! Observatory for ten minutes, beginning at Oh 22m aud 1211 22m Washington mean 
1 i nw, 1 he \Ya shin gton standard clock being used. These signals were recorded on the chronograph 
with sidereal clnonometer, Frods. No. 3477. Immediately before or after these signals the chro
uometer wm; «om pared b,v coincidence of beatt:l with the R. 8. clock, and mean-time chronometers, 
Negus, No. 15'i2, and Bond & Sons, No. 196. Corrections to the Washington clock, corresponding 
to Oh 26"' and 1211 26"', were furnished by the observatory. They all depend upon observations of 
trausits of stars made near these times except on April 9, indicated by brackets in the table. 

The geograpltical position of this station is, latitude 3go 53' 19".6, longitude 511 osm 04•.4; 
height, mt9 feet. 



 

UNITED STATES COAST AND GEODETIC SURVEY. 

Corrections to the Washington mean-time clock as furni.sluxl by the Naval Ob1Jenatory. 

llate. Clock !late. 
Clock 

correction. correc..tion. 
·-------- -- ---

lS84. 188+ 
~!arch 26°. oI8 " . I 5 April ,d . OI8 6f: . 37 I .) 

26 . 518 7 . II 3 518 (, . 24 

27 . OI8 i c_ 6 . 98 4 . 018 (. . 28 

27 . 5I8 ' 6 . 90 4 518 6 18 
28 . 018 6 . 98 5 . orR 6 . 02 

28 . 518 -- 6 . 72 5 .5I8 6 . 04 

29 . 018 6 . 61 6 . 018 (; . 00 

29 . 518 6 . 48 6 . 5I8 - 5 . 93 ' 
30 . 018 6 . 66 .018 . 81 

30 . 518 6 . 83 7 . 518 ·-- 5 ·59 
31 . 018 7 .OJ 8 . 018 . 62 

31 . 518 6 . 92 ~ ' . 518 5 .55 
April I . 018 '" 6 . 86 9 . 018 l - 5 34] 

I . 518 6 .76 0 . 5I8 [ - 5 . i:i] 
2 . 018 ' 6 . 64 IO . 018 4 . 92 

2 . 5 I8 6 . 5I IO . 518 4 . 76 
·---·-- -------

Comparison of TVa.shingt-On mean-time clock with sidereal chronometer, Frods .. Zfo. 3477. 

Date. 

1884. 
\larch 26 

i April 

30 
31 

2 

3 

4: 

5 
6 

Time by Time bv chron. 
W. M. T. F' <l • 

clock. ro s. 34i7. 

h. m. 

0 22 

12 22 

0 22 

12 22 

0 22 

12 22 

h. m. s. 

0 41 08.81 

12 43 06.24 

0 45 03.55 
12 47 00. 91 

0 48 58. 29 

!2 50 55. 73 
() 22 0 52 53. 06 

12 22 12 54 50. 75 
0 22 0 56 48. 63 

0 22 ! I 00 44. 23 

12 22 1 J 02 .p. 11 

0 22 I 04 39.87 
12 22 13 o6 37. 6o 

O 22 I 08 35.24 
12 22 

0 22 

12 22 

·O 22 

0 22 ! 

0 22 

12 22 

0 22 I 

12 221 
0 22 I 

12 22 

0 22: 

12 22 : 

o 22 I 
I 
I 

IJ IO J2. 93 
I 12 JO. 49 

13 14 28. 22 

I 16 25. 94 
12021.63 

I 24 17. 32 

13 26 15. 18 

I 28 12.94 

(*) : 
I 32 08. 68 [ 

13 34 06. 57 t 
(*) 

13 38 OJ. 82 : 

I 39 59· 44 i 

Correction 
to,\·. M. T. 

clock. 

7. 15 

i· II 
6.98 
I). qo 

(;, 98 

6. 72 

6. 61 

(). 48 

6.66 

7.01 
6.92 
6.86 
6. 76 
6.64 
6. 51 
6.37 
6.24 
6.28 
6.02 

6.oo 
5. 93' . 

·'· 81 

5. 62 . 

5· 55 I 

Correction to Rate of J"ro,1'. 
3477 per sid. 

Frrnls. 34i7· min11te. 

llr. .I. 

Iq QI. 66 

20 59· 13 
22 56. 57 I 

24 54.01 

26 51 31 

28 4'!· 01 
JO 4b. 45 

32 44. 27 
34 41. 9i 
38 37. 22 

40 35· HJ 

42 33.01 

44 30 84 
46 28.6o 
48 26. 42 

50 24. 12 

52 21. 98 

54 19.66 
58 15.61 
62 II. 32 

64 09. 25 
66 07. 13 

70 03.o6 
72 01. 02 

s. 

32 
30 . 

29 
34 
32 

32 I 

31 
32 
30 

32 : 
30 i 

34 
32 
33 

33 

34 

34 

32 

(5. IJ] 75 56. 69 
+ 4· 92 • . 77 54· 52 

----0. 1632 

* Signals from Observatory not received. 
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468 UNITED STA.TES COAST AND GEODETIC SURVEY. 

Comparison of s·idercal chronometer, Frods. No. 3477, with the R. S. cl<>ck. 

Date. 

1884. 
March 26 

April 

29 

30 

31 

2 

3 

4 

5 
6 

f 
8 

9 

JO 

I 

Time by 
Frods. 3477. 

Ii. m. s.~ 

0 53 32 
12 56 30 

0 59 31 

12 40 19 

J 02 21 

12 47 00 

I 05 24 
13 o6 52 : 

0 49 42 : 

0 51 43 
12 55 21 

I 17 32 

13 16 38 I 
I 20 51 I 

12 59 16 

I 30 50 

13 29 07 

I 09 37 

[ 30 36' 

[ 35 09 
I 

13 41 52 ' 

I 16 08 , 
I 

[ 48 14: 
13 50 21 : 

13 22 01 

I 52 05 

Time hv 
K s. clock. 

Correction to Correction to 
Frods. 3477. R. S. clock. 

Rate of R. 
S. clock per , 
mean solar i 

day. ! 

- -------- ------ -------- ------

h. 711. s. 

0 31 27 

12 31 52 ! 

0 32 40 : 

12 IO 40 

0 30 05 : 

12 12 15 

0 28 03 
12 26 58 

0 07 19 

0 04 15 

12 05 20 

0 24 54 
12 21 28 ' 

0 23 08 : 

I I 59 05 I 
0 28 00 

12 23 45 I 

0 01 47 
0 17 15 

0 16 42 

12 20 51 

23 52 40 

0 19 34 

12 19 08 

II 45 49: 

0 13 14 

m. s. 

-19 03.67 

21 01. 31 ! 
22 58.98 

24 52.92 

26 53-49 
28 48.37 

30 48.49 
p 46.23 

34 40.81 

38 35-75 

40 33-99 

42 35· II 

44 32. 47 
46 30.6o 

48 24.58 

5027.11 

52 24.37 

54 18.55 
58 17.28 

62 13. 09 
64 II. 8o ! 

66 05. 1611 
70 05.69 

72 03.67 

75 54. 08 I 
-77 56.49 l 

I 

m. s. 

-t3 OJ. 33 
3 36.69 
4 12.02 

4 46.08 

5 22. 51 

5 56.63 
6 32.51 

7 07. 77 
7 42.19 

8 52. 25 

9 27. OI 

IO 02.89 

IO 37· 53 
II 12.40 

II 46.42 

12 22. 89 I 
12 57.63 
13 31.45 
15 03. 72 

16 13.91 
16 49.20 

17 22. 84 

18 34.31 
19 09.33 

20 17. 92 

+20 54. 51 

s. 

. 21 

70.89 ' 

69.92 

70.16 

.56 

+10. 72 
l 

+69. 35 
.82 • 

.56 

fig. 52 ' 

70.33 
70.07 

69.83 

+69. 72 

+70. 12 

6g.97 

70.IO 
70.03: 

70.15 

+70.43 

[Number of vibrations of R. S. clock pendulum in mean solar day.] 

\Vashington 
mean date. 

1884. 

March 26 

28 

29 

,. I 

LAp_~i__~J 

!1 ______ ------ I 

86400 !I Washington i 
!i mean date. ! Sets. --r Sets. 

" ' --· -·-·---·-- ·-- ----- --il----L·-·--------1------1 
ii I 

I-II 

III-IV 

V-VI 

VII-VIII 

IX-X 

XI-XII 

XIII-XIV 

XV-XVI 

XVII-XVIII 

XIX-XX 

XXI-XXII 

II 1884. I 
86329. 38 lj April 1 I XXIII-XXIV 

11 
. 48 [i 2 XXV-XXVI 

. 79 I i XXVIl-XXVIII 

29. II 

30.08 

29.84 

.44 

29.2~ 

30.65 
.18 

86330.44 

i 3 XXIX-XXX 

6 

7 
8 

~ 

XXXI-XXXIl 

XXXIII-XXXIV 

XXXV-XXXVI 

XXXVII-XL 

XLI-XLII 

XLIII-XLVI 
XL VII-XL YIII 

86330.48 
29.67 

29·93 

30. 17 

30.28 
29.88 

30.03 
29.go 

• 97 

.85 

86329. 57 



 

!late. 

1884. 

.\farch 26 

ll 

I I! , 

I\' 

\'T 

nr 

! VIII 

28 ! 

rx 

x 

XI 

XII 

29 

XIII 

XIV 

xv 

XVI 

30 

UNITED STATES <JOAST AND GEODETIC SURVEY. 

Face. 

• 

P. 

Washington, D. <J.-Pend11lum No. 4. 

Tjule of coin
cidence hy 
R. S. clock . 

(d=o.9 inch.] 

( ·urrection~. 

h. Ill. .s. lnc:)us. .intltt·s . 

J. 0 IO 57· I 

27 55315.1 

6 04 38.6 

2 6 17 48.0, 

27 Il 47 I2. 5; 

I I 58 44· 7: 
27 17 41 23. 8. 

r7 53 23. 8. 

27 2J 36 IO. 0 

23 48 41. 3 

27 31 27. 9, 

I 5 41 33· 6 

28', I I 37 37 · 2 

I, II 46 20.8; 
I 

27 r7 29 IZ.61 

, 7 38 oo. s! 
29 23 47 I4. 3' 

I 

0 07 04. 2: 

27; 5 48 02. 8 
Ii 6 OI I9. 8 

2 7 1 I 42 38. O! 

r. I15249.5, 
I 

27 Ij 34 I6. 5! 

28 

I, Ij 44 IZ.O; 

23 38 49. 1: 
zg' 23 52 oo. 1[ 

0 OJ 56. 7! 
s 45 32. 11 

I I 5 57 IO. 1; 

28: II 52 01.3[ 

1: 12 00 53.0/ 

27: 17 42 47. 3[ 

If I7 53 IL 7! 

28\ 23 48 21. 31 

. 91 59. 10. 27. 39 

.14 58.85 27.3686110.80~ ,12 

. 84 58. 90 27. 38 

.12 58.55 27.38 

I. os. 58. 65: 27. 38 

. I 6 5°8. 40 27 · 38 

. 97 58. 45 27. 38, 

. I4 58. 50; 27. 39 

I. 07 58. soi 27. 40 

. 16 5s. ss; 2 7. 4o 

. 97: 58. 60; 27. 40 

. I3. 58. mi 27.40 

I 

LOI 58_ 15: 27.40 

. 14 58. 00 27. 40 

I. 06 58. oo: 27. 40 

. 14 58. 05, 27. 43' 

I. 06 58. so. 27. 45. 
. IS 58. 401 27. 96, 

I. 06 58. 55 27. 521 

. IS, 58. oo: 27. 50 

1. 09, 58. 00
1 

27. 5I 

. I5' 57. 65: 27. 50 

l. IO 57. 6o
1 

27. SI 

' . I{ 58. io' 27. 54 

. 99: 58. 251 27. 58 

. 16! 58. 751 27. 59 
i ' 

r. 04: 59. ooi 27. 6o 
; I ' . I41 58. 55 27. 6o 

1.02! 58. ssl 27.6o; 
! I ! 

.14158.15: 27.591 

I. Oli 58. !Oi 27. 58° 

• 13; 57. 45j 27. 56i 
I ' • ' . 

0. 97°T . IO · 07 ~- · 17 

1.13~ .16-- .06~ .08 

I. 20 -· . 13 . o6 ~ . 06 

j, 52:--1- .16 .05 .. 08 

I. 58+ . I 3 --- . 05 . 00 

o. S<j-c . 14 - . 05·-- . 12 

I 

0.89+ .I5-- .04- .IS. 

o.86+. 16- 02- .03 

o. 7:z+ .. 16- . OI.- . 24 
. ! 

o. n+ . 16 

o. 41 + . 14 

0.49+ . 15 
! 

.00- . 22 

. 001+ .07 

i 
.cx:i-t .201 

: 

: I 
o. 45!+ . 14:+ . or. . oo 

l. 17 

L 31 

I. 33 

I. 66 

o.86 

0.85 

O.<)O 

0.63 

~~~~~~~~~~~~~~~~~ 
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llatc. 

18S4. 

'.\lar. 31 

April I 

2 

3 

Number of 
~ct. 

XYll 

.\\"Ill 

XL\: 

\.XI 

X.\11 

XXIll 

XX I\. 

xxnr 

XX\ If! 

\.'\.(\: 

.\:\XI 

.\.\\.!! 

UNITED ST.A.TES CO.A.ST .A.ND GEODETIC SURVEY. 

Face. 

\!. 

I'. 

TI7ash·ington, JJ. 0.-Pendulum No. H. 

Time of 
coincidence 

h" R. s. I 
.duck. 

u 

i < 
I 

{rl =:--:: 0.9 inch.) 

I ' 
II. m. s. )lnd1es.. /nchn.: 

I ~3 39 10. sl I. 06• 55· 50: 2/. 17',i 
212) 48 12.01, 

Correcticms. 

C.5 ~ 
-;; 

:u 1fJ ·-.:::.. ::::: ~ 

6.S C 
~~~ 

• 

- I 
.p 5 40 34. 91 l'l 1 55.80 27. i9i86012. 15~, .15-.07+ 

I 5 49 08. 01 
40' I I 41 29. 71 

I 11 48 49· 811 

39 17 32 09. 5 
I 17 42 08. zf 

42 23 52 34. II 
I 23 59 40. 8 

55 s 07 30. +! 
I 8 16 38. 2t 

I 
26 12 02 20. 6 

I'l2 I I 22. I 

3717 36 38'. 5 

r:r7 45 08. 9 

39 23 28 29. 211 

I 23 58 24. 8 

39 5 42 32. Jr 

I 5 50 06. 6! 
39 11 34 28. 11 

I 11 41 44· z! 

40,I7 35 22. 41' 
1 17 42 39. 7 

42,23 54 33. 61 

I 0 01 55· J! 
38 5 37 23. 6! 

I 5 45 04. 3i, ., 
4rj11 47 40. 5l 

I I I 55 47. Sl 

3817 31 14.2: 

I I 7 38 54- s: • 40 23 32 25. 81 

I. IO 55· 85 27. 19! 

P' 55· 75 27. 21: 

1. 151 55. Soi 27. 22/ 

. 151 55· 501 27. 22[ 

I. IOI 55. 501 

. 12[ 55. 15 

27. 22i 

27. 22j 
f 

I. 05] 55. 15 27. 26; 

. 06
1 55. 20

1 27. 28: 

. 97! 55. 25: 27 291 

. 26' 55. 30: 27. 29, 
: ! ' 

I. Ol: 55· JOi 27. JO' 

. i+i 55· zoi 27. 32i 
I. 05[ 55. 2sj 27. 33! 

· 14j 55· IO! 27. 331 
I . l 

I. 04: 55. so: 27. 15: 

. 12'. 55 55 27 16; 

L 071 55· 65 1 
2j. 16: 

. 12 55. 35· 27. 16, 

I. 01: 55. 30: 27. 17i 

. 121 55. IOI 2/. 17\ 
i f 

r. 05: 55. 15: 27. I7: 
.II, 54.85: 27.17[ 

I i 
I. 04 54. 901 27. 191 

. 14 55, 051' 27. 221 
I. 02 55· IO 27. 221 

. II 54· 151 27. 2oi 
I. 04 54· I5i 27. 21

1 
. 141 53. 65i 27. 22) 

r. oSi 53. 65: 27. 22! 

. 30 

I. 68 T • I 8 - . o6 ..;_ . 23 

. 15- · .os+ .09 

I. 89+ . 12· ·- . 04+ 

. 07, 

I. 99:+ · 14 - ·OJ "1 • 06: 
! 
I 

I. 98 1+ . IS--· . 02--; . 03, 
I 

I. 901+ . 14'. 
I 

I 

. 071+ . 04j 

! 

2. 68'+ . 14:-- . o6J- . 05, 

, 781+ 
I 

2. 721+ 

I 
2, 86!+ . 15 - . 03[- . 54' 

I ' I 
. 13

11 

54. 15
1 

27. 32, 2, Sri+ . 15 . 
-· ___ J.._ _____ " ____ .J__ - - ------ -- -·"-

I~ 
' f 
l j 

'"'"' 
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Wa,shington, D. 0.-Pendttlum No. 11, 

[d=o,9 inch.) 

-~;~-----,----·-~---~~-------------- M I'.:: 

: g .E ~ Corrections. ~ ·- >. 
,'fl . Time of ! ,S <Li I ·:; a " 1] ~ 

Number of , F :o 8 1coincidencei ] ~ l C; .5 i ~ o 1: g £ 
set. , ace, ] ~ . b~l!k~, ' ~ ! ~,· ! ~ ~ ~ ;:..~ l ~ ~ ~ L c 

1 E t.; ,... ... ; § ·3 ] (.l ::: E t: ""::: ::: ~ 2 

Date. 

IZ < ~ J: ~ z < ~- j- ~ ~ ~ 
:---------~~--- !--.;-------!----· '.----- -------- ------ ----·-------- ------

1 I I 

April 6 I XX XIII M. 

XX XIV 

xx xv 

XX XVI 

XXXVII 

XXXVIII 

XXXIX 

XL 

8 XLI P, 

XLII 

XLIII • 

XLIV 

9 XLV 

XLVI 

XLVII 

XL VIII 

;h, m, s. !znches,I 0 :Inches,; 

l] o 28 lJ, 2i I. o6i 56, So! 27. o8j ; ' ' 

. 52;86o64, uJ 33i 6 14 J2. 8 ' 14: 55. goli 27, 68j86063. 99'+ '15i- '02+ 

11 6 28 II. 5' , 77 55· 951 27. 21; 
. I 

I 
I 

31;11 53 15, s, 
1!12 07 35. 4, 

30117 21 47, oi 

1j17 32 oS, 7i 

34123 30 18. J, 

I :23 39 41. 7: 
32: 5 15 41. 9, 

• 11 5 25 32, 2, 
i ' 

35 1,I l 33 54, 6i 

I flI 44 00, J 1 

32,17 20 QI' 9i 

1:17 29 27, 9i 

34123 27 14, 3/ 
l i 

l: 0 Ol OL4' 
I ' 

34] 5 58 08, 7! 
! 

1
1 

6 06 51, Ii 

33,11 53 19, 6; 

1,12 06 01. 4: 
i 1 

30;17 20 16,91 

1:17 28 12, 2
1
: 

2!1 T 39 OI. 8: 
i 1 

34j23 25 40, s: 
j 1 

li23 34 34, 51 

34: 5 32 09, 9] 

1! 5 43 27. l' 

33i1 I 30 15. 3 +1 37 36,0 

31;17 02 45, 6, 

1f17 12 37. 7' 

37[23 42 51. 9! 
I 

. 12 55, 70' 27, 6gi 
, I 

I. ID 55· 75 27, 361 
I 

'17 55, 15 27, 75! 

I. 04 55, 15 27, 19! 

' 12 55, 20 27, 771 
I, 02; 55, 30 27. 241 

I 
' 13 55, 30, 27. 79: 

I· 23 55· 35: 27. 28. 

. 13 55, so, 27. so: 
I. 05, 55. 50 27. 23i 

'14 55, 30, 27. 63f 

I, 16 55. 301 27. 221 

. 14: 55. 15! 27. 6of 
I. 021 55, 95 1 26, 991 

. 131 55. J s1 27. 221 
r. ool 55, isl 27. J4; 

'13! 54· 65, 27. 62' 
1 : I . 97! 54· 651 26. 94; 

. 15! 54, 45) 27. 281 

I. 04\ 54, 45! 27. 30:1 I I 
I 

I ' I 
' 131 54. 401 27. 711 

I. 24! 54- 401' 27. 28i 
! ! 

• 141 54. 801 27. 67! 
I I 

I. 221 54. 85; 27, 34j 

. 15! 55. 00 27. 66; 

I. 22, 55' 00. 27. 26, 
I 

· 17: 55· ooi 27, 54I 

1. 22! 55. ool' 27, 25j 

. 121 55. 35 27, 56! 
I ' I 

I 

4. 31:-+ · og'.-t- . OI '-1- . 28) 
i 

4, 3oj-t

I 
' 19,+ '04 + ' JO, 

4, 421-:- '15'+ 

i 
4, 47

1+ . 18/+ . or-+- . 01: 

4. 06;+ . r4:- . o8!+ , r6 
I ! 

4, 19H 
' 

I 
4· 20J+ 

! 

'14\ i 
I 

: 
. 14:-·-

I 
.1{+ 

I 
. 03 -- ''4, 

I 

. 05i- . 35, 

t 
4. 29:+ . 20;+ '04 - . 27: 

! 
1 

4. 321+ '20 _, . 04 --- ' 13 

I 
I 

4.07,+ 21J... .01-- ·09 . ! ' 
i 

4,10;+ .18.+ .01- .01; 

4. 69! 

4 75; 

5, 051 

il 
I~· 
$ 

4. 62
11 ~ 

,,.,:I; I 
I) o 4 67: £ J 

4, 671 

4. 28
1

1 

+ 22l~ l 
j L .;. II 

4 08! I~ I 
4.o+J l~r 

t{i 
p6!l 1~· 

4.43 J ~I 
~t I 

po I ;z j 

4· 28 J 
I 

i 
00 
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Results reduced to mean temperature of sets with ea,oh pendulum and to density of air under pressure of 
26 inches at temperature 320 F., and final reduction to temperature 62° F. 

---..-----~-

Station. 

J AucklanJ I 

l 
r 

Sydney J 
' 
l 

Singapore r 
Tokio {1 

San Francisco r 
Washington f 

I_ 

---------------------------·--------- ------------ --------------- --

a 
" "3 

"" m c 
& "' 0. 

'- ..... 
0 0 ... ... 
~ "' .n 
E E 
" ::i z z 

--- -- - ---- ·-

4 8 

6 8 

II 9 

4 8 

6 8 

II 8 

4 8 

6 8 

II 8 

4 . 8 

6 8 

II 12 

4 8 

6 8 

II 8 

4 16 i 

6 16 

II I6 

"' ~ ~· c . ;.; 0 >-. .£:'"0 ·- " 
-:;! "" 

0 

E~ ...... N 

.n " '° ~£ ~ ·s:o .8 Geographical position. '- "' § t; 2 ~ 
" 0 = ... ... " ·-e .... "' 0 

"' "'" ~ EJj 0. .n E "' E E c "C Ee~ 

"' z·- v 
I :::: ·- ~ 

'""' 
I:<: I z 

- ----- --- -- ----~--- ----------- -------\--------:-
I 

63. 47 86102. 08 +0.67 
! 
I 86Io2.75 

62. 6o 86001. 84 -+-o. 27 i 86oo2. I I 

63. 56 I 86o53.43 +0,70 86054. 13 

68.56 86087.93 +3-00 8~0.93 

69.04 85987. 21 +3· II 85990.32 

69.45 86038.73 ~-3. 35 86o42,08 

81. 77 I 86o12.o8 ...;-9, 05 86o21. 13 

81.61 8591 I. 30 --8. 67 85919.97 

82. 15 85962. 27 ' 9.07 85971, 34 

57.82 86101. 74 --I. 91 86o99,83 

58, 41 85996.76 -1.59 85995, 17 

6o.09 86o47. 77 .-o.86 86o46.9I 

57.33 86105. 91 -2. 14 86rn3. 77 

57.67 86005.04 -I. 19 86003. 13 

58.72 86o57. 14 --I. 48 86o55.66 

58, 34 86IIo. 98 --1. 67 86109, 31 

55, 12 86o12. 33 -3.04 86oo<).29 

55, 20 86o64.47 -3.06 86o61, 41 

L- ----------·--

Differences of pendulums. 

" , I 6 6 
~~tat10:~-1--4- -- ---·-·4·----1--1 11-

Auck]and j 100. 64 ' 

Sydney I 100. 61 

Singapore 101. 16 

Tokio 'j' 104. 66 
San Fra;cisco 100. 64 

Washington I IOO. 02 1 

_______ L ___________ _ 

52. 02 

5 I. 76 

51, 37 

52.92 5I. 74 

48. II 5a53 

~_:~ __ : __ 52, 1:.J 

Lat. 36° 5I' 5I" s. 
Long, Ilh 39m 07•.1 E. 

Height 261 feet. 

Lat, 33° 51 1 41'.1 S, 

Long, JOh 04m 50".8 E. 

Height 140 feet. 

Lat. I 0 16' 4611 J'.i. 

Long 6h 55"' 21• E. 

Height 45 feet. 

Lat. 35° 42' N, 

Long. 9h 19m 01• E. 

Height 20 feet. 

f Lat. 37° 47' 22" N, 

Long. 8h 09m 42•.7 W. 

Height 37 5 feet. 

Lat. 38° 581 1911.6 N, 

Long. 5h 04m 04•.4 W. 

Height 34 feet. 

- -- ---"- ---

• 
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On examining these results it is fouml that at Tokio the vibration number of pendulum .No. 
4 is between three and four vibrations too great, and will have to be rejected. I can only explain 
this discrepancy by the supposition that some foreign material was adhering to the pendulum 
during these observations. Great care was always taken in wiping the pendulums before suspend
ing them. 

The vibration numbers in column 7 Oil page 58 may be readily re(luced to any temperature 
aml density of air and corrected for elevation of station, for comparison with other results. This 
is not done here, as it is deemed advisable, at present! to publish this work simply as so many 
additional data to those already obtainml with the Kater pendulums, and to make no inference 
from them till similar data of Major Herschel's work in England and the U nitcd States have been 
received. 

I have the honor to be, ver~· respectfully, yours, 
EDWIN Sl\IlTil, 

A .. ssistant Coast and Geodetic Survey . 
• Prof. J.E. HILGA.RD, 

Superintendent Coast and Geodetic &urvey. 
H. Ex. 43--60 
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APPENDIX No. 15. 

ON THE USE OF THE NODDY FOR M};ASPRING THE AMPLITCDE OF RWA YING IX A PEXDn.rM 
SUPPORT. 

The" Noddy" is au instrument invented by Thomas Hanly, a well-known English clockmaker 
of the early part of this century. It was employed hy him aml ot!Jers to detect a11y oscillatory 
swaying of a pendulum support, but I use it to measure th\' amplitude of sucl1 swaying. It co11-
sists of a little pendulum supported, like an ordinary cloek pendnlnm, from a reed or spring; hut 
inRtead of hanging down it stands erect, Ro that gravit,v act.fl against the spring and canRes the 
pendulum, although quite short, to oscillate with the same natural period ai:; the gra,-ity pendulum, 
wl1ich hangs from and swa,vs the support. The instmmm1t. that was constructed after my deRign 
by the late l\:[. Breg·uet is firmly attached to a brass lwd-plate, resting on three .screw-feet.. 'l'l1P 

reed is 1 centimeter in Jeng·th, and from it 8priugs the staff of the noddy, consisting of a steel wire 
1 millimeter in lliameter autl abont !) centimeters long;. From t.lie lower part of the staff, just auove 
the attaelunent of the. reed, two short wires extend at right angles to the iixis of the staff aud in 
the plane of the oscillation; they lrnYe screw-t,hreads cut upon them, and citrry short brass <·.;din
ders through the axes of which tl1f•y pass, and which make the priucipa.l weight of tbe noddy. They 
can be scre\ved along the wires so as to adjust the equilibrium and alter the radius of gyration 
about an axis through the center of mass. Another weight, spherieal iu form, slides upon the staff 
of the noddy, and senes to adjust"the height of the center of mass. There are several setR of 
cylindrical weights and several sliding weights. At the top of tbe staff is fixed a small oblong 
frame carr.yiug a glass scale of hmths of millimete1·s, the lines being vertical and the scale running 
in the direction of the oscillatory motion. The scale is 10 centimeters from the attachment of the, 
staff to the reed. A pillar attached to the bed-plate, with its axis in the Yertical plane of the 
reed, carries a horizonta.I microscope. directed toward the scale. on the noddy, which is illuminated 
from an adjustable reflector behind. The microscope is focnsed with a ratchet; it is furnished 
with a draw-tube, and carries in tl1e focus of the eye-piece a horizontal scale or glass, t'Hch 
division of which is equivalent to about O"'m.03 in the focns of the objective as ordinarily used. 
The noddy is protected from currents of air by beiug iuclosed in a tight metallic cylinder, furnished 
with two plate-glass windows opposite to oue another at the level of the micrometer scale. 
This cylinder carries the reflector. It h; also furnished with a stop·cock, so that the air can he 
exhausted if desired. The upper ends of the screws of the screw-feet are point.NI like the lower 
ends, so as to serve as feet; and there is a wooden stand with rests for these feet, upon which the 
whole apparatus can be place(l upside down to permit the ohserqit.ion of tlw period of oscillation 
of the pendent noddy. 

We may first consider the case of the free oscillation of the noddy, and for the 1weRent we may 
neglect all resistance to its motion. Let us assume a system of rectangular co-ordinates having 
its origin at the root or fixed attachment of tlie reed, the axis of y being directed Yertically upwards 
and that of x being in the plane of oscillation. The axis of z is then para.He! to the axis of rotatiou, 
but tbe motion will ~ assumed to be in the plane of xy. Iiet a be tbe distance of any particle of 
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the reed from the root; H, the inclination of the reed to the vertical at the distances from the root; 
II, the whole length of the reed; e., the value of fl when s=S; 80 , the value of fl when s=O, so that 
Ho=O; h, the distance of the center of mass of the noddy from the attachment of the reed; x and y, 
the co-ordinates of this center of mass; I'• the radius of gyration of the noddy about an axis parallel 
to that of z and passing through the center of mass; <, the elasticity of the reed at any point, and 
we suppose this to be constant throughout the length of the reed; g, the acceleration of gravity; 
M, tl!e mass of the noddy (that of the reed heing neglected); E, the kinetic energy; r, the kinetic 
potency or positional energy. Then 

;t'= J:
5

sin fl . ds+h sin fJ, Y= .foscos H. ds+h cos fi, 

D,J'= f'cos (}. D, ds+h co:; fl,. D, fl, 
Jo . . 

D,;lJ= - J:'sin fJ. D,. dtB-h sin fl,. D, fl. 

Let fJ' be a qnantit,v which is the same fuuction of a variable s' that 8 is of s. Then we have 

E f' f f' . l fs a J\l =~ I ds' J 
0 

cos (f!-11'). D,H. D,01
• ds j +It D,e,. Jo cos (f!-H,). D,O. ds+~(lt2+r2)lD,H,) 

T E1· 1·• M=M 
0 

(D.H) 2 ds+g 
0 

cos H. ds+gh cos IJ, 

In the first approximatio11. we neglect the fourth power of fJ in comparison with the second, 
and with this ~implification we proceed to form the Lagrangian equations, according to the formula 

oE OT 
D, 0In1+ <M=O 

t 

The partial differential coefficients are to be taken on the hypothesis of a change in the value 

of H corresponding to a single Yalue of s, all other values remaining unchanged, so that 

o_(FIJ. ds -d 6'F H 
6'D,H - 8

• oD,H 

The partial difierential coefficient of tlie first term of~ is 

~ ds'}~
5

D, H. ds+~ ds.fo'DJI'. d11'=ds.fo'n,o. ds 

This tloes not, however, apply to O=O,; in that case the wl1ole effect iR given by the second 

and third terms of ~· The partial differential coefficient of the first term of ~ is most clearly 

deduced as follows: Let s,_., s,, s,+, be the distllnces of successive particles of the reed from the 
roo•, and let H,_,, H,, H,+, be the corresponding vah1es of 0. We have 

Let UR write 
I: 

as='' 
Then that part of the first Ulrm of~ which involves o, is 
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and the differential coefficient of this, relatively to H; is 

~ E M (-H;+1+2 H;-H,_,)=-MD,2 fl. ds 

But when s=S, the first term of the binomial expressing the part of [i to he <·onsitlered is to he 

struck otl', because there is no particle of the reed further from tl1e root; consequeutl_y ttie tlitter
ential coefficient then become8 

1/ E 
M (H.-fl.-i)=M D .. f! 

\Ve now see that the simplified Lagrangians are 

Difforeutiating the first of these equations relatively to s, we have 

If we write u for ..;ME , which has the dimension of a line. the solution to the last equation is g . 

where 611, @3, 613, are· arbitrary functions of the time, independent of s. Since H0=0, O=flz+ Eil3 ; so 
that 

It thus appears that the figure of the reed is a curve of sine8, or a part of such a curve, the wave

length being 2:_. 

We now form from the la8t equa,tion expressions for H, and forf," fl. ds, as well as for those 
terms of the two Lagrangians wbicb inYolve fl and its derh·atives; aw.l from this we eliminate 8 1 

and 6121 so as to make the La.grangians linear equations in fl, and J,.s fi. d.~. And l1ere it will he 
convenient to introduce the abbreviations 

fos IJ • ds 
x=-----o 

s 
ef.·=-

0 

s l • s P=IJ' cos - -ti SID -
(j (j 

h 
s . s 

q= COS -+o- SID -
(J <1 

Tbe expression just found for fJ then gives us 

E · g S g .8 
·· -··- D H =fJ1 - <i cos --8. - IJ' SID -
Mk • ' h ('J • h o-

-g 0,=-81 ~ ksin ~+e, i (k-h cos~) 
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Elimiuat.ing ~J 1 awl r..;1 first from the firi:;t thrf'e of these eqnations, an<l afterward from the first two 
and the sn111 of tl1e last two, we han•. 

f 
M J)/ H+[t H. 0 , g 

"' , sin 1f' , (1-cos 1/) =0 
X , (1-cos 1/"), 1(-siu '/' 

J,tfl D, H,+f! H,,-fp 'g-z lj 
.::. , sin 1f' , (l-cos if') 
x , (1-em; 1·), 1f'-si11 1(' 

\Ye hnve 011ly to replacf' the tin;t elMnent of each of tl.tese determinants hy itA valne a8 giwu 
lly Ollf' of tl1t• Lagra11giaus, 11aml·ly 

t<:) o11tai11 the LagTa11gim1s freP!l fro111 i1Hfot1•r111i11ate values of sand fJ. 'l'he two Lagrangians may 
now lw emliraei'll iu a siugle expresl'ion h;r the introduction of au indeterminate number, n. Namely, 
we m11ltipl~· the tirst by (1-nh) aml tl1e second hy nh, and a<l<l, when we get 

I 
(11+nr")I>/ 5-+aD,'x, 

-5' ' 
x ' 

- ngp, 
sin 1f', 

I-cos 1/', 

g-ngq I 
l-C081(' I =0 
1f--sin 1/ I 

The ahsch;;sa, x,, of a particle on the statl' of the noddy, at a distai!ce r ahoYe tl1e center of 
mass is 

Let p be the value of r for a 1iarticle so situated that it has a single harmonic motion. Then 
,,.< hei11g the abscissa, 

where T i8 the period of o:-<eillatiou. \Ve ma.r givt• 11 such a value that the equation combining the 
I~:tg-rm1gi:rns bernrnws ideutic~nlly e!]ual to this, tliat hi, to 

This g-iyes 

o• o• 
(lt+p) J>/.3+ pD/,r+'l'' (ll+p) ~+T' ax=O 

P=ny' 

I 1 -cos¢·, 1(-sin tf: I 
71' - np, l-1UJ r I-costf+n(h-q+ptf:) 
'l"(li+p)=fi-1 - ·sill 11·,-i-c?s1rl =g if sill¢.:.::.-2cr~-cos 1n · 

1-cos 11~, rf·-sm 1/• 

I -np, 1-nq l 
silll/', I-cos¢· n(<r-p)-sin¢1 

I sin tJ.·, 1:..::cos!f I =YfsiD.¢-.::..2(1-=costf·) 
1 -cos t/J, 1/·-sin tf· 

7T'J. 

'l" Ci=g 

I have carefully 11twfomwtl the elimination of p and n from these equations, and ha-ve thus 
obtained the quadratic 
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The proper ar~justrnent of the noddy requires p to be a very short length. The eoeltkieut 
of the firl'lt term ought also to be small. Then the Rolutiou of the quadratic is 

0
2 =~ (h

2+r2t-(}"2
) 1!_i11J-'.1Pt/' r l± / y 2<Jp-(2 ,~ersI1ilf·--{sii\;;T) 

gT1 ~y20 (2 ver sm 1/·-f sm t/·)\ -v 1- 4 l(1i2+r2+ir2) sin 1(::.:.op{l2, 

and the approximate values of the roots are 

_02 
_ (h2+r2+<J2

) sin "'-opif· _h2+r2+02+Sh-80 cot 1/· 

r/N-7/2 0 (2ver-siil 1/-=tr si1l-lf·>- y 2 (20 tan 2 1f·-S) 

The latter root represents the principal component of the oscillation. The correspoudi11g 
values of p are 

cr2 (<J ) . k -S - cot 1.·-l _ (h2+o2 ) sm 1f'-op1/· + h h 1 
Pi------·--·----·· - - -- -- ---=-- ----- ---- -- -- -· - - _ 2 (11

2+r2+a2
) siu 1·-".!.op tan 1 !/· 

fJ.i-Y (h2+.)12+02 -ts1i~So cot 1/·) (o-p) 6-p . <5 
~+ h tan~ 1/' 

For any fixed Yalue of C:·, the first component oscillation will be infinitel;y rapid wlien 

that is, when 

and the second component oscillation wrn have a period of infinite length when 

that is, wheu 

(j' 

It cot, •.'·-1=0 

t--\ 6 
tan =, () t 

This affords a means of determining t11 by measnrillg h when the adjustment is such as to giYe this 
condition of things. 

The amplitudes of the two componmit oscillations depelHl upon the manner iu which tl1e noddy 
is set into motion, but the second will us.uall.Y be the principal one and the first will be iuseusible; 
the nodtly will consequently rotate about a fixed point determined by the \'alue of p1• 

When the noddy is in the pendent 1>osition the vertical co·ordinates may be taken to increase 

downwards. Then, those terms of {; which involve g will have their signs reversed. The equa

tion to determine the figure of the reed will accordingly be 

e 
- D 3 8-g D 8=0 M • • 

The solution of this contains gudermannia.n instead of trigonometric functions, and may be 
written 

8=-8 sinh s_+e cosh !_+e3 
I (1 • () 

and since as before 
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this takes the forrn 

This gives us 

where 

UNITED STA.TES COAST A.ND GEODETIC SURVEY. 

.9+(-:,11 siuh 1/,-E>,(coshtf·-l)=o 

x+ r..;, ( cosh rf'-1 )-8, ( siuh 1f'-1f)=o 

+ _M: n; fl- 9 R-u 82=0 

-_M11 D,t1.-gt1,-eJ{iP'+e. ( +iq'-u)=o 

p'=h sinh rf'+ o cosb ¢' 
q'=h cosh 1/+ <I sinh 1/· 

Thus the Lagrangians become 

.S , sinh ¢' , cosh ¢- 1 =0 l 
h D~ .s+aD',x, o ,+g I 

x , cosh if:-1, sinh ifJ-1/J 

(h+~) D~.9+0-D~x. - ~ p', -1 qi+ g] =o 
9- sinh ¢· , cosh ¢· - 1 
x cosb 1f;-l, sinb tf·-1(' I 

and their combination is 

I 
(h+ny2

) Dt2.9+0Dt2X, -:ngp' , g-_ngq' I 
,S , smh 1/· , cosh if:-1 =0 
x , cosh 1/·-l, sinh 1/•-1/· 

The equations to determine p and T are 
µ=ny2, 

I cosb 1/·-l, sinb rf·-¢ I 
n~ ., -np' , 1-nq' cosh tf•-l+n (-h+q'-p'if.•) 
T2 (h+ny-) =u I smh !/J 'cosh ¢-l 1 =u-i:qcoshiJ:-l)=lfsirih_¢_ 

cosh i/'-1, sinh if·-1/) 

1

-np' , 1-nq' I 
n' sinh ¢ , cosh i/)-1 -sinh 1p+n (p'-o-) 
1'2 o=g sinh ¢ , cosli-¢=1-\ =U2(cosh ¢-1)-=-ifsiiih tf• 

cosh ¢•-1, sinh 1/·-tf· 

The elimiuatiou of n gives 

;;, y2<Y!~ (cosb 1f"-l) -1/· siuh 1f'! -Jf,Hh'+ r 2-<Y2) siuh t{·-irp'¢+2hcr (cosh ¢-1)! +P'=O 

and the approximate values of the rootR 11.re 

11:
2 _(h2+r2-<Y2

) !:liuh 1J:-<fJJ'¢+2A11 (oosh ¢·-1) 
uT12 - - - ·· y20-[:f(oos:ili/;=1)-4 sinh ¢)--

1+}coth ¢ 
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When the noddy stands on the support of a gravity pendulum oscillating in the same plane, 
we may neglect the iafiuence of the former upon the latter. Then if E. be the horizontal displace
ment of the support, we have 

D,x= .£5

cos fi. D fi. cis+hcm; ~. U -9+D,~ 

Consequently~ is increased by the terms 

D,e f
0

5

em1 B. D, fJ. <l8+h cos -9. U, S. D ~+~ (D, E)2 

The first Lagrangian heretofore considered will be increased hy D; !;, awl the second by h n; E.. 
The figure of the reed will not be affected, and the corn bin a tiou of the Lagraugiaus will simply have 
D; ;; added to it. We will now write 

where 3 is the constant amplitude of oscillation of the support allll T' h; the period of the gra\'itr 
pendulum. Thus, the difierential equation for xP becomes 

2 2 t 
D,Z [(h+p) s-+o xJ+T2 [(h+p)S +<rx]-,f,2 E cosT17T=0 

This will add to the motion of x Pa harmonic component, ha Ying tlie period T', so that it will be 

, • t-to t 
(h+p) .S+ox=Xcos-T 7T-QcosT, 7T 

To determine Q we take the second derh·a.tiYe: 

7lz nZ _ t 
=-r_rz[(h+i;)-9+ ux+Tti,.:;CORT' 

Thus we have 

or 

.. 
But the noddy has no oscillation to begin with. This f<wt is represented by the equations 

Hence 

This equation shows that the noddy would oscillate with a period, a sort of mean between its 
natural period and that of the gravity pendulum. The amplitude of oscillation would incrcas(' 
from nothing at an initial rate not much affected by the value of (T - T') m1til it would reach its 
maximum, when , 

H. Ex. 43--61 

TT' 
t=T-T' 
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.A.t the beginning the noddy would be a quarter of a phase behind the gravity pendulum; at the 
maxiruum mmillation of the noddy it woul<l be in opposition to the pendulum; and when it was 
re'luced to re~'lt again it would be a quadrant in advance. It would then start up as before. 

In considering the influence of the gravity pendulum upon the noddy, however, it is essential 
to take account of the resistance to the motion of the latter, owing to the internal friction of the 
spring and to the viscosity of the air. The dissipation produced by the former cause will be 

s 
~ µ J (D, 8)2 ils 

0 

where JL is a constant. This will add the term 

~D,B 

to the first Lagrangian. It will slightly change the figure of the spring, and the equation to deter
miue this will be a partial differential equation, showing that the wave-length will not be constant. 
But this effect will be •cry small aud may be neglected. Neglecting also the effect of the resist
ance upon the period of the motion, we find that if the natural motion of the noddy is 

,)l"B" , t 
(h + p) s + ox = (-j e cos T n 

then its motion under the influence of the pendulum is 

where 
A 

tau c..1=B 

It will be seeu that the uatural period and rate of decrement of the arc of the noddy have to 
be obserrnd, and that weighings and measures of its parts have to be made so as to calculate 
p1-p-1• Then, it is necessary to observe, while the gravity pendulum is swinging, tbe relative am
plitmle and phase of the motion of the noddy. 

I have made considerable use of the instrument, and find it gives results agreeing within a few 
per cent., and that it is on the whole a tolerably satisfactory way of determining the amount of 
swa,ying of a pendulum support. 



 

APPENDIX No. 16. 

NOTE ON THE EFFECT OF THE J<'LEXURE OP A PEXDULU~f UPON JT:,;. PJ-:HIOD OP OSCILLATJOX. 

lly C. S. PEIRCE, As"i>"tant_ 

In determining the accelerat.ion of gravity, it is necessar.r to consider the effect of the tlexure 
of the pendulum during its oscillation. 

Suppose, first, that a peudulum, otherwise rigid, has an elastic joint parallel to the knife-edge 
and at a distance r vertically below it in the position of repose. liet m11 be the mass of the piece 
of the pendulum connected with the knife, m that of the piece jointed to it; '1 0 the distance of the cen· 
ter of mass of the first piece below the knife-edge in the position of repose, It that of tlle st•coud piece 
below the joint; Yr and r the radii of g,rration of the two pieces about axes through their centers 
of mass 11arallel to the knifo-edge; &0 and 11= &0+ ot! the angular di:-;placenwnts of the t\\'O pit>ccR 

about their centers from the position of repose of the whole pemlulum. J,et Ebe the coeflicieat of 
elasticity of the joint. With this notation, the kinetic potency* is written 

F=gm0 h0 (1-cos fJ0 )+gmr (1-cos fJ0 )+gmh (1-cos fl)+~s (M1)2 

If the differential equations were formed, were made linear by the omission of terms of liig-lrnr 
degrees, and were then resolYed, the motiou would he seen to consist of two harmonic components, 
the amplitudes of which are arhitrary constants. It is, therefore, pos~dhle for one of these to van
isll, and we may assume such an equation between fJ and 1:10 as to bring aboat this result. 'l'his 
equation must express the condition that the kinetic potency shall be a minimum. It is, there
fore, 

or 
gmh . 

MJ= -- ----sm fi 
e 

The elasticity of the joint might be measured by holding the first piece of the pendulum firmly in 
the horizontal position, while the second piece stood out straight, and measuring the angular tlex
ure at the joint. Denoting this by w, the last equation gives 

gmh 
w=-----

e 

•The termpotmitial energy grates upon the ear of a student of Aristotelian philosophy, because bot~ words dcriYe 
their whole standing in language from that philosophy, and in their proper meanings are directly contradictory of one 
another. "Energy" means actuality, and "potential" means not yet actualized, RO that potential energy iR uuactual 
actna.lity. The conception of half the vis viva as an actuality or energy of which the negative of the potential is the 
corresponding potency or power, seems preferable to the contrary conception that the latter is the real "work" "r per
forma.noo, and the former merely the "power" or vu which develops it; because the negativi; of the potential may 
subsist for any length of time, but always tends to produce vis viva, while the vis viva must increase or tliminish and 
does not particularly tend to do either rather than the other. I shall, therefore, venture to call f:Smv• the kinetic act 
or kinetic energy a.nd the negative of the potential, the kinetic power or kinetic potcncr. For the sum of the two I 
olQl think of no better term than mol\1'ity or ki-'8. 

41!3 



 

484 UNITED STATE1:5 COAST AND GEODETIC SURVEY. 

Neglecting the square of H (and a fortiori of w) 

'I'o find the kinetic energy, we assume a system of rectangular co-ordinates having the origin 
at the middle of tlie knife-edge, the axi:,; of y lwing directed vertically downwards, and that of x 
Rideways, perpendicufar to the knife-edge. Then, writing the co-ordinates of the centflr of mass of' 
the first piece .v0 and y0 , those of that of the second piece x and y, we have 

.'l?=r sin o.+h 8ill fl y=r cos oo+ h cos fl 

(D,;r 0)'+(1\ .1/o)'=h'0 (D, fl,,)' 

The kinetic energy is, therefore, 

Neglecting the square of H, the differential equations are 

[m.,(h2,.+r'u)+mr] l)2, flo+(gm"h"+grnL+f) f.10 +nu·hD,2 0-cfi=O 

Using the 11otation 

N=BH-E 

we have the two ap1n'oximate values 

If we mea1:mre the elasticity by holding the second piece in a rigidly horizontal position and 
ohst-rving the angular sagging at the joint due to the weight of tLe first piece, we have for the 
yalne of this angle 

Snustituting we get 

B=g (mu h0 +mr+mh tf,·-1) 

'1'11cm 

M=gmh [m .. (ho'+rn')+mr] (l+ip-1)+gm (h2+y2
) (m0 ho+mr+mh ip-1)+2 gm2 rh9 ip-1 

1f' M=gmh [mo (h,'+ro')+m (h+r)'+1ny2]+gmh [mo (lto'+y02)+mr+h~±X~(m0 li0+mr)] Ii 

N =g2111h (mJt0+1nr+mhip-1) (l+1/r1)-g2m2h2¢)-2 

1f'N =g2mh [m0h0+m (h+r)] + ffmk (moko+mr) ¢ 

L=m (h"+ y~) [mo (1to2 + y,,2) +mr2] -m2r2lt2=m(lt'+y2 ) m0 (Tz0
2+y02) +m2y2r2 

If we now write 
M=m0+m 

MH=moho+m (h+r) 
MHL=tno (ho2+ro2

) +m l(r+h)2 +rJ 
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and if we denote the period of oscillation by ·r+LIT, then when¢ vanishes 

'f=n~ 
and 

2
_

112 
MHI~+ { MHL+( mo~-m )(h2+y2)+mr(~

2

-h)} ~1 
(T+L1T) - g . MH+ {MH-mh] If . 

LJT _ i S ~mo~ -m) (1~2+ y:)+mr( ~ -h) + f11,li_ l ¢' 
T -2 ~ MHL MHS 

If there are a number of stiff joints, the sum of their separate effects gives their combined effect. 
It appears, therefore, that the effect of the flexure of a pendulum upon its period of oscillation 

is virtually to lengthen it by a quantity which is generally of the same order of magnitude as the 
amount by which one extremity of the pendulum would sag if the other end were held rigidly 
horizontal. This must be quite a considerable quantity for all the reversible pendulums which 
have ever been constructed. 
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APPENDIX No. 17. 

DESCRIPTION OF A MODEL OF THE DEPTHS 01'' THE SEA IN THE BAY OF NORTH AMERICA AND 
GULF OF MEXICO. 

fAppendix No. 17 will appear at the end of this volume.] 
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CORRECTIONS 

To Appendices Nos. 15 and 16, Coast and Geodetic Survey Bep<>rt for 1884. 

APPENDIX 15. 

Page 475, line 13, last word ::For tkey read tltese. 
Page 4751 line 23, last word but two: For or read on. 
Page 476 et Beq. passim: For the upper limit of integration, instead of s read S. 
Page 476, :Mand 4th fonnulrn: For DtdB read D,6.ds. 
Page 476, 5th formula: Lower Hmit of integration is 0. 
Page 47G, 7th and 8th formulm: The signs of variation should be signs of partial differentiation. 
Page 47i, 2d formula: For D,.9 read D,tl. 
Page 478, 4th formula: For =f= rea<l +. 
Page 478, 7th formula should read 

Also in the line above, for x• read XP· 
Page 4et, 1st auc12d formulre': ThC:differentiation is in every case relative tot. 
Page 48'2, 5tl1 line from bottom: for;p.- P• read Pi and P•· 
Page 482, 2d line from the bottom,: 6th word: For is read affords. 

APPENDIX 16. 

Page 484, 10th and lSth fonnulm: For gmL rea.i:gmr. 
Pages 4034 and 485: The formuhe do not agree with the definition of t/J. They would be right if oo were every

where substituted for'¢, or if 1" were defined so as to be synonymous with ro. 
The M, H, and L of the three last liues of page 484 and page 485 should have been printed in Old English type 

to distinguish them from the letters ueell above. 
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App E N D Ix N o. 1 8. 

BRIEF ACCOCNT OF THE EXHIBIT l\IADE BY THE COAST AND GEODETIC SURVEY AT THE SOlITHERN 
EXPOSITION, LOUISVILU~. KY. 

By H. -W-. BLAIR, AssiHta.nt. 

PREl"ATOH.Y NOTE. 

A bo11t tbe middle of July, 1883, Assistant H. W. Blair was inRtructed to prepare, under the dL 
n·c1iou of th<~ A,:-ist.mt in cl1arge of the Ofilee, a <'ollectio11 of im;trnrnPntt' mid apparatus that should 
fairly illul"<tr<1tP tile ,.;f'H'nd br.mches of fi<~ld-work of the Coast and Geodetic Survey, and the 
wetl10ds of work iu tht Office of Weights and Measures. This collection, together with a set of 
the pnhlicatious of the Smvey, he was directed to arrange for Exhibition at the Southern Exposi
tion, held in Lonis\ille in tbe smnmer and mltnmn of 188,). 

Mr. Blair stl;ltes that the Exposition, as a wb.ole, was illustrative principally of the manufact
uring aml agricultural interests of the couutry, hut that there mauy were fine commercial exhibits 
and displa;ys of art work, and that 1 he displaj·s of a scientific character were confiued mainly to the 
applicatious of electricity as a light-producing and as a motive power, and to the exhibits made by 
the United States Government, in which, besides the Coast and Geodetic Survey, eight other Gov
ernment bureaus wen• represented. 

The o'hjt:ct which attracted most attention in the Coast and Geodetic Survey exhibit, Mr. Blair 
observes, was the model of the G n lf of l\f exico. Senral applications for copies of it were received 
and many special visits were made to it bj· classes of advanced students, principals of schools, and 
others intereHted in geographical and geological studies. Reference is made to this model in Mr. 
Blair's account of the exhibit of the Sur·ny, nnd a full deRcriptiou of it, aR since enlarged and ex
tended to inclu(le the Bay of North America will be found in Appendix No. ·17. 

At the close of the Exposition two awards were made to the Coast and Geodetic Survey; one of 
these was a medal for its exhibit as a whole, and the other a diploma for the Line and End Com
parator. 

For courtesies extended by the manager of the Exposition, Maj. J.M. Wright, and by other 
officials, and for the a:ssistance rendered and kindness sbown by Prof. J. R. Procter, State Geologist 
of Kcutuck.y, who had general charge of the placing of the Gonrnment exhibits, Mr. Blair ex
presses his high ltJlpreciation. 

ACCOUNT OF 'l'HE OOAS'l' AN11 GEODETIC SU~VEY EXHIBIT A'I' THE SOUTHERN EXPOSITlON. 

This exhibit. shows tlie principal iustruments used in the geodetic, astronomical, topographic, 
bydrographic, and magnetic work of the Sun·ey, witl1 illustrations of the results of the work shown 
by a selection of the published charts, a cOJl(•ctiou of the principal scientific papers, aud a relief 
mod~l of the Gulf of :Me:xico constructed from .data ohtained in a thorough h~ drographic sune.Y 
of that body of water. The co1Jection further includes an exhibit from 1he UnitPd States Bureau 
of Weights and Measures, which is undn the care and direction of the Su1lerintendent of the Coast 
and Geodetic Survey. 

Taken in detail the exhibit may be classified as follows: 
H. Ex. 43--6Z 489 



 

490 U.N"lTED STATES COAST AND GEODETIC SURVEY,.. 

l. GEODESY. 

'rl1ii-; devartmcnt of thP work is represented by two theodoliteti, such as are mmd in primary 
and secondary triangulation, and by two \arieties of heliotropes. 

'l'he larger of the two theodnlites has a <~ircle of 16 inclles diameter awl the limb is divided to 
5' of arc. By three filar micro111t't11r microscopes situated at equal angular intervals of 120°, the 
circle is read to single seconds, and with the meth0tl of observing pursued, the average probable 
error of a final rnea11 directio11 measured with i11Rtrn11w11ts of this class is less than 0".2. In this 
instrument the circle, spindlP, a1id all working partii ar1' made of il'ou, greatly reducing the trouble 
experienced from unequal expansion in the exposm·p to which the instrument is unavohlably sub. 
jecteu in field use, and which is a serious source of annoyance and error when the theodolite iR 
made pm;tly of irou and partly of braf'ls, or entirel.Y of brass, which has a much higher co-efficient 
of expansion than iron. The telescope i" supported on the improved Fauth & Co. horned Vs, 
cast in one piece, gi\'iug far greatPr stability than when supported on two pillars. It also bas the 
impro,·ed clamp deYised by G. N. Saegmullcr, chief mechanician of the Sur,ey. The telescop11 
ha8 an aperture of 3 inches, a focal length of 34 inches, and the magnifying power orrlinarily m;ed 
is about HO diameters. Atl<litional eye-pieces, furnished with the instrument, give other powers 
greater and less than this. \Vith a theodolite similar to this, aml with a telescope equal in size 
and power, observations were made in California between two points 192 miles distant. This is 
the longest line ever observe<l in geodetic work. 

The Hrnaller theodolitP has an S-inch t•irr·li• d iYi<le<l to 10', and reach• to single seconds h~- two 
filar 111iero111l'll'r 111i1'.ros1•opt·s J,>;(P ap;trt. It il:1;; thP ,;an"' sty!<- 1>f horned Vs ai1d clamp as the 
larger iustr1111w11t. Tht- tdPscnp1• lrns a11 aperture of l~ iucht'l'l, a focal length of 18 inches, and a 
magnif.yi11g power of about;!:; diametm·s. ln,;tnrnwnts of this ela,;s are used for secondary trian
gulation where the sidet1 are from 5 to 20 miles in length. The probaole error of an observed 
direction is generally between 0".3 and 0" .4. 

Both theodolites are provided with delicate striding levels and with illuminating lamps for 
night work. 

Heliotropes are used for ohserYing upon stations at which, from distance, smoke, or haze, an 
ordinary signal pole would be invisible. In their usual form they consist of a mirror or system of 
mirrors so mounted that when the iustrmnent is directed towards a dil'ltant i-;tation the sun'" fit,ys 
are reflected by the mirror to that point, a.nd the ob!'lmTet' there makes his poi11tiugs upon the 
reflected point of light, as upon an ordiuar;v signal pole. Heliotropes were used with perfect 
success on the long line aho,·e mentioned, and upon several others exceeding 150 miles in length. 

lJ. .ASTRONOMY. 

Tliis hra11d1 of the Survey is represented by a theodolite for azimuth observations, a zenith 
WIPsco1w for latitude work, au electric chronograph for reconii11g time observations, and a break
circnit ~11ro11orneter. .A !so b~· a sextant, wttich, howeyer, comes more properly under the head of 
hydrographie iustrnments. 

'l'he thPodolite iR the larger one above described, and the method usuall_y followed in observing 
for azimuth iH to measure the angle between a terrestrial ol~ject and a eircumpolar star near eastern 
or westem elongation. 

The zenith t!:'lei,;cope iH used exclusively for tl.Je determination oflatitude by the Talcott method, 
which c011sists in ohsening 1>tars. iu pairs, the stars being 011 opposite sides of the zenith and at so 
nearly the same zenith distauce that the <l~fferenee of their zenith distances may he measured by a 
micromet.ert>;Ye-piece. The uncertainty of absolute measures of zenith distance is thm1 ob\·iated, and 
the quantities to be measured heiug small, mid the value of the mierometer being capable of the most 
accurate determination, thl' rPsulting enor of measurement is a minimum. Also the uncertainty of 
atmospheric refraction ii,; almost eliminated. "\\'ith as many as twenty pairs (the usual number) 
the probable frror of the resulting· latitude ii,; about 0".1. 

The electric chronograph, in couuection with the break-circuit cbrouometer, makeH a continuous 
tiine record on a reYoh-ing druru. Tl1e dmm revolws once a minute, being regulated in its moYe
ments l>y a centrifugal goYemor of a Dew form devised by the chief mecbanician of the Survey. 
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A pen makes a continuous 8piral on tLe drum, and is iu an electric circuit which is hroken every 
second (or two second!'l) by the hreak-cir<~uit chronometer, a111l the break registers on the chrono
graph sheet. The end of the minute is marked by the omission (or interpolation) of a break at the 
fifty-ninth second. The first minute break lieing uoted, the clnouograph sheet will make a con
tinuou.s time record for the time that thP chronogTaph is running. The electric circuit passing 
through the chronometer and pen passes also to the instrument where the olJserver iF<, and is liy 
him broken at the instant of obserYation, the break registeriug on the chronograph sheet. 

III. TOPOGHAl'HY .. 
Is represented by a plane-table complete in all its parts and ready for field use. \Vith this 
instrument and a telemeter roil complete topogr aphital suneys are made, the country being 
mapped as the field-work progresses. 

IV. HYDROGRAPHY. 

This branch of the Survey is represented by a sextant, for tlie determination of time and lati
tude at sea and on land, and for hydrographic work for mea:;:nrement of augles not exceediug 1200; 
by mercurial and metallic maximum and minimum thermometers, used in taking deep-sea temper
atures; two varieties of logs or current meters, for determination of speed of a vessel through the 
water, or velocity of a current, and b~- t.wn varietieR of saliuurneters, as used for the determination 
of the density of sea water. One form is the ordinary float with graduated stem, the density being 
directly indicateu lJy tbe depth to which tlH=' tloat sinh. This form cannot lJe used at st>a where 
the motion of the vessel would preYent the float from settliug. l 1'or determinatiom; at sea au 
optical densimeter is use.d, the construction of which llllpemls upou the refractive index of watel'. 
In principle, the apparatus'is a spectroscope, the prism lieing a pl'ism of the wate1· to he examined. 
The water is held in a triangular bottle. In two sides of the bottle are circular windows closed 
by pieces of the finest parallel glass. The ra~- of light passing through these windows passes 
through a prism whose density changes with the density of tl1e water held in the bottle. The 
angle of the spectroscope being adapted for the angular refraction b,y a prism of distilled water, 
the field of the receiving glass ill made suclJ that tlie differenee of refraction by distilled water aud 
by sea water ma._y be measured with an e;re-piece micrometer. A 8odium fianw ii;; nHf'<l, and thP 
object observed is the bright sodium liue of tl:e ).] ectrurn. 'The instrumental coJJstants an• 
determined at the outset by e:xperirn<>nts upon waters of known dcusities, after which the simple 
micrometer readings, corrected for the tempera tun' oft hl' water specimens, give the densit.y. The 
instrument was devised b~' Prof. J.E. Bilganl, the prese11t Superintendeut of the Survt>y. It is 
described and figured in Appendix No. 10, Report for 1877. 

V. MAGNETICS. 

The instruments representing· this brauch of the SmTey are a unifilar maguetometer and a 
dip-circle. The former is used for the ddermination of the magnetic declination, or variation of 
the needle, and the lwri,;;ontal component of the magnetic force. A holJow magnet, having at one 
end a scale which is in the principal focus of a collimating lens at the other end, is suspended by 
a single delicate sHk fiber. The scale reading corresponding to the magnetic axis is determined 
by suitable observations. The fiber having been freed from torsion as far as possible, and the 
magnet being allowed to hang free, it settles into the rnaguetic meridian, and pointings upon the 
proper scale division represent pointings upon the magnetic meridian. \Vith a small theodolite 
attached to the instrument there is measured t be angle between the magnetic meridian and any 
convenient terrestrial mark. The azimuth of.the latter from the instrument being determined by 
other observations, we derive the angle between the true a11d magnetic meridian, or the magnetic 
declination. The horizontal component of the magnetic force is deduced from observation!l of the 
time of vibration when the magnet is ge11tl;y drawn from the magnetic meridian and allowed to 
oscillate freely, these observations being combined with others which iudicate the power of the 
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magnet to deflect from the magnetic meridian another magnet suspended in its place, the former 
magnet beiug applied at right angles to the maguetic meridian aml at known distanceR thnefrorn. 

The dip-cirr.le is used for the determination of tlle magnetic dip which iR derived from the 
din~ct readings 011 a vertical circle of a magnet mounted to swing free!~· in a vertical plane. The 
vertical comp011c•nt of tlie magnetic force is deduced from the observed effect of known weights 
ap11lfrd iwar one or the other end of the needle a'; known distances from its axi8. 

YI. PrnLICA 'l'IONS. 

The puhliC'atious of the Sune;y are rl:'preeented li;v a set of the volumes of the annual reports; 
by various scieutific worlrn, or papers, publiehed separately from the annual reports; !Jy volumes 
of the Coast I'ilot; copies of the annual Tide Tables for the Atlantic and Pacific coasts; a catalogue 
of 11pwards of six lmudred dwrt1> published by the Sunpy; a selection of the principal copper 
plates, lithographic, and pbotolithographic charts, and by a large isogouic chart, iu two sheets, 
of the magnetic declination in the United States. 

VII. MISCELLANEOUS. 

In addition to the above there is a model of tlie obserYing tripod as used in fiat or wooded coun
tries, to overcome the cun·ature, or to eleYate a theodolite above trees. The one here shown is a 
model of one in which the instrument was mounted at a height of 106 feet from the ground. 

There ii:; also sliown a 11ew form of leYel lmlh, the device of G. ~. Saegmuller, chief mechani
cian of the Coast and Geodetic Sur~ey. The level bulbs are frequently impaired by leakage or by 
the formation of crystals on the inner surface of the tube. Iu the ordinary form, where the end 
of the tube is bermeticalJ~· sealed, it is impossible to repair or remedy these defects. In the form 
liere showu, oue eml is draw11 to 11H' shape of a neck of a bottle which is ground, and ::t gronnd
glass sto1ippr h; fitted to it. When the tube ii,; fillc·d the eud is closed, at1d the stopper held in 
place with a little wax. If trouble occurs from leakage, or from the formation of crystals, it is a 
simple matter to remove the stopper and fill or clean the tube. 

A model of the Gulf of Mexico illustrates the results of bydrograp1iic surve;ys made in 1876-'78 
h.v the Coast Sur-.ey steamer make. This model shows in a striking manner the formation of the 
bottom of the Gulf; the ver_y gradual ~leepening of tlte water all aloug the coast of the United 
Htates, except immediately off tlle mout11 of the Mississip1>i RiYer, where the 100.fatborn curve 
come;:; witbiu a few miles of land, while off the Wf'Rti>rn coaRt of Flori<l::i (:rnd aJ;:;o off the northern 
ernl of Yucatm1) tllis curve is at i,;oml' poi11ts !learl_y a 111rndrt>d mile8 from lam!. On passing the 
100-iathom curve the descent is everywhere vei-,y rapid to a comparativdy level bottom at a depth 
excerding 2,000 fathoms. 'fbe narrow and comparatively shallow outlet of the Gulf Stream is for
cibly shown, as also the much greater depth of the inlet from the Caribbean Sea. 

VIII. 'VEIGHTS AND MEASUI-1,ES. 

B~, custom the English system of weights and measures is ordinaril~' used in the United 
States for the purposes of trade and commerce, but by act of Congress the metric system is 
legalized and is much used in scientific work. The General Government has supplied to each 
State full sets of weigl1ts and measures of each system, and a complete set of both is here 
exbihited. Tl1e customary Ret comprises a half-bushel, peck, half-peck, and quart, made of brass; 
a gallon, quart, and pint, made of white meta:] ; weights from 25 pounds to one-quarter ounce and 
from 500 grains to ~O grains, of brass, and from 10 grains to 1 grain, of aluminium, the series 
allowing the formation of an~' combination from 1 grain to 51 pounds; and a yard scale divided 
to inches and tentl1s, with a matrix for the comparison of end ~-ards. 

The metric set comprises a brass line meter, subdivided to decimeters, centimeters and 
millimeters, with a tracing apparatus for copying from these onto another bar; a steel end.meter; 
a brass myriagram, kilogram demi.kilogram and gram, with subdivisions of the latter in platinum; 
and a brass liter and dekaliter. 

The weights and measmes exhibit further comprises a delica.te comparing apparatus for the 
micrometric com11arison of standard line measures from a decimeter to a meter in length. This 
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ap1iaratus is made after designs suhmitted b;r :M:r. H. "\Y. Blair, of tlrn Weight8 ancl Measures Oflice. 
It consists of what may be called an optical beam compass, b_y 'l"l'lJich two 11ow!'rful mic1·0111Pter 
microsco1)es may be placed at any de8irell distance apart from a meter to a decirnetl•1-. A i-;imple 
mechanism permits a lateral motion of several inches, longitudinal motion being at tht- s;une tinw 
restricted to a quantity never exceeding a tbou8andth of an inch. Beneath the micror;cop('8 ifl a 
system of roller supports, by which the two bars may be iudependentl;r supported and owparately 

· adjusted and focussed under the microscope8. The bars being acljustc,d, the beam compa:;s is 
brought over one of them, being arrested at the proper point l1y two stovs, aml micromder read
ings are taken on the defining lines of tl1e measure. By a len•r mo\·ernellt the lwam compass ii'! 
then moved over the other bar, being again arrested by anotbn pair of stops, and the <lift'erence 
between the bars is mea.mred by the two micrometers. ULsen·atiolls may lie repeated with great 
ease and rapidity. The temperature is 11oted b.r thermon:.l'lers laid upou the liars, au<l tl1e whole 
apparatus is covered with a heayy glass case to shield the bars from the effect of the 1H0at of the 
obsen·er's person. The microsco1)es have a power of about GO diamctPrn, a11<l the micrometers 
are such that one division of the graduated bead represents a linear Yalne of one eigbty-tbousa]l(lth1> 
(1-80,000) of an inch. 



 

Blank page retained for pagination 



 

APPENDIX .Ko. lH. 

HIRTORY or,· DTRCOVRRY Al\!> EXPLOIUTJOK O;\' Tin~ ('l),\t-;TI' 01' THE l'XITEll ~TATES. 

Hy .T. Cci-. KOHL, Ph. D. 

PHEF.A.TOltY NO'l'K 

Tht• historical accounts here girnn of rli,.coYery and exploration on the cnasts of the United 
States were prc>pared by Ur. ,J. G. Kohl, a g<·ogrnpher of disti11ctim1, at the illst:mce of Prof . .A. 
D. Bache, the Snpcri11ternlc11t of tht• Coast ;-ltn·1·ey at the tirne (18;')4) of Dr. Kolil's dsit to this 
countr,y. But a few years had then chtp::wd since the beginning of the surwy 011 the Pacific 
coast, and the waut of an authoritatin~ :wd couueetcd account of early exploration upon that coast 
was greatly folt. Trustworthy data were needed to estalJlish the origin of geographical names, 
to decide disputed points of ortbograph,Y, to i<fontif_y localities uametl by early explorers, and to 
show the condition of discovery and fix tile limit of geographical knowlellge at varion,; pe.riods. 

The work undertaken by Dr. Kohl included, at the request of Professor Bache, in addition to 
the historical account, a general map illustrating it, a collection of maps showing the range and 
limits appe.rtaining to each discoverer and explorC'r, a list of names of hays, capes, harbors, &<'., 
with critieal remark;;, arn1 a catalogue of I.woks, maps, mauuscriptt:i, &c., relative to discoveries. 

In so sati;;factory a manner was this work performed for the. Pacific coast that Dr. Kohl was 
asked to undertake a similar work for the coast of the Atlantic and Gulf of ~foxico. Upon its 
completion the entire work was depositccl for reference in the itrclii ves of tlie S1uvey. Means for itis 
publication, aR a whole, uot having been available, it has now been deemed desirable to pulilisli 
the historical portions in the form of an appendix to this report. To each memoir is appended a list 
of the collection of maps. Some of tllese maps are copied from origiua.ls, others from old manu
scripts or rare prints, and those of more modern origin are of interest as links in tlie cliain of his· 
torical connection. 

ABSTRACT OF CONTENTS. 

HiBtory of disrAJvery and exploration on the Atlantic coast <>f the United StaleB. 

The Northmen (982 to 1,347).-Set.flement in Gnnbiorn's Lanrl or Greenland iu !1"12. Explorations from Gn·cnl:wd 
to the southwest in the years 1000 and 1001. Also between 1002 and 1007, followl'd by a set.tlcmcnt in Yinlanrl
supposed to be on Narraga11sett Bay, Decline of the Scandinavian culonieH in Greenland; la8t expeditiou to ea8tern 
coat1t of North America in 1347. 

Seba11tian Cabot (1497).-Voyage to Newfoundla1ul, and thence Bouthwardly-snpposed as far as the entrance to 
Delaware Bay. Delineation of eastern coast of North America according to Cabot on map of .Juan rle la Cosa Ill th1• 
year 1500. 

Ponce ik Leo11 (1512).-Expedition from Porto Rico to the coast of rlorida. Other explorers LetwPen 1512 aud 
1519. . 

Lttcat Vasquez de Ayllon (1520-'25).-Voyages to the North Am<irican coast; explorat.ion~ near 8aint Hele11a 
&mnd a.nd a river to the south-supposed the Savannah River. Finds that Flori.fa is a peBinsula. 

John de VerrazaM (1524).-Expedition from Dieppe under the auspiceR of Francis I, of !<'ranee. Voyag<> along the 
North American co&l!t from the vicinity of Ca.pti Jl\ar, touching at the mouth of the Hudson; thence to the eastward, 
entering Narragansett Bay, and thence to the coasts of Maine and Nova Scotia. 
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l•:•icrrt.11 1;,.,,,,,z (lf>:2i'>).-E:i-pn1itiou from Conurna to Newfoundlaud, and thence southward along the eastern 
<"<•ast of tlw <'outi1wllt. Xau1c., ginm to s!'veral localities. 

E11!1liNii ''-'J>cdilio11 (l:127).-V oyag .. llrnh·r tl1« au~piceB of Hellry VIII, of E11glaml, towards the eoasfa of Labrador, 
( 'ap<-' Hrt1tou, aud ~t·w Ellg1autl. 

S11a11isl1 r.rpf'rlilionx, Xarrar:: and ]), Soto (15:/t!-'43).-VoyageH to tlic Gulf of Mexico; explorations in Florida., 
Georgia, Aluliarna, au<1 :\!ississippi. 

Capt. ,lean Ribaut, Capt. Rf1Hf df La.11dv1rnitre ( 1Gli2-'li5 ).-Expeditions from Diq1pn a11d Havre to tho coasts of 
Flori,la~ U~·,~ri;ia, and ~outh Carolina. . 

s;,. .John llmrkins (lf,{if>).-Yisit to tlH· toast of F!ori<la and aneboragc Ht the mouth of Saint John's River. 
Y1>,·ag<' 111tiiw .. to the llf\rl\wast. 

. JJon f'crlro Meuenifr:; (ff,f;i,-';4 ).--Exp«dition of <li.,c<•Yery arnl of oecnpatio1i to Florid:t; establishrnl'JJt of a colony 
ut 1i...:ai11t Aug11~ti1u·: circ·un1nuYi~utio11 of tlir pt-11io811la; voyag-t• to Ch~sapeakt~ !lay. 

Sir 11'11/kr f>oltiyli (1'·1'4-'~(i).-Explorntion,; an<i Artt1Pmc·11!f• in Yirgiuia anrl North Carolina, umkr tbe auspice>1 
nl" Qrn,.•11 Elizallf'tl1. of E11gltrncl. 

('!IJil. ,lo/;11 Jf /till' (lo,,../-'Llfl).--\'nyagC'H to illlCI S<'ttleme11t at. !{oanoko folaud. 
ftartiwlo111eir G11H111tld (·H;O~).--E3'jl('ditio11 frorn Falmouth, Ellgland. Explorati011s in tlm "icinity of Cape Cod 

n11c\ '.\lnttlrn's Yi11~vanl. 
Jlarli11 I'rillff (wu:1J.-Yo,1:igc• frcirn B1·i>t<>l, E1Jgla1al, to the eoa8t of Kew England to the 11orth of Cape Cod. 
Barlholome-u· Uil/Jat (Jli();;).-La1H1' 1iear the enti-llnc .. to Che~apealw Bay, lrnt is killed by the Indians, and 

l'Xpeditio11 faih•. • 
Sif,,1r de Jlonl-< and f'ham11lai11 (lGOG).-Expedition frorn Havn, nuder the auspices of Henry IV, of France. 

Exploratiorn- on tlw coaH;; of" .!'lt·'\Yfou11<lland, Knva SC'otia, .Maine, anll Massachuetts. 
Ca]Jt. G11vr11<' Jfry1J•IJ11tli (Hil''•).-Y()_Yftge fr<lJll au E1>gli~h ;ea-port to tile New EHgla11d co;ist. Exploration of 

PPt111l)Hcn1 Ua;-.. 
('apt. n.rislOj1/,,,._Y1111rr.' (11'.ll<.:.- Ex1···di1i"11 titfrcl 0111 ],y tb1· Lc 1 1Hlo11 Con:p:m.Y f"r ··xplo1at.ion anti settlement 

in »:'.011111 Vir,i.;ini;1." ('nlo11,Y (·-"tal·]i~lird :1t .JaUH'.'-t1own, Ya. 
C1111t. ,/oh,, ,,,,, ilh \.\Cl~ ).-Ex:rn1ina1iou~ of the slmn>< of the Cb~8a1w:1ke to the bead of the bay and of the rivers 

t.rihutary to it. 
Ccrpt. Uwr11e l'!!J1lwm a1"l Capt, J;o/dyb Uil/Jei-i (HiLii).- Vo~· age from Pl~·rnonth, England, aud settlement attempted 

llt Cape ~mall Point, N>ast of .:\Iain,._ 
Capt. Sa11111el Arr1all (Hil:l).-Bn·aliR np the Freuch settlements on t11e coast of Maine, from Mount Desert Island 

to the eastward. 
Capt. ,Jii/111 8mith (1614).-l'nhli"lH's a map· of Che1;apeake Bay; explores the coast of Maine and compiles and 

puhli'h'" a map anc\ description of tl'at ~oa't; ah:o a nn:rrntive and ma11 of New England. 
Capt. Thoma., !Jermu·, Ch ,.;.,fo1d1,·r Ltrefl (l(il !"'-'~:l ).·-Yoy ag-es to tlie eoaRI of Maine and thenrr southward; 

ex11rni11atim1e in Long J1;l:inc1 8•rn11d and in Cht•,:qieake B:1y. 
lfrnrJI liudMm (H'.0\1'.-EX}'Pditir>ll from Air:Rtnclani under the anspie"s of tb" Dutch East India Company. 

Exauiinations iu Deluwat·t• Bay und in tlit~ I-Ittd!'oU Rivt'J', 
< 'on1eli118 JaN,bs May (Hil·l-'2:1).-:Ex plorat.ions hetween Capt• Cod and Delaware Bay. FoundB the first Dutch 

1·olouies 01i tl1e H n<lsoll an cl Del:rn·nr!' Hi\·erR. 
Darid l'iel<'1"8Z de T"rits (1C:l2).-l:1qwdition from tlw Texel to Delaware Bay; exploration of the low shore of the 

flc·l11wan· peninrnla, and exnminati()u of the coast l1etweeri Dclnware Ba:y and tbe New York entrance. 
Bri<:f notice of expedition' of fhe 8<'1'f'llltenth rt'l1fury, co·ntl11di1ig with 1·1fercnce lo a. ma1i showing the outlines of the 

Atlantic eoast. published b_y Lai't, the lJufrh cosmographer, in the year Hl24. 

THE NORTHMEN. 

111 the parly history of ScandinaYia it is known that maritime enterprise was a marked 
characteristic of tht' inhabitants. "At the close of the ninth century some Northmen bad passed 
l':outlnrnnl tlirougll Italy aud Sicily, and aft.Pr leaving colonies passed across the Mediterranean to 
tht· rn:ms1 of Africa. Tlwy fomu.led settlements in France, England, Scotland, Ireland, Iceland, and 
011 t\w c·na"t of Gree11lanll, and it is probable that one early nortllern adventurer visited the 
l'l1!-\tl'rn c·oai,;t of North Anwrica. Doubtless many fables were included iu the narratives of their 
carl.Y JJH\·igation, but om vresent concem is with the facts which have led historiaus to regard 
l:kandiuavia a;; the "storehouse of nation.y." 

'.l.'lw tin;t Scaullinn ,·iau adventnrPr who lam.led on the shores of Iceland was a certain Na1ldod, 
in tlie year Sm. Hio1lt-if, InguH; and other Northmen followed in the sear 874, and in the course 
of a century t11e is1arn1 wai-; COYflred witl1 flourishing settlement8, ]frequent voyages were ma.de 
from tlieuce to Norwa~., to lreland, and to .England. l u the year 980 one of these Icelandic navi
gator;;, Gnn!Jiorn, returrwd to his country, and sta.fod that he had been driven out of his course 
so fa1· Wt>stw:ml as to have in vi<•" a great unknown laQl-1. When this report was kno.wn, Eirek, 
who had been an outlaw in Iceland, sailed in the year 982 westward to search for Gunbiora'a Lanil. 
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He wintered there, returned to Iceland and Norway, and praised the newly discoYered land so 
highly that in subsequent years many Icelanders and Northmen went over to Greenland (as 
Gunbiorn's Land was soon called), and there- formed a colllmu11ity. One of the set_tlerR -was a 
certain Heriulf, who had left a son named Biarni at home. The sou set out to follow his father, 
but was driven hy stormy weather over to another unknown country, along which be coasted for 
some time. Finally he turned, reached ti-reenland, and there his report concerning the 1ww 
western country was eagerly listened to, and especially by Leif, the son of Eirek, the first settler 
in Greenland. Lief bought the ship of Biarni, and with it sailed towards the southwest. He 
found a great rocky country, which he named Helluland, i.e., the stony country. This was prohahl,v 
N ewfouudland. 

Leif, sailing farther to the southward and westward, again made the coast, and named it 
llfai·kland lthe country of the woods], and it is supposed to be Nova Scotia. Keeping the samt' 
general course, the vessel passed around a far projecting peninsula which was named Kiliaruax, 
i. e., Ship's Nose. This was probably Cape Cod, and the convei1ient bay in which he anchored i:-; 
j11dged to he Narragansett Bay. Leif and his rneu made on the shore of this bay a small 8ettll'
ment, called Leif's budir, i. e., J,eif's cottages. They explored the vicinity, and finding grailes in 
almndance they applied the name Yinland. In the following ;year, 1001, Leif and his men filled 

· their ship with firewood, and returned to Greenland. 
Other expeditions followed. One in the year 1002 was nuder the command of Thorwahl, a 

brother of l<~irek; another in 1005 was conducted by Thorstein; and iu 1007 a third set. out nrn1er 
Thortinn Carlsefn. The last named adventurer intended to make a permanent settlement in 
Viulaud. He therefore brought over 160 men. He was accompanied by his wife, Gudrid, and 
their son, Snorri Tborfinson, was born in Vinland. Gudrid subsequently made a pilgrimage to 
Uome, and perhaps in that way some knowledge of the western countrJ' was spread in Italy. 

The Scandinavian colonies of Greenland remained for some ;rears iu connection with Icelancl, 
attracted settlers from Europe, flourished, and finally covered a tract of nearly 400 miles along the 
coast of the peninsula. But activity ceased. After Thortinu (1007) an expedition went occasion
ally. It is mentioned that a certain Grnlleif Gudlaugson went to Vinland iu the year 102i;. He is 
said to have sailed soutliward to a countr~- which he called Huitramannaland, i. e., the country of 
white men. Possibly the expeditions of the Northmen from Greenland to the eastern coast of North 
America were rep£oated, while the Greenland colonies flourished. The last was according to Rafn, 
tl1e learnecl Danish investigator, performed in the year 1347. So this series of expeditious to 
America can be traced through four centuries, but even the memory of it was lost in the decline of 
Scandinavian colonies in Greenland. They seem to have been weakened by pestilence, and at 
times they suffered. from the hostile attacks of the aborigines. 

SEBASTIAN CABOT, 1497. 

After the Northmen, the first European who touched on the Atlantic coast of North America 
was Sebastian Cabot, son of John Cabot, a Venetian merchant, who was settled in Englaud in tlw · 
time of King Henry VII. Columbus at the outset of his career ha<l offered his services to the 
court of England, but there the offer was refused. 

Cabot says that the report of the voyage of Oolumbus "increased in his heart a great flame of 
desire to attempt some notable thing." He believed, as Columbus did, that the eastern parts of 
Asia could not be very distant, and therefore he proposed to sail westward in higl1 latitude, or, as 
be expressed the idea, "because he understood by reason of the sphere that the northwestern route 
would be a shorter trace to come to India." 

The king ordered two caravals to be fitted out, and in the year 1495 issued letters patent, i11 
which be granted to the undertakers and commanders of the expedition the usual rights and privi
leges" to discover, and conquer for him, the· King of England, an;v yet heathen country, and t{) 
oocupy it for him and for themselves as his lieutenants, vassals, and governors." In these royal 
letters Sebastian Cabot, his father, John, and likewise two brothers, are named as the grantees, aud 
hence some.writers have inferred that both father and son conducted the expedition across the 
ocean. Bnt it seems more probable that the wealthy merchant, John Cabot, was named in the 

H.Ex.43-63 
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royal letters only bec'.4nse lie assiste1l the expedition with money. Mor<'oYer, Sebastian states that 
his father died previous to the year 1497, in which year the voyage was undertaken. 

Cabot sailed westward, keeping along the 50th parallel to Newfoundland, which had been pre
viously known to the Nortlmrnn m11for tl1e name of Helluland. After making laud he steered north
ward, but not finding the desired passage to China he turned south all(} passed along tlrn coast of 
what is now knowu as the Sew Bngland Stat.es. The southern limit reached has been the im~iect 
of doubt. Some suppose that he tnrned at the 38th parallel, bnt others judge that he went to the 
vicinity of Cuba. Peter Martyr, Gomara, aIHl other authorities make it certain tliat. lie reached 
the entrance of Delaware Ifay. 

Hakluyt RtateR rl'peatPclly that Cabot drew maps and wrote reports of hi,; 11i:-;coverieR, hut 
they have lleeu unfortunately lost. "\Ve luwe, howe\·er, a delineation of the eastern coa:-it, accorcl
ing to Cabot's report, 011 the map h_y .Juan de la Cosa in the year lfiOO. That map confirms the
belief alrParl,v expresRe<l in regard to the southern limit of Cabot's ,·o;yage. 

SomA authors intimate that Cabot made voyages to America in the years 1498, 1499, aml 1517, 
but ~lie particnlarR .of Ruch, if the vo;rageR were madl', are not ]mown to ns. The Portuguei:m 
expeditioJJs across the northern parts of America by the Brethren Uortereal, are of interest· only 
iu regard to the Arctic regions. 

PONCE DE LICON, 1ril2. 

Sebastian Cabot bad "taken possesRion" in the name of the King of England of the eastern 
coast of the New '\Vorl1l, mul in later times the English founclecl on his <liRcO\'f'ries their right to 
11ominion. The Portuguese did not promptly pursue the nortl1ern tliscoYeries commenced by the 
Cortereals. By the Spanish, th<> exploration of the northern part of Cnha wits 11ot taken in hand 
until the year 1508, and iu that year their navigator, Ocampo, circnmnavigated that island for tlie 
first time. 

Excepting tlie French, Portng1wse, and Biscay:m fishermen, who, since 1504, ;\'early went to 
Newfoundland, we do not know with certainty of any Enropea11 expedition to the easte,rn coast of 
America hetWP('Il the ;years 1501 aml 1512, when Ponce de r~eon lt>d in that direction. Some JNlrS 
earlier he had conquered and settled the iRland of Porto Rico, aml lwlll possession there as ~over
nor. 1''hen deposed, in conRequence of Rome misunderstancling with bis officers, and with the court 
of Spain, lie waR rich. He was yet in the force and bloom of his life, and be was enterprising. 
He listenPd to what was related of unknown countries. The 1uclians told of a great country callecl 
Ca11tio, and of the existence of a fountain or river, Bimin·i, whieh had the quality of restoring youth 
and Rtrengtb to those who bathed in its waters. 

Attracted by the traditions, Ponce de Leon fitted out three ships ant! sailed with them on the 
~1l of March, 1.512, from the harbor St. German, in Porto Iiico. He passed along the northern side 
of the Lucayan Islands, kept a northwestern course, and near (Jape Canaveral saw the coast of 
tlie North American continent on the 27th of March (Palm Sunda.r), which the Spaniards call Pascua 
Florilla de He1mrreccion. At first 11e judged that the land i11 view was a small island, like one of 
tlie Lucaya11 Islamls which he had just left, but be sailed along with the continuous coast in view 
until the 2(1 of April, and then applied the name, La Florida as well because of the flourishing 118· 

pect as al!m that he i,mw it first on the Sunday of Pascua Florida. He sought for a harbor, and 
not finding a good one turned southward. 

On the 8th of 1\fo;v Ponce doubled a large cape where the currents gave much trouble, and 
wbicli he therefore named Cabo de Oorrientes (cape of the currents), which Herrera puts in latitude 
28° 15' uorth, and consequently it was Cape Caiiaveral. In going sout.hward several small isl· 
ands were noticed but these cannot be identified, as many inlets have been opened and closed again 
in the course of time hy the action of the sea. 

Pouce de Leon doubled the Cape of Florida without attaching a name, and soon after dis
covered the Florida Kt>ys, or Martires, the Tortugas, and the western coast of the Florida 
peninsula. On his return Yoyage to Porto Rico, one of the sl1ips was sent in command of Perez 
de Ortubia and Antonio de Alaminos toward tlie no1thwest to search again for the island and 
fountain of Bimini. Their report is meager, and no mention is wade in it of the coast of Florida.. 
They appear to have sailed only amongst the Lncayan Islands. 
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Lucas Vasquez de Ayllon was on the coast in the year 1520, but a few years earlier some 
voyages of secondary interest were made. An English ship is said to have sailed at this 11eriod 
southward from Newfoundland to the Antilles and Porto Rico. Among-st Spanish authors who 
mention this Yoyage, Herrera puts its arrival at Porto Rico iu the year 1519; others have put it in 
the year 1517. Herrera, whom we follow, says that" in the y£>ar 1519 arrived an English vessel 
in the island of S. Juan [Porto Rico], which was examined by Spanish officers, and tile commamler 
of which stated that Uiey bad been for the discovery of a northwest passage or oceanic route to 
the Gran Can, i.e., to China, from England to Newfoundland, thence southwest to the river 
Chicora, and that from there they had come in a southern direction to Porto Rico." As the 
expedition is mentioned as English, some ha.Ye supposed that Sebastian Cabot was the com
mander. 

Cortes, in the same :year (1519), sent out Antonio de Alaminos with dispatches for Spain. He 
passed through the Gulf of Florida and the Strait, of Bahama, !Jut did not land on the eastern 
coast of Florida, though at several· times the land was in view. Passing by ibe Burmudas he 
returned to Spain. 

Diego Miruelo, a well-known Spanish pilot, doubtless made voyages in these re~ious on his 
own acconut. His moYemeuts fill the inter\·al between Ponce de Leon aud Vasquez de Ayllon. 

LUCAS VASQUEZ DE AYLLON, 15:10-15~5. 

Lucas V1tsquez de Ayllon wa.s a Spanish officer eminent h,y litt•rary attainments. He was 
some time auditor of the royal court of San Domingo, and had ueconw wealthy iu hi:s employ
ment. When laborers beca~ scarce iu the Lneayas and in tlJe Antilles, A~·llon, with some others, 
made an expeditiou to tlie north to kidnap Irnlian slaves. They fitted out two Yessels, and Ayllon 
took command. Diego Miruelo went as pilot. In the course of the year 15:?0 they followed the 
track of J>ouce de I .. eon, and passing around the Lueayan falamls they arrived <Lt the shore of a 
great country, which, hy the aborigines, was called Chicora. On that part of the coast they 
named a cape "Cal.Jo de 8anta Elena," as it was first seen hy them on the day of that saint. This 
was probably a point of land near SaiHt Helena Sound on the coast of South Carolina. Iu that 
yiciuity Ay1lon named a rfrer after one of his captains, "Ri<I Jordan." The ext.ent of the voptge 
is not well defined, either by Herrera or Oviedo. Barcia says that tlie part.y lande<l at se1·eral 
pla~es, and on nearly contemporary Spanish maps we find the names "Oabo S. Romans/' ''Riv. 
Oanoas," "Callo de Trafalgar," and others that snggest A;yllon as liayiug applied them. It is, 
however, possible that some of them were not given by Ayllon on his first voyage in 1520, hut rather 
on his second expedition in the year 1525. He went to Spain after his first voyage, and was com
missioned by the king to explore, conquer, and settle that promising country. But by reason of 
various hnpedimeuts bis second voyage was delayed. One of the biudrances will be mentioned. 
A certain Ortiz de Matien~o, also a Spanish civil officer, and like Ayllon, provided with vessels, 
prot.ested against Ayllon's expedition because one of Matien!to'i> ships ha•l made the same dis
co\·ery. B11t Ayllou, uotwithstaucling the protest, sailed to Chicora. He merely added another 
name, that of the river "Guale" or "GtJ.aldape.," or, as Oviedo writes, •:Guadalupe," which is state(l 
as being about 30 miles south of the Point Saint Helena, aud possibly it was Savauuah River. 

In an unfortunate expedition against. Indians at some distance from the coast, A,:rllou and 
manj' of his men w01·e killed. The survivors of the party returned to the Antilles. Pre\·iouslr 
Florida had been regarded as an island, but the ex11edition of Ayllou determined its Jleuinsnlar 
configuration. 

JOHN DE VERRAZANO, 1524. 

Chrisliopher Columbus and his brother Bartholomew, before acceptance in Spain, had made 
propositions to the court of France, and at one tim\l it seemed probable that their offer would be 
there accepted. French pirates and adVfmturers were early followers of the Spaniards to the 
West Indies. After the year 1504 French navigators of Dieppe and other ports of France crossed 
the ocean to the banks of :Newfoundland and returned to Europe with :fish. 

Francis I wa11, however, the first French king who sent an expedition specially intended for 
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the discovery of new lauds. The command of it was given to an Italian, John de Verrazano, 
who belonged to Florence., 

At the end of the year 1523 Verrazano sailed from Dieppe with four ships. Un his arrival 
at Madeira, only one vessel, the Dolphin, was found seaworthy, and in that, with fifty men, he 
started westward. After sailing about 900 leagues by bis reckoning, and after being fifty days at 
sea, he sighted the coast of America in the neighborhood of Cape Fear. From theuce he sailed 
northwnrd, and, following the trend of the coast, must have passed the entrances of Uhesapeake 
aml Delaware Ua;vs. Finally he reached a very pleasant place showing steep hills, and an 
exccediug great stream of water, so deep at the mouth that any great ship might pass np. He 
entered with bis boats, and found the country thickly peopled. Circumstances did not permit 
him to proceed inland, so he sailed 50 leagues eastward as the trend of the coast was in that 
direction. From this it seems evident that Verrazano touched the mouth of Hudson River and 
New York Harbor. For some time the Hudson was caUed "the river of the hills or mountains." 
His rne11tion of the trend of the coast eastward makes it certain that Verrazano was the first 
European who visited the entrance of the Hudson. Sailing along the sea coast of Long Island, 
he seems to have regarded it as part of tbe mainland; but in going eastward he soon disco>ered 
au island somewhat triangular in outline. This he named L'isle Claudia, in honor of the mother 
of Francis I. Some authors ha>e judged this to be Block Island, but by others it has been, wit.h 
more probability, taken as Martha's Vi11eyard. HoweYer that might have been, Verrazano sailed 
over to a great and commodious harbor or bay, in 4li degrees of north latitude, and there remained 
fifteen days, trading with the nath·es and exploring the country. This bay was 20 leagues in 
circuit and contained five pleasant and fruitful islands, "among th~ which islands [he says] our 
great navy may ride sate, without an;y fear of tempest or other danger." From this description 
it seems clear that Verrazano had entered Narragansett Bay. It is remarkable that he was at this 
time the first to mention the name "Island of Rhodes," which afterwards was adopted as a 
designation. 

On the 5th of Ma;y, 1524, Verrazano left, and sailing east and then north for 150 leagues, 
found the coast studded with crags, the shore haviug many turnings and windings between them, 
offering fair harbors. He counted thirty.two islands on tliat part of the coast. Plainly he was 
then on the coast of Maine. He does not mention the remarkable projection now known as Uape 
Cod. From the coast of Maine he sailed northeast about 150 leagues, and when off Newfoundland 
turued back and reached the coast of France early in July, 1524. 

It is not known that Verrazano made an;y maps. In his report mention is made of latitude, 
and be assigned no names, excepting tlutt of the island Claudia. But he indicates with tolerable 
accuracy the trending of the coasts and distances. He imw the entire coast from Cape Fear 
northward to the Bay of Fundy, and his descriptions are tolerable. From what he says, Narra.gan-
8eU Bay and Hudson River entrance can be readily identified. Ramusio says that Verrazano and 
several of his men were killed by savages; but some Spanish historians record that be was 
captured in 1524 and hanged by their countrymen. 

ESTEVAN GOMEZ, 1521'. • 

The Spaniards advanced slowly towards the north. Pre>ions to the year 1525 not one of their 
navigators had passed the thirtieth parallel. Ayllon's north limit was the boundary of Spanish 
research in that direction. Beyond that voyages bad been made only by tbe English, Portuguese, 
and I<rench; by Cabot, Cortereal, Verrazano, and others. Yet none doubted that there was much 
land in the higher latitudes. Newfoundland and Labrador were included under the name 
,, Baccalaos," and between that and Florida the Spaniards supposed there mig·ht be a strait. 
True, Cabot and Juan de la Cosa had represented the coast as continental, but they did not look 
into each inlet, nor explore as minutely as Verrazano. Moreover, maps of that period showed a.n 
open gap or branch of ocean between Baccalaos and Florida. So, also, years after the voyage of 
Columbus to Veragua and tbehlthmus of Panama, maps showed a channel, which it was thought 
might have been overlooked by that navigator. In the year 1525 the Spaniards fitted out an 
expedition in the hope of reaching China by a water passage around the continent of· North 
America. Estevan Gomez, who had been with Magellan, was put in cha.I'ge, and his expectation 
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was to repeat in .a high northern latitude what had been done at the southern extremity of South 
America. In fact, the notion was then somewhat common that geographical configuration at the 
north should correspond with that at the south. 

Estevan Gomez sailed with one ship from the port of Corunna, at the end of tlle year 15~..t, 
directly over to Baccalaos [Newfoundland], and tliere turned and passed southward along the 
eastern coast of North .America. There is no journal of his voyage uor copies of maps which he 
doubtless made. S1>anish authors merely allude to the voyage. It is known, howeYer, that be 
followed the course of his predecessor, Verrazano, merely reversing the order by passing from 
DOI'th to south. Oviedo says that Gomez sailed southward to the fortieth parallel, and that he 
brought some Indian prisoners home to Spain. 

Herrera says: Gomez sailed much further to the southward, and trayeled from Florida to 
Uuha where he remained some time, and then returned to Europe. After an absence of ten montbs 
he was again at Corunna in No\~ember, 1525. That lie brought home a map aud description of 
tbe country e:xplored is evident from the map of' .America made by Diego Ribero a fow years after. 
Without doubt he took the configuration of the coast from Home:>:, as neither before nor soon after 
was that part of the coast visited by any Spauiard. 

Ribero gh·es to the entire region the name of tlle explorer, " .Tierm de Esteiian Gomez,'' and 
this umy be regarded as the first name applied to New Bngland. Jt, was retained on uearl~· all 
maps of the sixteenth century. Gomez r,aud was the name commonl;1' appplied, until it was 
disi)Jaced by English discoveries. 

Two capes marked by Gomez ap1rnar mi nearly all subl'equent maps, namely: "Cabo de Muchas 
Isla;;" f cape of many islands] and "Cabo d11 .Arenas," i. e. the cape of sand. The first 1wems to 
be Cape Elizabeth, 011 the coast. of Maine: the other was either Cape May or Cape Henlopen. 
The sea between the extreme capes is marked 011 tlie map "Arcl1i pelago de EsteYan Go111ez," but 
on subsequent maps the name of tl1e navigator is omitted. To the nort.heast of Cape Cod a 
broad inlet is invariabl.'' marked us "Rio de las Garuas" (Deer Hiver), and perhaps it is what is 
uow known as Penobscot Bay. 

ENGLISH VOYAGE, 1527 

Hakluyt relates (Vol. III, p. 129) t:hat Master Hobert Tllorne, of Bristol, a man of ll'amiug 
and inilnencc, moYed King Henry VIII to encourage discovery in the northern parts of the new 
world. 

Two s11ips were fitted out, one of them lwariug the name Domi1ms VohiRcmu. One of the 
\'esscls was wrecked OJJ the coast of Labrador, the other went towards Ca11e Bretou and the coast. 
of New England. .After landing to look at the country, tbe vessel returued home early in October 
of the year 1527. 

SPA.NISH EXPEDITIONS, 1528--lri4:1. 

Estevan Gomez nnd Lucas Va!lquez de ,t\y1lon returned from the eastt>rn coast of Nortb 
America, one to Spain, the otbe1· to the Antilles with miserable Indian prisoners or slaves iu lieu 
of expected riches. But the impression yet remaine<l that wealth might be gained by g-oing 
further westwanl aml that a region of gold might be reached hy passing through the Mexican 
Gnlf. There followed. consequentl,y two laud ex1ieditions in that direction, one under Narrnez iu 
the year 1528; the other under I•'ernando de Soto in 1538. The ill-fated e;xpeditiou of N:nT:wz 
was attended by five >essels which carried four hundred men and eight.y horses. After Jamliug 
at Tampa Bay the vessels passed on and tl1e laud force peri8hed in the attempt to pass westward 
along tbe coast in boats. 

De Soto wintered at .Apalachee and then marched through territory which is now known as 
the State of Georgia. His 1and of promise was "Gofachiquc," a name by which Spani:;;li authors 
have designated Savannah River. On reaching the country of the l1icenciado Ayllon, he fouml 
amongst the Indians B-Ome iron tools and weapons, probably remai11s of Ayllon~s expedition of 
1520 and 1525. The Indians described to De Soto several encounters witl1 Ayllon's men. 

Hoping steadily to find in the interior another land like Mexico or like Peru, the varty exam· 
ined the country and probably were in the region now occupied by Pensacola. After two years -
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of travel and toil, De Soto e»ded his life in the interior of the Mississippi country. His two cap
tairns, Diego Maldonado and Gomez Arias, waited in vain according to his orders, supposing that 
he might have returned from the interior by another route, but finally they made a series of expe· 
ditious along tlie Atlantic aIJ(l Gulf coasts, but of these it is probable that detailed reports were 
not written. Garcilasso, Herrera, and :Barcia as:iert that the expedition went along over the 
Atlantic coast northward to "Baccawos," and looked into every harbor a111l eYery bay in search 
for De Soto. 

In the interval of thirty-six year8 preceding the French expedition nuder Hibaut in 15G2 there 
is uo record of any Spaui8h exploration. The mapi; and geographical descriptiom; of that period 
are marked with new mmH'8, but we cannot refer them either to Estevan Gomez (1324) or to Ayllon 
(1520-1525). 

The most remarkable description of that time is contained in the second voluwe of Oviedo's 
H i::;tory of the ,, .. est Indies. '\Ve here append a summary; but it i:s t.o he regretted that the date 
of t1e ma11uscript is uncertain. ·we know, however, that Oviedo published the first Yo1ume of 
hi:s history iu 111f year 153u; and that iu the year 1557, when he died, the second volume, which 
contains the description here in question, was ready for the printer. 

Oviedo hep:ins his description at the southward with what he calls" Punta de la Florida," and 
that lit• stah•s as in latitude 25*0 north. The cape discovered· by Po11cCJ de Leon ill 1512, and 
whieh lie named Cabo de Corrientes [Cape of Currents], is called by O\'iedo Gabo de Caiiat,eral. 
But no practical purpose would he met b;y recapitulating the names given on old Spanish nuips 
to Jiartkula1· places. The " Cape Trafalgar" of that period is our Cape Hatteras. 0\'iedo 
111t'th()(1ically states distances from points a.ml river eI1tranees iu goiug nortllward. Few of the· 
places can be identified, but bis de&criptiou of Saint Antonio Hiver, which is "in a line tlirect 
from the uortlt tH the i;:outli," leaYes little doubt that be passed up the Hudson River. E8tevan 
Gona·z was in that Yicinity iu the year 15U. From 0\'iedo's description it is eas.v to identi(y Long 
Islaud and also Lo11g Island Sound, as well m; ~arragansett Bay. Excepting Gomez and Ayllon, 
0Yiedo does not name any explorer as affording him kuowledg«~, and it cannot be stated with 
certainty which of the mwigators finit saw and named Cape Trafalgar [llattcrasj, or ::faint Mary'1:1 
Bay [Chesapeake], or Cape Arenas [Henlopen J, and others. 

CAP'I'AIN JEAN RIBAU'I'. 

Atlrniral Coligny, as chief of the Huguenots, sought an asylum for 11is persecuted brethren, 
and with the permission of tlie King (Charles IX) fitted ont two vessels in the harbor of Dieppe. 
lWmut was intrusted with the command of the expedition. He sailed on tlie 18th of February, 
15G:?, and at the end of two months sighted a low cape which he named "Cap Frangois." This 
was doubtless sowe object seen on the coast of Florida near Saint Augm1tine. Be went uorth
ward from thence, probably because he wished to ayoid ground known to be under Spanhih do
m1111on. After sailing no great distance he enteretl a broad river on the 1st of May, and named 
it ''La lfrdere de May." This was doubtless the Saint John's. In coasting 60 leagues further be 
disconred aud named eight rivers, giviug generally the names pertaining to well-known rivers in 
Fra11cP. l<'irntlly tlJe vessels entered a spacious sound and found it more commodious thnn others. 
This was by Hibant uamed Purt Royal, and there be concluded to make a settlement. Be explored 
the lnanchei->, and named them, but the names were not retained 011 subsequent maps. Some of 
his soJdiPrs, 1111d1•r commaud of a Captain Albert, were left in a fort which was named in honor of 
the Kiug of France," Charles li'ort." Ribaut went on to the mouth of Edisto River, and there 
finding that his provii;ions were becoming scarce he turned eastward and arrived on the coast 
of !•'ranee on the '.!Otb of July, 1562. Civil war then raged in that kingdom, and the little col
ony on the coai;t of North America was left without succor. By the efforts of Uoligny some 
vessels were sent to prntect the national interests; but in the interval the colony at Charles Fort 
sutfornd for want of 1mwisio111s. Dissensions broke out in the party, and the commander, Cap. 
tain Albert, was killed by turbulent members in his attempt to quell the revolt. At last they 
built a vessel, trusted tbemsehes to the ocean, and when in great distress were pfoked up a.t sea 
by an English ship, and thqs returned to Europe. 
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In the year 1564 tlJree Ye811eJs were fittf>d out, and the captain (Rene deLaudom1iere) who had 
accompanied Ribant on the firAt voyage wafl put in charge of the little fleet, and flailed from Hane 
on the 22ll of April, 15G4. He reached th{' coast of Flori<la on the 22d of ,Tnue, arnl from Jli,; 

de8cription of the lanclfall 11111Rt Jmye been near Sai11t Augustine entra11ce. The exp('ditio11 wa~ 
unfortunate. )Jost of the compauionR of the adYenturer were killed in co11teAts with the Spm1iardR. 
r,andouniere giYes the particulars in his "Hist<1irc Notable de la F7orifk" wl1icli Wll8 pnblii;;lwd in 
1586. Like otl1er commanders of new settlements in America, he Pneountered rnntiny. .A pHrty 
of biA men, thinking it better to try some expedition against the Spanish settlements towar<l thP 
Rontll, 8eized on1> of hiH 8hipf:! and sailed to Cuha and ,Jamaica. vVith the otlwrA Landonniere 
pas1;ed the winter and spring of 1565 in exploring the coaRt. On the ;{Oth of August the Eng'lii~h 
navigator, Sir .John Hawkins, aJlJWared on the coa8t aud anchored at tlrn mout.h of May Uiwr witl1 
four V<'8sels. HawkinR was then on hiR second return YO}age from the> \Ves1 ImliPs, and had on 
board a Frenchman who lra(l heen with R.ihaut in 1562 at Port Jioyal. At. tlrnt pla<"e Hawkins 
took ill fresh water, YiRited I1arnlom1iere, aml .~olcl to him one of tlie :Ellg-lish Y•'Rselfl. Tlms pro
v-ided, t11e Fre11cl11nan wafl ahout to retnni t-0 Europe, wlien, on tlw 28th of Aui.rtrnt, liifl fornwr 
commander, Rihant, arrived with a force suitable for an:r ordinary expedition . 

• 
SIR JOHN HAWKINS, 1565. 

Before relating the particulars of R.ihaut's Recond \oyage, it is proper to mention that after 
Hawkins rangPcl along the coast of Florida and left Laudouuforc, as already stated, the English 
comma1Hlf'r sailed northea.i;;t as far as Newfoundland. His n>yage is deflcrihed i11 IIak luyt's thiril 
\'olnmt>. Donhtles8 J1e made a map of this snrn-y, as he was the firRt English wwigator who 
elm~cl~- examined the coast of Florida, but the existence of Ruch map iR not known. 

On his Recond vo;vage Ribant arriwd at the river May on the 28th of Angirnt, lri<lii, and only 
a week later a At.rong Spanish fleet appeared tl1ere under the command of Dou Pedro Meuenckz, with 
orders from the King of Spai11 to eject. all heretics from the com1try of Flori!fa, that territory 11eing 
from olden time regarded aR Spanish dominion. The Spanish forces settle<! at a position a littl(• 
Routh of May Hiver and then moved against tl1e sma.U French force under Rihant and r~au1lo11u
iere. ,Jean Hihaut and many others were killed in the attack. Laudonniere and Rome otlwr:;; 
ei;;caped in one of tlie vessels and reached France at the end of the year 1565. Two years later 
(15G7) the French captain, Gourgues, undertook t-0 chaRtise the Spanianls. Ilis expedition was 
conducted with courage, and it is remarkable, also, for tlie quick voyage made by the party. 

Gourgues sailed from France on tbe 22d of August, 1567, with one lnmdred aml fifty soldiers. 
Ile reached Florida in October, and in the course of the winter destroyed three Spanish forts at 
Saiut John's Rh·er and Saint Augustine Harhor, which were defended by numbers greater than 
his own. The garrisons were dispersed, but with his limited force, being unable to keep posses~ion 
for France, he sailed from Florida on the 3d of May, 1568, and after a \oyage of thirty-four days 
landed at Rochelle. But Charles IX of France regarded these expeditions to Florida as being in 
tbe in~reRt of Huguenots and favored by Colign~·. The King was unwilling to give any offenRe 
to tlie Spanish court, hence no otl1er effort was made from France. The names gi,·er1 hy adn~11-
turers from that power, with a Ringle exception, ''Port Royal Entrance," cfom.ppeared from maps of 
that pertoo. 

FLORIDA, 1565-1574. 

Don Pedro Menendez lie Aviles had distinguished himself as a commander of fleets and expe
ditions in tl.te service of the King of SJlain. A son of de Aviles had served in the West IndieR and 
was finally shipwrecked on the coast of Florida, where he was supposed to be in ca.pth·it.r amongst 
tbe savages. The father was permitt1;>-d to fit out an expedition for search, and was commissioned 
also to explore the ~ountry and to make maps of tbe bays, harbors, cape1:1, and other geogra.pbical 
features of Florida. · 

While Meuendez was yet in port be had news of the French experlitions of Ribaut and 
Laudouniere, and it was rumored that a large reinforcement was on the way to Florida. T11e 
King of Spain therefore enlarged the fleet and army of Menendez, .1tnd direct;ed him to f'ject alJ 
foreigners and intruders from the country in which he was to opera.t.e. 
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Menendez sailed from Cadiz on tlie 2Hth of June, 1565, with thirty-four vessels and about 
three thousand penmns. But the ships were separated by storms. The commander, with some of 
the ships, sighted the coast of Florida on the 28th of August, the day of Saint Augustine. Where 
the l~re11ch had settled waH not 1.11own. They were supposed to be northward, and the fleet moved 
in that direction. A harbor was entered and explored. Laudouuiere, in the year 1564, Imel named 
it Rh·iere des Danphius, bnt -;\lrn1e11dez ealletl it San Augustin. 

Learning from the natives that the Frencll were on the coast fartller north, Menendez sailed on 
and found them at the mouth of the river l\fay, but they avoided bis intended attack. Not 
deeming it advisable to move on their fort witllout providing defenses on the coast for an 
emergency, he returned to Augustine Harbor and there erected a fortified camp. Soon after he 
marched and attacke1l the French fort "Caroline" by land and killed the greater part of the· 
garrison and settlers. He applied the name San Mateo, and the river )Ia.r took then the same 
mtlll('. The vigorous pursuit of the French led ~Ienemlez to various parts of the region, anrl be 
wa;; thus engagell during eight ;years after the y{'ar 1566. He establishell a small fort not far 
from Cape Florida, in the Indian proYince of Teguesto; the fort Santa Lucia, south of Cape 
Caiiaveral, at au indentation which the Spaniards called "Puerto de Is;" tlie fort in Saint 
Augw:;tine Harbor; the fort San Mateo, on the river Mar, i. e., Saint John's River; ~nd the fort 
San Felipe, at Saint Helena entrance. He dispatchell also a captain with thirt,y soldiers and Rome 
Dominican friars as far north ao; Chesapeake Bay, hut that expedition was unfortunate. The 
part,y 1leeming it inexpedient to settle there sailed for Spain. 

In the course of uine years Don Pedro l\Icneudez sailed at least twelve times around the 
penimmla of Florida. The llistorian Barcia records him as having a more intimate knowledge of 
the coast than auy man before his time. He explored the interior also, along the Saint Joh n's 
all<l the Rio Sala<lo, which it was supposed might be a passage toward the East Indies. 

Of the expeditious of Menendez the most interesting is recorded iu the narrative by his 
nephew, Pedro :Menendez Marquez, who was an able seaman and afterwards a commander of 
Spanish fleets. The nephew was accompanied by four ships and one lrnndred and fifty men. 
Barcia states that the exploration commenced at Cape Florida and was prosecuted northward 
beyond the eutrance to Chesapeake Bay. 'l'hlli bay (says Barcia) is 3 leagues broad at its 
entrance and it stretcheH towards the north-northwest, and bas many rivers and ports on botb 
side>1. His mention of souudings agrees so well with our charts that he must be regarded as one 
of the best amongst early explorers of Chesapeake Bay. 

1\Ienendez died in the year 15i4, soon after his return from Florida. His forts and colonies 
were deserted, and it may be said that with him ended the age of Spanish expeditions on the 
Atlantic coast. 

SIR WALTER RALEIGH. 

Q,ueen Elizabeth of England granted to Raleigh, in the year 1584, certain letters patent, 
nearly in tenor like those granted by Henry VIi to Sebastian Cabot; and thus Raleigh was 
allowe<l to fit out naval and military expeditions, and to "discover, search, find out, and view 
such remote beathen and barbarous countries and territories as were not actually possessed of any 
Cliristian prince, and to hold them as her vicegerent." This patent was issued on the 25th M 
March, 1584, and on the 27th of the ensuing April the first expedition, fitted out by Raleigh at 
his own clrnrge, sailed under 11is command. 

Raleigh had interested in his enter1lri~e some wealthy merchants and other gentlemen, and at 
their joint cost two vesRels were provided with crews. They sailed from the Thames early in the 
year 1584, under command of Philip Amadas and Arthur Barlow, with instructions to explore the 
east coast of Florida, and find some convenient place for settlement. As usual at that time, the 
'·essels made for the West Indies entered the Gulf Stream between Cuba and Florida, and then 
went north and entered some convenient harbor. That they entered Ocracoke Inlet seems prob
able, as the report sayti that after entering they sailed. 7 miles north to the islantl of Roanoke. 
They named the entrl}nce "W okokeu," probably from Indian pronnncia.tion. In fact the first 
adventurers on the coast of Virginia. generally adopted Indian designations. On the tlrst map ot 
Virginia. (by John White) there is only one European name, that of "Virginia." 
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Amadas, Barlow, and their men did not advance westwanl i11to the sound whic11 is now 
known as Pamplico Sound. The.r aucl1ored at l~oanoke lsla11<1. There they !tad soml' frie)}(lly 
mtercourse with the aborigiues, and from them acquired names for the parts of tltat mgio11. The 
river wLid1 enters the sound, then called the ri\·er Neus, bears at this da~· the name Neuse l{iver. 
In September, 1584, tlmy returned to Englarnl, and their fanirable report suggested to Sir ·waiter 
Raleigh the proposal that tbe countr;v should be named "Virginia," which was done iu lHmor of 
Queen Blizabdh. 

Raleigh hastened preparations for an expedition to furthf'r explore and make settlement::; in 
the countr~·· Seven vessels were fit.ted out and placed in charg;e of Sir Richard Grenville. Of the 

. crews, most of the men had been in the earlier expedition, aud .Captain Azmttlas aceompanied the 
party. The vessels sailed from Plymouth ou the 9th of A.pnl, HiSJ, and, as usual, made for th1> 
West Imlies and passed in tbe Gulf Stream to the northm·n part of Florida. On the :!3d of Jnue 
they were near a cape and were in danger of shipwreck. This was named "Cape Fear/ and three 
days afterwards the vessels anchored in \Vocokon Inlet, whieli is now known as Ocracoke Inlet. 
Grenville passed seven da~·s in exploriug Pamplico Sonnd. From Hatteras Inlet a colony of oue 
hundred men was sent to Roanoke Island under Master Hal11J1 LauP, and, leaving )faster Philip 
Amadas in geueral command, Grenville returned, and arrived i11 E11gland on the 18th of October, 
1585. 

Lane an.d Amadas passed the winter of 1U85-'8ti on R.oanokP hlall(], and in the spring made ex
cursions toward the soutL and also west and northwest. They l'Xplored the rxparn;p now k11ow11 as 
Albemarle Sound and also Pamplico Sound, and went as far 11ortl1 as Chesapeake Bar. l>onbtlesi-; 
the geographical knowledge thus gained was laid down on tlte earliest map of Yirgfoia, which is 
ascribed to .John White. It was first published by De Bry, in the ~·ear 1590. Halph Lane intro· 
duced the name" Chesapeake Ba~·." The Indians living on its slwrt•s hP calls "Uhesepians.'' Albe
marle Sound he designates "Sound of \Y capomeiock ''; the Chowan Hfrer, whieh fall;.; into it, t.lw 
"Hiver of Uhawanaok"; aml Roanoke River, as the " River of J\Ioratne." This last he explored 
in boats to a distance of 60 miles, and supposing that the som-ee was near .Mexico, arnl that by 
following the channel a passage might be made to the Soutl1 Sea, he traced it to the mmrntains 
in Lope of fimliug silver. Soon after, disputes with the nati\·es brought the colonists into distress. 
The supplies promised by Haleigh and Grenville did not arrin. Fortunately, Sir Frm1cis Drake, 
on his return from the West Indies and Florida, iIHJnired, in order to report the state of the colouy 
in England. He offered provisions, and a ,-essel and boats, but the discouraged colonists requested 
him to take them home, so the first Virginia colony arrived with Drake at Portsmouth on the '.!7th 
of July, 1586. 

Meanwhile, Haleigh ha<l <fa1patchell a ship witL provisiom; for the relief of the colony, and 
soon after three ships under Sir Richard Grenville. All arrived safoly 11ot long after the depart
ure of Drake; but fiudiug no one alive at the site of the colony, Sir Richanl left fifteen men, pro
visioned for two years, ·on the Island of Roanoke. The ships the11 returued to England. Of these 
men nothing was heard afterwards. They perished, leaving no recortl. 

CAPTAIN .JOHN WHITE, lri8i-15tl0. 

This commander, who had been with Grem-ille, was sent oLtt in the yt><1r 1587 with three Yes· 

scls. At the instance of Sir Walter Raleigh, who provided the means, \Vhite was theu stylell 
" Governour of tke oitic of Raleigk in Virginia." White landed the colonists on Roanoke lslaml, aml 
then returned to England for further supI)lies. But the Spanish armada was then a,hout to sail 
tor England. All means of defense were needed there, and the colony at Hoanoke was of lll·cessitr 
left to its own.resources. In the spring of 1590, however, .Jolrn White again sailed with three 
vAAsels, but could find no trace of the Roanoke settlement. The name '' Croatan," cut in ·a tree, was 
taken as intimating that the colonists had gone there, but White encountered heavy aud coutiuuous 
teui1iests and was forced to leave the unsafe roadstead at Ha.ttera.s. At Hoanoke he Jost many of 
bis best men, and some boats and anchors. This was the last of a series of unfortunate expeditions 
to Roanoke. Raleigh and his associates bad ex11ended much money, and had fitted out about twenty 
vesse]s. More than two hundred colonists perished in the settlemflllt. 

H. Ex. 43-64. 
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COAST OF NEW ENGLAKD, 160~-1605. 

After the time of Yerrazano and Estevan Gomez (1524-'25) and the voyage of the English 
ships iu 1527, we know not of an;y expedition to the shores of New England until the year 1602. 
'l.'he French expeditions under Cartier and bis successors were confined to the region of Canada. 
The vo,yage of Sir Humphrey Gilbert was intended for the acquisition of Newfoundland, hut was 
unfortunate. His yessel, when returning, foundered at.sea, on the 12th of September, 1583. At 
t11at periorl many French, Portugue:se, and English fishermen resorted to the sawe quarter, but 
notlling wat'i thus added to geographicaiknowle<lge. The maps were such as were given by Gomez 
all(l Yt•rraza110; aud the coast was designated generally as Norumbega. A great river was marked 
with that name, but on some maps" Rio de Garn as," L c., Deer Hi\' er. The island "Claudia," mentioned 
hJ' Yt•rrazano, was graphically conspicuous; but the configuratiop of the coast was Yery erroneous]~· · 
1·eprese11t<'tl; ou some, so prominent a feature as tlw Bay of Fu111:1y is not shown. By Spaniards 
the region was rneutioned as the" Northern parts of Florida." The French named it "Nouvelle 
France"; and after Raleigh's expedition the English st;yled it as the ''Northern parts of Virginia." 

After "White':s unfortunate voyage in liJ90, twelve years ela11sed without further action on this 
part of the Atlantic coast. 

GOSNOLD AND GILBERT, 1602. 

Capt. Bartholomew Gosnold saile<l in a small bark, with thirty.two men, on the 26th of 
l\1arcll, 1602, from Falmouth, England. From the Azores he steered due west, but all preceding 
na>igators, in sailing for America, shaped their course for the vVest Indies. Ht' reached the coa8t 
in the vicinit~· of the fort~··third parallel, and there his men took great numbers of codfish. The 
nearest cape received at that time the name " Cape Uod," and the Indians were found in 
possession of some European implements. Gosnold, sailing southward, paissed the island ot 
N antueket, but went ashore at the next and named it "Martha's Vineyard," because, as he says, 
it aboimde«l iu straw berries and other fruits. He found also deer and other animals. In crossiug 
to the mainlaml he passed several small isla11ds. His meu were willing to remain, but not being 
wdl }ll'OYided, tlley sailed eastward, and arri>ed in Eugla.ml on the 23d of July, 1602. 

llfAI{TlN PRING, 160:~. 

SoOJJ after the return of Gmmold, the mayor of the citr of Bristol (.Tohn Whitson), the 
historian Hicllanl Hakluyt, and other gentlemen, formed acompany and fitted out two ,-essels, 
wl1ich were })laced in command of Martin Pring. He was accompanied by Robert Salterne, who 
had been one of Gosnold's pilots. The vessels reached the coast of America somewhat north of . 
the fortJ·-third parallel. The .country seen was high and covered with woods, and hence the land
fall was certainl;y north of Cape Cod. It was probably in the neighborhood of Penobscot Bay. 
lie named an island" Fox Island," and going southwest he entered several rivers, and finally 
1iasRed into Cape Cod Ba~', which had been missed in the preceding year by Captain Gosnold. 
After lading his nssel with sassafras, which was an object of trade with the tirst explorers of the 
coast of :Nuw England, l'ring sailud eastward and reached home in October, 1603. 

BARTHOLOMEW GILBERT, 1603. 

An ineffectual attempt was made by Captain Sam•el Mace, in 1602, to settle in Virginia. In 
t,hat year Bartholomew Gilbert bad been with Gosnold to seek out the position of the settlers left 
in those parti,; by Sir Walter Raleigh in the year i587, but he was unfortunate. He landed near 
the entrance o1' Ghesapeake Ba;y, but was slain by Indians, with bis principal men~ So, without 
effecting anything in the way of exploratioJJ, the vessel returned to England in charge of Master 
Henr~T Sute. 

SIEUR DE MONTS .AND CHAMPL.A.IN, 160&. 

Henry IV of France commissioned the Sieur de Monts, a very enterprising na-vigator, to 
conquer and settle the countries in La Nouvelle France betwoon the 40th and 46th parallels of 
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latitude, and to him the King issued a commission as lieutenant-general of 8ne11 territor~· i11 
America. 

De Monts sailed on the 7th of March, 1604, from Ilavre, and hy tlie usual route of French. 
vessels reached Newfoumlla11d, Campsean, and l'Acadic [Nova Scotia]. He co11tiuued westward, 
and finally passed southward to tlie 40th parallel. Passing arouud Cape Sable he entered what 
was then called "La Baye I1'ram;oise," but which is uow kuown as the Bay of Fundy. Ou the 
24th of June (day of .Tohn the Baptist), be entered a river mouth, and hence the name. One of 
his officers examined the river to a distance of 50 leagues. Froru the St. John River, De Monts, who 
on this vo;yage was accompanied by the Sieur Cbamplaiu, went 24 leagues further westward a1Hl 
entered Passamaquoddy Ba:1. They settled upon an island in Schoodic River, and named it 
"Isle de St. Croix."• After deciding to winter in the place, the larger vessels were sent to France. 
The winter being severe, it was deemed expedient to seek a place for settlement further southward, 
but it seems probable that tl.wy went no further than Penobscot Bay. The configuration of the 
entrance, in the descriptions of De Monts and L'Escarbot, is compared to the figure of the Greek 
letter Lambda. Further west lJe Monts entered another large rirer which the lmliaus called 
"Kinibeke;" and in the same direction a bay was entered and named "La Baye de Marchin," after 
a French officer. This no doubt is what is known as Ca.~co Bay. 

Near Cape Cod the party remained for some days, and ga·rn it the designation "Ca,zu: ilfole. 
barre." But, being then short of provisions, the Yessels returned to St. Croix. De Monts was 
succeeded by the Sieur du Pont, who fitted out a Yessel at J>ort Royal, in Nova Scotia. He was 
thrice driven back by storms, a,nd in a third attempt the bark was wrecked. The crew was 
saved, but the disaster brought to a close French enterprise on the coast of New England. 

CAPTAIN GEORGE WEYMOUTH, 1600. 

Early in the reign of James I of England, maritime research was active. Two of the patrons 
of that period were Thomas Arundel, Baron of Wardour, and Henry, Earl of Southampton. They 
emplo;yed Weymouth and fitted out tor him a vessel with the requiHite pro•isious, and a crew Of 
twenty-nine men. vVeymouth sailed from England while De Monts was near the Bay of .FmulJ·, 
and both mwigat,Jrs passell along the eastern coast of America. The first named came within 
sight of the coast near Cape Cod in the middle of May, 1605, and anchored in what he calls "Pen
tecost Harbor," because it was entered on "Whitsunday, as stated in Captain Smith~s narratfre, 
The coast was high and studded with islands, and high mountains were seen in the interior. This 
Pentecost Harbor is supposed to be the mouth of St. George's Hiver. The island lying· out sea. 
ward "·eyrnouth named St. George ltiland. There Weymouth planted pease, barley, aml garden 
seeds, and early in June, 1605, explored Penobscot Bay, which in the same year the Frenchman, 
De Monts, had examined and named Pentagoet. In the middle of June Weymouth sailed for 
England. 

CAPTAIN CHRISTOPHER NEWPORT, 1606. 

The expeditions of Gosnold, Pring, Weymouth, Gilbert, and others, were fitted out by separate 
companies, but these were hy order of the king (James the First) placed under the same Geuera1 
Council of GQvernment. He declared that Virginia belonged to England by old and later <lisc<ff· 
eries, and that explorations had heen extended from the 34th to the 45th parallel of north latitude. 
By royal order the region was to be regarded as divided between North Virginia and South Vir
ginia, the division line being about midway between tl1e 30th and 40th parallels. The exploratioH 
and settlement of South Virginia he committed to the Loudon Uornpan:)'; North Yirginia was g.i\-en 
to the so-called Plymouth Colony, and ample privileges were granted to both. 

In August, 1606, the London Company sent out a vessel in command of Henry Challons, but 
he was seized by the Spaniards. At the end·of the 'same year the same company fitted out three 
ships and provided them with means for a plantation. The expedition was intrustecl to Captain 
Christopher Newport and sailed from England on the 19th of December, 1606. As usual the course 
was by way of the West Indies. Southern entrances were at that time regarded as bad harbors, 

"Now called Neutral Island. See Williamson's History of.Maine. 
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but Chesapeake BA~- from tl1e time of the earliest Spanish navigators was in esteem for safety, and 
is so representea 011 the nrnp of tin' neighborhood of lloanoke drawn in the ,year 1590. On the 26th 
of April, Newport enten·(l the hay and named tl1e soutl1 side of the eutrance ''Uape Henry," in 
bo11or of tl1e Ifoglit,;l1 pri1we ot' tlJat name. The lrny was sounded and some of the riYer mouths. 
Near one of the anehornge8 tlw laud was named'' Point Comfort," but what is now"'' Newport News" 
wa8 hy him desiguatt•ll '' Arelwr\• Hope." Passiug- 8 league8 further up the rh·er a little sett~e
ment.wa8 macle awl was 11arnell ".Jamestown 'J ill honor of the King. Tl1e buildiug of the fort there 
was co11nnent'ed 011 tlle 14th of Ma,y, 1(107." Ten days afterward a cross was erected and the name 
"Kiug·'.s l~in•r ,. was applied. Captain Smith calls i't "Powhatan River," after the 11oted chieftain, 
hnt it is probably the same river which was previously known to S1iauianls, aud which they bad 
marked as "Hio del Espiritu Sau to." fo the middle of June the fort at Jamestown wais complete. 
Captain Newport left at the :-:ettlement 104 persons and then returned to England. 

lu thP early e.xperiPuce of the colouists disse1rnionR were frequent, but all matters there e\·ent
ually camp malcr the control of a man of more t11au ordi11ar~· ability, and moreover of adYenturous 
spirit. 

CAPTAIN JOHN SMITH, 1601'. 

Smith had sened as an officer Hi the Austrian army, agaiur-t the Turks, and had traveled much 
abroad. "'hen the two companies were formed for colonization in Virginia, Smith became inter· 
estcd and accornpauied :S ewport. By the Kiug he was named a8 one of tbe councillors of tlle new 
colony. 'Yhen the settlement at Jamestowu was deemed secured, Smith led in succession exploring 
parties toward the iiitHior, mid finally, in the spring of tlw year 1608, made an exploration of the 
;;hores of tl1e Chesapeake Bay. .At this time nothing was known respecting either its extent or its 
direction. \YitlJ an open barge Smith set out from Jamestown on the 2d of J.une, 1608, with 14 
pert-ions. II e wa>0 accompanied by 'Valter Rhssell, a physician. 

Smith, from the mouth of ,James RiveT, crossed the bay and lwgan tlie examination at. Cape 
Charles. The first islaud on whicl1 they landed was named ''Smith's Isle," arnl from thence he 
passed along tlie eastern sliorc of the bay, towards the north. The next .group of islands was 
11amed "Hussell's Islands.'' These are in 'l'angi(•r Sound. Sailing further he named a group 
"J,imbo Isles," and a point south of these was marked "Point Ployer." Crossing to the western 
8l1ore t11e party examined tl1e Patuxent and the Patapsco, but his men were then tired of hard
sliips iu an open barge. Smith was constraiucd to return without having seen the head of the 
lrn~· or 8{'ttling the qnc·stion whet lier it did or did not lead towards China. On the 16th of .June 
tl1(',V mitered the Potomac and went up as far as the draught of the boat would allow, probably as 
high up the stream a8 tl1e site of \Vashington or Georgetown. He then returned, entered the Rap
pa ha1111ock, antl exploretl it8 eourse. Near by he Fa8 wounded in the hand by a fish, and to mark 
1111· ]Jlact• lll' applied tlif' name "Htingray Jsland," wbich holds in tlie vicinity at this day. 

011 tlrn ~fat of ,July Smith wa8 again at Jamestown, but ou the 24th set out again along the 
westem 1>hore of tlw hay and i;:oon reached the head. Be entered the Susquehanna, which he 
uauH·d aftrr the Snsqneliannocki;:, au Indian tribe settled on it8 shores, and be must have passed 
well into what is 11ow tlw Sh1te of Pennsylvania, as he marks part of' the river as H Smith's 
Falls." Another branch of the ba;v he named Tockwough, and it is, probably, Sassafras River. 

Tlw JJl(iiam; akmg the Chesapeake mentioned to Smith that another great Vllllter e.xisted 
beyond the l1ills, aud lie jtHlged it to be a lake or river of Canada; but it seems more likely 
that the Imliarn; referred to Delaware Bay and River. 

After exploriug thf' principal branches of the Chesapeake, Smith again reached Jamestown 
on t~e 7th of :September, 1608. He states that the aggregate of water courses. examined was 

· ahout :3,000 mile8. His map of the 1·egion is creditable in point of accuracy, and was copied 
many times in the century following his time. He was elected president of the colony aud held 
office until the autumn of ti){' year 1609. By an accidental explosion of gunpowder he was 
wounded and felt himself coustrained to return to England. .After his departure no action wss 
taken in furtherance of his wishes in regard to exploration. He had been previously on the 
ooast 0£ New Englaud, alld hence his name will be again mentioned in this paper. 
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CAPTAINS POPHAM AND RALEIGH GILRERT, 1607. 

The Plymouth Company made an attempt to settle a colony in the year 1GOG, as liad been 
done by the London Company. In the iuterest of the first-named corn11an;y Captain Thomas 
Hanharn went to New England and e~plored the havens and harLors, but no details can be found 
respecting his movements. But, in tlie following ;\·ear, the same company fitted out two ships 
and sent in them a hundred men under command of Capts. Georg·e Po1Jlrnm and Raleigh Gilbert. 
They sailed from Plymouth 011 the 31st of May, 1607, and passing westward made land at Mon
hegan Island on the coast of Maine. Near by, they entered a navigable river uamed Sagadahock 
and there formed a settlement; but finding the place iuconYenient the~- ruond to Small Point, 
a few miles west of the mouth of Kennebec Hiver. V\'hen preparatious were corn1ilete for winter 
the vessels sailed on the 5th of Decern ber for England. 

The winter proved to be unusuall~' severe aud the settlers <'nffered in consequence of the cold . 
.Moreover, the India11s were hostile. George Popham and some others died. In tbe spring of 
1608 other vesRels arrived with supplies, but the colonists -were alread_y discouraged and concluded 
to return to England. The death of a brother in England necessitated the departure of Gilbert. 

In England the returning North Virginian settlers gave unfavorable reports respecting the 
region and represented that it was uninhabitable for Englishmen. 

CAPTAIN SAMUEL ARGALL, 161:>. 

Mention has already been made of the coast vosage by ne }fontR in tlw year HiOiJ, a11d of the 
unfortunate attempt b~· tl1e Sieur du Pont in Hi06. 'l'he I<'rench still reganled themselves as owners 
of the coast, though of late ,years the English bad visited the region oftener. ln the year 1608 tlrn 
Fathers Biard and Masse went to Nova Scotia, but soon disagreed with the French governor, and 
sought another place for settlement. On Mount Desert. Island the~· constructed and fortified 
a habitation, planted, and passed some ~-ears. Five years later they were joined by tbirt.y 
of their countrymen, who founded a settlement of the name of Saint Sauveur, wliich was 
sometimes called Mount J\fausell. But, by the EngHsb this French lodgment was considered an 
iutmsion on their Virginian possessions. Ca1)tain Argall was therefore sent to displace the 
intrnders. He had accompanied other commaiHlers, and hence had large experience in coasting. 
ln the year 1613 he went in charge of a vessel, and was engaged in taking fish when a storm 
forcC<l him to enter Penobscot Bay. At Mount Desert he found the French settlement of Jesuit 
missionaries and plundered it, and also seized the only French ship then in the harbpr. :Fifteen 
Frenchmen were made prisoners and taken t-0 Virginia, and there the fact that any foreign 
settlement had been made caused much anxiety. The Governor immediately placed three arme1l 
vessels under command of Argall, and he went north to operate ttgainst the French, ai;; far as 
Acadia. At Mount Desert he destroyed all vestiges that rema.ined after his hostile vhdt, and st>t 
up on the island the arms of Great Britain. Passing on to Saint Croix River and the Ha~· of 
Fundy, all traces of French habitations there and also at Port Royal were scattered. He then 
returned to Virginia. In English publications and maps what Lad been and is now marked as 
the Bay of Fundy. was for a long period marked as The Bay of Argall. 

CAPTAIN .JOHN SMITH, 1614. 

Captain Smith left the CbeRapeake region in tbe year 1609, went to England, and was there 
active in promotiug further settlements on the coast of America. He was regarded as a great 
authority in such matters by leading men of the day. In the year 1612 he published his map of 
Chesapeake Bay, accompanied by a description of the country, aud thus favored the views and. 
interests of the London Company. Doubtless the Plymouth Company desired similar ach-antages, 
as they soon engaged Smith to go out with two ships, in company with Captain Hunt. The 
vessels sailed promptly and made land at Monhegan Island on the coast.of Mai11e. There the 
crew was busy taking in a cargo of fish, while Smith with a few hands went in boats along the 
coast as far south as Cape Cod. Three months were passed in making his survey. He entered 
nearly every bay and harbor, procured the names of Indian tribes, Tillages, aJ!d localities; 
observed for longitude and latitude, and after bis return to Englanq (August, 1614) compiled a 
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map and description. This was issue<l in tlw year 1820. In the interval, however, Smith made 
(in Hil5) another attempt to rmch America. He sailed from EuglaJl(l in March, but was captured 
by French men-of-war and detaint'<l as a priRonn at Rochelle. When liberated, Smith returned 
to :Euglaud and there pa;,;sell tlie remaiI1<ler of his life in publishing his works. His first narrative 
and map of New Euglarn1 1rns is:sned iu tl1e year HiHl; alJ(l in token of their regard the members 
of tlie Plymouth Cololl~· conferrrd on him the hm1urary ti I.le of "Al1miral of .New Rngland." He 
Ra~-s that he a11plied tlw name (Xe1c England} in opposition to the Frencli, as their" New France'' 
adjoined, and as, morem·er, the;r included Xorthern Virginia. On the western side of the continent, 
under tl1e same dPgree of latitude, Sir Francis Drake had landed and uamed a countr.v New 
Albion. Smith nppliecl mauy new names, but in the course of time they were disused. He says 
that wlwn coiwtrn<·ting liiR map t<everal others, less accurate, were in his hands. The latitudes 
assigtH\(l h;,· Smith are good; and the lougitudes are better approximations than were recorded by 
either of his µredecessors. 

Captain Thomas Dermer sailed from England in the autumn of the year Hl18 and went west
ward to Monhegan !Hlarnl. His vessel there tookin fish and furs, and returned to England. 
Dermer ren·rni11ed ou tfip coast of New Hngland, and iu a small bark passed southward to some 
part of Virgi11ia in searcl1 of a miue n'ported to he there. He passed into Chesapeake Bay, aud, 
its he says, "Disconffe<l many .good1~· rivers and exceedingl,Y pleasant a11d fruitful coasts and 
isllrnds for the o;pace of eighty leagues from west to east, between Hadson River and Cape James, 
i. c., Cape Uod.'' Xeither maps nor joumals were left by Dermer. He lef.t only a short letter giv
ing a summar,\· of his Yoyage from the coast of Maine south to Chesapeake Bay. He went south
ward 011 tile l!ltll of l\Iay, 1G19, touche1l at Plymouth Harbor, passed around Cape Cotl, and staid 
some time at l\fartlrn's Yine~-ard. In J,ong Island Sound he fQnnd a" dangerous cataract amongst 
small roeky islands, occasioned by two unequal tides." ThiA mention marks the condition of Hell 
Gate at that time. He passed througli New l'ork Bay and went south to Uape Charles, where 
lw anchored and made a map. After his return to the north he wrote a narrative of the voyage, 
hut nothiug is now kuown re.specting the .details of either the map or the journal. 

Christopller Levett was i;ent out from .England by authorities claiming the province of 
.Maine in the ,Year rn~a. He landed at the Isles of Shoals, and from thence coasted in boats to 
the eastward as far as the Kennebec; but on b~ing told by the Indians that no place in that 
direction was faYorable for settlements, he returned to bis vessel. 

HENRY HUDSON, Hl09. 

At tlw e111l of the year 1G08 the Dutch East India Company engage1l the English navigator 
HPur~- Hndsou, whD luul g:tined reputation hy l1is energy at sea. They gave him a small vessel, 
The 1I al f Moon, and commissioned him to explore the waters uorth of Europe and Asia, to find, 
if possihlc, a Rlwrt northern passage to the East Indies. He bad been twice employed in such 
serd1w h,r eertaiu murchauts of London. 

111111s011 sailed from Amsterdam on the :!5th of :March, 1609, with a crew of Dutch and 
Bngfo;h sailors, anu passNl by the north coast of Europe toward A .Asia. But he was beset py fogs, 
8torms, and icellergH, mu! Wal' unabh1 to reacl1 tlw well-know11 island of Nova•Zembla. It was 
deemed lJe.'lt to tnrn westward, and at the Banks of Newfoundlaml be. turned towards the south, 
and tranirsed the ~ew E11glaml coast. A.t Penohseot Bay he went ashore, and also at Cape Cod. 
Keeping on Routhwnrd he pa8sed the entrance of Chesapeake Bay, and from the latitude of 350 
41' N. he turned back. The dry journal of Juet says nothing in regard to Hudson's intentions. 
Cl(weland, in his J,ife of Hndsou, expresses the opinion that Capt. John Smith, a personal 
~cquaintance, bad infornwd Hud:;;ou of' his own belief in the existence of a western passage tO 
the south of Virginia. Not finding any such passage he turned northward, and coasted along 
the series of sandy island~ outside of the peninsula of Delaware. He remark11 "the coast is a 
white sand~ shore, arni sheweth full of hays and points, and all within the land to the northward 
the water ranne with many islands iu it." 

Passing along to Cape Henlopen, he entered, 011 the 28th of August, Delaware Bay.• He 
--------~--,··---------~---~-- .~·~------

"See "Rist.orical inquiry concerning Henry Hudson, By John Meredith Read, jr." Published at Albany, N. Y., 
in the year 1866. • 
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sounded, wrote a description, and mnbodied sailing direction8, thns recordi11g the first mention of 
an;y consequence after the examination by 0Yiedo in tl1e J·ear 1545. 1f mapi:< wNe drawn by 
Hudson, the.'· were not preserYed. He sounded along the eoa8t of New ,Jen;ey, and iu his journal 
meutions the iislauds and inlets. On tl1e :!d of t:;eptember Le lia<l iu fiig-ht the hills M Xaveisink, 
and says" they are a Yery good land-mark to fall wi1l1 aud a pleasant laud to see." He describe;; 
Sandy Hook, !mt uamed it Colmau'li Point, l1ecauiie oue of hi:s me11 (.Joliu Colrna11) waR womu!P(1 
there by an Indian arrow, and died. On the lltli of 8eptt>mlJer Rmlson pasRPd the XarTo"'s mid 
entered New York Bay. .Finding that the water 80011 freshe11ed, the passage was regan1E"d as a 
river, and he passed up to the site now occupied b:y the city of Albany. LaE"t says that Iludso11 
named the riYer ";lfanhattes" after au lndian tribe tit at Jin•(] IH~ar t lw t•ntrance. 

On the 4th of Octol1er Hudson sailed for England. The Dutth East Iudia l'ornpan,Y, seeing 
the probable importance of his discoYer:y, sent out n·ssel8 to that regiou, hut the only 11arratiYe 
of these several ex1>ellitio11s now known i:s tl1at of De V1frs, in the :year Hi3:.!. After the time of 
Hmlso11, the region wais explored by .A<friau Block aIJd Hendrick Christia11se11, lmt thE' routes 
they followed, and even the ;rear of their voyage, are UIH'.ertain. It was prohabl,\' between the 
;years 1610 a1ul ltil2. Roth of these comillamlers were ou the shorl's of .Nt·w BPlgium for the 
second time in the year 1614, with fixe ships. Block thE"n explored the East Ri,·er aud passed 
through Long Island Sound. He sailed UJ> the Connecticut RiYer to tlH~ site now occupied b_y 
the cit;-,· of Hartford. 

The East India Compau~· annually, until,. the year lGlB, sent out some ships. but at the tlatt• 
mentioned the pri<rileges of the cornpmt,Y expired. I'riYatt' YO.' ag·E's Wl'tT rn:uk to tltt' wgfou of 
the Hudsou until the .rear 1621, when the V1'est lmlia Compa11y was eltartered, a11<l two .'·earn 
later expeditions weut out aud soou gave names wlti1·lt appear 011 tit(• earl,\· DntclJ map,,·. of that 
quarter. 

Cornelius .Jacobs Ma.r. iu the year 1614, was with Block and Christianse11 iu the New 
Netherlands. Be was ~gain sent out in the year 16:!3 by th<' 'Yest India Company. and tonk the 
lead of mariue aftairs for the StateR Ge11eral, and also for Ne"· Netherlarnls, on the IIndson lhYer. 
Under tl1e direction of the compa~;v, May led the first Hutch colony to settle aloug the Ilndso11. 
He explored eastward as far as Cape Cod, and from tlieuce passed southwanl and entered • 
Delaware Bay, which he called the "South River in the Southwest." His couutrynwn nanwd 
lower New York Bay "tl!e Port l\'la,v;" Delaware Bay they marked as "New: J>ort ~fay," aud its 
entrance capes, "Cape May" and "Cape Cornelius." Hndsou, in tile year 160!1, Juul l'Htered, Joint 
turned without passing into the lla.Y. Ma.y stopp~d in the Delaware at the site of Philadelphia, 
and near it establishetl the first Dutch settlement, and for its defense built Fort N ai:;::;au. 

DA VlD PlETERSZ DE VRIES, 163:!. 

De Vries led au expedition to Newfoundland and another to the East Indie8. At his return 
to Amsterdam in the year 1H31, he formed with Samuel God~·n a11d other Dutch rnercbauts a 
company for exploring and settling on the Delaware River (then kuown as South River) and for 
whale fii;hing in that 'icinity. 

The company sent out a Yessel under Captll!in I'eter Heyes to South Rin~r, and at tlle rnoutlt 
a small fort was built. But the enterprise was not successful. Ouly one whale was take11, and 
the garrison of thirty men was unable to resist an Indian attack', and all the defe11ders wert> 
killed. 

In the following year De Vries arrived in person with two Yessels. He sailed from tl1e Texel 
on the 24th of ].\fay, 1632, and reached the entrance of the Delaware on the 3d of December. The 
vessels anchored near a place which he calls SwauendaPl, aml there a settlerne11t w:1t1 commenced. 
With one of the vessels the river was examined and names were gi>en to i-everal lotalitit·s, ais, 
''Reed Island," "Wyngaert's Bill," "Vogelsaut," "SwaneTidael," "Timmeokill," alld othen;, 
but these names soon disappeared as later maps were drawn. 

After taking a few whales De Vrit's made a visit to the English settlenwnt in Virgima, and ou 
his course explored the low shore of the Delaware peninsula. He returued from Virginia and was 
again at South Bay on th~ 29th of March. The crew of the vessel left there had, in bis absence 
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take11 11iue whales. That vessel was seut laden to Hudson River, and with the smaller oue be 
closels examine1l tl1e coast, but no map is attacl1ed to Lis account of the coast features. From 
Hudson River De Vries returned to Amsterdam, and arrived there on tLe 24th of July. Between 
the years 1~~{; and 1642 be made a third rnyage to New Netherlands, but the particulars bear only 
011 the earl~· history of the State of New York. Nothing was thereb~· added to our knowledge of 
coast hydrograph~·. 

The development of the eastern coast of the G nitcd States in regard to essential foatures became 
known iu a short period by the expeditious of French and English to the shores of New Bngland; 
by Yo.rnges of the Du tell to H utli:;ou Rin~r and Yiciuity; and by the Eug·Jish to Chesapeake Ba;\' 
and vicinity early iu tl1e seYeuteenth century. Laet, the Dutch cosmographer, was able, in the 
year Hi:!4, to publish H ump showing the outlines and coast details with consiaerable accuracs. 

1'itles of c?pies of 1naps of tlte Atlantic coa~t of_' North America or pa.rts thereof. 

[Published betwl'eil the yiiars 1500ancl1770. and collected by J. G. Kohl, l'b. D.] 

Descript,ion of map. Year 

A seriAs of rnaps (Nos. 1 to 16, inclusive) under the gen~ral titli; of the "East coast," as follows: 

By .Jmm dt> la Cosa --- . __ ·--· ... __ .... _ --·- .. ---· .... _ ........... _ --·--· -·-- ........ ·--- ... --- ---- --- 1500 

2 .From a w:ip in tlw etlition of Ptolemaens ··--·- ......... ~ .. ·----- ...... ··-·-- .... ·----· ·----- ·---·· .... 1501' 
:; Hy Dieg-o llibei·o ........ _ ......................•... _ ·--· ............ __ ..... ---· ·---·· ........... _ .. .. 15211 

From a map in Pt<>lemaens .•.... __ --·· .................. __ .•...•. ___ ........•.••.•......•......••••... : 1530 

;, From an Italian map .................. ---· ........ ···--···--·-·-·--· .............. -·-----·----·--··.... 15:l4 
(i From a map of the worl<l IJ~- Bapti;;ta Agnese .•.•••.• _. _. __ . _ .. __ .... __ . _ ... __ .. _ .. _ .... _ •.. ____ .. ____ . 1534 

7 From a map of th<' world by Diego Uomem .............. _. __ .. _ .. _ ... _ ... _ ..... _ ....... _ ....•• __ . __ . _. 154 T 

8 From au EngliRb map of J. Rotz. __ .... __ ..... __ ..•.••.. _____ ....•• __ ._ .. __ ......• : •.. -·--·. _ ... __ . •. . . 1542 

!I From thi; I'tolernacns ofRuscelli --·· ···-···----· ·-·--· ·-·--····-·-· ........ ·-·--· ·----· ..•••. .... .... .. 1544 
HJ From a French ma1i by N. Yallard ......•.....••.... __ ........ __ .... ." ......... __ .. __ ........... ___ . .. . . . 1547 

11 Froru a French map (author unknown) . _. __ .. __ . _ .. __ . _ ...... _ .... ____ . _ .... ·-- ... _. __ ------ _____ . ••.. 1550 

12 From a map of Anwrica by A. Joan Bellero .. ·'-··- ...................... -----· ·----- ...... ····-····--·. 1554 
1:~ From a mirnnseript map of Oxford ................................... ··---- ... :.. .... .... ... . •. .... .. 155? 

U A map by the Portuguese geographer D. 1-Jomern .. _ ................................ __ ............. _ ... . . 15G8 

];, A map by Diego Gutierrez, a Spanish cosmogra1iher .......................................... ·--· ...... 1562 

Hi From au old manuscript atlas in the British :Museum .... _._ ... __ .... --·.·---_ ........ _ .. _ •.•..•. _..... 1561 

17 Le Mo~·ne's map of Florida .........•••... __ .......... _ ............. __ .. _. .. . ... .. . . . . . . . ... . .. . . .. . .. 1565 

l~ Italian 1rntp of 1.Jip east coa.st hy Zattiery ........... _ ... __ .. _ .. __ .. _ ... _ ..... _. , ... _ ....... _ .. . .•. . ... . 1566 

HJ The east coaHt from a map of ,Joaunes Mart-iues .... _ ...........•. _ ................. · ..... _ ••.•. .. . . .. . . . 1578 
20 Map of the i,ast coast l>y Fernando Simon. __ ... __ ..... _ ...... _ ............... ______ . __ ... _. __ ....... _ 1[>80 

tla Tlw east eoaHt after l\Iichael Lok .. __ . __ ............ ___ ...... __ ................... _ ...... _ --·... .... .. 1582 

2lb Map of Virginia, hyUr. Bry .............................. , ...........•.....••.••. ······--·· .. .•.• .••• 1590 
2'..! The ei>st eoast from Moliueux's Globe ..... __ .... __ .. ,... ___ ... __ ............................ __ . _.. .. . . 159'..! 

2:l Gerwral map of tlrn east coast l>y Wytiliet ........ _. __ . _ -·- ........•........•....•.......•..••.... __ ... 15117 

24 1 (This nnrnbcr doeH not occur either on the maps or in the explanat·ory notes) .. ___ ._ ..••.... ___ . __ ..•.. _. 

2ri Virginia (more particularly Chesapeake Bay) by Capt. ,John Smith .....•.........•..•. ------------···· 1608 

2ti XcwEnghmtl, hrL'Eocarhot .•.. ------ ...................... --·· •.............. ·---·-· .... ••.• .... •. 160<J 

27 . New England, by Capt.John Smith.................................................................. 1614 

28 New Netherlaudi;. From a Dutch map, tlie original in the archives of the Hague ....•............. ----. 161fi 

29 French Florida, Ly L'Ei;carbot ........... _ ............ ---· -·-· --·· ---· _ --· __ . _ ......•. --·- ...... -·-· .. . 1618 
ao 
31 

at 
33 

34 

35 

A map of lhe grt'ater part of the east coast by Capt. John Smith .... ·-·- .. _--· ... ___ . __ .•......••..•••.. 

"01t!tl Virginia," by R. Vaughan aftr,r Captain Smith ..•... ----·· ...... ·--·-··-······--····-····-·· .•.. ! 
A general chart. of (part of) the east coast of North America, by J. de Laet ....••••.. · •. ___ .•.••..•. _ ..•••. ' 
New Englanrl, hy .Joannes de Laet.. __ ... _ . __ . __ ........ _ .•. ___ ...•..••. __ •••. -----· .••..••••. __ •.••••.. 

Coast of Florida, by de Laet ........ _ ....•.....•......• ___ .. ___ ..•••••••••••••••.••• _ .• _ .. __ .•• ,_ ••••. 
• New Belgium or New Netherlands, by Lucini. ••. ---- .••••••••••••••••.••.••.••.....••..•.••..••••••••. 

1624 

1624 

1624 

1630 

162-i 
1631 
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Titles of copies of maps of the .Atlantic coast of North America or parts tl1ereo/-Couti11ned. 

'No. Dei:;criptiuu u.f map. Yt·ar. 

36 The south part of New England, liyWilliam Wood ....... ____ ...................•.•........ ·--·........ Hi:l4 

37 The first map of Maryland .............................................. __ .. . . . . . . . . . . . . . . . . . . . . . . . . . . lGJG 

38 The New Netherlands, by Audriaen van der Douk ................ ·----- ··--·· .... .... ...... .... .... .... llii>C 

39 New Jersey, by John Seller and William Fisher ....•. ···--·............................................ Hi7() 

40 Carolina, by W. Hack................................................................................. lli-·'4 

41 A chart of the Gulf Stream, by Dr. B. Franklin ....................•••. ···--·.......................... 17G!l 

[NOTE.-Dr. Kohl has observed that the tirst map on which any notice at all is takcu of the Gulf Stn'ain to 1770 

fa the one copied by him from a manuscript of John Dee in the British Museum and heariug date of 

151'.lO. See No. Hi of the collection of maps relating to the Gnlf of Mexico. The first delineation of tht• 

course of the Gulf Stream on a chart of the Atlantic is the one which Franklin harl fmgra.vNl from 

data fnrnishetl by Captain Folger, of Nantucket, arnl "·hich he liad published b~· Mount and Page, 

Tower Hill, Londou. Dr. Kohl's copy of this map l•enrs no date, but that given above (176\J-'70) io 

taken from Franklin's own account. of its origiu. J 
42 · Boston harbor, by Henry Popple ... _ .. _ ...... _ ........ _._ ................... ·-· ........ _ .... __ ......... 11:13 

43 ! New York and Perth Amboy Harbors, by Henry Popple ........••.. ···-·····-·· ...... ··--· .... .... .... 17:l:1 
44 The town and harbor of Charlestown in South Carolina, by the same .•..............••................. i li3:l 

45 . The harbor of Saint Augustine, by the same .............. _ ........••.........•..............••..... -·-·' 173:1 

i [NoTE.-The copies of maps above named are deposited in the archirns of the Coast and Geo<letic Sur-

1 vey. There is also on file in the archives a map of the discovery of the East Coast. of thf' United 

States, compiled by Dr. Kohl to illustrate his historical account, anti showing by colors the range 

ancl limits appertaining to each discoverer and explorer. 

·- -------- -- ------- --- --·· 
ABSTRACT OF CONTENTS. 

Histor!J of the disool'ery and CJ"ploration of the G11lf of Me.rfro. 

Columl111s (14fJ'.!-lfi02).-Sails westward from the Isle of Pines, discovered hy him in 1494. On his fourth Yo~·ag•', 
l&O:l, is again in the wesieru part of the Gulf. 

&baBtian. Cabot (14!)7).-Touches on the continent and passes southward along tlw coast. 
Sol-is anti Pinzo11 (1506).-Reach the coast of Honduras and sail northwartl; how far iK uucert.ai11. 
Rebalifian de Orampn (1508).-Examinations on the coast of Cuba. 
Juan Ponce de Leon ( lr>12).-Examina.tions on the eastern and western co:1sts of Florida, an<l in the appro:ielH'8 to the 

Gulf of Mexico. 
Diego VelaBquez (1511-'14).-Leads an expedition for th<i conquest au<l settlement of Cuba. 
~go .Mfruelo (1516).-Voyages from Cuba to }'lorida. 
Cordoru (1517).-Expedition from Havana, Cuba, to the coastH of Yucatan. 
Grijalva and .Alami11011 (1516).-Expedition fitted out at Matanzas, Cuba, for U1e exploration of the coast. of Yucatan 

and of Mexico. 
I Fernat1do Cortes (1519).-Commands the expedition fitted out at Havana aml inte1H1"d to makP. a thorough Pxarni
nation of the cC'asts of Yucatan aIHl Mexico. Founds It col011J a.t Vera Cruz, and 1mter• upon the co111J11Pst of)fmci""· 

.Alt>arez (1519).-Expedition fitted out under the direction of the governor of Jamaica. ExnrniuPs tJip w<'Nl l'oast 
of the peuinsnla of Florida, and sails thence to V'era Cruz. 

Nar"aez (1520).-Commands an expedition fitted out by Velasquez to proceed to Vera Cruz, and ol>tain ih<' Hnh

mi88ion of Cortes to the authority of Velasquez. 
Pineda and Caniargo (1520).-Umler the auspices of the governor of Jamaica an expedition is fittr<l ont fo1»a set

tlement at Panmm on the Mexican coast. 
Ponce de Leon (BecOfld expedition 1521 ).-Expedition from Porto Rico to t,hc Gulf coast of :Florida. 
Franci8p1> de Garai (1523).-Receives from the King of Spain a grant of the government of a province on tl1(' west

ern coast of the Gulf of Mexico. 
Narvaez (1527-'36).-Expedition starting from San Lucas in Spain for the purpose of exploratiou an<l Rettl.,11H·11t 

on the northern shores of the Gulf of Mexico. 
De Soto (1539).-Expeditfons to the Gulf of Mexico. Exploration an<l settlc>ment !it•tween Tampa Ha;r :rn<l Apa· 

la.cbee Bay. 
Diego MaldOflado (1040).-lrakes report to De Soto of bi11 discovery of and entrance into Pensacola Bay. 

H. Ex. 43--65 
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De Solo (1541).-Discovers a great river whicli the Spaniards named Rio Grande, but named subsequently the 
Mississippi. 

Luis de ltfo•coso, Maldo11ado, and Ario• (1542-'4:~).-Continuation of the explorations set on foot by De Soto. Ex
pe1litio11s to the country south and west of the Mississippi, and descent of that river to the Delta. 

Andres de Ocampn (1543).-Exploratious and travels in the i·egions between Mexico and Florida . 
.d11dr~s de Olmos and Guido de las Razare• (1fi58).-Expedition from Vera Cruz for the examination of the whole of 

the uorth Rh ore of the Gulf, to find a liarbor suitable for the fleet of Don Tristan de Luna. 
lion Pedro Mene111lez (lf163-'6'i).-Cornmands an extensive expedition to the Florida coasts; is made Captain-Gtm· 

eral of Floritla, breaks np the Frencl1 settlements on the peninsula, makes examinations and surveys on both t.he 
Atlantic and Gnlf eoasts. 

French and English adventurers ( lf>55-'67).-Voyages and explorations by Robert Tompson, Sir John Haw kins, Cap
taiu \\"illiam Michelson, and others. 

Pedro Jfenmdez lJJarq11ez (1573).-Commissioned to make a survey of the coasts of Florida. 
R11i::, Lopez, Antonio Espl'jo and others (1551-'83).-Explorationsin New Mexico, Texas, and adjacent regions. Name 

!(ive11 to t,J1e province of New Mexico; settlement of Santa Ff;. 
Robn-t de la. Salle (lliH2-'Br>).-Plans an expedition to complete the work of explorat,ion of the Mississippi River. 

DeRcem1s the river to the Delta, and sounds out and explores the Pa.BSes. 
,/11a11 Enriquez Rarraw ( 1685 ).-Commands an expedition to the llorth coast of the Gulf, and examines the hays and 

capes from Pensacola Harbor to the westward. 
Andres dt· Pe• ( 169:3).-Enten• Pensacola Bay, examines its shores and indentation,·, and gives names to itR promi

uent capes, &c. Proceeds thence to Mobile Bay and to Lake Dorgne. 
llwrdlle (1698-'99).-Lands with an expPdition undn his command at Dauphin Island; takes soundings in the 

vicinity, uames Biloxi Bay and Pa.scagoula River, also Lakes ManrApas aud Pontchartrain. 
De Tonti (1700-'04).-Having accompanied La Salle iu his several expeditions, aud having passed four times up 

and tlown the Mississippi, dies at Mobile Bay. 
St. Deni• (1714-'19).-Under the direction of M. Crozat, manager of the French colony in Lonisia.na, traverses 

Texas and Mexico ; returns to Mobile, and prepares maps of the Mexican Gnlf countries. 
Lemvy1wde Bienville (1717-'20).-Sends out expeditions nuder his dirPction as governor of Lonisiana to establish 

Nettlements and military posts on the north coast of the Gulf. l•'ounds a colony in 1718 on t11e present site of new 
Orkans. A rri,·al of Father Laval, a }'reuch astronomer of dist.inction, who determines latitude at a station on Dauphin 
!Kia ml. 

fiernard de la Hatpe (1721).-Commands an4txpedition for estal>lishing French settlements on the coast of Texas. 
Father Charleroi:r (li22).-As an explorer, and as the historian of early times in the northern region of the Gulf of 

Mexieo, occupies a conspicuous place. 
f'Tfncil and Spanish C!!mmanders on the G11lf coast and 011 the penin11tlu of Florida (1718 and !ater).-Contests for the 

poi;i;eRsion of Saint Joseph's Bay, Pensacola Harbor, and other }Wints ou the Gulf roast between French anrl Spani11h · 
t•on1n1a11ders. 

r. S. Coast S'11rt•ey (1846).-Geodetic operations on the coaHt of Hie (:ulf of Mf'xico begnn by thP United States 
Com1t 8111Tey. 

COLUMBUS, 149'2-lf>0'2. 

Ou his first arrival iu the western hemisphere Columlms regarded as islands aH the land then 
);eeu. No chart of that time is extant, except what may be cousidered as such in the armorial 
hearing~ ordered b;y the King of Spain at the end of May, 1493. Spotorno gives a fac-simile of the 
map, and Oviedo makes mention of it. He sa~s: "On this ch~ut are seen islands lying iti a gu,lf 
which is formed hy tierra .firme of the Indies, and upon the tierra firmeof the chart are represented 
palm trees, other eYergreens, and gold clumps." 

On his secoud ex11edition Columbus sailed along the south shore of Cuba, and earl.v in June~ 
14!14, was at the Isle of Pines, and beyond it be sailed some distance. Strangely, be regarded the 
regiou as being part of the East Indies, and turned without disco\'ering Mexico. On his fourth 
voyage (ill Jul~" 1502), Columbmi was again in the westeru part of the Golf, but did not reach 
Yucatau. He never touched on the mainland of the continent of .America. 

SEBASTIAN CABOT, 1497. 

The continent was touched on by Cabot on the 24th of .lune, 1497. This was previous to the 
third vo~-age of Columbus. From his western landfall he passed along the coast southward, but 
the limit reached in that direction is somewhat uncertain. The ouly early chart marked with the 
discoYeries of Cabot is that of Juan deCosa, of the year 1500, referred to by Humboldt and Walk· 
enaer. Un it Cuba is represented ae an island, and the con1inental shore line rmH!I to tbe north and 
to the west of Cuba. 
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JUAN DIAZ DE SOLIS AND VINCENTE YAREZ PINZON, 150ti. 

In 1494 <Jolumbus had intimated tbat no passage WlHl practicable around the coast of Cuba, a111l 
his declaration seems to have checked somewbat the progress of discovery in that regiou. The 
eftect was to divert attention to the southward and westward, and thus the outline of the Carih
hean Sea became known while the north and west shore of thr Gult of Mexico was ~-et unexplored. 

Solis and Pinzon sailed from Hispaniola and reached the coast of Honduras. Fernando Colum
bus sa~·s the.r had a pilot, Pedro de Ledeimia, who had been in the same regiou with Christopher 
Columbm;. They sailed along the cost of Honduras and ~tee1·ed northward, but the limit of their 
navigation cannot be marked with certainty. In the biography of his father, Fernando Uolumbu" 
says that Solis an~ Pinzon made a chart of the newly discovered regions, but no copy of 1<uch 
chart is known to us. 

SEBASTIAN DE OCAMPO, 1508. 

Herrera sa.ys (in 1507) that King .Ferdinand of Spain regarded his officers as deli1niue111, 
because so mauy years had elapsed without settling the question as to the insular charaeter of Cuh:i. 
He therefore sent an order to his Governor-General of the vYest Indies, Don Nicolas de Ornu<lo, to 
fit out an expedition. Two ves8els were sent under Captain Sebastian de Ocampo, who had bee11 
with Columbus in Yoyages to Hispaniola. The navigation was difficult, and the vessels needing· 
repairs, a port was entered on the northwestern coast of (Juba, and there some time was passed in 
refitting. The iilace he designated as Puerto de Carenns [harllor of careening], but it is uot doubt
ful that the port was Havana. Ocampo sailed along the south coast of Cuha, goiug eastward. 
Near the Isle of Pines be crossed the track followed by Columlms in 1494, and returned to Hispan
iola after being eight months at sea. TJ:iere is no complete ~nrnal nor record of nautical and 
astronomical observations made by Ocampo, but he wa~ certainly the first man who dfacovem1l the. 
prospective importance of the harbor of Havana. 

In the year 1512 Diego VeJasquez marched in the int~ior of Cnba, and Ponce de 1.eou, !'<ailing· 
from Porto Rico;traveri;ed part of the shores of that great island. In the year following, a map 
was printed in Europe, showing to the northwest of Cuba a gulf and a peninsula, and it was prob
ably an attempt to represent Florida and the Gulf of :Mexico. The map is given in the Strasburg 
edition of Ptolemaeus, of the _year 1513. On it is depicted to the northwest of Cuba a continent 
marked with the name Parias, which designation was somewhat common on earl_y maps of the 
American continent. The author of the map here especially referred to was John Sclwtt. At 
that time such publications were suppressPd in Spain. 'The map has no reference to Ponce de 
Leon, nor is it marked with the name Florida, nor with any other, pertaining to his adventures. 
He regarded Florida as an island, aud it is so represented on the map. 

On a chart of the year 1508 Ouba is marked as an unfinished discovery, showing onlr part of 
the northern and part of the southern shore, and it bears the inscription, ''So far came the sllipH 
of King Ferdinand of Spain." Rvidently the parts shown were such as had been seen by Colum
bus. Rnisch, the compiler of the map, knew nothing of the map of Cosa, which was made in the 
year 1500. 

Near the end of the year 1510, or possibly some months later, a vessel went from Hispaniola 
for the capture of Indians. Thirty men were ou board. By a storm the vessel was forced into 
the Gulf of Florida, and was wrecked. All the crew were killed by the uath-es, excepting two 
women and one man, who were given tts slaves to a cacique of the Indian district near HaYana. 
There the captives lived uutil liberated at the time of tbe conquest of the island of Cuba, by Diego 
Velasquez. The port in which the misfortune happened, was afterwards called Puerto de Ma.tan
zas [port of slaughter], and it still bears the name. 

Velasquez landed in 1511 aud reached.the middle parts of the island in about two ~'ears. He 
learned that Spaniards weie held by the Indil:ms, and hastened to liberate them. The survirnr 
assured Velasquez that he had been held nearly four years. 

In the year 1511 a. vessel was de!j!patched from the Isthmus of Darien, commanded by Captain 
Valdivia., to bring a sum of gold, and to report the state of affairs to the Governor-General. Un
fortu.nat.ely this vessel was wrecked on some rooks on· the south t1ide of Jamaica. ValdiYia and 

• 
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i;omc of the crew in a boat attempted to reach the coast of Cuba, but were swept westward b~· the 
currents, and lauded in Yucatau. There tl1ey were held by the Indians; some were killed and 
others were ke1>t as slaves. The ouly surviTors were Geronimo de AguiJar a11d Gonzalo Guerro. 
Tl1t•se were alive wl1c11 Coric:-; al'I'iYed i11 Yucatan, in 1519, and the 1lrst-named, liaviug acquired 
tlie language aml muc11 knowledge of the country, became useful to the daring adventurer. 

JUAN PO~CE DE LEON. 1512. 

The IndiauR fouud on Cuba had a tradition of a country to the northward named " Oautio,'' 
where was a. river of which tl1e waters would restore youth. As Ocampo passed eight montl1s of 
the year 1508 in that vicinity it seems probable that his report was known to P.pnce de Leon, who, 
for Ronie tinw, was goyer110r of the island of Porto Rico. But a similar story was told of a foun
tain ou au isl a ml called "Rim.ini," to the northwest of Hispaniola. Three years later the governor 
was snpe1se<led, !Jut he had IJpcorue wealthy, and fitted out at bis own co:st three Tessels, and 
with them sailed OH the 3d of March of tbe year 1512 from Aguada, at the month of the river 
Guanabo. In the middle of the montl1 he was at Guanahani, where Columbus had landed. He 
crosRed the track of Columbus and advanced to the northwest. On the 27th of March, which 
was a festfral day, called by the Spaniards "el Dia de Pascua Florida de Resurreccion," he saw 
the coast of a new country, which he regarded as an island, and this he named "La Florida" 
He coasted some distance, but firnling no harbor turned back, as the current was strong. With 
some difficulty he rounded Cape. Canaveral, and going southward reached the Florida reefs and 
keys. On the weistern coast of the peninsula, at a place which cannot readily be identified, the 
wssels remained until the 3d of June. Next day they w~re attacked by a great fleet of canoes. 
l\fony Indians and a few of the Spaniards were kiJled, hence the place was named Isla de 
l\fatanza; i. e., the island of slaug'hter. For some days, however, intercourse was maintained with 
the natives. l'assing on westward, they reached the Tortugas on the 21st of June, and there they 
caught. in a single night one hundred and sixty large turtle8. They killed also seals, pelicans, and 
other birds which there abounded. Three days afterwards they sailed, and agatn saw land on the 
2Gtl1. At thP end of the month they entered a harbor to repair the :vessels, but could learn noth
ing of the country to which it pertained. By most of the party it was believed to be part of Cuba, 
as some iron tools were seen, and trees that bad been cut by knives. Moreover the trend of the 
coa8t was east and west. Ou l'riday, tlie 1st of July, they left the harbor and brought up at some 
islands of the ],uca~·an group. There the;y sought for tlie island of Bimini, and met with a Spanish 
vessel commanded b~· Diego Mirnelo, who was sailing on his own account. Mucl1 was expected 
from lli:s cxperieuce as a }Jilot in that dangerous quarter, but the vessel in which he had joined the 
lleet of Ponce WlilS soon wrecked in a storm, but without loss of life. The family to which l\1iruelo 
belouged afterwards became famous as .Gulf pilots. 

1~011ce decided to sail homeward, but· before starting despatched a vessel to renew the search 
for Bimini. This was commanded b;y Juan Perez de Ortubia and the pilot, Antonio de Alamin0s. 
l~imini was found, but nothing was seen of the wonderful fountain. The place was, however, 
reported to he a cheerful, fresh-looking island, well watered, and full of trees. Herrera adds to 
his rt•port on tlti:s expedition a chapter on the nature and currents of the Gulf Stream, but as the 
journals of l'oBce de Leou were not extant, th·e conclusions in regard to that marine feature are 
doubtle:ss tinch ai,; occurrrd to Herrera a, century after the time of Ponce de Leon. He probably 
drew a chart sllowiug the contour of the Florida peninsula, and it seems Jikely that.the sketch 
giveu by Diego lHhero, in the year 1529, was reduced from the charts of PonM. In the year 1513 
l'ouce de Leon went to Spain to make report, but nothing can be found of any detailed statement; 
merely the sentence ''to the northwest end of Cuba has appeared a great country, which they 
believe to be a continent." 

VEI,ASQUEZ, 1511-'14. 

Shortly after the time of Ponce de Leon the gulf shore of Cuba was settled by Spaniards. In 
the ;rear 1511 Don Diego Oolon, then Governor-General of the West Indies, resolved upon the eon. 
quest of the great island, of whicp. nothing was known to E11ropeans except that ft wu a good 
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land, thickl:y inhabited, and rich in. uatural productions. Tl1e governor sent out Ca11tilin Hi.-go 
Velasquez with three hundred men in fonr Yessels. 'I'hat commander was Rum1 followed h~· 

adveutnren; from ,Jamaica, Porto Rico, and other West Iudi:m islands, and amm1g8t tlw111 w:-is 
Sebastian de Ocampo, who had paHsed around tlH· islaJHl in tl1e year 1508. Pamphila de Nanaez 
arrin•d in 1514, and ma.rehed partly on shore. Ile waR very active, and twelve ,Year;-; later Wal' 

killed in :Florida. Both Velasquez and N aryaez had been told of the exist.ern~e of some Spau
iards iu the neighborhood of Havana. These had been shipwrecked a few ~-ears hefore, aud witl1 
a view to their liberation }~atl1er Las Casas hastened to that regio11. 

W'hen Velasquez had traversed and takeu posses;;;ion of tl1e g-ulf' shore of the Island of Cuba. 
he founded, in 151±, nearOcampo's landing place, the town of Jlava11a, aud in the :-;ame ye.ar ;o;e11t, 

his captain, Narnrnz, to the west end of tlie island, now known a8 Cap(' San A11to11io. At inter
vening places Spanish settlers built honseR aud irnprm·ed the Ja11d, and tLi8 wa1o; the tirRt firm foot
hold wl1ich the Spaniards gai11ed on the sltores of the gulf. 'I'he settlement on t:Lc north coast of 
Cuba was the foundation of future conquest>; and explorations. 

DIEGO MIRUELO, 151C. 

It is probable that the Spaniards, settled h.r Yelasquez 11ear Harnna, !milt vesM'lr-; a;-; well ai; 
houses, and it seems likelJ that tl1c;y made visits into tlie G nlf of flori<lll, arnl perlJallS t•1 the Flor
ida Ji.e;ys. There was certain!~- a trndi11g Pxpedition from }Jayaua iu the year rnl7, cm11lnctt>d h~· 
l'edro d'Avila, and Teconl8 show tliat mariners and con8tiug- aml fif;J1ing- ve1<sels were know11 in 
the port of Cuba in the year HHS. Barcia states that Dit>go :Mirnelo went from Cuba to Florida 
in the ;year lfil6, and there traded with t11e Indians. 

UOHDOVA. 

Francisco Hernandez de Cordoya was a wealth;.· settler of Cuba, who held Imlia11s and also 
au estate near tile town of Espiritu Santo, near the middle of Cuba. He was elected a;; com1mtndcr
in-chief by upwards of a hundred enterprisiug young Spaniards, \rl10 desired to make disco\'('ries. 
All of them had come to Cuba from Dariell, where the GoYernor, Pedro .Arim; fif' A_yila, had not 
found sufficient occupation for them. But in Cuba they were too late. Yelascpiez hnd already 
completed the conquest aud partition of the island. Cordon1, howeYer, accepted the offer of these 
men who wished to gain wealth or reputation. He fitted out two vpssels, and the thir(l wa8 given 
by the Governor under the condition that they should bring to him a number of Indian slaws 
from the islands of the Guanajos. Tl1.e offoT was declined b,\- CordoYa, who explained that thc;r 
were conoorned only in exploration and. discovery. Velas<1uez then gaTe them the ship on their 
own conditions. Their chief pilot was Ant-011io de Alamiuos, and the vessel sailed 011 the 8th of 
February, in the year 1511t, from Havana. Going westward tlrn party doubled Cape. Sau Antonio 
after coa8ting twelve days, and then stretched into the sea westward, without knowkdge of rocks, 
shoals, currents, or winds that might be encountered. It iR not mentioned that theJ· had 011 

board a copy of the chart of Columbus made iu 1502, nor of Solis and Piuzon's chart of lti06. The 
only inducement to take a western direction seems to have ttuned on the recollections of their 
chief pilot, Alaminos, who remembere<l that Columbus, with whom he bad sailed as a boy, had 
alwa,ys a strong inclination to go westward. After' a heav,v storm, which lasted two days arnl 

•nights, the course was changed, and twenty-one days aft-Or their departure from Guba they came i11 
sight of land. }'rom the sliip, they saw a large Indian town, and when they came to anchor, 011 

the 4th of March, many canoes came out to them, and some were of size sufficient to contain fifty 
Indian.'I. These, in their intercourse with the Spaniards, frequent!;.· repeated the words "Con 
escotoch" ! and hence on the chart the place was marked "Punta <le Cotoche." The Indian words 
were probably intended to express an invit.ation to come ashore . 

.After a short land excursion to the interior, the Spaniards had a bloody encounter with the 
Indians, but at the same time found t-0 their great joy good buildings and temples, a11d in them 
idols and ornaments of gold. Thus stimulated, they held along the shore to the west, and 
discovered points, bays, and many of the shoals and reefs of that part of Yucatan. The pilot, 
AJaminos, however, believed that the newly.found country was an island, a susgestion as will be 



 

UNITED STATES COAST AND GEODETIC SURVEY. 

remembered, niade by Ponce de Leon in regard to the peninsula of J<'lorida. On the 25th of March 
th1>,y rt•achcd a bay, which the Indians called "Quimpech," hut in the Spanish pronunciation it is 
known to this day as Oampeche. The natives hailed the atlYenturers repeatedly with the word 
" Omitila11,'' at tlrn 1mme time J10inting towanl the east. While taking in water from shore the 
Hpauianls saw temples omamented like those at Catoche, but tliese could uot ue examined, ai; the 
natiYes collected iu great numbers and marched in battle array. The Spaniards retreated, bnt 
hrought off their water caRks, and after stowiug them sailed away to tlie southwest without 
in terrnptiuu, fayo1·ed durillg six <l::tys by wind and weather. Ou the seventh day a heM'Y north 
wiud caused the casks to leak, and made it needful to seek another anchorage. They consequently 
wellt into the mouth of a river 11ear an Indian Yillage, the uame of which was Pononch3u. Here 
thej· found wat(•r wellf•, buildiugs of stone, maize plantations, and other signs of a good state of 
cultivation; but trusting- too far inland the,y were attacked by uatives in overwhelming numbers, 
aud like those of Campecbe, the Iudians uttered the cry, "Castilan," "Castilan.'' In cutting their 
way through the mass of sa,'ages the Spaniards lust fifty-seYen men in killed and two others were 
carriPo away as prisoners. The boats were capsized, the water casks lost, and all who reached 
the ships wpre markf!d by wounds. The commander, Cordova, was wounded in twelve places. 
Thi8 sad e\·ent euded further progress, aud the place was named by the pilot and mariners of the 
expedition "Bahia de la ruala pelea," i.e., Bay of the disastrous fight. It was probably the mouth 
of tla• rin·r now kuowu as the Champotou. 

The lesst>11ed force beiug insufficient to work three shi11s, one of the vessels was burnt, and 
tlw party resohed to return to Cuba. They suffered for want of fresh water, and consulted the 
d1:1rts. Alarniuos judged it best to leave the direct course aml h.r turning northward to make the 
coast of Florida, all(] then fall back to find tile harbor of Havaua. Only this general fact is known. 
That commander had, when with Ponce de Leon, crossed the Gulf of Florida twice, and he bad 
8ailecl al8o with Ortnbia amongst the Yucatan Islands. It is probable that, with Ocampo, he passed 
cutirely around the coast of Cu ha. Hence his opportunity was ample for making observations on 
the U8nal eastcm direction of the winds which blow into and along the eastern gate of the Mexican 
G n lf. The n'issels lwd a short time before suffered by a beiwy northeast gale. The expedition 
was prnlialil.r saYed from furtlier disaster by adopting the proposal of Alamiuos. Going north 
all(\ northeast t11e party came in sight of the coast of Florida. He landed with some men, and 
rP<'ognized the n•gion whicl1 he had seen in 1512. By digging well8 good water was found, but 
tlie~· were attackl'd h;r Indiarns wbile so emplo:yed. In passing to Hii\'ana (by the Florida Keys) 
t111·~· had oul;y 4 fathpms of wat~r, and the largest Yessel struck agai11st rocks, but the exhausted 
crews at lai;t readied Havana. The wounded cllptain, Cordova, retired to his plantat.ion near 
Santo Spiritu, aml tl1ere died. Some of his officers and men presen_ted themselves to the Governor 
(Velasquez) and reported fayorahl:r of the new country. Some of the products were shown, and 
two of thl• i11liabitants who bad been taken as prisoners. • 

GRIJALVA AND ALAMINOS. 15l8. 

Hepurts iu regard to Yucatan led to the fitting out of four ships, which were provided with a 
forn• of two l1urnlrcd and t\Yenty men. Juan de. GrijalYa, a cousin of the Governor, and a man. of 
e1H·rgy uud prnd<'H<'<", was at the bead of the fleet as Captain-General. Pedro de Alvarado, 
Fraucisco de 1\lontejo, aml Alonzo de A Yila, all of whom afterwards became famouR as companionfl'I 
of C1>rtes, wnc assigned to the command of vessels; and some of the· soldiers and sailors who had 
been wit b Cordovajoi11ed the exi)edition. Amongst others was the chief pilot, Antonio de Alaminos, 
aml Bernal Diaz de! Uai;tilla. 

'I'he instructio111;; gh·en hy Yelasquez to the commander of this expedition are not extant, but 
in the iustructionl>' of the same Velasquez, addressed to Cortes in the year 1518, the Governor says 
that lie sent out Grijalva priucipally for the purpose "of examining and circumnavigating the 
island of Yucatan aml to discoYer further onward." 

The harbor of Matanzas, on the coast of Cuba, was indicated as the general rendezvons for 
ofticers, men, and ships, and from that place the fleet !'ailed on the 5th of April, 1518. Following 
the track of CordoTa's expedition, <Jape San Antonio was sighted in eight days, and from thence, 
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after sailing ten days, tbey reached the coast of Yucatan. By the currents tlwy were carried 
southward and first saw the island of Cozumel, to the south of Cape Catoclie, 011 the 3d of l\lay. 
To Cozumel was then given the name "lBla de Sauta Cruz." They followed the tr~wk of Cordon1 
to Obampoton, and there bad a fierce battle, but tlie saYages of Yucatan wert> irnt to tlight. 
Coasting farther they sonn saw an opening which was considered to he the mouth of a large riYer. 
but, on entering, it was found to be a large lagoon. As late as the :year lti50 charts were drawl! ou 
the authority of Alaminos tha1 show Yucatan as an island; am1 this was long after the pilots and 
men of Grijalva had found out tlwir mistake. 

From the lagoon last mentio11ed the partr sailed very cautiously along· the uukuown coai:;t, 
moving only by daylight. On the 7th of June they saw the mouth of a great riYer, which wali 
entered by the two smaller vessels and by all the boats. The two larger vessels remained at ancllor 
outside. H~re tbe Indians ass€mbled in thousands, but there was 110 hostile demonstration. 
Prese11ts were interchanged. Amongst the Indians were some trinkets of gold: and the occasio11 
was further remarkable, as then for the first time the uame ''Mexico" was pronounced in tbt> 
hearing of Spaniards. When the nati>es were asked where such gold could he found tliey pointed 
towards tbe risiug iom1 aud pronounced the name" Mexico." The Spaniards quickly embarked for 
tbe search, but the river, wbicl1 thPy named Rio GrijalYa, was long aftn bis time known al:i Rio 
Tabasco, as bearing the uame of the cMique of the region. 

An active period followed in which riYer mouths and other entrances were first knowu to 
Europeans. The Rio de las Bauderas became famous because Spaniards there found ;;ul~jectH of 
the Indian Emperor Montezuma, and possessed them Rel Yes of a considPra ble quantity of goltlen 
curiosities. In excbauge for a few cbeap European trinkets a.nd blue beadr:.; they gained the sum 
of J.5,000 pesos. The next place vi;;ited was tlJat which became fhe reuowned port of Juan de 
Ulloa. This came into view on tbe 18th of June, and tliern some poor Indians na(l been Hacriti.cc•d 
to the p~an deities. Hence the place was named lsfa de Sacrificios. The islan<l and its name 
stands on every old chart of' the Mexican Gulf. At another place on the beach the Spaniards built 
huts and remained several days expioring tbe vicinity. On a neighboring islaml t.'Yi<lences ap
peared of the sacrifice of human beings. These were viewed by Grijalrn with horror, and by au 
interpreter he asked what bad caused these abominations. The answer was, "01na"! "'--Hua"! 
Bence the name of the }Jlace was marked on the chart as ''Ulloa.'~ This happe1w(l on thC' day of 
St. John, and therefore addition was made to the Jmlian ap1w1latio11; the place was known a;; 
San Juan de Ulloa. The region adjoiuing was named Saint Mary of tbe Snow. Grijalva rt>soh-ed 
to send a message to Velasquez b,y Pedro de Alvarado in the ship San Sebastian; and more
over his party needed provisions. All the gold then gathered was sent, aud also written reporti-; 
from the several officers. After Alvarado's departure (on the 24th of June) Grijalva aml bi:" men 
sta.rted with the remaining vessels and passed along the coast iu hope of further disccfferie::;. \"\ itl1 
the mountains of Mexico constantly i.11 Yiew, they at last came to a river, "Rio de Canoa8," in the 
province of Panuco. Many Indian canoes made out boldly and commenced battle, but with littlP 
effect, against the Spauisb ships. Proceedilig farther, a great cape was seen, but conld not he 
passed, as the curreuts were strong. The pilot, Alaminos, advised agaiust sailiug farther to tl1t> 
north. It was found, moreornr, that provisions were scarce, and that 80me of the ships leaked bailly. 
As winter was approaching the commander decided to return to Cuba. On Hie 2Hth of Septemhel' 
that island was sighted1 and on tbe 9tb of October they entered the l)Ort of Matanzas, from wliicu 
they had sailed six months earlier. On the resulting charts an important part of the gulf wa>s 
represented, and on them appear the names "Mexico," "New Spain/' "Terminost "lJlloa," and 
numerous other designations that are yet retained. 

From Ulloa a veMrsel was sent by Grijalva under command of Pedro Alvarado wHh ortleni 
to examine the coast of Cµba. The rnssel arrived in Mafet:r, but no details are known reli11ectiug· 
the observations then made. So also of the· voyage of CbristoYal de Olid, whom Yelasquez sent 
from Cuba to follow the track of Cordova and Grijalva. Olid reached tlie shores of Yucatan, hut 
by heavy gales was forood to rnturn without meeting Grijalva or seeing much of the hitherto un
known coast. Olid was su.bsequently sent by Cortes to Yucatan and the Ba,y of Honduras. 

On his arrival at Cuba, Grijalva found that much interest had been excited by the discoveries 
of .Alvarado. The' Governor, Velasquez, bad fitted out another armament, and, although Grijalva 
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had been energetic, the governor was not coutent, as tliat commander bad not settled and fortified 
a place in the new couutr,y wlticli was snpposed to be rich. 'Ihe corumauder was not again 
employed, mill soon after weut to Jamaica, entered into the sen·ice of Garay, and accompanied him 
in his expedition to Panuco in 1523. Grijalva was killed in a revolt of the Indians in Nicaragua, 
where be had joined the standard of l 'edriarias. 

FERNANDO CORTES, 15Hl. 

The voyages all(l operationR of Cortes are described in the letter which he addressed to the 
King of Spain from Vera Cruz early iu August, 1519. The letter is not extant, but fortunately 
the chaplain, Go111ara, giYes an extract in the fortieth chapter of his Cronica de la Nneva Espaila; 
and there are other sonrceH of information touching the ad venture. Velasquez instructed CorteR 
to go nrst to Cozumel lslaml, :rnd from thence to Yucatau. I:!e was to sound and examine all tLe 
ports, inlet;;, aud watering places, including those of Mexico, aud afterwards giYe a complete 
nautical account. Bnt the uames ".Mexico" and "New Spain;' are I1ot mentioned in that 
tlocument. 

Tlie armament consisted of eleven ,·essels, which carried five lnmdred soldiers and officers, ancl 
tl1e account says more tbau a lturnlred pilots and sailors. Nearly all tLc vessels of Grijalva and 
his principal officer8 accompanied, but the connuander was excluded. As in the preceding 
expedition8, Antonio Alaminos went as chief pilot. :Morillo, an Indian captured by Grijah·a at 
the promontor;y of Catoche, aud who had been baptized and taught Spanish, was the interpreter 
for Yucatan. Havana was the place of rendezvous. Pedro de Akarado was sent in advance,'ancl 
the other vessels sailed from Havana on the 10th of Februar;y, 1519, and had a short passage to 
Yucatan and the hiland of Cozumel. There Cortes questioned the men of Grijalva respecting the 
word "Castilan" whicL the Iudiaus of Yucatan had so ofteu prouonuced, aud he concluded that 
Home Spauianls were in tLe vicinity. On further inquiry these pro\'ed to he men wh<Aurvivell 
the shipwreck of Hierouimo de Aguilar. 

On the 5th of March the fleet doubled Cape Catoche, and soon after a vessel commanded by 
Escobar was sent to examine the Bay of Terminus and select a site for establishing a colony. 
Uouhtless his report was unfavorable, as when he rejoined the fieet Cortes sailed immediately for 
Uw Tabasco Hiver, and reached the entrance in seYen days. It is thus made plain that no 
sonud in gs were recorded, nor nautical examinations of any otl1er kind. Bis intention was to settle 
and fortify. Some severe battles occurred witb the Indians of Tabasco Hiver. He accepted their 
peace offerings and again listened to stories of the country "Mexico." On Holy Thursday the 
tleet came to anchor at San J nan de Ulloa, and there i;ome Indiai1 messengerR approached in 
canoes and told Cortes of the great sovereign of the iuterior, .Montezuma. Two vessels were 
pn•p:u(·d and seut 1101thward under command of I1'rancisco de Montejo. These were piloted by 
Alamiuos. Tlie vessels followed the track of Grijalva, but went beyond ltis limit, which was Cape 
Hoxo. Montejo and Alami11os doubled that cape and iliscoYered the Rio Grande de Panuco, at the 
moutb of which they arrived only a few days earlier than another Spanish 11avigator who had 
reached that quarter from the north. Strong contrary cunents withstood Montejo and Alaminos, 
and a heavy "norther" threatened them with destruction. But the north wind forced them back 
to Ulloa, after an absence of twelve days. The only anchorage which Alaminos deemed safe 
against strong north wiuds was some distance to the northward of Ulloa, and to that place the 
arm~, was tra.nsforred and the colony was founded. Cortes named it Villa Rica de la Vera Cruz, 
i. e., the rich town of the true cross. The latter designation implied that they had landed on 
Holy Friday; awl the worcl '' rica" was added because gold was obtained. The name bas import 
similar to that of tbe "Golden Gate," as applied to the entrance of San Francisco Bay. 

Cortes fortified the place and dispatched to the King of Spain a vessel with presents and re_ 
ports of bis operations. He then dcstro;ycd his fleet and marched early in August, 1519, for the 
conquest of Mexico. 

Cortes confided bis dispatches and presents to Puerto Carnero and Montqjo, two of his officers, 
and placed them on a vessel, of which Antonio Alaminos was chief pilot. Bemal Diaz says that 
the best sailing vessel of the squadron was chosen. Henoo it was 1>robably the "S. ~tiant" 
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which vessel is repeatt>dly designatecl as the best sailer of the squadrou of Uortes. Grnler com
mand of Alvarado that vessel bad often sailed as a pioneer in advance of sqmidrons. Cortei,; con
ferred with Alamiuos re;;pecting the most direct route from the Unit coast towarr1io; Europe, a;; 110 

n:wigator had preYiously aimed at lessening the line of naYigation. Only Olle vessel had beell sent 
direct)~- over, aud that carried intelligence of Urijaka's success, but the pa,i.;sage wa8 tHade throng·h 
tl1e Windward Islauos. 

Almninos, who had beeu with Ponce de Leon in the _year 1512, and wit Ii Cor<lont iu 151 i, pro. 
posed to sail between Florida and Uuba, to the east and north. Corte;; adopted the plan, and hfa 
mPssengers, muler the command of .Alaminos, sailed from Vera Cruz on the 2nth of .T nly, mm; 
crossed the Onlf of Mexico, and pasAing- eastward entered t11e St.rait of Florida; and tlie \'e;;sel 
which carried him arrived at San Lncar, in Sp11i11, early i11 October. It wonld he needlet's to specu
late on the route taken, and whether or not the Gulf Stream fin·ored the paRsage. We J;:uow, how
ever, with certainty tbat in going dfrectly eastward 11e came iu sight of the Azores, and no navi
gator is on record for the sarne latitude predous to the year 151!). 'l'o Alaminm; is douhtleR>; due 
the adva.utage of passing from the West Indies to Europe hy keeping in· the Gulf Strt•aw. The 
Bermmlas were soou after discovered aud a plau for their settlement was fixed iu the year li"i2i. 

A1aminos ueYer returned to the Gulf shores. Ile weut to t:3pain witl1 the father of I•'ernando 
Cortes, and report.ell llis own discoveries and those of Cortes, Grijaka, and Cordova. He waR 
c(irtai11ly the most intelligent and energetic of the Meximrn flulf pilots. He was with Uolnmuns 
iu 1502-'0:J in the waters of tlw \-Vest IndiPs ancl toward;; Y11catm1. 'Yith Ponc~e de Leon he passed 
around Floriua aud the Luca.ya11 Islands in tlw ~-ear 151:.l, a11<1 i11 1he i,;ame ,\·ear was witlt Ortuhia 
ou the vo,yage to Bimini. He accom 1nrnietl Cordova to Yucatan in 1517, a JI(! i11 the following- year 
weut with Grijalva to New tipaiu. Iu the _year 1519 .he atteiukd Cortei,; aloug the west sl10re of 
the Gulf as far as Ulloa; and iu the !';ame year went. with l\iouti.io as far as the river l'anuco. His 
expedient in uavigatiug to a<kantage li~· way of tlic Gulf Stream is commcmlecl by Humboldt. 
All the expeditions of thii,; period, though conducted h;y others, urny, so far as maritime hii,;Lory is 
conceruecl, be regarded as JH'ompted by Alamiuos. 

DON ALONZO ALVAREZ PINEDA. 1519. 

Franci;;co de Garay wa8 a distini.:rnishecl man wl10 had bee11 in the WeAt Imlit>s with Uol11111h11s, 
awl to him l1a1J been committed thf' go\·ernmcn!" of tlw i8land of .Jalllaiea. ll:n·illg bi>c·om1• ri<"h. he 
turned his aUeution to the 11ortl1 am! west. \Nlwn t111~ r1ports of Cordo\'a and Orijalva lJpcame 
know11, t1ie GO\·ernor of Jamaica bdieYcd l1imself entitled to a sliar<>. Garay possihl,) 11:1.cl so111f' 
intt•rcourse with the pilot Alaminos. The river Saint l'cter a1111 Saint Paul i1> not mentioned among 
the discovrries of Grijah'a, hut 011 many old charts it is marked as about midway lwtween 
the rh'er Panueo and Vera Uruz, aud always to the sonth of Cabo Roxo. It seems that Alamiuos 
regarded this ::is the limit of GrijalYa's discoveries. Garay therefore fitted out four Ycsscls while 
Velasquez was preparing his armament for Cortes. The command was given to Dou Alouzo 
Alvarez Pineda, who sailed from Jamaica to thP northwest early iu tlw year 1519; probably about 
U.1e time when Cortes sailed from H<waua. Piueda, following the sa1liug directions of .A.lamiuos, 
sailed from Jamaica early in the J car, a11<l coasted aloug t11e west side of Florida Peninsula iu ltope 
of finding some passage. Piuding none, he held on westward and entered the ri,·er Pa.nuco, whNe 
Montejo had beeu a few months earlier. Ile next visited the lrnrbor at which Cortes h.ad built his 
fortress of Villa l{ica de la Vera Cruz, ancl from which Cortes had only a few ditJS prm·ious 
departed with I.is army for the conquest of Mexico. The ships of Pineda were destroyed by the 
forces of Cortes statiollell at Villa Rica. That commander was absent at an Iudiau town some 
leagues away, but he hastenecl to tbe coast. and captnre11 l!ome of riueda's men who had landed. 
From these he learned t.hat the vessels ha<l been sent bj· Garay, the Goveruor of .Jamaica, ancl 
that they came fmm the north, where they had traversed IJlOre than three hundred leagues of the 
coast; and pro1Josed arrangements in regard to the limits of their respective <lisco\·eries and 
govemments. But Oortes t!tclared tliat ti.Jc rh·er Pauuco aud all the countries of that region bad 
l,)eeu already taken in p0ssession by himself in the King's name. So he held Pineda't:i men and 
enlisted them in his own at·my. He was not SUCC<'l!Bful in an attempt to get possession of Pmeda's 

H. Ex. 43--00 
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little fieet. The capture of the men must have boon earl.)· in August of the year 1519. Cortes 
was about that time at Zernpoala, and on his march to l\Iexico. Pineda remained forty days at 
t.lw mouth of tlrn riYcr l'amico. 

Piucda ;;cut home with hi1S report a ehart of the Gulf of Mexico; aud by (J.arn.)·'s messengers 
it was pn'sented to the King of Spain. On that nrn}J are represented Florida, Cuba, aml Yucatan, 
hut the outliue;; wPre probably giYen by 1\.larninos, and to these were doubtless added the northern 
iliscon~ries of l'ine1ht. 

'L'h('l'e is :rnotlwr chart of the Uulf pulJlislied in the ,vear 11>24 at Nnrnherg, to :wcompaII;'I' the 
second ll't.ter of Cortes, tbe d.ite of which is October 3o, 15~0. '1'his resembles the chart published 
by NaYarre1e, but is marked with more names. Cortes, in the second letter, does not refer to this 
sketch, but he rebtes particulars in regard to the cavture of Pineda's men. It seems probable 
U1at. we O\H' 10 l'i11i>da all early knowh·dg-e concerning the northern part of the Gulf of :Mexico. 
011 tlie lir>it dinrts th1· rno11tl1of1he Mis;;i1'.sippi is indicated, with the uame Hio dcl Bspiritu Santo, 
and it waH so deiCiguatell by Spaniards for more than a century. To tlie e<tst of it is marked 011 

tlte •~arly cl1art a hay, callc'd "Mar l'equeua '' (i. c., Little Sea), and this is doubtless Chamleleur 
Ha~·. Of man~· rnunes not now known on chartJ01 perhapl-i "Caho Brnn1" is an exception, as it 
rnarks the position of the l~io Bravo of our day, and perhaps gave origi11 to tlrnt name\. Most of 
tlie desig-11atio1rn wPrn given hy Pineda aud the pilots of his four shi11s. 

NA.HVAEZ, 1G20. 

Tl1e proceedi11gs of Cortes in New Spain were mgarde<l by Velasqnez as relwllious. Ile 
therefore sent a larg-e armament under command of Pamfilo 1le Narvaez, who had assisted him in 
the con(jnest of Cuba, and that eor~mandcr was in!\trncted to bring Cortes to obedience, and to 
complete the conquest of ;'Vlexico in the interest of Velasquez. 

NarYaez saile1l from (Jnba early in March, 1520, with eighteen vessels, whieh carried nearly a 
tlwnsand meu as 8ol1lierR, sailors, and pilots. On the 23d of April he was at anchor off San Juan 
de Ulloa. Sncl1 dcvelop1111•nts as lw may haYe made in geography are not known. His military 
nullertaking e111fod iu 1li1;aster. Made pri!mner by Cortes, the men of Narvaez joined the banner 
of the conqnm·or·. He wai;:, however, energetic and sub8equently acted on another part of the 
Gulf coast. 

PINEDA AND CAMARGO, lf>;t0. 

Francisco de Uaray, Goveruor of Jamaica, sent a second expedition into the Gulf in the spring 
of the year 1.520. His men, under Piimda, found nothing attractiYe on the uorth shore of the Gulf; 
hut near the rfrcr Panuco they saw the fine region now known as the province of Tamanlipas. 
'l'ltcre the natives had some gold. Pineda appal'ently did not know tliat he bad been anticipated 
h~ l\Iontejo a111l Ala mi nos; nor was Gara,y aw a.re of the earlier ad nmce of Cortes to the Rio 
P:rnnco. That commander, with the co-operation of Montezuma, had sent messengers to Pannco 
and obtained tribute in token of the submissiou of the Indian chiefs. 

Garay eornmitterl the enterprise to Alonzo Alvarez Pineda, and as second in commarnl Diego 
Uamnq;~o, and gave them three vessels, one hundred and fifty men, and the materials requisite for 
lmiltli11g a town :md fortification. At Pannco, a settlement was hegun, but probably at the 
investigation of Cortes the [ndhtns attacked the settlers. In the constrained embarkation one of 
tlw \'P.-:sPls wm; wrecked. Pineda was killed. The remainiug vessels under Ca.rnargo sailed sout,h, 
awl at Vera Uruz the sohliers went into service with Cortes. Garas had previousl.Y despatched 
two other \'eSRels with troops to the river Pauuco to aitl iu founding the colony; hut, hearing of 
tlw disaster to Pineda, Hwy went into the harbor of Villa Rica, and they also joined the army of 
lhrtes. 

:UONCE DE LEON, lf>21. 

SIWONll EXPEDITION. 

Wheu the fa.me of Cortes heclune great (says Herrera), the spirit of other a<lveuturera 
was aroused. All desired to undertake something for reputation. There was a. general move-
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numt townrll the northwest, and the earliest discoverer of Florida waR affected like other;.; of gTt,at 
enei gy. A ft er his fin;t expedition of 1512 he 1mssecl two yc•ars in Spain, and the Kiug ha cl eo11fonPd 
on him thE\ title of" Adelanta.do -de la i<ila (le Bimini y la Florida," a111l tla• g0Yernrn011t of that 
JWOYiuce. Bnt lw wae; lloon afterwards engaged in operatiug· agai11;;t tl1e lndiam; of tlw CarilllJean 
falaudR, and snbRequently lin~d in retirement at Porto Rico. In the year 15:!1 111> fittecl out two 
Yessels aud sailed to J;'lorida. His only kuown that he landed there after a hoistt>r<mr; Yoyage, 
probably mi the westeru coast of the peuimmla. He hacl a seYere battle witli the natives aud rnau~· 
of his men were killed. J>ouce de J.ieon 11im1wlf wm; mortally woum]ed. Ile died of th(' hurt 011 

the coast of Cu ha. One of bis yessels (Herrera says) went to Vera Cruz, aud there CorteH bought 
lier munitions and stores. After liis death tlw titlt> of Aclehmtado of Bimini all(l Florida was 
confi.·nNl on his son, Dou Luis l'once de L('oll, lmt hi;; 11ame is not connected with ans diHcon•ry 
or geographical deYelopment. 

FRANCISCO DE GARAI, lti23. 

Of two expeditiom; Rent to tlrn Gnlf by Garai, tl1c second ('Ilded in total loRs. Hut rPgartli11g· 11is 
large ontlay, the King issued a decree granti11g l1im the government of the proYiuce of Arnichd 
with s11d1 rights as were then usual. But no mention was matle of the limit,;; nor of the bou11dary 
li1w of tile province. Ohristo,·al de Tapia was to be sent out as a special commissioner to confer 
in what related to Cortes, but he returned to Spain in 1.)22 and bad not settled anytlling·. Cortes 
went forward with Yigor in plans for conquest. Ile marclied with an ar111y from ::vrexicoto Pa1111co 
mul found<"<l at thr montl1 of the rfrer a colony callt'<l "San B>itcran !lei J'uf'rto.'' 

(iarai 111ea11whilc wasvrepining an armament for tlw Sallie n·gion. He titted out l'len•u \"essel,.; 
aml all army of nearly l,(100 meu, and thus exhausted his own private meam;. The pilot of tlle 
11eet was Diego Miruelo, a nephew of the Diego Miruelo who was in Ren·ice with Ponce de Leon. 
After a tklay of two ~·ears tlic fleet sailed 011 the 26th of June, 1524. ·what Cortes had done was 
made known at a harbor in Cnha where the fleet touclle<l, hut the ve1-;sdx 11cvertlieless kept on, 
and reacllecl the shore of Mexico uear the mouth of the Hio de !all .Palmas. On all old Spanish 
charts that riYcr is marked as at some distance to the north of Pauuco; sometimes ou the 25th aml 
sometimes 011 the 24th parallel. The river is marked 011 a chart of lfi20, which doubtless Cortes 
copied from Pineda's chart. It is the river now knowu as thP 8antander. 

Garni seut a n•ssel into the river and it wa,.; explored to a distauee of 15 leagu<•s. The11 !Ji~ flcwt 
was ;;e11t under comnmnd of Juan Le Grijalva to sail southwanl while lw marched wit It tlw army 
in tlw same direction. At Panuco it was his inteutiou to fou11d a city to be uamcd "Garayana;" but. 
the mareh was through a desert. Tlrn army arrfred iu distress on the border,,; of 1\1 exico, a1Hl tlie 
soltfa~rs of Corks were neither provide<.} nor ineli11ed to reccfre so mauy guests. I<'orag-i11g: 11arties 
were sent out. Of the fleet, six vessels Wt>re lost and the others were damaged. Ouly a sllort 
time before tlle arrival of Gitrai the royal decree was received in whicli Garai was pt>reu1ptorily 
forbidden to lan<l at Pannco, as that province was regarded as helongiug to M1;xico. Cortes 
promptly sent a copy am1 Garai recognized that Im had erred. He r<isolved to !'<~tire witb hi,.; lli•et 
a11d army to the 1:01tll .au<l make a settlement at the ltio de Palmas. Orders were g·in•u to that 
effect, but his soldiers were reluctant and dedared an i11cli1mtio11 to ;;tay where they were. 

Garai concluded to joi11 Uortes. He went to Mexico and wall well receiYed, hut hrnke1d1eart:ed 
aud poor he. died soon after his arrival iu the house occupied by Cortes. He made that em11111aml1•r 
the executor of his will; a11d one of bis sons wall betrothed to a uatnml daughter of Col't(•s. 

After the death of Garai it may be said that. tlw empire of )foute.zunm wa;; wholly H11hjc•d lo 
()urtes, aml he ext.muled hi:; view:-; t-0 more tlistaut regious. B1-. tittrnl out n•sr;elr; 011 tlll' coast of 
the Pacitlc Ocean, aml also sent vessels to Central .\111erica, nndpr Uhristontl de Olid. AnothPr 
armament was destined for adventures on the northl•m shores. In Iii;; fourth letter to tl1l' E11111eror 
Uortes remarks that "nothing seems to remain but to explore the cmrnt. lyiug l1etwl'e11 tlH· ri\·pr 
Pannco aud .Florida, the latter heing tbe couutr,Y discm·er('d lis the Addantado ,luau 1'011<·•· dc: 
Leou, and the northern coast of I<'lorida as far a;; Baccalaos, becanRe it is co11sidered, certai11 that 
there is a strait which leads into the South Sea." The delusion coutinued, a11d tweut.) years after 
the time of Columbus ma.ny hoped to find a strait; if not between Florida and New Spain, it was 
thought that tbe strait might exist north of Flori~. 
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Cortes bad destined three caravels and two brigantines, aud his direction was that, they 
should adYauce as far uortu a8 the Baccalaos, i. t:., to :Newfouuc:lland. But soon after lie was 
informe1l of the n'Yoll of his captain, ()}id, in Honduras, aud frlt obliged to march south. :MoreoY•H, 
(fo1turba11cei'i i11 Mexico claimed attention in the year 1526 and 1527; and then tbe exploration and 
go\'emment liad passed i11to othPr han<lA. B~· Cortes, more than any other adventurer, the Gulf 
of Mexico hecame k11owu in F~urope; and it was soo11 tlle center of flourishing commerce. But 
he made 110 geueral chart; auil that fact is the more singular because he organized his plans for 
conquest b~· mea1m of a sketch drawn at his request by Montezuma. 

NARVAEZ, 1527-153fi. 

Dou Luis Pouce de Leou, on whom the title of Governor of Florida ha<l devolved from his 
father, remained iuacti\'C; ltllll this seems to be true ahm of the son of Garai, to whom a daughter 
of Uortrn,; had been betrothed. Cortes had promised protection, but the spirit of adventure 
fou11d place only iu l'amfilo de Narvaez, who had been prl'viously engag(•d i11 explorntions on the 
Gulf coast. He lnul beeu with Velasquez to Culm; had carried a fleet to Mexico; and ha<l been 
unfortunate i11 au cxpeclitiou against Cortes, who took him prisoner, but, at tlrn request of Garai, 
liberated him a11tl gave liim means to return to Un ha an fl to Spain. He was rich, and ottered his 
scrviees for the conquc,,;t of the uorth parts of the Gulf, autl in the ;vear 1526 made with the Gov
ermnent a treaty 8ig-11i(ying that he should be allowed to assemble a naval and military force, 
and witil it discover aml posseHs all eonutries north of the H.io de las Palmas on the frontier 
of ~c~'" ~11ui11 to Flol'idn, an1l thnt he Hl1ould fouud a 15cttlement fro111 one sea to the otht'r, aud 
report 011 all that wa1S \\'Ortliy of ret:onl. The co111111issiou was ample, as it co111prisetl t!Je settleu1..,ut 
of our presl'nt 8outhern 8tates, with a shore hue of more thau l,'..!00 nantice\l miles. If Narvaez 
had fulfilled his eom11lissiuu, Cortes would have been confronted h.r a powerful ri\'al. At tile 
i'iarnf> time a commission waH given to Francisco Montejo as Govemor of Yucatan, aud to Pedro 
Al nnado as Govemor or Guatemala. 'l'ilese may be rPgarde<l as iuten<led to check the i11fluence 
of Uortes. Ile bad treated Narvaez generously after his defeat, but tliey coultl not be regarded as 
friends. 

The go,·ernment included in the boundaries was named ''El Govierno del Rio de las Palmas," 
and it was expressly saic:l that in this government shoulc:l be included all that was called Florida. 
Narvaez was made .Adelantad() and Captain-Ge1wml. Amongst other oftkers appoiuted by the 
King was the treasurer of the t'xpediti()n, Cabei;a de Vaca. 

Narrnez sailed from San Lucas, in Spain, on the 17th of June, 1527, with five vessels anc:l six 
hunc:lred men. After crossing the Atlantic he touched at Saiiat Domingo, and there one hundred 
aud fifty of his men escaped. Near Cuba the fleet suffored by a hurricane, but at that island he 
p:.i!<sed the winter. With the assistauce of oue of the most wealthy and geuemus of the proprie
torn (Varco J>orcallo), he collected there a store of provisious and eugagt'd other ships aud men, 
and also the chief pilot, Diego Miruelo, who deserves particular mention, as he had accompanied 
G<trni on Li8 expedition to Rio de las Palmas. Ile was, moreover, a nepllew of the Diego l\firuelo 
who wa8 with Ponce de Leou atlc:l afterwards with Lucas cle Ayllon. Uabei;'a de Vaca and llerrera 
recorll him as au expPrieucetl pilot of the Rio de las Palmas and of the north coast, but it seems 
unlikely that :\Iiruelo could gaiu much experience with Garai in the year 1523. Mort' probably he 
was with l'ineda, iu the ~'ear 15191 around the uorth line of the Gulf coast. 

In March, 1528, Nar\'aez sailed from the south coast of Cuba, doubled Cape San Antonio in 
bail weather, and sailt~<l towards Hanmn, but hecause of very stormy weather he was unable to 
enter that port. He was nl'ar the coast of Florida early in April, and on the 13th of that month 
ancLored iu a ba,Y, whicl1 was fouml to be exteush'e. This was doubtless Tampa Bay. In the 
huts of the Iudiarns who lived 011 the sliore were found such boxes as the Spaaisli mercilants then 
used for their goods; and they were likely the remains of some wreck. Pieces of cloth were also 
found like the stuft' used iu .New Spain. The uati ves said that these articles were from '' Apalacbo,'' 
and that Ruch goods were plenty there, as also gold. That place was sought, and it 1:1eemed be1:1t 
to send the soldiers and horses to go on laud while the floot kept near the shore to find a harbor. 
The army moved on the 1st of May, leaving the fleet under command of Carvallo, with direction t-0 
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anclwr at Horne o;afe place. Ill ca.-;o of delay tl1c vessels were to .~ail to Cu ha alld liri11g !H'm·i,,io11s 

to the Bay of Sa11ta Cruz, whue all t11c forcl's wc,n· to joi11. It l1a;,; IH'('ll wl'll ma(1P oul that tl11: 
ba.y htst me11tione<l i8 what is uow known as 'l'ampa Bay. 

vYith about three bu11drcd weu Narrnez nmrclwd duriog- a fort11igl1t to tl1<• 1Jortl1 a1ul r<.'<H'lH'<l 
a great river. One da.) was spent iu patssiug it, with i;rn:h lahor that the force:-; rested for :-wYPn1l 
days. Two exploriug partirs weut lly the coa"'t to look for a harbor. Tlwy fournl a t<.liallow IJ1ly, 
and it was probably tlJe water at Cedar K!'.\'S. The riYer was doubtleH:o; tl1e \Yithlacooche(', or the 
Suwanee. The party saw nothi11g of the coast agaiu, but kept 011 iu i;t'arcll of" Apalaclie." a111l 
came in sight of a village on the 24th of .Ju11e. Tlw.y took pnsse1'sio11 a1Hl found snrne rnaiz<', lint 
nothing else of consequence. On the 27tl1 of ,July they reaclwd ~\.nh~, and saw 111a11y ha,n;, but the 
Gulf coast was not in view. 011e-t11ird of the army iiacl diP1l or was ;;iek, and tlie bOJ".<es wl1i(•l1 
carried the Hick were exhausted. Tlie ships were 11ot in Kig-ht aml 111c«n1s of :-;u \1:,;i:-;tmmc· c·.onlcl be 
hacl only by battles witll the mttfres. 011 thP 22d of September, after haYing l':tte11 th<• la:-;t of 
thC'ir l1orses, the party em harked in four wn·tehed haq.,:-t•,;, ancl 111on·1l wt•:-;twanl along the shon·. 
of a hay which tl1e~· named Baia. Ile lo.s Cahallo.s, i. c., Ba.y of the horsPs. 'fliis \1.,1;.; 1111 do11lit t.lw 
expa.11se now known as Sai11t Georgti's Sound. °N"<'ar Sai11t l\Iarl;'s l>t\ Soto found thP n•111ai11;.; of' 
the forge used by Narvap;r,, a11<1 also some skull.sol horses. 

The party of NarvaeJ1 kept 011 wt;stwanl, followinA tl1l' ha~· shore;,; a111l i11 ld.s, awl on tlu.• ~\lt.h 
of September came to au isla11Ll near the i,;l1ore (Saint \'i11ct;Ht',.; J;;\arnl ), a11<1 passt•d a strait which 
the.) uamcd 8aint Mignt'I. This corn'"!JOll(li'i with wliat j;.; k11ow11 now aH Int1ia11 P:t>;s. h.Pepi11g-
011 weHtwanl for thirty days they probably were in the Yicinity of )fohil<· ]);iy :ihont tliP c11cl of 
Odoher. Then an islaud iR mentio11e1l 1rlt<1n• tlu-y n·111ai11eil Hix days, m1cl ;.;0011 after a h<1.r. 1rl1ich 
was full of islands. Tlti.'1 was perhaps Cliall(lPleur Bay. f-10011 tliey took fre8h water fro11i the sea, 

and it ma.v bl' supposed that they \Y('.H' tlw11 at tlw '11•lta of tlw ~Iif'sis.sippi. By tlll' cl!ITellt th1·y 

were forced away, and a heavy nortlrnr carrieu them into the Gulf. 'I'wn of the llmHs fonndcn·d, 
but the one which ca.rried Narvaez remained awl was at a11clior whPn a sndclen flaw uf' wiwl 

occurred. 11liere was on board hesid(•s tlic GoYernor 011ly two siek rne11, arnl 1wit her provisions 
nor water. They were never seeu again, and thm; peri.shed ill Sow~m~wr, 15:.l7. The l'hore party 
endured great distress, but. nearly all perished from hunger arnl fatigue. Hoto Mnjor wns 01w of 
t11e only two survivors, but he died, leaving E:sqnivel, who wanden·<l i11 i-warcll of :-;nh.;iste11ec. 
'fo :motlier of tbe shipwreckPd Spanianls he told of tlJP fatt> of' Na nae,.,, ma! tln·11 disappeared. 
Figueroa sul1seqnentl;y met Cabe<;a de V:tca and to him recounte(l the misfortn11e. 

Before Narvaez set out from Tampa Ba;r to the iuterior, the pilot, :l\fir1wlo, was s1•11t, as already 
stated, to look for a harbor; bnt three of the ships were left at Tampa, under Can'allo, witl1 
instructions to go Uil along tbe coast and to join the other rnssels. ~Iiruelo, uot 1i11<li11g liis 
supposed harbor, turned back in accordance witl1 his iimtructiom; nod :sailed to Cuba, and from 
thence <lispatcl1ecl a vessel with proYisions to Tampa Bay. •Oarntllo, with tlrn remai11i11g three 
shiJ)S and a hundred men, sailell north, but finding JJO harbor turned back and joined l\1irnPlo at 
Tampa Bay. Their searclt for Narvaez seems to have employed nearly a year, aud as it was 
fruitless they sailed to New Spain. The olrl charts are marked with tbe name "Miruelo Ba.~·" iu 
the place occupied in our maps by- the uame Apala.cbe lla;_'I'. 

Cabe9a de Vaca, after being separated from Narvaez by currenti,; arnl storms earl5· in Xonm1 her, 
1527, probably near t11c Mississippi delta, was, after rowiug some da,\ s iu the boats, at au island 
·wh1;.re some shipwrecked S1mniards Wt.1re assembled. There the;y winterPd, arnl it was Yery likt'ly 
ou one of the fo.Iands of Missis1<ippi Sound. Four of the Spaniards started wet<twnsd in search of 
Pauuco. Their uammi are giveu iu the narrative, but 11othi11g else i1;; known concemiug; their fate. 
Some preferred to remain with Cabega de Vaca on ttie island Malhado, au<l. there W(•re sunivorn 
six years later. They sustained themselves hy fishing and hunting, and were constrai11ed to work 
for the Iudimrs, who treated them as slaves. ·Finally, in the ;rear 1.533, the two Spauiar!ls resohed 
to leave the region by going west.ward. On tbe west side of tlle Mississippi Lop(\ (1e OYit>do 
separated from Cahe9a de Vaca and was not lieard of again. Bnt the atlventurer last named 
f-Ound three other Christians who were held as slaves hy the natives. These were Andreas de 
Dorantes, Alonzo de Castillo, and Estavanico, a black servant. They associated, escaped, and 
started westward, and in tbe course of two years reached a Spanish settlement near the Gulf of 
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California. Hooll 1h1·y "·1·n~ co11tluclt•d to .l\lexico, aJHl tl1ere the Yiet•ro,v :\Iemloza and Cortes 
n·1·('in·d tlw111 with ki11tl1H•s:s. Of thl' 11arne:s added to diart::.; of tl1at period only the T1anie 

A11aladw rl'lnai11:s. The gl'ograpllical rf'sults be1·ame k11own in time. :Mirnelo and Carvallo 
rctnrnt>d iu 15~.S; but Calie~a. de Yaea waN nl1se11t from E1n11J1l' Ulltil tlw _\·ear 15:Hi, anti his 
oli;.;p1Tatio11,; wen· not pnhfo;Jied 11ntil tht• ,\·par Li5\ whl'll thl'Y were isRnPrl in Vallarlolid. 

Calil'l,'<l lh• Vnca was williug to n•tm·u if tLe Emperor would confer 011 Lim the goYemment of 
tl1c rogiorn;, througl1 which he had j1111rneyed, liut J)ou Fernando de Soto appcar<:'d at the same 
time iu Spai11. He hail hee11 i11 ,.;('1-YiCl' with Pizarro arnl had acqnirl'd wealth. He lent mcme,v to 
tl1e Emperor, lived in COillJHHatin~ t;pleudor, and added to his i1dfoence b;v marriage with a lady 
\\ 110 belonged to 0111' of tlie 1110,;t i11fl11eutial families of Spaiu. His amhitiou stirred at the mention 
of rnst regionk, traYerse(l h.1· Calwl,'a de Yaca, aud l1e requested of the Em11eror a commission, and 
was rnailc A<ldautado of Florida. Thl, gm·emmPnt of Ou ha was at the same time couferred upon 
hirn, a1' the port of Hanwa was best suited for fitting out Y<·ssels for :rny purpose. 

He Soto mw<l his own mearn; largely in fitting out the at'marnent, aJ1d bl.'Ridef>:: lie bad assistance 
from w<·alt hy yo1rng 11ohlen1en of his ac<1uaint:mee. En:u from Portugal a imm lier of cavaliers 
offf're<l their >wrviet'I', 'l'he armament saill·d from Han Luell" in Spail1 iii A11ril, 1ii38, with a fol'ce 
of Hpwanb of kix 11undrcd ofiicen; and men, arnl after being two mouths at sea reached the coast 
of Cnha at Sautiag·o. After settliug tl1e details of g0Yernnie11t Le marcl1td to Havana, while the 
11t>et, passi11g· arournl Cape San Antouio, made for the same port, and tl1ere the entire force was 
assPm hlP<l at tlw ernl of :;;nm mer. 

Sornewl1at 1•al'liPr, lf:n'm1a had liee11 plnrnlerPd anc1 lmrnt by Fn•11d1 pirates. De Soto rebuilt 
tlH' r,hUJ«'.ltt!s, a11d fortified tlte place agai11st a11otl1er uttack. Jlp was thus occupied duri11g tlie 
autu11111 and wiuter of 103:-:-'im. lt is llOt klJ(iwn that lie deri\·ed an,y advantage from the explora
tio11 111adc by Mirnelo arnl (;avallo, the pilots of Narvaez, uor is au;ything kuown of the further 
can,1•r of those two mariners. They are not mentioned as being with the party of De Soto, but it 
isePms Yery probalJle that he had in 11is cornmaud some of the explorers and pilots who had been 
i11 floritla. He hatl a certain .Juan de Ailasco, who had repute as mariner, cosmographer, and 
a::.;trologer, and A fiasco was sent in the autumn of the year 1538 with two small vessels to coast 
aloug Florida aud uote the ports, inleto;, and bays. He went out probably in September, and two 
rno11tl1;; afterw:ml was ag·ain at Hanwa. Not sati:<Jied with the re;;nltH, De Soto sent him back 
with i1rntructions to t•xplore the coast with aecnracy. 'l'hrt'e 111011tl1H later Aiiasco brought 
information co11c1,rnin~· a conyenient harbor, hut there is neither chart uor ship journal as the 
1vsult; of thi~i voyage. 

DE SOTO, 1:,;l!J. 

D1.; Noto ;.;aile1l from Cuba on t~e 18th of May, 153!!, with a fleet of five large i,;hips and two 
s111all1'!' \'(•;.;sP1". He lrntl a force of about seven hundred cavaliers, soldiers', and sailors. The 
larg1,:st 1>hip had 011ee c:u-rfoll the flag of the Admiral Don Pedro de Mendoza to the river La 
Plat a. ~l1P had also bee11 on a \'oyage to ;\Iexico. 

Thi' 111•\'t sailec1 •lireetly to the port <lescribPd by ,Juan de Afi.asco and arrived on the 25th of 
.l\tay, at till• harbor whPrP Nan·:lez had lan<lell; i. c., Tampa Bay. There he pitched a camp and 
rnallP i;;hort Yisits from it to the interior to g-ain information from the natives. A Spauiard was 
fo11111l ~w1011gst thl•111, .l 11a11 Ol'tiil, who had hccn. with Narvaez aml M irudo. By the Indians he 
had hl'<\11 lwld 1·kn•11 yPar1<. A:s lie could co1n-ersc in one of the Imliau dialects of Florida be was 
:ihfo to "e1T1· as <111 interpr1 .. tp1·. 

])p 8oto ,;ent ltiH largp n\,;;.;els to ll:wa11a arnl stationml at T.impa ouly t.l1roe small brigantines 
with some 1>ol1lierR a·wl ltor>1(\1111·11. These were for service under Captain I'edro Oalderon. De 
Soto :>ct out for tl1c int;•rior with hi;; principal force earl,\· iu ,June. He marched firist in a uorth· 
t'aHt1·rn tlin'etio11, a1HI the11 (like Narnwz) lt:wit1g- recdve<l some promising report!'.! i11 regard to 
Uw conutry "Apalaclu1," lw went uorth and 11ortllwe::.;t.; aml passed sev;;ral rivers, one of which 
wai;; very proltahl_\' the 811 wan nee. Of other rivers named at tl1e period, none can be identifi~ 
except the Ocilla. 

After miwching four mouths De Soto reached Apalache, on the 27th of Cctober. The narrative 
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mentions nothing of Yestiges of Jll al'vaez, hnt seYeral excursions were made to tl1t· north and to 
the eaRt and 1vest. ,Jua11 de Afiasco went 11onthwanl arul fou111l tlw Yillagn of A11te wliich i:-; 
mru1ionetl iu the narrativP of the Narvaez expe(lition. 011 t11e Uulf coal't lie fournl abo t l1e forg<· 
used uy the workmen of Narv~1ez, the skulh; of horse8, arnl o;onw .it her YPstirYs of thP l'rn·am1m1rllt. 
The Indian guides related particulars of the former di1-m:ster. Aftasco i,:omHlecl the ba).· of Allt<» 

which is 11ow '1rnown as Apalachee Bay. TI.iis se1Tiee was of co11seque11eP to De Soto, arnl he 
decich•d to moYe hie army arnl Yes1:it,Js np from Tampa Ba~·. .Jua!l de Aii;r,><co was sPnt with 
thirty strong horsemen, ~ud traYeli11g Hear the sliore lie passed many s\rnmp;; and rfrer <·11tm1wes. 
In ten <lays' travel he reac]icd Tampct Ilay arnl there fo1111d Calth·ron with the ve;;sPI,.,. 011P of 

the ships was sent to Cuba with letters arnl llispatches tu the wife of De Soto, and frstiYals ·wert> 
made to celebrate tile success of the conquest of Florida. 

The two rmnaiuing n~ssels were refitted and Railed u11dPr the commatHl of Aila,.,co towards 
Apalaehee Bay, wllere tlley arri\'C!l on the :!8th of l>eeember. TllP,;<~ WPl'P no do11ht tlw tir st 

Enropna11 ve;;;selR that entered there. Meanwhile Pedro CahlPro11 awl till• army ,,;l•t nnt frorn 
Tampa Hay and marche<1 along thP shore. Tiley reaclwd Apalache after thl' arri\·al of Aiiasco in 
Ante, ·i.e., on the 3d of June, 1540. \Ve know nothing of their obsernttiomi, hnt Garcilasso 1lc· la 
Yegrt <lescrilws their sufi'eti11gs aud battles with the Imlia,111;. Xo nwntion of latitu1lP i:-; malk i11 
his narrative, and :seldom is a11y geographical particular referred to. 

DIEGO l\1AT,DONADO, 1540. 

De Soto intmnled to mal;p an P:qwtlit.ion to the nortl1 from Apalachc, a 11\l wh;lw11 also to 
examine the country w1~stw;trll. He therefore dispatched tlw vcssdl' nmler l\hldouado to looJ; 
into the bays, l'h'ers, and ports in tl.Jis section of the coast, hut with instrnctio11s to retnrn to 
Ante in two months. .l\Ialdona<lo sailed earl.)· in ,January, l;j.!Q, n~tnrue<l at the time appointl'tl, 
and reported that he had fomul au excellent harbor GO lcagnrn:; from the nay of Ante. From tlil' 
description given there can hardly remain a doubt tlmt the place 111e11tione1l was P1'u:sa1~ola Bay, 
aml l\laltlonado ·was the first Bnropean that entered. This lie cli<l douhtle:,;s in the rni<hlle of FP!1· 
rmH'y. Under or<lers from De Soto, a report was made b:v 1'faldonado and ta!;;cu to Ihn:rna, in 11op1• 
that 1wttlers from Cuba might be induced to moH'. To snch end l\Iaklo11atlo was or1lerell to pro· 
vide facilities; to bnihl vessels; take settlers, horses, :;iee<l8, &c., prnd,.iotrn, clothiug, a11d 
ammnuitio11. lIP wa" to retul'll to Al~hm1i i11 Ot:tolrnr. awl wa;; spr-1·ially din·t·.tt·d t.o liri11;;· l1a!'l> 
Goin(·Z ~1.rias, w11orn J)p Soto wi8hed to rdain tlPar him. II<> n•ct~iu•d a!..;o from 2\laldo11:1dn 

two lmliaus, who were to act ai:< guides iu travel, aml ,·ery proba,l1l,\" he had also n cop~· of tltt• 

coast cllart made by that navigator. He made a "full rc1)ort,'' but no copy i8 t•xtant. 
On the 3<1 of March De i::loto moved northward with hi8 arm,v from Apalache. all1l pas"l'd 

throng:h [,be middle parts of' (h•orgia a11<l South Carolina. He had tlic uwuntaiw-1 i11 ,·ie,1·, hut 
came iu sight of the coa:st of' the Gulf in tlw middle of Octoher, J.)JO. Bistorim1.-; dt>si;.:rntle 
the place as "Mavila '' or "Mauvila," and it is now calle(l Mouile. Predously rhe Spailisli rnaps 
showed oi11,v a few riYers, hnt ma11s water conr~es were markt><l after the tinw of J)p 8oto. Sorue 
of the names theu attacbe<l can .ret be recognized, as, for exarnpll', Coca (tlw H,in•r Coosaw) awl 
Tascaluca (now Tuscaloosa). 

Doubtless De Soto i11te11dc1l to join l\faldouado at I>eusacola; hnt lrn hail a ><pn•n· hatt It• 
with the Indians at Mobile, aml lo;;t so much baggage that bis sol<liers wern 1lispirite1l, its Wl'n' 
also t,he officers, who 1kemed it best to return to Ouba. In order to ch\•ck the te11d1·m·y to 
retreat, De Soto gave orders for marching to the northwe:st. 

.After the clil'iconrr of J>ensacola Ba,\' Maldonado Wl:'llt to Harnna, and Uwre fomHl mauy that 
were willing to ass1st ]n t.J1e 11npport of l le Soto. He was :soon proYilled with mrnrns, hnt tlwli11g
no Spaniards at Pensacola Ba,\\ Maldonado and Gomez ,~ria,s s~tiled i11 ditl'erent 1lirPctio11s i11 lw1w 
that the army might be in view from the coast. On prominent places tlwy ld't frttNs in tn·<>~ 
and on rocks stating what was intcndc<l in the ensuing Rpring. I~nt at tlie approach of wi11trr 
they were constrained to return to Havana without any intelligence conceming De Soto. Xo 
settlement seems to have been attempted aL Peusacola Ba,v. 

De Sot-0 had been informed hy the natives that Spanish vesstlls Lad pas:sed along tlJe coa:st; 
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an<l was toM also that l\favila, wllerc he had a battle, was not far from Ac1rnsi. But for reasons 
of his ow11, he kept a 11orthwest conr:-;e and wintered (1540-'41) at au Indian village named 
"Chicac;a." This is prnhabl,v now repl'CS('llted hy the word Chikasa,w. So also the name gh'en by 
H(•rrera and Vega as "Alihau10" is do11l1tless identical with what is now written Alaliama. At 
Chicaga then~ was a contest with hostile l1Hlia11s. Their \'illage was burnt and ati;;o the Spanish 
camp, arnl in it were 1lestroyed tl1e baggage, some horses, and also pigs on which the Europeans 
relie1l for isubsisteuce. 

On tlic 25th of April, 1541, ])e Soto n:11ewed his search for the gold region, going as before 
northwest. After many battkr; with Rantgcs he reached a place called Ghisca on the bank of the 
great rivPr \Vhich tlw 8p:rniar<ls nauwtl Wo Grande. This wall afterwar<ls and is yet kuow11 as the 
Jli~.~iswippi. The exact 1late of the discovPry c:urnot be fixed, but it must have been an early day in 
the mmith of l\Iay of tlw .war Lit I. Hp 8oto remai1w1l at the l>lace thirty da;ys (uutil the 4th of ,June) 
-t111l eo11Rtruute<l harµ:l's for 1·ro,.:sillg· tl11:• river. lt was found to have a strong current. The water 
was mn1ldy: mnch floating tirnlil'r wa1' R1•e11; and tlwre were severril kinds of fisib. De Soto came 
iu 1:>ight of thl' river probahly 11e1tr ti.Jc mouth of the Arkausaw at Chickasaw Bluffs. He traced 
the river upward,.; to a plac<; rnrnwtl Pacaha, hut the latitude cannot be fixed. It may have been 
II Par the mouth of the 011 io. His party went westward of the river about, 200 miles, and again 
approad:eil tht> lm!falo 1\01llltry of which he hall heard previously. In the autumn he came hack 
to a place rnrn1<>d Autiam (proliahly tl1e \Va.chi ta Hi ver) anu there passed the wiuter of 1541-'42. 
He thought of l'Ptmni11µ· to the gulf h_y tlte river course, hut became !'lick and died on the 21st of 
Mn;y, i.-.t!, on tltP hank of tlw rin•r at a place calle1l Chrnchoya, which W!li:' probably not far frow 
~11e mo11th of H1·tl HiYn. lit> was huri(~d in the water of the great stream which had heen discoY
('I'l'<l nml<·r hi;; J(·adPrsliip. 

J\laldo11ado and A;·ia,; h:nl g'011e, tlte 011P westward toward Mexico, the other to the viciuit,y of 
:Newfo11111llarnl, hut tliPno is 1io cin~nrnstantial account of these expeditious. 

Atkr tlic· 1h·a t II ot' l>l' iStlto, tln· 8pmli1'h explorers 1khatecl the qucstiou as to the expedienc.r of 
followi11g tl1P 1•.om,.;1• of tlw rin~r or passiug to the interior westward. Luis de Moscoso, on wliom 
t11•Yol\·p1l tlie 1•om111a111l of the army of Ile Soto, held a conncil, and it was decided that the land 
ro11tl· Rl10nl1l he follo\l'Ftl. Sonw of them had seen the map of the country and judged that l\fexico 
would ht> 011Jy abont 400 le:igul'i,; diHtant. 'l'lte native8 told of another bod~· of Spaniards in the 
wPst of Florhla, ancl tlwRe 110 (lonht W<'I'P pHrt of the expe<lition of Vasqne:i: de Coronado tra\·e1ing 
JH':lr the IH«1<lH ot ti!!' ,\rkausas and lte<l Hivers. The SJi<tnish na\'ig-;1tor Caltrillo, while on the 
cua,.;i of (~alifon1i:1, .~eern,.; to lia1·" h<·t·11 told by 11ati1·1•s of tlw mo1·ements of Corouadu. 

l\I osrnso pmha hl,Y kd lib 111pu to the interior ahont, liiO leag;ue,; from Gnacho;ya, aud the course 
tak1•11 ii-; l'epPatl·<lly stat<'d a;-i hPi11g to tl11~ west. It probably inclinell southward ;m<l passed into 
'l'1·xn;;. Amo11gst Indian mrnH•s lllPllt io1w<l h.1· i\loscoso's historiaus i8 "Nagnatex," probably the 
prt'>Wllt ;Yaco,q1locluw. The jom·n1>,r W;ts closed <tt a great river namell hy the natives" Daycoa.'' 
It i,.; prolmbly now lowwn as Brazm; ltinir. 

'l'hc I11<lians of the reg'ion pnwidt•d the Spaniards repeatedly with fresh buffalo meat aucl w itl1 
hntl'alo skins, hut neither Moscoso !IOI' either of his men saw any of those animals ali\re, and, as 
the 1mrt,\· :1<lYat1t·ed, the country apvearml to ht\ more desolate. Their principal food, maize, became 
\'e1·y ,;<1an11• in t111, lrnlian R1:1ttfome11t,s. Nothing cunld be learned respecting Christian travelers, 
allll tht>y rl'l.lll'llP<l to the Mis,;issippi \Talley. There thl'y found nrn.ize an<l deddell to follow the 
riY<'l' <'<Hir>:«. Af11·r many 11anlships they reached iu1 Indian place at tile cud of No\'emuer, 1542. 

l\lahlo11:ulo a11<l Arin;; sPt ont again from Ha,·ana in the spriug of the year 1542, when De Soto 
was 011 his d1mth ht\<1, nn<l their 1110\·Pnumts were seconded by Hoila Isabella de Bobadilla, the 
monrni11 g wi l'e of' I le 8oto. 8eYP11 111\m tits were passed in examining the shores, but the route taken 
is 1111ecl'taiu. In the autumn tht\Y l'eturne1l to Havana without result, intending after winter to 
8tart agaiu. 

The place," Nil co," readirnl hy }foscoso iu November, 1542, was probably near the mouth of Red 
Uiver, antl thPre it was that De 8oto lliml. l~arly in December they stopped at another pla.oo, called 
Amiuoya, where proYisions w1ire more pleut.it'nl. In the ooa.rse or tbe winkr seven vessels or 
barges were so constructed that they might be used at sea or with oars in rivers. 'fheae were no 
doubt the first vessels built in the \'alley of the Mississippi. While the water was high the Span
iarcls were uot molested, but wheu the freshet lessened the savages became troublesome. A young 
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Indian chief, Quiqnaltanqui, raised a g·eneral conspirac;r for the destruction of the foreigu intruders. 
1\iloscoso belll his conrse unly by repeatetl eontest8 with tLe santges. 

'l'lrn Spaniards started at l\linoya 011 thl" 3<1 of July, 154.-3, allll were followed by a tleet of 
hostile cauoes, which kept always in f'il?;ht. They had frequeut enconuters and a uumber of 
Spani:su officers arnl uoblemen were killed. The lai;t battle was uo doubt 11ear the sih~ of the city 
of New Orleans. There the Indiaus disappearell, am! soou after tlie Spaniards noticed eddeuce 
of being near the sea. At tlie Delta they 8aw ma8ses of drift timber, anll landed for the repair of 
their vessels. Near the Gulf the rlepth in the channel wliiclt they folloWf\(l was 40 fatlwmi;. 

1\fosco8o passed into the Gulf of l\Iexico ou tl1e 18th of July, but baYiug 110 Mmpass nor 
instrnment for determining latitude, the~· <lid not n.mture far from l:unl. 'rnrning- to the we8t. 
they kept the <:oast in Right· an<l sought for tlie entrnnce of the ltio de la;; Palmas. In the course 
of fifty days they landf'<l frequent]~· to procure fresh water. a\·oid storm;;, and for the purpose of 
taking fish. Piually tl1e:r saw palm leaves floating on the sea, arnl some mountain;; ,,·ere tiien 
in Yiew. Thei,;e must baYe beeu the higlJlauds of Tarnaulipas. Ou the lUth of September, 1543, 
they landed at the mouth of the river Pauuco. The sliips bad been separated, but tuey arriYed in 
;;nccrss.ion, bringing allont three hundred fur-clad a(l\-entnrers, wbo were receiwd "'ith great 
rejoicings. 

Ju th<• sprin~; of 15-13 .:\faldouado and .Ariai; agaiu took the 1kl1l iu hope of ftndiuu; traces of 
Uc Soto. Their route is not known, but it is certain that they arrind at Yera Cruz in the middle 
of October, aud there they learned tlJat l\1oscoso with thrPP hundred meu had reached Pauuco and 
brought inll'lligence of the fate of De Soto. In sadness tl1e two explorers returned to Cuba and 
informed tl1e widow, D()lma li!.ahella de Bobadilla, \\uom there ii,; much reason for reganling as the 
vrowoter of the i;earehing expeditio11s whi<~h have heeu rdated. More tlla11 tlm'c lnmdred of the 
force led by DP Soto retnrnetl to civilization, arnl being wide!~· di.spersed, the information which 
they 1.JrougLt was soo11 kuowu in Burope. 

ANDRES DE OCAMPO, i;,4;1. 

Coronado ret11r11ed along th1: channels of tlw Uila a11ll Colorado RiYers, aud tbrough Sonora 
am! along the Gulf of Califomia; but some of his compauions, and amongst them a Portugnese 
iwrned Andres de Ocampo, renrniued son1ewhat lougcr iu tlw :N'ortb. 'fhe friars wne killed by 
the lndiaus, but Ocan1po el'caped aull found hii,; way he1ck to :Mexico. Gornara says, ''He passed 
from Quin:Ta 1hrough t Le country of flie Chic!JimeP.as mul l anic out at l'am1('0." This jounw;r was 
tbrongli tbe 1egio11 now k11own as T{·xas. Towanb tl11· s11me region appear to Lan~ bec11 tlireeted 
the tmvels of tbe Fnrncisran monk Amh·ps dP Olmus. Of him Barcia relatt>:s that in th!' year 
15i4 Olmos came to Panuco, a.ud from the11ct> went as a rnissio11ar;; 110rtl1ward to tl1e country of 
the "Chichimeca1< braYos, ou the co11fiues of Florid ... " He says that he tran•led more than 400 
leag·1ws, and that he collected aud baptized some Imlia11s and settled tliem at Tamaulipas. Other 
travels were undertakeu under the lt>aderi;hip of Julinn de Samano and Pedro de Ahumada. Tllese 
ascertained tbat the uorthern n•gions iitfonled gornl flirt', and tliat some pearls had bet>u found, 
but mea.us coultl not be obtained in Spain for nri{Yiug- the statement.s. 

After the return of De Soto's men mans sdwme" were propo.8ed for the couquest of Florida. 
A Domi11ic;111 friar, J,uis Caucel de Barlia,"\tro, aft<•r mi1t.sionar;y experieucc amongst the lrnlianis, 
proposed to go to Florida. Hii:1 1ila11 was appro\'ed l1;\· the I<~mperori autl the Yiceroy l\ieud.o:ta was 
directed to fit out a vessel. The commaml was given to Uajltain .Tuan de Araua, and the ship 
sailed in t.lle year l 549 from Vera Cruz to Hav:u~~' and from thence to the west coast of Florida. 
She touched the land on Asceusiou day iu about 28° of latitude. 'l'he iut~ution was to land at 
Tampa Bay, but missing that entrance the part;)· landed at Apalachee. 'fherc the Iu<lians who 
had withstood Narvaez and Ut•. Soto isoou kil\ell the missiuuariei>, :Frny Diego de Tolosa fast a11d 
then Fa,ther Luis Caucel. Other missionariPs, one of whom was Fatltl.'.r Beteta, were willing to try 
their best on another part of the coast, but Cai1taiu Ant\'a being sbort of provisions took the first 
favorable wiud and a.rrived in Mexico on the 19th of July, 1549. 

~eteta and his associates were willing to go to the place where I~ather Cancel perished, but 
their offer was not accepted. The particulars are worthy of note only as accounting for slow prog
l'eiiS in geographical develi>pment along the ooast of Florida. 

B.Ex.43-67 
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The daugerons rrnYigation of the Gulf of F'lorida was the occasion of several shipwrecks, and 
those who sunived disaster at sea were gener-alls killed by the Indiaus. Some held as prisoners 
were rescued by Spauish visitors, and made known their adventures afterwards i11 Europe. The 
first shipwreck of which so11ie particulars are known, occurre1l in the year 15.J.5. Douht.le;;s the 
vessel was large, as two lrnndred of the persons on board were kille1l by the Iwliaul:'. Some were 
reserves aud held as sla\·e~, and of these some were alive twenty ;years after their capture. Oue 
was liberated b~· the Spanish Governor, Don Pedro Menendez de Aviles, about the year 1566, and 
in the preceding year another was saved by the F'rench commander Jean Ribaut. 

In the ,year 1551 a 8hip was wrecked near Cape Florida. 'l'he vessel was Spanish, and wai,: 
returning with gold from Peru, undPr Captain Juan Christoval. Among the passengers was a 
young man, Heruaudo Escalaute de Fontaneda, \Tho, ''thoug·h the poorest of all, had with him 
25,000 pe8os de om." :Xothing is said of the fate of other passengers, but young Fontanella 
hecame a slan• to the Indiaus, and traveled in tbe country sixteen years. Ile was finally liberated 
and 11e11t to Spai11 by Menendez about the year lfi66. Fontanella wrote a narratfre of his adveu· 
tures but it ii;; of interest only as furnishing a basis for tl1e rem:uks made by Herrera respecting tlie 
Indies. That historian mentioned man.r names taken fro1r. Fontaneda. 

A more Jisastrous shipwreck occurred in the ;1·ear 1553. The great Mexican tfoet sailed iu 
the spring of that ~-ear from Vera Cruz and reached Havana with a thousand per;;om1, iucludiug 
sailors, soldiers, ai1d wealthy passengers. The ships carried gold, silver, and other valuable prod
ucts. In passing the Bahamas the currn11ts put them out of the intended course, and by a storm 
they were throw11 on the coast of Florida, wl1ere most of the n•;;:sels were :su11k. Of the :smaller 
vessels one returned to Vera Cruz and the other reached Seville in Spain. 

HUIDO DE LAR BAZARES, lf>f>8. 

Philip JI beeame Kiug of Spain in the .rear 1555, and tlJen the Vicero~· of Mexico was Don 
Luis Velasco. New order!' wt:'re se11t fur the c011qut:'.~t aml settlernent of the vast regions north of 
the Gulf of :Mexico. There public affairs had flourished under Velasco, and much treasure had 
passed to Spain. The field of discovery was extended northwanl, and in the year l 555 a mining 
establishment was opened in the valley of one of the branches of the Hio Bra,·o del Norte. This 
for a long time was the most northern settlement in New Spain. 

In the c01mcil of the Indies in 1557 it was decided to scud an expedition to ·Florida, and in 
the following year an armamt'nt was prt>pared. 'l'he viceroy fitted onf dtwen o;hips and collected an 
army of fifteen hundred offict>rs mid me11. A ii Wt'.re take11 by prefe1t>111:e who had l'IOllll' k110" ledg-e 
of the country. Some who had bern shipwrecked were included, aud some wbo had been held as 
sla\·e!l by the Indians. Some Indians who bad adopted Spanish customs were accepted. 

Am()ng the captains of this army (says Barcia) were six who had been in the province of 
Coi;a, and there for a time kept in slavery. 'l'he province of Co9a (Coosa) is often mentioued by 
the historians of De Soto, but no writer mentions the return of the captives to Spain. 'l'he com
mand of the army and fleet was given to Don Tristan de Luna y Avellano, a so11 of the :Marshal 
Don Carlos de Luna. As usual a preliminary examiuation was made to find a ha,rllor proper for 
the ileet. The reconnaissance was conducted by Guido de los Bazares, and this was prohahly his 
first sen-ice, a8 bis name is not meutioned in any earlier record. 

Vela8co, the viceroy, gave to Bazares three small vessels with sixty soldiers and sailors, and 
the fleet left Vera Cruz on the 3d of September, 1558, with instrnctions to examine the whole of 
the north shore of the Gulf. Ilazares sailed to Panuco and from thence coasted north. He landed 
at a }Jlace on the coast of Texas, and proceeding some miles northward fouml a large bay which 
he called Bahia de Rau .Francisco. This was probably Matagorda Bay. He theu weut (ai:; he says) 
to the "Alacrans," and seems to have passed along the coast to the eallt of the :Mississippi. Much 
shoal water was traversed. Be named the.place Bay of Shoals, and it was probably ObaJ.1deleur 
Bay. Going eastward 10 leagues he eutered a spacious port, and named it Bay of Philip, iu honor 
of the King. 'J'his was Pensacola Bay. ''On the whole coast (sa.rs Bazares) no port is to be 
found so commodious as this Baia Felipina." He found 3~ fathoms of water on the bar. 'l'he 
bre::iclt11 of the entrance is given as half a league, and on one side was an island 7 leugues in 
length. In the back ground of the bay, bills of red clay were seen. Bazares sailed eastward 20 
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leagues from Pensacola entrance, and tlien observed that tbe trend of the coast changed to south· 
east. He was twice beaten back by contrary winds from tbe Yicinity of Cape Sa11 .BlaR, and tlie 
wPather lwcame rongh :md cold. Hnt, as he hail found a port. for the expedition of Ge11eral Luna, 
he deerned it proper t.o return to Mexico, an<l lie reached Vera Cruz ou the 14th of December, 155~. 
It is renrnrkahlt' that tile 11arrative of Bazare;.; containo; 110 allm;ion whatever to the previous 
explorations and discoveries alo11g the coast of that dci11it,Y by Maldonado and Arias Gomez, who 
had bt·en tl1ere repeatf,dl,1. Bazares mentions all his reirnlts as new discoveries. But as on!~· 
fiftt>ell .'ears had elapsed some of Maldonado':,; pilots and companions were probably aliYe iu Emme 
of the harborl'. Cortes made uo mention in his letters of the previous exploring expeditions of 
Ctml<•Ya ant1 Grijalva along the coast of Mexico and Yucatan, nor would he allow his soldiers to 
111e11tion their nanies in the letters which tlwy sent to Rpait1. 

On tlie lltll of .June, 1559, tLe fleet of Don 'l'ristan de Lnua sailed from Vera Cruz to the 
northward. The cltit>f pilot of ·the expedition was Juan Hodriguez. After beiug seYeuteeu days 
a:tloat t11e.v n'atht·d the mouth of tlie .Mississippi, and eiglit days ·afterwards came in sight of the 
coast of Flmi11a, prohahly in the \'i~inity of Cupe Sau Blas. 

The exprditi011 of De J,nna was unfortunate. Soon after the army was lamled a hurricane 
d('strosed tlw tl~t. Only m1e sbip waR left, which happily had started for Yera Cruz. The army 
sutl'en•<l for waut of sub:siHteuce. The proYince of Coosa was sought, hut it was a n1st wilderness 
filled with savage tribes. Some of tbe 1<oldiers perished with Lunger aud thirst, and others were 
killed i11 hattles wit!J the .savage:,;. In one of the expeditions it sPmm; tLat tl1e,1 approached the 
Mississippi a11d crossed it. 

Fre1H'l1 l'rotesta11ts l1ai1 made i;ettlements OH the coast of Flori<la, at phwes that seemed to 
th1eate11 the 8afety of the lSvauish i,;ilver fleets on the home voJ·ages, and these irnluced expedi· 
tious conducted by the Spanish Admiral, Don Pedro l\'leneudez de A \'iles; he was au officer of 
distinction, and had served under Charles and Philip II. In the American colony he had gained 
wt>alth. HiR only son commanded the Mexican fleet, which, :.is alrt>ady o;tated, was car;t 11way on 
tLe coast of I•'lorida, in the year 1553. Ele\·en year8 afterwards when liberated from an accusation, 
lie requested permission and assistance for sending an expedition to Florida. The grant was con
ferrl'd by tl1e King, on condition tlrnt Meneudez should make a survey of the I<'lorida coast, and 
try to efit'ct HOUH:\ settlements. His fieet was, therefore, in fa•u of a searching expe1litiou enlarged 
to the. uumbn of ten \'essds, 1d1ich carried i:;ix lrnudre<l men as officers, soldieri;;, sairors, nud 
laud,:;meu. The conditious iu his instructions eujoiued that within three ,n·ars he sl1ould explore 
the countr,r of Florida, iI1clu<li11g inlets and bays, aud "mark tliem so that they coulrl be laid 
dowu 011 the sea cliart1; and made known to mariners; he was to sune_y the ports, rocks, and uurreuts, 
aml make a descript iou of tbern, so that the seerets of the coast might be brougLt cle11rl;r to lig11t." 
Meanwhile it was expected tbat be should 8ettle six lmmlre<l me11 to cult h·ate tlle c01111trr, plant 
sugar cane, and erect forts for defense, as amougst the valuables landed were one huntlrell horses, 
two hundred bead of cattle, four hundred swine, nud the same number of shee11 and goati:;. Tbe 
outfir was amvle, and the privileges extensive. 

But when l\foneudez was about to sail it became know11 in Spaiu that Frt>nch ll ugueuot:; hacl 
settled 011 the coast of Florida, and it was also said that French reinforct>ment:s were to follow. 
Tl1e Sp1rnish King, therefore, enlarged the commission of :Meneudez, and anthorized him to ali
tack and promptly destroy any heretics fouuu in Florida. The entire armarueut consisted of 
thirty-four vessel;,;, and upward;,; of twenty-six huudred meu. Menendez was made lll'l'lH"tual 
Adelantado, hereditary Governor, and Captain-General of Florida. He hastened to that coast, came 
suddenly upon the .French, and destroyed them iu September, 1563. After erecting some fortifi
cations lie sailed to Havana, and was there joined by all tlie vessels of the fleet. Furtl1er meaus 
were then taken for search respectiug his sou. ~ome ships were sent to Saint Augustine, and in 
person he went to the wt•st side of' the peninsula on the 10th of February, 1566. At Charlotte 
Harbor he found isome Christians held as ca11tfres by the Indians. These lie lilJerated, hut he 
could bear nothing concerning his sou. He iiassed aloug and examined the florida Keys, iu March 
1566, but no sketch or map is extant if any was made. 

Of the geographical names introduced by Menendt>z only two deser-ve mention. One is 
'l'egeste, for a place near Cape Florida, and the other is Tooobaga, for an Indian chief aud tribe 
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near Apalaehee Ba~-. Both names are frequently mentioned by Herrera, and doubtless he took 
them from .Meuendt>z. The 11ames occur on maps of the period, and on some were aiiplied to the 
greater part of Florida. 

After many struggles with tl1e French, with the Indians, aml e1·en with his own soldiers, and 
some excursions Past aud west: ou the peninsula, })011 Pedro Menendez returned to Europe in the 
;rear lfi6i. Tht· Ki11g (l'J1ilip 11) g-an' him 200,000 ducatl'l, and ma1le him Governor of Cnba. 

Iu the year l5i:3 Vou Pt'dro ~f enemlez de A Yile;o; gaye the gowrmnent of l•'lorida to bis 
nephew, Mene11tlt>z :\larqtwz, who 111HlPrtook some 1iautical snrve.n1 aloug the Atlantic coast. 

FHEN<;H ANll ENGL18ll ADYE::\TCRER8, Hi5f>-'f>7. 

French and English privakers followed Spanish navigators at an early date in the "\Vest 
lndiel'I. Oue English ad veut urer is mentioned ais appearing· at· Porto Rico as early as the year 
1519. Tile Freucli seem to have led the m1vance iu the Gulf waters. 

Spanil'lh lii>itoriano: rPlate tliat short!,\· hefore the arrival of De Snto the town of Saint ,Jago de 
Cuba had b<•eu ,·ii;it!'d h,\· a French pirate, a11d tlrnt anotber'piratt:' anived at Havana in August, 
1538, aud destr0yt'd the town. This seems to be tl1e earliest intimation of the pfesence of French
men in that quarter. 

Hakluyt meution;o; ai< tlw first E11glisl1 a1henturer iu tLc Gulf of :Mexico a eertain Robnt 
Tornpso11, who had settled at Seville with auother 1;;ngliiil1mau rnnned Fit Ids. Both obtained a 
royal licl'lll'IP to go 011 t·omrnereial affairs to the "'el'lt Imlit·s. At the Canary Islands they em· 
hark\•tl on :1 8p:111isl1 Yt'sM·I <·011111:11111h·<l lly < ';qit. L1·onanl ('hillm1, wl10 liatl rnanie<l ill C;uliz. 
'l'lw ow1wr or lli<· ;;Jiip \\as .10!111 811ee1iug, :iu E11gli;;h111m1, who 11:1<1 ;;pttk<l in th:1t cit,'!-. '!'bey 
sailetl i11 eou1pa11,1 11itli ot l1H YP~s1•I;;, :nHI b,\· way of H:rn Don1i11go reached ,. 1mt Cruz in April, 
rn5li. So f:u U8 \ll' k11uw, thi.s is tl1e first lfoglish vo,rnge to that part of the Gulf of l\1e:xico. 
Tompson's travel.s into the interior of :Mexico have no iutPrest for our narrative of coast discovery 
or development. 

Roger Bodenharn, another Eug-lishman settled at Seville as a merchant, also went to .Mexico. 
Ile say.s that he embarked on tliat Mexican fleet that crossed the ocean mH.ler command of Don 
Pedro l\It.>11e11dez in .May, liiG4. But the date thus given is erroneous, as it is kuown that 
J\Ieneml.ez saile<l in ,Juue of tltP yPar 1565. l\foreover, his expetlition went on!,\· to tht> t'ai'it 0oa8tof 
Florida. It is true, howen~r, that .Menenll<•z conductt>d a grt>at merchant tl•'t•t acrnss the ocPan in 
the ;year 1556, and possihl,\· Bolle11ham we11t out with tliat fleet. V\Te k1ww that tlie son of Don 
Ped10 l\"Ie11endez was sliipwrPck('d with a rl'turniug Mexican fleet iu th<' ~·ear 1553 on tbe coast of 
Florida. 

llaklu,yt mentions the rnyage of a certain .John Chiltou, and also the vo·~·age of Henry 
Ilawketi, uotb of wl1orn went to Mexico. But the~e i1eaceful excursions were followed by warlike 
expetliti011s. 

Sir .1ollll Hawkim1, iu tlie year 156~, took uegro slan;; to San Domingo, sold tbem there, and 
with the vroeeeds took a ntluable cargo, and retumed to Eugland by way of .Florida Ke.rs. He 
wHs aguiu iii the Gulf tliree years later, having sailed from England with three rnssels on the 18th 
of October, 15ti4. On tl1at \'O,Yage allso Le took slaves to the West Jndies, and compelled the 
Spanish settkrs to bu~· them at his own price. 

After traw1si11g the Caribbean Sea, the vest:1elt:1 arrived at Cape San Antonio 011 the 17th of 
J m1e, 1565. By enrn·uts the navigation became difficult, but after some trouble he again entered 
the Gulf of Florida. Ifawki11s was the 1irst E11gfo1hman who ex11lored the Tortngas Islands, and 
iu July he passed the BaLama Chmrnel and coasted along the eaf>t side of tbe .Florida peninsula. 

For llis third rnyage Hawkins sailt.>d from l)l~·ruouth in October, 1567, with ;;ix vessels. 
Passing as beforn h;r way of the coast of Africa, he took negrot>s, went to the Caribbetin Sea, and 
from thence to Cape Sau Antonio. But, when 11ear tl.iat cape, he was e11cou11teH•d by a furious 
storm 011 t11e 12th of Augutit, 1568, mHl was forced i.ato tLe Gult While St.>t'king a port on the 
west coast of the peninsula, a hurricane from the eastward constrained him to cross the Gulf and 
take refuge iu the llOrt of San Juau de Ulloa. On the way, however, he captured three Spanish 
vessels with passengers, iu the hope that be might procure water and provisious at1 tbeif r~w.mm. 
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The port of Vera Cruz was e11tered without opposition ; hut a fow days after the arrival of 
Hawkins he was attacked by a Spanish fleet which had brought out the uew :M:exica11 Viceroy, 
Don Martin Henriquez. Many of the English were killed, some were captured, and only two of 
the ships, the Minion and the Judith escaped. 'l'hese were soon after separated, and in tht• 
Minion, the commauder with a shattered vessel fioated fourteen days on au unknown !lea. Ou 
the 8th of October they reached land somewhere uear tlrn mouth of tlie Hio de laR Palmas, the 
lwundar_y between Mexico ~rnd Florida. At Vera Cruz some of ti1<> crews of the wrecked vessels 
had beeu taken on board of the .Miniou. The ship was so much crowded tbat some of the com
pany preferred to risk their lin~s 011 shore, eitl1er aruungst tlte lm1iaus, or b,y trusting to the 
benevolence of Spallish settlers. After taking in water for the voyage Hawki111s 1-miled, :md after 
enduring many hardships arrfred in England on the 20th of ,January, 15GU. Doubtless the party 
left, about one hundred, landed near the River Sa11tarnler. Uifforiug iu n·gard to the lJest 
course for their extrication, fifty of the number tra\'eled along the coast southward, iu hope of 
findiug a Spanish settlement. The others went northward; They clwse as eaptaius or Jeaden1 
John Hooper and David Ingram. But being soon attaeked hy ho!ltile Iuclians, twent~· fh'e of tlrn 
party returned and joined those who had traveled so11tl1warrl. Th<> rt>maini11g twenty.five kept 
011 northward and with them waH Ingram. They marched toward8 the Rio Bm,·o; hut 11othing 
is kuown of tlieir fate. 

Hakluyt mentions onl~· one other English captain aR Laving .-ntered the Gulf of Mexico, up 
to the close of the sixteenth ceutUQ'. This was 'William l\f ichelson, in the slli11 Dogge, who chased 
aud captured several Spanish ,·essels. He was, however, e11connten'1l b:y a Spa1iish rna11-uf-war 
1111<l uarrowl~· escnpnl capture. As a co111pa11io11 of Hawki11s. mw wlw i11 ti11w bc<':lllW famous, 
was Sir l<'rancis Drake. He was in the Gulf in 15G8. Hakluyt seems to have heeu the first in the 
issue of sailing tlirectio11s, hut pie notei; were prnllal1l.r t1·a11scrib.-<l from Spanish documents, as 
the orthography of the Spanish names is perfect. The descriptions, however, make 110 reference to 
poiuts above the twenty-fourth parallel, 11or to harbors of the uorth au<l west coast of the Gulf; 
but the Florida Keys and the Tortugas are mention.-d. .At this time no sailing directions Lad 
been compiled in Spain. After the disastrous expeditions of Narvaez, De Soto, Luu a, aud othen•, 
a Spanish author of the period exclaims: "To the south! to the south! ther.- lie our treasures," 
and that feeling seems to have been general amongst his com1tryrnen. 

Ou the .Atlantic coast also wl1ere the Spaniard Gomez had coasted eHm to New England, 
aJJd M"1endez had planned a colony on Chesapeake Ray, progress was stopped. ()H tlu:> Pacific 
coast, Cabrillo aud Vizcaino had passed above Cape Mendocino, bnt nothing was done afterwards 
for more than a hundred and fifty years. Occasionally some eame;;t religionist offered for a mis· 
sionary tour t-0 the north, but the attempts made did not prosper. 

Some disastrous shipwrecks induced orders for tlie snffey of the Florida Keys and other p;trts 
of the4fast, but no record is left if the surveys were made. .Each year the Spanish fll•ets, with 
treasure from the Mexican mines, made their Yoyages through the middle and northern parts of 
the Gulf. but it is not certain that any ves:sel at that time passed into the J'llississip11i Delta. The 
settlements founded by Cortes in Yucatan and Mexico were maintai11ed, aml attemcts were made 
to extend them northwards, hut tlie progress was very slow. 

Usually the fleets from Spain passed south of Domiuica or Guaduloupe, aud saile1l along the 
southern coasts of Porto Rico, San Domingo, and Cnha, aml then rounded into the Gulf h:r way of 
Cape San Antonio. Menendez, in the year 1567, was the first uavigator who entered from the 
eastward against the Gulf Stream in order to reach Havana, but iu general the custo111 waH retained 
to sail by the south shore of Cuba. From Uape San £<\.ntouio to New SJlain two routes were used, 
one for summer and the other only in winter. Tl.tese were defined by the Alaerans and other 
dangerous reefs. The landmarks relied on for arrival on the coast of Mt>xico wf:'re the high peaks 
of Orizaba and tbe hills of Saint. :Martin. Th~se were noticed h~· Grijalva in the ypar 1519. Be
tween September and April, when northers were likely to happeu, ships kept further from the 
coast and went outside of the .A.Iacrans, the Verrueja, the Triangle, and other hanks and reefs of 
the coast of Yucatan • 

.Amongst the sailing directions quoted by Hakluyt from the Spanish autl:orit_y was the follow· 
ing: "If, being near t£e Tortugas, you sountl and find white sand very tine, you are east and west 
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with them, 
Tortug·as." 
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1mt if hhH'.k E'and i1:; hrongl1t up yon are north an<l south with the 

MENEi'iDEZ, 1;,7:1. 

\Vben the Adrnirn 1 1'011 Pedro MellPB<lcz was gr:lllk<l hy the King the goYernml'llt of Culia, 
a uephew, l'rtlro :Me11Pndt>z ..'\l_arqney,, was <'omrnil'8ioued i11 tl1e _year 1f>7;) to makP :i survf'y of the 
coast;.; of l''lori1la. Harcia i<a_y8 tllat Marquez had 011 tliis occaRion no e0Hmogrnpl1er, and that no 
sea cliart con1t1 he made; but lie made such a desm·iption of tlie eoasi that "tlw cbart could he 
constructed atterwanls." ln tltb way, donhtlei:;s, it wa8 tn'ated by tlte ('Osmograpll(·r, Don .Tuan 
Vela1mo. 

1t H<'PlllR prohahly that what we call the Marquf'sas K1:i,yR take their designation from the 
nangator. 

lu 11H· year l .Jill order wa8 gin~n for a surve;y of the {·:1stern c.oast of :Florida, and that latitudes 
and dii,;tance;; 1'houl!1 l1e regi~ten'd. But tlie on1n· w:rn disn•ganh·d, aR the J>reside1it of the Oonncil 
of the. lmlieH Jett l1i;; pi ace before the Rnrvey waR comuHJnc(•tl. 

NEW MEXICO, tr,1'1--'~:l. 

lu thl· ;)'l•a1· 1581 the :Fnmei;.:ean fri:ir Augustine l~uiz t<-et ont from tlw ,·alley of Saint Barthol
ouww, iu :Mexico, for exploration to the uorthward. ~'ith eiglit l'>oldiers J1e ne:whed the upper 
valley of tl1e J:io Bnn o, CJIJ(l that, l'ill(·e n;e time of Corona<los, has bPPJJ muued the province of 
TiguaB, or Tit]llt.'1'.. 'ILl·n·, at a tlii-;ta11ce of 2ii0 kngues from Smit a llad1itrn, 1 h<· ;.;oltliers left through 
fr•ur of thP 111dia11s atl\l HHHle their W<l.Y to Mexico. But Huiz an<l the friar Francisco Lopez re
mained with tlrn nati\-es, who seemed to ue frielJ(lly. Anxiet;r in regard to them induced the 
semling of another membPr of the order, Friar Bernardin Beltnui1, and he went out accompanied 
hy some soldiers. 

There was then a wealthy settler in the valley named. Antonio Espejo. He was a man of 
great courage, offored to lead a northern expedition, and also meet the expenses, provitled that 
certain advantages should he concedNl to him. This was <lone. He gatliere<l a company of ;.;oldie.rs, 
procurNl horses, mules, mnuitions, aild \·ictinl:-;, and i,;tarteu from the valle,Y on th<.; 10th of -So
vemher, 1582. He traveled along the conrse of tl1e great' ltio <lei 1'\ol'to, pa,ssed many Irnlian 
trilws, aud uarned the country New Me-xico. Ou hil' route be was tol<l that the Indian;:; htli killell 
the two friars. Ruiy, and Lopez, and the natives mentioned also the passage of Narvaez ti.trough 
tl1e n·gion. West of the river tlJe~- sougl1t Acoma aml Zuni and were iuformed of the march of 
Uoronado. Some Spaniards remained there after his time. 

E:-;pe;jo went furtl1er west, but most of his companiou!' left the senice, and returned by way of 
tlw Rio BmTo to .Mexico. \Vith tho1:;e who remained lie seems to ha\'e passed to the headwaters 
of the river, and tl1en went eastward. They were i11 the Buffalo country in ,Jnly, 1583. 4''inding 
a riw.r i·trnning south they weut in that direction 120 leagues, ever~· where fiu<ling herds of cattle. 
They1 no doubt, thus traversed the western part of the State of Texa:s. 

Soon af'tl'!r these discoveries by l~niz and Espejo, the military expedition of Oil.ate set out, and 
as a rPsnlt tho city of Santa Fe was settled. Iu a work printed at .Madrid in 1586 it is plainly 
1:;tatc<l that the Hio Bra rn empties into tLe Gulf of .Me.xico. But long after some European geog
rn phet~ n•pn'~euted that ifrer a1:; e111pt;yi11g into the Gulf of California. 

Harci<i rda.te;,; that 111 the )em 1592 a certain l~riar Diego l'erdouio returned to Mexico after 
traversing a gn·l1t part of Florida, but the particulars of hi8 journey are not known. 

A Spaniard, Omaiia, i;.; me11tio11e<l by Barcia as having started from tJ1e mo Bra\'O to g·o east
war<l, awl that at a distance of 150 leagues he arrived at a river I league iu breadth. This may 
lun·e heeu the Red Rin>r or the Mississippi. 

Iu the year 1613 there were Eugli;.;lJ settlen1ents 011 Chesa1ieake Bay, 011 grouB<l then regarded 
by Spaniards as the eaoitem coast of ·Florida. To Spimianls the motions of the English iseemed 
to lm eucroachments, mid in consequence tbe attentiou of S11anisb settlers was drawn to interme
diate countries, in particular to the valley of tl1e Mississippi and the vslle;\'· of the Rio Bravo. 
Two enterprising captains, Joseph Trivino and Bernaroe de la Casas, offered to settle th.e lower 
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part of New Leon, as the region around the Hio Bravo waR then called. AR late all the middle of 
the eighteenth century that region included the greater part of Texas. J>prmission for the con
qtwst was sought from the J\lan1ni1> de Guadalcac;ar, wl10 wa,,; made Vienoy in the year Hil'..!, but 
lie wuult11101 giYI' his em11>eut, preferring to :-;pnu all pa11t·rs relating to the r1roposal for tlw <kci1>io11 
of the Riug of Spain. Notldng- is kuown of the ret-mlt. Mentiou is ma1fo that in the .n•ar 1630 
a PortngnesP captain, Vinc1111t.e Gonzales, sailed up a largP river which emptied into tlw Gulf of 
Mexico. Some have supposed that it was the Mississippi, but the notice is so \'ague that no infer
ence can be fonn<led upon it. 

Dming the Tllirty-Yean; vVar, privateers and pirates had no rPstraint, and bnccanrers flour
ished. Iu one port of Flanders a.Ione could be counted, in tbe year rn:.H, not leRs than three hun
dred barkH manned by pirates. Dutch, E11glisb~ and French tilibnsterR were chasing Spanish 
ships in all directi-;.,ns. 111 1640 the buccaue<>r Pierre le Graml, from the Tortugas, with a band 
of twent~·-eigl1t tlt's1ieratloes, attacked the ship of the Spanish Yke-Admiral of the Mexica11 fleet, 
aml took all tlJe treasure found in the ves8el to France. 

Some years earlier 1lie Mexican fleet wl1en passing throngli thP Babama chanuel wa;; met hs a 
he[ff,\ Rtorm. Some of the vessels were wreckt•1l on th!' coast of Florida; the Admiral's ship fonn
derf'd, her papers were lost, arnl thus the affairs of Vlorida were brought into confnsiou. Only 
two of tbe ships P8caped and finally reached Cadiz. 

Early iu .lalluary, l65U, Spauish galeorns sailed from Danna witb the Marques .Monte Alegri, 
but by a furiouR gale were soon driven back anrl scattered iu tile G-nlf. Tbe tlag-sl1ip was lost, 
am] thte disnster was so notable that J)on Diego Portiacln1clo cle lHbadeneira, a prebendary of 
Lima, wrote a hiKtor;\' of it, wbich was printed at Madri(l iu tl1P following y·ear. 

It is lH"Ohahlt> thnt a Spa11ish 11avigator in tlw yPa1· lfi(iH Wfllt np th<~ \Iie.sisF.ippi, and also up 
the Ohio, but tlJere is no ch-tailed 1·ecord of tl1e voyage•. .Mtntiou is made in a g;enernl "·ay of tlw 
voyage of an .E11glisl1rnan to the mouth of the .Mississippi in t11e _year 1U70. 

The GoYernor of Florida, Don Juan de Ilita ~- Salai;ar, 1,;ec•ms to haye giYen attei1tiou to tile 
soutl1ern part of Florida a)l(l the ke,ys, and 11rol>ably Wa8 moYed by the disastrous shipwrecks. 
To the council he represented tlrn 11eed of a surrey of tbe dallge1 s, awl he proposrd a mission for 
civilizing tlie ludians. TLe con11tr;y to which he refers a" that of tlie Caziqne Carlo:,; was the 
region about Climlotte Harbor, and he includi:d the Florida Ke:';s. As a result it i!! 0111y knowu 
that one 1''raneiseau missionary went over to thf' Jndin11 1n·ovi11eeH, b,v which is meant the coast 
opposite to the port of Havaua. 

IWHEH.T llE LA t'AU,E. Hie:!. 

The Ua11adia11 Sieur Nicolet appi:ars to haYe been the first who reached some tl'ihutary of tile 
!lissiBsippi. fo tl1e ~ear 16:39 it is believed tLat he wa.s 011 the waters of the vViscousiu. Thirty 
;1ears late,i:· the f'ame rive1· WlHi found b,Y the Je:,;nit father Allouez. But, among.st Fre11ebme11, 
J?atlwr Marquette and his companion, Si(•ur Jolliet, were the first. who reached the main ehanuel 
of the MistJii'sippi. Tlwy vai-sed out of the "'Wisconsin aml into the wateri; of tl1t' main river 011 

the 17th of Juuc, 1G7~l. Marquette ancl Jolliet lrnd seTeral <'Olljectures in regard to thP vrobab!P 
direction of tlH' stream. By them it was deemed possible that it might end iu Clwsapeake Ba.\· or 
some otber estuary of t11t~ Atlautie. So also in the uncertainty, it might go westward iuto the 
llacific, or pass sontlrwlclnl jnto the Gulf of Mexico. The~- went south to the vicinity of the 
mouth of t11e A rkausas, and tlmli11g the <'.ourse not changeu, tlie conclusion was tliat. it emptittl 
into the Gulf. The part~- turned back on the 17th of July, 1673, aud arrivc<l iu Ca11ada at the 
end of summer. Father Marquette put on J1is maps "Conception lUwr," bnt in his journal it is 
invariably written "Mississippi.'' The name is of Iudian origin aud was known under other 
forms, as ".Mesi-sipi," "l\,etchisipi,'' &c. By tbe fodiau:s it was made lrnowu to tl1e Frcue11 before 
it had beeu seen by the missionaiil'S. 

Robert de la Balle, wlwn commauding Fort Frontfliac, on the shore of Lake Ontario, was 
informed of the existence of the great river, and planned an expedition to complete the work of 
exploration as it. had· been left by Marquette and Jolliet. Be intended to pass down tue .Missis
tiippi to its mouth, take iiosseasion, and uevelop for bis own and his country's benefit and glory 
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tl~e resources of that, central artery of North America. In May, 1678, he obtained a patent from 
the King of Frauce "to endeaYor to discover the western part of New Frauce, through which it is 
probable a road mig·bt be found leading· to Mexico." He was also authorized to erect such forts 
and habitations as rnigl1t he 11eedful for his purposes. At some point west of the Falls of Niagara 
he built a ship,· and passed into Lake Michigan with provisions. A small fortification was 
erected, and anotlwr on the banks of tLe Illiuois Ri\·er, in order to secure his route on the return. 
After many difficulties he bPgan th!' desee.ut of the river in canoes on the 13th of January, 1682, 
with twenty-one Frenchmen ai1d a number of Canadian Indians. :Father Zenobe Membre, who 
was one of the party, Wl'otc a report of the voyagP, and Sicur Henri de Tont.r, the most aetiv-e 
associate of La Salle, subsequently became an energetic explorer in the same region. In the 
narratins of that time the Mississippi i8 mentioned as "Riviere Colbert," in honor of the prime 
minister of France, the patrou of I,a Salle. Some of the contemporary accounts name the region 
tbrougl1 wl1ich the r'iYer flows "La Louisiane," in honor of the King of France. The expedition 
pas.-;ed the mouths of t11P Oliio and the )1issouri, arul on the 12th of March was at the mouth of 
Arkansas Rin•r. 8ome ludian tribes were passetl on the route, probably the same as had been 
rneutioned in tlie report of De Soto. The mouth of the Red RiYer is indicated erroneously, and 
no name is attached to the river. 

011 Ea11ter S1111das (2!ith of March) the explorers arrived at the Delta of the Mississippi, and 
on the 6th of April reached the shores of the Gulf of Mexico. Three bands were then equipped 
to sound au<] explore the Jnt8ses of the river. La Salle took the western side, M. de Tonti the 
rni(ldle channel, arnl Sieur Dautray the eastern pass. All the channels were found to be navigable, 
and were reportt•cl as hf'ing deep. 'l'he parties again united on the 9tl1 of April, and with religious 
ceremonies ''took possession" of tlie count1·y. La Salle wished to explore east and west of the 
Delta, hut want of prn·dsions ouliged him to retnru. He started northward on the 10th uf April1 

and iu Scpt<>111 b<'I' was again at the port on Lake Michigan. In the ;year 1685 he was again in 
France preparing au t>xpcdition for moving up the Mississippi. The issue of the adventure was 
unfortunatt>. Two years later, after haYing trayersf.'d the reg·ion watered by the great river, La 
Salle, in 1G87, was killed by mutiiwers when he was eudeavoring to get back to New France. The 
force which he led was ample. In four vessels he took two hundred and eighty persons-soldiers, 
workmen, and meelrnnics-with implements, provisions, and munitions for the establishmeut of a 
fort. On the 1st of August, 1684, tlie Yessels sailed from Uochefort, and after passing into tbr 
Gulf of Mexico were apparently moved h:v chance towards the Delta. They passed far to the 
westwartl of tlw l'lltrance, and ut last ancli11red i11 J\Iatagol'dit Ba.y. Exct>pti11g the commautler, 
all \H•n· di~comaged, arnl two of the YeSst:'ls r!'tnrn{'d to Frnm:e. La Salle remained witlJ oue 
vessel, and from a camp 11ear tl1e entrance of the bay made several excursions in hope of finding 
8ome branch of the Missis1:iip11i. By a series of mhihaps bis vessels were all destroyed, and he 
was thns dep1'iYed of the possiuility of succor from tbe :French colony at San Domingo, to which 
the i11tention was to have recourse ill the event of disaster. Renee it was essential to' reach the 
Mississippi b;v land in order to communicate with Fm nee b,y way of Canada. On the. 22d of April, 
1 H86, h11 set ont 011 a uortheastern eourse, probably to avoid tbe marshes and rfrer mouths. Many 
stn•ams were passed before be reaclicd a placl' inhabited by Indians. The savages received the 
Frenchmen in a friendly mamwr, and promised favor to aU of that uation. 

Hl.'re La Salle fell daugeronsl.v ill, an<l was detained by fever during two months; and in 
that pl'riml much of the proviBion was commrned by his party: Some of liis men deserted, others 
died. The comnnrndn was tlius eonstraiued to return to the fort, which he reached after an 
absence of six montl1s, on the 17th of October, 1686. He again took the field on the Ith of 
,January, Hi87, leaving the fort iu charge of the Sieur le Barbier, but at some point between the 
Brazos and Trinity River lrn was slain, as already related, on the 19th of March, 16871 b~' some 
reckless membeJS of his party. 

The French hitd been anticipated in this region. La Salle and his men found Spanish horses 
in common use amongst the Indians, and some of them were procured for the transportation of 
the baggage. Moreover, some of the Indians were in Spanish costume, an~ were p08Resl!led of 
iron tools and silver spoons. Some pictures of saints and papers were found amongst them, and 
a few Spanish words were iu nse, as "capita" for eotnmandtJf', and "eohavillo" for lt<Wse. Tile 
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Indians were much in fear of the Spaniards, and frequeutly mcntioued that inroads lia<l l>e.eu 
made in their country from the uortll west. 

The conspirators who umrdered J,a Salle resolved to settle in the country of the Ceuis, l>nt 
soon 11uarreled among t!Jerusekes, and some of the ruffians were tlm:s killed. .The adherents of 
La Salle continued his intended exploration, and again set out in Jrn1e, tuarchiug to the uortbea.st. 
Amongst them wern a brother autl a nephew of La Salle. Several larg·e rhers were crossed, and 
on the 27th of .Tune they crossed what is, doubtless, Red Ri\'er. At the end of July the wout11 
of the Arkansas was reached, and at the first French habitatiou the party embarked, 011 tht> 1st 
of .August, to return to Canada. Few of tl1e names giYeu b~· J_,a Salle and liis Frt'nch companions 
to ri,·ers and places in Texas are now known in geography. One exception i,; tlrnt pertaining to 
the little river near his Fort Saiut Louis, namel.r, "IJa Hfriere des B0:~ufa," wliich the Spauitirdi; 
translated as " Hio de las V acas," and wl.tich is at present known as Lavaca Bit-er. 

1U the summer of the year J fi85, La Salle's friend, tile Sieur Hcmi de Touty, was notified from 
Frauee that J,a, Salle had sailed for the mouth of the Mississippi. De Tonty therefore embarked 
in tl1e autumn of the same year for the south end of Lake l\Iichigan, aud left Fort Saiut J,ouis on 
the 16th of February, 1686. He rea0hed the Gulf, but fiudiug no trace of La Salle, sent out two 
canoes to make search. One of these went we!'itwanl towards the coast of .Mexico, the other went 
east,ward. Each made about thirty leag·ues and then stop1wd for want of fres!J water. De 'l'ont,\· 
noticed that the Gulf waters rose aud fell "not more tllan two feet perpendicularly on the coai;t." 
He found also the cross with the arms of the King of I<'rance, which La Salle had stt up in tue 
year 1682. It had been displaced by tioods, and was therefore removed aud set at a point on 
higher ground about five leagues further up the stream. De Tonty addressed a letter to La Salle 
and left it in the care of some Indian chief at. the 1\fississippi delta, and tl1at letter was found 
fourteen years afterward in possession of the same Indians by the French officer Bien,·me. 

De Touty was a man of uucom!!lon energy. After tlwrougl1 search for La Salle iu vain, he 
proposed to his companious to returu to Canada by Wa.Y of the coast of the Atlantic. The 
members of his party were unwilling to leave a kno"'u course, so tumiug back ther kept along 
the Mississippi, aud arrived at Montreal near the close of Jul;r, 1685. He introduced the name 
"Red River" in our geography, and says of it: "The Indians call this great riYer Riviere Rouge, 
because it deposits a sand which makes the water as red as 1Jlood." De Tout.y states that lie made 
a map of the Mississippi River, aud that the map was sent to France, but nothing is known 
respecting it. 

.JUAN ENRIQUEZ BARROTO, 1685. 

Information respecting La Salle's voyages was sent to Mexico by Don Andres di:' Ochoa y 
Caratc, commander of the Spanish fleet in Gulf waters. He obtained the particulars b~· tue 
capture M a French inivateer on the coast of Yucatan. On receipt of the intelligence the 
Marques de la Laguna, Viceroy of Mexico, st•11t at the end of the ;year 1684 a pilot named Barroto 
to Havana, with order to the Go'\"'ernor of Cuba that without delay a vessel should be made ready 
for an expedition to the Gulf. 

Barroto is recorded as "a distinguished mathematician, and a man of great expericuee i11 
tMse waters." He was intrusted with the command and was instructed to sa-il to the hay of 
Apalache, and then to examine the coast for auy M•ttlement that La Salle might have established. 
He left Havana in .January, and " registered" the bayi; and capes of the north coast, more 
particularl_y that part between Apalache Bay and the cape which he calls Cabo del Lodo [C:qie 
of Mud] .. He traver8~d also the Baia de Santa Maria, which is now known as Pensacola Harbor. 
But no settlement was found, nor any trace whatever of Europeans. Ma11y hardships were 
encountered, and he was obliged to return to Vera Cruz. Barroto sent a uarratfre and chart to 
the Marques de la Laguna, who transmitted the doeument1-1 to the King. The chart is not extant, 
but the report mentions the name Caho de Lodo [Mudd;}· Cape] as applied to tlie projecting l'lpiti; 
a.nd broken ground at the delta. That name appears on all Spauil'.lh charts of the eighteenth 
century. 

At the end of the year 1686 another viceroy, Don Melchor Portocarrero, Count of MonclO\'a, 
arrived in Mexico with a. commission which authorized him to expel the French from the Gulf, 
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anrl to destroy their settlements. He reached Vera Cruz in September, 1686, and assembled a 
counsel of pilots aud commamlen;, and by them the chart made by Rarroto was inspected. 'l'he 
viceroy learned as the result that Rarroto had not closely examined the coast, and that foreigners 
might be where Barroto had not been. Two armed vessels were prepared to expel the French, 
and, as was then usual on such occasions, two smaller vessels were fitted out to make preliminary 
search. The8e were intrusted t-0 the command of Don Martin de Ribas and Don Pedro de 
Iriarte, but the chief pilot was Barroto. 

The vessels saileu from Vera Cruz 011 the 1st of .Tauuary, 1687, for the bay of Apalache, bnt 
violent storms and contrary winds in crossing the Gulf delayed the passage so that Apalacbe 
was not reached until the beginning of May. It seems probal:Jle that the experience of the pilot 
Barroto as a navigator alo11e saved the vesRels from destruction. They finally entered a spacious 
bas and found two fathoms of water on the bar. The wrecks of two French ships were seen near 
the entrance. 

La Salle was killed iu l\farch, 1687, l:Jut some of his party were then living at F-0rt Saint 
I,ouis. The surviYors sailed for Havana because the winde were unfavorable for Vera Cruz, but 
to that port they turned after a stay of three day:s on the coast of Cuba. At Havana they had 
been given up as lost in the furious storms that prevailed in the spring of the year. The viceroy 
therefore ha.ste11e1l the <leparture of two armed vessels under the command of Do11 Andres de 
Pes and Do11 .Francisco Gornarra. They had the distinguished pilot Luis Gomez Raposo, and 
examined tlle entire coast of the Gulf. On reaclting Saiut Bernardo or Saint l1uis rMatagorda Bay J 
they a.Iso saw the remains of the two ships of La Sa.He's ·expedition. Having closed the 
examination, they arrive1l at Vera Cruz on the 14th of September, Hi87. Barroto bad already 
reached that port. 

As successor to the Count de Monclova, the Conde de Galva arrive(l in Mexico and became 
Yiceroy in the autumn of 1()88. Soon after it Wal'\ known to him that in the frontier settlement at 
the north, three Frenchmen liad appeared who stated that. other Frenchmen were yet alfre in 
that regiou. Orders were gh'en to search for the French. A year earlier Alonzo de Leon had 
erected a small fortification south of the Rio Bravo and named it in honor of the Viceroy "Fort 
Monclova." From thence, in January, 1689, he set out at the head of a 1mrty of horsemen and 
went north and 11ortlwast, accompanied by a geographer who was to take particular notice of 
discoveries. After a long march a lagoon was reached and was named San Bernardo. Fort Saint 
Louis had been abandoned. Eighteen pieces of cannon were found scattered on the ground and 
some dead bodies of the French invaders. The Iudians said that five Frenchmen of the expedition 
were yet alive in the "Provincia de los Texas," which was a hundred leagues distant. This nallle 
appears to designate the country and a Indian tribe which La Salle named the '' Cenis." 

By lndian messengers Leon sent a letter to the five Frenchmen, and two of them came to him. 
In the month of May be preseute<l them to the Yiceroy of Mexico, and to that official they made 
k11ow11 the histor~· of the expedition of La Salle, including mention -0f his settlement at Saint Ber
nard's Bay, his movement along the Mississippi and his ultimate fate. 

To preserve the power of Spain the viceroy resolved that the Gulf coasli should be settled; 
that the province of Texas should be provided with defenses, and that possession should be takeu 
of the best naval position near the mouth of the Mississippi. For strengthening the armament-at 
Pensacola, Andres de Pes was sent to Spain to make due representations at court. To favor 
settlements in Texas ise\·eral s:mall forts and missions were established in the year 1690, and Don 
Domingo Teran was appointed Governor of " tl1e provinces of Coahuila and Texas." Hut this 
effort of the Spaniards to settle that country was unfortunate. Indians were numerous; the cattle 
died, and the crop8 failed. In tlte ,Year 16H3 only a few Spaniards remained in the province. 

On the 25th of l\f arch, 1688, a Spanish force !'.!ailed from Vera Cruz. The war ship wa8 secured 
in Mobile Bay, and the smaller vessel passecl westward to the mouth of the Mississippi, which 
river was then known as nio de la Pali9ada. The earlier name "Rio del Espiritu Santo" WIUl 

apparently then forgo'tten. The adventure was fruitless and the vessels were again at Vera Cruz 
oµ the 10th of May. 

Under the orders of the viceroy, Andres de Pes went to Spain, and the King, pleased with 
his int;elligent and pa.triotfo exertions, name4 bim Admiral of the Mexican Gulf fleet; and for 
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services already rendered conferred on him the habit of the order of St. Iago. He returned to 
Mexico in the year 1692 with the royal sanction for completely forti(ying Pensacola. 

Jn the following year (April 8, 1693) two Spanish vessels, under thfl directiou of l>e Pes1 

entereu Pensacola, Bay, and the learned .Professor Siquenza at ouce declared that it was the same 
ba.rhor in which Pamfilo de NarYaez diRembarked, and which Diego de )ialdouado had discovered 
nnder the name of "Achnsi" in De Soto's time. Pes and Siquenza e.xamined all tlie snores a.ml 
indentations in boats, and gave names to the points, capes, bays, and ri,·ers. Many of the name;;; 
appear on charts of the preseut day. At Mobile Bay the same navigators explored onl~· near the 
entrance but di<l uot enter the body of the bay, Keeping on westward tbe,\' came, 011 the 1st of 
May, to a point which they named "San Miguel,'' a11d judging that there might be some passage 
towards the Missh1sippi they entered with boats, but found only broken ground. Through a 
narrow channel they entered a large lake, but beyond it could not pass into the river, and in 
consequence they returued to their ships. The name Punta de Sau 1ilignel on later Spaui8h clrnrts 
ioi marked at the eastern An trance of Lake Borgue. De Pes was afterwards Governor of the lmlian 
council, and one of the chief officers of the Spanish Admiralty. In the i11;;;nription on his monu
ment he is styled "Sinus 1lfe.ricani Scrutator." 

De Soto's pilot, Maldonado, bad reported Pensaeola Bay (then ealled Saint Mary's) as being the 
most convenieut place on the Gulf' for a marine and military establishment, but no settlement was 
made there until the year 1696, when Dou Andres de Arriola went. from Vern Cruz aml built a 
fort. But its position was commanded by higlier ground, and there was no freRh water inside of 
the Jines of fortification. However. no foreign enemy was to he feared, and the neighboring 
llldians only were kept in view. No fears seem to liave bet>n entertained respecting tlie French. 
The soldiers of Arriola understood from the Indians that they called the country around the bay 
"Pan<;acola," wltich they said was the name of a nation that had been dispossessed by tlie present 
owners of the ground. Arriola is styled in the contemporary record "T11e first Governor of 
Parn:acola." 

IBERVILLE, 16H8-'\l\I, 

Lemoyne d'Iberville was a Canadian gentleman ; had shown resolntiou in opposing thr 
English in Nova Scotia, Newfoundland, and Hudson's Bay. He had trave!'sed immense tracts of 
land and water, aml after expelling t.he English from Hnds011'" Bay lie aimecl at establishing 
French empire in NO\·th America, and deeming the control of the Mississippi essential he per
suaded the French minister, Count Pontchartrain, after the peace with England in l6H7, to attempt 
the occupation of the mout.b of the great river. 

Pontchartrain ordered the arming of two men of war at Rochefort, and gaYe the command t-0 
Iberville. Oue account states that Chateaumorand joined the expedition at San Domingo with 
the sbip Le Fraucoi.s. Iberville was accompanied by two of' his brothers, namely, t.be Sieur 
Lemosne Bienville and the Siem Lemoyne Souyole, and both of them were distinguished in tht> 
history of discovery. The expedition sailed on the l 7th of October, 1698, and made the passage 
into tl1e Gulf of Mexico by way of San Domingo. It was a.ccompanied by the French atl\·enturer 
Laurent <le Graff, or Grave, who had made himself formidable to the Spaniards under the uame of 
"TJorencillo." Be seems to ha Ye served as piJot and guide. 

Iberville an<l Chateaumorand reached Pensacola on the 25th of December, and there to their 
disappointment found a Spanish fort. So keeping on westward they came to t.hc entrance of' 
Mobile Ba:,', and lan1lell at Panphine lslaud. Hertl were found skeletons of' hurrH\.n heings, antl 
some anthori,i judge that they were the remainR of the unt'ortunate followeni of NarYaez in the Jear 
1529. Passing ou, Iberville took souudings a.ml ancbor<'d near an iRla11d, which from that inci<lent 
was then named ''Ship faland." On the 11th of .February a little bay was eutererl, and from an 
Indian tribe was 11amed "la .Baic de Biloxis." Soon after a ri\'er mouth was seen, and from another 
Indian tribe was named "Riviere des Pascagoulas7 Having receh·ed from the native;;; information 
about a. great river which they calle1l "Malboucbia," Ibenil\e and his brotlier Bieuvilloi set out on 
2ith of February from Ship Island in two boats for exploration~ believing that the river indica~ 
to them was tbt> Mississippi. On the 2d of March they f:'ntere<l a. Jarg<~ river with turbid waters. 
After tracing the co11rst1 for 00 lf'agnes t11ey came to au Judiirn natiou <·aJled "0uma," and 
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fonn<l amon,g-8t them prayer-hook8 in which the names of some of the Oana<lian companions of La 
Salle were written. The Indians hail :tl8o, and delivered the letter which Tonti addressed to La 
Salle in the year 1685. Ou the 22d of '.\farch they arrive\l at a narrow and shallow branch of the 
river leading eastward. Two lakes were fonud and named I1ac Maure pas and Lac Pontchartrain, and 
a few days afterwards Iberville was joine.d (l\farch 31) by his brother Bienville at the ship statiou. 
On the 12th of April a little bay was entered and was named "r,a Baie de Saint Loni8," but the 
w3te1· being s!Jallow, it was decided to Bettle at Biloxi. A fort was built, and was manned by 
tltirty-tirn of the followers of S:mvole and Biem·ille. Iber\·ille on the 4th of May set sail for 
France, intending to bring an additi01rnl force for the Rettlement. 

In the conrsc of the summer of 1699 Sanvole and Bienville made excursions in the vicinity of 
the fort to gain the friendship of the nativeR. At the end of May, lliendlle set out for Pasca
goula Rfrer. Six feet of water wa.s then found on tlie har. 

On the !)th of ,June a lanrl journey was made to Mobile Bay, and the party pas1-1e1l on from 
thence to Pensacola Bay to observe the action or tbe SJ)aniards, who were tben fonncl to he 
established in their fort. 

In ,Jul;-.· two missionaries and a number of Canadians arrived at Biloxi. When told by 
Indians of the new ]'rench settlement they descended the Mississippi in two canoes and thmi 
joined with countrymen who had reached the Rame region h,\' way of the Gulf of Mexico. 

At a hcnd of the river, 28 leagues from from the sea, Bieuville, to his gre:at surprise, found 
an Englfah YeRsel anned with twelYe guns and commarnle<l by a Captain Barr. When notified 
that he was au intruder the -Englishman left, hut threatened to return in the following year. ThiR 
meeting was 011 the 15th of September antl the place lias since that dat{l been called "le Detonr 
aux Anglais," 'i.e., tbe "English Rend." 

On the 7th of Dt>cember Jl)erville reached Biloxi after his visit to I1'rance, and with him came 
officers and pas:spngers i11 the s!JipR J,a Renommee and lAt Gironde. 

Orants seem to h:n·r bepn coufern:d upon a Colonel 'Vood, of Virginia, who was there residt':nt 
between 1654 and HiG4; a1Hl again in the .vear 1678 a number of persons are Raid to have rnove•l 
from New England for cliscoYerics in New Mexico, bnt only casual mention can be found of these 
un dertaking·s. 

When the English Rettled in Uarolina, they claime<l all the territory westward to the Pacific 
Ocean. Charles I, of England, hail granted bJ· patent to Sir Robert Heath, then attorney·general, 
the undefined region. By him it was trnnsfened to the Earl of Arundel. It is beyond doubt that 
English ad Yen turns arrived on the lower :\fississippi aH ea,rly as the year rn99. Bienville, the 
Frem~hman, states tliat on the 23d of April of that year be was informed by Pascagoula Intlia.118 
tlmt on tbe 2l8t of that month two :Englishmen, with two hundred Uhicasaws, had plundered and 
destroyed one of their villages. The narratiYe of Dr. Coxe mentions that be fitted out two vessels 
for exploratiou. These sailed from England in the year 1698, under the command of Captain Barr. 
One of the vessels had au armament of twe11ty-two guns, the other of twclYe guns. In the sum
mer of 1699 they were in the Gulf of Mexico, and had as pilot the French engiueer Seeou. 

Captain Barr seems to have at first entered the bay east of the delta, and he calls it N assa.u Bay, 
tlrn same (saJs Daniel Coxe) "which the Spaniards designate as Spiritn Santo Bay." After pass
iug the i1-1larnh; or l\lissiHsippi Sound, Barr enterecl Mobile Ba;r. This was probably ne,ar the close 
of the year 1699. On tlie bornewarcl voyage one of Barr's vessels was wrecked on the coast of 
England aml offieers an1l men were lost; but the journal and a full account of the country along 
the coasts were saved. 

All the bays, islands, and riYers denoted bj· Iberville and Bienville can be readily identified, 
as some of them yet lw,ar the 11ames attached l1y those explorers : as SMp, Horn, and <Jat islands ; 
also the Chau<lelear Islands, Saint Louis Bay, Biloxi Bay, and Pascagoula River, Iberville River, 
Lakes Manrepas and Pontchartrain, the Rigolets, and Bayou La Fourche. 

In February, 1700, De Tonti again passed down the Missi!'lsippi t.o inspect the settlement at 
Iberville, as he Jiad fifteen Jears earlier jounrnyerl in behaJf of such as may have been intended 
by La Salle. The enterprising traveler De Tonti died in the year 1704, at ~lobile Bay. He bad 
passed.four times up and down the Mississippi. In Augm1t, 1706, the active Iberville died of yellow 
fever at Havana. In the j'ear 1708 a French officer, M. Dirond' Artaguette, arrived from France to act 
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as commissary, and to decide on the policy of maintaining a port. Massacre Island wal5 examined, 
the waters of the vicinity were sounded, and when in the year 1711 tbe settlemeut at. Saint Louis 
was inundatcu, Bienville was directed to remoYe to a position 8 leagues farther down. The place 
selected was at-the delta of Mobile Hfrer. 

In September, 1712, the King of France confo.rred the management and commerce of tlie Fl'euch 
colony, in Louisiana, upon an enterprising financier of great wealth, M. Crozat, and as was theu 
common in governmental ebauges a new impulse was given for exploratious. Tbc action of Spai11 
was at that time feeble. Feariug the French they bad endeavored to expel them; hut they 
dreaded also the l<Jnglish. This condition was changed aft.er the grant of Louisiana to Croz<tt. 
France and Spain lost their common intert>st. Defense against encroachments by the English, and 
the grant to Crozat, to which the King of Spain harl from the firnt been opposed, were iu Spain re. 
garded as acts of hostility. But Crozat inspired the French in Louisiana with a spirit of activ
ity of which the Spaniards became jealous; and thus further expeditions and clisco,·eri._,s resulted 
from emulation between the two great powerA which ha(l then founded settlements on the short>s of 
tbe Gulf of Mexico. 

By royal decree Crozat bad exclusire right cludng tiftee11 years to 1;end product . .:; from 
1.ouisiana to France free of duty, aml to i11troduce slnw:s from Africa. Ile was aecordf'll thr 
monopoly of all mines that might be found in the valley of the l\lissii;;sipili; was allowed to have 
his own commissaries and directors for exploring and for making tre<itieR with the Indians, aud for 
guarding hi;;; own private interests. 'l'he King required merely the tra11sportatio11 needful awl 
provisiom1 for officers and soldiers assigned for defence. 

The first vessel sent out under the grant arrived in Lonisia11a i11 the spring of the year 1713, 
with the Royal Goyernor De la Motte Cadillac and Rome commercial directorn arnl agents 
a.ppointed by Crozat. 'Vith large views that active mau gave attention not only to 111e fur trade, 
hut ali;o to commerce aml navigation tlirough the Gulf' of Mexico. His aiw wai;; to fake merd1au
dise from r,onisiana to J>eusacola, to 'rampico, to Vera Cruz, to Tnspan, aud to Havana. Hy hiR 
agents, trading journeys were made along the Mississippi and lted Hiveri-;, and amongist them tlw 
most conspicuous traveler was St. Denis, who was well acquaiuted with the countr,r. Iu the 
year 1714 he was sent to the southwest amongst the Spanish missions, then supposed t.o be in tl1e 
province, aml was autbor!zed t.o make o>ertures to the Spanish settlers for intercourst~ an!l trade. 
Attended lJy a few Canadians and Indians, the energetic St. Denis entered Tt"xas ne.a.r the close 
of the year 1715, and stopped in the vicinit~· which had lJeen occupied by J,a. Sa.llP'A compan
ions eighteen years earlier. He trarnr8ed the country, going southward and westwal'd, awl 
crossed the rivers, but. found 110 traces of ci\'ilization short of the Rio Bravo. A few leag-11es 
westward of that river was the military post and mission of San Juan Bautista. St. Denis was 
received by the Spaniards witl1 kimlness. After Rome time lie passed on to Mexico to sc>ek 
an interview with the Vieero;r, who cordially eutertaiued propos~1ls, but stipulated that St. Denis 
on his return through Texas sl1ould eonduct some Spanish missiouaries who were to settle at 
different stations on the road. 

St, Denis left Mexico on the 26th of October, 1715, and crossed the territory of Texall hy the 
route followed in his advance. His Spanish companions in pa8sing made se\·eral little settle
ments amongst the A.days, the As:sina,y:s, and the Natchitoches in the vicinity of Red Ri\'er. 

On tbe 25th of August, 1716, St. Denis arrived at Mobile. Soon aftt>r otber settlers and 
troops were sent to re-enforce t.he posts founded by him and to estahlisll others. Memllaudise wiis 
packed for trade with the Spaniards on the Rio Bravo, and on the· 10th of October, 1716, the 
llarty of St. Denis again set out from Mobile for the journey to Mexico. .After reachiug I~ed 

River several missionary stations were visited. On the 21st of ,January, 1717, they werP at a 
Spanish "presidio," which was garrisoned by seventeen soldiers. Beyond Trinity Rinr tl1e~
pa.ssed the Rio Brazos, and on the 8th of April the Rio Colorado, on the 11th of Ma,v the nio Sau 
Marco, on the following day the Rio Guadalupe, and two days later they forded the Hio San An. 
tonio. The four days following were occupied in traveling 27 leagues to the Nueces Wn•r, aud 
on the 21st of April they arrived at the Rio del Nort€. There the good,;; belonging to St. Deuis 
were seized by the Spaniards. He went to Mexico to clailll their restoration ; but Don Balta;mr, 
who had succeeded the Duke of Linares, put St. Denis in prison. He, however, escaJle1l aud 
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reaclted Mobile iu March, 1719, and found there mo;;t of his companions. Bis expeditious rauk 
high in value, and the routes which he took were carefully marked ou maptl of the Mexican 
Gulf countries. They appear on sheets which show the travels of Cauec;a de Vaca, l\foscoso, La 
Salle, Cavelier, and other resolnte explorers, aml from thiR time the geography of Texas may be 
regarded as settled. 

SAIN"T JOSEPH'8 BAY, 1711'1. 

Crozat did not reap the advantage8 expected from his Louisiana grant; nor bad he auvauced 
the interests of the colon;v. Be therefore (in 1717) reuonuced his privileges, and Louis XV, of 
France, accepte1l his resignatiou. -

Then (August: 1717) the Western Com1>au;y was formed, and, under the direction of the noted 
speculator Law, the cornpau:y aimed at the control of the foreign and domestic commerce of France. 
The King granted to that corporation privileges more extern;ive than tho"e whic11 had been allowed 
to Crozat. They beld under his letters patent for twents-iive years the right to all lands, coasts, 
ports, llarborR, and islands pertaining to Louisiana, retaining for the Crown only fealt.y and 
homage. They were at liberty also to choose gornrnon;" aud officers for tbe command of troopR. 
Witliin the period specifie<l the company engaged to settle in the territory six thousand white 
persons and three thousand ueg·roes; to make efforts for the salYation of the Indian savages and 
ue!4roes; to build chapels and maintain religious teachers. Under this gTant three ships arrived 
at Dauphine Island in February, 1719, briugiug settlers, soldiec-s, aud goods for commerce with 
eolonists already settled on the Gulf shores. r,erno;yne de BienYille, a man of intluence, and popu
lar in Louisiana, was nominated by the compauy as governor. He fitted out a party to mO\'e 
towards Saint Joseph's Ray, intending to make tl1ere a military post, as it was not far from Pemm· 
cola Bay. To Saint Joseph's, therefore, Bienville sent his brother with fift.Y soldiers in the year 
1718. A fort was erected, and was left in command of M. de Gousy. But the Spaniards, iu 
1mperior force, soon eompcllcd the surrender of the place, and the fort was destroyed. The name, 
and a tolerable re11resentation of Saint Joseph's Bay, ap11ear on the maps of tbe French geographer 
He L'Isle. Jn .August, 1717, a great storm inundated Dauphine Island and destroyed its ha1·bor 
hy masses of sand. This event necessitated a search for ship protection elsewhere. Bienville 
fon11d at last, thirty leagues from the Gulf, a place on the Lower Mississippi~ and in the year 1718 
tilere built some houses and left men to clear tlle ground. On this i;ite subsequently arose the city 
of New Orleans. It was so named iu honor of the Bourbon Prince who was then regent of France. 
On the 19th of A11ril, 1719, M. De Serigny arrived with notice that war had been declared between 
France aml Spain. He brought a commission for exploring the coast of Louisiana in company 
with Biem·ille, and he was authorized to gain, if poi;siblc, possession of the Spanish fort at Pensa
eula, as it defended the only good port on the E<hores of the Gnlf of Mexico. Pensacola was sm·
prisP<l by Hien,·ille and Seriguy in May, 1719, hut in the following month it was retaken by a 
Hpauisb force from HaYaua. Somewhat later a French fket, u11der M. de Cbawpmes1in, captured 
the place; and thus in the course of six months Pensacola had changed masters three times. 

111 the year L7!&0 a French astronomer of distinction was sent to Louisiana. This was :Father 
La,,al, professor of mathematics at Toulon. His observations were publisiled at Paris in 1728, 
and with them is included a plan of the harbor of Pensacola. Laval, in June, 1720, set np a.n 
obAervatory on Dauphin Island and observed for latitude. The result found was 370 17' 1" for 
hi8 place of ubseiTation, aml he says that be drew the coa11t line of the entire Gulf 13 minutes 
further south than it had been represented by earlier map mitkers. 

J.aval nuule obserrntions ou the currents, tides, and winds of the Gulf, but bis operations 
were int<~rrupted hy pestilence. Tlw pious father, 1leemi11g that" science was only an accessory 
duty for ~t man uf bis professiou," gave all his time to tlu'l care of l1is sick soldiers and sailors, and 
as soon as practicable he returned to France 

GAIXE8TON BAY, 1721. 

W}ten the King of l!'ranee ordered tbe movemeut against Penisacola he gave a.t the same time 
directions for J!Ul'lhing the French dominion to the southwest, indicating the ''province of 
Le.ste"l!:as" [Texas], of which the Spaniards had possession. The governor of the provi•100, Don 
Martin D' Alarcone, bad in fact by his policy increased the number of settlers. 
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St. Denis and Bernard de la Harpe had been sent to the French settlements at the north 
in the year 1719. This expedition of La Harpe was directed to ~ew MPxico, hut on hi!-' return iu 
January, 1720, to New Orleans he found that the Western Company had issued an order for the 
immediate settlement of Saint Bernard's Bay, which after the time of La Salle had not been 
entered by any French officer. Mr. Belisle, in 1717, had been left there, aud aft.er many 
adventures bad returned. Be was now reqlwsted to go under command of La Harpe to take 
possession of tJ1e ba.y. A small Yeissel, the "Subtile," with twenty l!len, wa8 aissigned to La Harpe, 
and he was named commandant of the Bay of Saint Bernard. He was to proceed without. delas 
and to take possession of the adjaceut country in the name of tbe company and the Kiug, am! to 
build a fort. Spanish settlers were to lw informed that the territory belonged to the King of 
France, in whose name Robert de la Salle had taken J>ossession twenty-five :vears before. 
Intruders were to he drh'en out b,y force. 

On the 16th of August, 1721, De la Harpe left Dauphin Island and sailed westwar(l ''for a 
hundred leagues or more." At all places where attempts were made to land the nati,·e;; were 
hostile. Be returned to Mohile and readied that place in the middle of October. 

CHARLJ::HllX, 1i2'2. 

In .January tlw .fosuit fat.lter2 Uliarlm·oix arri\·ed from Uarn-ula, aurl to him lllUst be conceded 
a conspicuous place as an explorer aD1l as the hi:storian of earl_\· times iu the nortlwrn region of 
the Gulf of Mexico. He visited all the l•'rench settlements there and gaYe to the world the first 
reliable description of the eonntQ'· He passi>•l down the :\Iississippi aud at the month, in 
eompany with the French eugineer Pang·l·r, he sounded one of the passes. Suhsequeutly Charle. 
voix wa~ shipwrecked at the .Florida Keys, but escaped in a small boat and with it arrirnd at the 
Spanii,;b settlement at Saint Mark's. He then passed along the north coast of the Gulf to 
J,ouisiana, and finally returned to Fra.nce. 

The princi1)al centPr8 of acti\·it.Y fol' the Spaniards were Pemm-cola and Mexico. _From tbese 
stations the northern and eastern part8 of the <inlf cnast were explored, and travels were made 
toward Texas. That territor~· w:is, hmvernr, relinquished by Europeans in the ~·ear 1694, with the 
exception of Spanish mission stations aloug the Rio BraYo. In the :rear 1714 French ad,·eutnrers 
again appeared in Texas. If any movements Wl'Tl' made for exploration in the interval of twenty 
.rears, the re1mlts are not known. France and Spain being· at peace, trav<'l followed the routes 
hetween Vera Uruz, the delta of the Mississippi, Mobile, l'eusacola, and Ha\·aua. 

The mo..,eruents of St. Denis so arollRell the Spirnianls that the:y made alliance with the French 
discoverer, and sent Don Domiugo Ramon with some soldiers and Franciscan missionaries to 
accompany Saint Deuis toward the region watered by Red River. Several 1-!tations were chosen 
and provided with meaus for sustai11ing the missions. The province was then named by the l:'pan. 
iardR "Lax Kuevas Filipinas." The Marquis de Aguayo was the first royal gornrnor, and he entffe(i 
bis province in the :year 1716. Some years of peace were e11joyed, and for some time no expeditious, 
sucl1 as had been induced b;y wars in earlier times, were sent out. \Vith the !'avage .Apaclies arnl 
Comanche Indians the Spanish contended in the interior; but for the same period then• was 110 

naval enterprise. The northwest parts of the Gulf coast were not explore<l untH the end of the 
eighteenth ceutmy, and Humboldt says (in 1812) they were "as unknown as tl1e coasts of Africa.'• 

In the year 1703 Don J nan de .Ayala, an actiYe alHi intelligent Spanish officer, who was well 
acquainted with matters in l•'lorida, suggested an expedition from Saint A ugustiue to tlle Gu If for 
the conquest of territory between tl1at place and Pensacola. His proposal was laid before one of 
the most distiuguisl1ed ministers of Spain, Don .Alonzo Carnero~ aml it inclmled tbe recommenda
tion that some point on Appalachee Bay should be fortified. Ayala was appoiuted governor of 
Florida in 1718, and as no measures liad been taken on his earlier suggestion, he then or<lered au 
expedition to move from Saint Augustine toward the northeastern part of the Gulf, aud direded 
also the stnwture of a fort. The command of tbe expedition was giYell to Don ,Joseph Primo de 
Ribera, "a soldier of great experience and conrage,11 and he was furnished with all re<1uisites for 
building a fort in the region inhabited hy Indians at Appalacbee. A \"e8t"el with pr~visions was sent 
from Saint Augustine to assist in the operations. Ribera set out by land on the 20th of February, 
1718, and arrived at the head of the bay in advance of the ship. He immediately began the con. 
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struction of a fort, and mtmed it Saint Mark's, but the party was soon in want of supplies, a.;; the 
vessel llid not arrive at the time expected. Some soldiers were therefore sent to Peusacola to ask 
aid from Don Juau Pedro Matamoras, aud provisions were sent by that officer in a little coasting 
vessel. Meanwhile the ship of .Ayala arrh·ed at Saiut Mark's. 

Bienville (goniruor of Louisiaua) had recalled hi8 commander at Saiut .Joseph's Bay, as that 
station was desolate. The greater part of the garrii:;on had previously deserted to the Spaniardt<, 
and the remnant reached Mobile in a little vessel ou the 26th of ,July, 1718. The Spanish 
commander at Pensacola sent a few soldiers to take possession of the bay and build a fort. 
lioldan, who led that force, found the French defenses in ruin, but he promptly restored it and 
made a sun·ey of the vicinity at the end of the year 1718. Iu the following year re-enforcements 
came from Mexico under Don Gregorio de Salinas, to construct fortiticatious upon a larger i;cale 
at Saint Joseph's Ba,r, and soon afterwards the coast of the peninsula from Pensacola to Saint· 
Augustine was explored. Thence onward, in the cotuse of time, parts of the Gulf coast were visited 
by Euglish, French, and Spaniards, and local settlements were founded. 

In the year 1846 the United States Coast Survey commenced geodetic operations iu the Gulf 
of Mexico, and in subsequent years latitude, longitude, and the magnetic elements have been 
determined at many stations. Tides and current8 have been observed, and the configuration of the 
Hulf bottom is now as well known as tliat of the surfaee of an,y part of the adjacent territory. 
The geological strueture of the Flori1la l~eefs and Keys was inYestigated by the late Professor 
Louis Agassiz, whose report on the subject is given in the printed annual report of the survey for 
the year 1851. In other volumes will be found in detail the mentiou of developments matle iu the 
progress of the work on land and afloat. 

Titles of copies of rnaps iUustrating Dr. Kohrs history of the discovery and e:i:ploration of the Gufj' of 
Mexico. 

No. N amc of map. 

' I Cuba and >icinity, with part of the cast coast- of North America, from Juau de la Cosa ..••••...••. ····-·; 

2 The Antilles, froru the rua1> of the world in the edition of l'tolemaens, Rome. - .....••.. _ . _ .............. -i 
:l The Antilles and parts of America, from a map of the world, in Ptolemaens ........... _ ................. 1 

4 The Island of Cuba and vicinit.y, from the Globus of J. i:>choener, Frankfort ................•.....•..•.. i 
5 A map of the Mexica:n Guli, from a Spanish map of the year -- ....•.....•..••••...........•...• _ .... I 

' [NOTE.-:--This is the first ~ap on whic~ the name "La Florida" appears.] I 
6 A Spamsh map of the Mexican Gulf ot the year ...............•.....••.......••.•••.•.•••••..••..• _ .•• ., 

7 The Mexican Giilf, from the IUl1J> of the worlcl by Diego Ribero .. ·-·· .•..........•.•..........••.•.•.••. J 
I 

b The Mexican Gulf, from a :French map hy Nicolas Yaillard de Dieppe .... --···· .••.•....• ·•· ••• ·•••·• ··1 
[::'l'oTE.-This is the first map 011 which the name of the Tortngas appears.] 

!l Co11y of part of a manuscript chart preserved in Oxford, England ... _ ......•...••••....•.•........••.•.. 
1 

[Non:.-Dr. Kohl 11tates that this ch:ttt, which he thinks was 1r.ade a little after or befor•' the year I 
1550, iH p1·incipally remarkable a.s being thA first which contains a name for the Mexican Gulf- jj 

" Golfo M.,xigo." This name, however, does not appear upoll the part <>f the mapco1>ied by Dr. Rohl.] 
1 

10 The MP:x.ican Gnlf,after a Prench m:~p ......•..•.... ·-···· ····-· •.•.•..•.••••••.•••.•.•..•••.•...••.•.. 

11 From a map made by J. Bellerns .•.. .... : . .•••...•....•••....•.. ···-·· .•••••..••••.•.••..•.••. ···-·· .. 

12 From a Freuch map of the year ...•.....•.••• _ ....••........••••••.......••....••..••. _ ••.• _ .••.••••••• 

1:1 Prom a ump of Diego Homem, in the British Mnaeum ••.•.•...••.••• ·-· •••••••••• _ •••••••..••••••••••••• 

14 · l"rom a man nHcript atlas of J nan Martinct1 ..•.....•...•.....••.•••••••• _ ••..•..••••••. - _ ..•.••.•••••••. 

15 From a mimmscript of .folrn Dee, in the Briti~h Museum ..•..••••. ···-·· .••••• ···-·· •••• ···-·········-·· 
[NOTE.-Dr. Kohl remarks, referring to a legend on this rua11, "Canalis Bahama versus Se1>tentrionem 

sempcr tluit," that this appears to be the tirst map on which any notice at all is taken of the Gulf 
Stream.] 

Year. 

1500 
1508 

1513 

1520 

1520 

15:!1 

1529 
1547 

155! 

155! 

1554 

1556 
1508 
1578 

. ll'X!O 

16 }'1·om De Br~'s map_ •......••....•.•.•.....•. -········-·-··-· .....•.•••.•••••.•••..•••. ····-·····-···· 1594 
17 }'lorida 1t11tlAp11alachee, from Wytfiiet-. ··-·-· ..•.••.•.•.•••••.••.•.•••••••••.•••••• ··--·· ··--·· ••••••• 1597 

IS ; Florida, by Herrera •........... -··-··-··· •••••••.••.•..••••• ··-··· •••••• ·-··.......................... 1600 

111 ! La Florido, by H. Chiaves •. - •.•• · •••••••.•••••.••••••••••••••••••••••••••••••••••• -~···· •••••••••••••••. 1601 
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Titles of copies of maps illustrating Dr. Kohl's history of the discovery and exploration of the Gulf of 
Jlfexico-Continued. 

~------1--- . ·- ----- ----- --~ 

No.' Name of map. : Yfar. 

20 Golfo de Nueva Espafia, l.Jy Laet.. __ .. ··-- ···- ....... --· ·--. __ ·--- ------ .... -·---- _ .. ___ . .... .. .... .. . . lb'33 
:!l La Floritle Espagfiole. by Sanson d'AbbeYille ......•......... _ ..... __ ..... _ .......... _ .. _ ............ _. 16:>6 

~2 Fmm a. manuscript map of North Am<>rica hy J. R. Louis Franquel\u ...... ·----- ·----· ...... ---------- Hlllrl 

[NoTK-On this map, a~ Dr. Kohl ob•erYeR, the r•as""" of the Mississippi and its delta are for the Jirst , 

Urne represented as projecting with ruany branches and islands into the Gulf.] 

;!:l l''rom "Carte de la Louisiane et du Com·s du Mississippi," by (+. de Flsle .. _ .. _. __ .. _ ............. _ ..•.. .; 1719 

[NnTI~.-This map, published by the celebrated l''rench geographer and academician, De !'Isle, umler 

the auspices of the }'rencl1 Academy, is to he consi<1ered as tlw first carefully prepared scientific map 

of the regions ltordering on the Gulf.] 

24 Carte <le la Luui.,iaue par le Siem D'Anv.illc ..•.••..................•..•....••..... __ .....•.. __ . --· .. . . 1732 

DresMee en Mai, 1732; publiee en 1752 ····-··-·--· ...• ·······-····-·······-··············--·····-··· 17G2 
[NoTE.-Dr. Kohl observes that tllis valua!Jle map may be takm as t.be embodiment of all the knowl-

25 

. 26 

edge and iuformation which the :French had acquired of the coasts, ha.vs. and rivers eaHt anfl we8t· of; 
the Mi!!Bis8ippi in the year 17:1'2.] ' 

Partie de l:t Costa de. la Louisiane, liy N. Bellin .................. -·---····--· .................•....... _', 

The Coast of Louisiane, by N. Bellin ...... ··-· ................. --· ................................... . 

1744 

1744 

27 Carte re<luite des Cost9.s de la Louisiane et de la Floride par le Siem· Bellin, Ingeni!lur de la Marine . . . . 17(;4 

28 , Port of Texas, by Don Jose de Escandon .•...• _ ................••. ·--. -· ......•. __ . .. . .. . . . . . . .. . . . . . . . 174i 

[Non:.-\Vith regard to this map Dr. Kohl remarks that it is one of the tirst ou which the nauw of 

Texas appears as the name of a province.) 

2!l A map of :Florida, from the late11t authorities, by Jefferys, geogrn}lhe1· to His Maj est~· ..••.•..... _ ..... _.. . 17G:I 

:JO Parte dcl Seno Mexicano; from a Spanish manuscript map of the year .... ··---· .. ---····-·--· .•.••. ·-·· 17tii, 

:n l\bp of Florida, by Jeffery:> .................•.•..............•..................•.. ···--··-··-·........ 17fl:I 
:12 Map of the eastern part of the Gulf uf Mexico. by H. Romans .......... _ ..•.. _ .......... __ ..... _ ........ ' 1774 

:1:1 Carta Esferiea rte! Seno l\iexic.a110 constrnida 1m 111 Tleposito Hytlrografico de Marina par non .111:111 11" 
L:wgnra ..... __ ...... _ .......... __ ..... _. _ . _ .... _ ....... _. _ .. __ . -· __ .. _ .. _ ........... ___ .. _. _ .. _ . _.. I7!l!l 

:i.t : The Gulf of Mexico, after Humbol<lt, by J. B. Poirson. __ .............. -· ..................... __ .... __ .. lB! 1 

[NoTE.-Dr. Kohl rnmarks that these two last-named maps (Nos. 3:l nnd :l4) were for a long time 1lw 

basis of all the rnaps of the Gulf. Huml1oldt gives a11 expla11atio11 of his map in his political eHSJJ,Y 

on New Spain, French quarto edition, Yol. I, p. 52.] 

35 , ~The descriptions of these two maps, a.s given h~· Dr. Ifolil, do not corrnspond to the copies themseh·('H 

36 , S in portfolio. 

;W '
1 

The Delta of the Mississippi, by le Sieur Divon ........................... __ . .• ••• . .• . .•. . . .. .. . .. . . . . . li2f> 

:'18 ·.The Mississippi Passes, by N. Bdlin ·········---· ••.• --·····----- --· ..••..................•. ······--· li44 
' 39 The Delta of the Mississippi, from a French Government map .............•..•...................... - . . l7ti4 

Nos. 40 to 47 itre sketcl1es of the five principal harliors and hays of the Gnlf of Mexico, as they ar<' rep

resented in t.he Spanish Portnlano of 1818: 

40 Charlotte Harbor, by Romau8 ........... __ ........•...•.•...•...•..................•..... ___ ...... _ .. . 

41 Ponce de Leon Bay, by Romans ........••••....... ---· .......•.. ·-·-···----· ..•.•..••••................ 

42 Plan of the Bay of Pcnsa<:ola, hy·N. Bellin ...... -- ..................................................... . 

43 Harbor of Pensacola ........................................................................ _, ........ . 

44 J:lay ufTampa ......................•.... ·····-··· .................................... _ .............. .. 
45 Bay of Movila (Mobile) ..................................... ··---· ........ __ .... __ ................ ---·. 

46 Bay of Galvez-Town .••.•......••....••......... _.__ ........ _ ......... _____ .........•. _ ............ --·· 

47 Ba,y of S. Bernardo ... --- •.. --· ... --· .... --·- .................................... - .................... . 

(NoTE.-ln addition to the maps above named, there is also on file in the a,rchives a ump compile<l hy 

Dr. Kohl, showing the progress of the discovery of the Gulf of Mexieo, aud indicatiu~ hy rolors the 

JimitB of the several explorers with the dates of their explorations. J 
--'--~-------------·-----------

H.Ex.43-69 

1774 
1774 
1774 

1818 

181/-\ 

l<:iltl 

lill8 

Jl'lli' 
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ABSTRACT OF CONTEN'.l'S. 

HiBlory of dis<·Ot'l'~!I c111d UJ>1oraNon on the Pacific coast of tltt r'11itul States. 

California (15:12).-EX]Jl•ditiou 'ent out l•y Cortez, and eonrn1:11Hled uy Diego Hurtatlo Mernloza, for the t>xplorn
tion of tlie coast of Califon1ia antl i~l:nllls adjacent. 

California (l&:l:l-'34).-Se"on<l <'xpedit1m1 fitted out b~· ('. 1ieH, 1llld plac·•t1 uuder cornmmHl of Di<·go Becena and 
Heruando de Grijalva. 

California (lf>:l5-':J!l).-Expeditio11 comrnamled uy Cortes in per,on, reacl1es the' coast. of Califoriiia. Laml" at. a 
iiort on the Gulf nf California. 

C11lifur11iu (lf,:IH-'40).-Yoyage of l:lloa to the Gnlf of California 1111der th<' g»ueral 1lirectiou of Cortes. Other 
'"'pediti011s sent out hy ~1eutloza, the >rnceessor of Cortes, under Cornnadn, Alareon, Diltz, Cahrillo, arn1 J<'errelo. 

Sir Fi·m1r:i• IJrukl' (lfiW).-l{eaehe~ tl11· Pacific t•oast iu about latitude 4t"' on bis voyage arou11d tlie worlll. Sails 
~outhwartl along the coast in sea1·ch of a harbor, and 1rnts into" Drake'• Bay." 

Caplai11 Thuma• Carendi•h (lf,87).-Make1< a voyage to the Pacific, lmt I'!'achcR only the southern part of Califoruia. 
F1·a11ci•eo Gali a11d ,la!lnie J1rnn (lf,84).-The sncces8 of Sir Franeis Drake induc<'s the Sl'aniards to i-e11Aw ·tlwir 

uort.hw<>stem explorations. Fleet fitted out by the archl>islwp am! viceroy of l\Ie:xico to surv1•y thr northwe><tem 
coast of America. Voyage of Gali from tlle East Irn1ies to thtJ coast of Califoruia. 

Sebastiau Rodi·iguez Cet'mtiiun (1595).-AccomrauieH au expe<litio11 to tlw California coast wl1icl1 rrnnllH unfortu
nfltely, the vc•ssel being wrecked in or near San :Francisco Harbor. 

&bastian Vizcaino (lfi!l&-Himl).-lu the course of two voyages to California accornplit;bes a <leta.ilt'd reronnais~ance 
of the coast as far nort.h as Cape Mendocino. 

Rew .lfr;ri1·0 (15Hl-l!lll).-Explorations in Kew :Mexico l•y Friar Angustin Ruiz, Autouio <le .Eepejo, and by .Juan 
de Oiiate. }'onndiug of Snuta .Fe. 

Fari1· MoM&nado m1£l .Juan de Fnca (Hi09-'2f.).-Repm·t, of 1liRcoveriPs i11 the 11orthwest and on the Pacitic coast, 
not well anthent.icated. 

Jua11Iturbi,1'ra11cisoo de Ortega and Estai·an Carbonell (1°ii:l:!-':lfi).-Desnl1orr experlitions to the California coast, 
.. ontrilmting but little to t.Iie advance of g<'ographical knowledge. 

Don Luis l'esii11 rle Canas, Dm1 l'edro Porter y CaHa11ata, Dou Ji1r11m·1lo Berr>al de l'ifiad11'0, Jion J.id010 de Atondo 
( 1 fi42-'e5 ).-Various attempt~ to continue examinati1ms of the coasts of the Gulf of California and of the ocean shore. 
Al"' to found 8ettleme1it8 at points snit.able for l1arlior8 for the Manilla galleons . 

• fr suit wix.io11a1'ies (l!l97-1717).-Explorat iolls arnl Rettkrn1·11t" n111ler th•· 1lireciion of tl1l' JeR11itFat.hers, .Jna11 Maria 
8a.1vntit->rra and }"ran,~iR<'O J{ino. 

h1tl1er .lea rt f'r1arte ( li21 ).-DetnilNl exploration arnl partial snrveyR of tl1e sl10rps of 1l1e Gulf of California. 
1''at1wr 8iyfrm1111du Tarm,al, Fathu- 1'in1a11do Co11sak, Fatlitr Winteolt111s Link (J7:l;t-'tli).-E:xurnina1ious of the Gulf 

of California aud of tl1P eo111ltr)· adjacent. continued li~- Jesuit. mi8,iouarie1< until their e:xpuli;ion frotn California in 
17!l7. 

Ru••im1 n·J1editio11s: Capt. >ictus Be1.;t1g, Capt. Tx1·1tfr;ko11', lAm1fr11a11t Sy11d, C1111tair1 ~J;ri11itzy11, 1.iNi1"1w11t Lt11·oshoff 
(1721'l-'66).-Explorations i11 Bering's Strait an•! till' waters in the vidnit.y; also of tbeAlenti:m 1Bland8. Occnpation 
of the pt•ni11e11la of Alask:<; formation of trading eHtahliolimnnts and of hunting Rtations. 

h·nJCh t:Jpt'dilions (11>7:J.-17f>li).-RPfrl'fnce 10 u n11mb<·1· of t·:XJ>< ditim11< umlPI' Fr•11di llllR)>ieeH in R<»Ht·h of the 
"Grnat RivAr of the \Vest." 

ill. CJ1111ipe d' Auterof'lie (l 71J\J).- E:xredition under the aus11irts of the French Acadm1y to California for t.he 
p11rpose of uhrserviug t.llll TranHit, oJ' VenuH. 

Fra11ci•eat1 .Mis&i<r11• : Fa the?· J•111ipe-ru Bl1·ra arttl olht,·& ( l 7!l9-'7 4 ).-Esta l>lishtncnt of missiou stat ionH l1y :Franciscan 
friar~ at San Di1•go, Ran Bueuav.,utura, :md Monterey ns l•nRf'S for t11e gradual Rcttlrnw11t of California hy the Spaniards, 
a111l a~ ceuteis from which exploring expeditious started to the northern parts of the country. 

So111.ra-San Die,go (17i5--'i6).-Travels thiough tlle interior of California. 
Fat/11r Fi·ancisM Garces, IJo,, Juart Jiautibfa de Ariza, Don B1·111io de Ht<tla, 1Jv11 Juan J'ra11d;ico de la Bodega, D011 

.hia11 de Ayala (l~'ifi).-Expedit.ion from San Blas for t11e exploration oftbe northwest coast. First survey of the Bay 
of San Fra11cii;co. Highest latitude reael1ed in fifty-eight degrees north. 

81111 H·a 11ciM·o Ba!! (i.77i>-'76).-'Ayala's report of San Francisco Bay as a "cluster of harbors," with l1is plans aml 
Mllrveys, lea1lH to fnrther explorations and to the founding of the Presidio mission. 

Dun .Permrndo de Ri1·m·a Mrmcada, JJon Felipe riet:e (1776-'77).- Conducts a land expedition from Mouterey north
ward. Crosses the plaiI18 of Sa11 Bernardino. Mission of Santa Clara founded .• 

l>o" lg11acio .J ilraya, 1Jor1 ,Jua11 de la Bodega (li79).-E:xredition to tlie northwest, organi?.ed by the Spanish Court 
alld by the. Vice1·oy of Mexico, reaches the latitude of Mount St. Elias. 

]Jon Fet"Aando Rfrrra, Faihf!1· J1111ipm·0So·ra (1777-'84).-Estah]j,.hm<>ut of additional mi11sion stations on the coaat. 
of California between San Diego and San Fraucisco. 

Capt •• James Cook (lilt!).- Voyage to the no11bwest eoa1it of Ame1'ica; 10111·hrs at ,·arions JH>inte hetwl'en Cape 
Gregory (now Cape Arago) and Nootka Souml. GrPat im1mlse gin·Jl to other t>:xrieditions, liot11 private and public, 
by Cook's voyages. 

1"t·at1f0is Ga/01111 de la l'house (1786).-Yo)·age to the !lorth"·e~t <·011~1 of .An:eTli a. Exa~J1i11ation and sunev of tl1e 
coast from near Cape 1''la1tery southward to the 4frth parallel. • 

Captains Ham1a., Di:ron, Portlock, Berkeley, and othei·a ( 17e5-'87).-Commercial, trading, and exploring expeditions to 
the northwest coast. Some of these sent out loy an association of London merchants, named the Nootka Sound 
Company. 
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Capl. ,To/111 Mcarcs (lit't').-l~xploratiolls on 1he northwest coast in the "Vicinity of Fu ca Strait, C'a]I•• Flatter~-, aml 
to th•· H<mthwanl. 

JJ011 Estana11 Martinez, Do11 Oo11zalo Lo)leZ dl Haro ( li88-'89).-Examinatiou8 (If Noolka 801111<1 aud 1lw RlllTOU1Hli11,.: 
conn try. Exploratio118 in the Strait of :Fuea. 

Don Franci8co Eliza, Dou Sali·ador Fidalqo (liEU).-Expedition sent to Nootka to t:ike 11o~et''sion of tbe isla11d for 
the King of Spain. 

Don Manuel (/nimper (17!l0).-Sails from Nootka Island, passes along the Routl1west<'rn shore of Vauconver Island, 
and exami1ws t.he Canal de Haro. 

Malaspina, Don Francisco Eliza (17£!1).-Yoyal('e from Acapulco ns far north afi the Jatitrnk of ~ronnt St. Elim; 
Acc11ntte <letenuinations of many points in latiturle and lougitudc. Don F. Eliza, commander at Nootha, explore" the 
Strait of Fnca aud Rosario Strait and enters the Gnlf of Georgia. 

~lfarcha11d (1791).-ilfakes a voyage, partly for trading pnrpoHes a1id part!~· for <'Xplnration, 10 the northwPst. •·naNI. 
PaHBP8 along the coaHt from Sitka Sound southeastwanlly, and examines points of larnl, ports, and ba~·R on Qnecn 
Charlotte';; fala,rnl anti in its Yicinity. 

Vancouver (17i12-'95).~Makee three voyages of exploratiou and discover~· to the northwt•st coast of America. 
Explores Admiralty Inlet and its hrnnches; enters the Colnmhia J?iver, &c. 

At11e1'ica11 explorers: Captain~ Gray, If erirlrfrk, a11d 111gralram (17~t·-·;ia).-Yt•yagl's 1 o 1Lc uorlb" ei,t tna~t. Ex11lorn
tions in the vicinit.y of Vancouver's JKland, Grny's Harbor, the Columbia RivPr, &e. 

Galia110 <>ml Valdez (1792).-Command the last but one of the f;p,.niRh exp•·ditions to tl1c North l'acitic. R~ach tlit' 
sontheru point of Vancotner'H Island, pass rom1d the island, repeating thP movements of the English explorer, and at 
length join Vanconver's party in completing the snrvey of the Gulf of Georgia. 

Caama'ITO (li9'2).-Vo~·age ofexplomtion to the Korth Pacific ordered hy the Viceroy of Mexico. I'u.sscs rnuutl 
Queen Charlotte's Island, and makes ohservation on the shores of the neighhoriug contiuent, hut adds litt.le to the 
stock of geographical information. 

Capl. W. R. B1·011gliton (179f-'98).-ArriYPR at. Nootka in 1796, and asC'crtains that tlir i:'pa11iards ha<l deliYcred the 
port to the English. Then prcceeds southward. 

Lewis a11d Clarke (1804-'06).-Are commissioned hy President .Jefferson to explore the L'pper Mi•so1ni and tinrl a 
practicable r<mte of water comnmnication with the Pacific. Having ascended the l\iissonri to the month of tlw Yellow
sto1J11, t.hey crosR the Rocky :Mountains and trace the Colnmbia. RiYer to the ocean. 

R11••ia11 up,.ditionx (180:3-'06).-Two veRsels nuder command of Captain You KrUS!'n~tern sail from St. l'dersbnrg. 
Explorat.ions made in northern parts of Russian America. Other explorations to tl1e stmtl1wanl. 

.P11r compariics (11'06-'21).-Exploratiomi made and tradi11g poste esta.bliHh<'d b~· the Korthwt'st Fnr Compan~', aut! 
the Missonri, the P;tcific, an<l the H11(l80ll Bay Fnr Companies. Arni, nnrler the auspices of the British Government, 
explorations made by Franklin, Richardson, Pan-y, and others. 

Russian settlements (1812-'41).-Trading post and agri<'ultural settlerneut estal>lished on Bodega Bay by the 
Russian Fur Company. Occupation of the Farallones, anrl of some of the isla.nds in Santa Barbara Channel. 

Missionary f'l'a1'e!8.-·Reference to limited extent of explorations from the mission stations in California. No boa!• 
or vessels being available, land excurfiions were made yearly. 

Capt. P. Tl'. Beechy (Ul26--'27).-0n returning from a voyage to Bering Strait, en tern San Franrisco Bay and com· 
pletes a survey of the port.. Makes a similar survey at Monterey Bay. 

Sil' Ed1rn1·d Bckher (1&~6-'42).~Commands an expedition to the Pacific coast organized hy the Lord~ of the Ad
miralt.y, and exteuds surveying operations twice along that co;st from Mouut St. Elias to Cape San Luca", i11clnding 
a survey of Colll1llbia River to :Fort Vancon ver. 

French exploration• (11':.!0-'42).-Reference to the re1mmpfom of French exploratiom1 011 the Pacific coast; vo~·ages 
of Du Petit Thonars ( 1837), La Place (183V), and Rosamcl ( lt'4U); also to the diploma.tic mission and journeys of M. 
Duflot de Mofras (1810-'42). 

Fniled Slate• e.l]ieditions (1820-'47).-Tra.vels nnd explorntion" in the far west by Long, Ashley, Smith, Bonneville, 
and others. Ex11editiou under the command of William A. Slacum, 'C. S. N., explore!! the Columbia RiYer. Iifa.p of 
the coast a.nd country soath of the month oft.hat river compiled. 

Uiiited States exploring expeditfon : Lieut. Cha..Ze• Wilke. ( 18Jt'-'41).-l'it!iug out of an expetlition for explori11g tlw 
South Sea arnl determining the position of Pacific iRlands, authorized by act of Congress. Sails iu August, 1831', 
and arrives at Columbia River entraace in April, 1841. Makes examinations and surveys of tho lower reaches of the 
Columbia River, of Gray's Harbor, the Strait of l·'uca, Admiralty Inlet, ancl tlie Haro Archipelago; al8o of the Bay 
of San Francisco and Sacramento River. 

Oregon a11d Califor11ia.-Capt. .J. C. Fremont (1842-'4ti).-Captai11 Fremont commands three expPditions tbrougl1 
the interior of the continent. Is instruct.ed by the Bmeau of Topographical Engineers, on his secoJHl expcdilfou, to 
connect his reconnaissance of 1842 with t.he surveys of Commander Viilkes 011 the raciiic coast. · Carril·s a Jin« of 
ast.ronomical observations across the continent, reaching the racific coast on the northern shore of the Ray of 
Monterey. His map of Oregon and Upper California is pnblishe!l by the Senate in 1848. 

Maj. W. H. Emory, United $fates Topographical Engineer.~ (1846-'47).-Commands nn expedition which starts from 
Fort Leavenworth, Kans., in 1846, and 1letermines in geographical 110•itiou out> hundred and twenty stat,ions between 
his poiut of departure and San Diego, Cal. Traces the sont.hen1 bo11111lary li.ne of the United States, a.nd fixes llrn 

nitia.l point on the Pacific OOIM!t, 

United StaWi Coast Sun:ey (1848).-Prl'liminary arrangemrnts made for bt·ginning the suney of the Pacific coaet. 
General reconnaiSl!ance, triangulation, astronomical ob!iervat.ions, and hydrogra11hic work provided for. 
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INTRODUCTION. 

In Septem lwr, ];)13, Balboa, frnrn tlie heights of Parnmrn, disco\'ered the Pacific Ocean; and 
in 1530, Magellan, sailing tln·ough the strait that bears his name, saw tl1e same ocean at a 
more southern point. The record of these resolute men closes abruptly. Balboa was beheaded in 
1514 by order of l'e<lro Arias de Avila. and Magellan was killed in a contest with savages at the 
Philippine Islands. 

The immediate succrssors of the navig·ators just named occupird themselves more particularly 
with the western coast of South .America, where they found the empire of Peru, supposed to be 
rich in gold, and 110 one thought of adYa11cing north ward until 1532, when Cortes turned attention 
to the north west. 

Thus for a period of forty years (1492-1532), during which the eastern and western coasts of 
South America bad been circumnavigated, and imperfectly laid down on maps, and the eastern 
shore of North .America explored b,r Spaniards, hy .English, and hy the French, and the River 
St. Lawrence traced inland to a distance of 600 miles, oue 11uarter of the coast remained unknown 
to Europeans. Large scope was left for the speculations of cosmographers and their views were 
wild and various. Some supposed that nu continent existed, and that the lands found, as Florida, 
New France, T1abrador, Grcl:'ul1wd, &c., were only the extremities of large islands. As such they 
are represented ou early maps. But, most men then li\'ing believed that North .America was a 
large peninsula connected with Asia. Columbus himself so thought at one time. The laud was 
snppose,d to stret~h over into Asia from that part of Central .America which was ma<le known by 
:Balboa and bis successors, and by the first expeditious of Cortes; while Mexico, China, and Tbibet, 
were represented as neighboring States. The Tartar nomads, with their herds of cattle, were sup
posed to wander in what we now call ''The Buffalo Couutr.Y," and the Empire of Japan was judged 
to be where California actually is. But, step by 8tep, such notions gave place to \'iews nearer the 
truth. In the course of t\vo ceuturies, .Japan, China, and the nomadic Tartars were gradually 
referred into plaee, and the great Pacific ex1Janse between Asia and America widened to something 
like true proportion. 

The prevailing notions of the time had great practical influence. Cortes and Mendoza sailed 
by charts erroneously constructed, just as Columbus hacl been guided by a ma}J of the Italian, 
Toscanelli, when be disCO\'ered America. Expeditions intended for disco\'ery along the north
western coa£t were instituted merely becam1e .Japan and China were supposed to be in that 
neighborhood. 

1532-1579, . 
In his third letter to the Emperor Charles V, Cortes state8 that .Montezuma informed him 

tha.t an ocean P-xisted west of Mexico. Of the explorers sent out by the Spanish commander, some 
reached the Pacific in the neighborhood of Acapulco, at a point about 10 degrees northwest of the 
summit from which Balboa saw the ocean. Others went further in that direction to explore a.i1d 
conquer the kingdom of Mechoacau and Oolima. The last brought back intelligence respecting 
au island rich in pearls and gold and inhabited only by a race of Amazons. The Indians of 
l\Iechoacan asserted that some of their tribe had visited the island and that it lay at a distance of 
ten days sail from Colima. Oort{.~S relates this in his fourth letter t-0 the Emperor, dated October 
15, lli:)4; and it was probably the first notice received in Spain concerning California. 

Cortes hoped to find it st.rait i,mpposed to exist somewhere south of Yucatan, and in that direc
tion be sent Captain Pedro Alvarado, who reached Guatemala in 1545. Thither were dispatched 
t.hc first Rhips built hy his order on the Pacific coast, and when be marched to Honduras it was to 
the same quarter that the steps of Cortes were turned. When of necessity his purposes in that 
direction were abandoned, active attention was turned to the northwest, but probably one reason 
for U1e change turned upon the fact that Nuno de Guzman, in 1530, conducted an expedition along 
the Saint Jago Rirnr, with a view of conquering the kingdom of Mechoacan. 

The river then known as the Saint Iago is the largest in Mexico. It runs in a northwestern 
dir<>rtion, and empties into the Pacific not far from the entrance of the Gulf of California, and t.his 
may be considered as the ea.rliest embarkation of Spaniards for the northwest. Guzman was the 
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first who saw the coa8t opposite to the ro('kY peniusula of Ualifornia. In hi;; rqiort to the Em
veror he mentions a peo1ile Raid to he Jiyiuf:· nt the west in a conntQ· fiUITotmded hy the ocean, a1Hl 
thh> intel!igeuce, coutirming preYious ruuwri<, 11robably gaye rist• to t11e mariti11w ex1Jeditio111< ::;cut 
thither by Cortes two years atforwards. 

The first expeditimi to that regiou was unfortuuate and produced uo rt>sult. It wa8 com· 
mantled by Diego Hurtado Mendoza, a relath·e of Cortes, who \\itb two shi11s sailed from Acapulco 
on the 30th of <Tune, 1532. He was instructed to proceed northwest, ex1>lore the western coast of 
New Spain, and to discoYer, if possible, those "isla11d8 of the ocean," rich in pearls, aud inhabited 
li.Y .Amazons, of which Cortes had been informed. This \O,yage may therefore be considered as 
the first Californian ex11e<lition, tlwugb it is doubtful wbetl1er l\Iendoza ever reached tliat countrj·. 
But, pursuing the course indicated, l1t· tli8eoverecl 8everal harbors, and tbe. islands "las tre.s 
Marias," in latitude 27° 02' N. When his }lrovisio11s were much reduced bis crew revolted, aml l1e 
8ent back oue of bis vessels with the sick and discoutente1l. Nothing more is known of this unfor
tunate chief or of his companions. Tlle returning shiIJ was wrecked on its passage, and the few 
wl10 siuYived that 1Iii:-aster were imprisoued by Nuflo de Guzman, wlw was then gonrnor of the 
uortbwestern coast of New Spain and tlie implacable enemy and rival of Cortes. Tile report of 
tlwse misfortunes was aH the information l'l•ceived h;v Cortes relative to the hapless t>Yperimeut. 
Niwarret.e, in his introduetiou to the work entitled "Uelacion del viage hedw par las Goletas, 
Sutil y Mexicana en l'l afio de 1792, Madrid, 180:.!, pagf' 11 et seq.," gives some particulars of 
this voyage. 

CALIFORNIA. 15:J:V:J4. 

When Cortes ileanl of the lm•8 of lii8 vessels he resolYed on a second attempt; and ha!'lteued to 
the harbor of Tehuantepec to hasten the outfit of the Goncq1tio11. and San Lazaro, whieh ves81!h; 
be placed in charge of Diego Becerra and Bernaudo de Grijalva, with directions to pursue tlw 
course indicated for their predPcessorl'<; and at the same time t-0 make diligeut Reareb for the 
missing captain Meudoza. 

On the 30th of Octolwr, J[i33, the two \'essels sailed, but were iwpara.ted 1.Jy a storm on the 
second night of tlleir vo;yag·e. Gi·ljah'a in the San Lazaro, a11xious to rPjoin his Chief Becerra, 
sought him in various directions. Ile went southward to mo liorth latitude; and more tlrnn 100 
leagues west of tbe coast of New Spain, an island was discovered and named Santo Tomas. One 
north of it be named Los Inocentes. These, are now known as the Revilla Gigedo Islands. 

Finding no trace of his commander, Grijalva returned, and was snbsequentl.r emploJed l1y 
Cortes in exploring other parts of the coast of New Spain. l\Ieauwhile, Becerra, the chief of the 
expedition, seems to have 1mrsued l1is course to the umtl1 west, but uot far. ·while yet on the coaist 
of ~ew Spain, he was murdered by his crew, who joiued in a eonspiracy against him untler the chief 
pilot Fortun Ximenez. The pilot assumed coimuaml, reached the coaRt uear the harbor now called 
La Paz, and as far as known was the first European who set foot on that soil. Soon after he was 
attacked by the natives and himself and twent~··two of bis men were kiJled. The rest of tlie crew 
returned to New Spain, and at XMliseo were captured by Guzman and robbed. Little i8 kuown 
with certainty of the proceedings of Becerra and his pilot Ximenez. It is difficult to fix exact)~· 
tlle date of arrival of the first European vessel on the coast of California. 

CALIFORNIA, 1535'-:!6. 

Tile land reached by :Fortun Ximenez was supposed by Cortes to be situated between l\lexico 
and the Moluccas, and possibly in tile neighborliood of the cl'lebrated Spice falands. Full of 
expectation, and desirous of searching again for bis rnissiug relati\'e (Diego Hurtado) a new 
enterprise was planned, and Cortes 1leterrnined to command it in person. 

lu hope of finding another country like Mexico, aud also to be }>rt>parl'd agaiust ltis host.ile 
neighbor, Guzman, a force equal to that with which he had oouquered Mexico was assembled b,\· 
Cortes. The whole consiste(l of not less than four hundred Spaniards and three buudred negroes. 
This tlti&tement is eited by Navarrete from an ohl manuscript, and is given in his work at page 17. 
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On the point of embarkation a ditlicnlt,v arose, that seems not to ]rnYe bt•e11 foreHPlm either 
l1y UorteH or his companions. 'l'he tl1ree YesselR, namel,r, the Santa .Aguida1 S:rn J,:1zaro, and Sm1to 
Thomas prov-ed hardy snfticient for the trarrnportatiou of a third part of the eompauy, encuuibered 
as it of necessity was, with horses, canoes, impl('ment1<, and proYisions needful for war aJJd for the 
settlement of a colony. Cortes, however, set sail from the harbor of Chiltmetlan on the 15th of 
April, 1535, bonn<l for the place where the pilot Ximenez and his crew had been slain. Without 
difficult.r the situation wai,; identified. 

On the 1st of l\fay Cortes saw tlie mountains of California, and named them Las Sierras de 
Sau Felipe, and also an island, which he named Santiago. Two da;ys after the part;r reached 
tl1e rle;:;ired luwen, where the remains of the unfortunate Xime11es were still to be sel~JJ. 'l'he lmy 
iu whicl1 this port was situated thp~· uamed Baia de Smita Cruz. 111 after years it was sometimes 
called the Bay of Cortei,;, and also the Bay of California. This last name, from whence deri\·ed we 
know 11ot, was fi1ially apvlied to the whole couiltry.• 

These fow name8; facts, and dat<'S eon taiu all the reliable information we lrn>e bearing upou 
the history of discoyery. The remaining records of the ex1wllition mention only shivwreck and 
disaster. It cannot be asserted that Cortes rliscovered any part of tlie coast north of the bay 
alw,·e mentioned; 11or is it known how far uortli he went into the Californian gulf. H<' did not 
succeed iu transporting the rei,;t of bis anuy and stores to California, though he made several 
attempts, and in person he at once returned to New Spaiu for that purpose. The ships dispatched 
b_y him gencrnll_y failed to rcacl1 their destination; one witl1 proYisions arrind near tl1e coast, 
and 'rns beaten back to the disap1iointment of t11e men left on the peninsula, who suffered from 
hunger and disease, while the arms marched lmndreds of miles along the shore looking in vain 
for tbe lost ,·essels. 

Cortes, m·er active, encountere1l mauifold pnils and misfortunes on the gulf, which in llis time 
wa1> called tl1e "Sea of Cortes,n but was able to transport 011l_y a !'man supply of provisions from 
tlie coast of Mexico to relie\·e his famishing soldiers at the Ba;y of the Hol_y Cross. In the mi<lst 
of t,hcRe difficulties he was sumrnoued to Mexico. The arrival of his sncceissor, the Vicero~y Don 
Antonio de :Mendoza, an<l other affairs of importance made his return desirable; but unwilling to 
relinquish his Californian enterprise, and contemplating another expeditiou, Cortes left a small 
force under the command of Francisco Ulloa. 

Meanwhile a report wa8 circuhlted in :Mexico that Cortes bad been lost at sea on oue of 
his Yoyages, and great auxiet,y was expressed for bis safety. This, and a threatened insurrection 
of the Mexican Indians, induced the Vicero_y, Mendoza, to send a vessel in search; and Donl!la 
Juana de Zuniga, the wife of Cortes, iu her extreme solicitude, dispatched ships for the same pur-
1wise. These were all met by the returning chieftain, who earl_y iu 1536 entered the harbor of 
Aca1mlco at the bead of a fleet of six ships. 

CALIFORNIA, ln39-'40. 

Cortes, on hiK return to .Mexico, found much to do. .After S('ttling his affairs with the new 
Viceroy, hP was called npou to as:sist the Spaniards in Peru, who were then menace.d by a general 
reYolt of the l utlians. The little force left at the Bay of Santa Cruz under the command of 
l•'r:mcisco de Flloa was in consequence withdrawn. • 

'l'he decree which removed Cort<'s from the viceroyalty, constituted him "Admiral of the 
l'acitic,'~ with command of all tbe ports and naval force, and reserved to him the special right 
of discowry arnl conquest. Thus endowed for the prosecution of l1is pnrposes, lie delegat.ed the 
c-0mmmHl to Ulloa, and on tlie 8th of Jul.r tl1at officer isailetl from .Acapulco on what prove1l 
to he, as far :t .. 'I n·gards geographical discoYery, the most important and successful of all the 
l1Xpe<litions of Oortes. 

A complete r<•port of the voyage of Ulloa, written by Francisco Preciado, one of his pilots, was 
printed h~· Ramusio. Hakluyt trauslated it i11to E11glish and inserted it in his "Third and last 
.,-olume of the vo_yages, navigations, and discoveries of the English nation. London, 1600." 

Ulloa coasted along the shores of Mexico, Biualoa, and Sonora, and supposing the newly found 

"Venegas Noticia de la California. Madrid, 1757. 
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California to be an island, sailed up the broad passage (Gulf of California), expectiug to reach 
China or some ofller _part of "India Superior," under whid1 name was tlieu cornpn·l1e11de<l tlie 
nortlieastern part of Asia. But to liis disappoiutmrnt he fou11tl fresl1 water at the lieau of the 
gulf~ and the countr;y aromid tlte Rio Colorado being tl1en a low sands plain, it was not easy to 
decide wbere the waters of tbe sPa ernled or those of the river began, or eYen to discern betwecu 
land and water in the dh;tauee. From a small sand l1ill be could see ouly tlie rin•r aml uu uuin
\•itiug stretch of land, although some of tlle party were of the opiuion that a narrow outlet could 
be traced kalling to a sea be;yond. The rt•port of Ulloa left in doubt tlie real 11ature ot the 
11e11immla. Sir Fraucis Dralu:>, in 1i:i77, regarded it ns an il>land. 

From the Lead of the gulf, {;Hoa coa!'\ted the eastern 1:1ide of tl1e 1w11insula of Lower California, 
aud carefully examined each irnle11tation, Loping to find a passage. At Ca11e Sau Lucas lie turued 
to the west aud examined the 01iposite slJOrt.:'. "Witli ad HI se wiuds and currents he struggled north· 
ward and nearly reaclwd the ~8th parallel of latitude. Occasioually lie landed; had eneonuters 
with the savages, anrl tried to co11Yert his eaptfreo; by ha1•tisrn, and witll eereruouies then customary 
lie took possession of the region iu the muue of tlie King of S11ai11. In tl1e course of the wi11ter of 
153!:!-'40, three nttempts wern made to advauce northward :rnd we8twarrl, but the ves::;els were 
alwa;ys heateu back to the starting poiut. The mo;;;t distant <'ape seen b~- tlle party was uaml•d 
by them Caho Eugafi.o (Cape Deceit), whicb is belieYed to lwve been ll point or -Ol\it•d vii:<il.Jle uear 
the 30th parallel of uorth latitude. 

So much sickness iirevailed aruoug·st the corn1m11io11s of Ulloa that lie was constrained at the 
mul of :Marcli, 1540, to seud back one of the >essels, the Sau ta .Ag·ueda. to Mexico witb tlic invalids. 
That iship urriYel1 witliont mhdinp at Acapulco with a f('}JOl't of the 1lisc0Yerieis. 

After re1iairing the Tri11idad, which was the least damage1l of his ve1Ssels, 1Hloa n·maim·11 011 

Ccdros lslaud, intending to start from tlwuce ou a northwestern course, ''<.'om·i1wf~c1 (he sa~:-;) that 
this directiou must bring him to sometliiug good alHl great''! Bis ultimate fate is milrnmrn. 

Cortn; (the distinguished 1•atron of "Clloa ), w Ito lrnd rnnnifost ell on tliese expt>di tions sud1 
e11Prgy, and spent large sums of mone:y out of his printte f01·tu11e, was dm;tiued to 1nusm' them no 
further. He ueyer rettir11eu to America after liis departure for Spain iu 153!.l. 

'rhe Yfcero~-, Mendoza, was ilms left without a competitor in the broad field of adwnture. 
GoYernor of Mexico and Admiral of the Pacific, lie aYailed llimself of Lis powerful 1>osition to 
hecome a promoter of the most importaut discoYeriei; of the sixtee11th century. Circumstances 
combined to induce 1\Iendoza to imrsue explorations in the course opened by Cortes. It was uot, 
in his time, certaiu that the Gulf of California was closed at the north, and tllt>re was a lingering 
liope that it might afford a l>llssage to Chiua. T!Jat tlie nature of tLis gulf "should he hrougl1t 
thorn11ghls to light" was tbt>refore au early subject of :Mendoza's atte11tion. 

Some land travelers had reached tl1e northwest and returned witb accounts of tlie ricl1es and 
advantages of the country. Of these the most uotewortby were Ah·ar Nuiiez Cabe9a de Yaca 
and tlie monk llarcos de Niza. 

De Vaca, an officer in tbe unfortunate expedition wbich sailed from :Xagua ou the 20tl1 ofF!'h· 
ruary, 1528, under Narvaez, had, iu the course ofnearl.Y ten years, traversed the Gulf coast between 
Florida, fron! whence he set out, and some point west of the Delta of the Mississippi, autl after 
roaming o''er mountains and plaius bad reaclled tlle sliores of the Pacific ill tlie year 15~H. 

Attracted by the relation of what De Vaca had seen in bis wanderings and encouraged by 
Mendoza, the f'raucisciu1 rnouk, Marcos de Niza1 in compauy with oue of the (\Olllpanions of De 
Vaca, started ou foot in March, 1538, for further exploratio11s. But, nen with the aid of bis 
journal, the route tmveled caunot be certainly made out, uor the localities identified that are in 
his report made the subject of 1·omtmct> and exaggeration. Be asserted tliat be liad been north of 
Mexico and that he had crossed a rich couutrJ· and an em11ire called" Uibola," tbe metropolis of 
which was as large and brilliant as tl1e city of ~iexieo. I~efore au altar erecterl in a lonely forest he 
secretly with some ceremony "took i•oi:session " of this empire and called it the "New Kiugdom of 
Sau Francisco." 

Niza moreover declared that.Le bad discowred in the heart of the new world the fabulous 
"seven cities," so often sought in vain by the ancit•nts amon~st the islands of the Atlantic. Noth· 
ing was too imp1·obable for the excited imaginations of bis countrymen. They at ouce laitl down 
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on maps, side by side, tbe famom; kingdom of Cibola 11nd tbe fabulous seven cities. l'alaces 
roofed with sih'er and temples glitte.riug witb gold were items which adorned the descriptious in 
common discourse. After the return of tbe monk to Mexico, Venegas says (Noticia, pp. 163, 164) 
"Rver~'llOdy in this city spoke of nothing but Cibola ancl the seYen cities, aud pretended that all 
the best thing·s and the greatet-lt richPs of the world wPre to be found them.'' 

The Goveruor of Guatimala, Dou Pedro AJyarado, as well as the Viceroy of Mexico, uow began 
to prepare new expeditions for this field of researeb. Captain Buruey in his History of Discovery 
in the South Sea; London, 180:3, vol. 1, page 193, :says that the retui u of the monk .Niza and bis 
exciting narration stirred. up Cortes and gave ri:se also to the expedition of Ulloa, wbieb he there· 
fore relates after Niza's report. This is doubtles8 a mistake. Niza left Uuliacan in March, 15;19 
(the date ginm by Burney on page 189), and after wauderiug a ;year at the north be could not have 
returned to :Mexico before the beginniug of 1540. rlloa sailed early in July, 1539, and so Captain 
Burney statt•s on J>age HH. Bis Yo;yage, therefore, should have bern H•cmmteu before that of Niza, 
and caunot be reasonably considered as a consequeuee of that. expeuitiou. 'L'he same error bas 
been repeated hy subsequent writers. 

Ah'arado collected a fleet, and made an agreemeut with Mendoza to combine their forces for 
discoYery and conquest in the northwest. The armament was to be under the command of 
Alvarado, but, the sudden death of that officer in 1541 stopped the undertaking, and the fleet was 
dispersed.. 

Mendoza bad mea11wl1ile completed the array of a milit:ir~' force designed to follow the track 
of the monk Niza and conquer the kingdom of Cibola, and to "explore the secrets" of the Gulf 
of California. This expedition consisted of two divisions, one to proceed by land the other b~· 
sea. Francisco Vasquez de Coronado, GoYernor of the uorthv.-esteru province of New Galicia, 
was placed at the head of the former, witl1 orders to marcl1 through Sinaloa and Sonora, while 
H eruando de Alarcon, in command of the marine force, isbould sail along the shores. Both 
compauies set out at the same time iu the spriug of 1540, and their departure was coincident with 
the return of Ulloa's men from the west. 

Alarcon, who sailed from Acapulco on the 9th of May with the ships San Pedro aud Santa 
Cata liua, completed awl extended the discoveries made by Ulloa at the north of the Gdlf of Cali
fomia. "Because [he writes to Mendoza] your highness has commanded me to bring you, at all 
fwenta, the mystery of this gulf, I determined not to leave until I had thoroughly explored the 
i1111er111ost recesses of it:s waters." He therefore entered the river which Ulloa bad only seen afar 
off, aud sailed up its stream in boats for fifteen days, always Loping to find tl1e rich "kingdom of 
Uit.ola" and to meet Coronado, with whom he was to co-operate. 

l >isappointed iu both of his objects, Alarcon returned to his ships, which la~' at the mouth of the 
Sacramento, after having traversed 85 leagues of the course of the river with great difficulty. 
Near the entrance he erected a chapel in honor of the "Senora de la buena Guia" (our lad.Y of the 
Good Guide), and called the country "La Campana de la <Jruz." 

Alarcon discovered also the mouth tlf the river Gila, a great branch ot' the Colorado, and 
named it Brazo de Miraflores .. He remarks that the "me11 of the marques," alluding to :Fran
ci>ico de Ulloa, were mistaken in fixing tbe latitude of the head of the Oalifornfa.n ,gulf, placing 
it 2 d(,grees too far north, and that he bad himself beeu 4 degrees further iu that direction tbnn 
an~· who preceded him. At the end of the year 1540 Alarcon returned to Mexico. 

Coronado waR meanwhile engaged in bis land jourues. Until the year 1838 uotbing had been 
published coneerniug his expedition, excepting the short report in Hamusio's Vol. III, and occa
sional allusions to it iu Herrera and Gomara. At that time, however, M. Teruaux Compans gave 
to the public a full a<:cou11t, written liy Pedro de Castaneda de Nagera, one of the companions of 
Uoronado. 

In April, 1540, Corouado set out from Ouliacan, then the most northern i::;panish town in Mex· 
ico, and the depot of laud expeditions, as Acapulco was for those by sea. His army consisted of 
abo>e six hundred Spaniards and many Indians, besides a number of enterprising young noblemen, 
the flower of Spanish chivalry in Mexico. The llrray is mentiont>d by old writers as one of tbe most 
complete and brilliant of the time. 

'\Vltb tl1is imposing retinue Co1onado took his c-0111se tlnough the country east of the Cali· 
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fornian gulf: .At a considerable river, whicb they called Rio Tizon, they turned towardH iti-; ltcad 
"aud traversed promising countries and some deserts." The route of the army can be approxi
mately traced. It is evident that the course was in the vicinity of the Gila aud acros1> the ,·alley 
of the Rio BraYo towards the plains east of the Rocky .Mountain1;. The buffalo bunts, tlte g('(J. 
graphical foatures of the plains of the Upper Arkant>as and Hcd Hivers, their extent and baneu 
nature, even the long deep crevices into which the buffaloes as well as the ho1'8c8 of Co1'011ado 
sometimes tell headlong, are so minutely described by Castaneda, that there can be uo doubt in 
regard to the region crossed by this party. 

Castaneda observes that the rivers which they saw probably emptied into tile great river 
Espiritu Santo, cliscovere<l by De Soto; that is, into the Mississir>pi. Early in .April, 1543, the army 
retraced its course, and reached Mexico at the end of the summer. 

"Our enterprise" says Castaneda, ''took a wrong course. \-Ve looked for Quivira on the 
desert plains of the northeast, bnt the rich Quivira or Great India lies toward the northwest. 
This is now quite clear from the sea expedition of Villalobos, who examined the coast of the 
Pacific and found Great lndia in that direction." 

Some early writers mention Quivira as bounded by the Pacific, and assert that Coronado's 
company saw strange sl1ips having on their prows images of birds wrought in gold aud Hil rnr, and 
la-<len with merchandise supposed to have been btonght from China. Castaneda ~mys that the Yes

sels so ornamented were only canoes, and that he was so informed by the Imlians who asimred him 
that they were common on a certain river in the interior. Gomara erroneously jullged that the 
water mentioned might be the western ocean, and from that ttme" Quivira" was marked ou nearly 
all contemporaneous maps in the position occupied b.Y San Francisco Bay. Ou some maps it is 
marke<l as being north of that bay. 

Cabrillo, sailing along the coast in the autum, of 1542, was repeatedly told by the savages t.liat 
other Spaniards were traveling in the interior, and with these he tried to put himself in commu
nication. He beard of them for the last time at .Juan de Capistrauo. It was reasonable to 
suppose that the party were Coronado and his followers. Castaneda says that the Knight 
Melchoir Diaz, with a number of men, peuetrated beyond the Colomdo River. .According to tllat 
writer, Diaz was left by Coronado in charge of a fortified station on the route, but full of the spirit 
of adventure he delegated the command of tue quiet station, and set off at the head of twenty-five 
chosen men for exploration towards the coast. After reaching the Rio Tizon he traveled along the 
southern bank. Indians told him of the ships of Alarcon, and showed him the place of embflrkatiou, 
where Diaz found a tree with the inscription : ''Alarcon came as far as this place; there are letters 
undemeath." From the letters Diaz learned that the sea of Cortes was an iuclosed gulf, and that 
A.larcon, after some time wait.ing the arrival of Coronado, bad returned to Mexico. 

The Knight Melchoir Diaz crossed the Colorado on rafts constructed with the help of Indians, 
and struck into the interior of what is now known as the Colorado Desert. Bow far the party 
advanced before reaching that desolate region is not known. They describe it as being "cO\'ered 
with hot ashes that seemed here and there to boil in fierce agitation." The ground trembled 
under their feet, and the aspect of the place was forbidding. They found no water and turned for 
the starting· point. On the route Diaz was killed by an unfortunate accident. 

Expeditions to the sea. ·of Cortes were no longer thought of. Ulloa. as well as Alarcon had 
reported it landlocked; Il() doubt remained, and it is represented as a gulf on all the cllarts of the 
sixteenth century. 

The next party sent \'tut by .Mendoza proceeded therefore to the outside of the peninsula. 
Two vessels, the San Salvador and La Victoria, under command of the Portuguese pilot .J uau 

Rodriguez Cabrillo, left the port of N avidad, Mexico, on the 27th of June, 1542, and sailed along the 
coast as far as it ha.cl been previously explored by Ulloa; that is, to the Isle of Cedros and Uallo 
Engano where they arrived on tbe 20th ofAug.ust. From theuce, advancing more successfully than 
their predecessors, against adverse winds and currents, Cabrillo reached higher latitudes. At :34° 
north he saw not far from the coast an inconsiderable grou.p of desert islands (unas isl as desiertas ), 
and near them a harbor, which he called Puerto de San Miguel. The islands are now known as 
"The Coronados," and the port was doubtless San Diego. The latitudes assigned by the Spaniard 

H. Ex. 43--70 
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for tl~se places are not correct, but in every iustance (excepting at Cape San Lucas) the latitudes 
of Cabrillo are in error about a degree and a half. 

On the 7th of October Cabrillo saw two islands, which he named after his vesse18 San SalYador 
and La Victoria. They are now called San Olenwnte and Sauta Catalina. Beyond these he 
entered a hay to whicll he gave the name of Baia de :Fumos, perhaps tlie same that is now known 
as San Pedrn Bay, aud passing several other islauds ou the way, he sailed through what is at 
present designated thr Santa Barbara Chaunel; Point Conception was named b;v him Cabo de 
G-alern, and was placed more than a degree and a baJf too far uorthward. Stormy weather 
dela,ved 1irogre8s, and at length drove him some distance southward, where he discovered an islaud 
which he name'l San Lucas. The island is now called San Bernardo. A harbor eastward of the 
cape g:ave his party shelter, and received the appellation of Todos Santos (San J,uis Obispo), and 
auother, that or Puerto de las Sardinas, which is pnbaps the place now know11 as San Simeo11. 
Uabrillo tinally doubled the cape and along the coast made careful search, says Herrera, "for thQ 
Rio de Nuestra Senora, which, however, they could not tind." 

At 37 ~o nol'th latitude, according to Oabrillo, a range of lofty mountains was in view, probably 
tlie Californian coast rauge, named by him Sierra de Saint :Martin. On the 17th of November the 
voyagers entered a ba~·, supposed to be the Bay of l\fonterPy. They called it Bahia de los Pinos. 
In latitude 38° 40' of tl1eir reckoning (about 37° north in reality) tlJey saw a pr~jecting spit of land, 
to which tl1ey gave. the name.Caho de la Nieve-tbe snow cape. That cape is supposed t-0 be 
Punta aiio Nue.-o. 

In a storm which separated the two ships for several days Oabrillo was carried considerably 
northward, and saw, at a distance, another cape (probably Point Arena), and that was the highest 
latitude attained hJ- the party. Sickness, conjoined with cold and stormy weather, induced him to 
return as far south as the island of San Lucas (8an Bernardo), where he bad found a tolerably good 
harbor. This he reached on the 23d of November, 1542, but Oabrillo soon after fell sick. He died 
on the 3d of January, 1543, leaving the command of the expedition to bis first pilot Bartolome 
Ferrelo, or Ferrer. 

Ferrclo aud his companions soon felt the want of provisions, and 011 the 19th of January they 
left the harbor to search for provisions and wood. In stormy weather, which was continuous, they 
touched at several points on the main, and at the Santa Barbara Islands, but finally retired to 
their winter quarters. In a second attempt at sea they were carried far to the southwest, where 
tl1Py discove1·ed "some other desert islands, great and small." These were doubtless the Sandwich 
Islands. Still harassed by tempests the vessels were turned north, intending to make for the Bay 
of .Moutcre,r, hut were carriPd beyond it-Herrera saJ·s to the 44tb parallel of north latitude, 
where they Haw the mouth of a large river. This was the highest latitude reached by .Ferrelo. 
l:ltormH were frequent, and the cold was excessive. He was thus forced to turn to the southward. 
Sonw of his company died ; others were ill, and the able-bodied were on the point of starvation, 
"ouly a 15ca11t,\ supply of spoilt oiscuit" remained. Thus crippled, he returnecl to Mexico with the 
remnant of his party. 

'!'here has been some difference of opinion with regard to the latitude reached by this expedi· 
tio11. If the 440 north, quoted by Herrera (probably from the jQurnah1 of Oabrillo and Ferrelo), was 
actually obsen-e<l by them, and if it is true, as asserted by Navarrete, that they were always in 
error by one degree and a half, it is fair to conclude that 42~o north latitude was the limit in lati
tude. 

Ferrelo, ou h ii' homeward pmssage, probably saw Oape Mendocino. That name d9eS not appear 
in his report, but the position corresponds with that of a headland which he named "Caho de 
Fortunas." 

Nothing in the hiHtor,v of tbese voyages as drawn from the reports of Cbbrillo and Ferrelo 
indicates that either of those navigators entered the Bay of San Francisco, though they seem to 
have passed near its entrance several times. They certainly bad no knowledge whatever of the 
great harbor to which the opening at the. Golden Gate conducted. 

:Fcrrelo reached Mexico with both of bis ships after a passage of six weeks along the coast of 
California. On the first of March he was on the northern limit of his voyage, and on tbe 14th of 
April he entered the port of Navidad. · 
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\Vith the exceptfou of Alarcon, all the chief's of naval expeditions sent to California by Cortes 

and :Mendoza had died or were lost, at sea in the voyages. Only remnants of their iiartiei;; 
returne1l with appalling accounts of storms and dangerR encountered in frozen regions and on 
desert coasts. It is therefore no wonder that zeal for California exploration leFselled, aud that a 
long pause ensued unmarked by any similar attempt; that "tile 110rth is cold, rough, mid 1wor'' 
becarue an adage amongst Spaniards; and tlieir horror of that r1•gion wai;; deP1w1wtl hy 1 he retn1·11 
of a remnant of De Soto's expedition in the same year with that of l•'errelo, 1543. The Rnfierers 
who surviveu the lrnrdships of travel came back froru the interior ai'tPr seeking Yainly for three 
years the fabulous Quivira, as others had sougl1t an e>er-receding Eldorudo. 

Such. failures, of course, checked the fervor of discovery. Riclies and ernvloyroent nem·er 
home were offered by the silver mines of Mexico, which disclosed abundant treasure, au<l at 
leni"th attention was drawn to the advantage of settling and improYing territory instead of 
merely plundering it. It was the avaricious spirit of the age that 8ent Cahrillo, Corouado, aud 
De Soto so far to the north. 1Vhen we co118ider that the Sp:miarfls had in their Earlier enterprises 
reached tbe fortieth parallel of latitude on thB eastern coa8t, it may be said that in aharnloning 
expeditions on the Pacific const tlie;v relinquished North Amnica; uot onl~y tlw shoiies lmt al;;o 
tlte interior. But, considering the im1ierf~ct state of the art of navigation in the period here 
under re,~iew, it is reniarka!Jle that so much was accomplished in t be wny of geographical flevel
opmenL Moreover, Jortuue at the same period beckoned over quiet seas with favoring· breezes 
toward the coast of Asia. Instead of heavy galei;; and a tempei;;tuous ocpan. the trade-wirnls 
invited mn·igators to the east. Cortes, tl1e conqueror of Mexico, had sent out. expedition8 to the 
Old World, and Mendoza liad also dispatched one under Villalobos in tl1e year 154'.l, and wlien, 
soon after tl1e middle of the century, the Philippine Islands were acquired hy Miguel de Leinispi, 
a lucratiYe commerce was established between Mexico and .Asia, the respectiYe 11orts being
.Acapulco and Manilla. 

Many vessels sent westward from New Spain had attempted to return over the hroad Pacific. 
but without success. Sailmg too far south in latitude the trade-winds werP agaiirnt them, and it 
was not until tbe time of' Legaspi's expedition tliat tbe prevalence of wiud8 north of tl1e tropics 
was discovered. The first vpssel tlrnt took adYantage of these wind8 for returning from Asia to 
New Spain a1}pears to have been the San Lucas, one of Legaspi'R flt>et, tl1at <kF:erted him in coJJRe
quence of the disaffection of the captain all{} pilots. :From l\'1indam1s tl1at ship ke.pt a Hortherly . 
course, and reached the .American coast nPar Cape Mendociuo, and from thence coasting along
Oalifornia arrived at New Spain. Of the !'ame fleet another vei>sel, le Capitano Srm Pedro, took that 
course from the Philippine lslauds under command of Father Andres de UrdanPta, who carefnll~
kept a journal, made observations, aud gave the re1mlts on a chart which served as a guide in sub
sequent voyages. 

Somewhat above the 40tb parallel Urdaneta bad met the northwest winds, and 8ailed with 
them, as the San Lucas had clone alo11g tlie. coa8t of California to the shores of New Spaiu, where lw 
arriYed t11ree months later. Burney sa,,rs that the chart of the Northern Pacific by Unlaueta was 
in use among Spaniards in 1623. 

Soon after the disco>ery of this route a regular and profitable intercourse was organized 
between Mexico and Asia; and tbere is little doubt that tbis circumstance turned the tide of 
Spanish navigation again into its usual direction from east to west. Hence these excursions to 
the north may be considered as exceptional de,'iatious. Amongst olher camies conjoining to thiH 
result was the progress of the Portuguese in the northeast part of Asia. They bad reaC'Led China 
as early as 1530, and probably -visited Japan a few years after. 

In the latter part of the sixteenth century there-was apparently a pause in tlrn march of euterprise 
at the north and at the south. California and Chili were no loJlger arenas of rt>S<:'arcl1, arnl some 
discoveries of early date were forgotten. SoJDe even questioned the existenee of t11e Strait of 
Magellan. The Spaniardl'I at that time were in quiet pmisession of the Pacific Ocean as a great 
highway for richly laden galeons tha~ passed frcm the New World to tbe Old, gatheriug the wealth 
of both, and they feared lest their advantage might be Jost. When, therefore, Sir Francis Drakt' 
enfiered the Pacific Ocean the Spaniards were aroused as by a thnnderstroke • .. 
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The interval between Oabrillo's expedition and the renewed spirit of adYentnre was, as usual in 
snch cases, filled with fabulous tales of impossible voyages. Some instances will be mentioned: 

A Portuguese ;,;ailor, named :Martin Chackc or Chaque, was said to have sailed in 1555 from the 
Atlantic to the Pacific Ocean at the north of California, and to have reached the western waters 
in latitude 59 degrees north. 

Arnln~s de Urdaneta, before alluded to, a mariner well known in Spain, was reported to have 
gone from the South Sea. to the Atlantic in 1556,-'57, circumnavigating the countries called Cal
ifornia aml Florida; and another Spaniard, Juan :Fernandez de Ladrillero, in 1574, pretended that 
he bad certain kuowledge of the existence of a passage north of California and Florida; that he 
bad heen at the entrance of the strait, and could have easily gone through it if. the condition of 
his ship had uot forced him to return home. These reports are not worthy of critical inquiry as to 
their origin and history, having but sligl1t relation to the coasts with which we are now concerped. · 
Navarrete gives, for the curious, ample details in regard to the spurious reports. 

SIR FRANCIS DRAKE, 1579 . 
... 

English aud French seamen and privateers had for more than half a century contentetl them
sekes with phrndering Spanish colonies on the eastern side of America, but at length a bold 
adve11turer extended his system of. war and pillage into the Pacific. 

Drake fitted out, partly at his own cost and partly by the aid of private gentlemen and com
panies, a fleet of five small vessels. At the outset his flag-ship was named The Pelican, and the 
commander was, in a certaiu sense, commissioned by Queen Elizabeth. The expedition left 
Bughuid in December, 1577, sailed on the track of Magellan, and passed through the strait named 
after that nadgator. There Drake changed the name of his principal ship, calliug it The Golden 
Hind, and towards the end of 1578, with only two other vessels in company, he entered the South 
Pacific Oceall. Soou after the two vessels separated from the fiag·ship, and Drake continued 
the yo:yage alone in The Golden Hind. 

In the spring of 1579 he sailed along the western coast of South and Central America, capturing 
and burning Spanish ship8, and plundering some of the Spanish settlements. Laden with spoil, 
his vessel at length reached the harbor of Gnatulco, but again pnt to sea on the 16th of April, 
t>.tecring boltll.Y into the Pacific on a course west and northwest for 1,400 leagues without seeiug 
any laud. Hii,; probable intention was to circumnavigate the continent of North America and 
return eastward to Europe. Such design is not stated in the account of Drake's vo:rage, but the 
opinion then generally held, that America could lte circumnavigated through an open sea or strait 
at the north, as it had been at the south, strengthens the. probability of the supposition. Geogra
pi.Jern of that period gave to the supposed channel at the north the name "Strait Anian," and 
under that name it is depicted on all the maps of the next two centuries, with outlines as distinct 
as if they had been actually surveyed. Frobisher had shortly before discovered the strait which 
hearH his name, and thus in England the hope of finding a northern passage had become very 
strong. Without doubt t11e ex1>ectatiou of Drake was to reach Frobisher's strait from the west, 
and so iwuitl a long and dangerous voyage in oomiug home by the Strait of l\lagellan. Apparently 
with this int~ution he held on west and northwest, turning gradually eastward. The season and 
other circnrm;tances of his passage seem to have been favorable until be reached the forty-second 
parallel of north latitude. There he encountered strong northwesforly winds and extremely cold 
weather, but turue<i his ship to the northward and eastward, and holding that course discovered 
the coast of North America iu latitude 4.8 degrees north. At this point 1.'he Golden Hind anchored 
for some time in au 01wu, illy-sheltered ba~., It is a disputed point whether or not Drake reached 
the fort~·-eighth parallel as stated in The World Encompassed, or only 43 degrees, aa given in 
Hakluyt's report of The Famous Voyage. The best English and other foreign authorities admit 
48 degrees north latitude as Drake's northern limit. 

The weather continued unfavoraule; tl1ick fogs prevailed, followed by a. northeast storm in 
which the crew suffered much hardship and were greatly discouraged. ·Finally the extreme cold 
and recurring storms from the northwest obliged the commander to desist from his ~arch for the 
supposed passage eastward, and t!Je unbrokeu character of tbe coast which he had traversed 
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probably hastened his determination. Be concluded that the coast, instead of turning eastward, 
"ran directly into Asia," and hence he resolved to sail for England by way of the Cape of Good 
Hope. With that intention he went southward to find a harbor on the coast of Califoruia in which 
his men might recruit their strength and repair the damaged veRsel for such a voyage. Iu latitlHle 
al>out 38 degrees north he found the desired ha·rn11, aml piously attrilmtrd its discoyer,Y to Uiviue 
Providence, 'vhiclt he declares had also favorerl him with a good wind for entering in safet.v. Here 
Drake p.:tssed nearly five weeks in re1)airing The Holden Uiud, recreating hi~ men, and exploring 
the surrounding country. The barllor which afforcled the needful sltelter was Yery 1nobably that 
small bay that since Vancouver's time lias been ~ailed Sir Francis Drake's Bay. The aJjacent 
country was found'' very pleasant, full of goodly plants, trees, and deer, of which (he says) soml'
times thousands range in one herd.:' 

It is remarkable that even the golden treasures of that region did uot escape observatiou. In 
his report Drake says : "There is no part of eartlt here to be takell up wherein tlwre is uot som<· 
special likelihood of gold. or silver;" but that sentence, though oftt>n reprinted and read UJ' 
thousands, seems to have been overlooked or disregarded. Drake's intercourse with the natives 
was peaceful and cordfal to such a degree that "they made him their ki11g, and crowned him as 
1mch.n He is generally regarued as the first European visitor on the territor:-· of California alHl 
Oregon, though he was preceded in discovery at least as far as tlw forty-third parallel by Cabrillo 
and Ferrelo. He named the country ":New Alhiou," because the clifft.; on the coaist appeared to 
him like those of Southern England. That name was retained ou all European maim except those 
compile<l in S1)ain for nearly two centuries. 

On the 23d of July Drake left the harlior, and the day following fell in with several small 
islands, on which bis men passed some hours in catching seals iuid birds. This group he named 
"The Islands of Saint James," subsequently the Spaniards called them "Los Faralloues.'' Drake 
tbe11 sailed westward in pursuance of ltis design of returning to Europe b~· way of the Uape of 
Good Hope, and on the 26th of September, 1580, arrived in England, where he was hailed as the 
1irst circumnavigator of the globe. No immediate successor followed in this career. 

Uapt. Thomas Cavendish in 1587 made a rn;yage to the Pacific, lmt reached only the southern 
part of California, and recorded nothing new in the way of discovery. ·with this rxceptiou au 
intt>rval of two hundred years passed (157!1-1778), duriug which no E11glisl1 navigator nppeared 011 

tlJe northwest~rn coast of America. 
The next in enterprise and discovery was Capt .• Jami's Cook, and until ltis time tht> ua111e of 

Drake, his harbor, his New Albion, and discoverie13 on the no1thwestn11 eoa><t of Amel'iea wen· 
freel~r mentioned by writers on geography. 

FRANCISCO GALI AND JAYME JD.AN, 1584. 

Activity was awakened by tlte inroad of tlrn English into the Pacific, and Orn Strait of 
Magellan became a prime object of at.teution to the S1ianiar<ls. The governors of Chili aud Peru, 
wishing to shut that pass against the English, o~ganized expeditions for the purpmie, and tried 
to construct forts there. Similar mea1mres at the _uortllwest did not seem urgent, as 110 i11trndcrt<, 
to their know~edge, bad found entrance or exit in that direction. This fancied security lasted nutil 
it became known to the Spaniards in Mexico that Drake Lad '\'isifrd and ginn the name of" New 
Albion" to a region far in the north. Tl1ey beard, moreon'r, tliat the English were seekiug from 
tl1ence the "Strait of .Ani:rn," the discovery of w ltich had ueen several times prnclairned. Ft'ar:-; 
of what might result finally induced the Spaniards to renew their northwesteru exploratio118. ,As 
before mentioned, these had ceased with the vo~·ages of Uabrillo and Ferrelo. 

In the year 1584 Don Pedro Moya de Contreras, then Arch bishop and Viceroy of 2\lexico, fitt.c<i 
out a fleet under command of Capt .• Jayme ~uan, with orders to survey the northwestern coast 
of America. A special object in this intended expedition was to eftect sorue settlc111cnt on the 
coast of California.~and to erect fortificatious ''for the benefit of Spanish ships returning from 
Asia." 

After the year 1564 the Acapulco and Manilla galleons regularly sailed to the Philippiue 
Islands by a southern route, taking advantage of the trade winds. Their return yoyages wen~ 
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made in a higher latitude, with "\'"ariahle winds, towards the sl10res of California, where northwest 
gales and predominant currents aidetl in the passage to Mexico. These Manilla galleons were the 
only Spanish ships that touched along the northwestern coast, and, so to speak, the.r had in that 
casual way kept some kuowle<lge respecting it. For their safet.r in returning it was essential that 
the coast should he better known, and that some settlement, and, if possible, harbors for shelter 
slwultl he established. As before stated, such an undertaking had been determined upon in 1584. 

\\'bile tl1e Yiceroy, Contreras, was preparing in the harbor of Acapulco the expedition for 
.tlJat 1mr1mse, a n•r;sel from 4'\si<t arrin~tl tllere nrnlt'r command of the able autl enterprising pilot 
I•ranciRco Gali. He was llelieYed to haYe seen more of tlte northern parts of the Pacific Ocean, 
including tlle eoast of Northeastern Asia as well as that of Northwestern America, than any one 
of his precleeesRor1-:. Hence his Yoyage enlisted much attention, aud though mainly intended for 
trade it ranked arnong;;t enterprises for discovery. 

Inforurntron in regard to Gal i's voyage is contained in the work of Juan Hugues de Linschoten, 
"Hei8e·geschrift von tle navigation der PortugaloiRers in orienten," which was translated into 
Eugli:;;;h in 1598, and pnblislwd by T. Wolfe in London. Linscboteu says that the report which 
he gins of Gali's vo.rnge wa" translated from the original Spanish ·into Low Dutch. Hakluyt 
repriute<l iu hi,; tliird Yolnme, in moo, the English translatiou of 'Wolfe. 

Gali bad sailed in the year 1582 from Acapulco to Manilla, and from thence to :Macao. Leaving 
the latter port on the 24th of Jnly, 1584, Ile returned by way of .Japan, of which Empire he believed 
he had seen the nortbem;tern extremity, aud then stretched -his comse over the Pacific Ocean, in 
a direction "Past and northeast'' towards America. The point where he reached the coast has 
been a matter of doubt. Navarrete and some others state the latitude as 57i degrees north; but 
the :English liiRtoriami of the South Sea, Burney, Travers, Twiss, and others, assign the fower par
allel of 37i degrees. Tbis last a111)ears most probable, as it is supported by tlte Dutch report of 
J,inschoten, by the translation of Hakluyt, aml by the subsequent editions of his report. The 
version 57i degrees north occurs first in a French trauslatfon of I..inschoten, entitJed "Le Grand 
Houtier de mer. Amsterdam, 1638," and is probably a misprint. 

Gali states that he saw on the coast a beautiful country covered with forests and entirely 
without snow. Sailing, aR lie did, from Macao, at the end of July, he probably reached the coast of 
America late in October, aud at that time of the ~-ear he would no doubt ha1e found Mount Edge
cnrnbc, nearest. to which Nm·arretc supposes him to have touched, covered with snow. 

ThiK voyage was a trading expedition. With Gali, discovery was incidental. His report does 
not refer to a northwest passage. The object was, with sbip and goods, to reach New Spain wit.hout 
delay. Nothing but irresistible 1wcessity, due to storms, could have driven him so far out of his 
course. He seems t-0 have followed the usual track of Manilla vessels, perhaps a little farther to 
the 11orthward. 

'l'hc expedition then preparing at Acapulco, being destined for the region so recently visited 
l1y .Gali, the Yiceroy consulted that navigator in regard to it, and tbe report of his vo.\·age seems to 
lmw het'll drawn in response. This was acc0rnpanied hy a map giYing latitudes and longitudes. 

How far the preparations of Contreras liad then advanced is not exactly known; probably not 
far, a:-i in a lettt•r to the King of Spain, dated Match 24, 1585, he alludes to his" intentions," and 
:-<01i1'.its tilt• ro;yal xanction and support. However, the viceroy waR superseded in his government 
at the end of the ,\·ear. 

8EBASTIAN RODRIGUEZ CERMENON, 1595. 

It bas ht'<m alreacl,y mentioned that the English adventurer Cave11dish, had, like Drake, made 
l1is way to the coast of California. In emulation of the last-named commander, Cavendish cap· 
tured the Santa Anna, one of the richest of the :Manilla galleons. 'l'his was in November, 1587. 
The !mis, when made known in S1iain, 1mggested the expediency of sending out tbeir vessels, 
intended for California, from thl' Pl1ilippine Islands, ratber than from Mexicq. because the prevail· 
ing winds would in that case he favorable. 

Don I,nis Velasco, Viceroy of New Spain from 1590to1595, aooordingly issued instructions for 
testing the route. It is probable tbat Gomez Perez de la Marinas, to whom that service was 
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iutrmited, used one of the regular Manilla galleons, as the vessel (The. S. Augustin), beside:,; beiug 
commissioned to make discoveries, was laden with silk,; aud other oriental goods de:stinerl for 
Mexico. Navarrete says that this ship was specially commis;_;ioned to examine the ''port of San 
FranciFco." aud its vicinity. So far as we know, this iis the fir:st mention of a port with tllat name. 
'l'lte adventure was extremely unfortunate. Cermefton reaehed the eoast of California, but his 
vessel was wrecked in the immediate vicinity of a larg·e harbor, called by Torquemada, the historian 
of the expedition, Puerto de San l''nmciiscu. The shiJJ, the goods, and the greater part of tlw crew 
were lost. Some of the men fouud their way liack to J'rfpxieo, and an:ougst them Fraucisco de 
Volai'ios (called" Pilote Mayor"), who gave information of the disaster, aud afterwards (iu 1003) 
accompauied Viscaino to the place wl1ere it occurred. I,'rom some accounts it seems that the 
vessel was stranded im;ide of tbe bay; but tlle Spanish pilot, Cabrera llueno, in hiR sailing direc
tions (Dalrymple, p. 48), seems to indicate the Farallones, but adds, tlrnt "the loss was due more 
to the fault of those on board th:rn to' stress of weatlleT." \Vbat is known of this interesting f>x1w.
dition is stated by Torquemada. Argensola does not mentio11 it. in his history of the PhilipJ>ine 
Islands. The San Augustin is said to have foundered "in the port of Ran Fraucisco." The 
Spanish pilot says: "l 1l the port of San Francisco, on the islands of Farallones "! 

Some have thought that the ''Puerto de San Fraucisco" of Torquemada was our Bay of San 
Francisco, but it is more probable that he applied the name, as the pilot, Bueno, evidently did, to 
the waters sonth of Point Heyes, east of the l<'arallones, and off the Golden Gate. Subsequent 
statementR seem to proYe that neither tbey nor Vulaftos bad any k11owledge of the landlocked bar 
now bearing that name. 

sEUAsTIAN VIZCAINO, 159ti. 

The wreck of the Sau Augustin made eYideut tbe necessity for a st-ttlerneut 011 the coast of 
CaMfornia, and preparations to that end were ordered by Philip II, to carry out. the plans of the 
Yiceroy, Contreras. Soldiers, sailors, and laborers were recruit1ed, and three vessels were fitted 
out with requisites for a settlement. Some womrn were also embarked. The expedition waR 
placed in charge of the very enterprising pilot, Vizcaino. The principal authorities for particulars 
reGpecting this expedition are Torquemada '' J\Ionarquia Indiana," and KaYarrete, who used some 
manuscripts (" algunos documeutos manuscriptos ") which he does not further describe .. 

This upeditiou sailed from Acapulco in the begiuning of the year 159G and was in all respects 
ineffectual. Vizcaino Rpent his time, provisionR, and means in an abortive attempt to found a 
Hettlement on the rocky coast of the Californian peninsula; bnt finding his ships and their crews 
no longer in a couditiou to pursue diseoveries, he returned at the eud of the year. The onl_y result 
was merely the change of a name. TLc bay known in the time of Cortes as Santa Cruz waR 
subsequently called La Paz. 

Some delay in Californian research followed the death of Philip II; hnt in Hi!J!l lJis success~n': 
Philip III, s·ent orders to the count of Monterey, Viceroy of Mexico, to make arrangements for :in 
expedition to the northwest. Monterey decided to employ Vizcaiuo, wllo was tlieu suppol'.lt'd to 
l1ave more knowledge of the coasts of New Spain than any other commander. Un bis ;;ecuud 
voyage he set out from Acapulco on the 5th of Ma~', 1602. The principal sources of i11forrnation 
respecting it are the followiug : 

1. The original journal kept by the Carmclite mouk, Fath<'r Antonio de la Aiscension, wl10 
accompanied the expe-0.ition. Venegas says in his N oticia, volume III, page 23, that hl• sought in 
vain in the archives of Seville for the original journal of Vizcaiuo's Yoyage. Navarrete says (lmge 
!xviii) that he found there a copy of the original, which original bad bee11 left for prese!'Yation iu 
MeAico. 

2. A report of the voyage by Torquemada in his "Monarquia Indiana," lib. 5, cap. 45. This 
writer had access to the· journal of Father Antonio, or lrnd a cop)·, from which he made extracts. 
But as the report itself was never printed, Torquemada was for upwards of two centuries tl1e only 
authority in regard to the particulars of the voyage. When his work (printed in Hi15, and again 
in 1725) became rare, Venegas reprinted it (in 1757) in his" Noticiade la California." 

3. Navarrete, who, in addition to the original report of Father Antonio, used other manuiscript 
documents, acceasible only to himself. He names the following : 
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(a.) 'l'hc agreements and opiuions of the couucils and meetings of Vizcaino's officers held in 
the course of the voyag-e. 

(b.) The Routier of 11aYigatio11 along the coast of California, made by the cosmographer, 
Geronimo Martin Palacios, who accompanietl the expedition. • 

(<'.) Thirty-two charts aucl plans of the coast, showing ports, inlets, &c., made by Enrico 
Martinez, cosmogra plier of the Kiug, iu New Spain. Navarrete compiled .from them a general 
chart. He used oll1er documents, but does uot specif.)' in regard to them. 

v\'ith greHtH l'n<'ilities tllan either of llis predecessors, Vizcaino :;u1Teyed more accurately the 
coast line of California from Cape Sau Lucas nort11westward to beyond Oape Mendocino, beyond 
which liunt he was not authorized to go. Tliat headland was the point for which the Manilla 
vessels ou their home voyages usuall:y made; aud nortll of it tbey uever sailed. 

Vizcaino had with l1im tlxperienced officers, amougst whom were Volanos, tl1e surviviug pilot· 
of the Sau Augustin, and a distinguished cosmograpber, Ueronimo Martin, who was commissioned 
to draw the ma1>s aud cliarts of the expedition. 

The tlt'et commanded by Yizcaiuo cousisted of two large ships, the Capitana San Di~go and 
tl1e Fregata Treti lleyes, wl1icll last was accompanied hy a small tender, the Santa 'l'omas, for 
navigation in shoal water. Be had ah;o a long hark (nn harco luengo) for entering inlets, riven;, 
and creeks, but that craft 1noving to be an iucnrnbra11ce was abandoned near Cape San Lucas. 

Duriu,g· the first six mouths the imrty was employed in carefully examining the western coast 
of Lower Califor11ia. They diiscoverPd, named, and 1'!11I'Yl\VCd a number of bays, as Magdalena, 
Sau ta Mariua, Ballena1-;, San Jfartholome, Simou and Judas, and 'l'odos Jos Santos. Offtlrn southeru 
extremity of the coast, where they arrived ea1ly in Nonmber, four small islands were discovered, 
to which tl1eJ gan• the uame "de los Uoronados." 

On the 10th of the same month the little fleet entered a harbor north of the Coronados, which 
harbor, sixty years earlier, CalJrillo bad uamed San Miguel; Vizcaino gave it the name of San 
Diego de Alcada, probably in houor of the holiday which falls on the 12th of November, and per
haps, also, to comuwmoratc tbc name of bis flagship. With the two exceptions (Point Pinos and 
Cape Mendocino), no geographical name giYen b~' Uabrillo has been retained. Hence it may be 
inferred that Vizcaino• was not acquainted witli Cabrillo's reports nor guided by his maps. 

After prnviding wood and water Vizcaino sailed on the 20th of November. On tbe 27th 
they bad iu sight a large island, which they uamcd Santa Uatalina, as first seen on St. 9atharine's 
day. It was found to he deuisely populated. After mapping the island the voyagers kept on 
southward aml reached tht• island now know11 as San Clemente, the survey of which was deferred 
and not finally accomplished. Hence it rem,ived no name at the time, and is not marked on the 
chart of Vizcaino. 

Ou the evening of Santa Barbam's day (~hi of December) the party was at the eastern end of 
a chaiu of isla11ds between wbieh and the coast of California lay a broad channel. Through this 
tljpy sailed, favored by a southwest wiud, which opportunely continued until thf'y reached the ex
tremits of tlle passage near l'oint Couception. There the weather changed. A furious northwest 
gale, wit11 a heavy sea, separated the ships and threw them back towards the islands 'l'he storm 
of two days 811bsided as the calendar marked "the feast of Holy Nicolas" (December 6) and the 
mune of the isaint, 11erhaps, in allusion to this eYent, was given to one of the Santa Barbara Islands. 
Soon afterwards the tleet rounded the c~ape which Cabrillo bad doubled under like stress of weather 
sixt~· ,\·ears earlier, and which be at the time gave the name of t)abo de Galera. Vizcaino named 
it "Punta de la limpia Conception," and it is still known as Point Conception. 

Sailing along the coast towards :Monterey the mariners came in sight of a range of high 
mountains whicll Cabrillo had seen at the same season of the year (early in winter) and nametl 
"Sierra de S. Martin.'' It was named by Vizcai110, "Sierra cle Santa Lucia," probably because it 
came into view on the 13th of December, the da,y of the Holy Lucia. By that name the mountain 
range is yet known amo11gst Spaniards. The captaius of returning Manilla veasels had been accus
tomed to recognize the coast of California by this landmark. 

A small riYer, 2 leagues soutb of Point Pinos, also received the name which it still bears (Rio 

•The configuration of San Diego harbor is well represented on his'chart. 
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del Carmelo}; and on the 16th of DecPmber tbP ships rntcrP<l tlw Raliia de Pinos of (jr.ibrillo, 
which, ltowever, Vizcaino named in honor of tlte vicno;r, la Bahia dP Moutc Hey. 1'hert> he 
remained nearly three weeks, aud from thence dispatchP<l tl1t' i:1anto Tomas to Mexico with the 
invalids Qf his part.y, and a report., with 11 chart for 111e Viceroy, of' all that ltad heen <levdope1l 
geograpliicall;\' up to that date. 

After proYiding wood and water Vizcaino sailt><l again to the northwest on the 3{l of .Tannary, 
1603. For several <lays the wind was favorable. The~· passed tlie entrance to San Franciseo l3ay, 
but on the 7th a heavy nortl1weAter separated the Yessels, aml tlH'Y did not meet again until tlwir 
arriwtl in ;\fexico. 'l'he Frcgafa was in advance, lmt supposing lwr to he dela,Yed, Vizcaino euten'<l 
t11e port of Sau Francisco in shelter of a cape, which he namt>d Punta de los Re:res. So 1-;a~·.

Torquema1la-but liis Puerto de San Fraucisco is 11ot t]1e hay wliich now bears that narnf'
Vizci~ino wished to explore the place aml search for YestigL~8 of tlw C'rcw and landing of the Ban 
Aug1rntin which had been wrecke.d in Hi95; hut, anxious in regard to the missing Fregat.a, aft1·r 
a delay of two 11a;n; lw went to seek lwr at tlie northweHt, tlie dirrction be suppo1>ed her t•> lHlYe 
taken. 

To the little harbor in wltich hf' 'had anchored 11e- gavP the name which he had appli(l(l to thf' 
slrnltering cape, ca11ing it the Port of the KiT1gs, probably hecaus•• he 1fo;covered itR entrance on 
"the day of the King8," and perhap1-1 also in allusion to t11e ]i'rt'gata Los trPs Reyes, which was lost 
in the sanw region. T11e uame is not iu Torquemada's extract, but it is 011 Vizcaino'" chart. Tlw 
formn me11ti<m8 only a. "Punta de Jos H.eJes" in this ricinity. 

Beating and tackiug agaiust northweStPrly WiJl(ls. tlie Sau Diego a<hanced slowly. On the 
l:!th of .January a higl1 projectiug cape was reached in latitude 4l~o nortli, thougl1t by tlw pilot~ 
t,o he Caho Mendocino, where the,v encountered a strong Houtlrnast storm, th:ck fogs, awl a 
bohiterous sea. Six only of the crew were capable of dut;r; the otl1ers and the officers and 
missionaries were sick (en las camas) in their beds. 

Under these circumstances it. wa;o; decided to tm·n back, but. the storm lasted for s<nne day!;\ 
and drore them Rtil1 further north. At length, on tlie 21st. of January, a northwest wind set in 
imd cleared tlie atmosphere. They observed for latitude at 4!20 north (in their reckoning), where a 
wl1ite cape was in view, which they nli,med "el Cabo Blanco de Sim Sebastian," because fair weather 
appeared on the eve of the da;r of the mart.ns, Sau Fabian and San Sebastian. From thence they 
turned hack to the southeast wifh a fayomhle wind. The eape is Hot indicated on Vizcaino's chart, 
nor is it marked to show either latitude or longitude. I,ater Spanish navigators have giYeil the 
name Cabo San Sebastian to a point near the 42d parallel, now called Point G-eorge; but as before 
state~, if Torquemada puts Cape Me)'.Jdoci110 one degree too far north, it is probable that other 
assigned positions are as much in error. Its true place therefore would be near Humboldt Bay or 
Trinidad. Bay. 

The home voyage was quickly made, and to allow -0bserYation the ship was stilered as near to 
tile coast as 11ossible. But very little could be done, as the crew was sick with scurvy and some 
among them died. The intended surve;y of the other Santa l~arhara Islands was of necessity 
renounced, as also the resolution to winter at Bahia de la Paz to wait for supplies. The;y sailed, 
therefore, directly for New Spain, and arrived in the ha1·bor of Aca1mko on the 21st of :March, 
1603, where they again met the crew of the Fregata. 

The gale of the 6th of Januai·.Y, which bad separated the two vessels,.and from which the 
San Diego had sought shelter iu the Puerto de San Francisco, bad carried the Tres Re_yes 
(commanded by Martin de Aguilar) some distance further north. Oft' Mendocino he encom1tered 
the same southeast storm which had forced Vizcaino iut,o port, and was clriven by it to latitttde 
430 north, according to an observation made on the 19th of January by the chief pilot, Antonio 
Flores. Here Aguilar gave the name of Oabo Blanco to a white cape, where (as Torquemada 
says) "the coast begins to turn to the northwest." Near it ran a deep and crooked river, which 
he attempted to enter, but its strong outward current baffled every effort. 

After doubling Cape Mendocino, the Fregata, having advanced further north than was 
warranted by instructions, turned hack eQuthward; and the crew suffored greatly from scurvy. 
Aguilar and Flores died before the vessel which carried them reached San Diego. The ship 
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was, tlit1refore, taken to Acapulco by the pilot, Estavan Lopez, aud there he wa.s joined by the 
Capitaua. 

The general opinion bas been that the extreme limit reached by Aguilar was the present Cape 
Blaueo or Orford, which is usually marked on Spanish maps "Cabo Blanco de Aguilar," but that 
supposition rm;ts on the siugle observation for latitude made by the pilot, Flores. If the latitude 
stated iu Torquema<la for Cape Mendocino is one deg1·ee too high, we should look for this Cape 
Blanco somewhere about Point George; but there is near it no consideral>le stream, nor beyond it 
does the coast begin to turn to the northwest, but, on the contrary, trends somewhat eastward. 
MoreO\·er, it is said llY Vancouver that our Cape Blanco or Orford does not look white, being 
covered with demm forests down to the sea. To reconcile the discrepancies, or at least some of 
tliem, Captain Burney supposed that in January, when Aguilar was on the coast, every part 
exposed to the prevailing wind was probably whitened with snow. Near Point George the 
Klamatl1 River empties, and beyond that entrance the coast incliues to the northwest. It is 
possible, therefore, that the position bere referred to may have been the Cape Blanco of Aguilar, 
hut the question cannot be decided. The river was not deP,med of much consequence. Crooked 
and deep it is styled in the report, and doubtless it was magnified iuto undue importance, it may 
he, he.eause that point was for a century and a half the northeru limit of Spanish navigation. 
Every inlet or river mouth in that region was expected to be or to lead int;o the Strait of .Anian, or 
into the western end of some passage around America. Aguilar's cape and river are noticed in 
all geogra11l1ical book;;, and are marked on _nearly all maps of tl1e 8twenteenth and eighteenth 
11ent11ries. 

Thfa expedition of Yizcaiuo, like that of Oabrillo, was morn 1mccesMful than otht-r Spanhd1 
,,oyages to the northwest. Buth saw the same stretch of coast, and reached about the same 
latitude. Vizcaino observed ever~·thing closely, and his work deserves t-0 be called a detailed 
reconnaissance. His desire was to push exploration northward; fiud the Strait of Anian; sail 
arouud America, and return by that route to Spain. But these schemes were never accomplished. 
Vizcaino went to Spain, and after much exertion obtaiued from l'hilip III an order for the 
furtherauce of his prQjects, but before n.,,eclful arrangements could he completed he died, aud with 
l1im t'xpired the spirit of enterprise. It was, says Navarrete; ''an epoch in which the Spanish 
nation retrograded." Spain was not afterwards governed by such mouarchs as Ferdinan9, Charles, 
and 1'11iliv II. 

NEW MEXICO. 

During the seventeenth century the court of Spain waR beset. by applicants, native and for_eign, 
offoriug vague prqjects for the development of the Straits of Anian; and many unsuccessful 
t•xpeditionli were planned for settlements on the peninsula of' Oalitoruia. Throughout the century 
i1othi11g" was done to advance knowledge respecting the geography of tbu northwest. That region 
iwemed to he forgotten. There was, however, one expedition planned near the close of the previous 
c<'ntnrJ, aJl(l accomrilished, which w a certain degree connected with tLe geographical history 
of the western coast. This was the discovery, conquest, and settlement of New Mexico. The 
1•11teprh;e, like ma11y others, was suggested by a Franciscan monk, :Priar Augustin Ruiz, who lived 
iu tlie valley of 8a11 Bartolomeo, near the silver mines of Santa Barbara, at the outskirta of the 
Spauish settlements. As early a.'! 1581 he had journeyed among .tlle Indians at the north, and 
brought hack intelligeuce of a beautiful and populous valley through wl1iclt flowed a river several 
lrnndn·d leagues in length. 

Antonio de Bspejo, a wealth~' and energetic-man, put himself at the bead of a company of 
soldiers, and with some Franciscan monks marched, in 1582, to search for the valley and river 
described by Uniz. As he afterwards reported, Espejo reached "nearly to the sonrce of the river" 
and found every when~ villages and towns, with the inhabitants of which he held friendly inter
conrse. Be also made a journey to the eastward through the buffalo country, and another 
westward as far ns Cibola and the river Gila, where Coronado had been previously. 

Jn 1583, E.sriejo re.turned to Mexieo and reported his discoveries. Attempts were made at 
foterval.s for the conquest of the interior, and at length Monterey, the Vreeroy who hafl directed 
the YOJages of Vizcaino, struck a decisive blow. He dispatched Juan de Of.iate, an oDleer of high 
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repute, with an army of about one hundred Spaniards and five hundred lndiam;, to thl' north, 
took possession of the country, and gave to it the name of New Mexico. Thus OD.ate became the 
founder and first governor of the new province, and in it was established, in 1611, the tluuri:shing 
capital of Santa Fe. 

In these contemporaneous expeditions of Vizcaino and Ofiate may be traced a correspondence 
with the sea and land enterprises of. Alarcon and Coronado, sent ont by Mendoza. 

Thti upper valley of the Rio del Norte is a fertile oasis in the midst of deserts. Santa Fe soon 
became a station of greHt importance as the depot for all Spanish expeditions to the east€rn, 
northern, and western regions. l•'rom thence discovery was pushed to Lake Utah, called by the 
Spaniards" Timpanagos," and westward far into the territory watered by the river Gila. After 
the settlement of the coast of California a road was laid out, terminating at Santa Fe. 

The first explorers of the valle;v of the Rio del Norte reached that river near the g-reat bend 
called El Paso, where the channel takes au. easterly course towards the Gulf of Mexico. 'I'ht
Spaniards bad explored only tbe upper \'alleJ. ·They knew indeed of the Rio Rranl, but belienid 
it to be a separate rh~er, lutving followed it only to El Paso where the stream is hidden :unougst 
rocks and mountaim•. Ignorant of the course, the termination was supposed to be in one of the 
rivers of Cinaloa, or Rome water-course emptying into the Gulf of California. The discon~ry, 
therefore, of the Rio <lei Norte was considered by many as pertaining to the hh~t.ory of the 
northwestern side of .America, aud as merely an addition to their knowledge of the Pacific ha.!lin. 
This l1ypotbesis, or rather geographical error, was long maintained, but was corrected on Europea11 
maps by Coron4:1lli about the year 1680. 

Of the'fabulous accounts in regard t() discover_y, circulated between H:i09 and Hi2il, only two 
are descrYing of mention, namely, those of Ferrer Maldonado and the so-called Juan 11e Fuea. 

The false reports were repeatedly disproved, but they influenced the hi01tory of gnograpby. 
Maps were constructed and the erroneous details were admitted in historical works. Names 
attached to the assumed discoveries were given to previously known localities as well as to 
imaginary straits, rivers, and countries.· Expeclitions were organized aud instructions were issued 
for exploring the regions that bad been fictitiously described. In 1700, the officers of the Spanish 
expedition of the Descubierta and .Atrevida were directed to explore the coasts, straits, and 
harbors supposed to have been discovered by Maldonado.• The influence of tl1~e stories 1lates 
from the time of their promulgation, and not from the period at which the incidents were supposed 
fo have ~urred. Maldouado J>retended that be sailed in the >'ear 1588, but the" results" of hiR 
voyage were not girnn to the world until the year 1609. De Fuca, thongh bis expedition was said 
to have been made in 1592, brought DQ account of it before the public previous to the year 1625. 
In a chronologica.l record of disooveri~s these impositions must be referred to the time of their 
pu blica.tion. 

Lorenzo Ferrer Maldonado was well known in Spain as a schemer and adventurer, and bis story 
touches but lightly the geography and history of Ca.lif0rnia. He pretended to have sailed from 
Lisbon to Labrador in 1588; and from Labrador to the Pacific through a narrow strait hy which a 
pa81!13ge from Spain to China could be accomplished in three months. In 1609 he presente1l to the 
Spanish Government a n>port on discoveries and added a. proposal to return to the spot and em
ploy himself in erecting fortifications against the encroachment of foreigners. But, after careful 
examination, bis statements were decided to be false, and his proposition was of course re:j(-icted. 
He was treated as an ignorant impost.or and charlatan. Some subsequent historians, nevertheless, 
rliady to believe any wonderful tale, mention these pretended travels and discoveries; ancl thus the 
su~eet was kept alive through the seventeenth and eighteenth centuries. Copies of Maldonado's 
original papers deposited in the Spanish archives found their way, we know not bow, int-0 foreign 
countries, and near the end of the eighteenth century ( 1790) the French geographer, Bu ache, "who 
c1nng fondly to qnestionable discoveries," drow attention to them by declaring his confidence in 
the veracity of Maldonado's statements. The last, perhaps, to give credence to the narrative of 
adventures was the Italian s1want Amoretti who in 1812 edited an old manuscript found in the 
Ambroaian Libr.a.ry, which 01anu8cript be supposed to be a copy of the original report . . 

•See "Oregon Question," p. 82, and Navarrete, p. li. 
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We nood not enter minutely on the sul~ject, as it bears only a remote relation to our ol1ject. 
The reader is referred to NavarretP, pp. xlix-:-lii; Twiss, ''The Oregon Question," London, 184..6 
pp. 79-82; London Quarterl_y ReYie", 181(), ml. Hi, pp. 129-172. The author of the article in the 
Quarterly tliinks it possible that Maldonado might haw seen Cook's Riwl', and mistaken it for a 
strait between America aml Asfa. See all'o Burnt>y's History of Voyages to tbe South Sea, Yol. 
Y; and Barrow's Chronological History of Voyages to the Arctic Bay. 

The story of Juan de Fu ca bear::i n iorn directly on oue su ~jei·t. It was first printed by Purcbas 
in his third volume, aud was pnblisl1ed iu 1G25, although it seems to have been in manuscript 
some time earlier, and ma;y b,n-e h('t'll known to a few persons. The En_glisbman Lok relates, in 
tlle report pul>lit<llt-<1 b~· J'nrchas, tliat he md iu Venice au old Greek navigator named Juan de 
Fuca or Apostolos ValeriallOl', wlw told him that he had l>ern a captain in the Spanish service, and 
as such had been sent in 1.J92 to the nortl1 w tJl't in com ruaIJd of a small vessel b:v the Yiceroy of l\Iex
ico, probably Don Luis de Yelasco, who filled that post fr0111 1590to1595. He stated that be bad 
sailed along the coast of California he.mild the forty-seventh parallel of north latitude; an<l there 
found the coast trending east and Hortlleast, forming with tbe opposite sbore a broad inlet. At the 
entrance be said there wa,,; a remarkable rock, having tlte appearance of an island, and northwest 
of it a pJ·ramidal rock. 

Beyond tbis strait spread a wide inland sea, which stretched into openings t-0warrls the south, 
the north, a11d tbe east. At Yarious place8 on the shores he had found fertile country aml natives 
clothed in the skins of auimals. He further asserted that he sailed a long course through open 
water, and after J1assing rnauy islan~ls came ont into the North Sea or Atlantic Ocean, from 
whence he returued to Mexi' o aHd n·ported to tbe vicero~·. He had also reported in person to 
the King of Spaill, but thongli well receiwd i11 l1otb instanees hi1' senice.s were iwt properly 
rewarded, and he finally returned to the island of Cephalonia, where he belonged. 

This account soon after appeared in a work published b;y Lucas Fox, and was repeated by 
many writers. Believers in the truth of the narrative were numerous in tlte seventeenth aud 
eighteenth centuries. De Fuca's discoverie8, like those of l\Ialdonado, were represented on maps, 
and De Fuca's Strait is laid down uorth of California in contemporary works, at about 47 or 48 
degrees of north latitude. 

Towards the end of the eighteenth ceutmy such a strait as De Fuca has described was fouud 
beyond the forty-E\ighth parallel, trending· eastward, opening- into wide water, having many 
islarnls a11d inlets to t11e south, north, a1:d east; 1mrrom1ded, too, b;y a fr.rtile country, and peopled 
hy fur-clad inhabitants. Some traY('lers thought they recoguizecl the pillar-like rock 011 the 
southen1 side of tlie entrance, as he had represented. 

l\Ian~· were induced to belieYe in the truthfulness of De Fuca's report, and the channel was 
named De Fuea's Strait. Some thought that the first part of bis story, !'O far as it related to the 
channel and a broad gulf beyond, might be true, hut uoubts were entertained iu regard to his 
coming out upon the Atlantic. It seems likely that he passed around Yancotwer's Island, after 
heiup; in the Gulf of Georgia, and so passed into the Pacific. But NaYarrete ai,;serts that no 
navig;1tor of the name Juan de Fuca or Apostolos Valerianos was ever at auy time known in 
SpH iu or mentioned by eon temporary Spanish writers; uor i8 there extant any record of the visit 
of 1-mch a person to the King of Spain or to the viccroJ' of Mexico. In none of the papers relating 
to the expeditions of Vizcaino, written only a few years after 1592 (the time of De .l<'11<.,-a's.su11posed 
vo~age), can be foun<l any allu8ion to him; nor is any docmnent bearing on bis history in the 
archives of St•villa or New S1iain. It seems probable that .Tuan de }'uca never made a voyage in 
the senice of the viceroy of Spain, nor discovered a strait in the latitude indicated, and it may 
be cousidered as a mere aceident that in the begiuning of tbe se,·enteentll century a strait in that 
region was described iu a mannel' coinciding so nearJy with the reality as ascertained at a. mnoh 
later llate. 

The history of Spauish expeditions to the peninsula of California. is somewhat tedious. They 
were uot ablj' conducte<l; they entailed large expense; scarcely furthered the Jlrogress of discovery; 
aud in no instance enlarged the boundaries of the Spanish settlements In fact, they touched only 
the 8011ther11 part of the eastern coast of the penimmla. The wesMru coast of the peninsula was not 
surveyetl, nor was the upper end of the Sea of Cortes visited for m~ny. years. Its configuration, 'Well 
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known in the time of Cortes and Mendoza, was so utterly forgotten that the gulf was supposecl to 
extend to the forty-eighth parallel, and that it connected there hy a channel, both with the Pacitic 
Ocean and with the Atlantic. California was considered, therefore, not as part of the continent, 
but as a large islaud reaching from De Fuca Strait to Cape San Lucas. This erroneous notion 
seems to barn originated with some Dutch freeboowrs called Picltilingucs, who in the begin11ing 
of the se\'eritecntli century formed a piratical settlerneut in t!Je Ba:y of I'icl1iliugne, on t!Je soutl1eru 
coast of California. They 'caused it to he reported in Holland that a n~ssel hatl ouce ,;aile<l 
tbrong-11 the Sea of Cortes (Gulf of California) to the north, and from tlieuce had eome out upon the 
Pacific, thus circumnaYigating tlie whole area of California, Tue story was believed, and a map 
constructed to accord with it was sent to England. Purcha;;;, who was one of the earlie . ..:;t adluwent,.; 
of this geographical·theory, pnblisl1erl nu account of it in 1625 in the third n>lume of his Pilgrims, 
autl inserted also the first printed map of :Korth America, on which California i8 represented as an 
.island, and the Sea of Cortes as a broad cham1el of enormous length. The Yiews of Purclms were 
adopted by nearly all the g·eographers of the time. Spaniards, C">en forgetting the maps of Castillo 
aml their otlwr pilots (then lying in the Spanish an:hin-s), shared at last fully i11 the hL•lief, allll 
:ibout the year 1670 changell the name Califomia to another in ho11or of their sovcrnig-n, Clwrle8 
II. TheJ· named the countrJ· "las Islas Carolinas,11 iutimating that it forme<l a cluster of large 
islarnls. 

The unsuccessful attempts made at this time b~· Spauiards, in regard to discon·r~· and dm-el
opment, appear as types of the coudition into wl1ic!J the great Spauish mouarcl1,Y li:ul falll'll. In 
tliis prostration Mexico participated. Comm011place explorers with great preteusiom; were seut 
out, aJl(l were styled "Allmirals "; but they were feeble iu comparisou with snch capt<li1rn a::; Gllna, 
Cabrillo, and Yizcaino . 

.After the death of Vizcaino, the first wlw was comrnissioucd tu conduct an expeditio11 to Cal
ifornia appears to ha Ye been Juan lturbi. "\1\"ith two sbi11s 11e passt>d along the greater part of the 
eastern coast of the peuimmla, -and as far north as 3()0, but was <lrivm1 had; hy uort.hwesterly 
winds, and in distress reached the shores of Cinaloa, wl1ere lie was recciYell by the Jesuit mis8iou. 
aries, who saved his life. Father Andres Peri:z de Ribas, a Jesuit, wrote the history of this ex1wdi-
tion. · 

One of the vessels of Iturbi had been captured by tlie Pic!Jilengnes, and it was feared that 
those pirates might attack also the retuming Manilla galleon. Iturbi, therefore, on arrirnl, was 
isent out again to protect t!Je gallt>on, and the further t>xploratio11 of Cali1ornia wa:s abandmwd. 
T.!Jere was no other effort in regard to that ohiect made until 1632, when Franciseo de Crtega 
attempted it. He S'l1neyed only a small part of the coast between Cape San fa1cas and the Baliia 
de la Paz, and from the last-mentioned place made bis way back to Mexico. 111 1633 and Hi34, he 
made two other voyages to the same regiou, with the intention of founding a. settlement, hut the 
attempt was unsuccessful. 

Iturbi seems to have deriYed some profit from tlie pearl fisheries, w!Jich were theu still 
productiYe. Spanish settlers on the coast of Mexico and Uiualoa were tliereby induced. to lit out 
vessels and cross the Gulf of California to seek for·pearls on the opposite shore. 

In official expeditions, or such as were assisted and faYored by Government, Ortl'ga was 
followed by bis pilot, Estavan Oarboneli, who affirmed that hii;; cllief had failetl from want of 
knowledge and courage. Carboneli 11roruised to find, in a higher latitude, a more fertile eonntr,\·, 
better adapted for settlement, and be set sail for that object in the ~·ear lfi36. He '• a<lvauced as 
far north as he could," to what latitude is not, stated, but only sterile rocks and poor lmii<rns 
were to be seen. He collected tsome pearls~ as others had who preceded him, and returned to New 
Spain, where Ortega saw.him derided, in turn, as an ignorant poltroon. 

Venegas says that one reason wlly these repeated expeditions to California did uot succeed 
was that no care was taken of former reports, ~urveys, maps or plans. '' They were not carefully 
preserved and made known by print." 

The usefulness of the enterprise beiug eYident, it was renewed in the ;year 1642 b3· the Yiceroy 
Don Diego Lopez Pacheco, who sent on this occasion the governor of Cinaloa, Don fa1is Cestin 
de Canas, with soldiers and missionaries, with the often repeated instructions '' to survey the 
ooasta, bays, islands, rivers, inlet&, and crooks of California." The result was much the same as 
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in former iustances. Cestin YiRited Bahia de la Paz, and from thence sailed along the coast, \Jut 
only "forty 11,agnes to the northwest." Father Jacinto Cortes. a Jesnit missionary who accom
panied him, wrote a n•port of the expedition, which report was sent to the Viceroy, with some 
pl\arls which had hee11 collected on the coast. 

Gonm1or Cestiu was followed in adventure lly the Admiral Don Pedro Porter de Ca.sanate 
Veueg-a,; so writes the name, hut in Navarrete it is written "Porter .r Casanata." · 

Casanate embarked for California in 1643. Three years earlier tfiat officer had been commis
si01U'(l to smTey the coasts of the Pacific iu the imnrndiate vicinity of the peninsnla (Lower 
Califomia) and to make soundiugs. Navarrete 8ays that the results, after presentation to the 
council of the lndicR, were deposited with other documents iu the "Archives of India." 

Huly eu1poweretl iu 1640 to make the iut.ended l'xploration, Casauate had also, by authority, 
a mouopoly i11 n•gard to navigation in the Gulf. The reason of his detentiou in Spain is not , 
t>xplailwd. In rn-14, when his expedition was ready, he was ordered to sail without delay toward 
Cape Sau Lneas, U> eonn•y the Manilla galleou, and protect it against some E11glish a11d Dutch 
pirates wlio had heeu seen in tlie waters of .b~ew Spain. At leugt-h the 1mr>ey was commenced on 
the eastern coast of the peninsula, but was again deferred in com;equence of an urgent call to 
guard the Manilla ws;;els against the ever-threatening pirates. 

Thn8 interrupted, the Admiral did not return to Califoruia, but reporting the difficulty of the 
untlertakiug to the Viceroy of Mexico, he was soon afterwards sent to South America and made 
Governor of Chili. Hi8 ahortfre undertakings in regard to geographical development were so 
<lisconraging that an i11terval of tweuty years elapsed in which nothiug was done. But, towards 
the end of the reign of Philip IV, an order was issued for further exploration. The command 
of an expedition was intrnRtt><l to Admiral Don Bernardo Bernal de Piiiatlero. The outfit was 
imiall, as the condition of the Spanish treasury was low. ..With two small vessels be sailed, in 
16ti4, for California. Instead, however, of surveying the coast, the avaricious soldiers of the party 
would attend to nothing except pearl fishing. They forcen the natives to do all the heavy work 
for them, itml wbeu a qnautit;v of pearls had been secured they quarreled among themselves in the 
division. Pii'iadero, for himself, secured a small share, but was constantly engaged in eftorts to 
keep his men from quarreling. · 

A second voyage by the same admiral in 1667 was not more successful, and no result marked 
the next expedition, which was led hy Francisco Lucenilla in 1668 • 

. Philip IV, the monarch who bad directed the last· mentioned enterprist's, died in 1665. In the 
early part of the reign of his successor, Charles II, nothing was done. But the Council of the 
Indies, aware of the advantages that might result. from the conquest of Califoruia, determined to 
renew etforts towards that end. In the year 1677, orders for the purpose were issued to the Vieeroy 
of l\lexieo, and a contract was made with the Admiral Don Isidoro de Atondo a.a commander, 
who was confident of success notwithstanding the failure of all bis predecessors. 

On the 18th of 1\fo;r, 16&), Atondo sailed with two ships carrying sailors and soldiers, and a 
third vesiwl laden with implements, munitions, and provisions. He arrived at Bahia de la Paz 
twd fortitiP<l against hostile Indians, but the store-ship, beaten oft' by storms, was so long delayed 
t-hat the Roldien~ suffered for want of food. One of the vessels was therefore sent to New Spain 
aml obtaim•<i a cargo, hut was unable to reach port. Three attempts were made, bnt the vessel 
wHs tlriveu back :iltbou~h in sight of the coast. Under these circumstances Atondo found it 
im11os1"1i\Jle to maintain ortler,«md was ol1liged to a.baadon his position at La Paz. By the sale oc 
everything he could dispetise with he was enabled to procure provisions, a.nd he embarked for a. 
more northern ba,v in latitnde 4(iO 30', which be called San Bruno. This doubtless wa.s the bay 
afterwards called by the Jesuits "Bahia de la Conception." 

On biR arrival Ato11tlo commenced a settlement, built a church, and passed a year in exploring 
the neighboring regions. Be made distant excursions, and tried by traversing the peninsula to 
reach the Pacific side. On these journeys, and generally in his travels, be was accompanied by 
missionary Jesuit.", who thus became thoroughly acquainted with the country.and learned the 
'languages of the natives. At the head of these missionaries was the intelligent Fathel' Kino, or 
Kuhu, a German, who had served as cot'lmographer(cosmogra.fo mayor) in thee:xpecilition,andwho 
subsequently wrote a very interesting IWCOUnt of it. 
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Atondo seems to have been energetic, but he spent nearly three years in ineffectual attempts 
to make a settlement in California. Finding it impossible to procure means for mai11taini11g· a 
colony, in the autumn of 1685 be re-embarked the soldiers and missionarietl, and taking a fpw of 
the baptized Indians, returned to Mexico. There he found other employment, and in addition was 
ordered to start, to oppose pirates and convoy home the Manilla galleons. Nothing wal:i gai11ed h:v 
the expeditions of Atondo. They were costly, and consequently then~ was liHle dispm;ition eitht"r 
in Mexico or Spain to incur further outlay. The government, of Mexico. says Father Baegert "rl'
nounced not only all activity in this direction, but actually refused assistance and protection for 
private undertakings to California." 

1697-1717. 

California, thus abandoned by the Spa11ish Government, still had the atteution of tht> .l em1iti-;, 
who were then powerful and acth'e in both divisions of the western hemisphere. They liad eRtab
lisbed missio11s along 1be eastern side of the Gulf of California, and tlnougL Cinaloa, Sonora, and 
Pimeria, and fnrnished missionaries, journalists, cosmogra11hers, and llistorians to nearly all the, 
Government expeditions, down to that of Admiral Atondo, who was, as already stated, accompa
nied by :Father Kino. These pious men thought that by preaching to tl1e Indians, and conrersiug 
with and civilizing them, might .be accomplished, what no avaricious merchant or pearl fislit>r, no 
sailor or soldier, however courageous, had been able to effoct, the settlement and exploration of 
California. They proposed therefore a system of procedure in which miRsionaries should not he 
1:mbordi11ate either to a military or naval chii~ftain. Missionaries were to take the lead with :111 

army at their command. 
'.l'l1e most complete history of the .JesuitA'I in California is "Noticia de la California y de sucon. 

qnista temporal y espiritual basta el tiempo presente, sacada de la bistoria manuscript.a formado 
in Mexico afio de 1739, por el padre Miguel Venegas, de la Compafiia de Jes us; ~· de otras N otieias 
y Relaciones antiqnas y modernas Aiiaclida de algunos mapas particulares, Madrid, 1757.'' The 
work is in three Yolumes, and is generally ascribed to Venegas ; but the history of Oalifomia is 
carried, by him only down to the year 1739. Andrea!'\ Marco Burriel corn piled from the rnamuc:m·ipts 
of Venegas and from other sources and issued an edition in 1752. The work is Yaluable, lrnt' there 
are misprints in regard t-0 the chronology. The third volume contains intcrt•.stiug quotatiorn1 from 
other authm·s and treatises 011 geographical qu~stions relating to California. 

On the subsequent history of the Jesuits in California, from t 752 to 1767, wlten tliey were 
compelled to leave that country, many books have been published. One of the most valna1>1P of 
these was written by Baegert, and was printed in 1773. Baegert was a Germau Jesuit wlio patlsfo,(} 
much time iu California. His clear narrative and description of the country include reJtc\re11ces to 
the missions. and journeys, and mention of the close of that I'eligious order ou the coast. 'l'l1is work 
also was translated into EugHsh and some other languages. 

Juan l\laria Salvatierra, an Italian nobleman of Milan, and a- Jesuit, was at this time in 
Mexico. He was known as a man "of zealous faitb, of large mind, and of great patit>nce, and 
withal of a strong bodily constitution." While visiting the rnissiou of Sonora he met the Gernmn 
Jesuit Frimz Kuhn (called by the Spaniards Francisco Kino), who told him of the neglectll,l statt• 
of the country and of the misery of its inhabitants. This relation kindled in tlte mind of Rah·a. 
tierra a desire for Christianizing the Indians. He finally received permission to go to Califoruia, 
but nothing was to be expended from the royal treasury on his account. 

Salvatierra was poor, but a weaUby gentleman of Acapulco, Gil de la Sicrp('' placed at Jiii-.; 
disposal two vessels and a sum of money. He received contributions also from Europe. Pi,·c 
soldiers, several seamen, and some associates accompanied him, and, having 1u-ocuretl a mnmo11, 
with provisions for the expedition, he sailed, in 9ctobe:r, 1697, from Cinaloa to the coa1>t of Cali
fornia, and settled in latitude about 260 north, where he founded a mission which he called Sim 
Loretto. He preaohed to the Indians in their own language, baptized them, and resolved to pass 
his life in religious work. More than twenty times he crossed the Mar Vermejo, and was euahled · 
by the assistance of his friends in :Mexico to procure men, missionaries, a11d provisio~s, and to 
fomul several other missions on the eoa.st of California. Detween the years 1697 and 1716 he 
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expended in this work 300,000 "pesos duros," collected by himself and his pious companions from 
devoted individuah; aud corporations in sympathy with th{Cl cause. 

This was the first of several .Jesuit missions in Lower California. They attracted attention 
in Europe, aud were believed to be constituents of a powerful domination aiming at riches and 

· empire. Such was the accusation, and it resulted in the dissolution of tile order. 
What the Daue El{Nle did for Hreenland, Salvatierra effocted for California. He labored also 

for the exploration of the country, made excursions to the interior, and decided the long-standing 
rlonht concerning the peninsula, which by many was supposed to be an island. At. bis request, 
Father Kiuo trarnrsed the country from Sonora to the Hio Colorado. The usual residence of Kino 
was the mission of N eustra Sonora de Dolores, on tlte northern frontier of Sonora. Ill one of his 
journeys (iu the year 1700) he followed the course of the river Gila down to its junction with the_ 
Uolorado, but for want of provisions coul<l proceed uo further. Before retuming he ascended a 
mouutaiu, :rnd, looking westward and southward, saw continuouR land. Ve11eg·a8 says that with 
"a Rpy-gla;.;8" lie traced tile course of the Colorado to tlie gulf and recognized the mountains. 
Conviuced of foe continuity of land between Sonora a11d California, and assured also by tht> 
Indim1s of 11ifforent tribes assembled around him (about fh·e humlred in all), Kino yieliletl to the 
nect>S8ity forced on him by the sickness of his companions, as well as want of ])rovisions, awl 
returned home. 

Tlwuglt liigltly pleased, Salvatierra was not entirely satisfied with a conclusion based on 
a 1listm1t view. He reqnired practical proof. Notltiug less than actually walking around the gulf 
on dry land would thoroughly settle the q uestio11. The Fathers therefore proposed to S(~t out from 
Ki110'8 mis;;io11 DnloreH, in Sonora, walk around tl1e gulf, and down on itH western side to the mission 
or Salvatierra (San Loretto), in California. Salvatierra joined his companion at Sonora, and both 
sl't ont on thi;; expetlition from Dolores on the 1st of' March, 1701. Taking a route different from 
tlw one traYeled by Kiuo previously, they did not go as far north as the Gila, but turned weHtward 
to follow the shore of the gulf, and reached a sandy, waterless desert, in which tl1e party suffered 
with heat. The;\· were obliged, therefore, to conteut themselves with a view of the shores from an 
eleYation of the Sierra de Santa Clara, a mountain range, where the party assembled, and from 
thrnce.saw the coast of' California, the narrow northern end of the lake, an<l the mouth of the 
Oolora<lo, after which they returned to Dolores. 

At the eud of the same year, 1701, Father Kino again went north and followed the Gila and 
Colorado to aYoicl the saudy desert. He passed down the Colorado, lauded on t.l1e western shore, 
a!Hl in the country adjacent found only wide lllains aud saw hills in the distance, but. no 
appearance of any prolongatiou of the Gulf. The Jndi~us told him of the ocean, and showed him 
Rliells from the "contra costa," which, tltey said, could be reached in ten days' walking. Kino 
wisltt•d to make a journey to Monterey and also to Cape Mendocino, but being unable to cross the 
Uolomdo with horses and mules he wrote to Salvatierra from the western side of the river, and 
R1·11t the letter by an India11, t;nst-ing that it might be forwarded to San Loretto. 

1ii 1702 Kino made the last of his excursions, and was then accom1mnied by Father Martin 
Oo11zalez. Again be reached the junction of the Gila and Colorado, and from thence passed along 
tlw eastPrn shore of the htst-named river, and reached its mouth, which until then Kino had only 
seen from afar. There many friendly Indians from the western side gathered around him, 
tlescrihed their country, its rivers aud mountains, and stating the distance to the ocean, invited 
him to Yisit their s~ttlemeut. But Kino was again prevented from going westward. His 
corn11auion, Gonzalez, fell sick and died, and was buried on the road. Occupied with missionary 
duties elsewhere, Kino wa;; unable afterwards to visit the northern end of the gulf. He die4 in 
1710 and Father Salvatierra in 1717, leaving unsettled the question in regard to the coutinental 
character of California. 

JUAN UGARTE, 17!21. 

The Gulf of California had been partially examined. Its shores bad been looked at from the 
mast of some distant vessel, but tbe indentations were scarcely known. 

The fitst trarnler who gave particular attelJtion to such details was the Father, Juan Ugarte, 
who, in 1721, built two small vessels and sailed on the 15th of May from the Bay of San Dionisio 
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de Loretto. With the crews were lleveral who ~ad passed through the Strait of Magellan, and 
also an able and intelligent pilot, Guillermo Estrafort. 

Sailing north along the eastern coast of the gulf this party closely examined tlrn :,;hore1:1, 
corrected the errors of early maps, and after encountering dangers and difficulties reaehed t!Je 
mouth of the Colorado early in July. In the middle of that month they turned lmck, and ou tlie 
home voyage surveyed parts of the eastern and western shores of the Gulf. In September, li!!l, 
they arrived at the port of San Loretto, and there announced that between the Penimmla of 
California and the Province of Pimeria there was no water excepting that, of the ltio Colorado. 

Father Ugarte wrote an account of this expedition and appendeo to it the map of hhi pilot, 
Estrafort,. which map, sa,ys Venegas, he considered the principal result of the undertaking, but 
neither the narration nor the map seem to have been published. 

1732. 

The Jesuits had for a long period manifested interest in the exploration of the interior of the 
peninsula and of what, was then called "contra costa," or the seaward side of the peuimmla. They, 
in fact, inherited the purpose of forming some settlement for the benefit of the returning 1\lanilla 
galleons. Several "eutradas '' had been made, the first by Fath\',r Ugarte, after many difficulties, 
in the year 17u6, wheu a tract of about 20 leagues was surveyed near the twenty-fifth degree of 
north latitude. A company, conducted by the same Father, in 1712 founded not far from the oceau 
(at about 250 north latitude) the mission of Purissima Concepciou de Maria, and sul'Veyed part of 
the coast. In 1719 Father ClemPnte Guiken led a11 expedition to the vicinity of 24~ uorth latitude, 
and examined Bahia de Magdalena, which had been named by Vizcaino, aud notR,tl by him as one 
of the best protected ports in that region. In that neighbothood the mission of San Luis Gonzaga 
was established by the Jesuits. But the most interesting of the expeditions patronized by that 
order was accomplished by Sigismundo Taraval, in 1732. 

Born of noble parents l\t Todi, in Lombardy, Tara val was well instructed. In the year 1730, 
and when in the prime of manhood, he arrived in Ualifornia. The most northwesterly mission then 
maintained was at San Jgnacio, near 28 degrees north latitude, the care of which was confided to 
Taraval, with directions to explore the region beyond and open the way for similar establishments. 
Putting himself at the head of a company of baptized and friendly Indians, he traveled six days 
and reached a bay, which lie called Bahia de San Xavier, the latitude of which is not stated in 
the narrative. There he saw several small islands, distant 6 or 7 leagues from the coast; and 
after constrw.cting a balsa, sailed over to one of them but found only birds. So he named 
the group "Isla::; de Aves," i. e., Bird Islands. Another island, some leagues from these, in 
latitude about :n degrees north, be named "Isla de Neblinas," or Foggy Island. In the interior 
of this last was a considerable mountain which Taraval asceuded, and at a di8tanoe of 8 or 10 
leagues saw a cluster of islands, which he named "Islas de los Dolores." Against the horizon 
other islands were seen at the north, which be supposed to be the Santa Barbara group, one of 
which had been called" Isla de Santa Catalina" by the navigator Vizcaino. There is little rluubt 
that the "Dolores " mentioned by Taraval were the Ooronados Islands. 

On the map of North America, in the third volume of the Histor.r of California by Veuegas, 
these islands are put down in latitude 32 degrees north, and are marked " Islas de los Dolores, 
reconocidas por el Padre Sigismundo Taraval en 1732." · 

The bay named by Taraval "Bahia de San Xavier" is not indicated on this or on any otlJCr 
map. Propably it is the small bay now known as San Diego Harbor. Venegas says that Vizcaino 
pa.ssed, perhaps in the night, from the harbor of San Diego to the Bay of San Xavier, and tbeu 
dis&vered near this bay the island of Catalina. 

After Tarnval no Jesuit missionary went so far north of Mexico. "We wished very much," 
says Venegas, "to found missions on the islands of the Santa Barbara Channel, seen b,y our father, 
but the distance was too great, and we had still t-00 much to do in our immediate vieinit~· .'' 

1'146. 

An expedition similar to that of Ugart;e in 1721 was undertaken by Father Feruando Consak, 
a native of Bohemia, in 1746. With four ea.noes, he &tarted from the bay of San Oarlos (latitude 

H.Ex.43-72 



 

570 UNITED STATES COAST AND GEODETIC SURVEY. 

28 degrees north} on the 9th of .June. His undertaking closely resembles that of Ugarte, both in 
regard to route and as res1wcts th"' conclusions. Consak explored the coasts, bays, inlets, and 
islands along the eastem shore of Lower California, and on tbe lltl1 of .July arrived at the mout.II 
of the Colorado. He tril'<l to ascend the river with bis canoes, but the cu1rent was too strong for 
his oarsmen to admit of any cousiderable advance. He surveyed, however, 011 the return some 
parts of the gulf, all<l conHtructed a map, of which Vrnegas gives a copy in the third volume of 
his History of California. 

1766. 

AR no one had actually walked round the northern end of the Hnlf of California, so'me douht 
remained. To settle the matter tiually, Father Winceslans Link was sent, in 1766, to go by land. 
through th·~ peuinsula toward the Rio Colorado. He wa,s then in charge of the missiou of San 
Borgfa, trten the most northerly e8tablishment of the Jesuits. The journey wa8 commenced with 
sixteen Spanish soldiers and 011e hnndred Indians. After a weary march they reached a point 
20 or ;30 leagues from the Colorado, and there hil' Indians were all sick; his horses and mules 
11ied, and the soldiers were _Ao 11:uch dispirited that Link was obliged to retrace his steps. 
As far as could be seen, howe;·er, lw discovered only sandy plains about the north end of the 
gnlf, and like those who prf\eeded him, it was reported to be landlocked. From his time Lower 
California has been uni,·ersally known as a peninsula. A few ye;us after this the Jesuit8 were 
forced to leave the eonntr~' which they had explored, cultivatecl, and peacefully governed. For 
some years an opinion prevailed in Europe that the Jesnit8 hail in California and in Paraguay, 
iiowcrful and populous empires, and that enormous wealth had \Jepn derived from their golcl mines 
and pearl fisherietl. "\\7 heu therefortl the dissolution of the order throughout the world was 
decreed, the viceroy of Mexico (in 1767) sent an armed force, under Dou Gaspar de Port-0la, to 
California, with directions to seize the country in the King's name and assume jurisdiction as 
Royal Governor. The .Tesnits were arrested at tlteir several missions aud sent to Spain. Some 
1wrisbed, and others, after muclt suffering, reached Europe. Portola was not resisted, but he 
found instead of the expected El Dorado, a very poor, rocky country, with only wild tribes of 
Jndians, who had made under the guidance of the Jesuits, their first advances toward civili· 
zation. 

Franciscan friars were substituted for the displaced missionaries, and the work of colonizatiou 
inclined toward the far uorthwm;t, In the course of twenty-five years that region was rapidly 
developed. 

RUSSIAN EXPEDITIONS. 

The Jesuits, by their settlements and exploration of the peninsula and Gulf of California, laid 
a foundation for farther prn~ress towards the northwest. Two European nations, the Russians 
and tlie French, adYauced from opposite directions to the same region. Their enterprises influ
enced the ideas of geographers, and moved the Spauish Government to make a final exploration 
of that part of the countr_y. 

A sketch will suffice to mark the diseoveries made by Russians in their expeditions from 
Siberia. CosRacks had passHd the Ural Mountains and commenced au easterly movement at the 
eud of the sixteenth century. They traverse<l Siberia and arrived on the shores of the Northern 
Pacific by t.hr middle of the seventeenth century. One of these named Deschnew, as early as 
1640, sailed t.hrough Bering Strait, but left no detailed account of his a<lventures. Others followed, 
aud by reaching the peninsula of Kamtchatka gave the Oossacks some notion of lands eaat of 
Siberia. There had been amougst, t.hem the rumor of an "eastern country or island," with large 
rivers and forests in which were fur-bearing -animals. The enterprising monarch, Peter the Great, 
formed a plan for the exploration of the region, but his death not long afterwards devolved the 
execution of the scheme upon his successor. 

In 1728 Capt. Victus Bering, chosen by the Emperor Peter for the nnderta.king, sailed 
from Kamtchatka and took a northeasterly course. He saw only the western part of the gnlf 
which bea.rs his name,_ crossed the strait dividing Asia from America (traversed by Deschnew), 
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and reached, at the sixty-sixth parallel, a promontory which he believed to be the most northern 
headland of Asia. From that point he returned home. 

In the time of the Empres1S Elizabeth (1741), a more important expedition mo,·ed, under 
command of the same Beriug. With two ships, one in charge of Captaiu Tschirikow, a Hnr;sian, 
he sailed from Kamtchatka in a southern and eastern direction. The ,·essels were soon separated 
by a storm, but both rea-0hed the coast of America, though at different points. Bering made 
land uuder 60 degrees uortb latitude, in the neighborhood of a larg·e mountain, called since his 
time Mount Saint Elias, and Tschirikow at 5ti degrees north latitude touched on one of the it>lawl:-; 
now known as the Prince of '\Vales Archipelago; but neither of the corrnnauders could go farther. 
Their crews were sick and their means of subsistence exhausted. Ou the home voyage they saw 
some of the Aleutian Islands. On a small island west of them Bering wai.; wrecked aud tlied, 
but his crew and Captain 'l'schirikow's returned safely to Kamtchatka before the end of J 7 41, 
bearing the news of their discoveries to Europe. 

The operations last mentioned resulted in the iutroductiou of a uew for-bearing animal, the 
sea otter, which soon became one of the chief inducements for foture expeditions and explorations 
in the northwest. On the island where Bering died his crew killet1 many of these animals, and 
in China sold the skins at large prices. 

The Russian Government did not at once follow up the geographical discoveries of Bering, 
hut enterprising individuals fitted out private expeditions to hunt the otter. None of thei;e. 
reached the coasts visited by Bering and Tschirikow, hut they explored the Aleutian Islands autl 
brought home some sketches and maps. 

In 1764 the Russians occupied the penini;ula of Aliaska, on the coutinent of A.merica, wistakiug 
it for an island, and formml different trading establishme11ts and hm1tiug- stations. At length 
thei;e attracted the attention of the Russian Government, and induced an ofticial inYestigation in 
regard to their extent and connection with other countries. 

By order of the Empress Catha,rine II, expeditions were dispatched ahont the time of Hie 
ex1mlsion of the Jesuits from California, and the substitution of more active explorers (tlie 
Franciscan missionaries) to fill places vacated by that religious order. The first was >lent in 
1766-'67, under command of Lieutenant Synd, and the second iu 1768, in eharge oi Captain 
Krinitz;yn and J.,im1tenant I. .. ewashoff. But these navigator!-\ failed in attempting to reacll the 
latitudes attained by Bering and Tschirikow. They effected nothing· except a little irnprornment 
in the knowledge of the position and condition of the Aleutian fur islands. The attentiou of r,he 
Spanish Government, anxious to preserve aml defend its old prutensious to the possession ot' the 
Pacific, was excited by these movements. They were regarded as iuYasions of Spanish California. 

FRENCH EXPEDITIONS. 

The expeditions of the French, sent out westward from Canada, \tll(l their discoYeries, like 
those of the Russians, could not but influence the views held in regard to the nature and con· 
figuratiou of the northwestern coast. On the Saint Lawrence the Freucb were told of a great 
expanse of water at the westward, and tbey supposed it to be tlie Pacific Ocean, as, accordi11g to 
opinions then prevalent, the continent was not of -Yery great breadth. The first English settlers 
in Virginia believed that beyond the Alleghany Mouutains there was a large sea, supposetl b,v 
some to be the Pacific, by others onl.v a bay or branch of the Gulf of Cortes (Californian Gulf), aml 
that supposed sea is marked on some of the early maps of Virgiuia. 

The Fre1rnh had found that the so-called "Great Sea" was merely a series of lakes. Iu 1673, b~· 
passing the Missi8Sippi they disproved also the supposition in regard to the proximity of the 
Pacific. Its coast was, however, in imagination: removed only so far west as was made 
needful in representation by positive evidence. It remained a tiworite idea with the Cauadian, 
French, and Virginian English that the continental breadth was not great, aud at each step west,
ward they expected to find water courses running in that direction. 

In the year 1683, soon after the disoovery of the Mississippi, a French traveler, the Baron 
La.honlan, while exploring the river ".Moingona" (perhaps the Minuesota), met. some Indiaus who 
t.old him of a river running westward. One of them painted upon a buffalo skin a map of the 
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ri\·er with its mouth opening into a large expanse of water; and on the shores of that expanse 
were towns and trading vessels. Tllis story is like the vision of the Spaniard, Ooronado, who also 
saw salt water at the west, with great gilded trading ships. Lahonlan brought home a map, and 
we see in consequence on French publications of that day a great western river not far from the 
Mississippi, an<l in addition the shore of a broad stretch of salt water, but whether intended 
for a large inland lake (Utah t) or part of the Californian gulf, or the Pacific itshlf, cannot be 
decided. 

lu 17'.!I CharleYoix, a French Jeimit, went down the Mi8sissippi, and was told by Indiam; near 
the month of the Missouri that they had been westward and found its source in very high mount
aiwi, 011 the other side of which was a stream flowing towards the west. A similar but more 
cir1·.u111sta11t.ial account of this western river was given by an Indian to Du Pratz, another French. 
tran~ler, in 1735. He called it Tacoutche 'ressee, and Raid he had traveled from its source to its 
u10ntl1, or as far dowu as the great water towards the setting sun. Amongst Indians on the upper 
waters of the )1issouri some French voyagers saw sea-shells, which had probably come from hand 
to hand ornr the U.ocky Mountains to the valley of the Mississippi, and these were considered as 
sure indications that an ocean existed in the west. 

In the northwest the French discovered and traced the river of the Assinaboines ancl the 
Saskatchawan, obtained some knowledge of the Rocky Mountains, arnl also heard again of the 
"Hreat H,iver of the West." · 

Amongst the travelers in that region was the Chevalier de la Verenderye, a man of enterprisi11g 
8pirit,, who, with his sons, mauifosted steady interest iu geographical development, but it is not 
probable that he actually reached the mountains. He went far in that direction, and pictured them 
on his map, as also the river of the west, which is represented as an outflow of Lake vYinnipeg. 
The French map-makers who followed his indications, as, for exam.tile, N. Bellin, in li43, not only 
sketched the river, but added some parts of the coast of the Pacific, which they adopted as the 
western boundary of La Nouvelle France, or" Uanada." Opinions respecting the mouth of the 
river were as various as those held in regard to the source. Some thought that it led to the harbor 
of San Francisco, where two western rivers do in fact join their waters. Others supposed it t-0 
flow in the opl'Iling seen by Martin d' Aguilar, and some bad in view an outlet towards the 
Strait of .Tuan de Fnca. 

The Englisl1 traveler Carver, who, like Verenderye, set out intending to reach the Pacific, 
,;ayo;: ''The rfrer Oregon, or River of the Wei.t, falls into the Pacific Ocean at the Strait of Anian." 
Miiller, the able Herman historian of Hussian dh;coveries, sa.rs: "According to my opinion, the 
much i<poken of Great R.iver of the West falls into the ocean opposite either to Kamtcbatka or 
the con11tr,y of the Tschnktschi.'' 

Spaniards showed on maps of the country northwest of Mexico some large rivers, but the 
<lin•etions are marked as uncertain. Their names are Rio Dolores, Rio Buenaventura, Rio San 
Felipe, Rio Los Monges, and others. Some believed these to be indepe11dent streams, but others 
supposed tl1ey were branches of one large river, probably the Oregon, mentioned by Carver, or, 
ai,; name1l by the J<'rench, "Riviere de l'Ouest." 

The French lost control in Canada before their explorations could be extended from the Saint 
La:wrence and Mississippi towards the Pacific. Others completed the work, as will be mentioned 
hereafter. Neither the expeditions of the Jesuits nor those of the Russians or French at this 
pcriotl reachetl the middle of the northwestern coast of .America, though many speculations and 
h_ypothe:se.s were starte.d h_y them. '!'here remained an immense tract as little known in 1750 as 
it11ad been at the beginning of the seventeenth century. Before alluding to further operations, 
two enterprises of this period will he touched on, namely, the apocryphal discoveries of the so
called Admiral Fonte, and the expedition to Ualifornia under the astronomer Ohappe. 

The so-called voyages and discoveries of .Admiral Fonte have no historical foundation. Before 
the year 1708 no one had heard of such a person. Then it was for the first time mentioned that 
he had made important discoveries in the year 1640: When first told the story gained little 
attention, bat in 1750 the two eminent French geographers De l'lsle and Bua.che declared their 
belief and brought the details before the Academy of France, aud the l!ltory a.ttrooted much atten
tion. Even the Spanish Jesuit8 in California occupied themselves towards the close of their tenure 
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with the subject. It seems proper, therefore, to mention it, which may be <lone briefly, as Venegas, 
the annalist of the Californian Jesuits, gives a treatise 011 De Fonte iu hi1:1 thircl volumP. 

Of De Fonte's pret<:>nded discoyeries noue but that of the Rio de los Re_v1:>s was ever deemed 
plausible. 

In 1708, without signature or mention of authority, an rnnglish periodical, "Tlw M.onthl;y Miscel
lany or Memoirs of the CuriouR," contained an article eutitled."A NarratiYe," in which a certain Admi
ral BartolomP de Fonte or Fueute rl:'lates that he waR seut b~v order of the King of Spain and tht· 
Viceroy of Peru, in the .rear Hi40, to make di1:1co,·erie1:< 011 the uorthwestel'll coast of America; that 
he had sailed i11 furtherance along the coast of California, and reacl1ed, at about ;)~~ deg-ree8 north 
latitude, the month of a great ri\"er, which he named llio dl' los Reyes, aud 011rmsite to this a largp. 
archipelago, which he called "Sau Lazaro." He further states tlrnt he eutere(l the rirnr and passing 
uort.heast dh,;covered lakes, channels, alHl other waters, to eaeli of which llP gaxe a 1mme~ and at 
last leaving his ve1:1sel iu oue of tht lakes he traveled overland to Hudson's Bay, wherP he found 
a ship from Boston in New England. The narrative adds that while De Foutf' was on his extra 
ordinary journe.r, one of bis officers made at the north similar <fo~coveriBs of channels, lakei-i, and 
passages from the Pacific into the northern waters, that he had given names to all of them, and 
described each of them minutely in his report to the Admiral. 

The fiction here mentioned would not be worthJ· <Jf notice if such intelligent men a;.; T. X. dt> 
l'Isle and Philippe Buache had not. brought the matter before the Academy of France, an<l 1h1clared 
their belief in its authenticity. English writers ha,·e made it prollable that tlw story was fnr
nh;hed by Mr. James Petiver, the uaturalist, wbose taste and talents for sueh productio11s were 
well known. When eminent French geographers issued a map sho\"l'ing the pretende(l disc<n-eriei:< 
of De Fonte, of course they had imitators. Jefferys, Brouckncr, and Beruouille, among otheris, 
adopted the whole or part, copied the map, and ga,·e the names ''Archipelago tle San Lazaro," 
"R1o de los Reyes," and others, thus perpetuating the fable aud promulg~tt.iug it to tlI<' world. 

1769. 

1-'b.e voyage of the astronomer, M. Chapped' Auteroche, was one of sernral made to different 
parts of the globe for the purpose of observiug the transit of Yen us which occurred on the 3d of 
June, 1769. The French Academy was at the head of the enterprise, and wished to ha Ye observa
tiomi made on one of the Spanish Son th Sea f sland:..;, but permis8ion beiug refnsell, the peninsula 
of Oalifornia was chosen instead, and there the court of Spaiu was willing to lend a l11>lping llall(l. 
So a combined expedition was arranged, of Spanish aud French obset.\'Prs, and the direction was 
given to Chappe, who had previously made a vo;ra.ge to Siberia in the interest of as.tronomy. For 
the observations of 1769 he was amply provided with astronomical and mathematical instruments, 
and he was accompanied by a French gl\Ographical engineer and a watchmaker. Two Spanish 
astronomers, M. Doz and l\I. l\Iediua, joined him at Oacliz on his wa.r to the New \Vorld. 

The party expec:ted to sail in one of the ship8 of the great Spanish fleet de.'ltiued for Yern Cruz, 
but its departure being deferred from week to week, the time for the transit of ,~ euus dr1>w 1:10 
near that a vessel was hastily made ready, and they sailed to Mexico and iu a miserable condition 
landed on the 8th of March, 1769. With a caravan of mules the instruments were trani;ported to 
the harbor of Sai1 Blas, and after long detention by calms and high winds the party 1·eached the 
shore of the peninsula of California a.ta point near the mission of Saint Joseph, where, hadug 
some time left, they erected obl'lervatories in barns and under tents. 

Favored by serene skies, M. Ohappe had the good fortunl"1 t.o record r1 series of satisfactor~· 
observations on the transit and noted other astronomical pbeuomena, amongst which was a lnuar 
eclipse and the immersion of one of Jupiter's satellites. All these and an interesting narrative of 
the expedition were made known to the scientific world by Cassini. The preparations of Chappe 
had boon methodical, and his obsenations were made with_ scrupulous exactness. The Spanish 
aatronomerB pursued their operations separately. From all the ohserva.t.ions the geogmphical posi
tion of San Joseph proved to be 230 3' 20" N. and 1120 !,!' 3011 west of Paris. But the best Mexican 
ebarts of that time varied much from this result, differing as much as three degrees in longitude 
and more tha.n a degree in latitude. 
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According to calculations resulting from the observations of CLappe, "\Vestern America was 
found to he uearer to Europe than preYions estimates by about four degrees of longitude. The 
result became a 14an<lanl for all subsequent Slll'\'P,Ying operations. Jn 1793, when Vancouver fin
i8he<l his survey of the northwestern coast, lie repaired to Cape San [incas and the vicinity of 
Saint Joseph, in order to compare his results for position with those obtained b~- Chappe in 1769. 
\\rllile the last-named observer was en·gaged 011 tlle peninsula a malignaut epidemic. raged. Be 
died tllere, as did se\·eral of his compauiou8-his watchmaker and the Spanish astronomer, Don 
Sah·a<lor <le ;\lediua. I11 fact, the entin· 1;arty of leamed men assembled near <Jape Saint Lucas 
became i;erionsl,v ill. Tllose who reco,·ered fled from the fatal shores, regardless of iutended 
exploratious for tile beuefit of geography am! natural history. 

'l'ltc British Gornrm111•nt seut out Captain Cook iu the year 1768, accompanied by the 
astronomer Green and uaturalist Solauder, to o!JserYe the transit at a station on the island of 
Tahiti, and this was the first of a series of Pacific ;-oyages which, ten years later, brought Cook 
to the northwestern coast of North America. 

FHANClf:\CANS A,.~D YANCOUYER, 1769-'9~. 

:Fear of the progress of the Russians in the racific, the expulsion of the Jesuits from Cali
fomii1, aud Hie zeal in missionary work eYinced by their successors, the Franciscan friars, 
[twakened aotivit.v which was not a,gain iutt•rrupted until tlie coast w~s thoroughly explored. 
Year after year one expeditio11 followed auother, Enropeau oat.ions concurring, and at the end of 
the century nearly all the "wy8teries of t,he we8t" lay open before the world. 

Alarm at Ru:,;siau progre8S had drawn the Spaniards to the northwest, and they had previously 
moYed northeast (on the American continent) in consequence of the advances of the'French. To 
clrnck these in thi1 Yalley of the l\IissisAippi the Spanish sent expeditions which resulted in the 
settlement of western Texas. In 1762 they acquired from France the cession of the western half 
of the Mississippi country, and detachments of Spanish dragoons, missionaries, and trad~men 
from ~ ew Mexico went 80metimes as far north as the fiftieth parallel. At this time they se~med 
willing to take pos8essio11 of a continent conferred on them b;r a Papal bull at the eud of the 
fifteenth centUl'j'. But this was merely as the last brightening of a flame before its extinction. 

The l\larqnis de Croix, Viceroy of Mexico, who, in 1767, ordered the expulsion of the Jesuits 
from California, aud ga,·e their missions ~HHl settlements to tile Fra11ci8cans, directed the latter to 
advance towanls the northwest. "\Varrned by the triumph over their rivals, the F'rarn,iiscans 
manifested great zeal. An enterprise was planned by t,I1eir superior, Joseph de Galvez, with the 
approbation of the Viceroy, wbo was, howevu, succeeded in office by Don Antonio Maria de 
Bucarrelli in 1771, a mau uot less active iu promoting geographimtl exploration and missions. By 
thl· t•xcrtionii of these men was carried into effect, in the course of six or eight years, the long 
def<ired scttlemcHt, cultivation, and explorMiou of what tho Jesuits had called the" Contra Costa." 

The history of the labors and sufferings of the Franciscan friars and their companions is 
highly iuterestiug. The :i.ims and results at which they arrived served an important end in 
allrnucing the hj·llrogmplty of the coast.. Peaceful and comparatively strong, the missions became 
fu!t~rums of ei\·i1izatio11 in that region and desirable supports for subsequent northwestern voyages. 

Spani8h explorers returning exhausted, as also English, French, and other nationalities, relied 
on these e>itablishments. Vancouver would probably haYe perished but for the succor atforded 
by the Fmne<i.8cans in California, antl the l~ussians relied ou them for provisions. Agents of 
the Hudson Ba.~' Compan,y traYeled from the Columbia River for supplies. In short, these missions 
were the basis of t•mpire. \Vithout them the United Stares would have found it much more diffi· 
cult to establish government iu that part of it.s territory. All American travelers in the begin
ning of tile prest·nt ce11tury reptiirell to tltei:oe llospitable settlements, as the mariners, the Russia.us, 
and tbe Uana.diarn,; did, asking for bread and for succor when exhausted; and many doubtless would 
have i>erished if the I1'rancisca11s llad not 1>rm·iously dotted the·c,'Oast line with cultivat;ed patchrs, 
cattle, peaceful India11s, and homes. It would be interesting to follow the history of these missions, 
but our main interest here relat~s to the land and sea expeditions by which they were established. 
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MISSIONfl, 17W. 

It was concerted between the Viceroy and the Superior of the Franci.~can ronventl'I (.lose a.~ 
GaJyez) that three missious should be fouu<led, one at San Diego, auotlwr at Monterey, ancl a third 
midway between the two, both of which had been pronounced by Vizeaiuo, a hundred and fifty 
years earlier, as well adapted for the intended purpose. The middle station waH called San 
Buenaventura. 

Two expeditions were to be sent out at the same iime, one from the peninsula, by land, the 
other by sea from San Blas. GaJvez himRelf superintended the aN'angements for both. The land 
expedition wai; to conduct the principal missionaries with soldiers aud cattle, lay ont a road, an<l 
hegin friendl? intercourse with the Indian tribes 011 the way. Thi8 was under command of Don 
Gaspar de Portola, the captain of dragoons, who had been charged to expel the ,Jesuits from Lower 
California. He was supported hy other officer:;, some soldiers, aud St>vera.l missionaries, under the 
~upervision ot' Father Junipero Serra, who was con:stituted president of the new missions. The.v· 
set out in two divisions, the smaller au exploring party under the conduct of Dou Fernando Riv<•ra 
and Moncada going in advauce. The priucipal body, comrn:w<lt>d by Portola, followed on the 1.'ith 
of Ma;y, 1769, from the .Mission de San Fernando eu Yclicata, the most northern settleme11t iu 
Lower California. Thfa had heen founded only a short time before their departure. The track of 
the old Jesuit traveler, Father \Vencesli:»us Link, was followed to the neighborhood of the Colo
rado. From thence, taki11g a northwesterly dire~tion, they arrived on the 1st of .Jnly, 176!1, after 
forty·six days' travel, at the Rhore of a hay recognized by th rm as tlle harbor of San Diego, aeeording 
to the ol<l maps and charts, and there they found t11~ sea expr.ditiou at auchor. 

The sea expedition was intended to aid that on land by carr:dng out more soldiers, provisions, 
and implements. They were also to survey, or, as that operation was then expressed, "register 
the coast" (a tracer el registro de la Costa). Foc this purpose three ships were fitt€d out from 
San Blas: The San Carlos, San Antonio, and San Joseph. The principal Yessel carried Don 
Vicente Vila, commander-in-chief of the expedition, and the st>coud, Capt. Don Juaz Perez, who 
was afterwards one of the most active among the explorers and navigators of the northwestern 
coast. 

The three ships sailed on separate days. Perez, in the San Antonio, arri•ed at San Diego Ba,r 
on the 11th of April. The Sau Carlos started more than a month earlier, but was a fortnight 
behind the San Autnnio, the captain of the San Carlos, judging from "the indicationr- of the old 
maps'' that the port of San Diego was between 330 and 34° of lHtitu<le, hnt he found it at 320 40' 
He lost, therefore, much time, and did not discover his error until hiR crew was much wasted by
sickness, hunger, aud fatigue. Some of the crew <lied on this voyage. The third ve8sel (San 
,Joseph) was never seen or heard of after sailing. The members 'of the two experlitions rejoieed in 
heing united, but as a voyage to Monterey was out of the question, the San A utonio was marmrnl, 
and Juan Perez sailed in t.hat vessel on the 9th of ,luly from Sau Diego southward to lwocm•e 
provisions and hands. 

When the ships were found unavailable, and tbe San Antonio had 8ailed homeward, Portola 
determined to march northward, moving on the 14th of Jul.)', 1769, iu search of Monterey. Part 
of the company was left at Sau Diego with Father J unipero Serra to form the intended scttlt•mm1t 
and mission and to negotiate with the surrounding Indians. He started with some soldiers aud 
missionaries, including Friar Juan Crespi, the journalist of this and other Franciscan expeditions, 
and traveled slowly along the coast, accompanied. by a train of' mules and man_)· friend!~· Indians. 
Passing the Sierra of Santa Lucia, they came in sight of the harbor of Moutere;y on the 1st of 
October. Men were sent to reconnoiter the bay, but could find nothillg answering the description 
of the port of Monterey as given bj' the pilot, Cabrero Bueno, which was their only guide. The 
open bay they thought could scarcely be called a "port," and if Mcmterey was to be found they 
must look for it farther north. Portola was very anxious, as he hoped to find there th0 l::lan .Joseph, 
of the loss of which vessel he was yet ignorant. He therefore continued liis march northward, 
though many of bis followers were sick with scurvy; and thus "they tumed their backs on the 
very port they were in search of." 
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On the last day of Oc.tober they were within sight of the Farallones off San Francisco entrance, 
"the signs of which, being eompared with the remarks of the pilot, Cabrero Bueno, were found to 
be exact." They were then convinced that they had left Monterey to southward, and on the 11th 
of No>ember tlw,v tur1wd in that direction and reached the bay, some of the party now believ
iug it to he Monterey. There they remained until the 10th of December, waiting for the San 
.Joseph, but no Yessel arrived. The Si..,rra of Santa Lucia was already covered with snow, and 
Portola kept on towards the eouth. H seeiilS probable that once during this expedition the party 
was on the 8hore of the lrnrbor hut could uot identify the place. They arrived at San Diego on 
the 24th of .Jnnnary, 1770, after more than six months of travel and trouble, having been driven 
by hunger to eat their mules a1111 horses on the way. Some of the party reported that the harbor 
of Monterey had probahl3' been clurnged since the time of Vizcaino, as the spot so named on bis 
map had been found filled with sand hills. · 

The ship San Antonio returned, as before related, to Mexico, and reached San Blas towards 
the end of July, 1769. From thence it wa,s again dispatched, under command of Juan Perez, early 
in the year 1770, with prm'isious to Monterey, where it was suppmicd the land expedition had 
meanwhile arri\'ed. But on touching at a point on the Santa Barbara channel to procure fresh 
water, Perez was told hy the Indians that the expedition had gone back to San Diego, and 
having lost an auehor whieh he hoped migllt be replaced there, he was induced to steer for that 
harbor, and reached it on the 23d of March, barely in time to save the enterprise, as Portola and his 
party, destitute of any means of suhsistence, had fixed upon that very day to go Routh and abandon 
the attempt at settlement. 

When the two branches of the expedition united at San Diego with replenished means they 
agreed to set ont again for Monterey. Perez sailed in the San Antonio on the 16th of April, 1770, 
accompanied by :Father ,Tunipero Serra. They were fon;ed back by storms to the thirtieth parallel, 
where they found more favorable wimls, and after six weeks of tedious navigation they entered 
Monterey on the 31st of May, being as far as we know the first Europeans who did so in a period 
of one hundred and sixty-seven years which elapsed after the visit of Vizcaino. 

Portola and his party, including Father Crespi, the journalist of the expedition, left San Diego 
the day after the San Antonio sailed. They reached Monterey, where the vessel awaited them, 
and the reunited miKsionaries founded there the mi:ssion of San Carlos de Monterey, or the Royal 
Pmt of' San Carlos. Names were given at this time to some small rivers, valleys, and other 
places, hut they are not all meutione<l in the narrative of the expedition. 

Early in August, 1i70, the action at Monterey became known in Mexico, and the joy of the 
authorities there was 8nch that they ordered a general ringing of the bells and a great festival. 
l\lasll was celebrated and a procession formed in which the. Viceroy and all the tribunals joined. 
A proclamation was printed and distributed, giving a short description of the travels and dis· 
cornries of Portola and the mission~ries, and announcing that the dominions of the King of Spain 
had heen exte11de1l 300 lea.gues along the coast towards the north. 

Pl•rez had sailed from Monterey in the San Antonio on the 9th of ,July, 1770, to return t-0 
Mexico and bring from thence pro,'iMions. On reaching San Blas he gave int.dligence of the 
i>roceedingt'l at l\Iouterey. From San BlaR he was again sent, early in the year 1771, to Monterey, 
and there arrh'l'd with tm1 other missionaries on the 14th of April. On the 7th of July, 1771, 
lte went to San Diego with dispatches, and from that place returned to San Blas with invalid 
missionaries. 

Father ,J n11i1wro Serra occnpie1l the time after his arrival at Monterey by making excursions 
into t,lw adjacent, country, visiting Indian tribes, and seeking convenient sites for missions. Every 
mission thus founded was combine<l with previous explorations, and served also for extending 
geographical knowledge. Serra explored the valley of the Rio Carmelo near Monterey, and trans
ferred to that rn.lley his mission of San Carlos, the first p08ition of which was further northeast. 
Vfith other friars he visited the Sierra de Santa Lucia, and there settled the mission of San 
Antonio de Padua. He celebrated mass on the 14th of July, the day of San Buenaventura.. 

The mission of San Gabriel was established at the end of the summer of 1771. 
Having somewhat advanced towards the south the chain of missions And settlements by whieh 

he intended to connect Mexico and Upper California, Father Junipero turned his attention to the 
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nortb. An expedition in tbat dirootiou was agreed upon with the military commander Dou Pedro 
FageF>, who with some soldiers aml the friar Crespi started from :.\fontereJ on the 20th of Marnh, 1772. 
Tue latt.er wrote a journal of the expeditiou which shows that the enterprise was very unfortu
nate. Part of the country was sun·e;yed, 01· "rt'gistered," wheu the work was interrupted lJy a 
report from San Diego of famine and sic.kueS1S, aud the contemplated abandonment of that port. 
'l'he party consequently returned as soon as possible. 

Aftt>r returuiug with the invalids to San Blas at the en<l of the sumwer of 1771, .Perez was 
aguiu employed, eal·ly iu the following year, t-0 carry proYisions to l\fouterey; but the bad condi
tion of his ships and unfavorable weather made it impoi;sible to attempt the passage arouud I'oiut 
Conception. Instead, therefore, of making his destined port he carrietl the provisions to Sa.n Diego, 
which settlement, 011 the brink of ruin, was thus saved hy him a second time. Information was 
sent to Father SeITa in Monterey of the arrh·a.I of these supplies, and a request that they should 
be sent for by land, because of the d1ftlculty and danger of water transportation; bttt the father, 
though now old an<l somewhat infirm, jourueyetl iu person to the latter place and persuaded Perez 
to trust in God, nut,withstandiug the bad seasou, and attempt once more the voyage to Monterey, 
as tlie statiou must be almudoned nu less the much needed proviNiom; should soon arri rn. Yielding 
to the pro.11ptings of Serra's f<lith and zeal, Perez agaiu set sail, arrfred in safety, antl after laud
ing his c;.irgo returued to Sau Blas. 

In 1772 Father Junipero founded the mission of Sa11 Luis Obispo de Tolosa at the south of 
Mouterny; and afwr visitiug the otlaer missions resolved to retn u to Mexico for conference with 
tho 11ew Vicerny, UOll Anto11iv Maria. de Buca.relli, who had su~:eeded the Marquis de Croix, the 
fu1·11HT pat1·011 .of St'rra'~ eutt>rpriise, mid who was isupposed to lJe unacquainted with the im1}ortauce 
of western mis:siouB and explmations. Junipero explained to the Viceroy the political importance of 
the mi:ssious, found ready audience, and procured all the ai1l desired. 

Perez was sent oot again with supplies, but bis voyage was unfortunate. Driven by storms 
to Ute pe11i11sula be was constrained to unload his vessel<i, and the friars aud soldiers depoudeut 
on him for supplies elsewhere antlered grj;\atly from hunger. 

DON JUAN BAUTISTA ANZA. 1774. 

At t11e rPqnest of Father .Tunipero, the Viceroy of Mexico hiid also i;::ent an order to the com
mander of the northern frontier of Sonora to fit out an expedition for Mo11tcre.r, 111111 to trae~· n11 
overlaud route in tllat direction, so that missio11s might not he entirely dependent ou Wt\ather, 
commtmicat_ion with Me}tico 111> to that time having boon eitber by sea, around Cape Sau Lucas, or 
half way by land to Velicata and Sau Loretto iu Lower California, and from thence us water. 

Ariza traveled with soldiers, cattle, mules, and provisions from Sonora to tbe Rio Colorado, 
crossed that rirnr and weut through the country t-o the coast, and thence to ~fontrrey. He 
arrived in April, 1774, having on tbe way traced out a new land route between California and 
New Mexico through Sonora. 

Partly at the suggestion of Father Juuipero, the Viceroy was induced to furnish a larger expe
dition. The Santiago, n new ship, was fitted out anti placed under the command of Juan Perez, 
bound to San Diego and Monterey, from whence the captain was to proceed to higher latitudes. 
I.n this ship, which s~iled from San Blas on the 24t~1.of January, 1774, Father Junipcro returnp(l 
to bi:s mission. Landing at San Diego he traveled to Mo11terey, a11d arrived there on the 9th of 
May. On the road. be mt1t Auza, who was tlit>u uu bis return from Sonora. Perez also touched nt 
Monterey and discliarged supplies before going further north. Ilis voyage to Nootka Sound w~1S 
uudertaken at the suggestion of Father Jimipero Serra, and Perez was accompanied on it by two 
Franci<iean friat'S, namely, Juan Crespi and Tomas de la Pefia, so it may be considered as a branch 
of tbe Franciscan expeditious. Crespi and Peiia .iOintly Wl'ote an account, but no statement was 
e\·er made public by the Spanish Government. The particulars remaine1l unknown dnri11g the 
last century. Some vague reports in<luced the insertion of the following remarks ou maps: "The 
Spaniard11, IU'e il&iil to hal'e· made iii 1774 an ex1>edition as far a.s 550 N. L." Navarrete was the 
6r&t·'W!ho,ga\•fHtdditional wforw&tion in regard t.o this audertaking. The journal of Crespi and 

·H.'Bx. ~t3··' 
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J1eua was made known to Humboldt iu Mexico, and is meutioned in his Essai Politique, second 
edition, Paris, 1827, Vol. II, p. 29G. 

The founding of mis8ions at Sau Diego and Mouterey uot only occa.sioned voyages, hut <~on
tribnted to their success. Mariners for such service were trained by ai;;sociating with i11tt>Jlige11t 
meu, and the officers who commaudecl transports and provision ships also conducted explorations 
in the northern regions. , 

Perez aftr,r clits<'liargiug his cargo at Monterey fitted his vessel for duty in high latitudes, and 
get sail for tbe uortu on tbe Gth of June. He seems to have taken at the outset a western course 
into the Pacific, but turned uorthwar<l au<l again saw laud in 53° 531 north latitude, wl1ich, if the 
reckoniug was true, must have beeu part of Queen Charlotte's Island. At 5-1~0 north he n~aclie<l 
a cape and an iRland, and to the last applied the name Sa11ta Margarita. 

'Vhat is known as Dixou's Strait was at a much earlier date called by Spaniard8 " Entr1ula. <le 
,fuan Perez." 

On his way southward Perez saw various partR of tlle western coast, hut bis principal dis
con~ry was the harbor of San Lorenzo, in latitude 490 :~O' N., afterwards visited hy Ca.ptaiu Cook 
and 11.r llirn uanw<l Noot.ka Sound. Perez had fiOnie tiwfo with tlw Indians, all<] Cook found 
tr:we,; iu srm<lr.r articles of Spanish origin wben he snbscqueutl.r Yisitt:d the plact« The Spau
iartls doubtless saw 8ouie points of Vanetmvn's fohrnd, and some writers suppose that at this time 
the entrance to De Fnca's Strait was first obsi·n-ed. What is now kuowu as Cape Fla.ttery w:1s 
called formerly l>nnta Martiue;r,, after the pilot of the San Antonio, whose name w~is Bstava11 .Jo11e 
J\.fartinez. On bis way south Perez determined the latitude of Cape Meudocino, a11d arrin>.d at 
lllonterey on the 17th of Angust, 1174. He was soon afterwards Hgain at San Blas. 

This voyage may !IP cor1si1lerl'd fortunate, (Jueen Charlotte'.~ aml Vancom'er's Islands being 
tllen for the first time touched on by Europeans. The Spauish G0Yermne11t kept long eo11cealed 
the accounts and maps furnished h;1 Perez, aud subsequently English navigator8 were considered 
as discoYerers of the places. 

In the summer of 1774 Father Juuipe.ro Serra and the lately appointed military commander, 
Hon Fernando RiYera .r Moucada, started for the purpose of founding a mission on the s!10res of 
the Santa Baroara Channel. It. was to be called Sau Juan Car1istrano, awl to be in charge of the 
rathers Fero11iu l.1aznen and Gregorio Am11rrio, who were seut out at the end of October to 11x-
11lore tlie country. They selected a convenient Rpot and founded tlw mis8ion, the uame of which 
is still retained b,r a little port 011 tlw com;t. The completion of tlH' estnhlislmH·nt was, however, 
dPla,rn1l hy an Indian revolt which broke out in the ne.ighborhood of San Diego. This prevented 
further attempts for the settlement of missions by ·Father Junipero tbrongh the following year, 
177;), 

SONORA-SAN DIEGO. 177n. 

A journe>· was made in 1775 by a Carmelite friar, Francisco Garces, and thereh;y anothn way 
of communication was opened towards the interior. Father Garces traveled from Sonora through 
the Colorado countrs, saw the southern end of the Sierra Ne,·ada, and discovered iu the interior 
of California, a river which }14> called Rio de San Felipe (perhaps the upper part of tbe San .Toa
quiu ), and 1msRing 011 to San Diego he returned from thence to Sonora. Se\·eral jonrue,vR were 
1mule by tlw friar. This mention of bis California excursion is in acMrdance \\'itb a map made 
lJ_v .'.\I. Mascaro, aJHl in 178:.l published in Arispe. The ruap has on it the route of Garces, as well 
as that of Don Juan I1antiste de Anza. Tlti8 last·uamed travf'ler-; after retnrning to Mexico, 
matle iu liW a second journe_y to California, htki11g with -him soldiers an cl settler;;, horses, mules, 
and cattle. On the 29th of September he set out from the Presidio San l\liguel, in Sonora, and 
arrived at the mission of San Gabrit'l on the 4th of January, 1776. 

NORTHWESTERN COAST, 1775. 

Soon after the return of Perez, tbe viceroy of Mexico, Don Antonio de Bucarelli y Onme, 
auimated by this first success, ordered the fitting out of two vessels, the Santiago and tbe Sonora, 
for another expedition, which was put under command of Don Bruno de Heoota. He sailed in the 
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first named ship, and for the command of tlrn second assigned Don Juan de Ayala, assisted by Don 
Jnau Frmicisco de la Bodega y Qnadra. Antonio )laurelle sen·ed m,; pilot and afterwanh; wrote 
an account of the expeditio11. Per(:'z, who conuucted the enterprise of 1774, as ahm some others, 
lm1t hi" lifo in thi1:1. undertaking. Both of the ships sailed from Sau Blas on the 16th of March, 1775, 
with orders to proceed along the northwest coa>:.t as far m,; the sixty.fifth parallel if possible. On 
tlH· first part of tLe vo_yage thl\Y were accornpauied b,y tile packet San Carlos, w!Jicb n•ssel was 
bound to M011tcrey and San Francisco in charge of Don :\Iignel Manrique. But nnfortu11atel;i· 
that officer was seized with insanity a short time after !Jc left San Blas. The command of hii,; ve<ssel 
WflS gh·eu to Ayala, and Bodega took the vlace of the latter in the Sm1ora. Tlrns Bodega became 
prominent in the expedition. A:mla, by taking the San Carlos into Monterey and San Francisco, 
was; sqiarated from it, and at, tlla-t time made the first sune~· of the bay of San :Francisco. 

After separating from the San Carlos, the two remaining suips sailed to the northwest and had 
011 board for information tLe history of California, by Veuegas; also a map o1 the :French geographer, 
lkllin, which "\Yas fotmd Hry unreliable and fanciful." They had also tlle c!Jart made b~· their 
predernssor, Perez, who acconipanied them on this \oyage. 

On tlie coast north of Mendocino they found a small bttrbor iu 41 o 07' north latitude, which 
they entered ou the 5th of June. In the course of a tew <la~;s they surw~·ed the harbor, and erected 
a cross on the shore, an(l named the harbor Holy Trinit~·. A riYer emptying into it was called 
l1y them Rio de las Tortolas, or Pigeon RiYer, from the large flocks of those birds seen tlwre. 

TLey sailed further north, looking as they went for the inlet warked on their map as De Fuca'H 
Strait, and reached tlw coast in latitude 470 24' north, where a party from tlie crew of the Sonora 
\rHs seut on ;;Jwre for frt•8h water. 'rhey were attacked b_y tlw natin•;;: a11d seYe11 of the ere\\- were 
ki lle11. Tlie ;;a Y<1 ges <lpprared to be numerous; the landing wai; difticult; heill'e the murcll'r was 
not Mcuge<l, au<l keeping <JU to the uorth west the unfortunate spot was named Isla de Dolores. 
On some Spanish maps the place is marked as Eusenda de los l\Iartires (Inlet of the Mart~Ts); 
an<l is probabl.v tl1e locaJit,y afterwar<ls and even yet called Destruction faland. 

Ou the 1st of August, and when in about 50 degrees north latitude, the ships separated in yery 
thick weather. Aftt>r seeking each other i11 vai11, Bodega and Maurene, in the Sonora, resolved to 1;ail 
uorthward, but Ileceta, in the Santiago, despairing· of snceess, turned back to the soutl1wanl. 

In latitude 570 04' uorth, Bodega saw a high mountain, and m\me1l it San Jacinto. The same 
was afterwards called by Captain Cook Mount B<lgecombe. Iu latitnde ;)58 30' north a spaeionl' 
bay was named, in }J011or of tlie viceroy of 1Hexico1 Port Jfocarelli. Other localitiPs were at thi1' 
time named by the Spanish explorers in this neighborhood, but the~· are now of no special intpr4•r;t, 
Tl1e highest latitude rt>ached h~· Bodega was 58 degn•es north. There his mean1> were exliansred 
and he tnrned southward. On the 19th of September be was again in sight of the coast of California, 
in latitude 47 degrees north. Keeping on sont1Jwan1 he reached an entrance in latitude :1so IS' 
north, and supposed it to be San Francisco, but the great sea-inark, the Faralloues, not lieinl!,' in 
view, bis error became apparent to all in the i)arty. A cape north of the port before him was 
called Puuta de ArenaR, and to the port itself was given the name Puerto de Bodega. It was 11ow 
tl1e 4th of October, and without entering at the Golden Gate, he passed on to Moutere,1. 

The most interesting event of the expedition occurred on the return voyage. Ou the lfith of 
August Hec~eta 8aw the month of the Uolumbia River, but was unable to enter. SuppoRiug it to 
he tlie moutb of some large river ur strait, be ralled it, the Bay of AsRumption. On later map>; it 
is named Entrada cle Heceta, but on some Rio <le Sau Roque, from the promontory north of it, to 
which Heceta had given the uame San Roque. Both minwi; are from the church calendar, that of 
the Assumption on tlw 15th of August and San H.oque's the next da.y. 

Hooeta called the south cape of the inlet Cabo Proudoso, or Leaf)' Cape; lmt at this day it is 
known as Point Adams. He thought the oywuiug might be the Strait of ,Juan Ile Fncil. l:'lonth· 
ward of this he S<lW another hea1lla111l, a.ml rmurnd it Da.ln J<'a,lcon (now C:tpe Iiookout), and 
continuing his course Heceta reache(l Montert>.y on the 30th of August. On tbt\ ith of Odolwr he 
was joined there by the Sonora, and on the 20th of Novem her both ships again a11chored iu the 
bar bor of San Blas. 
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SAN FRANCISCO DAY, 1775. 

The packet ship San Carlo11, in charge of Dou Juau de Ayala, a commander of the Royal 
Spanish N11v~,, after leaving provisioos at Montert>y for the uses of tl1e missiouaries, was directed 
to make-a survey of the blly of San Francisco, for the couvenieuce of otJ1er mission;; that uy onler 
of the Vicnoy were soon t-0 be founded. 

Ayala 1nrind at Montere;v on the 27th of .June, 1775, discharged his-0argo, and sailed prornptlJ' 
to rletermine (says Father Pal u) "whethn the canal which bad beeu imperfectly seen from a 
distance by tlw former laud e:xvediti<>n wus really an outlet to the sea, or not." Nine days afte.r 
lt>aving Monterey lie found the outlet ofibe ca11al, which he calle,l the Inlet of the Farallones; aud 
the Sau Uarlos passed safely throngb in the night. Thus, as fal· as can be uow kuowu, AJ·ala was 
t11e first Euro1wan who entered San Fruncisco Bay. Perez in the pttceding ;rear 11ad passed h~', 
and tbe Franciscan friars on their land exrwdition, in 1769 and 1772, bad merely seen the interior 
basin from the h1ml side. Ayala reported the inlet of the Farallones as being "a Spanish league 
long and a quarter of a league broad, with strong currents issuing or entering, according to low 
or high water; arnl behind it a little Mediterranean SM with two arms, one stretching 15 leagues 
to the southward, and the other 5 lea~ues to the north; and, again, beyond this he discovered the 
j!reat bay 10 lt>agues bl'Oad, and another bay of a round figure [San Pablo Bay], into which 
em1ities tbe great Rio de Nuestro Padre San Frimcisco;" i.e., the Sacramento River. Doubtless 
Karquim.•s Strait was mistakf>n for the month of the Sacramento. He remained in the hay forty 
d11j"l'l exploring in a hoat, and "registering" the large sheet of water. The Iudians on shore 
Kt><·111t•d to he frien<ll~-. 

After cumplt•ting his "phm '' oft he hay, t Le eut ranee of which, aeeor<lill;!' to li is det <'r!ll iu atiou, 
was a few mi1rntes below the :~5th parallel, Ayala returned to Montt>rey, aud reached port in the 
middle of St~pt..,ml1er, l Im. Beiug al'lked whetlier the plate \'isited was a good port, be replied 
that "it was not a port, but a cluster of ports," and that "many fleets could anchor there without 
seeing each other." 

Ayala reported his researches to the Viceroy, anrl preseutl'rl his map. As a result, great in
terest was awakened in Mexioco, and activity in regard to settlenients near a port having such man
ifest advantages. 

Although this exploration b~· Ayala was one of the most important by<lrogrnphie achievement;;; 
of the time, it was strnngely owrlooked hJ later hi1:1torians. Nav1irrete dot>s not nw11tio11 it at all 
iu reference to results, but merely says, ".Ayala was the commamler of the ship Felicillad (Sonora) 
and went \\'itll Heceta and Bodega to the north!' Som~ writers record him as commander of that 
expedition. Gre.enhow corrects that error and states tlutt Ayala had no conceru "'ith the northem 
expeditio11 of Heeeta .aJl(l Bodega, having merely accompanied tbotle explorers "a short distance 
from Sau Blas.'' But the last name-0 writer does not mention the useful surrny made by Ayala, 
which has hee11, as stated abO\'e, missed in the researches of historians generally. 

'l'he first Jund expedition from the south, which reached tl1e bay of San Francisco, fltarted from 
Sa11 Di(·go in 176~-'70. The second was undertaken in the following yeur, and prcroeede<l from 
.Mo11tert>y fort be exploration of tba t bod~- of wat~r. The third expedition proceeded from Un.~ same 
place, aud was coud ucted by Don Juan Bautista de Ania, w lro bad made the journeys from Sonora 
to California. 

Ou the 4tll of January, 17W, Anza.bronght to 1tlonterey t.be special order awl instniction.of 
the YiceroJ' for a 1;1u,·ey of the bay of Sau Francisco, witll a view of selecting the best sites for two 
missi011s, ualllely, one for Sau Francif400, aud one at Santa .Clara. In the following l!i)I'iug thet1er· 
vice was lIBI'foJ bled. With the help of another o1lioor a.ud t«>me soldiers a ma1• was wade from the 
land side, and positions were sele~d for the Preaidio aud mit:!Sioos. The party then returned t-0 
Mexico aml reported to the Viceroy. 

After hi~ isun-ey of the lJa.y Qf S~n Francisco~ Ayala. retumoo in the Sau Ca.rlos .and arri,•oo it1 
Mexico at the end of the year 1775. Early iu the fullowi&g yea.r the ship .was dijppat~lJe4 to l\I<~•· 
teruy with provi~ions, and with it mders were st•nt for assisting in the foundatio11 of,the,ne~ wi~
sions. On the voyage the San Carlos was command<>d by Don Femando de Quiros,, and arrived at 
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M<mterey £1arl;r in June, 1776, wht>n A nza bad jn!'lt returned from hii> land experlitio11 to tlie hay of 
San Francisco. 

'l'he land expedition, under comm:md of Captain Don .losef 1\lorag·a, set out from )lo11tl'rPy 
on the 17th of Jnnl", accompaniecl b~· some Spauish familieK, i,;oluiPI·;;, Tmlians, :11111 l'attlP. 'fhP 
principal missionaril's assigned toeondnet the n;liµ,ionsalfoi1·s of thi,. mntlu.•n1 stati011 \\·e•, Fatlu·r 
Thomas de la Peiia, some of whose jourrwlt-1 of the Franci.scau expl'ditions arP yet extant; Fatlwr 
Francisco Pal011, who wrote a history of the missi011R; and the Fatlwr Pl•dro BPllito Cam lion. 1 
Some of the rnissionaries went with the laud p:qw1lition, wliich reached its de:;;ti11atio11 aft<'l' a frw 
weeks of tra,·el, without any specfal difficultit~s. Uthers 8ailed in the Sau Carlos arnl \H~t·t· n1crnilis 
on tbe Yoyage. B,y 1~ontrar;v winds the ship wns driYell lmck soutl1wanl tu tl1e tbirty-M·cond par
allel, and did not reach San :Francisco until the Ji\th of Au~u;;t. 

The 1mrties began at once to build houses, rnagHzines, forts, and cl11qwls, a11d wlirn tl1c worl• 
was partly accomplished the comrnarnler of the Sltll Carlos weut out i11 a boat to cxplorP the has. 
Re was on t11at occasion accompauiPd hy Fatl1er Cambou. A sm.all compa11,\· was at the sa.me 
time 8cnt under command of Dou Josef Moraga to walk arournl the bay, as8ist th1• l1oat party, 
and unite with it iu tbc northeast at the mouth of the river. 

On this occasion most of the i1oints 011 Sa11 Francisco Bay recPin·d the rnlmeH hy whidi the~· 
are still known~ as "8:m P:tblo Ba,v," "Point Sa.u Pablo," "Poiut 8a11 Pedro,'' &e., lrn1 011ly a frw 
are specially mentio11ed i11 the accou11t of the (·x1wditio11, and ir is likf.'ly that tlwy wne 11ameil hy 
Ayala. He was uot, as Quiroi:; was, attended by mis;,iouarie8 who would give religfo118 11a11ws 
to places. 

The land expeditiou went first to tlie sonthenst, pa;;si11g 11romal th•.' ;;llallo1,· lagoon iu \\'hid1 
the ha_y of San Frnnci;;co termi1iate8. At the southern cutl tlwy fournl a riYei· aIHl cnlll•<l it "Wo 
de Notra, Senora de Gnallalupe." From thence goiug along the ea8tern t>hore of the lagoon mitil 
opposite to the harbor of Sau Frauciisco ou tLe "Goutrn Uosta," thej· saw iu tbe mouutai11;; to the 
east an opening or valley which they thought might prove to lw a isl1ort mute to the poi111 of 
rendez,·ous with tlte sea ex1>edition, the mouth of the Saerameutu l:inJr. Ju this, howeYPr, tlH·y 
were deceived. Losing their way, the pa.rty pai;se1l tlte mouutain:s aud came out upOJJ a marsh_y 
plain crossed by several rivers, or rh·er branches, and after traTeling a short distance along what 
seemed to be the principal stream, they crossed it and marched northeast. .llnt the plain seemed 
eudleRs. The~' saw no inhabitants, and the heat was iute11st>. The time for meetiug- the se~l 

t'Xpeditiun passe(l by, aud Moraga determiuetl to rntlll'll home. He thought tlrnt all the st1'('a111s 
came from the southeast, and that their source was in the great "Tulan·s'~ {lmllrush 11w.rshc.s) I~·iug 
in that direction. It was tl1e river Joachiu aloug the lower reach of which tlie_y warnlered
tbe tlrst Europeans wbo saw its waters. 

Captain Mor:-tga and his company, on reaching the mission, gan~ au account of their jo11rr1ey. 
The boat party uuder Quiros advanced meanwbile to the nortlieru part of the hay. Tlws explm·1·1l 
San Pablo Ba~- aud entered tho Strait of Karquines, which (as did ahw Ayala) they rnil:ltook for 
t.be mouth of the river Sacramento, and callecl it El Desembogue del Hio Grande. Aft<>r it 
turned toward the east they found a llOrt which had not heen seen by Ayala. The same is now 
called Snisnn Bay. 

Father. Palon-, a witness of some of these events and the only historian who recordH them, 
does not say that the mouth of th{' Sacramento was reached on tbis occaisiou, or that a name wa11 
given to it. We may suppose that the party advanced a.s fa,r a.s tlle junction of the Sacramento 

, and San Joachin~ or to what is now luiowu a.s Sacramento Point. .At tliis point the missionary, 
Father Cambon, "eouaecrated the waters,'' and the admiuist.ration of the sacrament thert1 
sng.«ested the name which was afterward applied t.o the river itself. On the map of San 
.Francisco Bay, drawn at the time, the junctiQn of the rivers, and also Sacramento Poiut, a.re 
accurately delineated, but no name is attached. Quiros explored the uorthern imrt. of Sau Pablo 
B.a.y. On ente-ring, he saw several small inl0ts and creeks, the largest of which he supp\)se<l 
might communicate .with the ~n, but SOQU found ''without any doubt" that the hay of Sau 
;ll;'f,'P~~-bad,~uly one.outlet-, and that th&land on each side of the entra11ce formed peuiusulas. 

· Quiros, iu the San Oarlos, returned to San Blas to report to tbe Viceroy, leaving Moraga and 
the missionaries to take care of themselves, construct their houses, till the ground, and civilize 
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the lndiau;,;. After thi;,; time Ferna.ndo Quiros serYed as an officer in tbe expedition under 
Arteago and Bo1leg-a i11 177U, an<l wa;,; with them again in San Fra,ucis()o Hay. 

:-SANTA CLARA )1!:-iSIO~, 1776. 

The• 8lW<'t'8sor of Portala in the military comm:wd of California was Don Pedro Fages. 
\Vlll'n that otlicer retired, in 177 ±, hi;.; place was filleil by Don Femando dL• l:iYera Moncada, who, 
although coucerned in plans for exploration, had not rn·e,·iously ta ken an active part for 
settlement ancl fortlit'r 1liscover,\'. 

In th1• aut.umn of 177() Rivera :set ont at tlie head of 15orne troops to "regi;,;ter" the region i11 
wl1ich it was rll'siraule to found another mission, and marching north from .l\fontere;y across the 
plains of San Bernardino, he reached the southem end of the lagoon of Sau Francisco Bav at the 
ri\·er Guadalupe. The :idjaceut country was rnap11ed IJy tlw party, aml a site then select'ell for the 
mission was settle1l in ,JammPy, 1777. On tbt\ same plain the Spanish village callPd El Pueblo de 
S:tu ,Joseph de Guadalupe was founded, a1Hl na111es were assigned for the ncigliboring 111ouutai11;,; 
a111l stream;;; of water. In the following summer Don Felipe Neve became Go,·eruor of California, 
aud founded the mission of Santa Clara. 

1779. 

The expedition of Heceta and Qua(lra in the year 1775 was considered successful, hut it lef"t 
some (j1trstiom1 nndPcided, and among-;;;t. th<:>m the ext<:>nt of thr Hnssi:m settlements. 

Hncarelli, Vi1~ern~· of ~lexico an<l tltc court at ~ladrid, consequently deci<lPd upon another 
ex1wdition, am] two corn~ttt>s, f,a Prirwesa a,ud La Favorita, wern selected for the purpose. After 
much uelay tliey sailed on the 11th of February, 1779. The command was given to Don Ignacio 
Arteaga, and Dou .Juau de Ia Bodega y Quadra. Iu the expedition of 1775 the last-named officer 
had command of a ship. 

Sailing northward, the expedition of 177!l reached the latitnde of Mount Saint Elias, after 
having made many observations along the coast between the fifty-sixth and the sixtieth parallels. 
Provided with Russian maps they advanced to the vicinity of Cook's Hiver, where they seem to have 
been bewildered. According to La Perouse, the peninsula w11s ;;npposed by them to be Kamtehatka, 
and an attack hy Hm;sian force:; was dreaded. Moreover, many of tlte crew were sick. So, without 
reaching the seventieth parallel the ve.ssl'ls turned southward and entered Sm1 Blas on the !:lOtli 
of Xcn·emher, 177U. An account of the voyaire was written by Maurelle. La Perouse obtained a 
copy of the manuscript. The origi11al is _yet in the archives at Madrid, and a cop~· approved by 
.Nantrrete ii,; in the library of the State Department; Washington, D. U., which contains also 
eopieK of stn-eral aeeount;,; of the same voyage. 

Arteaga arnl Bodega ag little knew of having been preceded in this voyage h,y Cook one year 
before a11 Cook did of the expedition previous to his own, made by Perez and lleceta. 

111 1777 settlements extended as far north as the Bay of Sau Francisco. To the southward 
;;everal link;; of the intended chain of establishments were not yet filled in. The coast of Santa 
Barhara cha111wl had been only partial]~· explored, though Father Jnnipero had Jong intended to 
found there three missions. Set tiers, soldiers, and missionaries eould not he immediately 
procnre<l, but in the year l 777 orders were given in Mexico to recrnit for that object, and 
a.bout mw hu111he!l perl"lons ;,;tarted for California under the direction of Dou Fernando l~ivera. 
Some 1lelays oeenrred, but in tlie spring of 1782 I<'ather Serra left Monterey and triweletl south 
a.long the coaHt to th1i mission of Si~n Gabriel. Ile there consulted with Don Felipe Neve, who 
ha.J arriYe<l as Governor in 1777, <UHl they tleci<led that tlte mission of Buenaventura should be at 
t,lw east.em tixtrernity of the channel; that of Purisima Concepcion at the western end, and Santa 
Barbara between the two. On tlte 26th of March they started from San Gabriel, and were 
traveling when the Go\'ernor wits recalletl by urgent business. Serra kept on, however, to a site 
ealled, (Palou says) since the first expedition in 1769, Assumpta, or Asuncion de Nuest.ra Sefiorit., 
where he found an Indian Yillage in latitude 3-l,O 13' N .; and by erecting some houses and a chapel 
he founded the mission of San Buenaventura. 
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Ne\·e rejoined the expedition, aud leaving i-;ome soldiers to protect the new establisl11neut, he 
rnarclied westwaru towards tl!e coast, attended by Father Serra. The shore was •' regi:.;tered ,. (i. 
e., mapped), arnl was closely examined with reference to facilit .. r for anchorage. Teu l•~ag·ues from 
San llueuaventrmt thej' fo11n<l a small bay, which seemed to prrnuise good ancliora~P, a111l 011 tlw 
shore they erected a cross and !milt a small Prl'sidio or fort. 

The Governor judged that tlie mission coultl not he safol.r e;.;tablisheil until tlw fort was 
complete. He therefore returned to Sau Diego, and Serra to Monterey. Some so1dier8 a11tl a 
prie:,;t were left at the station, which they named Santa Barbara. 

Iu the following _year Serra journeyed to San Gabriel, Sa,n Btiena,·eutura, San Luis, and otht•r 
statiou8, autl made a tour of inspectfon lo tbe 11ortheru mi:,;sious, near San l•'rancisco llay. In 
the following year, 178t, the \'!rnerallle missionary died at tl1e mission of San Carlos ile ~fontere.~-. 
and was buried there. With llim tlle progress of exploration a11d sPttlempnt in California seems 
to have ceased, but at iuternils some villages and missio111' were snbsequentl,r fonnded. It l1a<1 
beeu in contemplation to form au establishment at the harbor of Trinidad (di8covered by Heeeta 
in l 7oii), btit that purpose was never accomplislwtl. Of the perBons enlisted in this work, :,;eyeral 
tliell about the same time. Don .1 nan Perez, the pilot, a personal friend of Serra <11Hl assiHtaut in 
his land excursionti, ended uis da.ys in 1775, soon after hi>1 return from the far north with llecet.a 
and Bodega. 

Father .Juan Cres1)i, the associate of Father Serra iu many labors a111l _ionmeys, aml author 
of some valuable journals, died in California in 1182; and in the same year Father Gar<~es, aftbr 
opening a way from the Uolnrado conutry to the westward, was killt'd by the IndiallH. Don 
Antonio Bncarelli, the Yicl'roy who l1ad liberally assisted t11e Fr:wciseaus, died in 1779, and 11i;; 
successors were not energetic.meu. 

'l'he American Revolution, in whicll were iuvolve<l in the interest of the colonie8 both l~rauee 
and Spain as against Great Britain, interrupted the series of Spanish undertakings and tm·ned 
the attention of the court of .Mad.rid to the east. It was decided that there shou!ll he no otht•r 
expeditions started tor America until peace was restored. 

The scientific and commercial world for a long period <lerivecl no heuetit from the eady 
Spanish voyages to the 11orthwest. All records of them lwi11g retained 1Jy the court awl the 
Viooroy of Mexico, the pnblic knew oul_y of the departure, from time to time, of the compauim; as 
th1\v were sent ont. 

CAPTAIN .LUIES COOK, 17it<. 

After Anso11's '\'"o,vage, in 1741, Euglisll navigators had appeared at i11tervals i11 the Pacific. 
Wallis, Byron, and others traversed the waters along the equator and sonth of it, hut the ent.(ll .. 

prising Captain Cook extended na•igation to higher latitmles. 
In 1769 Cook was near Otaheite and New Zealand. In 1172 be again entered the South Sea, 

and it was easy to forecast that the British would soon reach the northwest coast nf Amerit"a, 
where they ha(] not hcen since the time of flir Francis Drake (in 1578). Hut the coast bad he<.'11 
rememl>ered by them under the name New Albion, which 011 this map was intended to iudude 
the whole of Upper California. Spaniards, also, ext.endetl their pretensions, antl some of' their 
anthors claimed rights that would he limited only hy impassable ice towards the North Pole. 

Oaptaiu Cook bail viewed the ic.Y barrier near the Sonth Pole, but iu 177() he turned 11ortllwar1l 
and was commissioned to discover whether any passage for ships was practicable hetwP1~11 tht• 
Pacific and the Atlautic waters. Other officers were at the same time sent for the sanw oh_it>ct to 
Baffin's Bay. It was not supposed that any passage could be in less than 6S 1legrees of latitude, 
as Hearne, an English traYeler, had found the laud continnous below that. parallel. Uook ll'<ts 

therefore directed to winter at the Sandwich Islands, and proceed from thence in the spring of 
1778 as directly as possible to the coast of New Albion, and to refit, if needful, in some harbor 
there. He was then to gain the sixty.fifth parallel, 4' taking care not to lose time in explori11g 
rivers or inlets or upon any other aceount until he should get in the before-mentioned latitude." 

Some diNtanee north of Cape Mendocino the coast was seen on the 7th of March, 1778, and as 
determined by ehronom~ter reckoning the longitude wa.s 2350 20' east. The latitude hy obserrntiou 
was 440 33' north. Wet\tber being unfavorable be named the cape first seen from his vessel Cape 
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Fonlweather, which he supposed to be in latitude 440 55' and longitude 2350 54' east. He stoocl 
for som(J time to tlrn uortb1rcst, hut making no progress anu finding no harbor the course was 
changed to sontLwest. After recording lunar observati01rn he reduced seveuts-two sets of observa· 
titms which lrntl hecu pre\·iously rna.{le "with the time-keeper" iu the course of three weeks, and 
thei,,;e ga,·e a lll{'au re1'mlt of 23.3° 15' 26" east for the longitude. That determination was adopted, 
and was applied as a check in marking on the chart all otber positions along the coast. 

On the 7th of .;\larch Cook was 11ear a cape which be named Cape Perpetua, and five daJ·s 
alter approaelH•tl auother, and called it Cape Gregory. He saw no more of the coast; as a stonn 
tlrcl\'e ilis n»ssel southward arnl westward. into the open sea, where an observation gave for the 
latitude 4:!0 -lil' north. Fa,·ore<l soon with better winds and steering nortl!east the coast waf< seen 
again iu 470 0;)', a11cl coutinuing on that general course it seems probable that he approached t!Je 
\'iciuity of Destruction Island. The extrt:>.mity of the laud which he saw was named Cape Flattery, 
lwcause 110 liopetl to 1i1Hl a harbor near it, but found none. Hence Cook did not enter the Rtrait 
of Fuca, but recorded the geograpllical position of the ca.pe, or mwe probahly that of Flattery 
lfockH. If somewl1at southwest of those rocks be conhl not well see the wouth of the strait. On 
charts of tlic British .Admiralty, the Flattery Rocks are named Cape FlatterJ, and the name of 
tl1e cape ou them hears the designation given b~· Vancom·er, namely, Cape Classet. Witb 
\'arying winds Cook stood out frolll the cape, first to the south, then west.northwest, and finally 
northeast, a11d 011 that course he reachl:l.{l laud on tile 29th of March in latitude 49° 291 north. The 
cape in ,·iew lie called \Yoody Point, anil a projection southwest of it he named Point Breakers. 
A bight lwtwt't'll the heads he tlesignatctl Hope Bay, because he cxpectc1l to find there a hiubor, 
au<l so it Jll'OYetl. Uc ra11 iuto tile uay ou tile 1st of April, moored hiis ships, and remained several 
wed•s, ocenpit~<l i11 making repairs, tHking in wood antl water, in recording astrono1nical observa· 
tions, and in couforeuces with the mtti\·es of the region, which lie thought was vart of tbe couti-
11e11t. \Vlieu repairs \n1rn complete, Cook t>ct out on the 20th of April in boats to view the sound, 
and 011 the 1-;kctch lie m:nke1l it King George's Souu<l, but he soon ascertained that by the 
inhabitants it was known as Xootka. In books aud maps after Cook's time l>oth of the nameB 
were a·1>1>lit>d, lmt ultimatel_y tlrn Indian appellation alone was used. 

Amongst the aborigines ()ook fouu<l some iron tools, and copper and brass implements. 
Thesu, a111l two silrnr spoons mentionctl in bis narrative, probably had heen left by the S1•anish 
1•xpeditio11 of Pl'l'(•;r, i111774, hnt, l1rt.Ying 110 knowledge of tl1at, possc\-;sion wa.-, taken of the harbor 
a11d >'lllT01111di11g· <•om1try i11 tlii• 1ia11w of tlic Ki11g of G:n•at Britain. Earlier, Pt•n•;r, lrnd done the 
s;u11L' for tlic Ki11;,;· of 8pai11, ;rnd out of this antl similar eYe11ts arose eontroversies and ui8cussio11s 
lietwt>eu the two }lower8. 

Uook left Nootka ou the 2GtL. of April, and passed some time in examinations further north. 
Ile traced the coast of Hn-'!siau America, and soon after was killed in a dispute with savage-11 at 
the Sandwich falauds. His successor in command, Oapt. Ollarles Olerke, after another atwmpt to 
fi u1l Ll vassagc through the northern region of America, reached Kamtchatka with an exhausted 
1\rmv, and from tlw11ce the n•ssel proceeded to Cant-0n in command of Lieutenant Gore~ Olerke 
ha\·111g tlied of cousmnptiou ou the ~2d of August, 1779. At Canton the sea-otter skims olltained 
of the llHlia11>i for a fow hnttous aud scraps of iron, were sold for $60~ and in some cases f'ot' $100 
1>:u·h. "lt iH astonL-;hi11g,'' ><ays La Pcrouse, "t!Jat tlte Spaniards who had this article iu such 
ah1u11la1we on t!H~ Ualifornia,11 coast, and who were for two hundred years in active commercial 
co111rn1111ication with Chinct, should uot h1we foun<l out its value; furs ha,·iug beeu for a long 
pcrirnl }ll'ocnretl l1y t.hc Chinese from the coast of Kamtchatka." In fact, th.e statement by 
Captain Uook in rl'ganl to isearotter skins, moved the commercial and seafaring world w~re than 
his geographical tlewlopment<i. The melltion of them in tlJe history of his voyage (pubHshe<l in 
1784) excited a stron~ spirit of enterprise, and induced "a general starting for the uorthwest," Jl.S 
there once had he,eu for the siln.r miues of Peru and M.exioo. All o,1aritime nations were i.,nci~ 
t.o action, and from 1783 until l 7!13 followed a series of private an cl public exJ_>el\j.tious whieb, in ,l~~ 
than ten years, ma1le the northwest coast of America. well kuowu1 though it bad beeA a u,.yate:i;f, 
<luriug tlm:ie eenturics. Yaaeournr's voyage completetl tue,devel9pme11.t; bqt ;.i.ll ut;bers,w~ of 
interest. Even trading voyages we1·e dignified by descriptions, and de~la w~e t•ll.pl;!i:A~ 
becau&~ they related t," countries <'omparatively unknown. E~ navjg~:brong~~ ~,me: a-4~~ 
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tional information, knowledge, and name of a pronwntory, channel, inlet, island, or previously 
unknown part of the coast, and the particulars were speedil,v translated into all the languages of 
En rope. 

LAPEROUSE, 1786. 

·Francois Galonp de la Perouse sailed from Brest on the 1st of August, 1785, with two ships, 
J,a Boussole and L'Astrolabe, and after touching at the Sandwich Islancls reached the nortbwest 
('oast of America on the 23d of June, 1786. 'Vhen Mount Saint Elias was in view, he turue<l 
southward aud sailed as far as Monterey, in a direction different from that prescribed by bis 
iustrnctiont:, in which the special objects mentioned were the exploration of the coasts of China, 
.Japan, Tartary, aud Kamtchatka. But as the trade winds there did not set in earlier thmi 
·February, some time was ginm for the examination of the Pacific coast. Until the 3d of August 
the vessels were detained by several accidents at a port which La Perouse called Bay des 
Prancois. He reached Nootka. on the 24th of August, and as the weather was Yery foggy, it 
is certain that littlf' was done for geographical definition. At the Strait of Fuca he did not see 
the entrance, but in the offing took soundings and found "a bank of rounded pebbles at the 
depth of 40 fatlioms." This is marked on his map, and in the narrative is described as being 
150 feet high, 1 league wide, and of indefinite length. On the 1st of September La Perouse 
was off the coast a short distance southward of Cape Flattery, and surveyed from thence 
dovm to the forty-fifth parallel, and bad several opportunities for obser\'iug latitude and longitude. 
This stretch of .the coast had not been examined by Captain Oook. 

At Cape Blanco or Orford, the French navigator saw the rocks which stretch out to the 
southwest, and named them Isles Necker, and subsequently he applied the same name to two 
groups of South Sea islands. ln all other instances J,a Perouse adopted for his charts the 
Spanish names, or those given by Cook. The French vessels sailing amidst fogs arrived at 
Monterey on the 15th of September, and there observations were made for geographical position. 
I )n the 24th of that month La Perouse started on his voyage across the Pacific Ocean. A 
comparison between his charts and those of Vancouver (only six years later) shows that the 
French navigator bad no opportunity to advance knowledge in the hydrograpby of that region. 
Still, his observations would have been valuable, if they could have been made known to the 
world promptly; but the unfortunate fate of that accomplished navigator delayed the publication 
of results until the year 1797. Vancouver and others bad meanwhile laid open to the world the 
secrets of the Pacific coast; and thus it happened that eYen the few names affixed by La Perouse 
to localities on our northwesteru -coast were not adopted by geographers, and are now seen only 
in the journals of his voyage. His charts were constructed under the direction of the astronomer 
Dagelet, member of the Academy of France. 

1785-1787. 

Tbe resorts of fur-bearing animals became objects of much interest soon after the time of 
Captain Cook. In the higher latitudes the skin of the sea otter was worth much, but along the 
coast of California those animals became scarce, and the furs were less valuable. Prompted by 
interest, several expeditions went to the northwestern coast, and after touching at points south of 
it, they finally selected Nootka Sound a8 a recruiting station. But of many voyages, only such 
will be ~entioned as tended to improve the knowledge previously gaine(l respecting the western 
coast. 

The first fur hunting expedition was conduct;ed by Captain Hanna, of England, who sailed 
in 1785 from Canton to Nootka Sound. Cook had made his best barters in the lastcmentioned 
place; and there Hanna collected many skins ·and sold them at large prices in Oantou. In the 
year following be made another voyage for trade, but it added nothing in the way of geographical 
development. So also of the voyages in 1786 by Captains Perers, Lowrie, and Guise, from Canton 
and Bombay. Peters was wrecked on one of the Aleutian Islands, but the others reached their 
destination, procured furs, and sold them in China. 

Oaptains :Meares and Tipping in the year last mentioned were unfortunate. The first was 

H. Ex. 43--74 
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frozen up iu Prince \\rilliam's Sound, and lost many of bis crew. Tipping, with bis vessel, was lost, 
aml wais never heard of again. In 1788-'89 Meares made two sur~cessful voyageR. 

Iu 1785 an association of London merchants, under the uame of King George's or N ootka Sound 
Company, sent two ships to the North Pacific. One of the vesscls1 the (~ueen Uharlotte, was 
commanded b,y Capt. George Dixon; the other, King George, was in charge of Capt .. Nathaniel 
.Portlock. Both of these officers bad served under the celebrated navigator, Cook, and by him 
we1·e regarded as able men. They reached the northwestern coast in th1:1 summer of 178G; antl 
there traded aud made explorations, and wintered at the Sandwich Islands. Dixon returned to 
the northwest, itnd named several places. As the chief result of his voyage, may he mentioned 
the circumuaYigatiou of the large island named after ltis ship, Queen Charlotte's. He proYetl 
tlwt it was separated from Vancouver's Island, as well as from Urn continent of America; and to 
Uie diYiding channel he gave the name Dixon's Strait. 

'rhe fur-trading adYenturers sailed under differeut flags, to aYoid collision. with Euglio;l1 and 
East ludia companies. Some m1ed the Portuguese, aml one, Captain Berkele~', sailed from 08te11d, 
iu 1787, in the ship Imperial Eagle, on which he carried the Auistriau flag. 'fhis YO,Yage waf\ the 
firHt one made from Nootka Sound to the southward along· the coast of California. At Vancouver 
Ishm(l, Berkeley anchored at an inlet for trade, and marke(l it on the map with hii:! owu ua111e, hut 
it is now kuown as Na.tinat Sound. A boat was sent to Cape Flattery, alHl after lauding near 
a11 JudiaH Yillage mune1l Classet, went on southward, but previously a ;yawl hat! hepu 111:rnne1l 
to examine tlrn month of' a great inlet. On landing the crew wa8 attacke1l by Indians 'an1l 
nnu'uered, and that untoward event was commemorated by naming tl11i place De8truetfon Jsle. 
It is probably the same island that in 1775 was nametl hy Heceta "Isla 1le Dolores." Berkeley 
sailctl to the Sandwich Islands, aud from thence to China. 

CAPTAIN JOHN MEARES, 1788. 

The narrati\'e published at London in 1790 is accompanied hy two chmt11-011e of the North 
Pacific Ocean, the other of tlte northwestem coast of America. 

Meares mat.le several voyages from Oalcutta after the beginning of the year 1786. In 1788 be 
was again witli his ships, the Felice aud the Iphigenia, in King George's Sound (Nootka), and 
tlwni lrnill a trading-post. \Vhile so engaged he was visited Liy an Indian chief from the sout!J of' 
Vancouver's Island, and was iuvitetl to the settlement of tlte triLe at tlw Ba~· of Ulasaquot. On 
the 11th of .Juue Meares sailed in Urn Felice from Nootka, where he left llart of his compa11~· 
Pmployetl iu erecting buildings. Captain Dongl:us, iu the lphigeuia, was 1lirectcd to tram~ LlH\ 

<·oast to the uorth between Uook's Rh'er aud Nootka, while Meares weut souU1ward. 
At Ula~·aquot Souud, lte anchored in a harbol' which he called Port Cox; autl passiug Betke· 

ll'~"s or Nltlinat Sound, he had, on the 29th of June, in elear weather an inlet iu view, beariug 
eaRt-suutlteast with unbroken ltorizon towards the eaHt. He sailetl over to the laud south of tht• 
t·utrance of tliis inlet, which he thought to ho the one <lescribed by Oapta.iu Berkeley in the rm·· 
ct\tliug year, aiul tl1tm uamed John <le l<'uca Strait. At page 15v of the printed narrative, Mt>:U'(•s 
giHs a large vit>w of tlm entrance. Near Gape l?lattery the vessel was moored, with the intention 
of exploring with boats to the eaRtwartl. Tatooche, au lndiau cbieJ; theu ruled in the vicinity of 
the islantl. which is known uow ais Tatoosh Island. ~[{Jares saw 011 t.l1e coast a, village named by 
lh•rkdeJ', aud from that the hei-tdland (Uape Ulasset) was named 11y Yaueou ml'. Hoiug southward 
Meares saw Destruction Island, where the men of the i;hip Jmperial Eagle had lleen killed b.v the 
savag(·~. 'l'hc bay north of this he calls Queenbithe, the name give11 b,Y Berkeley; aud south of it 
a prqjecti11g 1nirt of the coast he named Saddle Hill. 

A large isnow-clad mountain sten at the northeast was name<l by Meares Mount Olympus. 
Tbe Spanish nayigator I>erez saw it in tbe year 1774 and named it Oerro de Santa Rosalia. Meares 
pa.sse1l the eutrauce of Gras's Harbor without seeing it, but on the 5th of July, be discovered from a 
distance a similar hody of water mid named it Shoalwater Bay, because tbe soundings decreaBeu very 
much in its vicinity. From the masthead tl1e bay was seen extending inland, and made up.of seveml 
branches, and inland the bay was bounded by mountains. At the entrance the northern cape was 
named Cape Shoal water, the southern he cu.lied Low Point. 8o~e land was seen to the southward, 
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and he h.oped it rnight hP the Uap1• ~aiut Hoc of the Spa11ia.rds hehi11d wl!kh lfrceta war; s;aid to 
h;tn' fou1111 a lrnrhot'. A;; he rnnuded the pru111011tor;v a large hay seernt•<l to open, hut when 1111 
trie1l to t'11ler, ::-;hoal water was met, snnomuled hJ· breakers, and as soon as possible the shij• l1:mlccl 
out ag<tin. Jn eonsequcuce of tlJis (says Meares), being now convinced that there was no iulet or 
a11proachalile port, the lJ<ty was 11arned IJeception Bay, and the. promontory Cape Disappointment, 
which lwadlaud is the Cape Saiut Hofjne of some Spa11ish ma.ps, and now Cape Hancock on charts 
of the Coast Surn•.r. 'l'his was on tlw lith of ,1 ul.Y, awl Meares the11 be Ii end himself ah!e to as1<c1·t 
that Uwre e:xiisted 110 si.iell river at all a8 that of ~:iaiut Hoe. Steering on farther south he :saw two 
lwa1llarnl:s a111l between them a hay forme<l h;r tla• rece1ling coast. To the northern heaulaml (mm 
'I'illa111ook lfrad) lw gan~ tlw uame of Cape Un•1J\'illt', a1ul to the i;outheru, Reen from a distauee, 
that of Cape Lookout. 'l'he i11tervm1ing bmly of water lrn called Quicksaml Bay. The rcwkl' sea. 
w:ml of Cape Lookont were nauwd the-'rhnie Brother:s. 111 lti;; published work Meareo; µ:i \'('i:-; a vi1•w 
of the cape audits roeks, and among the latter appears the perforated rock now so well known to 
mariuer:s wlto 1mss along the <:oa:st. Cape Lookout was the southern limit of the exploratiuu h~

Meare:s. Feeling m1ea8y ill regard to the safety of the people left at :Kootka, he turned northward 
awl i11 the eonrse of hii; voyage c11tt'rctl tlie som1tl uear YancouYer Island. It was kuown ar: 
Berkeley Sound after the :;ear li8i. but it is uow kuown as Natinat. There he fournl a harbor, 
ua.wed it Port Bffiugbam, aUll perforrne.d the «eremony of taking possession of the Strait of .Tuan 
de Fuea iu the uanw of the King of Great Britaiu. .From theuce the long hoat was rlis1mtl'hed in 
charg-t' of Mr. Hohert Dnffin to explore the strait. ])nlJin left ou the 1;Hh of July, but returnml to 
Port Hfiingham on the 20th of the i;ame mouth. l\Ieares ;;a~·s that after ad,·ancing uearly :Jo 
leagues 1111 the :str<tit, Dntnn entered a port or harbor from which "he obsened that the i,;t.rait to 
the uortbea;;t appeared to be of great exteut, and that it iucreased." Meares has Port Duffin 011 hiR 
map in the position now occn1>ied on charts by San ,Juan, or Po.-exty Cove. In that nPighborhood 
JJntti11 waR attacked hy the natives, wllo wouuded some of his men, aud as soon as J1ossiLle the 
littl1~ party, in consequence, returned to Port gffingham. l\learns decided to return to the party 
whieh liad been left at King George'i,; Sound; and afk1· au absence of nearl~' two monthi;; he again 
anchored in Friendly (Jove, at Nootka. 

Soon afkr his return to Eughmd Captilin Meares published an account of his explora.tiorn; of 
1790, and added what had been told to him of thl' Ameri<'an Ca1itain Gray, whom Mear~s ha(l 
met at Nootka in 1788. l\foares waR iuformed that Gm~- sailed in the ship w·asllington, in the 
year 178!1, to the Strait of Fnca, a ud there entered an extensiv-e iulaml sea. After sailing in it 
eastward, 110rth, and nort.hwP;;;t.ward, lie ltad come out upon the Pacific at the north of Queen 
Charlotte's Islan<l, thus pro,·ing that the land between Fnca Strait and the fifty.fifth degTPP of 
north latitude. was merel.Y a group of islands. Confused b,r these statements, l\foares dPnlared in 
bis pnhlislted work in 1790 that tl1e dh;covery of a northwestern pasi,;age (around the. continent of 
North America) wa·S a reasonable suppositiou. Captain Gray gave to VanconYex a true accomit 
of his \oyage, aml stated that he had seen veQ· little of De Fuca's strait. 

Many geographers in Europe hailed the exaggerated report of Meares, and the fables of 
Admiral De Foute respecting a great northern inland sea and water communication between the 
Pacific Ocean and Hudson's Bay were revived. Fleurien, the French author and minister of 
marine: Forster, the German historian of the northwest, aud others adopted as a fact. in g·eog
rapby ,;the great open sea discovered by the American ship Washington." Some called it sirn11ly 
"la mer de l'Onest," and others recalled the fabulous name." Archipelago of Saint Lazaro:" gh·eu 
hy De Fonte. On some maps the route of Captain Gray was laid down as running throngl1 the 
middle of an archipelago on a dotted line upwards of 600 miles in length. Vancouver rednce<l 
that fantastic sea to its proper size. But, as late as the sixth year of the French Republic, the 
geographer Flenrieu could not consent. to give up the" mer interieure." Like the two Buaehc:s, 
he continued to foster helief in the authenticity of tl1e romance of Admiral De Fonte, and he 
blames the map-maker, Arrowsmith, because on his map of 1794 the sea was not introduced, 
which, as Flenrieu declared, "would no doubt lead to much more important, discoveries, and per
haps open or at least facilitate the long-wished-for communication with the eastern ocean." 

A few years preceding the French revolution, l<Jnglish fur-traders went to the nort.bwest, and 
from France the navigator La Pe1omse passe<l into the Pacific. He was soon followed (in 1791) 
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by a priv-ate expedition, conducted by Marchand, and the Government of the United States 
ordered that exploration Rlwuld be made in the South Sea. Spain also, which for ten years had 
discontinued her northwestern expeditions, renewed actiou, and in 1788 sent ont several parties. 
These were partl;\- contemporaneous with Vancmffer. The Spanish parties were commanded by 
Don Est.avan Martinez and Don Gonzalo Lopez de Haro, who sailed, in the ships La Princesa and 
San Carlos, on the 8th of March, bound from San Blas to the north to examine the vicinity of 
the Russian settlemeut:;. Au account of this expedition is given by Navarrete; and Humboldt 
found in Mexico a larl!'I~ manuscript relating to the voyage. The same vessels were sent north 
in 1789, and on the 6th of May Martinez reacbed bis destination, and seeing some foreign vessels, 
made known to their commanders that h~ bad com!'. to take possession of Nootka and the sur
rounding countr;v in the name of the King of Spain. He erected a small fort, mounted artillery, 
and sought communication with Macuina, the Indian chief of the region, who bad been during 
ten yean; well k~own to northwestern navigat-0rs. The chief remembert>d the visit. of Martinez 
fourteen years earlier, when he was on the coast with Perez. 

Macuina is styled by Humboldt the" Montezuma of the northwest." To him and his people 
.Martinez declared that his King was sovereign everywhere in .America, and that without his per
mission none could trade, navigate, or settle there. He inspected the papers of all foreign cap
tains. Those of an .American and of a Portuguese vessel were admitted as valid, and they were 
allowed to trade; but the ship of an Englishman, Captain Colnet, was seized, and he was sent a 
prisoner to Mexico. 

The mission of Martinez was in fact merely political, yet it included some further exploration 
of the vicinity of Nootka and of the channel which separates it from Vancouver Island. .For thP
port itself he adopted the name of Puerto de Santa Cruz de Nutka. 

STRAIT OF FUCA, 1789. 

When Martinez was at the north with Perez in 1774 he had noticed an 01Hming which he 
supposed t-0 be a strait, and having now the control of means its exploration was undertaken. He 
accordingly built at Nootka a small galley, the Gertrudio, and put it under command of Don Lopez 
de Haro, who Lad been with him in his preceding voyage. That officer sailed along- the south
western shore of Vancouv-er Island, and after entering the Strait of Puca turned and examined 
the southeastern end of the island, but want of provisions and bad weather constrained him to 
return to N ootka. 

This enterprise of De Haro was conducted under special instructions. The result is given in 
t.hcjournal of the Sutil and Mexicana, and the author gives a sketch of previous expeditions for the 
exploration of the strait, mentioning the ship Gertrudis as commissioned by Mal'tinez ; but he does 
not name Haro as the commander. It is also noticed in Quirnper's manuscript journal, a copy 
of wl1ich, approved by Navarrete, is in the library of the State Department in ·washington City, 
D. <J. That journal mentions the vessel as under command of De Haro. It is believed, therefore, 
that M. Dufiot de Mofras is in error when he says that Don Jose Narvaez was commander of this 
expedition in the Gertrudis. The memory of Narvaez may have failed him, as he was at least 
eighty years old wlien he met De Mofras in Mexico in the year 1842. Narvaez bad been a very 
active officer. He accompanied Elisa in 1791, and it is therefore possible that he was with De 
Haro in 1789. 

When the British Government protested at Madrid against the treatment of Captain Colnet, 
the Viceroy of Mexico deprived Martinez of his command, and ordered him to return home by the 
end of the year 1789, but at the same time three armed vessels were sent to the· northwest under 
the command of Don. Francisco Elisa and Don Salvador Fidalgo, to take possession of Nootka for 
the King of Spain. This expedition reached its destination in March, 1790. Elisa. remained to 
fortify and enlarge the establishment at Noot.ka, while Fidalgo ma1le a voyage of discovery to t4e 
north. In the course of the year he viewed the Russian establishments as other Spaniards had 
done, and entered on his maps some names which have not been retained. At the close of th~ 
year he returned to Monterey, and from thence to San Blas. 
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DON MANUEL QUIMPER, 1790. 

Quimper flailed from Nootka in the balandra Ija Princesa Real on the 31st of May, awl passed 
aloug the southwestern shore of Vancoun'r Island, exploring on his way Cla;vaquot 8onnd. H1' 
anchored in the Bahia de San Rafael, and subsequently iii the port of C'ayuela, which lw si1~·s 
waf' RO named hy Lopez de Haro the ~·em· before. Quimpr>r reconnoitered Clayaquot Sound a11d 

ma<le a map of it, hut did not e~amine its numerous inlets and brancbeR. He then enterl.'d 1111• 
Strait of Fnca, coasted along the i,;outhern shore, and auchored at th\.' l1arbor of Nnflez Gaona 
(Nee·ah Harbor), and took possession in the name of the King of Spain. The docume.ut i11 
Which an aCCOUUt is given of this iutereisting Ceremony iR ,~igned h_r Quimper hinmelf, and his 
two pilots, Don Gonzalo de Baro arnl Don .Tuan Carrasco. 

Proceerling eaRtl1rl;r to the port called hy him Pnerto Q.uadra, but afterwards uamP<l b~· 

Va11com'er (in 1792) Port Discovery, Qnimpe.r 8teered to the 11ortllwest aml north until he rl.'ached 
the Rtra,it called La Boca de Haro, and that name (Mouth of Haro) he 111m1tions a.s if alrl'Ml~· known. 
He looked into the passage but was unable to explore it, as his meaus were exbanste<l. For tlH' 
same reason Quimper says "we could uot explore the other small inlets or harhor1' which we sa "_ 
a-t. thf' westeru entrance of De Haro Strait.'' Many years afterwards these were name(l b,r the 
Eu~disb Peddler Bay a.ml Becher Bay. 

MALASPINA, 1791. 

'l'he Italian navigator Malaspina was not~d for scientific acquirements and discornrieR. and 
his career was marked by misfortune. Like Captain Cook and La l'eronse, he eugag-e!l in gco
~raphical explorations, of which the northwest coast of America was merely one branch. In 178!.l 
be sailed from Cadi.z with two well appointed vessels, La Descubierta and AtreYida, aml, after 
reaching the Rio de la Plata, ma.de a careful survey of the coast of South America, from tltem~e 
into the Pacific, anfl as far north as Mexico. :Malaspina arrived at Acapulco on tl1e :!d of Fehmary, 
1791. By direction be was to proceed north, survey the coast, and seek for a passage into 
Hudson's Bay, as that was still regarded as an unsettled question. The well.known g'Mg-rapher 
'1'. N. Huacbc had in the previ~us yea1' read a memoir before the Acarlem_y of' France. in whi(•h 
he·attempted to proYe that the old fable of 1faldonado'i; discO\'Cl'.Y of n ;;trait at tlw 11orth '' wn~ 
founded on reason, nature, and probabilit;v.': Another of the namt' had belieYed in tlH' tktitiot11< 
uarrath·e of De Foute. It :seems likely t,Jiat some account of the statement hy Me;ue,, n•1<pt·(·ti11g 
a northern Archipelago, through which the American sloop Yrasbington was Hahl to haw !'ailed, 
had reached the court of Spain. 

Malaspina left Acapulco on tbe lst of May, 1791, arnl saile<l northwfml as far as tlH' lat.i
tnde of Mount Saiut Elias. Be saw no indication {)f Maldonndo's strait, but ha Ying iustrurnent1< 
and knowledge of mctlwds of observation (as stated b~· Humboldt) hl' detl•rmi11<~d longitndl• 
a.nrl latitude at many poillts more accuratel.v than bad ever heen previously done. 'l'lw height. 
of Mount Saint Elias and the beight of Mount Fairweather were approximately a,l'certai1wd allll 
magnetic observations were recorded. 

Toucbiug at Nootka on his return, 1\falaspina erected an ast.ronomical ohsern1.tor,\· awl 
determined the geographical position of the place. Two of his officers, Don Joseph de Eispiuosa 
l\Dd Don Uiriaco Cevallos, were sent in b~at8 to· surve.;) the islands and channels of tlH1t local it~·· 
They found that Nootka was on an islaud, and passiug around it the~· came out upon th" 1<pa 
by a channel since known as Hsperanza Inlet. 

Malaspina was not able to explore the Strait of Fuca, but from Cape M'antloci110 h<· pai;;r;ed, 
with the coast in 'iew, down to Cape San Lucas, frequently recording ohservatio11" for the 
const,ruction of his chart. No previous expedition had afforued data for definiug the Rhore line 

.with such accuracy. His records were deposited in the Spanish archives, aud ultimately he 
became the victim of court intrigues. In a dungeon he languisheAl many ~;ears, and was at la;;t 
released by the French. His name seemed to be forgotten in Spain, as, with the appearance of 
studied malice, his expedition to the Pacific was alluded to by Spanish writers as having been 
made by the ships Descubierta. and .Atrevida. The learned author Navarrete, in !tis history of 



 

590 UNITED STATES OOAST AND GEODETIC SURVEY. 

the northwestern coast, does not mention Malm,;pina, but sometimes refers to him as the "com
mandant," &c. But in time most of the works of Malaspina were pnblished, and upon the 
results of his obsenations (says Humboldt) am founded all the 8pani8h sea charts of America 
tmule since the year 1799. Previous representations are of value only as documents pertaining 
to the histor,v of discovery and development. 

The commander at. N ootka, Don Francisco Elisa, went out in the summer of the year 1791 to 
dear up nneertainties respecting the Strait of Fuca, some doubts ln:wiug· arisen in regard to the 
report gi\·en hy Qnimper who bad been there in the previous year. I,ikc some others this voyage 
of Elisa has bPl'Il rwglected or overlooked by most, writers. There seems to be only one source 
of informatiou in regard to it, namely, the journal of Galiano and Valdez, on the second page 
of w l1ich is giwn a short account of the undertaking, and in the narrative are mentioned special 
points, the cape;i and bays mentioned by Elisa, with the names which he assigned to them. He 
;;ailed from Nootka in May, 1791, and until the 7th of August, was engaged in exploring the Strait 
of I"nca aud Rosario Strait. Advancing further than bis predecessors, be passed the entrance of 
Allmiralty Inlet (Bocas del Ooamafio), Deception Sound (Entraca de Flow), and sailed through 
what ii-; now called Rosario Strait. Ile discovered and nametl several islands, and entered 
Bellingham Ba~·, which he called" Seuo de Gaston." Elisa was the firi;;t European who entered the 
l~111f of GeorgiH, and to it he gave the name Canal de Nuestra Senora del Rosario. Advancing as 
far as .Frazer's Hive1· entrance and Buzzard's Inlet, he named the latter Canal de Florida Blanco, in 
honor of the S1rnnish minister. He went no further, but seems to have had some distant capes in 
\·iew. His meaus were exhausted, most of his crew were sick, and himself so ill that one of his 
offi<'ers, Don .Jmwph Narvaez, was in the latter part of the voyage the active commander. It was 
Xarvaez also who compiled the maps of the expedition, and these circumstances perhaps explain 
his asHertion made to De MofraR when they met in Mexico, that he had himself explored the Strait 
of Fnea and lfoHario Strait in 1791. But he had boasted of this as early as 1789, when he was, 
perhaps, then~ under tlte command of De Haro. 

MARCHAND, 1791. 

Etienne Marchand was captain of a French merchant ve8sel trading to the East Indies when 
(i11 1788) n~turning from Bengal he met at St. Helena, with Oa1)tain Portlock, an Englishman, wbo 
told him of' tlie Yery profitable for trade then commencing on the northwest coast of America. On 
his arriYal at MarHeilles, Marcbaud made the facts known to the house of Baux, a wealthy aud 
entnprisiug commercial firm, who at once fitted out the ship l;e Solide aud gave the command to 
( \1ptain Marcba,nrl. A staff of eleven ·officers joined him, and preparations were made to enable the 
part~· to make discoveries as well as to carry ou trade. They sailed from Marseilles in December, 
I mo, four .Yt'arR after La Perouse, and on the, l~th of August, 17!11, arrived at Norfolk Bay, called 
hy tlw 8pa11ianl11 Baya, de Guadalupe, and by the Russians, Sitka Sound. Somewhat disappointed 
with the resnlts of commercial transactions, Marchand passed along the coast southea1,;t, and 
i>.xamiued points of land, ports, and bays on Queen Charlotte's Island and in its vicinit,y; but all 
ot' these l1ad hel'n previousl.Y visited hy La Perouse, and by some of the English navigators. 
After some attempts at trade Marchand went further south, intending to enter Berkeley Sound on 
Yancom·er lslmul, and from thence, if practicable, go as far south as Cape Meudociuo . 

.Marchand a11chored oft' Berkeley Sound on the 7th of September, but was prmTented from 
cntering by threateuing weather. While making ready on the following day, he saw a three· 
rn aHted vessel coming out of the port, which he concluded had taken all the furs that were 
pre\·iousl_y there. He noticed that the strange vessel (an American ship) took the course which 
he had intended to pursue towards the coast of New Albion and Cape Mcn<locino. Hence, being 
anxious to get the highest price for bis cargo, he sailed for China. Fleurien regards it as 
improbable that, Marchand saw even the entrauce of the Strait of Fuca. 

VANCOUVER, 1792-'95. 

In the period of fourteen years after the expedition of Oaptain James Cook no 1>arty wa.s 
sent from England to the Pacific Ocean. A voyage, however, was planned in 1789 for exploring 



 

UNITED STATES COAST AND GEODETIC SURVEY. 591 

some of the southern regions, and Captain Henry Roberts, a friend of Cook, was invited to take 
command. Captain George Vancouver, associated with Cook in his last yo;rnge, was mged by 
Roberts to accept place as his second, and the ship Discover,\- was fitted out for them. • 

Not long before the vessel was ready for sea (April, 1790) it becauw known that tht> Euglis!J 
faetories a.t N ootka and the English ship of Captain Col net had been seir.e<l by the SpanianJ:-;. 
'.rhe ship "Discovery" was in consequence provided with an armament ; am'! the prt>par:ition of a 
formidable English fleet induced the ctmrt of Spain to ofter re;;titution. In ,July an officer was 
sent t,o Nootka "to rf'ceive back the territory which the Spaniards had seir.ed." Ueorge Yaueoll\·er 
was appointed for that dut,y. 

The attention of the British Government being thus drawn to the northwest, whe1·<· tisltcrit"s 
and the fur trade bad become objects of material importance to England, Vancouver was directed 
to make an accurate snrvey of tlte coa;;;t from the thirtietl1 parallel northwt>stward to Cook's RiveT, 
"to pay particular attention to the examinatiou of the supposed Strait of J<'uca. saill to he situak\l 
hetwef'll 480 and 4!1° uorth latitude, and to lead through au opening which the sloop \Vasl1iugto11 
wa>< reported to have passed iu 1789.'' He was further directed to euter aud explore all tlw 
waters, rivm·R, a11d inlets of that coast only so far as they were navigahle for sea.going vessels, aud 
on 110 accmmt whawver to touch at auy port of the northwest coast south of the thirtieth parallel 
of latitude. 

Vancouver, though amply provided with means and illstruments, w;ts not so well proYidPll a" 
Uouk aml La Perouse had been with scieutific observers. Hence the task of makiug astronomical 
and nautical observ01tious devolvell on Vancouver personally. He had "a111ongst the officers aud 
young gentlemen of his quarter deck a few who, with a little instruction, wonl<l .-;0011 be euabletl 
to construct charts, take plans of bays and harbors, draw landscn.pes, and make faithful portraits 
of the headlauds, coasts, aml countries which might be discovered.'' His able officer ... dese.rve 
to be mentioned, as their names are attached to inlets, bays, and capes to this 1la~._ 'l'hose iu the 
ship Discovery wel'e Zachaifa Mudge, Peter Puget, Joseph Baker, and Joseph \\'hidbey. '1'111· 
Chatham was commanded by Lieut. ·w. R. Broughton. and the officers associated with hiw were 
James Hanson and James Johnstone. 

Vancouver, like most of his predecet!sors, made the Sandwich falands his 1:.bief plaee or resort 
and his winter station. He Aailed from ~Jngland on the 1st of April, 1791, aud anfred at tlie 
Sandwich Jslauds on tlie 1st of March, 17!)2. On the 18th of tlie same month lie agni11 WPllt to 
sea, and saw the coast of New Alhion, and also Oa.pe Mendocino, and from theuee sailetl northward, 
as far as the 8trait of Fuea, with favorable winds. He kept the coast in view, as the weather 
was clear, at an average distance of about 3 leagues from land. "When the weather preve11ted 
our making fh~e with the shore or our hauling oft' for the night, the return of fiue weatht•r aud 
the daylight uniformly brought us, if uot to the identical spot we bad departed from, at lea:-;t. 
within a few miles of it, and never beyond the northern limits of the coast which we !lad prm'ionsly 
seen. This a:lforded .the most. complete opportunity of determining its various turuings a111l 
windings, a8 also the position of all its conspicuous poiuts, ascertaiued by meridional altitmle,.; 
for the latitude, and observations by the chronomet.er, which we had the good fortune to re1~ord 
once, and in genera.I twice, every day." He noted accurately the configuration and soundings 
near Uape Mendocino, and explored the sandy beach near Humboldt Bay, but <lid not enter that 
body of water. He also recognized and named the capes Rocky Point, Point Saint George, Cape 
Orford, Cape Gregory. Cape Perpetua, and Cape Foulweather, where Captain Cook bad touched 
the coast; likewise Cape Disappointment and Deception Bay, names given by Meares to the 
entrance of Heceta Inlet, now Columbia River entrance. There Vancouver was deceived as Meares 
had beeu. He saw breakers, and" not considering this opening worthy of more attention.'' lie 
passed on with pleasant weather and a favoring breeze which he was anxiom; to improve. He 
endeavored to ent.er Shoal water Bay but was uliabfo, and did not attempt to get a nearer \'iew of 
the country, being attmcted when off Gray's Harbor by a. high cape in the distance, named by 
him Cape Grenville. He recognized the Island of Destruction, named by Captain Berkeley, and 
''approached with increasing curiosity and excitement the region where De Fuca's strait was said 
to be." 

On the"29th of Api;iJ Vancouver fell in with the American ship Columbia., commanded by 
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Uapt. Hobert Gray, the same officer wbo in the sloop Washington was said to ha.ve sailed through 
De Fuca's strait to an interior sea. With bim Vancou>er conferred and learned that Gmy had 
seen ~nly about 50 miles of the strait; but Gray ga,,e more important information in regard to 
the mouth o'f a large river which he had seen in latitude 460 10'. Vancouver kept on northward, 
looking for the prornoutory named by Captain Cook Cape :Flattery, but becatuie of discrepancy in 
the latitude he could uot identify the place with complete satisfaction. He concluded, however, 
that the northwestern end of the land 2 miles from Tatooche Island, which be had called Cape 
Classet, rnust lw the point so nametl by Cook, and therefore adopted the name on his chart. He 
at~eo1111tPti for the 1liscrepanc~· in latitude by supposing t)lat Cook hatl been carried by the currents 
fartlwr 11orth thau he was aware of, but in that conclusion Vancouver probably erred. 'fue head
laud wliieh Cook ealle1l Cape Flattery was not the same as that uamed by l\feares and Vancouver 
Cnpe Ula;;set, but was more probably the Flattery Rocks. 

A rock o;taJHliug nortl1west from the Cape, Vancouver named Rock Duncan, in compliment to 
an English captain from whom he received au excellent sketcl1 of the entrance of the Strait of I•'uca. 
'l'l1e sketch is doubtless the same "sketch of the coast of North America from Nootka tlown to 47 
tlt.,grees north latitude, including the Gulf of ,Juan de Fuca," of which mention is made by the 
Lords of the Admiralty in their additional iustructions to Vanconver. Dalrymple in the year 1791 
publi;;hed Captain Durn;an's chart of the Strait. On the evening of the 29th of April Vancoui'er 
e11tered it, saile1I next da,v along tbe south shore, and gave the name New Dungeness to a low sa.udy 
point which rer1emhled Dungeness in the British Channel. In the course of the following day he 
examined and named Port Discovery without knowing that two years earlier it had been named by 
the Spaniards Puerto de Quadra. There he moored his vessels for repair, left a party 011 sbore iu 
charge of l\lr. Broughton, and then with boats went eastward to explore the unknown waters. The 
party urnler Ya11eouver started on the 7th of May with provisions for tive days. After rountling 
tile eastern t'ntrance of l:'ort Discovery they entered a broad inlet, with two branches stretching 
south·sonthwest and south-southeast. In the western arm a harbor was found similar to Port 
Di;;c<ffery; and to it was given the name Port Townsbend, in compliment to the English marquis of 
that titlt>. A high, steep l'liff forming the point which diYides the harbor from the broad eastern 
inlet was called l'vlarrowstone Point, because it seemed to be composed of a species of marrowstone. 

Ou tbe 9th of l\fa,r Vancouver went southward into Admiralty Sound, and saw on the west
ern shore a small hay fringetl by large trePs. This he named Oak Cove. From a high perpen
dicn lar hlutf, marked by him as 1''oulweatber Bluff, he observed that the inlet separated, as at 
l\larrnwstone Point, into two branches. The western arm was explored as far as Hazel Point, a 
11amt• which he ap11lied because of the abundance of those trees; but it has since been known as 
New Kolowau Point. From thence the channel sends out a short arm or bay to t.he north, and 
this was explored by Vancouver, but was not namt>d. 

He then passed iut-0 the southwestern extremity of the great canal, aud according to his obser· 
rntious it eucled in latitude 47° 21' north. Hoping that some communication with the east 
mighl he found iu Admiralty Inlet, Lieutenant Johntone was sent to e,xamine that quarter, but, 
ace1mli11g to his report, the arm known as Hood's Canal was overlooked. This was s11.bsequently 
exami11ed and traced by the exploring expedition, under Captain Wilkes. Vancouver, however, 
1nrnsetl thron14h it aud named it for one of the Lorrls of the Admiralty. He resolved to explore 
tlw broad inlet (Admiralty Inlet) with the ship Discovery, while Mr. Broughton, in the Chatham, 
was examining the hilands uortheaHt of the Strait of Fuca. 

On the 18th of May both vessels moved accordingly, and Vancouver entered the main body of 
.Admiralty Inlet.. Ile found au attrar.tive region. A point of land near a good roadstead he first 
uamed Village Point, from an Indian village in that vicinity, but afterwards he marked it as Res
torat.ion Point., lmving, aH he says, "celebrated that memorable event when at anchor under it.'' 
'fhi~ point, lyiug at the northern entrance of Port 01·chard, north of a. small island now known as 
Blake Island, lw made the principal station while exploring the sound. From thence he sent out 
parties to examine the different water branches, and there he awaited the return of the party in 
the Chatham. Towards the south, Admiralty Jnlet shows two hranches, separated by Vashon 
Island. To explore the southwestern arm a i>arty was sent in boats under Lieutenant Puget, on 
the 19th of May. Meanwhile Vancouver and his men examined the vicinity> and ilpproaehes to 
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tbeir station. A narrow inlet seems to form a small cove, !Jut when explored hy nlr. Orchard it 
was.found to communicate witu other waters. A boat expedition fonud it to lie an interiol' ha.sin 
witb several branches, and it was named Port Orchard. Ou Vaneotffcr's chart it is shown a;; a 
closed basin, but su bseqnentl;v his sketc11 was corrected when it became k11owu that tl~ ;;o-calle<l 
port had other branches, communications, and pasimges. 

On the ~5th of l\fay Mr. Broughtou returned to t!te Chatham from his nortlwru excur;;ion, arnl 
joining Vancouvm· oft' Port Orchard gave him fotelligence of a large as.~('!llbla~e of islarn\;; 11mt 11 .. a;;t 
of the Strait of Fuca: the Haro Arcbipela,go. Vaucou n;,r set out 011 the follo_wing day to explon· 
further south the main arm of the great channel (Admiralt~' h1let), at the s:ww time directi11g that, 
on the return of Puget and hii-; party, Broughton was to examine a bra11ch to tlw 11ortl1t>ast. tl1e 
eutrance of which hall been seen on the eastern shore. VaneouYer lia(1 noticed 011 that ,.;hon', in 
latitude 470 17' uorth, au opening which he supposed might lcHd far to the l'astvrnl'll, at-i a r.lllge of 
clistant snow-clad mountains was markt>d by a break corresponding with the <lirectiou of tlH' branch. 
He soon aftt>r found there ouly the cioSe\l hody of 'vater now !mown a,;; Comrnericemi>11t Bay. 
Proceediug· 011 the main water, anotJ1t>r land ope11ing was seeo leafling· in tl1e dirPct io11 to t lie 
]Jlace at. whieh the ships WC'l'l~ moored. The land pron·d to he a large isla11d. Ht• i'iaile1l aron11<l 
it and named it Va:,;lwn lslallll, 1n memor.Y of his frie11<l, Captain Vashon, of tlH• British 11a\'Y· 
Keeping on south and west ''arions ba~·s and brauches wen' explori'd, lint they all etH1e11 ill swampy 
grom1d. Ou .M:ouday th1.• 2Sth he rea\Jhed the south end of Admiralt~' lulet, :UH\ on hi,; drnrt 
placed it in latitude 470 03' north, and longitude 2370 18' west. To the east and south all was in
closed hy land and he had ah'eady entered tlie quarter which ha<! bern assigned to jfr. Pnger. He 
thPrefore returned a11d reached the anchorage 011 the 2Hth of 1\iay, on his way ]lmi;;inp; th(• westt•rn 
si1fo of Vashon l:sland. l'uget bad pal'i:sed quite through the southwestern part of Admiralty Inlet, 
a1ul to that brauch Vancouver gave the 1iame of Puget, ::3oum1. 

Broughton had sailed to tlie branch which was aftet'wanl8 calle<l Possession t;omal, am! tl1ne 
the returning party found the Chat Imm a.t a11chor on the 30th of Ma,1. 

Mr. \Vhidbey had been prC'viousl.r s;ent in a boat to explore the northern hranclws of that 
sound. One was named Port Susau, but it is now known that it has a11 ope11i11g to th1· i1ortl1 • 
.another was named I>ort Gardner, and to a small harbor found h;y the part..r \'anconver gave tlw 
i1ame of Penn's Cove. 

The officers aml men of Vancouver's compimy being llgain co\lecte1l, :t1Hl, a;; 111> jntlge11, the 
exploration being complete, the comma111ler co11cluded to take formal 110s>1essi011 of tlu•. reg;io11 
before proceeding to another field of rt>search. That ceremony was performed on the 4th of .1 nm·, 
the anniversar.r of t.he birth of King George III. Vancouver went a8hore, and with r,nstomar~ 
formalities claimed all the coasts from that part of New Albion in latitude :mo '.!O' nortlt to tl1e 
eutrance of the Strait of Fnca; also the island:s within the >;trait, tho11e in the interior st>a, and 
all the channels and branches of that sea.. 'l'o the»e collectively he gan~ foe name Gulf of Heorgia. 
'l'he adjacent tract he called New Georgia, and the bay or inlet wlrnrl" the ceremonieH WC'l'f' per· 
formed was named Possession Sound. 

Ou the 6th of ,Juuc botb ships srtiled through the entrance of AdmiraJt..r Inlet to the 1iorth 
:tronurl the cape to which was then given the name Point Partridge, and, when near what is uow 
callell Smith's Island, Whiclbey wa;; sent with llOa.ts to explore two ent.rancPI': visible 011 t!J(• main 
shore towards the northeast, the vessels keeping on nortl! to a harbor seen hy Broughton when 
he was cruising with the Chath:tm at. the end of l\fay. He had named the place Strawherr~' Ba:.·. 
This port was on the southeastern side of an island, callecl by VanconYer Un1res;,; l,.;laml, where 
the ships were moored to await the return of Ute boats. There \\'hidbey arrfre<l 011 thC' 10th of 
,June, and reported that having entered the most southern of the two inlets he found it a imrrow 
and intricate channel abounding in rocks aud communicating with anotlrnr pre,-iousl.v di1;co\'el'ed 
by him, which was supposed to be closed, aud was named Port Garduer. The name gfrPn to t.he 
one last visited was Deception Pa!l.sage, a111l the long strip of land which \-Vhidhe:r had prnvPrl to 
be an is1and was named Mter him, Whi<lbey Island. After leavitlg Deception Passage he hail 
entered a.n inlet t.o t.he northeast and found an extensive bas, the shore lines of which he dill not 
tmoo. They left Strawberry Bay, and going north anclwred on the 11th June iu another, which 
was aft,erwards called Birch Bay, where Va.9conver intended to establish a central station for 
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further operations aud boat excursions. The.re Broug-bton was left in commaud, and was directed 
to make astronomical obsenations, while \Vhidlwy went southeast to complete the surve;y of the 
great hay he had discovered from Deception l'assage; and Vancouvu in person started with 
hoats to4'i'lrn north to examine the shore of the continent. He left Birch Bay on the 12th of June, 
and explorrd two bays, but assigned no name to either. Passing around a long, low peninsula, 
west of the:-w, he called it Point Roberts, after Capt. Henry lwberts, his predeceo;sor in the 
command of the 8hip Discover,)·, and sail~d along· the shore8 of' the delta of what is now kuown as 
Frazer's Hiver. Ilere the soundings diminished from 10 fathoms to 1 fathom, and all endeavms 
to approach the eastern shore were to no purpose. The sand bank was so extensi"rn that in order 
to clear it he was constrained to pass westward to ancbor for the night. Next day Im again 
started in a northeast direction and found a cape which Jrn named Point Gra;r, in compliment to 
Capt. (ieorgti Gray. The space between this and Point Roberh; seemed to be "a low :ti.at yery 
mucl1 inundated, and to have two openings lletween the two points." These were doubtless the 
montlts of Frazer's River. Tl.le sand bauk between them he uamed Sturgeon Bank, as he ltatl 
bought some sturgeon there from Indian fishermen. Th us Vancouver mis~ed the discovery of the 
largest river iu New Georgia, as he had previou8ly overlooked the Columbia River entrance. 

From l'oint Gray he sun'eyed three extensini channels, named by him Buzzard's Canal, 
Bowe'll Sound, arnl Jervis Canal. On his way southward Vancouver met m1 the 22d of June two 
Spm1ish vessels near Gray's l'oint; and iu convei'fmtion with Captains Valdez and Galiauos learned 
that the expedition nuder Eli8a had iu the preeecling ,year, and earlier than himself, examined tbe 
shores of tlw Gulf of Georgia. They exhibited Elisa's charts, and Vancouver Baw on them the 
shore lines of bays aud other geogmphical detail8 exteudi11g 4 leagues further than he had advanced. 
Tile Spauish commanders were su111rised when told that Vancouver had not seen the rfrer entrance 
whicL Elisa ha<l 1iame<l Itio Blanco. The English commander el· id entl.r knew nothing of the exist
ence of I•'raztT's River. 

On the :!3Ll of June Vancouyer again was at the anchorage of his vessels in Birch Bay. vVhid
hey had previously arrived from his boat excursion to the eastward, and re.ported that lte hall ex. 
amined a large expapse of water; and on his cl1art Vancouver marked it with the name Bellingham 
Bay. Other l.lOats had been employed in the examination of islands at the west, I.mt ''these were 
found so abuu<lautly dispersed as to preclude any correct examination witliout having leisure for 
the purpose." TLus, Jiavi11g traced 011ly the soutberu and eastern parts, the dernloprnent of the 
Haro Archipelago was left to later explorers. "\'\'ith a fine breeze and very pleasant weather, tlie 
two sliips sailed from Birch Bayou midsummer morning· aud proceeded nortliwei;twanl up the gulf. 
Soon after, Yancouver agaiu met tbe Spanish expedition under Valdez and Galiano, and the three 
co11muu1tlers resolved to carry on the work of discovery joiutly. Sometimes the exploration of' an 
i11let or cave wa8 confided to the Spanish, and at other times to the English officers; but the partuer
i;hip was soon dissolved. After the 13th of July each party pursued its own course. 

Y ancouver sent LiPutenant ,Johnstone in a boat to ascertain whether or not the inland waters 
011 wl1ielt they 110w were had any outlet to the Pacific. .After passing through narrow straits, it 
was foun(l that the tide entered from the northwest; and as the party advauced many Indian 
canoes were met, and as generally near the mouth of an outlet the shores were i;tndded with 
ludian 11ettlc111e11ts he judged that be was in a passage to some other water, and soon after saw 
a broad shl'et of ocean iu the distance. On the chart the passage was marked Johustone Strait, 
On the 10th of Augmit Vancouver entered the Pacific and passed along the coast to the 52d pa1 allel, 
returned al'ounrl the island, and arrived at Nootka on the 27th of the same month. _Four days 
after be was followed hy the Spanish ships Sutil and Mexicaua, which had also explored ,Jolmstone's 
Strait with its numerous branches aud inlets, and had given names to all. Vancouver preteded 
them, and it is proper that geographical names attached by that navigator should be retained on 
existing charts. \Vi th Quadra, the Spanish governor, then resident at Nootka, VancouYer agreed, 
and the great island was named Quadra aml Vancouver Island. In October of the same year 
(1792) he 8ailetl for the Sand wicb Islands, which bad become, since the time of Captain Cook and 
the fur.traders, a harbor of resort for the northwestern navigators from England a11d Eastern 
America. Vancouver left N ooika with three vessels, the Discovery, the Chatham, aud the Dretlalus • 
.After itwaiuing a sllort time in sight of the southerJI coast of the island, he crossed the ap1iroaches 
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of the Strait of Fnca. Uaptail1 Cook had applierl tlie name CaJle Flatter.'· to what Va1wo11\·pr had 
called Cape Classet, but, on iillding that his designation was the name of an inferior ludian el1i(•r, 
Vancouver adopted tbe name which the cape uow bears. 

On the 18th of October he was off Bulfinch Harbor, so called by Ca1ltain Gra.v, who discovered 
it, and from theuce Mr. vVhidhey w~ts sent in the Daedalus to explore the pmt. Vancouwr in the 
Discovery, and Brou.ghtou in tlie Chatham, went on to the entrance of Columbia Hh·er, and there 
the Chatham was directed to lead in, aml signal at the bar if not more tli:m 4 fathoms of water 
should be found on.it. She safely made her way iu, but the Discovery iu following soou came into 
3 fathoms. Vancouver considered llis vessel in danger, and hauled to tlie westward. The clay fol
lowing be made two other attempts to enter aud reach the Chatham. Tl1e weather wns dear and 
favorable. Vancouver saw far into the valley, and obi:;erYed to the eastward a high ~now-clad 
mountain, which he named Mount Saint Heleus, in honor of the Ilritish :unbasimdor at Madrid. It 
is a peak of the great, range of mountains south of ]\fount Baker and Mount Raiuier. On the :!fat, 
as the weather looked threateniug, Vancouver stood out to sea, leaTing the exploration of tlw rinr 
entrance to bis lieuteuant, llroughtou. Un the wa.r southward the corumander agaiu determiue(l 
the geographical poisitiou of Cape Mendocino, and fouud the latitude to correspond exactly with liis 
former ohserYatiou. The longitude determination was within 3', and this proYed tlle acenrae,r of 
his first survey. From thence be made a quick passage to Ran Francisco Bay, whPre hi:' arrived 
on tbc 14th of November, and was rejoiued in the following week by Mr. Broughton, wlio hatl 
rctnrned in tlie Chatham after exploring the Columbia Hiver. He safely passed tlw liar of tbat 
rin~r a11d auchore<l abont a mile a11d a 11ual'ter iusidP of it. Seeiug tlle DiscoYery put to :,;ea again 
Broughton supposed he \Yas left to ('Xamine further. He had uo definite instructions, bnt w011t 011 

eastward, guidecl at the outset by a sketch made hy the American, Uaptain Gra,Y. Broughton 
sounded in tlifferellt llirections, and gave names to se>cral poiuts and ba,ys. Young's Bay and 
Young's I~iyer he named after Sir George Young, of the Hoyal Navy; Gray's Ra:v ht' 1uuuctl in 
compliment to the Amel'ican captain, and Baker's Bay for the commander of a small vessel, the 
,Jeune~·, whieli had enterl:'d the Uolurnbia lJefore the Chatham. In the <'ourse of tPn <lays Brouglltou 
we11t about 80 miles up the river, and gave uames to seYeral points, islands, and branclles. It is 
now difficult to identify the places, as the sketch published by Vancouver (plate 5 of his atlas) 
contains only a few of the names. .But this is not important. It suffices to state that lie went up 
the river nearly to the great mountain range, and onl:,v a frw leagues west from the Cascade::;, 
which were described to him by au Iudian. He named the place at which he turned back J>oint 
Vancouver. Possibly the river Mannings, of Broughtou, may be the V\7 illamette, but the latitudes 
do not agree closely. 

On the 4th of November Mr. Broughton was again 011 board the Chatham. He put to sea on 
the 10th, and ten days afterwards rejoined Vancouver at San .Francisco. 

While his vessel was at anchor at the entra11ce of Gray's Harbor, ·whidber had exami1rnd tilt> 
bar in boats, and fiuding a channel of 18 foet he passed ill and moored off the 11orth point of the 
entrance. From that place he began his exploration in boats and completed it on the 26th. 'rhe 
north point of entrance be named Point Brown, in honor of Captain, afterwards Admiral Browu, 
of the British navy. The southern was named Point Hanson, for the Iienteuant who had com
mauded the Daedalus in the passage from England. To a point im;ide of the bay 4 miles east of 
Point Brown be gave the name Point New, after tlrn master of bis vessel. :Mr. Whidhey ld't 
probably on the '.!7th of Oct-0ber, and rejoinetl his commander at Monterey ahout thl!> middle of 
November. Vancouver remained at San Francisco Bay only to make a sketch of the entrance, 
and some visits to the neig•boring missions. He left on the 25th of November, aud "deliuenting 
the coast," proceeded to Monterey, wberehe arrived on the 26th and remained unt,il the end of the 
year 1792, occupied in exploring the vicinity and preparing charts, drawings, reports, and letters 
for Englaud. He determined the longitude of his observatory, ne.ar the Presidio of Monterey, from 
a series of nearly two hundred sets of observations, to be 2380 251 45" east. "This resnl t" Yan con· 
ver remarks, "differs considerably from that of l\Ialaspina, who places l\Ionterey 35 miles farther 
oo the west, in 23i0 51', and he also places the northern promontory of Cape Meudociuo ~U', and 
Point de los Reym; 33' farther to the westward of their positions as shown by our observations.' 
By Vancouver's calculations the entire coast of North America was uniformly moved about 30 
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miles east.wanl of the longitude assigned by Cook aml )lalaspina. "Thei;e" says VancouYer, "are 
authorities which demaml the ~reatest respect a11d confidence, yet from the uninterrupted serenity 
of 111e weather that lll'l'Vailrd at the time our observations were made: I IHH'e beeu induced to 
adopt tile meridian ohtained from tlie rnsult of our ow11 observations." 

On the 14-th of ,J au uar,r, 1793, Vaucouver left Monterey and sailed directly for the 8and wich 
Ishu11h;, wberP be remaiued until the end of March, and then set out on a second Yoyage. He made 
the coast near Cnpt• l\lendociuo, and liaving 011 his first visit in 1792 passed Port Trinidad unnoticed, 
which. accor<ii11 g to tlu_• Admiralt:v Register of 178l, "appeared to he an eligible pilacefor shipping," 
he \'.utcred it on the ~d of May, and anchored in" a small open co>e, bounded by detached rocks." 
"vYht>11 wooredt lie says," the bearings from the ships were a high, steep, rounding, rocky headland, 
(Trinidad Jfoad) formiug the hay, bearing N. 750 ·w., dista11t three <11mrters of a milP, and the dis
tant lwadlarnl of lllernloci1H) in sight. towards the soutlJ." This del'\eription proves that the vessel -
wal' iu the little cm-e 011 the shore of which now stamls the town of Trinidad. All hidden dangers 
then' It ave beeu develo1wd in the work of the Coast Sm'\'C.Y, hut Vancouver reported it to be " a 
Vlc'r,\- nmmfe roadstead for shipping, scarcely desen-iug the denomination of a port." Iu an excur
Hio11 to the tihOrP oue of hif.-; officers found the cross which had been erected by the Spaniards under 
l/uwJra y Bodega iu I ii5, bf::'aring the inscl'iption "Carolus III Dei G. Hyspauiarum I~ex." On 
tlH· :1t Ii of l\Iay he again stood out to sea. and sailed for N ootka. 

HPtweeu tlH· islands of Vancouver and Q.ueen Charlotte's tl1ere is a large gulf. The last
name1l islaud stretches some of its promontories far to t.lrn west an.I advances more into the oeean 
t.11an othl'I' i8l:rnd8 of that rPg"ion. Hence it was one of the tirst chosen for exploration. Towards 
tl1t• 1•ast and nf::'arer to 1 he mainlaud lies a Jab~·ri11th of islands, iuleii,,;, chanuels, autl loug 
peuimmlas, wl1ich, np to the time uow under review, had oe<'11 eom;idered mi part of the continent. 
Yaiwoin·N entered these waters, i-iml iu this was preceded only by oue navigator, the Spanish 
captaiu, Coamafto, whose ohse_rvations were usefal to the English uaYigator. The Spaniard, of 
whose voyage further mention will be made presently, sailed from Mexico when the Sutil and 
JHexicana startPd, am] in the course of six months sun·eyed many parts of the archipela.gos of 
}{~vill::igigedo, Prim:c of \Vales Island, &c. Some of the names girnu by him were rnt<Jined hy 
Yallconver, which proves that he mnst. J1ave known something of Uoarnafio's results an<l was 
materiallr assisted by his charts, which, in the opinion of Humboldt, he probably had on board. 
Bnt m ueh thn grPate.st 1legree of merit regarding these explorations must be accvHled to Van
conn~r. lkn; iu 1 he north, as formerly in the south, near th(' Gulf of Georgia and at the mouth 
of ( iolnm hia }{,j ver, Vancou vcr a ud his officers, hy advancing through the deeply indented inlets, 
<\llJJroached those remarkable 111on11tains that run along the northwest coast of America. A few 
hig·h 1m11111iits of the coast ranges and some isolated peaks were previously known, as, for example, 
.Monut SaillT l~lias, l\fonnt Fairweather, Mount Edgecnmbe, and others; but the interior ranges 
lwd uever Ileen seen hy Euro11ea11s. Vaneou>er traced them from California uortbward to Russian 
A111erica. 

011 thl' 8tb of October Vancouver left Nootka, and in the course of a week he wa1:1 off Cape 
l\Jp111lnci110. LiP11te11ant l'uget was sent to gain ;nformation conceming Port Bodega, but as in the 
year pn•vious, i11deme11t weather made the intended survey impracticable. Vancouver meanwhile 
went to :San Frauci:<co, but the Spanish authorities were not co1·dial, and he kept ou to Monterey. 
On tile 5th of Xowmber lie sailed again to complete his examinatiou of the coast southward to the 
;rnth parallel, as e11joiued hy bis instructions. He passed along to Poiut Conception and from 
thence through the Santa .Barbara Channel to San Diego. Favored by circumstances he every
where approadwd tlw shorP line, entc>red little harbors, and gave nall)l:ls to several points which 
he found to he nam(•less 011 tbe Spanish maps, as Point 8al, Point Arguello, Point l~elipe, Point 
Firmin, Point Yi11c{·t1k, Point Lasneu, Point Dume, which have been ado1>te<l by geographers, and 
\~aucou..-er has thus conrnt<·morated many ·11ohle and hos1Jitable Spanish friends, both officers and 
missiouaries, Dou Sal, Don Arguello, Dou I~elipe Goyeocbea, I<'atber Francisco Dume, Father 
Vincente, and Fat.her Lasnen, e<tch of whom had receiYeu him cordially as he stopped at intervals 
iu pat'.lsi11g .alo11g the coast. He left Sau Diego on the 9th of December and coasted as far as San. 
Francisco entrance. From ttieuce lie ~tood over to the Island of Guadalupe and the Sandwich 
Islands, intending to make his winter station there for tbe season of 1793-'94. 
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Amo11g the non-existing waters marked on maps, e\·en after tlll' time of Captain ('ouk, 11%s 

that dei<p arnl large inlet in Russian .America, called Uook's J{ivel'. It lrnd been 111 i,;takt'll for 
the mouth of a great stream like the Saint I1awreuce. ::;ome in that day eag.-rly caught at tb1l 
idea, aml with no knowledge of mountain systems they gase tlte riYer :1 i;;onrce in the Great Slani 
Lakti. Mackenzie, it is true, showed that the water;.; of'. the Shn-e Lake ftoweil towards tlie Arctic 
Ocean, but space remained west of Mackenzie's River for the mythical stream once known as 
Cook's River. 

Ou his third northwe8teru cruise, iu the sumnier of 1 79-1, YancounT cloi>cl.v exami11ed the. :snr
rouuding country and expunged irnaginar.v rivers whh;h had heeu marked 011 earlier rnap:s. To 
the one h1Rt mentioned after examiuation he ga.ve tlte name Uook';,; lulet, it;,; proper desiguatio11. 
But he omitted Rome that were important. In the north, a,;.; twice befor,, at the son th, h1' was tlrns 
unfort.mrnte. He had doubteil the ex1steuce of tile Uolnmbia Hin;r until Hray prnvfid it, aml lw 
left Frazer'R River in the Gulf of Georgia unexplored, altliough informed of its character b;1-
intelligent Spanish officers. ~)f the Atna or Copper Hiver of the Hussians he i;ays nothiHg, uor 
did be hear anything of the large river Yukon or Yukl'ham1a. 

Vancounn· returned to Nootka, and passing along the eoast of Ualifornia lie agaiu made some 
observations of import:mee; but he was anxious to visit Sa11 Diego. That 1:;tati011 \wing 1·.entral, 
all bis calcnlatio1rn for determining the trend of the coast of New Albion southw<ml of the thirriPr11 
parallel were referred to it. On the way he toncl1ed at two point;; for connecting ll!l(l e01TP.cti11g l1is 
serie.s of Io11gitude determiuatious, at. the island ofGuaclalupc, tlle position of wl1ieh lw had pn•,·iousl.r 
asccrtaiued, and at Cape San LncaFi. 'l'bere the l<'n·11cl1 expPtlition undel' CJ1appe d' Anternclit- for 
observing the Transit of Veum; in liG!l hall Hdtled the gt'ographical position with a high th•gn'e of 
exactness; a111l findiug l>,Y comparison his results in accordance with those of Urn 8paHisll aJI(} 
French ollscn·ers, Vanconver returnell to l•}urope. lie readied Englaml in the snmnH'r of 1795. 

Cook, La Perouse, and Malaspina had touched the western coas~ here awl there, hut Yancouver 
was the fiT8t in attempting a continuous i,;mTe~'. The 1:5pauisll n>yages of tlrnt period, e~eu wheu 
intended to aicl in geographical development, were commonly mere snmmer excursions; but 
Vancouver took ample time. Hi:s explorations l'mployell three snn1mers from the date of Iii,; arrival 
at the northwest in April, 1 i92, until his departure in September, 17U4. ~loreoYer, many of the 
previous expeditions had been eo111.lncte1l by men of merdy on1inar;r acj1uirements, captai1rn of 
merchant vessels and fur traders, like Portlock, Dixon, Mareliaud, Gray, and otliers, who of t~om·s\' 
occasionally made cliscoveries in a region so little known. Yancou\'er and his companions pos
sessed the qualities aud the means requisite for his purposes. Ile bad ueen trained under Captain 
Cook, aud was provided with the best instnuaeuti:; tlien known for makiug useful ubsen·atio11s. 
'fhe period of his survey was probably the most active in tlrn history of western exploration. He 
states that in l792 there were npwards of twenty fnr-tradi11g Yessels 011 the coast, a111l f'Xcl11:sh'11 
of his own three ships, the Spania.r<ls had two uudel· Valdez and G;iliano; two or three men of 
war under Bodega y Quadra, sent. to Nootka Sound; aud tbP snrve,\·iug ves:;;el .Arauzas, under 
Uaptain Caemaiio. The total of thirty vessels were eondnctml by oflicers of ahility, aud were 
accompauietl by astronomers. All contribute1l to make those hitbert.o obscure J'egions bettor 
known. No former time hatl g,tthered sm:h means antl forces for co,ist exploration. 

After the disclosures made b,y Cook in 178fl had directe<l atteution to the JSortheru l'acific, 
citizens of the United States, as also some in England, Fr<mce, and other countries, sent expeditious 
to that promising region to e11ga~e in the for trade; and some Americans while so employed 
became as prominent in the history of discovery as l\larchand, Meares, aud Dixon, of whom mention 
has been made. Amougst them, the Captains Keudrick, Grar, and Ingraham are best knowu~ 
But few of tbe American captains wrote narratives of their voyage)'I. All prohahly kept log 
books or journals, lmt tbese were not published, and probably have been Jost. Of Uapt. John 
Kendrick's papers none, so fal' as we know, have been published or eveu prcsen-ecl. The log book 
of Capt. Robert Gray was for some time ill possession ·of his heirs, and from tlie second Yolumfl' a 
few extracts were published in Bostou, but nothing is now known of the manmicript. The journal 
of Capt. Joseph lngraham's voyage in the ship Hope, in manuscript, is in the library of the State 
Depa1·tment in Washington City, D. 0. It is in four thin folio volumes, very well written, and 
contains maps of Washington Island, as he calls Queen Charlotte's; also of Vancouver Island, 
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aud of the coatit of Ualifonua, drawn from information given by Captain Gray. Much inform:ttion 
in regard to the t>xplorations of t!Je earliest Americuu na \-igators in t!Jis direction is given here 
and there in the reports of Dixou, 1\leares, Yancou>er, and others. 

lJI tlw ;rear 171'7 some Boston merchants, among wlrnm were Mr. U. Bulfinch and Mr. J.M. 
Piutard, formed au a~sociatiou for combining the fur trade of the North Pacific with the China 
trade, in a 1m11J111'r similar to that attempted by the Kiug George's Sound Comi:iany of London. 
Thes fitted out two Yessels the Columbia, aml the "'asbington, with requisites, and gave the direc
tion of the expedition to Capt:.iin Keudl'ick, with whom, in the Columbia, Ingraham went as mate. 
Gray had commnrnl of the "\Y asltington, itud both were provitle<l with sea letters issued by the 
Federal Goverumeut, and Ute vessels sailed from llosto11 on the 30tlt of September, 1787. Green
l10w, in hii-; work oll Oreg-on imd California, givei; arnple inforrnatio11 in regard to the voyages of 
Kendrick, Gray and IngTaham. 

ln .lanuary, 1788, they doubled Cape Horn and immediately afterwards the Yessels were 
Heparated l•y a violeut storm; CaptaiH Gray, in tlte ·washington, made the northwest coast in 
latitude 4!i dPgrees uorth, and reacl1(·d an inlet or coasto1iening which he tried but in vain to enter. 
'l'l1is wm; prol1a1Jly tile mouth of Colmnbia Hin•r. Ou tile bar ltis vessel grounded, and was 
attacked by the natives; but lle got. off without much injury, and on the 17th of September he 
anin'd nt Nootka Sonn<l, the place of re1tde)'.;Yous, where he was soon followed by Captain Kendrick 
iu the Col nm hia. Oecupied with trawsactiom; in the fur trade, the vessels remained in harbor 
dnriug tlw winter of 1788-'.SU. The Columbia pas:sed the following summer there, but the Wash· 
ington made trivR to tlw north aml south, exploriug tlie country, and collecting furs, which Gray 
from time to time deposited at Xootka. In one of his trading excursions (June, 1789) he explored 
the 1:>astern coallt of Queen t:lrnrlotte's lslaml. The western shore had been seen by the Spaniard 
rerez, iu 177 4, b,r the French under La Perouse in 1786, and by the English, Captain Dixon, in 
li87, who had also ohservetl partiall.v aloug tl1e east side and discovered the broad strait which 
separates it from the continent. He called the islaud Queen Charlotte's, and the channel Dixon's 
Strait. 

1' ot knowing the facts which ham just been stated, Captain Gray belieYed himself to be the 
!liseornrer of the great. island, tlJe eastern coai,;t of which he saw and followed further than either 
of his predecesso1·s. He touched also at mauy points along the shore, and gave it the uame of 
·washington lslaml, and that designation was in use for some years among the fur traders of the 
G11ited States. 

In one of his vo;rnges from N ootka to the south, Gray eutered the strait discovered by Captain 
Berkeley in 1787, and by him named De Fuca Strait. Gray sailed in it about 50 miles, and under
stoo1l from the natives that it extended farther north, and then returned towards the Pacific. 
(iray aftt'rwanls related this to Vancouver, lmt he nowhere states why be did not pursue this 
JH'om1srng opening. Ou his return to Nootka he fonnd Captain Kendrick preparing to sail with 
ful's for China, but after hearing ·the account given by Gray rel'!pecting the Strait of :Fuca it was 
tl1~culed tltat tl1e latter should take the Columbia across to China, while Kendrick remained with 
tlte \Yasl1iu~to11 on the northwest coast. 

Gray arifred at Canton on the 6th of December, 178!!, sold his fnrs, and returning with a 
cargo of tmt hy way of tl1e Cairn of Good Hope, reached Boston ou the 10tl1 of August, 1790, 
ha\·ing carl'it'd the flag of United States around the world. What Captain Kendrick did mean
wLile is not exactly known. Mr. Greenhow says that on parting with the Columbia he sailed in 
t11e \Va8hiugto11 tu the Strait of Fuca, and was the first navigator who passed through its eutire 
length into the Gulf of (icorgia. We will therefore briefly recapitulate what is known certainly in 
regard to Krndril'k's rnoY!)ne11ts, vo~·agfs, and fate, after his sepaiation from Gray in the autumn 
of 17811. 

We know that after tl1e separation Le engaged in speculations, one of which was the collection 
ofetl1e odoriferous sarnhll-wood which grows ou ruauy islands of the Pacific, and that be t-0ok the 
wood to China. He pure based several tracts of land near N ootka from the Indian chief Magninna, 
and he was again at Nootka in the swnmer of 1791. In that same summer Captain Gray returned 
to Vancouver Island and passed the following winter at Olyoqnot Sound. It is probable that be 
went once or twice to Nootka and there saw and conferred with his former commander •. At the 
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end of the year 1791 Ke.udrick probably saileLl for China, as early in the ensuing p'ar lw was seen 
there by Captain Ingraham, of the .American ship Hope, wJ10 had hecn at J\lacao siuce tlie 1st of 
December. Ingraham bad previonsl.Y sailed with Kendrick as mate, and of ronr:-e had 8ome con
versation with him, as explicitly stated in his journal. Ke11drick was killed b~' au accident at the 
Sandwich Islands in the yea.r 1793. So far as "e know he made no important discoveries, hut hix 
conutrymau, ltobert Gray, made several. The auonymom; anthor of three letters from California 
called "Noticias de la Pro'l"'incia de Californias" (not to b!' confounded with the notieia.s of Ve11egml) 
says that the viceroy or Spain had sent out letters to all tlw rni8sions, directing that uotice Rhould 
be gh'en to the Indians of a certain .Americau-Eng·Jisbman uamed Juan Kemlrig, sailing about 
their coast, wlw bad coined and issued m011ey in liis owH name, and ordering them to seize bim 
wherever the;v could. 

The results of Gras's commercial operations were not large, lmt he sailed agaiu iu the ship 
Columbia from Boston on the 28th of September, 1790. SeYeral other vessels sailed at ahout the 
same time from that port and from New York, hound for the Nortl1 Pacific, and amougst them was 
tlie brig Hope, commanded by Joseph Ingraham, formerly mate of the Columbia. 

Ou .Lis second nortbwesteru Yoyage Gray arrived at Clyaquot (Yancoin-er Island) on the 5tl1 
of June, 1791, as stated by Greenhow. From thence lie went to 11igher latitudes and rl'tumed iu 
the antumn to Clyaqnot, where he built a fort (Fort Defiance) aud passe1l the winter of J 791-'92. 
111 the following spring be made a trip southward along· the coast of New Alhiou. At the outset, 
on the 29th of April, 17H2, he met Yancouver and con'l"'ersed witlJ him respecting the 8trait of 
Fuca and a certain great river (Columbia River), to wbi<!\1 allusion has already been made . 

.After parting with Vancouver Gray went southward. On the 7th of l\Ia;r he disconred iu 
latitude 46° 58' north an inlet which seemed to promise a good harbor. Ile entered au<l fouml 
himself in a bay "well sbelte1·ed from the sea by lL>ug sand-bars and spits.'' 'l'here be remai11ed 
tliree days, trading with the natives, and uamed the place Bu lfiucll Harbor, in honor of one of 
the owners of bis vessel. This same ha~- was aftPnvards ca Heil Gray's Harbor by Yancou Yer. 

On the 11th of May Gra;y was again near the entrance seen b.Y him ill 1788, wl1ieh in his log-
book is styled bis " desired jJOrt," JJTObablJ because he had great expectations in regard to it. On 
passing the ha.r he found the eutrauce of a large rh'er of fresh water, and remaiued teu days 
tr~tding with Indians. According to his log book the exploration tY,en made waf.l prm;pented to a 
point nearly 25 miles l)~· the rin'r C<1urse. \Vheu Gras left he gave to the river the name Columbia 
Uiver, after hii,; ship, The eutra.nce cape he called Capes Hancock and Point Adams. Soon after
wards he made known at Nootka. Sound the discovery of Bulfinch Harbor and Colnmhia Uirnr 
to the Spanish commander Quadra, and snhseque11tl~· to Vaucouwr, who ordered a further 
exploration of the vicinity . 

. From Nootka Sound Gray returned, by the way of China, to tbe Cnited i:'ltates. 
Captain Ingraham, in the ship Hope, left Boston in Se11temher, 1790. While crossing the 

Pacific he touched at a group of unknown islands, au<l then went northward to Queen Ulmrlotte's. 
He made a second voyage to that island in 1792. The journal of his rnyages is i111porta11t, as it 
preserves notices of other American explorers, chiefly of Kendrick and Gray; and from the last 
named co1mnunicates a map of Vancouver Island an<l the coast of California. Iu 179:3 lugraham 
returned, by way of China, t-0 the United States. Subsequently he was an officer on hoard t.be 
ill-fated ship Pickering, which wa.s never heard of after sailing from tile Delaware in August 1800. 

GALIANO AND VALDEZ, lW:t. 

An account of the vo~·age made with the galiots Sutil aud l\lexicana was imblished at :\Iadrid 
in the ;\·ear 1802. The introduction to the narrative was written by the Spanish histori
ographer and director of the archives, Navarrete, but the name of the author of the account i;:. 
not mentioned. The atlas which accompanies· it contains charts, plans, aud views; and of these 
the most interesting in tliis connection are the first plate, showing the coast of Califomia from 
Oa.pe Perpetua to Cape San Lucas; tl1e second, on which is g·iven the remainder of the coa.'!t of 
California and Vancouver Island; the fourth contains a reclucetl CO})Y of the olll survey of the 
coast of Calfornia. by Vizcaino in 1602; and the fifth and sixth give plans of the harbors of San 
Diego a.nd Monterey. 
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The most valnablP part of this work is the introduction. Compared with -Vancouver's the 
narrrrtiw• is meager an<l nuinteresti11p: aml the charts are inferior, only that of Vizcaino having 
a11~· special historien l interest. They are not equal to tl1e Spanish charts given in the .Madrid 
atlaK of that pPriod. 

M11lasJ1ina was 011 the nortliwest coast in the ~·ear 1791, but, lrnd not time to examine the Strait 
of Fnca. .A ftN hi,; return to Mexico he sulnnitt(•d to the viceroy a plan for the examinatiou of 
Cl'rtain importa11t pla<ws, and offert>ll to fmnish tlH' expeditio11 with iustrumeuts from his vessel;;, 
Th ix proposil io11 wm; ac<:epted. 'l'he galiots Sntil aml 1\Iexicana were titted out, and placed nutler 
tl1e eommarnl of the capt.ai11s Dou Dionisio Aleada Galiano and Don Uayelano' Valdez. It was 
the last of SpaniHh t>XJW11itions. 'l'he equipment was menger. The zessels were each only about 
;JO f<•et Jo11g, of IN;s thall 50 torn; hur<le11, nnd were navigated by only twenty-four mlm. J;~ach 

ship !tad oue chrnuomett>r, aw1 a Ringle qnadnrnt <1i1l sr1Tice for both of the vrssels. Vanconver 
was a111azrd at the sight of what he deemed" RO unfit for its destiuation." Both Valdez 11nd Gali
aiw complained of tltl' ineonveuil'uce of sneh small Yessels. They sailed from Acapulco on the 8th 
of J\lard1, 17!1'.!, trnYersed the coast of California at a diRta11ce, to aYoid the northwest winds, a11d 
arrin~1l at ~ootlrn on the 12th of .May. From thence tl11•.Y 8ailed on the 3d of June, and on tl1e 5th 
m1tl'rt>d the Strait of Puca. Tetaeuo, au JJl(liau chief, informed t11em that Vancm1yer had Ileen 
there fivt'1 weeks earlier, with two large ships. 

After visiting the little port of Nufiez tlaona (Nealt Harbor), the Spaniards passe1l to the 
rntsteru part of the strait without examining Port Discovery or au.v other harbor of that vicinity, 
"hl'canse tlrnir predeceRsor Elisa had ~ln'ady seen tl1em." 'l'hey also passed by Las Bocas de 
Caornalto (Admfra1ty lulet), im1tly for suel1 reasons as had induced Elisa to leave it unex1ilored 
awl part!~· because it was thought that the illlet might lead in a southwestern direction to the 
inlet of Heceta (mouth of Columbia l~iver), ~tud if 80, it could he more convenieutly examined on 
their rntnrn. 

Hast~ni11g therefore to Rosario Strait., to reach as Roon as poR8ible the point at whicl1 Elisa 
clost>!l the sm·ye~,, they saile1l for the southern point of Vancouver Island, a111l having douhled it, 
kl'pt along the southem shorN\ of tlrn archipelago De Haro, passed the island of Guemes, and 
entered the Seno de Gaston (Bellingham Bay), to see if there was not a, channel leading from it to 
the north. Finding· no ontl~·t the~· made their way to what Elisa in 1791, had called Canal de 
Plori<la Blanca, iu lwpe that it might lead to something yet um1iscovere1l. Elisa had meutionecl the 
exis1e11e1~ of a river in that region, which riw~r, accordiug to Vancouver, he called l{io lllaucho. 
Tl1er1~ they of ueces8it;r repeated Vauconver's movemeuts. Fiuding turbitl water (aguas turbias) 
and n•ry shallow 8011111iings, thPy were driYen by currents, and weiit over to the eastern sitle of 
Ym1com·er I slam! to seek for an anchorage. '!'here tlwy 11assed several days in differeut roadsteads 
to wl1idt the~' ga•e names, after marking shore lint's on the chart. 

Elisa had repre8ented the country about the mouth of Fraser Hiver as composed of islands. 
'.l'!te ridge of snow-clad mountains to the eastward seemed to be broken in the direction taken by 
the ·Ua11al de Florida Blanca, showiug a broad Yalley; and it was jndged that the canal there 
pa,.;s('(l the mmmtai118 and led into anotl1er sea. But Fraser River was not examined, either by 
Yanconver, Valtlez, or Galiano. In the previous year l<~lisa appear8 to have seen something of it, 
~is on bis map it is la ill 1low11 as a river. ·while Gafotno and Valdez were near its mouth, they 
111et tlte boat;.; of \-ancouver and comTersed with bis officers. 'l'be two parties at lengt-b. joined, and 
eomplcte1l tl1e snrn~~, of Hie Gnlf of Georgia. The Spanish report states that the Spaniards did 
the best thc>y could to follow tlwir English friends, hut always were somewhat behind in consequence 
or the i1Jferiority of the Spai1ish vessels. They entered the Pacific through the strait named on 
their chart Salida 1le la:-; Goleta;;. This is south of the island marked on Vancouver's chart as 
lshuul of Galiano and Yahler.. Ou t.he 27th of' August they sailed arouml Vancouver Island, 
and 011 the 31st. arrirnti at Nootka. On tJ1e 10th of August Vancouver entered the Pacific, and 
after making some exploration8 at the north of the island, reached Nootka 011 the j8th of the same 
month. The Euglish certainly preceded iu navigating entirely around the island; hut it was agreed 
between the commanders that it should bear the name Quadra and Vancouver Island. 

Ou the 1st day of September Galiauo and Valdez left Nootka to cruise along the coast of 
California towards Monterey, aud t-0 Rnrvey placeR poiutecl out by their instructions. Like Van-
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con ver, they heard at N ootka of a newl,y discovered port (Gray's HarlJor), a1Hl of a large rin,1· 
mouth (Columbia Hh'er), disco\ered by tl1e .Americau Captain Gra,'1·. 'L'lJP inteniion was to 
exami11e botl1, hut owiug to tlie bad condition of tl1eir vessels the purpo;;e was found irnpracti
cahle. \Vith their small craft and unfavorable win<l a1Hl weather tlw,Y wade their way 1<onth, 
touched at San Francisco, M011tere,'I-, and Sau Diego, and arri>ed at :;:\au Blas 011 tht~ ::;M of 
November. Humboldt men ti oils these Spanish officers as ''able and experienced astronomer~"; 
but they recorded no obser\'ation or clil;mover.r worthy of mention. 

· _ In the Strait of h1ca the commanders Galiauo aml 'Faldez lrnd beeu preceded h.r Quimper, 
I<msa, and Vm1conver, all<l in the Gulf of Gt•orgia th<~.r were assii<tt>!l hy tl11~ Englisl1. Hpa11isll 
charts with earl~' designations were published iu u:o2, but Va11cmn-er's charts, mud1 sup(~rior i 11 
detail, came out iu 1798, an<l tlius were establii;:hed the uames which lie hatl attac11ed to place:s i 11 

the region. 

CAAMANO, li92. 

nrief ni"ention will suffice of an expedition by Don .Jacinto Caamailo in the Spanisb 8hip 
Aranzazu. 'J'liis vo,n1ge, like that of tbe Sntil and :Mexicana, \\"as orderPd h~· the Vit•croy of Mexi<'o, 
Uonnt He,·illagiget1o, and was suggested by J\Ialaspina, wl10 judged that somewhere about Port 
Rueareli, in latitude 56 degrees uorth, and behind Queen Charlotte's Island might be fouud the 
open water of' Admiral Fonte. 

Caama.i'io left Sau mas on the 20th of March, a fortnight later than Galiano and Valdez. 
Like them he traversed tlrn coast of Califomia. aml he arriYed at Nootka 011 the 14th of May. 
From thence he went north anti pasf\etl around Queen Ulrnrlotte's faland. Ma11~·ohserrntim1.-; we!'(' 
rna<le 011 the ueigl1 lwring slwres of tl1e Amerfoau continent. Tlrnse, as Hmu uoldt remarks, were 
useful to Va11co1ffer, hut tbeJ· are beyond the boundary of om present research. On his retum 
in October, 1792, Uaamauo, sailing with northwestern wilHls along the coast of California, toucl1t•tl 
at se\·eral points, hut seems to ha\'e added nothing to the stock of information. He reached San 
Blas on the 4th of November, where, a fortuight after, Galiano and Valdt•z arrh·ed with the Sutil 
and M:exicaua. In these the Spanish Go\'ernment ended a 1011g series of exertions for exploring 
the northwest coast. Beginning with Ulloa aud Cortes, a period of nearly three Jnmdred years 
had been marked l.Jy activity in geographical development. 

CAPT. W. R. BROl:GHTON, li%-'98. 

Bronghton's voyage was from its outset YerJ· unfortuuate. He had been with V:rneounh· i11 
the North J>acific, antl, as already stated, was i11 comnmml of one of the Ycssel;; (the Clrntham) of 
Vancouver's expc<lition. Aftn examining the Uolurubia H.iver, Broughton went overland acro8t'i 
Mexico by direction of Vancouver, with communications respecting transactiorni with tl1e Spanish 
authorities at Nootka Sound. Affairs were settled amicably by the willingness of S1mi11 to Jieltl 
possession to Great Britain. The surrender bad been refused during the stay of Vancoll\'Cr . 

.At the end of the Jear 1793 the ship PrO\·i<lence was put in charge of Brought-011. He wa;; 
directed to proceed to tl1e Pacific, visit Nootka, and receive possession of that port iu case tltt> 

restitution to Great Britain had not been previously made. He was also instructed from the 
Admiralty to survey the western eoast of South America between Valdivia au<l the Strait of 
:Magellan "upon the supposition that Captain Vai1com'er, wlio bad similar orders, would not Lan• 
been aule t-0 fulfil them." 

After many delays :Broughton sailed from England in February, l795, before the return of 
Vancouver, a11d arrived at Nootka (from the Sandwich Islands) 011 the 15th of March, 1796, and 
found the place at whkh activity bad been manifested for ;years almost deserted. An lndlan 
yillage wal! 011 · tlJe site of the earl~' Spanish settl~meut, and several letters, delivered by the l u(lian 
chief .Maguinna, informed Broughton that the Spaniards bad delivered the port to the English 
Lieateuant Pierce. It was also sta.ted that Vancouver l1ad sailed for England. 

His vessel needing repairs, Broughton could not. leave Nootka until the 21st of May. He then 
sailed, and visited Monterey, but received 110 attention from the Spanish oflfoers t.bere, and was 
not even allowed to set up a tent on shore for the astronomical observations needful to settle the 
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rates of his watclies. He ascertained definitely that Vancouver l1ad left about eighteen months 
befom, and that bis two ships had beeu in good comlition at Montere~'· Further, that he had 
sailed from Valpriraiso to survey the lower part of the western coast of South America. Rronght011, 
thus apparently left to his own discretion, decided to snr\'ey part of the coast of Asia, and to tl!at 
end he sailed from Montere~· ou the 20th of June for the Sandwich lslamls. His sliip was wrecked'. 
but he made some msefnl surye_ys in the region to which La Perouse sailed from California. He 
rPturned to England in 1W9. 

LEWIS AND CLARKE, 1804-'0G. 

In ,January, 1803, !~resident Jefferson sent to the Congress of the. Uuit<'d Statt•fi a coufldential 
mPssage recommending tltl' exarnination of the interior and far western region pertaining to the 
republic. Tl1e snggPstion was appron~d, aml he cornmissio11e1l Captai11s Meriwetlier Lewis and 
\Villimn Ularke to explore tlle lippPr ::\-Iissonri Rh·er and its principal lmrnehes, a11d 1.I1e11 to seek 
and trace to it8 tl>rmi11atiou some river, the Col nm hia, the Oregon, or any other which might offer the 
most direct and practicable water communication across the eo11tiuent for the purposes of commerce. 

Soon after the cession of Louisiana to the United States tbe travelers named set out westward 
from Saint l1onis, with a, partr of about forty men, on the 14th of May, 1804. 'l'hey went up the 
Mi8sonri to the month of Yellowstone Uh-er, and the up11er hea<lB of the last meutimw<l ,-,tn~am 
were explored ill 180fi. In ,July thl'Y crol'lsrtl tlie Hocky Mountains and reaclied the h<·a<l waters 
of tl1e Columbia. Following its course, they arrive1l at the falls of the rher in the Cascm1e 
J\Iouutains, and 011 the 2d of Nov<>rnber came to tide-water at tlte point reached by Broughton, 
(Y m1couyer's lieutPnant) iI1 1 rn2. Fi Ye <lays afterwards LP\\·is arnl Clarke reached the eastern 
extremity of the estuary of the Columbia, autl, ''the fog cleariug off, enjllsed for tbe first time tlle 
delightful prOf~pect of tbe oceall." The broad I'aci1ic was before them. 011 its waters th1•y ruwPd 
in the Yiciuit;r of Gray's Barbor, which they called Shallow Ba,\. Citpe Di,.:appointmeut aud the 
adjacent coa8t were examine1l. They ronnded Tongue Poiut (naming it on their map Point 
·wmiarns) and Helt>cte<l for their winter encampment a place near their river Netul, which on 
later mapR lwars the name 1,ewis and Clarke's River. Tliis empties into Young's Bay. There, 
on the 8th of December, tl1ey commenced building a camp, which ou completion was uame<l Fort 
Clatsop, and after passing the winter they began t11eir homeward jonrvey on the 23d of :March, 1806. 

Thronghont tlw winter tl1ey had mnch interconrse with the I11<lia11R, and made many hnnt.ing 
and (•xploring <'xcursi011s to the interior and along- thP coast. Tlw_r 11otl•tl tl1e wi11t<>r eli11rn.t1•, the 
raili.,y 1-1l'aR011 of tliat region, the auituals, llltt1 imligenotrn pro<luctio11~, ma11_y of the \'egdablei; 
being unkuown ::tt the east. 

Amongst Irnliau tribes inhabiting the shores of the Columbia Uher were t.lie Clatsops, Killa
mnckR, Chinooks, and the Cathlametes. 

Of the excursions made, 011e of the mo8t iutC'reRti11g was led by Captain Clarke. Ou tiiat 
journe;y tliey ascended on the 8th of January, 1806, a high and rugge<l bead land of the coast. It 
was uamed Clarke's Point of View, and is doubtless identical with Tillamook heatl on charts of 
the United States Coast Snn'ey. 

Before leaYing the mouth of the Columbia Lewis and Clarke put Oil paper a short memo· 
randum of tlieir journey to the Pacific, distributed copies to the India11s, and posted a cop;y at 
"Fort Clatsop. ( ne of these papers was subsequently given by the nath·es to Captain Hill, an 
American, wl10 in the conrse of tlie summer of 1806 was on the Columbia Rh'er. The paper went 
to China, and was seen by Americans iu Cantou before the close of the year. 

On tbe 23d of Mareh Lewis and Clarke started eastward, following at first the route pursued 
in approaching th(• Pacific. 'fbe company afterwards separated into parties t.o examine valleys of 
the Upper Columhi.a, but tlie partie!'l were rejoiued at the mouth of the Yellow.stone, and all 
reached Saint Louis on the 23d of Heptemb.er, 1806. By this memorable expedition an immense 
rin•r system and a large section of the .American continent were made known to the world. It 
gave impulse to movements, American as well as English, both by sea and land." Many profited 
by the facilities pointed ont by Lewis and Clarke. 
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RUSSIAX EXPJ<:DITIONS, 180'.V06. 

The first expedition from Hussia was sent out at the insta11ce of the Chancellor Count 
Homam.off. Two ships, the Nadeschda awl the Newa, under command of Capt. A. T. von 
Krusen;;:. tern, sailed from St. Petersburg in August, 1803. The N ewa was in charge of Capt. 
U. J,ysiausky, awl each vessel pursued its own courne, rnakiug different explorations iu th(-' 
northern par'ti-i of Hussian Asia and America iu the years 1804 and 1805. ·with the expedition 
went ag envoy to the Emperor of Japan, the Hussian Chamberlain Vo11 l~ezanoft". But tltat 
Asi::ttic power striet.ly maintained it • .,; 8,ystem of n011-intercourse with other nations, and declined 
the lll'oposed mission, and the envoy in consequence was taken to tbe harbor of St. Pt>ter and St. 
l'aul in Kamtcliatka. There some letters from St. Peterslmrg· induced him to vii;it tbe Aleutia.n 
falarnfo and uorthweHt coast of America. Ile was accornpaniNl hy the German natnralii;t You 
J,a11g1>clorff', wlw afterwards published a hifitory of the voyagn. Tl1c pa8sage wat:i made iu the galiut 
Maria, a slow saili11)! \'CSHel belouging to th(' RnHHian 1''ur Compall_y from Petro Pawowsk. Startiug 
011 tbe 25th of JuIJe, 1805, the party passed aloug the Aleutian lisland8, Alaska, aud Kadiak, 
to Norfolk Souud (Sitka.), and tlrnre arrirnll 011 the 7th of September. Barauoff, the goYernor of 
thP Hussian Ci'itablishments, had some years earlier taken possession, had built a fort at Sitka, aud 
made it the ceutral station of Russo-American domiuion, which until then had htien at Kadiak. 
He assembled at Sitka many Russian fur-hunters and Aleutians, and the company was further 
ang111c11tNl by the crew of the Maria, who intended to pass the winter in port. But tlw resources 
of tl1e young an1l poorly }ll'O\'ided colo11y could uot SUtltai11 tlw dPpernl(•11t 11umlwr. A llisa:-;trom; 
fn.111i11c t•usned; siek11t>ss prevailed and threatened the estal>lishment with ruin, when, forturiatel,v, 
the American vessel Juno, from Bristol, R. I., arrived with a cargo of provisious. These were 
immrdiately purchased, but the famine was thernuy only averted for a time. At length Barauofl:' 
ml(l Hezanofl:' purcha8ed the American Yessel, in order to bring· from California what might he 
i11<lisp1msable for supporting the colonr. The commarul of the Juno was gi>en tn the Rus:'lian 
lieutenants Uhwo8cloff and Davidoff. Hezauoff and tlte HaturaliHt, Langsdortr, went with them, 
and the ship left Sitka for Sau Francisco on t11e 8th of March, ISOG. 1'he passage was made 
tedious by sickness amongst tbe liussian sailors, all of them being sick with scurvy. ·They never
theless tried to make some coast examinations, and attempted to cuter the mouth of Columbia 
lUver, where the Ru~sian plenipotentiary thought of founding rm ct>'t~tblisment.. An opeuiug 011 

the coast, supposed by them to mark the eutrauce of that ri\·er, was examined with boats, lint it 
was soon found to be the iulct which Vancouver had named Gray's Harbor. Some <lays after 
(March 31) the JuI10 was at, anchor off Cape Disappointment with a \'ery sick crew. :'.'Inxt day 
they tried to enter, but observing that the eastern horizon was istrongly marked with surf, aucl 
Laving been driven by the currents towardis Ca.pe Adams, it was tleemed addsable to get away, 
and ta.kc a.dvantage of the fiwomble northwest wind. ThP.Y thcrtiforc sailed direct for San 
Fra11cisco, and entered t.bat port on the 8th of April. 

The transactions ot' Von Uezanoff and his officers at Sau Francisco were moistl_y com111ercial and 
political. At tlte tlpanish mission offers were made to exchange the wooleu st.ulfs and other goods 
bought with the cargo of the Juno for flour, meat, and vegetables, and to estabfo;h hy treaty 
a lasting commerce between the mii;;sions and the Rn8sian settlements. 'flrny liad with them Van
couver's rnapis, which were fonml serviceable, and also a tracing of the surW\Y made h,v La Peromm 
at Sa.n Fraucis(~o Bay. La.ngstlorff made some nsefol observations in geography aiul uatural 
history. Ile visited the sot1t.h part of the hay in a boat, and he is the only a11thorit..,- we han• iu 
regard to the condition of the Franciscan missions in 1806, and also respecting their u11dertaki11g-1-1 
in earlier years. 

This expedition is moreover of iuterest beuamm the Russians, failiug in the plau for eRt.ablisL· 
lisbing commercial intercorm1e with the Californians, cormei\•ed the iclea of plautiug- a colony of 
th<~ir own on the coast. On the 12th of May tbe part.y left Sa.n Fmucisuo, a111l withont. delay 
returne1l with their provisions to Sitka, where they arrive<l on the 20th of Juue. This was the first 
Russian expedition to California of which we have accurate information. 
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FUR COMPANIES, 1806-'21. 

The expeuitio11 uf Lew ii; aud Ularke was noticed with deep interest hy explorers and fur-tradeni. 
Suurn existing companies revived and other:s were organized for prospective gains in the rece11tly 
opened couu try. 

The ~ ortbwest Company, then acti,·e and enterprising, had, while Lewis and Clarke were in 
motiou, ,;eut partil'S towards the l{,ock.Y l\fonntaim;, and hat1 crossd them iu 1793, when· their agent, 
.:Vlr. A . .i\Iackeuzic, arrived 011 the Pacific coast. Another agent, Mr. Simon Fraser, crossed the 
rnon11taius in 1806 at the source of the river which bears his name, and established a settlement, 
which wa1;'calletl }\ew Caledonia. Mr. D. \V. Harmo11 tran~led as chief agent of the Northwe:st 
Company durin_g- several years beyo11d the rnonntaius. Though his book (published in Lon<lon in 
18~0) is simply written, it contains interesting inforrnation in regard to the country east of Van
conrnr falanrl, ancl of that around the Strait of Pnea, and also the Columbia Hiver. It is in many 
mattPris co1111ected witli discoveries iu that region the only ;;;ource of authentic information. The map 
accompany mg it is the first on which Fraser Hiver is laid down in its true course. 

A :Vlissolll'i fur cornpau,\· was formed in 1808 for settlements ou the Upper .Missouri, imu one 
of its agentH, .Mr. Henry, founded a post on one of the brancht>s of the Upper Columbia, but the 
po8t was soon abaudoned. 

In 1810 Captain Smith, from Boston, entered the Columbia a11d built a house 40 miles above the 
mouth, but the houise was destro~·etl withiu twelve months, as stated in Greeuhow's "Oregon and 
California," page '..!91. 

At the perirnl lll're umlt•r 11otit'.t• .John .Tacoh Astor, of New York, eistablishecl tlic l'adttc 
Fnr Company. Ile wa~ a personal friend of Presi1lent .Jefferson, who had origiuatud the exped1-
tiou of Lewis anu Cl<trkP. }fr. Astor enlisted expert Cauauiau, Scotch, and American travelers 
auu 8ailors wl.J.o had been iu the s.,rviee of the .Northwest Company. He sent out in 1809 the ship 
E11tcrprize, under Captain Bbbets, to make observations at several places on the northwest coast of 
America; but uo detaile1l account has been given of that voyage. 

On the 2d of September, 1810, a seconu sea expedition, in the ship Tonqui11, was sent to the 
month of Columbia l{,iver by way of Cape Horn, under Capr. r. Thorne. The best account of this 
expedition is gh"en in "A<kentures on tlte Columbia Ri\·er, by Ross Cox." That book details event!! 
which occurrc>u in Oregon be.tween the years VHO all(l 1816. · Another is entitled: "Relation d'uu 
voyage a In. cote Nord Ouest dau les annees, 1810-1814, par Gabriel I•'rarwhere. Montreal, 1820." 
lfoss Cox and Franchere were, for the most part, eye witnesses of what they describe. The first 
uamerl came to the Columbia by sea, the other'went across the Rocky Mountains. A well•written 

account of the operations of the Pacific Company is given by Greenhow. 
A laud expedition under the chief ageut, :\fr. Hunt, set out from Saint Louis iu January, 1810, 

going b~· wny of the Mis~ouri River . 
.A 11 cx1w<litiou i11 the ship Beaver, und~r Capt. Cornelius Sowles, sailed in October, 1811. 

'fhpse were all attended by men expert in their several ways as navigators, scientific observers, 
a11d huuteni. Ross Cox went as clerk in this expedition. 

While the Astorian parties were on their way the Northwest Company also advanced towards 
tlie Columbia by sending out (iu 1810), by way of the Peace River, a company from Canada ui.;ider 
the surveyor aud at'ltronomer I );wid Thompson. All these parties arrived successively on the Pacific 
i11 what, was then called the Oregon country. The English detachments were at the north, the 
Americans farther south, and especially at the mouth of the Columbia River, where, in t.lw spring 
of 1811, they built .Fort Astoria iu the vicinity of the cape named by Brought-On Poiut George. 

Thompson explored the region watered by the main bmnch of the Columbia. He followed part 
of the route of Lewis aud Clarke, conoboratetl and in some particulars corrected their reports, and 
gave au improved map of the sources of the Missouri as well as of the Columbia River. Much in-
1ormat.iou in regard to t.his expedition was giveu by Washington Irving in his "Astoria, 01· Anec
dotes of an Enterprise beyoud the Rocky Mouutains. Philadelphia, 1836." 

In August, 1812, the ship Bt'aver wa.i,; sent from Astoria towards the Russian establishments 
but the war that ensued betweeu the United States and Great Britain checked the operations of 
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the Pacific Fur Company. Disasters followed. The. ship To11q11in was wrPckcd and lwr ('Tew was 
nnll'rlered by savages. The ship J,ark, sent from New York b.Y .Mr. Astor in the yea1 1813, wa::; 
wrecked at the Saudwich Island8, and much imftering wa8 endured b;y the land parties. 

V\'hile the ageuts of the Paci lie Fur Compau~· hclll pos11etssion of the fort at Ai'<toria (from ,Jm1t·, 
1811, until ctober, 1"3) se.Yeral parties were i:<ent out from theneP, hut all were llirectPtl to tlit• 
upper branches of the Columbia. .Mr. A:stor intended "to ha'e masting \·e;;:sels of Iii" own at 
Astoria, of small draught of water, fitted for coasting serYice," lmt tllat purpose was1tot <1ccompli,.;he'l. 
The people there were without means for ua,·igating the coast, with whielJ the~· curnserp1rutly 
remained entirel.Y unacquainted, wbile the interior regions wen· well known to them. Vinall.)', wl1<'ll 
threatened hy the presence of a British sloop.of-war in the l':1cific, tlie agents of ::\Ir. Astor, 011 the 
16th of October, 1813, sohl the for establishment to tin• .Nortl111e;;t Co111111wy. 0111,\' a u11111tl1 aftn· 
the tram;for the sloop-of war Haccoo11, U:tptaiu Black, cutcn·<l Colnrn bia. Uiver, tlHo British Ha).! wa:s 
raised, aml the name .Astoria was cbauged to }'ort Groq.(e. After the rcistoration of peace tlw fort 
was again (1818) in possession of tl1e Uuited States. .Mr. Astor for a time eontcrnplated tl1c revival 
of his western 1irojects, but the Northwt>st UmnpHJJ;\ had iu the i11 lt:>rrnl occupit:><l the \ allP.Y of tl1e 
Columbia Uher and its chief tributaries, mid were carrying on trade in the neigh holing rPgior. 
Official ai<l could not be obtained, aml without such aid it was lleerneil impossible to 'lispossess the 
intruders. 

Citizens of the United States were at this period settling and imp1·oviug the fertile larnls of 
Ohio and the Mississippi Valley. The distant .Pacific region had heeomc less attraetive ais the ;;ea 
otters diminished iu uumber; and moreover the fur yearl,Y ll<'crf'a8ed i11 p1fre. T!ie Vi·tlernl 
Government, lio'IH'Yer, n·1wa~tedly al'<>t'I t1·d i1 s nglit to tl1at part of Xorth Awcrica. 

Ju t.l.ie ,year 1821 tue fur cornpauies, alter bciug aL enmity as ri \~aJs, were uuited uudr·r the uanie 
of The Hudson Bay Company, and this 1rnio11 gave stn·11gth to tlJc H1·itislt iutt>n;st: on tlie 
uorthwest coast. 

The voyages and travels of Franklin, Richardi::on, Parry, arnl others, m1dcrtaken by onfor of 
the British Government, and favored by the Hudson Ba,y Company, aided much iu g•~<>graphic<1! 

development near tbe Rocky Mountains. New roads were upened to the west, uut their ,·iews 
were chiefly directed to the north. In a peaceful way the agents of the company in time occnpie•l 
11early the whole Pacific slope between California l'lml the Hns8ian Jl0"8Cf'8ions, and all tl1r conntQ· 
drained by the Columbia, Fraser, and 01ber rin·rs. These a~c11t8, i;.asi,; 3\Ir. Greenliow "were 
now seen throughout the whole nortl1w<'st, from tlle Atlantic to the J>acitic, hunting, trapping, an1l 
trading with the aborigines. Their boats sailed on eYery lake and rinr, arnl tlwil' trading posts 
and forti:IJcatim1s were in every important location. For mar1y years scarcely one Amerieau citizrn 
was to be seen west of the Rocky Mountains; nay, they were obliged even to withdraw their ves8el;; 
from the northwestern coast." · 

The Hudson Bay Company had their principal residence on the Columbia, in Fort Vanco11rnr, 
founded in the year 1824, at a considerable di<itance from the mout.li of the river. 'l'his became the 
center of O})(lrations in what the.y called The Columbia Department (now Oreg;on and \Ya;;hiugton), 
but they established some trading post in every posit.ion of importance, from the north, ernn lwyoud 
tbe Russian settlements, and to the southward at San Francisco and Mont~rey. Tht>y resorted 
also to the Sandwich Islands. Mr. Astor's idea of a coasting fleet was realized bj· this cornpan~·. 
Sma.11 vessels to explore the inlets and ports along the coaist were provided, a111l in the iuterrnl 
between the ~·ears 1830 and 1840, they had in service five curvette1-1 of about 300 tons each a1Hl :t 
small steamer (the Beaver), besides two larger sea-going vessels for trading between Uolurnbiit 
River and London. 

In successive excursions the Canadian hunters exteuded their trading district from tlw Cuh1111· 
bia. southward to the Sacramento, and on their way found iseveral riYers the lmul's of which Wl're 

inhabited by distinct t;ribes of lJJdians. Some of· the names then ginm to streams are still retained, 
as Umpquah Klamath, &c. Commodore Wilkes, whose exploring parties from tht' Columbia 
River in 1841 Jlartly folJowed the tracks opened by the Camidian hunters, giws much useful 
information in i:egard to this region in bi~ "Narrative of the lJuited States Exploriug Expedition," 
Vols. IV a.nd V. The French traveler, Duflot de Mofras, who was journeJing there in the year 
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184 J, mad1• 1 hP ma ttl'r a su l~ject of i11YPRtigation, aJHl j.!'llYI' m1wh i11formatio11 in his published work 
<'II titled "Bxploratiou d11 territoire de !'Oregon. Parifi, 1844." 

1'he Hndson lfa,Y Compirny ;.:pnt sonw partie;.: to explore the 1owpr reaches of rivers wl1ich 
bad been crossed h;"· tl1<· Cawidi:m hunters, and to build small forts at suitahl<' places. It may be 
said tl1at at this time they were the only navigating parties on the coaist. •But the ('Ompany kPpt 
110 accouut of thl·ir land opcratim1is. De Mofras says that Captain Brotchie, in the service of that 
1~ompany, wa:; Yery actiYe; he was one of the 1no1St Pxperieuced officl·rR 011 the coast, and in the 
year J8:{fi madP a coa...ring Yoyage i11 tlrn schooner Cadborough to tLe sonth of' tl1e Columbia 
Uin·r to exami11P thP Plltrances of the little riYers Sagousta, Killirno11, Yacoun, Nehalem, Umpquah, 
RIHl Klamath. A fort was C'rPcted near the mouth of the Urnpr1uah in tlH· ;'l·e;u 18:H. 

An im1iorta11t hrancb of tlw operations of the Hu<liion Ra~· Com11aur waR their exploration at 
ilw north, townrds the Strait of Fuca aud Vancotl\'('l' IRlm1d. Iu 1hat dircetion they fo1rndPd 
post:-; after the yt'ar IR::)(}. At that time Fort Nisqually was fom1fle•1 at the heail of Pnget l:'lmm<l, 
and i11 time it hl'<:an1c their chi(·f station i11 tlmt quarter. 'fhe t•astcrn coast. of Ya11com·er lRland 
was also at that period furthn explored aml partially Rdtkd. Coal wuR found on the iislaml in 
the ,n•ar HS:i4, and by means of t11e little Rteamer BeaYer, ~1lretidy mcntioHed, Rteam navigation 
was mied for examining the nooks aud corners of that Yieinity which l1ad 11ot been seeu bj' 
YaucouYer, Yaldez, or Galiano. 

In the year 1828 .Fraser Hinr was for tlw first time na,·igated in canoes from its source to 
the mouth hy Sir George Simpson, goveruor of the territorie.-; of the Hndson Bay Company. 
Otlu~r rivers were traced, anrl i11 p:nticular tl1e Stikirw, which mis lirst Pxarnine1l hy the traYeler 
.'.\IcLeod. Thci;e and otht·r strPams of the nortln1~pst bad Hot been explored b,v Vancouver. The 
1~1·nter of tl1cse movements wtis Fort YancouYer, but auimatiou was given by the company's chief 
age11t in the Columbia district, Dr. ,Tohn McLaughlhl. 'rhat energetic man deserves mentiou in 
tlH' history of exploration; he crossed the Rock_y )fountains with the North west Company, and 
in the year 18:!4 built Fort Vancouver. It was at his instance that all the enterprises here 
nw.ntioned were undertaken, and (says De Mofras) to him the Hudson Bay Company owed 
principally tbe adnmceme11t of their affair8 and the extension of their commercial dominiou on 
the Pacific coast. Ile ruled~ Ro to Rpeak, in those regions for more than twenty years. 

IW88J AN fiETTLEMENTR, 1812-'41. 

The Hurlsou Bay Co111pany and the Hussia11 I<'ur Compans so greatly extended their i-ettle. 
rn1mt.,; that at oue time the two coqJorations isecrncd to divide the entire region· between 
themselYell. 

After the year 180G, when the naval expedition of Hezanofl:' and Langsdorff came down from 
the north to San Francisco and attempted to establish there a commercial connection with the 
Sp;u1ish missiouf'I, thof>lf' regions had not bee11 forgotten by the ltussians, and as they always needed 
pro\·isiouR they concluded to settle ~it some point on the coast not already occupied, and there 
·~ultfrate ground on their owu account. :For thiR purpose they chose Bodega Bay, north of San 
Pr:weisco, which had not been reached by the Spanish missions. M. Barnnoff, the enterprising 
Russian governor, sent in the year 1812 an expedition, cousit;ting of one lrnndred Uussians and a 
number of Aleutians, iu a fleet of barks commanded by J\1. Kuskoff. They sailed from Sitka 
:-;outhwanl as far as Port Bodega. There they made a settlement, which in eonrse of time 
extende(l along the cmi.i4 nearl_y 40 miles, and in that stretch were a fort, Russian faI'Dl·hons08, 
magazines, chapels, fruit gardens, and ground under cultivation. The Spanish authorities 
rer1eatedly prott>Rted against tllis RusRian encrooohment, but were unable to resi8t it by force. 
The Russians cousequent]j· rntained possession for 11early thirty ;years. They made yearly boat 
expeditions from Sitka to Ho<lega Harbor, and from the11ce gradua.II;y exteniled their journeys for 
hunting on land arnl for taking seal along tLe coast. They went into San .Franeisuo Bay and 
killell the 8Ca otter in sight of the Spaniar<ls, who, if able to resist them, bad no boats. 

In the year 1826 the Ifossians posse.ssed themselves of the Fl\rallones, where ~bey established 
a litile colony of Kadiacks and held those islands so long as sea.ls and the sea.otter were to be 
found there. They proceeded south to the Santa Barbari:i. Channel and occupied some of the 
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lslauds. The island of San Nicolas is particularly mentioned as tlie usual hunting ground of the 
Russians.. Captain Beechy aud Sir George Simpson make mentiou of these movemente. It 
appears tliat the Rm;siam; were at-1sisted iu some of these expeditious hy Boston men m· American 
mariners. Ju lrviug's Astoria, we read: "The Arnericau ca.ptaius engaged in thi::> particular 
departrnellt of west coast trade nsPd to come to New Arclia.ngel, tl1e principal place of th<' Russian 
colonies. Here their sllips would be furnished with a littlti tleet of cauoes aud a lmndred Kadiack 
hunterR, and titted out with eYerything necessarJ· for hunting the 8ea otter on the coa;;t. of Cali
fornia. The sliips woult1 ply along the Ct1lifornian coast from place to place, dropping- lJart.ie8 of 
huuters in their canoes, aud Jearjng them to depend upon their own dexterity for rnaiuteuance. 
'\Vheu a suffici(•nt cargo was ccllected they would gatl1er up their canoes aud hunters arnl return 
with them to New ArcliaugL, w liere the American ca,ptuin would re.cei,·e 011e-half the skius for llis 
share." 

'l'he Hussht11s gave to places on the coast uanws of tl1eir owu. Bodega Bay w:1s called hy 
them Vort Roma11zoff; Bodega llea11 was their Cape Homanzotl'; t!Je riYer ~au Jgnacio tlw.v named 
Ayatseha River; the rh·er S:u1 Sl'lJa;;tia11 is tlieir SJayianka Rh· er; a ud the point now knowu as 
Fort ltoss was in their designatiou Cape Sievero Zapadnoi, that is Northwest Cape. 

As their baidarkas were vcr~"Rmall vessels and the Kadiacks expert fishermen, tht'y prohably, 
in the course of those tliirty _years, gained intimate knowledge of little inlets which had neYer beeu 
seen either by the Spaniards or Vancouver. It is therefore unfi:ntunate that we do 11ot k11ow 
what uame8 were given to them. lt is also to be regretted that 1l1pir scientific observatim1s and 
charts of tlie region arc lost, for it cau scarcely be doubted that such existed wheu "·e read tlte 
tlNH~ription given h~· a French 1raYeln of tlie cnltinlted sod!'f.\ or tah·ntf•tl officers once asseui. 
l1h'd on the shore.s of Port l{omauzoff. 

The Russo-Americau Company is said to ha\'e derfred huge gainR from thP sonthem settle
meutR; and thus the Russian Government was induced to form plans for domiuiou. Om· of the 
Sandwich Islands was seized, a11d in the year 1821 a ukase issued hy which the Russiau Gov· 
ernment was declared to be iu possesRion of the coast northward of Yauconver Iislaml, and all 
foTeigrteTR wne prohibited from approaching within 100 miles. These measures wt•re s ;llJewlmt. 
like thm1e of' the S11anh1h Ki11g wllo Roon after t11e Middle Ag('S attem]Jtetl to mak1• the Pacific 
Ocean a mare clausum. But the protests of the United States aml Great Britain against t.la• sin· 
gnlar proceeding, and the snlJRequent treaties between those powers aud Hnssia in 18~5 aud 1826, 
ma<fo tlie decree which !rns he1•11 rt'frrrt>d to, of 110 pffect. Tiu.· southern bo1111dary of tl1P l:nssiau 
empire on tlie uortliwt>sf 1~oa8t of Au1el'i('.a wa..; ti11:11ly tlxe<l, aud iu t!JP year 1841 tlw Hnssiau 
{ )ornmercial Uo111pany garn up their establishments 011 the coast of California. 'rhe g·oo<l sites for 
sealing and ~ea otter hunting had been exhausted, and the necessity for seeking provisions so far 
~outlt was renHwed hy the operations of the Puget Sound Agricultural Company, which hail cul ti· 
\'ated land nearer to the Hns;;iau colouieis. All the circumstauceis ha.d changed; auotller uatiou 
was a1J11roachiug Califoruia, and the Itussians sold all tbe propcrQ' to whicll tlw.r had claim. 

MISSIONARY TRAVELS. 

The Franciscan missionaries did not extend tlieir explorations in California either along thP 
coast or towards the interior. Tl1ey were able to do little, as they had not in San }'rauci;;co Bay 
any vessel, or even a boat, at their disposal. Whe11 a shi1i arrived at the Golden Gate it wits 
hailed hy a speaking t.rumpet and was obliged to send a boat 011 sliore t-0 the fort. :Expeditious to 
the eastern side of' tlw bay were made 1m l10rl'lebuck round the bmiin, and the riven; wPre exam· 
ined in the same manner. This a1111ears almm;t iucredible, yet Vancouver in 17!)3, a" well as 
Langsdorff in 1806, and otliers mention what Las just bee11 stated. From this it may be eo11dn1lNI 
that nothing C!'.JUld IJe 1lone at that time for the hJdrography. Laugsdorff sa,ys (in 180li) tliat 
Spaniards had traced the river Sacramento ueariy 90 leagues, lmt only along one of its bauks, never 
having been able to examine the right. bank for want of boats. Of the source of the riwr uoth· 
iug was known, and even the sea entrance was doubtful. But land excursions were made Jeurl_y 
from the principal Spanish llOSts, Monterey, San Diego, aud San Frai1cisco, to 1irocure Indians for 
service at the missions; and at. tbe same time efforts Wl!re made to Chr·istianize thew. 1'hese jom·· 
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neyi'\ of course tended to enlarge knowledge in regard to the territory. Some appear to have been 
rn:Hl11 for t>sta.hlishing· t•omrnnnication between Santa Fe, in New Mexico, and the upper coast of 
California. In 1785 the t;owrnor of that province. Ilou Pedro Fages, had proposed an expedition 
from Moutert:-;\·, or the river of San Francisco, to the east, with a dew of communicating with the 
province of :New 1Iexico. It seems that now and then ajourne;r was made expressly for discover~r· 
'l'lms we relld that in the ;"'Car 1811 two Franciscan friars, the Fathers Fortuui and Abello, 
traYch·d alo11g tlie C'Olll'l:il'· of r the San Joaquin River and explored its valley' excepting the upper 
parts. No doubt tht• history of these excursions would be interesting, but no writers sucl! as 
Fathers Crespi, l'alon, and De la Peua were left in California to make journals. 

I,a.ug·sdorff says that while be was at San Francisco a sergeant and corporal with thirteen sol· 
1liers arriw<l from thP Nist, haviug just returned from travel. They asserted that tht>y had pene
tratPd into tlie country hetwefli 80 and 90 leagues, and had reached the vicinity of the Sierra 
Ni•vada. Jn the same direction another party went soon after under Don Luis Arguello and 
·Father ,Jns<'Jlh Uri:i. 

CAPT. F. W. BEECHY, 1827. 

Wbile (,ontiueutal war continued in Europe the British Government gave no attention to the 
r11w1'tin11cmwf•rniuga11orthwe8t paRsage from the Atlantic to the Pacific, but after the ye.ar 1816 
the subject wa1-; <1gai11 taken np. :Maritime parties explored .Baffin's Bay, including its northern 
hranches a11d i11h•ts. Iu 1821 Captain Parry sailed into Lancaster Sound, and went westward 
sm11ewl1at fartlu·r tl1ai1 either of the navigators who pre<!eded him. After his returu a combined 
laud allll sea expeditio11 wafl 1>lan11e<l, and he was again :sent. to J,ancaster Sound, with directions 
to pa:;s on we:;tw:rn1, if ]JOssible, to Beriug Strait. Captaiu Franklin weut o>el'land through the 
Cl'lltral parts of Aretic America to explore the coast of t11e frozen sea. It was, moreover, resolved 
to ;;p111l :i ship tllroug-1! tlw l'acific to Beriug Strait to snppl.Y Captain Parry, if he shou d arrive 
thne, "ith JimYisiom;, mid to ln'iug llo111e the laud partj· of Captain Franklin. The ship :Blossom 
wa,; seleeted for tlie .-:eiTice, au<l Captain BeecbJ· was assigned to command. As the estimated 
tilnl' of nnival lit the strait was ample, he was instructed to explore and survey parts of the 
Paeilic (\(>emed rnrn;t iwporhwt for uavigatiou and within reacl1 of bis intended course. The ship 
waR therefore fitted with appliauees for surveying, and was accompanied by several officers of 
ahilit_v, 0111' h<·iug Lil'ut. "Edwnnl Bcklier. Only gl'neral directions were giveu in regarcl to the 
<'Xploratio11 of our coast:-;, alHl discrelionar_y power wa:s allowed in the choice of places for pro
curi11g prod~iou;; U)l(l wat<~r. So al:;o iu regard to tbc return voyage, of which Jibert.y Oaptain 
Beed1y ,;o aYailed that he rnadP a 1>rolo11ged stay on tbe coast of California, and on his way home 
pa>lsed alo11g the shores that had not been \risited by any scientific expedition since the time of 
\" a1ieou ,·er. His instructions i 11duded tl1at particular note should be made of the diffenmces of 
longittHl(• as given by liis chronometers. 

Captain lleechs made the •' Higblan<l. of New Albion" on the 5th of November, 1826, as he was 
H·turning from his Yisit t~) Bering Strait. He iiaissed with Bodega and Point Reyes in view, and 
soou e11ten·d Sau Fraucisco Bay, where, by so11.1Hli11g, be discoverecl some dangerotis rocks, one of 
whieli lw um11e11 ath•r llis ship Blossom Rock. Without delay he sounded and completed a survey 
of tl1t' port mid bay, arn1 by astronomical obsen·atious corrected the position of the ph1ce. He then 
proc!'Pd!'tl to 1\1011tPrPy, where he was for a time occupied in a similar way. On the 5tl1 of Janq~ry, 
18~7, he ~miled for the Sandwich l8lands. In tlic course of the same year, on his return voyage to 
.Europe, aftPr a seeontl Hummer Hojourn at Bering Strait, Beecby was again in San Francisco Bay, 
and also at l\!ontl•rey, hut onlj· for a fow days in November and Dec<'moor. In the report of his 
voyage he trpaf.i.; at length 011 the Spanish missions, a11d in regard to the Indians of California. 
l31•ech,v'11 determinations for ,i::-cugraphical llOsition compare well with the final results reached in 
t.he opnatio1111 of the Uoii1:1 t Surn'.Y. 

SIR EDWARD BELCHER, 18.'W>-'4~. 

':rlie Britfah GoYemment 111·eyious to the year 1836 had been active, and several expeditions 
were l'.'t>nt to explore the <~oasts of America. Captain King and Captain Fitzroy, in the ships 
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Adventure and Beagle, were occupied nearly ten years ( 1826-1836} with the s:urve;r of the Strait of 
Magellan and the adjacent southern part of the western coast of South America. 

In December, 1835, another expedition was ordered by the Lords of the Admiralty, to coutinne 
the survey of the western coast of .America north of the point where it was discontinued b.Y 
Fitzroy. "The impulse which .American commerce had receiveu from the revolutions in the 
.Spanish colonies had brought Englisl1 vessel!,; into contact with every port from Valdivia iu the 
sout:l.J to< lolumbia Hiver in the norUt, aml particularly the western American commerce had loug 
been in need of good charts." Two vessels, the Sulplrnr (British sloop of war) and the schooner 
Starliug, were therefore fitted out, and Uaptain Beechy, who had been on tl.u~ "·esteru cmtst, was 
placed in charge of the expedition. Tl1e Starling was iutrusted to tbe command of Lieutenant 
Kellet. Captain Beecby condnctt"d the voyage as far as Valparaiso, but heing coustrainetl to 
return to England as an invalid, Captain Belcher was commissioned to replace him, and after 
crossing the lsthmu;; of Panama, Belcher joiued the squadron on 'the Pacitic in l<'ehruary, 1837. 
He sailed at once by way of the Sa.mlwich !islands, and from thence reached Prince William Sound 
in Angnst. llis instruction;; directed that "a, general chart should be wade of California.,'' and he 
was a<h·iscd "to devote. some time to the bar of Columbia River, and to its channels of approach, 
as also to its inner auclwrages and shores." In touching the district viisitPd by Yancouver (ca1le1l 
the northwest coast) care was to be taken to verify the longitude at two or three of Vanconwr's 
principal points which differ materiall~' from the longitudes assigned Ly Sefior Q.nadra aud the 
Spauiard;;. From the latitude of Mount Saint Elms "the surve;y again might be punme<l to the 
southward aud aloug to the shores of Mexico, and Guatemala altemately chaugiug the grournJ 
according· to the periodic cl.Jange of weather." In accordance with theise iustructionl'.', whicb g-an 
liberty in regard ''to t11e i>t'lection of gTound an1l in resiwct of the diYision and disposal of liii:, 
time," Belcher <>xtended surveying operations twice along tbe northwest coast from Mount baiul 
Elias to Cape San Lucas, once in tlle summer of 18a7 and aga\n in the Rummer of 183U. A~ 

already stated he was iu the latitude of ]\fount Saint Elias in August. He pa;;sed some time. near 
the Russiau set,tlemeuts, and early in October was at N ootka, where he found an ludian pri1we 
named Maguilla or 1\1agninna, a descendant of the former chief of that uame. From thence be 
went southward, passed the Columbia Rivei· eutrance, as the weather was boisterous, aud kept on 
to San Francisco, where lie dropped anchor in Yerba Buena Ba.;1 on the 19th of October. 

San Francisco Bay hitd been explwed by himself and Ca1)tain Beecliy in the year 18'.!i, when 
thliy were in the ship Blossom, hut that smn\y was ended at Karquines 8trait. Ou the 24th of 
October Captain Belclwr started from Yt~rba Buena with the tendet Starliug, a pinnace, two 
cutters, and two gigs, to <ixplore the navigable channel of the Rio Sacramento. He carried tlw 
Starling· in as far as Suisun Ba.y, ancl with his boats iu tbe eonrse of five days a8cended t.he riYer 
abont 150 miles, including the 1.mrves of the channel. The limit of progress with boats lie 11a111e1l 

Victoria Point. 1 n i·eturning lie made a trigonometrical suncy of Uw cmn·irn of the rin'r and was 
th mi eugaged during twl·nty <lays. On the 24th of November he agaili reacl1e<l the ship Sulphu1·, 
aml ten days afterw;udis arrived at Monterey. Only a few days previous to his arriYal the l;'n.mch 
frigate r,a Veuus bad cleared from that port. Ou the 11th of Decern her Captain Belcl1er passe1l 
near Guadalupe to land, and 011 the 16th rcacl.Jed Cape San Lucas, where he elosell hiis tir;;t sune.Y· 
ing cruise along the coast of California. 

During the two imbsequent years Belcher was occupied 011 the coa.ist of tht• Padtic wore to 
the southward, but he returnetl by way of the Samlwicl1 Ishmds in the spring of 18:.m, antl wa;; at 
Sitka early in July·. Near tht1 close of that month he entered Columhia Hiver and surv1-;vetl iti'i 

course aml chaunel up to Fort Vancouver. Two months were occupied in that work. Tile 
channel at the south eutriinee he called Queen's Channel. On the 14th of September he left, 
the river, hut 011 the way, towa,rll San J<'rancisco, he sent Lieutenant Kellet with the Starling
into Bodega Bay with directions to complete a surve,r. The report. mentiom; that tlie work was 
done "as soon as the fog permitted.'' 

On the 5th of' October Belcher reached Monterey, a.ml on the 7th .was in the Santa Barbara 
Channel. Partial surveys were made oft' the anchorage and at the approaches to San Pedro ~ay · 
From thence the Starling was dis1~atched to examine the island and anchorage oJ Santa Catalma. 
Belcher meanwhile visited the harbor of San Juan and San Diego Bay. He wade a careful 

H. Ex.43-71 
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survry of the last-mentio11ell bay, arnl near the close of October left the coast au1l mwer returned. 
KellPt wa;, there ag-ain i11 command of a surveying Yessel, aud in the year 1847 made some 
surveys in the strait of Fuca, tlrn rPsnlts of wliich are given 011 the admiralty charts. 

FRE.KCH EXPLORATIONS, 1820-'42. 

Mention has alre:uly been 1mule of the Frrncb Yoyages to the uorthwest coast nmlcr La 
Peronse and :\:larclrnn<l. After tb(•s1·, the French l'm·olution restrainrd maritime action in the 
Paeific, but 011 the n•::;toration of thf' Bonrbon::;. or soon following that event, sea c11terprir-ws were 
resmne<l. Bach Yoyag-t> don bt less hn!l ::;onw' i nfinence in geographic;il devdop111eut, but it would 
he 11ee1lless to t!"iwe U1e-m without acce:-;R to the separate 11arrativel', CYe11 if such narratives were 
in existence. In chronologieal order tlws were-

1. A voyage around tl1e world h,'I· Hoqnefenil in tlte year 1820. 
2. A vo;rnge around the world in tlie frigate Ija Coquille. 
3. A circnmnavigation of the globe in the frigate La Tbetis and the cor-..-ette l'Esperance, in 

the years 182'1-''.W, under Baron BongainYille. 
4. A circumnavigatio11 of the glolw iu the corn>tte La :F1n·oritc in t11c yean; 11'30-'32, under 

command of .l\f. La Place. 
5 . .A voyage around tlw world iu the yean; 1s;m and 1837, iu the corvette La Ilouite, com

mamled by )1. Yaillant, Captain de Yaisseau. 
G. A voyage around the world in the frigate La Venus, Jl");.,6-'39, by Abel du Petit Thouars. 
7. A circumuavigatio11 of th1• globe hy the frigate La Artemi~e iu 1837-'3!), under command 

of l\L JJa Place. 
8. A Yoyag·e around tl1e glohe in th• C(•rve1te La Danai<le, cnmmantled by Capt. n. Uosamel, 

iu 1809 and 1840. 
Most of these expeditions touched at the usual places and ports of the North Pacific 

cx11lorers, China, the Sandwich Island8, and California. 
Between the years 1837 and 1840 thern was annually a French ex11edition iu the harbor of 

Monterey. All of them made ohscrvatious occasionally, aud some surveys of harbors, capes, and 
ha:ys. 

As the most interesting of these voyages in relation to California, we ma.Y point out those of 
Du Petit Thouars (1837), La Place (1839), and Rosamel (1840). 

French or Canadian missionarit:>8 also who tra,·eled in tlte Oregon country advanced the 
k11owlPdg·e of its g1·op-apliy by pnblicatio11. The jonroey of Blauchet ml(! Demers, ill 18a8, wa:s 
one of that kind, when they fonndctl i'iCYcral Roman ()atholic missio118 amougst Canadian settlers 
011 the shore8 of Columuia Hiver. 

Dnriug the excitRmeut incident to tlw contested possession of Oregon the I1'rench Go\'ernrnent 
8Cnt 1\1. Dnflot de 1\lofras on a diplomatic mission to Mexico (1840-'42) with instrnctiom; to visit 
the westPru and northwestern proYinces of .:\Iexico, Upper au1l Lower California, the Huil>iian estab
Jii<hments, aud the Orei;rou 'l'erritory. He traveled iu each of the places indicated, and on the coast 
met the United States Bxploring Expedition under Captain \Vilkes. De .Mofras collected much 
interesting inforumtiou, a111l gani the re::;ults in a well-written work. He gives piuticulars re
Hpecti11g- the journeys of the French Canadians under the auspices of thti Northwest a11d Hudson 
Bay Umnpauiei-;, an1l reg-ards them as French explorations. They may be so called, as the French 
beg-au tlte march of 1liscovery from the Saint Lawrence towards the Pacific. By their help as 
subjects of Englaml the British compa.ny brought that movement. to a satisfactory conclusion. 

The voyage of Captain Rosamel and the laud expedition of De Mofras to California were the 
last which can be proper!~· named as French undertakings in that direction. 

UNITED !STATES EXPEDITIONS 1820-'47. 

After the unfortu11ate experience of the Pacifie Fur Company, citizens-of the Uuited States 
for a time lost sight of the far uorthwest. A pause of some years ensued, but at length attention 
was directed southwest, to t,he bead of Colorado River, to New Mexico, and occasionally to the 
southeastern branches of Columbia Rh·er, where they were not likel.Y to come in contact with the 
Hudson Bay Company. It will suffice to point out the progressive steps taken in that direction. 
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In the ~·ear 1820 Maj. Steplieu Long went to tl1P Rocky l\fouutai11s, to the l1eads of the Platte 
aml Arkansas Ri,·ers, and to New 1\Iexico. Regular tradt> was soon estaulislrnd lietwet>u the 
.Mississippi and ltio Colorado, betwet'll Saint Louii; a111l Santa I<'1;. Nearly every snmnw1· after tlw 
~·par 18~3 l;1rge carasmrn passcll between those. two places, awl many American trappers arnl 
lrnuters anfred at different point8 Oil th<·· e ppcr Uolorado. or these the most successful was Mr. ·w. 
H. Asltley, who comlucled or seut in the period between 18~:1 anll 18~7 seyera,l bo1.lie8 of travper8, 
with horses, beyoud the Hrn~ky l\fonutai11r; to the headwaters of the Colorado aml Columuia JtiYers. 
From thence lie 111a1le several excursious westward, aud sent tl1~t ad11•1l parties to differn11t hra 11ches 
or tlie west1•r11 waterR. Ifo <liR1~m·erell the South Pass, arnl was tlte first American who saw l'talt 
Lalrn an1l Hreen lti\·er and other branches of tht• Uolorado. ::\Ir. Ashley wa,-i succeeded by .Messrs. 
8mith and Soublettl', who bouglit his interests and pushed operatim1s bc,vond tlte Rocky J\lountaius, 
am! ahm alouf.!: tltc sontheastem branch of the Columbia, in t.lw y1•ars 182i to 1829. 1\lr. 8mith 
wa;; the fin;t Awcrieau w Ito tran~rsed central Ualiforuia from the Uocky Mountains towanb tlw 
San ,Joachin Rfrcr, Sau Prancisco, and t.lie Pacific; but he record1•1l uo itstrouomical observ:ttionl'i. 
He was 111tmlered in the year 182H by Indiaus uear Utah Lake. On his map of the 11ortl1weRt De 
Mofms approximatd,Y represents tile rout1· take11 by Mr. Smith. 

lu the years 1828 and 182~ another American triffeler, :\lr. Pilcher, a member of tlw .American 
Fur Compan;y, followed tile southern braucl1 of the Columbia, jom·lle,.-etl along the northern branch, 
and returned by the Atlmbasca aml Red Rivers. 

Bxcnniious for hunting and trappi11g were ma1le in 183:! aud ] 833 by Mr. J. 0. Patti1• and 
Uaptai11 BouneYille. They firRt trawirsed tlte Colora(lo conutry a])(I Califoruia., and Bo1111eYille ''led 
a hand vf more than a humlred men, with wagons, horses, and 111ules, from Missouri to the cm111tries 
of the Colorado arnl Columbia, in which lie passed two years in hunting." About thi:,; time 
Ctlptaiu \Y yeth formed a scheme similar to tliut of :Mr . .Astor for estal1fo1hiug trade between China, 
Bastem Asia, and the United States by way of the Colnmhia Eiver, aml for that purpose he organ
ized the ()(Jlumhia Fishing and Tradiug Companr. A ship was seut to Columbia Rinir, aud a 
part,Y was arrauged to carr;v b,Y land goods and men across the mountains. With t.he meu \Y_\eth 
went in (H.~rson, aud established a port at the mouth of \Villmuctte River. But it was soon auan
doued, as the Hudson Bay Uomp.rny, hy peaceful 01>position, counteracted all his efforts to retain 
the place. His jonrnal<'l and a narratfre of his adventures han~ been published. 

In the ;vear 1834 the first body of American emigrants settled iu the Columbia regiou, arnl 
were coudueted by the Metho<list missionaries, Lee and Sheperd. Other religious associations 
became active. Ju 1835 the Rt>v. tjarnuel Parker made a joumey to Oregon, and was followed by 
Roman Catholic as well as Protestant missiouaries. 

Ainerican tra11pers, hunters, and fur-traders were steadil;y traveling and trading at the south; 
ahm in the neighborhood of the Colorado and towards California on paths opene<l and beaten br 
Ashley, Smith, I>attie, and Bonneville. In this waJ the attention of the Government of the Unite<! 
States became directed to the Pacific slope, on whi<'..h citizens had established large interests. In 
furtherance of them Mr. Forsyth, Secretary of State, ill 183G, llroposed the first official exploring 
expedition westward. In November, 1835, Presideut Vau Buren accordingl,Y directed "William A. 
Slacum, an officer of the United States Navy, to 1iroceed to the WPstern coast and endP.avor ''to 
obtaiu there all such information, political, physical, statistical, and geographical as might. pro,·e 
useful or interesting to the Government." The instructions and particulars of the voyage are gh'eu 
in Senate Doc. No. 24, second session, Twenty-fifth Congress. 

Mr. Slacum traveled through Mexico to Guayrnas, and left that port on the 1st of June, 
int.en<liug to reach the Columbia River by land. In Sonora be bought. mules and provi.sious, uut 
was compelled to abandon the journey, being informed by Dr. Keith, who had just then come from 
the north, that the laud route to Oregon was impracticable at that season of the year. Slacum 
returned to Guaymas, chartered the Loretano, a·vessel of 12 tons, and in her set sail, ou the 7th 
of July, ·f'or the Columbia River entrance. After being at sea nineteen days and making only 
400 miles he was, uear Cape San Lucas, forced by furious head winds to put into Mazatlan 
in distress aud there abandon the schooner. An English barge, the :Falcon, was then at La Paz, 
in Lower California, and about to sail for the Sandwich Islands. Slacum took passage, hoping to 
get from thence to his intended destination. Be reached the Sandwich Islands on the 5th of 
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N ovmn be1·, and there chartered the American brig Loriot, saile<l and arriyed at the mouth of the 
Col nm hia on the 23d of Hecern her, 1836. His pnrpoi>e was to explore t11e river as far as practicable, 
then pass along tlw coasr to the Hussian settlement at Bodega, and, leaving tl1e veBsel, to cross the 
Indian 1'.ountry OH hi.s return t.o the United States. Slacum made some nReful ob8ervations. He 
som11led and plottt•d a diart of the mouth of the Columbia, and ~ulded 8ailiug directious. He 
}H'Ocnre1l charts aud Hk(•tches from the officers of the Hudi;;on Bay Company, aud from them 
compiled a map of thP coa;;t a11d country south of the Columbia. Four ri\·ers a1ipear 011 it, namels, 
the Klamet, ltognPH, Uowis, and Cmpqnah. 'l'hese had uever before bem1 laid down on any pub
lished map. Slacum gathered ;.;ome facts of interest relating to the liistor;y of the establishments 
of the H n<lso11 Ba.r awl Unssia11 Fur Oorupmiies1 a11d tlien crossiug tlw continent lie returned to 
the United States. 

UNITJ<~D STATES EXPLORING EXPEDITION 18:Jd-'41. 

On the 18th of Ma~·, 18:~1;, an a<'t of Cougress authorized the Prel'ident of the TJnited States 
to fit ont an expedition for exploring the South Sea, and deterruini11g the poRitimi of Pacitlc i,;lands 
and ('<1nntrie8 l~·iug near the track of American vessels. Six vesi:;els were made ready, namelJ·, tlie 
Viuceuue8, Peacock, PorpoiRe, Relief, Sea Gull, and :FJ,vi11g Fisb, aml nuder command of Lieut. 
Charles ·wilkes, U.S. N., the fleet sailed from Chesapeake llay 011the18th of August, 1838. He 
was directPd to be at the Sandwich Islands iu tl.Je spring of the yt'llr 1840, to ::;ail from t.heuee to 
the 11ortl.Jwest coaflt, of America, and "make there sueb surveys and exami11ati011R, first, of the 
territory of tlle Unit(~d Stat.e!'I on the Aeaboard, and of the Columbia HivP~" arnl a.ftPrwardR aloug 
the coast of California, with 8pecial reference to the hay of San Frallcisco, as lie could accompliRh, 
until the mouth of Oetober following his arrival." Special attention was to be given, wlien prM
ticahlt>, in regar1l to the geography and 11ydrography of the various places visited. 

J_,ieutenant Wilkes was detained in the southern 1mrt of the Pacific Oceau a year longer than 
wat-1 contemplated when the instructions issued. 1.'he Sea Gull was wrecked. With tbe·Vinceunes 
and Porpoise lie left the Sandwich Islands on the 5th of Aprll, 1841, tbe last-named ve;;sel being 
in charge of I,ieut. C. Cadwallader Ringgold. The Peacock and Flsing Fisll had been sent under 
Ca.pt .. ·william Hudson from the Sandwicl1 Islands to explore parts of tlie Pacific, with dire<itions 
to join the chief of the squRdrou at the Oolumbia River by the e1Hl of .April, 1841. 

Wilkes arrin•1l there on the 28th of April with the intention of enteriugi but the sea on the 
bar wai> he:wy, and he concln1led to sail for the Strait of Puca, aud there begin surveying opera
tions. He <'ntere1l tlie strait on t11e 1st of May, and, following tbe track of Vancouver to Port 
Jfo;conry, l'ort Towui>eu<l, an<l Admiralty Inlet, hastened.to the anchorage at Nisqually, where 
tl1e H wli>o11 Bay Company had au establi8hrnent, and there moored his ships on the 11th of May. 
For upwards of eight wt>eks he made that his station, and organized s11n'eyi11g parties which were 
sent out i11 different direetious. 'l.'o the north Ringgold was sent iu tbt> Porpoise with two boats 
to take up the sur.-ey of Admiralty Inlet, proceed to .Fraser Hiver, and as far as Johngtone's 
l11let.. Four boats were intrnsted to Lieutenant Case for the survey of Hood's Canal and Puget 
Rouwl. 

A land part;1· wa8 11ent under Lieutenant Johnson to the east, with directions to land and 
explore the i11terior as far as the Cascade Mountains and the middle reaches of the Columbia 
Uiver. 

Lieutenant Wilkes in person conducted a party overlaml south to the J,ower Columbia, to 
8tart a i-urvey by the ere" and boats ·of .the Peacock, that vessel beiug due from her cruise at the 
1,muth. A 11 the partieR moved about the middle of May, leaving Lieutenant (Ja.rr in charge of the 
ship station i1ear Nisqually and of operations at the observatory which bad been erected there. 
Tlw two land p:irlil'S recorded observations of interest, but of course none bearing on hydrography. 
Attention will thert'f'ore Le limited to the sl1ip expeditions. The 1rnrvey of Hood's Canal by Lieu
tenant Uase was satisfactor;r. The canal was not fou11d to terminate at the place supposM to be 
its end by J olrnstoue (Vancouver's lieutenant) in 17921 but to stretch, after a short turn to the east, 
10 miles farther towards Puget Sound. 

Lieuten:tnt Case then imrveyed Puget Souml, and was soon joined by Oapta.in Wilkes. The 
joint party had seven boa.ts with efficient crews, and the survey of the numerous bra.nchea of the 
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sound was completed in the course of a week. Several inlets, not nanwd ou Vancouver's clta1·t 

were at this time named ·for officers of Urn United States Exploring Expellitiou, a,; Hudll's Inlet. 
El<l's Inlet, Totteu Inlet, &c. 

On the 17th of ,July, all the parties excepting the oue witli Hiuggold iu tlw Porpoise were 
again at tlle 8tation uear Nisqnall.Y; and a cornpa11y was orgauized for the survey of Gm~''" Harlior 
and Shoalwater Bay. r_,ieutenaut Eld was intrnsted with that work. After ltiK dt•partnre T.l1e 
Vi11ceuues also left Nisqually, and, l:lteeriug northward, took auotl1er station near Dnngei1ess, in 
the Strait of Fnca, on the 20th of July. Ringgolu, on the same clay, returned frorn l1is northern 
surrny. He had left ~isqually on tile 15th of May an<l commenced work in Admiralty h1let. The 
space the11 sounded he named Commencement Ra.~T' as it ha'l been left namelesH 011 \Taucouver's 
cha.rt. From thence Ringgoltl went uorth, surveying and naming mau~T points and iudelltatiorn; 011 

his way. Ou the 20th he entere<l the Port Orcliard of Vancouver, and surveyed it in the (1onrse 
of 11iue days. It was found to communicate at. the north through a strait with nnotlier bay or 
branch of Admiralty Sounu (I'ort Ma(lison) wl1ich ha<l been oYerlookecl 1J.Y Yancouver in hiH Hl1ort 
Yisit to that vicinity. 

l~inggold then ente~ed what had been called hy VancomTer PosseRsion Sound, an<l snrn•ye(1 
Port. Gardner, Penn's Cove, &c. On the 18th of June be was at Deception Passage, whid1 Yan
cou ver judged to be insufficient for the passage of ordinary '~essels. 

Early in Jul.Y all the bayR and islands north ward of Deception Passage were snrveye<l as far a,i;; 
Fraser River, and from tbat entrance Ringgold returned and joined tlie Vincennes at N<~w Un11gP· 
ness on the 20th of ,July, after laborious operations which occupied liis party two monthH. 

It. was the inte11tiou of Ca1ltain Wilkes to sur\"ey minutely the Gulf of Georgfa. Accon1iHgly, 
as soou as practicable, he sent the Porpoise, under charge of Ringgold, to Fraser Hi\'er with <lirec
tious to sail from thence through Johnstone's Strait around Vancouver Island, while V\Tilkes liim
self should explore the Haro Canal. Both parties started on the 25th of July. But thest\ 
01~erations were interrupted by the loss of the Peacock on the bar of Colmnbia Hiver. It. hecmne 
necessary to proceed to that place without delay. Captain Ringgold was recalled from Fraser 
River to New Dnngeness and Wilkes hastened with his boats, having completed all that "was 
essential for the navigation of Canal De Haro." 

Both vessels took courses westward, surveying on the way two sma.11 harbors, San .Titan, on 
the south side of Vancott\Ter Island, and Neeah, near Cape Flattery. They arrived at. the montli 
of the Uolmnbia on the 7th of August, where au Euglish vesi;el was purcliased to recefre t11e crew 
of tlie wrecked shiJl Peacock. The craft was named tlie Oregon, and needful arrangements were 
made for continuing the objects of tbe expedition. Under !Unggolrl tlrn Yincennes was sent to 
survey San Francisco Bay and the Sacramento River. 

A large land party in charge of Lieutenant Emmons was sent to tra\'el from the Columbia 
along the Willamette; to examine also the Sacramento and San Francisco Bay; and "Wilkes. witli 
the Porpoise, the Flying Fish, and the boats saved from the wreck of the Peacock, commenced the 
survey of the Columbia on the 9th of August. 

Mr. Eld and his party had left Nisqnally on the 19th of July, and travtlling througli the 
interior passed several lak('S a.nd rivers, mostly branches of the Chikee1es, a tributary of Gray's 
Harbor, where they arrived early-in August. The survey of that vicinit,y, hy means of hoats a.ml 
the canoes of neigh boring Indians, was completed in tbe course of three weeks. Lieutenant Eld 
subsequently tmced the coast sonthwaru to Cape Disappointment, and passing Shoalwater Bay 
in a canoe reached :Baker's Bay on the last day of August. His pe1formance of dut~T is specially 
commended in the report of Captain Wilkes. The commander himself was employed 011 the, 
Columbia during Angm1t, September, and part of October, and the survey was carried to tbe 
vicinity of the cataracts. On the 10th of October, when t.11e operations were ftnisliecl, Wilkl:'s crossed 
the bar of the Columbia aud sailed in the Porpoise to San Francisco. The F\J·iug Fish waR at the 

, same time ordered to examine the lower part o{Umpquah River, but the attempt to enter wai; not 
successful. On the 19th of October the Porpoise reached Saucelito Harbor in San Francisco Bay, 
and there the Vincennes was found at anchor. Ringgold had arrived on the 14th of August and 
surveyed the Sacramento as far up as Feather River. He had also examined Sau Pablo Bay and 
the mouth of the San JoaquiD. The 11arty ontler Mr. Emmons arrived in San Francisco Bay on 
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the 28th of October, baving followed and survesetl the trail from the Col nm hia River. Some of 
the iuternning rivers were sePn and the part~' examiuetl the valleys, particularly those of the Elk, 
the Urnpquah, lfogUl', a11d Klamath Rivers. 

All the exploring parties liaving returned, preparations were made for sailing from San 
Francisco with the finst fair will(]. The latitude of Saucelito Fort, where an observatory had been 
t"rect('d, was fournl" to bt> 370 i:iO' 50" N., au<l the longitude, by a series of observationi,:; on moon 
culmi11ati11g istani, 122° 2.'i' 3G" west of Grt>enwidi. Tbei,;e determiuatious are in tolerable accord 
witl1 tl1ose of BPt~chey, and wel'e llsed vrovisioually by the ofticers oftlte United StateH Ooaist Survey 
at the outset of their operations. 

The exploring expedition left San Francisco on the 1st of November, iutending· to sail to the 
Philippineis. Captain 'Wilkes went south as far as the Bay of .Monte1·ey. '.l'be l'orpoil-m was sent 
witl1 dispatch{'S for Wa.~hi11gtou, D. (). As the principal l1ydrogmpbic results of the expedition 
we may }>oint out tl1e examiuatiou aud surYey of the lower reach of the Columhiu River, the 
suney of Gray':-; Harlior, the Strait of Fuca, .Admiralty Inlet, an<l the Haro Archipelago; also 
of' the Bay of San Fraucisco and Sacramento Hiver. Ulose exmnhmtionis were found impracticable 
at tlte Gulf of Georgia, at Yaucouver faland, and along the coast. hetwelin Uolmuhia l~iver aud 
U1e Golden Gate, weatlwr being u11fasorahle . 

• 
OREGON AND CALIFORN1A. 184Q-ltl46. 

Capt .• Tolm CharlP:-1 Fremont's first expedition to the "\\rest, in the year 1842, was Jimite<l to 
tl11> conn try hetWPl'll 1111> frontit~rs of Missouri and tlte Sou Hi Pm•is of the Rocky Mom1tains, along 
tl1e conrses of the Kaw~as a!Hl (;.reat Platte Rinws. 8uhseqne11tlJ' he recorllell olrnenations for 
latitude mid lougitnde from the east across to the foot of tlie mountains. His western limit was 
tlie high peak whid1 bears his 11ame on ma11s published since t11at jonrne:y. 

In the spring of 1843 Fremont again went westward, with instructions from the Bnreau of 
Topographical E11gineer~ " to connect his reconnaissauce of 184~ with the surveJ'S of Commander 
\Y ilk es 011 tL1.: coast of the Pacific Ocean, so as to gfre a connected survey through the interior of 
tl1e North Americau continent." 

Mr. Frernollt was accompauietl on this expedition by an able engineer and draughtsman, Mr. 
( 1ltarles l'n•nss, and p1·0Yided with good ini,;tnnneut8 for detnmining geographical position, time, 
tP111peraturt::, &c. His course was at the outiset directed toward Oregon. 111 August, 1843, Im 
reacht'!l tlw heads of the 1mntb brauch of Oolu111bia H,iver, and passed dowu to Fort Vaneou
Yer, wlu•rc he arrin•d in Novmnber, aud in :wcordance with instructions his reconnaissance was 
thl·re connected with the snrve~·s of Captain 'Yilkes. Fremont was 11rcvented by the raiuy sea-
1-i(llt from going· quite to tl1e Pacific; so, returning to the Dalles of tbe Columbia, he passed from 
tl1ence i;outbwanl iuto the couutrJ alo11g the Cascade range of mountains and the Sierra Nevada. 
Croi;siug- tlw head of the Klamatli tlle party at the close of the year were near the mountains, and cir· 
cu111stm1c1.•s constrained him to attempt to cross them in miclwir1ter. Under many difficulties and 
da11geT8 tl1e party in the beginning of February reached the snowy peaks, "and saw from thenee 
ht•low them, dinuned by the distance, a large snowless valley, bounded on tlle western side, at the 
(lista11ce of ahout 100 miles, hy a low raugc of mountains, which were recognized as those horder
i11g the coaist." lktwet>11 tliem and the low coast range was the valley of the Sacramento. Soon 
aft.er water waH seen flowing towards the Pacific, and " a shining line of water was discovered 
directing it8 cmU8e towards another broader and larger sheet," which were "the Sacramento and 
the Bay of San Frauciseo," In the spring of the year 1844 the party traveled from the Lower 
Sacrameuto, along the Wl:'stern slope of the Sierra Nevada, through the valley of the San Joaquin. 
Fremont ietnrJted in a 11ortheastern direction to the Rocky Mountains, and so again reached the 
banks of the Mississippi. His obsenations on that part of his route-" from the heads of the Sac
ramt'IJ to to the headis of the San Joaquin, and the valley which !~ollects all tbe waters of San Fran
cisco B:iJ, proved that there wm~ no such river as the fabulous Buenaventure, which had been said 
to come down from tl1e base of the Rocky Mountains and to open a communication with Sau Fran
ci8co Bay, far to the interior." He adds: 

"Tllis "·ant of interior communication from San Francisco Bay, now fu!Jy ascertained, gives 
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great additional vahte to the Columbia, the only great rinr ou the Pacific slo1ie of the~ continent 
which leads from the ocean to the Rocky .Mountains, aud openR a line of coruznuuicatiou from the 
sea to the ,-aJiey of the Mississippi." 

On his third expedition, in 1845 and 184U, l<'rcrnout tra>ersed the central parts of the gfi•at 
i11teriur basin, passed the Siena Nevada at tbe '8outbern end of the rauge, cr.ossed tbe San .Joa
quin Valley, went to the south end of San I1'ra11cit1,co Bay, and pal'\l:!e\l up t11e "\·alley of tlw Sa<~ra
mento to the lieads of that river a1H1 to tl1e sour<:f•s of tlie Klamath. His large ma1• of Ort•gou and 
Upper California was pulJli>'hecl b,r order of tlrn l~nited St:ites Spuatfl in the ~·ear 1848. 

Ill reference to geographical positioJJs Mr. Fremont remarks tllat the lirw of astronomical 
obscrYatious carrie<l by him across tl1e continent reache<l the Pacific Ocean 011 tl1e nortJJern l'lmre 
of the Bay of 1\Jontere~-, and that when the newlJ- estab1is11ea 11ositious wen• marked nn thP map 
it wai,; found that they carried the lil1c of coast ahout 14 miles west of tlie long-itndcs ,\!'inu 
hy YtrncouYer, aml the ntllcys of the Sacrameuto aucl Sau Joaquin a\Jont '.!0 mileti ea.-t of the 
longitudes 1aitl down 011 former 1mipis. Compari.-ou showed that the positions agreed with the 
obsenations of Captain JkechJ· and Captain Belcher, aud aliso 1ritl1 tlwse of the Spanianl 
Malaspina. ' 1 Vaneourer (says Fremont) remon•d the coast line as fixed by 1\lala8pina, ;rnd the 
snbsequeut olH,;erYations earr:y it back." Tlrnt remark, 11oweve1-, neecls qualification. Coa;;t 
surve;,' <fot<'.rminatiom; fix tlrn coast nhout mid.wny hetween tlie positions a.-sigued b,Y ;\falaspiua 
and Yancou"1"er. 

M.AJ. W. H. E:\IORY, tc. S. CORPS TOPOGRAPHICAL E.NGINEERS, li<4ti-'4i. 

1!1 th(\ ypar 1846 a detachment· of Unitl><l Sta.t.1:"' troops wt18 sent to op,~rate in the 11ort111•r11 
proviucm; of .l\lexico aml Califomia. As the route wa,; through unexplored fl:'gious~ it wi1..- Fmg
gested that some of the officers "should lie employed in collecting data which woul<l gin• the 
Governme11t im idea of tl1e region trayersed." For this pur11ose a party- of topographical engi11eers 
went under the command of Lieutt.:nant, a,t'terwards )fi~jor, Emor,y, with orders to perform wilitary 
service, in case of necessity, m1tler Colonel Kearny. 

The party was furnished with t'1o c\nunometers, two Gam bey i,;exhmts, aml otlier instruments, 
with ·which astronomical observations were made between Saint Louis, on the Mississippi, aud Sau 
Diego, in California. 

J,c\vis and ClarkP, in the year 1806, were the first Ari:wricans wbo c:irried astronom ieal instrn
nwuts 11crvss the Rock;r Mountaius aud cou11ectetl that part of the western coast wllich lies 11t•ar 
the month of tlle Columbia witb the l\fo;sissippi regiou b_y a chaiu of obsernttions. And, as 
JH'eYiousl;y stated, iu the 51.'ar 181:> Mr. 'Ihom11son, astronomer and suneJor of tbe Hudso11 Bay 
()ompau:r, connected the northern part!:; of' ';he Columbia with the i·egion around Hllllson's lfa,y. 
fu t.lie course of near]~· three hundred :rears it ltnd been cro8Sl:'d by ()oronado and h:r the early 
missionaries; but Emor.r marked the fin;t well-defined line t.brough those regions and deYelope.d 
the ph_ysical features of a countr;r uutil then but little knmrn. He adopted tlle meridian of Fort 
Leavenworth as deterrnilwd by Mr. Nicollet1 and to it referred all ltis subsequeut deter111i1wtions 
for longitude. 

At the eud of J uue, 184.6, Ma;jor Emory started from J_,easenworth, carried on a nearly 
uninterrupted series of observations for latitude and longit\l(fo,aud 011 his route flxe<l the positious 
of one buudred and tweuty places, all of them determined b~' repeated observations, and t101ne, 
when a longer star iu camp permitted, by 8erie8 of combined observations. At Sau Diego, where 
he arrived iu December, 1846, llis longitude determinations were comparetl with those of Sir 
Edward Belcher, and were found nearly aecordant. All the geographical vositions ascertaiued by 
Ma;jor Emory werc laid (\own on a map which was pubfai1ietl in t1ie year 1847. That officer also 
recorded a series of harometrfr.al ()\\i>ervatious, and these a\'\iiled for an approximate prnfile of tlle 
grouml surfaoo along the route. The altitudes of the "divides'' autl passes near the sontbern 
section east of San Diego were found t-0 be about 3,000 foet. Previously the heights had been 
roughly estimated by ma1iners at a distance, merely from eye-sight. SubsequcutlJ· Major Emory 
traced the southern boundary line of the United States. The initial point then .fixed on the 
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Pacific coast has been adopted, in respect of the latitude and longitude, in the operations of the 
Coast Survej-. IlaYing· brought down the history of development to the inception of that work, 
the reader is referred to the aunnal report8 of the Superintendent of the Snne_y. 

1'itles of evpies of maps of the Pacijie coa.st of North America or parts thereof. 

[Collected by Dr. J. G. Kohl to illustrate his history of discovery and exploration on that co"8t.] 

-~-1--~-··· 

Description of map. [ Yeai:. 
-~~~~~~~~~~--~~~~~--~~~~~~~~~~~~~~~~~~'--

Mnps of the west const before the discovery of California or before Cortes: J 

A ! ~'rom a 1n:tll1Uicript map of the British Museum. ____ ... ---· _____ . _______ --· .. ___ .... __ .. _____ ...... ___ . ! 

~ r ~:~~:01'.~~::~::- ~~l;~~;.::~ _-_-_-:::::: :: : : :: ·_ :-:::::: :: ::: : :: :: : :~: :_:::·_: ::: : : : :: :::~ ::: ::: ::::::::::I 
Maps between 15;JO au<l 1579, or from Cortes to Drake: j 

l•'rom a. m"'p of Domingo clel Castillo ..•. --- ..........•.... -· .•..•••.... -- .... -- ..•. ·-· ·---·· ..... -·-·· ! 
2 A Portuguese map of California, by J. Freire ........ - - ....... - ...•..... -·. ···-· .... - .•.••..•.. - ..• · ..• J 

;J The coast of California, by J. Freire .... ·--·-· ..........•.•••• -·-- ..................•................. ! 
4 From the Kew World, of T. Gastaldi. ... - . -- - ... -- . -- . ··-·-- ..•. ·-· ... - -- ... - . - .... --· . -·. -- -- ···- -- --1 
5 J'rom a tnap ofBolognini ZaltierL ... .......... ---- ------------·-······-----·--· ............................ I 
6 Mexico and California, by Diego Homem .••..... -· - - . - -·. -· - - .. - --- - - . -- ····--. - -- - - -- · - ·· -- ·-- - -- ·-·-I 
7 Californi11,, frorn a rnap of Juan Martines ............ --·-··--·· ____ .... ------·----· ________ .· ....... --·-i 

Maps of the Northwe8t coaat between 1579 and 1697, or from Drake to the ,Jesuits: 

Jo'rom a map of California, by M. Lock ...•.......•..•...........••.. __ .•.. __ . __ .......... _ .......... __ 

1530 

154.0 

1M2 

1"41 

1546 

1546 
1560 
1566 
156ll 

1578 

1582 

2 From a map of Moliuenx ···--· .•. ·-· ···--· ..........•............. ____ ...... _ .. ---- ---· ..•. ... . ...... 1592 

:i Jo'rom a map ofC. <le Judaeis .......................•........ ---·-- --··------····· .... .... ...... ...... 159".:! 
4 From the great map of the world of Hakluyt ..............•..•....•.... _ ... ·-. ... . .. . ... . .. . ... ... . .. 1598 

5 Map of the discoveries of Viscaino._ .....•............ __ .. ··--·- ...... ___ ................ _ ........•... ; { ~~ 
ll California, hy San.on ____ ... _. __ ..•.... _ ... __ . __ ..... __ ....... _ .......... ---- ______ ......... __ ... __ .. 1G56 

7 The Californian Gulf, by Coronelli .. ____ .. _ .•. ---- .........••••..•••.....•. _ .. _ ...•.............. __ .. lf)!ll 

B Map of West-Orn America and Eastern .Asia, or "The Country of Yesso," by the Dutch geographer 

a 

Lngtcn berg ..............•...••••...........................•.......• ___ .• _ .•••. _ .. _. • . . . . . ... . . . . . . 1700 

, Maps of tho period hetw<Jcn 1697 :m<l 1769, or from the Jesuits to the Franciscans: 

5 Hi98 
~lap of the discoveritlS ofFat.herKino .... --·· .... ---- . --·- ---- --·· ··-· ·-·--· •••• ·-·· ------·· ---- ---- ~ 1701 

h From a 111a1> of the Hiver oft.he West· by Bellin ......... __ .. ---· .. __ .... ·- ...•. ________ ..•••.......•.•.. 1748 

c J\lap of tl1e 8Uppo8e<l di~coveries of De .Fonte, by l'. Bnache ..•• _ ..•.••••.. __ ..•. _ ...•......... __ . .• . . . . 1750 

d ,\ Kp:rnish map t.nke11 hy Anson in·-·--- ...... -----------------·--·--··--·-·--·-···--·------··--··____ 1743 

an<l puhlishcd hy Venegas in .... ·-----·----· ..•.......................... ·----- ··---- .... ____ .... 1757 

c Copy oft hf' •ame map ai; pnblishcd according to act of Parliament, by Jefferys in ... -.................. 1753 

f Fro1u a map p11bliHlwd by the Acacl"my of St. Petcr!lbnrg ...••...•••...•.••.•••••..••.....••.•.• ···-·· 175b 

g From a nu•p ofC<tlifornia by Don Antonio Alzate ...• ···-·· ...•............•..•.....••. -----· .. ,....... 1772 

[NoTE.-With rt'fcr<·ncc to t.hiK map, Dr. Kohl observes that it may serve t.o show the knowledge of the 

'V••st coast which the l\Iexicaus iu general po88essed of it just before the discoveries of the Franuit1ean 
friarti."] 

11 The Northw .. sr. coai;t, from a map of J. N. Buache after Engel and Vangondy .•....•. _.. •.. . . . • .•. .• . •. . 1775 

Maps arnl chart• l111tweeu the years 1768 and 1794, or from the first voyage!I and travels of the J<'rancis-

2 

:l 

can friars to Van con ver: 

Chart of Upper California, liy Miguel Constanso ---- .. _. ____ .... ··-· ....... _ .•••.•.. _ .•. ·- _ ..•.... _ •.. 

Co11y of a map of the Northwe><t coast which was constructed after the expedition of HecetaandBodega .. 

Map showing results of combinecl sea and land expedition round the Bay of San Francisco nuder Quiros 

and Moraga; also the route of Father Junipero Serra ..•••••••• -·· •.•••.••••.••••••..•.•••••..•. ·- _ 

[NoTll:.-Dr. Kohl observes that one of the m0&t intereeting features of this map is that it ill tlae tlrst 

which 8hows the whole of the Bay of San Franci1100.) 

1770 

1775 

s 1776 
~ 1711 
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Titles of copies of maps of the Pacific coast of North Amerfoa or part.~ tltereo/-Continuecl. 

Description ofmap. Year. 

4 F1:om Cook'8 map of the northwest coast ....•..••••. _ .....•.. _ ..••....•................•.. " ........•. ~ g;~ 

r, From a map of the English geographer Barrington, on which are combined the discoverieR of t,lie 

Russians, of Bodega, and of Cook . • • . •. . . • . . . . . . . . . . . . • • . •. . . • . . . . . . . . . . . • • . . . . • . . . . • • • • . . . . . . . • . . . 1780 

6 I From a map by M.A. Mascaro, showing discoveries and travels in the interior of California .. . . . . . . .•• . 17fo'2 

7 I From a map of the Rnrvey and voyage of La Peronse ..........•.......•...........•.•..............•.. : 1786 

8 i From a Mexican chart, showing the settlements and travel8 of the Franciscan missionaries ......... _. __ 
1 

1787 

9 Part of Dixon's map oftl10 northwest, showing hiR diRcoveries t.o tl,e north of Vancouver I~land .. _ ... . . 1787 

10 From a chart made by Captaiu Meares, s110wing bis cliscoveries on the coast of Vancouver hlau<l, and 

of Washington and Oregon Terri tori es_ .... _ .. _. . . . . . . . . • . . . . • • . . . . . . . . • • . . . . . . . . . . . . . . . . . . . . . . . . . . 1790 

11 From another chart of Captaiu Meares...... .. . .. . .. . . .. . .• . .. ..•.. .. • .•. ••. .. . .• . .•.••.. .. . .. . .. . .. . 1790 

12 De la Borde's map of comparison, combining and comparing the surveys of Cook (l 77tl}, La P<'ronse 

(1786), Dixon (17~), and of Meares (1789)...... .•••.................... ...••. •... .... ....•. ..•.. ... 1792 

13 From the map of Captain Marchand.................................................................. 179"2 

14 From a general chart compoired by Don Juan Francisco de la Bodega.................................. 1791 

15 Map of Vancouver Island, by Captain Ingraham ..•.. .. . .. . . . . .••• .. . . •..... .. .... .. . ••. . •. ••. .•. . ... . 1792 

16 From a map of the coast of California and Oregon by Ingraham, from data supplied by Captain Gray . .. 1792 

5 1792 17 From a map showing Vancouver's discoveries on the northwest coast .................................. l 1794 

18 
10 

20 

21 

Quadra and Vancouver Island, after Vancouver ...........••.•••.•..........•....••.•.....••..••..•. 

Vancouver Island, after Galiano and Va.Ides .•••...••..•.•..•••.••••.•.•...........•..•.......•....•.. 

From Vaneouver's survey of the whole coast of New Al hi on, or Upper California ••.•...•••...•.•••..•. 

California, from a chart of Galiano and Valtles .................•........ _ ... _ ........•... _ ... _ .... _ .. 

MAPS FROM 1794 TO 1850. 

179"2 

1792 

i 1792 
( 1794 

180'2 

2'J "Entrada de Juan de Fuca," from a Spanish admiralty chart............ . . •• . . •• . . . . . .• • . . . . . . . .• . . . . 1795 

I ! California, from Tanner's map.... . . . . . . . . . . . . • . . . • • . • . . . . . • • . . • . • . . . . . . • • . • . . . . . . . • . . • . . • . . . . . . . . . . . 1829 

II 

III 

IV 
v 

VI 
VII 

j 18:17 
Map showing the extent of Captain Belcher's surveys on the west coast .........•.•...•...•....... - .• - - l v-i:w 

Map of M. Dnfiot de Mofras, showing the routes of the Canaclian trappers and hunters from the month 

of the Coln~bia River to the S~cramento_-: .••..•..••.••. ··: . .••.•...•.•..•. ·:- . ....•..•..•...•...... \ 1844 

Map of the Umted State!! E:xplonng Exped1hon, under Captam Wilkes, U. S. N .••••..•.••...••....•.. ; 1841 

From a map published by. De MofrB!! in his atlas, showing the coast from Bodega Harbor northward, as J 

derived from Russian sources ..•••..•.••..•.••.........•••.•..•••••••••.•.••....••...............•.. j 1840 

Copy of Greenhow's map of the west coast.... • • • • • • . • • . • • • • • • . • • . . • • • • . . . • . . . . . . . • . . • • • • . . . . • . . . • • • . I 1844 

Copy of a map of part of the west coast, made by Lieut. W. P. McArthur, U.S. N., Assistant, Coast Survey.\ 1850 

------·------------- __ I __ 

[NOTll:.-Accompanying the collection of maps above enumerated is a gilneral map, compiled by Dr. Kohl, and 
similar in character to those compiled by him for the coasts of the Atlantic and Gulf of Mexico.] 

H. Ex. 43--78 



 

To Appendix No. 17, Coast and Geodetic llnrvey-Report for 1884. 

In view of the great change in outline and size of the ocean, which an asimmed reduction in 
depth of 100 fathoms would produce, it becomes a matter of interest to inquire into the changes 
which would attend the alteration of the level of the land to the same extent. 

Assuming then the ocean to rise 600 feet {equal to 100 fathoms), we would find Nova Scotia 
not only separated from the continent but broken up into a number uf small islands. The height 
of 600 feet will carry us up the Saint Lawrence to the Falls of Saint Mary's, between Lake Superior 
and Li1ke Huron, taking 602 feet as the elevation of Lake Superior and 581 as that of Lakes Huron 
and Michigan. The waters of the Saint Lawrence would be uuited with those of the Iludson b.r 
two channels, by the Lake Champlain and Mohawk Valleys, which rise to the moderate height,os of 
152 and 430 feet, respectively, Lake Ontario being at 247 feet. But the Great Lakes would also 
communicate directly with the Mississippi system, the ''divides" in the vicinity of Chicago being 
only 7 and 9 feet above the surface of Lake 1\lichigan, which is given by the "Lake Surny" at 
581 feet above the sea. 

Thus there would be two large islands cut off from the continent; one farrowed by the Con
uecticut, flanked on the east side by the \Vhite Mountains, and on the west side by the Blue 
Mountains. Th~ other island, much smaller in extent, would have the Adirondacks as its back
bone. The continent itself would be divided into an eastern and western part, the one character
ized by the pl'eseuce of the Alleghanies and the other one by the Rocky Mountains. 



 

APPENDIX N 0. 1 7. 

DESCRIPTION OF A MODEL 01'' THE DEPTHS OF THE SEA IN THE BAY OF NORTH AMERICA AND GULF 

OF MEXICO. 

By J. E. HILGARD. Superintendent. 

The systematic deep-sea explorations which were commenced in the Gulf of Mexico in 18T~. 
and which in subsequent years were extended over the entire Gulf Stream region, were brought to 
a successful issue in tbe early part of 1883 by the examination of the western part of the Atlantic, 
limited by the Newfoundland Banks on the north and Windward Islands on the south, and for 
which I have proposed the name "Bay of North America." This part of the oeean, as the l10me 
of the Gulf Stream, has for a long time back attraeted more than its proportionate snare of scien
tific interest; and its proximity to the coast of the United States also appeared to demand :t more 
special -examination than was accorded to it by the Challenger expedition. 

In order to obtain a comprehensive view of these explorations, which should show the promi
nent results in a conspicuous manner, Messrs. A. and H. Lindenkohl, at my request, constructed 
an excellent relief model including the Gulf of Mexico, the Bay of North America, part of the 
Caribbean Sea and West India Islands, and part of the adja.cent continent, as far north as the 
Great Lakes, and west to the plateau of Mexico and nearly to the base of the Rocky Mountains. 

In view of the great attention and favorable comment whieh this model elicited wherever it 
was exhibited, notably at the London International Fisheries Exposition and at the Philadelphia 
meeting of the American Assoeiation for the Advancement of Science, a short description of it will 
be of interest. 

The horizontal scale is 1-2400000 and the vertical 1,00() fathoms (or 6,000 feet) to 1 inch 
(1-72000), making the ratio of scales 3: 100; the size is about 5 by 4 feet. (In the illustratiou 
which accompanies this article the shading of the "dry land" has been reproduced after a photo 
graph, whilst the bottom of the ocean bas been represented in vertical illumination, benause 
the stereoscopic eff'oot, wbfoh is the advantage of oblique illumination, would be lost iu the vast 
proportions of the ocean, and the elimination of the connection between steepness of slope and 
intensity of shade to which our eye has become accustomed through usage, would seriously mislead.) 

It has been stated in the article on "The Basin of the Gulf of Mexico" (Am. Jour. Sci., Vol. 
XXX, April, 1881) that the banks to the depth of 100 fathoms cover more than one-third of the 
surface (0.35) of the Gulf. On the Atlantic coast, the bank which starts in the Strait of Florida 
follows the entire coast line to the eastern extremity of Newfoundland. After leaving the Strait, 
it gradually expands until it attains a width of 75 miles oft' the coast of Georgia; at Cape Hatteras 
it i11 only 20 miles wide~ but farther north it widens to 60 and 70 miles. After taking in the· 
George's Shoal and Sable Island and suft'ering two interruptions by the passages to tlie Gulf of 
Maine and Gulf of Sa.int Lawrence, it reaches its greatest development in the Banks of .Newfound
land, 260 miles out from Oape Race. Of that part of the Bay of North America which is repre
sented upon the model, about the one-sevel!th pa.rt is less than 100 fathoms deep. 

This line of 100 fathoms comprises theextem~ive area of level surfaces which generally extend 
for long distances beyond the ooast line inland, a.nd a.re relieved by the great slopes by whicll the 
ooean desoend.8 t;o tile vast regions of its immense depth. Tbeee slopes constitute one of the mo11t 
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striking features of the model; they have, anfl not inaptly, been called continental slopes, and the 
isol>athic line of 100 fathoms the "continental out.line." 

In the Gulf of Mexico this slope goes down to a depth of about 1,500 fathoms, leaving nearly 
one-third of its area of a greater depth than 1,500 fathoms; in the Bay of North America, how
ever, the slope goes down full~· to the depth of 2,500 fathoms, leaving more than half the area 
represented at a greater depth. The mean depth of the Gulf of Mexico is 860 fathoms ; excluding 
the banks, 1,280. For the Bay of North America 1,970 and 2,320 represent the corresponding 
figures. The greatest recorded depth in the Gulf of Mexico is 2,119 fathoms; in the Atlantic 
Ocean it is 4,561 fathoms, and is found a.bout 70 miles to the northward of Port.o Rico, and not 
very far from where the Challenger obtained its greatest depth of 3,875 fathoms. Aside from this 
great depth, which is quite abnormal, the greatest depth of the Northwest Atlantic varies from 
3,000 to 3,100 fathoms. One of the peculiar features of submarine structure which has found 
expression in the model is the great steepness of slopes in the coral regions. The rise of the 
isolated Bermudas from a depth of 2,000 fathoms was already known from the Challenger sound
ings, but the discovery of the great depths of 2,700 to 2,900 fat,homs along the Bahama. Islands at 
distances of from 10 to 30 miles from, aml consequently mostly within sight of, the outside islands 
was a surprise to the surveyor and cartographer alike. 

It also appear~ from the model that the Peninsula of Florida, the islands of Cuba, and the 
Bahama Banks are located within one great coral plateau which reaches nearly up to Cape Hat
teras, and that they a.re separated by channels of relatively insignificant depths. In the celebrated 
Florida Strait or Gulf Stream channel we find a least depth of cross section of 439 fathoms, and a 
depth ranging from 465 to 265 fathoms, with hard, clean, coral bottom (the least depth about oppo
site Savannah) is maintained by the Gulf Stream to within 90 miles from Cape Hatteras, whence it 
rapidly increases to 2,000 fathoms. The old Bahama channel, which separates Cuba fi:om the 
Bahamas, has 289 fathoms. The Provi(lence channel, betweeen the Great aud Little Bahama 
Banks, has not yet been thoroughly sounded, but a depth of about 350 fathoms appears probable. 

It is not proposed to give a description of the continental }lortion of the model, but a few 
inferential statements will be made. The first impression obtained by even a casual comparison 
of the "land" and "water" portions of the model is the contrast afforded by the great diversity of 
shapes in the ele\ratious (we may call it articulation) compared with the uniformity in the oceanic 
depressions. This contrast, however, is no matter of surprise when we consider the great part 
which that most important geological factor, erosion, bas played in shaping the features of the con
tinent. Almost the entire ~fississippi Basin hal' been shaped by erosion. To this there is no analo
gous action under the surface of the sea, and there are ouly two or three instances where it would 
seem that we are able to trace the effect of erosion in the ocean. One is in the submerged valley 
of the Hudson River, off the entrance to New York Bay, the geology of which is discussed in Appell· 
dix No. 13 of this report; another one may be in a similar valley off Delaware Bay, just outside of 
Cape Henlopen, where a narrow channel of 25 fathoms depth in 9 fathoms of water terminates in 
a bar 14 fathoms deep 13 miles from the cape. The third instance is on the coast of Maine, where 
the effect of glacial erosion is believed to extend to depths of about 50 fathoms. 

Another remarkable feature brought out by the model is the relative insignificance of terres
trial elevations contrasted with oceanic depressions. An elevation of 600 feet, equivalent t.o 100 
fathoms, takes in the Atlantic plain, the Mississippi Valley, and the Texan plain, and reduces the 
continental area represented by about two-fifths (0.40). Ta.king another step of 600 feet (or 11200 
from the sea level), the area will be reduced by nearly the same amount (0.36), and leave about 
one-fourth (0.24) of the entire area with a height above 1,200 feet. This area comprises the Appala
chian system, the highest parts t>f tlie table lands in Western Pennsylvania, Ohio, Indiana., and 
Michigan; also the copper region of Lake Superior, the western parts of Texas, the Iudia.n Terri· 
tory, and Kansas. 

The mean elevation of that part of the continent represented in relief is about 720 feet. The 
mean depth of the Gulf of Mexico is therefore about seven times as great and that of the Bay of 
North America about sixteen times a.s great as this mean elevation. It is, however, proper to state 
that this mean elevation is very far below the mean .height of the United States, which is. computed 
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by Mr. Gannett at 2,600 feet (List of Elm·ations, &c., 4th edition, 1877). This difference i:,i chiett,y 
caused by the absence from the model of the Rocky .Mountain system. 

The following are the elevations of some of the highest peaks within the Jim its of the model: 
Feet. 

Mount Washington (N. H.)........................... ... . . . .. .. . . .. . . . .• . 6, 293 
Mitchell's High Peak (N. C.) . • . . . .. . . • • • . . . • • • • • • . . • . • • . • • • . . . . . .. . • .. . . 6, 688 
Orizaba Peak (Mexico) .....••..•...............••.....•...........••...• 17, 879 
Popocatepetl (Mexico) ...............•.......••......•................... 17, 784 
Pico de Tarquino (Cuba) . • . . . . . . . . . . . . . . .. . . . . . . .. . . . . . . . . . . . . . . . . . . . . • . 8, 400 
Pico de Yaqui (San Domingo)............................... . . . . . .. . .. . . 9, 695 



 

No. 1. 
2~ 

3. 

4. 

5. 
6. 

7a. 
7b. 
8. 
9. 

10. 
11. 
12. 

13. 

14. 
15. 
16. 
17. 
18. 
19. 

PROGRESS SKETCHES. 

Sketch of general progress (eastern sheet). 
Sketch of general progress (western sheet). 
Section;.; I aud 11. Triangulation between the St. Oroix and Huclson Rivers iLn<l Lake 

Ontario. 
Sections II, III, XIII, and XIV. Triangulation between the Hudson H,iver and Cape 

Henry and the Ohio River. 
Section IV. Coast and Sounds of North Carolina. 
Sections IY, V, VIII, and .XIII. Triangulation between the ~arylaud and Georgia base

lines (southern part), with extPnsion westward, and triangulation in Tenneissee aml in 
.Missi&sippi. 

Section VI. East Coast of Florida, Indian R.iver to Cape Florida. 
Section \rI. West Coast of Florida from Cape Sable to Charlotte Harbor. 
Section VI. West Ooa8t of Florida from Charlotte Harbor to .Anclote Keys. 
Sections VIII and IX. Coast of Louisiana and Texas from the Mississippi to Galveston. 

Subsketch of the Rio Grande to Brownsville. 
Section X. Coast of California, San Diego to Point Sal. 
Section X. Coast of California, Point Sal to Tomales Bay. 
Sections X and XI. Coast of California and Oregon, from Tomales Bay to Tillalllook 

Bay. 
Section XI. Coast of Oregon and Washington Territory, from Tillamook Bay to the 

Boundar.v. 
f'.lection XII. Alaska (eastern part). 
Sections XUI and XIV. Triangulation in Kentucky and Indi&na. 
Section XIV. Triangulation in "Wisconsin. 
Sections XIV and XY. Triangulation in Indiana, Illinois, Missouri, and Kamias. 
Sections X and XVI. Triangulation in California, Nevada, Utah, and Colorado. 
Chart of telegraphic longitude stations in the United States. 

ILLUSTRATIONS. 

20. To Appendix No. 9. Diagram of primary triangulation across the State of New York 
connecting tbe work of tbe Coast and Geodetic Surrny with that of the Lake Survey. 
[To face page 390.] 

21. To Appendix No. 11. Telegraphic longitudes. Diagram of stations included in the 
second adjustmellt. [To face page 430.] 

22,23. To Appendix No. 12. Comparison of recent with former surveys of Delaware River and 
Bay. (1) From Old Man's Point to Deep Water Point. (2) From Reedy Island to 
Liston's Point. 

24. To Appendix No. 13. Geology of the sea-bottom in the approaches to New York Ba.y. 
[To face pa.ge 438.] 

25. To Appendix No. 17. Description of a. model of the depths of the sea in the Bay of 
North America and Gulf of Mexico. (To face page 620.] 
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