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FERRUARY 18, 1886. 

ReBolved by tlw &nat.e ( tM Hou8e af Repreaentati"es etm-0urring ), That there be printed 3,000 exna copies of the 
report of the inperintendent of the Coast and Geodetic Survey, showing the progress made in said Survey during the 
year ending June 30, 1&!5, for distribution by said Superintendent. 

Adopted in House July 17, 1886. 
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LE11 TER 

FROM 

THE SECRErrARY OF THE TREASURY, 
TRANSMITTING 

Tke rep<>rt of tlte Superintendent of the Coast and Georletic 8urt>ey .~howing tfie progress 11iade in tltat 

lcork during the la.st fiscal year. 

DEC:.rlllaER 17, 1~5.-Laiu on the table a.ml oruered to l>e printeil. 

TREASURY DEPARTMENT, 

December 12, 1885. 

SIR: In compliance with seetion 4690, Revised Statutes of the United States, I have the honor 
to transmit herewith, for the information of Cougress, a report addressed to this Department by 
F. M. Thorn, Superintendent of the Coast and Geodetic Survey, showing the progress made in that 
work during the fiscal year ending June 30, 1885, and accompanied by a map illustrating the gen
eral advance iu the operations of the Stirvey. 

Respectfully )·ours, 

'J'o the SPEAKER OF THE HOUSE OF REPRESENTATIVES. 

D. MANNING, 
Secretary. 
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VIII, pp. 48, 49; see Appendix No. 5, p. 118. 

BACHE, CHA.RLES M., ASSISTANT. '.l'riang11lation from Town· 
eend's Inlet to Absecon Light, Atlantic City. N. J., p. 35; Appen· 
di>: No. 1, p. 83. 

llA.CHE, G. M. (•cbooner). Appendix No. 5, p. 120. 
BA.CHE, R. :M., ASSISTANT. Topographical resurvey of the New 

Jersey shore of Delaware Bay, pp. 35, 36; Appendil: No. 1, P· 83. 
BACON, F. :B., RECORDER. Appendix No. 1, P· 80. 
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BAGWELL, GEORGE H., BOUNDARY COMMISSIONER OF 
VIRGINIA, p. 40. 

BAKER, MARCUS, ASSISTANT. Hydrological survey of New 
York Bay and Harbor, pp. 28, 29, 76; magnetic observations at 
Loi! Angeles, Cal., pp. 52, 53; special ma~etic duty at Toronto, 
Canada. pp. 53, 71, 72; magnetic observations at Kalamazoo. 
Mich., p. 72: tidal jnvestigations. p. 76; preparation of Alaska 
coast pilots' charts, &c., p. 76; see Appendix 1, pp. 82, 84., 86. 

BALD LEDGE, N. H., p. 18. 
BARA '!'ARIA (•teamer). Appendix Xo. 5, p. 120. 
BARBOUR, PROF. V. G., ACTING ASSI8TANT. Geodetic op

eration• in Vermont, p. 18; Appendix 1, p. 81. 
BARR ARBOR. Re•urvey of, pp. 16, 17. 
BARKER. J. H. Mi•c•llaneous Division Coaat, and Geodetic Snr

vey Office, Appcmdix No. 4, p. 105. 
BARN.<lRD, PROF. L. H., ACTING ASSISTANT. Reconnals· 

Mnce in Penn~ylvania, p. 32; Appendix 1, p. 83. 
BARNEGAT, N. J. Location of wreck off, p. 35. 
BARR, J. C. Drawing Division, Coast and Geodetic Snt"Ve~ Office, 

Appentlix No. 4, p. 105. 

BARTON STATION, HOCKING COUNTY, OHIO. 
BASE LINES. Statistic• of, Appendix No. 2, p. 87. 
BASSETT, R. T. Miscellaneous Division, Coast and Geodetic Sur 

vey Office, Appendix No. 4, p. 111. 
BASS POINT, NAHANT, MASS. Hydrographic examinations 

near, p. 17; directions for avoidinj? rock nesr, pp. 5, 17. 
BATTERY O'BRIEN, FORT POINT, ME., p. U. 
BAYLOR, J. B .. SUB-ASSISTANT. Magnetic observations in 

Section I, pp. 20, 21 ; service in Section II, p. 35; see Appendix I, 
pp. 81, 83; Appendix No. 4, p. 97. 

BAY OF NORTH AMERICA. Reference totbemodelofthedeptbs 
of the sea in, pp. Td--74. 

BEACH MEASUREMENT AND TOPOGRAPHICAL SURVEY 
ON THE WEST COAST OF FLORIDA, FROM BOWDITCH 
POINT TO CAPE ROMANO, pp. 46, !7. 

BEAUTY (barge). Laid up at Sea I"1e City. p. 35; use of in Sec· 
tion II, Appendix No. 5, p. 120. 

BECHER BAY, STRAIT OF FUCA, p. 63. 
BEDFORD REEF, p. 20. 

BELL, .f . .<l., EN"SIGN, U.S. N. Servlcel!in Section X, p. 59; Ap-
p•ndlx No. 1, p. 85. 

BELLE AIR STATION, ILL., p. 68. 
BELLEVUE HOTEL STATION, RED BANK, N. J. p. 32. 
BERLIN, N. J., p. 30. 
BERRY STATION, CASS COUNTY, HO., p. 70. 
BIBB, P. B., ENSIGN, U.S. N. Services in SectionX, p. 55; Ap· 

p•ndix No. I, p. 85. t 
BlEN, JULIUS & CO. Reference to lithography done by, p. 38. 
BIG CARLOS INLET, FLA., p. 47. 
BIG MARCO INLET, FLA., p. 47. 
BIRD, GEO. F., AID. Services in Section Vill, p. 48; in Section . ' 

XVI, p. 71; see App•ndix No. l, pp. 84, 86. 
BITLER, R. 0., ENSIGN, U.S. N. Services In Section U, p, 27. 
BLAIR, HENRY W., ASSISTANT. Preparation of Coast and 

Geodetic Survey Exhibit for New Orleans Exposition, p. 73; death 
at Nashville, Tenn., p. 73; see aleo p. 76, Appendix No. 4', pp .97, 
98, and Appendix No. I 8, p. 513. 

BLAKE (steamer). Use of in Section l, pp., 19, 20; in Section VI, 
p. 44; see also Appendix No. 5, pp. 117, 119. 

BLIND ASYLUM STATION, IND., p., 87. 
BLOCK ISLA.ND SOUND. Hydrographic examlnationa In, pp. 

a, 19, 20. 
BLOCKLINGER, G., LIEUTENANT, U. S. N. Services In Sec. 

tion XI. p. 65; Appendix No. l, p. 85. 
BLUE RIDGE. Reference to, in estimates, p. 10; reoonnaiM&nce 

in, p. 48. 

BOARD OF PORT WARDENS OF PBIL.ADELPHIA. Infor
mation furni•bed to, p. 73. 

BOARD OF TR.ADE OF PHILADELPHIA.. Information fur. 
niabed, p. 73. 

BORDEN SURVEY OF MASSACHUSETTS. Reference to, pp. 6, 
19; recomputation and adjuatment of, Appendix No. 4, p. 119. 

BORDEN, T. P., A.ID. Serviceain Section XI, pp. 113, 8'. 

BOSCHKE'S MA.P OF THE DISTRICT OF COLUMBIA. Refer
ence to, p. 38. 

BOSTON, MASS. Sub-office at, pp. 4, 72. 
BOSTWICK, F. M., ENSIGN. U. S. N. Service•in Section XI, 

p. 65 ; Appendix 1, p. 85. 

BOUND.A.RY LINE BETWEEN MA.RYLA::SD A.ND VIRGINIA, 
Determination of points on, pp. 40, 41. 

BOUTELLE, CHARLES 0., ASSISTANT. In charl?" of Coast 
and Geodetic Survey Office, pp. 14-75; JJrepamlion of projection 
tables, reference to, p. 14; Appendix No. 4, p. 97 ; general super
vision of preparation of Coast and Geodetic Survey Exhibit for 
the New Orleans Exposition, p. 73; reference to r~port of, pp. 75, 76; 
report of, Appendix ::So. <l, pp. 95-98. 

BOUTELLE. J.B., EXTRA OBSERVER. Services in Section XIV. 
p. 68; see Appemhx No. l, p. 86: Ap1>eDdix No. 4, pp. 99, JOI. 

BOWDITCH POTN'f, FLA., pp. 46, 47. 

BOWLER STATION, JACKSON COU~TY, MO., p. 70. 
BOWSER, PROF. E. A., ACTING ASSISTANT. Geo<letic·op-

erations in Ne,.,· ,Jenn-y, pp. 30, 31; Appendix No. 1, p. 82. 
BOYD, C. H., ASSISTANT. Topographical survey on coa•t of 

.Maine, pp. 14-, 15; in charge of Coaist and G~odetic SurveJ Exhibit 
at New Orleans, pJJ. 15, 74; ••e Appendix No. 1, pp. 81, 86. 

BRADFORD, GERSIIOM, ASSISTANT. Triangulation in Ma•· 
sachusetts, pp. 18, 19; reconnaissance and triangulation in Long 
Island Sound, p. 26; A ppenclix No, l, PJJ· 81, 82, 86. 

BRADFORD, J. S., ASSISTANT. Primary triangulation in Illi· 
nois, p. 68; .Appendix No. t, p. 86. 

BRAID, ANDREW, ASSISTANT. Snnestions relative to photo
graphic proceRse~, p. 72; report of the work done in the Instrument 
Division of the Coast and Geodetic Survey Office. Appendix No. 
4, pp. 114 115. 

BRAINARD, F. R., ENSIGN, U. S. N. Services in Section I, p. 
21; in Section II, pp. 22, 27; in St·ction V, p. 4-3; in Section VII, 
p. 44; see &!so Appendix No. 1, pp. Bl, 82, 83, 84. 

BRANFORD, CONN. Topographical re-survey in neinityof, pp. 
23, 24; desirability of harbor of, p. 25. 

BRANFORD REEF, p. 25. 
BRIDGEPORT R.<lRBOR, CONN., p. 23. 
BRIGHT, W. T. In charge Drawing Division, Coast and Geodetic 

Survey Office, reference to, p. 00; report of, Appendix No. 4, pp. 
103-105. 

BROADKILL CREEK, DELAWARE BAY, p. 36. 
BROAD TOP, PA.., p. 32. 
BRONAUGH, W. V., ENSIGN, U.S. N. Services in Section XI, 

p. 6fi; Appendix No. I, p. 85. 

BROOKLYN BRIDGE, p. 26. 
BROWN, CHARLES E. MiRcellaneons Division, Coast and Geo

detic Survey Office, Appendix No. 4, p. 111. 
BROWNSON, W. H., LIEUTENANT-COMMANDER, U. S. N. 

Hydregraphic examination~ in Vineyard Sound. Narragansett 
Bay, and Block Island Sound, pp. 19, 20; determination of position 
of wreck oJf Barnegat, p. 35; see Appendix No. 1, pp. 81, 83; Ap· 
pendlx No. 5, p. 117; reference to appointment a• Hydrographic 
Inspector, Appendix No. 5, p.119. 

BROWNSVILLE. TEXAS. Trianirulation and wire measurement 
between Point Isabel and, pp. 4, 51, 52; determinationoflongitu.de 
at, p. 51. 

BRUMBY, T. M., ENSlGN, U.S. N. Services in Section VII, p. 
5I; Appendix No. l, p. 84. 

BRUSHY POINT, HUMBOLDT BAY, CAL. Hydrographic s1u
vey between White Rock and. pp. 58, 59. 

BUCHAN AN, PROF. A. H., A.CTlNG ASSISTANT. Geodetic 
operations in Tenneesee, pp. llG, 67; App~ndix No. I, p. 85, 

BUENA VISTA STATION, BUENA VISTA COUNTY, KY., 
pp. &1, •2. 

BURDICK, W. L., ENSIGN, U. S. N. Services in Section X, pp. 
55, 68, 1111; Appendix No. l, p. 85. 

c. 

CABIN STATION, WASH. TER.. p. 61. 
CALCASIEU RIVER, TEX., Appendix No. li, p. Ull. 
CA..LCASLB:U LAKE, TEX., Appendix No. 6, p. ll9. 
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CALIFORNIA. Reference to, in estimates, p. JO: •nrvey of coast 
line between San Juan, Capistrano, and NewpoTt B:\y. p. 5~; snr• 
vev of ooa.st from Moro Bay westward, p. 54; primary tri&ngul&
tio~ of the coast of1 pp. 531 54, 551 56; ma~"'tic observations in, pp. 
52, 53. 57: hyclro!!raphic survey in the vicinity of San Simeon, pp. 
54. 55; between Brushy Point and White Rock, pp. 58, 59; Coast 
Pilot work, p. 57; connection of Coast and Geodetic Sorve, station 
with a station of the Hawaiian Go,...ernment SurYey, pp. 57, 75; rocke 
in :Mission Bay, p. 57; the Bar of San Francisco, pp. 55, 57, 58; tidal 
observations at Saucelito, pp. 58, 75; see also A Ppendix No. 1, pp. 
84, 85; Appendi~ No. 4, pp. 96. 102; Appendix No. 5, _p. 121. 

CA.NFIELD, W. C .. ENSIGN, U.S. N. Services in Section I, p. 
16; in Section Vl, p. 47; in Section VIII. p. 49; see Appendix 1, 
pp. 81, 84. 

CANONICUT ISLA.ND, p. 20. 
CA.PE COD, MASS., chani:es in coast line, p. 29. 
CA PE CAN A VERAL, lines of sonndings near, p. 44. 

CAPE FLORIDA, line• <>f soundings nc11r. p. 44. 
CAPE HENRY, VA. Special examinations off, p. 3, 41: Appendix 

No. 5, p. 118. 

CAPE HENLOPEN, p. 36. 
CAPE MAY, p. 36. 
CAPE MENDOCINO, CAL., p. 58. 

CAPE ROMANO. FLA. Beach measure and topographical our· 
"l'ey from Bowditch Point to. pp. 46, 47 ; hydrograpbic survey· 
from Gordon'A Pass to, p. 47. 

CAPE SABLE. FLA., p. 4ti. 

CAPITOL BENCH-MARK. Line of levels run ]>etween Washing. 
ton Aqueduct Bridge and, pp. 39. 40. 

CAPll'OL HILL OBSERVATORY. Annual magnetic observa
tions at, pp. 31, 38. 

CAPl'AIN'S ISLAND. OAK NECK, LONG ISLAND SOUND, p. 
26. 

CA.RPMAEL, CIIARLES, DIRECTOR MAGNETIC OBSERVA
TORY, TORONTO, CANADA, p. 71. 

CA.Rl'ER, F. S., LIEUTENANT, U.S. N. Hydrological survey of 
New York Bay arnl Harbor, p. 28: Appendix No. 5, p. 120. 

CASE'S INLET, HOOD'S CAN AL, WASH. TER., p. 61. 
CASTLE MOUNTAIN, CAL., p. 54. 
CASTLE POI:"IT, N. Y., p. 28. 

CASTLE WILLIAM, GOVERNOR'S ISLAND. NEW YORK 
HARBOR, p. 26. 

CAVITT, N. Y. Mi~ce11aneous Division. Coast and Geodetic Sur. 
vel· Office. Appendix No. 4, p. 111. 

CAVEN'S POINT, N. Y., p. 28. 
CAXIMBAS PASS, FLA., p. 46. 
CAYUCOS, ESTEf:O BAY, CAL., p 54. 
CEDAR POINT, LONG ISL.A.ND SOUND, pp. 24, 28. 
CHAMBER OF COMMERCE, NEW YORK CITY, p. 72. 
CHANDELEUR ISLANDS. Hydrograpbicsurveynear, p. 49; Ap. 

pendix No. 5, p. 118. 
CHANDLER·s BA.Y, ME. Topographical survey of. p. 15. 
CHA.PMAN, D. C. Ollico of Construction of Standl\rd Weights and 

Measures, Appendix No. 4, pp. 115, U6. 

CHARGE OF THE EXHIBIT OF THE COAST AND GEODETIC 
SURVEY AT THE NEW ORLE.AN"S EXPOSITION, pp. 73, 74. 

CBA.RLESTON, S. C. Reference to, in estimates, p. 10; tidal obser
vations at, Appendix No. t, p. 101. 

UHAR'.rS. New charts published, p. 5; number of copies distrib. 
nted, p. 5; Appen<llx No. 4, pp lll, 112; nnmbsr received In 
chart room, Appendix No. 4. pp. 111.112; completed orio progress 
during the year oncling June 1W, 1885, Appendix No. 4, pp. 105, 
106. 

CHARTS FOR WHICH REDUCED DRAWINGS OF HY· 
DROGRAP.HY WERE MAnE DURING THE FlSCA.L YE.AR 
ENDING JUNE 3C, J88,j, .Appendix No. 5, p. 125. 

CHART PLATES. Number completed, p. 5; corrected, pp. 4, 5; 
Appendix 4, pp. Iii\, 107, 108-110. 

CHATHAM. MASS., p. 20. 
CHERRYFIELD, ME, pp. 15, 16. 
CHERRY RIDGE, KY., p. 42. 

CBBSAP.£.olKlil BAY • .£atuarleaof, referenee to, In "9tlmatee, p. 
JO. 

.. 

CHESTER, C. M., COMMANDER, U.S. N .. HYDROGRAPHIC 
INSPECTOR, COAST AND GEODETIC SURVEY. Reforenee 
to services of, p. U; reference to rrport on the H~a-2:ning qmllitlee 
of steamer Patterson, p. 74; examina.tion.~ in Ship antl SwA~h 
channels, Appendix No. !i, p. ll8; report of, Appendix No. 5, pp. 
117-128. 

CITTL TON, W. B. Clerk in office Superintendent Co~st and Geo. 
detic Survey, p. 76. 

CHOP.TAWBLUFF. ALA .. p. 48. 
CHRISTIE, A. S. Cumputin)l: Division, Coast and Geodetic SnrTey 

Office, A.ppenrlix No. 4. p. JOO. 
CLAREMONT STA.TION, ILL., p.68. 
CLARENCE STRAIT, SOUTllEASTERN ALASKA. p. 65. 
CLARK. JOHN. Instrument Division, Coast and Geodetic Survey 

Offioo, Appendix No. 4, P- 115. 
CL.ARK, DR. J A.S. J. In cbargeofWeii:hts and Measure• Exhibit 

at the New Orleans Expositi•m, µ 74 : arlju•ter of WPi£hts and 
measures, Appendix No. 4, pp. 97, 115; report of Office of Con
struction of Standard Weii:hts and Measures, Appendix No. 4, 
pp. 115, U6; see also A.ppendi:i:: No. 1, p. 86. 

CLARK'S POINT STATION, p. 36, 
CLA.RVOE, G. W. :M.i~c.ellarn'l<mA Division, Cout a.nil Geodetic Sur .. 

vey Office, Append ix No. 4, p. 111. 
CLINTON, CONlf., pp. 5, 23, 24. 
CLOVER, RICHARDSON. LIEUTENANT, 'U. S. N., HYDRO· 

GRAPHIC SURVEYS IN SO UTHE\ STERN A LASK A, pp. 65• 
66, 75 i referen~1e t.o report on the voyage of the steamer Pa.tter
oon to the Pacific coast, pp. 74. 75; Appendix No. 1, pp. 85, 88: 
Appendix No 5, p. 121. 

COAL.BIN SHOAL, FLA .. p. 47. 

COAST AND GEODETIC SURVEY. Remarks on pr<>greos and 
condition of, pp. 1-4; abstracts of pro,aress of work, pp. lS--77; 
officers of, and office work, pp. 75-77 ; see also A pp<'n<llx No. l. 
pp. 81-86; .Appendix No. 4. pp. 95-116; Appendix No. 5, pp.117-
128; estimates for field and office work, pp. 10-12; general esti· 
mate for repaiTS and maintenan-0e of Vf"&se1s, p. 13; stati~tics of 
field and office work for the year endinl( June 30, 1885, Appendix 
No. 2, pp. 87, 88; exhibit of the, at the New OrleanR Exposition, 
pp. 4, 73, 74; Appendix No. 4, p. 97. 

COAST AND GEODETIC SURVEY OFFICE. Proi:reesofwork 
in, pp. 4-7; officers and employlie of, pp. 7f>-77; see also Appen· 
dices Noe. J, 4, pp. 81-86, 95-116; estimate fur pay of officers of, 
pp. 11, 12; information furni•hed from the, in reply to special calls 
during the year ending June 30. 1885, Appendix No. 3, pp. 80-93. 

COASTERS' HARBOR ISLAND, NARI{AGAXSETT BAY. 
Ma~etie o-bae:rvations at, p. 20. 

COAST AND GEODETIC EXHrBIT AT THE NEW ORLEANS 
EXPOSITION, pp. 73, U. 

C'JAST PILOT. Estimates for, p. 10; valuable information for, 
furnished by Lieu tenant Taussi~, p. 55; ~iewf.; furnished for, by 
F. Westdahl, p. 57. 

COAST·PILOT DIVISION. charge of. p. 14: Appendi:i:: No. 5, p. 
12'~-

CODMAN, EDW.A.RD W., p.17. 
COFFEE ISLAND, :MOBILE BAY, p. 49. 
COLLECTION OF :M:A.GNETIC V A.RIATIONS OFF THE 

COASTS OF CALIFORNIA AND MEXICO. OBSERVED BY 
SPA.NISH NAVIGATORS IN THE LASl' QUARTER OF 
THE EIGHTEENTH CENTURY. 

COLONNA, B. A., ASSISTANT. Reco!lnais•ancn for triang11la· 
tion in the Strait of FueaT pp. 6'l, 63; rt.>fert>nce to reports of. pp. 
63, 64; see Appendix No. J, p. 85; Appendix No. 4, p. us. 

COLUMBIA. RIVER. Topographical survey of, pp. 60, 61; refer· 
enc.a to, in estimates, p. 10. 

COMMISlllONER OF AG &!CULTURE. Information furnished 
to, p. 76-

COMPARISON OF TRANSVERSE SECTIONS OF THE DELA· 
WARE RIVER BETWEEN OLD NAVY.YARD A.NO EAST 
END OF PET fY'S ISLA.:>ID, AS DERIVEO FROM THE 
SURVEYS OF 1819, 1843, A.ND 1878, pp. 7, 33; .Appendix No. 12, 
pp. 487-488. 

COMPLETION OF THE TOPOGRAPHICAL RESURVEY OF 
•.rHE WESTERN SHORE OF DELAWARE BAY, p. 36. 

COMPLETION OF THE TOPOGRAPHY OF HOOO'SCA.NAL, 
W .&.SR. T:ER. RecoJ1J1ai1UDce of the Olympic Mountains, p. 61. 
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COMPUTING DIVISION, COAST AND GEODETIC SURVEY 
OFFICE. Reference to, Appendix No. 4, p. 95; report from, Ap· 
pendix No. 4. pp. 99-101. 

CONEY ISLAND. Topo!'l"aphical re-survey of shore line of, p. 27. 
CONNECTICUT. Topographic re sur-..eys of St.,nington and vi· 

cinity, and of the eon.et in the vicinity of SaylJl'ook and Lyme, p. 
25; tidal observations at F"rt Trumbull, p. 26; topographic re
snM"e_y of shore between New London and Four .Mile RiYer, and 
between Saybrook and Clmton, p. 28; and lletween Bridgeport 
and Farms (or Frost) Point, p. 30. 

CONNECTICUT RIVER. Topographical survey at month of, p. 
22. 

CONNECTIONS BETWEEN THE COAST AND GEODETIC 
SURVEY TRlANGt::LATION AND THAT OF THE U. S. 
LAKE SURVEY, pp. 6S-69. 

CONSTELLATION ROCK, GARDINER'5 BAY, LONG ISLAND, 
p. 20. 

CONTINUATION OF THE TRIANGULATION OF THE 
STATE O~~ NEW HAMPSHIRE, pp.17, 18. 

CONTINUATION OF THE TOPOGRAPHICAL RE-SURVEY 
OF THE NORTH SHORE OF LONG ISLAND TO THE WEST 
OF GREENPORT, p. 22. 

OONTINUATION OF THE TOPOGRAPHICAL RE-SURVEY 
OF THE NORTH SHORE OF LONG ISL.A.ND SOUND IN 
THE VICINITY OF MADlSON, GUILFORD, AND BRAN
FORD, CONN., pp. 23, 24. 

CONTINUATION OF ·THE TOPOGRAPHIC RE.SURVEY OF 
THE NORTH SHORE OF LONG ISLAND SOUND WEST
WARD FROM FROST (OR FARMS> POINT, .A:ND INCLUD· 
ING THE NORWALK ISLANDS; ALSO TOPOGRAPH[C.A.L 
RE-SURVEY OF THE SHORES OF EAST RIVER. :N. Y., pp. 
25, 26. 

CONTINUATION OF TRIA!i!GULATION AND RECONNAJS. 
SAXCE ON THE NEW JERSEY COAST. Ma,,;nettc station 
occupied on thn.t eoa.st, a.nd topo(Zraphic survey continued, p. 35. 

CONTI...,UATION OF THE HYDROGRAPHIC RE-SURVEY OF 
DELAWARE BAY AND ENTRANCE, pp. 36, 37. 

CONTINUATION OF THE DETAILED TOPOGRAPHICAL 
SURVEY OF THE DISTRICT OF COLUMBIA, pp. 38, 39. 

CONTINUATION .OF RECONNAISSANCE FOR THE CON
NECTION OF THE TRIANGULATION OF THE GULF 
COAST WITH THAT ALONG THE BLUE RIDGE, p. 48. 

CON'l'INT'"ATION OF THE PRIMARY TRIANGULATION OF 
THE COAST OF CALH'ORNIA, NORTH OF POINT CON
CEPCION, pp. 53, 54. 

CONTINUATION OF THE TOPOGR,.PHW.A.L SURVEY OF 
THE COLT'"MBIA AND WILLAMETTE RIVERS. Hydro
jCT'aphy of the Willamette River, pp. 60, 61. 

CONTINUATION OF THE TRIA.NG·UL.A.TIONOF THE STATE 
OF OHIO, p. 67. 

CONTINUATION OF RECONNAISSANCE AND TRIANGULA· 
TION IN UTAH NEAR THE THIRTY-NINTH PARALLEL, 
p. 70, 71. 

COOS BAY, OREG., p. 60. 
CORBETT, ,J. W. Tidal obBerver at Sandy Hook, p. 30; Appendix 

No. 4, p. 102. 

CORNWALL, LIEUTENANT-GOVERNOR OF THE DOMIN
ION GOVERNMENT AT VICTORIA, BRITISH COLUMBIA. 
pp. 62, 63. 

CORYDON STATION, N. H., p. 18. 
COSGROVE. P. L., p. 47. 
coTi BLANCHE BAY, LA., TRIANGULATION FROM, TO 

THE WESTWARD,p. 50. 
COTTON STATION, VT., p. 18. 
COULTER, l'ROF. J. X., p. 68; Appencli:c No. 1, p. 86. 
COURTENAY. E. H. Computing Division Coast and Geodetic 

Survey Office; Appendix No. 4, pp. 99, 100. 
COURTENAY, F. Engraving Division Coast and Geodetlo Survey 

Office; Appendix No. 4, p. 107. 
COX, G. F. Miseell.a.neouo Division ColM!t and Geodetl<\ Survey 

Offiee, Appendix No.'· p.111. 

CRAVEN, J. E., ENtlIGN, U.S. N. Services in Section VI, p. fi; 
in Section VIII, p. 49; Appendix No. 1, p. IU. 

CROOKS, MAJOR, p. 60. 

CROSBY. F. H., LIEUTENANT, U.S. N. Hydrographic •nrvey 
off the coast of Louisiana. from Sabine PasR to the eastward, pp. 
50, 51; surveJS in Sabine and Caleasieu Lake.. Tex., Appendix No. 
5, p. 119; •ee Appendix No. l, pp. 81, 84. 

CUBE MOUNTAIN, N. H., p, 18. 
CURRENTS O~' THE GULF STREAM. Inve•tigation of, pp. 2, 

4. 44, 46; refo!·ence to, in ~stimates, pp, 9, 10; see Appendix !il"o. 5. 
p. 119: also Appendix No.14, pp. 495-501. 

CURRENT OBSERVATWNS IN DELAWARE BAY. Refer 
enee to, in P.Stiruates. p. 10. 

CUTLER, .1trn., p. 15. 
CUTLER, W. G., LIEUTENANT, l:". S. N. Hydrographic sur

vAy of the north coaRt of Long Island Sound from Hammonassett to 
\Velch's Point, pp. 241 25i of North River anll approaches, p. 68; 
see also Appendix Xo.1. p. 82; Appendix No. 5, pp. 118, 119, 120. 

o. 

DA.BOP BAY, HOOD'S CANAL, WASH., p. 61. 
DAISY (•teamer). Use of in Section II, Appendix No. 5, p. 119; 

transferred to Coast and Geodl~tic Survey from Lig:bt·House Board, 
reference to, p. 120. 

DALL, WILLIAM H., ASSISTANT. Sen·iceo in Coast and Geo· 
detic Survey arid resi1o?;nation. p. 76. 

DANGERS TO NAVIGATION. Mention of, pp. 5, 17, 19, 20. 21, 
24, 25, 47. 

DARIEN. CONN. Topographical re-survey near, pp. 21. 22, 26. 
DA VIUSON, GEORGE, ASSISTANT. In charge of work on the 

Pacific coast, pp. 55-5S, and 66; Appt:!ndix Xo. 1, p. 8:), 
D.A VIDSON QU ADRILATER.A.LS. Adjustment'and reduction of, 

p. 76; Appendix No. II, pp. 441-467. 
; DAVIES. PROF. JOHN E., ACTING ASSISTANT. Continua

tion of the tl'iang:ulation of the State of Wisconsin, p. 69; Appen
dix No. 1, p. 86; Appendix No. 4, p. 107. 

DA VIS, W. H. Engradng Division, Coast and Geodetic Snn•ey 
Office, Appendix No. 4, p. 107. 

DEADENING STATION, RHEA COUNTY, TE:'>N., p. 66. 
DEAX. GEORGE W., ASSIST.A.NT. In charge Coast and Geo

detic Survey Exhibit at New Orleans Exposition, pp. 73, 74; Ap
pendix X o. I, p. 86. 

DEEP CREEK, SAINT JOHN'3 RIVER, FLA., p. 44. 
DEEP-SEA SOUNDINGS IN NORTHWEST PROVIDENCE 

CHANNEL, AND IN THE GULF STREAM O~'F FLORID.A. 
CO.A.ST, AND SUB·CURRENT OBf'ERV ATIONR IN THE 
GULl'' STREAM BETWEEN FOWEY ROCKS AND GUN 
CAY, BAHAMAS, pp. 44-46. 

DEEP-SEA CURRENTS, pp. 4, 44. Appendix No. 5, p. 119; also 
No.14, pp. 495-5Ul. 

DELAFIELD STATION, WIS., p. 611. 
DELAWARE BAY. Reference to, in estimates, p. 10; changes iu 

shoals, p. 30; topographic re-survey of shores of, pp. 35, 36; by. 
droi:raphic re-Murvey of, pp. 36, 37. 

DELAWARE BAY AND RIVER. Reference to AAlntion of prac
tical question• respecting dividing line betw..en, pp. 30 and 33; 
physical bydrograpby of, pp. 32-34. 

DELAWARE RIVER. Special triangulation from Petty's Tularnl 
to Poqnessink Creek, p. 34; examination of movements of ice in, 
-p. 32; location of port-warden lines in, p. 33; settlement of que!!I· 
tion as to fishing rights of the Sta.tea of Delaware and New Jer· 
Bey, p. 33. 

DENIS, VICENTE, JA~"'ITOR, tlUB-OFFICE, CAL., p. 57. 
DENNIS, W. H., .ASSIST.ANT. Continuation of topographical 

8 nrvey in vicinity of Madison, Guilford, and Branford, Conn., pp. 
23, 24; Appendix No. l, p. 82. 

DEPARTMENT OF DOCKS, NEW YORK UlTY, p. 26. 
DEPARTMENT OF SURVEYS OF BROOKLYN, N. Y., p. 26. 
DEPARTMENT OF SURVEY OF PHIL.A.DELPHIA, p. 73. 
DEPARTMENTS OF THE GOVERNMENT. Information fur-

nished t.o, p. 4; Appendix No. 3, pp. 89-93; charts furnished to, p. 
5; .Appendix No. 4, p. 111. 

DESERET RAILROAD STATION, UTAH. Magnetic obeerv•
tlona at, p. 71. 

DETERMINATION OF GRAVITY AT KEY WEST, FLA., p. 
46. 

DETERMINATION OF LONGITUDE AT LITTLE ROCK, TEX· 
ARKAN.A., AND FOR'f SllfITB, ARK., p. 40. 
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DETERMINATION OF LONGITUDE OF BROWNSVILLE, 
TEX., p. 51; of Kansas City, Mo., p. 70. 

DETERMINATION OF POINTS FOR THE RE.SURVEY OF 
NEW YORK LOWER BAY, p. 27. 

DETERJllINATION OF POINTS ON THE BOUNDARY LINE 
Bll:TWEEN MARYLAND AND VIRGINIA, pp. 40, 41. 

DETERMINATION OF POSITION OF WRECK OFF llARNE· 
GAT, p. 35. 

DEVELOPMENT OF PLANS FOR THE STUDY OF THE 
PHYSICAL HYDROGRAPHY OF NEW YORK BAY AND 
HARBOR. Neerl of special examinations to ai;r,ertain the physical 
h1 .. tory of the changes in Monornoy Shoals, p. 28. 

DEVIL'S ELBOW, FLA., p. 43. 
DEVOL, PRO~'. R. S., ACTING .ASSISTANT. Continuation of 

the triangulation of the State of Ohio, p. 67; A]lpendix No. 1, p. 
86. 

DEWEY, T. G., ENSIGN, U. 8. N. Sen·iOOR in Section XII, p. 
66; Appendix No. I, p. 85. 

DICKINS, E. F., ASSISTANT. Services in Section I, Pl'· 10. 17; 
determinR.tion ofpoinb~ for the re-survey ofN~w York Lowf'.r Bay 
and Harbor, p. 27; Appendix No. 1, pp. 81, 82. 

DIMOND REEF, EAST RIVER, N. Y. Location of rock near. 
pp. 2, 5, 2:1. 

DISCOVERIES AND DEVELOI'MEN'fS, p. 5, 
DISTRICT OF COLUMBIA. Gravity determinations and experi· 

mental researcheA at Washington, p. 37; annu1t.l dete1'minati-on of 
the rua.e;netie Ueclination, dip, and intenAity at. the magnetic etat1on 
on Capitol Hill, Washington, p. 38; Bosehke's map of, reforence 
to, p. 38: Ellicott'g map, reference to, p. 38; continuation of the 
detailed topographical survey of1 pp. 38, 39. 

DISTRIBUTION OF PARTlES OF THE COAST AND (JEO. 
DETIC SURVEY UPON THE ATLANTIC, GULF OF :MEX
ICO AND l'AVIFIC COASTS. AND IX TUE INTERIOR OF 
THE UNITED STATES DURING THE FISCAL YEAR END· 
ING WITH JONE, 1885. Aope1"1ix No. 1, pp. 81-86. 

DIVISION OF TIDES. Seo .Appendix No.4, pp.101-H3. 
DIXIE ISLAND, MOBILE BAY, p. 49. 
DIXON, W. S., PASSED ASSISTANT SURGEON. U.S. N. Serv-

icesin Section XI, p. 65. 

DOCIWALAPO RIVER, WASH. TER.,p 6!. 
DODD, A. W., ENSIGN, U. S. A. Sen·foes in Section II, p. 27. 
DONN, F. C. Draughtsman in Hydro~aphic Inspector's Office, p. 

14 ; App<mdix No. 5, p. 122. 
DONN, J, W., ASSISTANT. Continuation of the topographical 

survey of th~ District o-f Volumbia, pp. 38, 39; Appen1lix No. J, p. 
83. 

DOOLITTLE, MYRICK R. Computing Division, Coast and Geo· 
detic Snrvey Office, Appendix No. 4, pp. 97, 100. 

Dl{A WING DIVISION. Report. from, Appendix !'lo. 4, pp. JU3-

105; list of charts completed or in progress dul'ing the year end. 
ini: June 30, 1885, Appendix No. 4, pp.105, 106. 

DRIFT (schooner). Use of in Seetion II, p. 28; Appendix No.5. Jlp. 
118, 120. 

DU A.NE, GENERAL. Courte. .... ieH received from, p. 50. 
DUCKABGSH RIVER. WASH. TER., p. 61. 
DUCK ISLAND, LONG HILAND SOUND, p. 22. 
DUDLEY, ,T. W., ACTING AID. Services in Section II, p.24 

Appendix No. J, p.82. 
DUNGENESS-DISCOVERY line oftrlangnlation, p. 63. 

DU PUY, A. L. Servic-es at ma!(lletic ohKeITat<iry, Lo• Angeles, 
Cal., p.1>3. 

DUTCH ISLAND, NARRAGANSETT BAY, pp.19, 20. 
DYER'S ISLAND NARROWS, HARRINGTON, ME .. p. 16. 

E. 

EAGRE (schooner). Use of in Section I, pp. 15, 16; in Section II, 
p. 26; Appendix No. 5, pp. 117, 119, 120. 

EARNEST (schooner). Uae of in Section XI, pp. 61, 62; !Aid up 
at Olympia, Wash. Ter., p. 62; see Appendix No. 5, p.121. 

EARTHQUAKE WAVES RECORDED BY SELF.REGISTER. 
ING TlDE-HA.UGES, p. 76; .Appendix No, 4, p. 96, 

lt~STERN PA.SSA.GE, HARRINGTON RIVER, ME.,p.10. 

EAST MACHIAS, ME., p. 15. 
EAST PORTLAND, OHEG., p. 60. 
EAST RIVER, N. Y., DANGEROUS ROCK DEV-ELOPED, p. 5: 

re-snrvey of. reference to. in estimates, p. l l ; examination of water 
front of, p. 25; to-pograpbie re·Hnrve." of shores of, p. 26; hydro· 
graphic re-surve~- of, p. 26. 

E.AST SANO ISLAND, MORILR BAY, p. 49. 

EGAN, HON. RICH.ARD. CourteKi1·s rt:ceivOO from. p. 52. 

EIMBECK, WILLIAM, AS:'!IST.ANT. Reconnai•oance and tri. 
augulatiun in Uta.h1 pp. 70 1 7l; base apparatus sulm1itted by, p. 
71: new form for suspension ofpenda.lums, p. 71; .Appendix No.1. 
p. 86. 

EICH HOLTZ. H'GGO G. Miscdla11eouR Division, Coast ~nd Geo· 
detic Survey Office, .Appendix No. 4, !•· 111. 

ELECTHOTYPE FLA.TES MADE FOR DEPARTMENTS O:F 
THE GOVE RX ME NT, p. 5; Appendix No 4, p. 98. 

ELECTROTYPING. Improvement in batteries for, p. 5, Appen· 
dix. Xo. 41 pp. 95, 107, 108. 

ELEV" ATOR. Pm·chase of, App6ndix No. 4, p. 98. 
ELLICOTT, EUGENE, .ASSISTANT. Topographic wark on coast 

of .:Maine, p. 15; l)et.ween "S orfolli and the oceau Khore. p. 41 i tri· 
angulation and shore-line topography, Saint John's River. FJa., 
from Nine Milfl Point to Palatkct, p. 43: Appendix Xo. 1. pp. 81. 
83, 84. 

ELLlCOTTS MAP OF THE DIST.KICT 01'' VOLGMBIA. p. 38. 
EMPIRE CITY, COOS BAY, OREG., p. 60. 
END EA V(ll{ (steamer). LS<' of in Sectfou II, pp. 27. 36; see Ap· 

pendix No. 5, pp. 1J8, 119, 120. 
ENGINEER CORPS, 1:". S. A. Electrotype plates made for, p .. 5, 

Appendix No. 4, p. 96: ('Onneet.iont\ mad~ with sur'°ey of, pp. 6€ 

and 69. 

ENGLISHMAN'S BAY, JIIE. Topo~raphical •urwy of. p. 2. 15. 
ENGRAVING IHVISION. lmpro,·ements effectetl l>:c Mr. Oirden. 

p. 75; repurt from, Appendix No. 41 p-p. 107-110; lii;t. of plates 
complP.tAd, continued. or commenced durin[l the fii~cnl yf'ar ending 
June 30, 188;. Al'liendix No. 4, pp. 1V9, i!O. 

ENGRAVING .AXD PRINTING OF CHARTS. COAST PILOTS. 
ETC. Appendix No. 2. p. 88. 

F.NTHOFFER, E .• J. Engra't"in~ Dh:iRion. Coast and G~od6tic Sm·· 
'l'ey Otlice, Appendix No. 4. p. IOi. 

ENTHOFFER. JOSE!' H. En.:ra•ing Di\·lsiou, Coastan<l Geodetic 
SnrvPy Office, Appt'ndix ~o. 4, p. 10i. 

ERICHSENi 1". Drawing Division, Con.st and Gt>odetic•. ~urvey 
Ottieo, Appendix No. 4, p. 105. 

ERIN STATION, WIS., p. 169. 
ESHLEMAN, E. Instrument Division, Uoast and Geodetic Sun-e~· 

Office, Appendix No. 4. p. 105. 

ESQUIMAt'LT HARBOR, STRAIT OF FGCA, p. 63, 
EST ERO BAY, FLA. RefeJTed t-0, in AAtimate•. p. IO. 

ESTIMATES. Explanati.,nof, pp. B, 9; in detail, pp. ~-13. 
ESTIMATES FOR OF.l<'ICE EXPENSES. Refereuc.1 to, Appen-

dix No. 4, p. 98. 

ESTIMATES FOR FIELD WORK. Reference t-0, pp. 2, b, 9. 
EV ANS, H. C. Engraving Division. Coast ant! Geodetic Snrve~· 

Office, Appendix No. 4, p. 107. 

EXAMINATION OF METHODS OF OBSEHVATION AND PHO. 
TOGRAPHIC PROCESSJ.;S EMPLOYED AT THE MAGNETIC 
OBSERVATORY, TORONTO, CANADA, pp. 71. 72. 

EXAMINATION OF THE MOVJ.;MEXTS OF ICE rn THE 
DELAWARE RIV ER, p. 32. 

EXPLANATION OF ESTLM.ATES. pp. 8, 9. 
EXTENSION OF RECONNAISSANCE AND TRI.ANG ULA TI ON 

IN THE SOUTHERN PART OF TllR STATE OF NEW JER
SEY, pp. :Ju, 31. 

EXTENSION OF RECONNAISSANCE A ND TRIANGULATION 
IN THE EASTERN PORTION OJ<' THE ST.ATE OF PENN· 
SYLVANIA, p. 31. 

EXTENSION OF THE PRIMARY TRIAN'GCTLATION NEAR 
THE THLRTY·NINTH PARALLEL FROM WEST V"lRGINIA 
INTO KENTUCKY ANO OHIO, pp. 41, 42. 

EXTENSION OF THE PRIMARY TRIANGULATION NEAR 
THE THIRTY·NINTH PARALLEL EASTW A.RD ACROSS 
TRE STA.TE OF ILLINOIS, p.68. 
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F. 

FAGIN, V. J. Clerk in office of disbursing agent, Coast "nd Geo
detic Survey, p. 76. 

FAIRFIELD, GEORGE A., ASSISTANT. Continuation of pri· 
mary triangulation in the State of Illinoi•, p. 68; Appendix No. 
I, p. 86. 

FAIRFIELD, W. B .. EXTRA OBSERVER. Services in Section 
III, p. 41; in Section VI, p. 46; Appendix No. 1, pp. 83, 84.: see 
also Appendix No. 4, pp. 99, 101. 

FALKNER'S ISLAND, LONG ISLAND SOUND, pp. 23, 24. 
FARMS (OR FROST) POIN r, LONG ISLAND SOUND, p. 2.5. 
FA.RQUHA.R, IlEYRY. Computing Division, Coast and Geodetic 

Survey Office, .Appendix No. 4, pp. 99, 100. 
FECHTELER, A. F., ENSIGN, U. S. N. Hydrographic exo.mina· 

tions in approaches to Newport, R. 1., p. 21; off Terry, Rocky, 
and Horton's Points, Long Island. p. 22: off Cape Henry. Va., p. 

41; deep·sea sounding and current work iu the Gulf Stream, p. 
45: see a.lso Appendix No. 1. pp. 81. 82, 83, 84: Appendix No. 5, 
p. 118. 

FERNANDINA, FLA. Necessity for est.ablishing tMe·gauge at, 
Appendix No. 4, p. 102. 

FERREL, L. J. Tidal Division, Coast and Geodetic Sarvey Ollie•. 
Appendix No. 4, p. 103. 

FERREL, l'ROF. WILLIAM J. Reference to discussion of tides 
at Sandy Hook and on Pacific Coast, p. 7; in Penobscot Bay, p. 
17; use of tide predictor invented by, p. 75; Appendix No. 4, p. 
96; paper on the harmonic analysis of tides at Governor's Island, 
New York Harbor, Appendix No. J 3, pp. 489-~D3. 

FIELD CATALOGUE OF TIME AND CIRCUMPOLAR 
ST AR81 preparation of new edition oontimwd, p. 57. 

FIELD WORK, p. 2; pay of person• emplo:ced in, pp. 9, IO. 
FISCHER, LOUIS. Instrnment Division, CoaRt and Geodetic Sur

vey Office. Appendix No. -l, p. 115. 
FISHER, W. J., TIDAL OBSERVER AT SA.IXT P.A.UL, 

KADlAK ISL.AND, ALASKA, pp. 66, 85; .Appendix No. 4, p. 
102. 

FITZGERALD, W. G., p. 60. 
FLAT AND B.ACK BAYS. Hydt·owaphic survey of, pp.15, 16. 
FLEM ER, J. A., AID. Service in Section III, p. ;m. 
FLIP ROCK, OFF BASS POINT, NAHANT, MASS., pp. 5-17. 
FLORIDA. R~ference to, in eslimates 1 p. 10; t.rianµ:ulation and 

shore line topopapby Saint John's Ri~er between Nine Mile .Point 
and Palatk•. p. 43; hydrogrsphy of Saint ,John's Rh·er from Racy 
Point to Palatka, pp. 43, 44; bt.'lach m~asure and topoA"ritpby on 
west coa,..t of Florida from Bowditch Point to Gape Bomauo, pp. 
46, 47; hydrographic survey we.,t. c~oast of Florida. t'rom vicinit.lf of 
Gordon's Pass to Cape Romano, p. 47; determiuution uf g-rnvitJ at 
Key West, p. 46; Appendix No. 5, p. l!8. 

FORNEY, STERMAN, ASSISTANT. Survey of coast of Cali· 
fornia from Moro Bay westward, p. 54; assistlll1ce rendered hs, 
p. 55: Appendix No. 1, p. 85. 

FOitSE, C. F., LIE'CTENANT, U S. N. Hydrographic suITey 
in Hood's Canal, Wash., pp. 61i 62 i Appendix No. 11 p. 85. 

FORTESCUE CREEK, N. J., p. 3<>. 
FORT FOSTER, ME , p. 15. 
FORT .MU;'FLIN, PA. Tidalobservationsat, .Appendix No. 4, pp. 

101, 102. 

FORT O'BRIEN, ME., p. 15. 

FORTRESS MONROE, V .A.. Linea of levelini: run to, pp. 39, 40; 
gravity determinatllms at, p. 37. 

FORT SIMPSON, BRITISH COLOMBIA. Ticlal ob8<'rvation at, 
Appendix No. 4, J>. 102. 

FORT SMITH, ARK. Determination of longitude •t, p. 49. 
FORT SUMTER, S. C. Tidal oh•ervation• at, p. 43. 
FORT TRUMBULL, CO:NN. Tide-gauge removed from, p. 25. 
FOWEY ROCKS, northern end of Florida Reefs, Pl'- 44. 45. 
FOWLER, E. H. Drawing Division, Coast and Geooetic Survey 

Office, .Appendix No. 4, p. 105. 

FREMONT, J.C., LIEUTENANT, U. S. N. Appendix No.5,p. 
11~. 

FRENCH, G. R., ENSIGN, U. S. N. Services in Section II, pp. 
27, S7; in Section V, p. 43; in Section VI, p. 44; Apptindix No. 1, 
pp. 83,84. 

FRElWH, H. O. Miscella.neomo Division, Coast and Geodetlo S11r• 
T&J Olllee, Appendix No. 4, p. 111 .. 

FRENCH, DR. WM. B. Olllce of .Aaeiatant in charge, p. 78; .Ap. 
pendix No. 4, p. 98. 

FROST iOR FARMS) POINT, LONG ISLA.ND SOUND, p. 25. 
FUNCK, JOS., p. 50. 

FURNISHING POINTS FOR ST.A TE SURVEYS. Reference to, 
p. 2; in explanation of estimates, p. S; in estimates, p. 11; in 
Massachusetts, p . 18. 

G. 

GALVESTON, TEX., p. 49-51. 

GARDINER'S BAY, LONG ISLAND. Shoaling near Constellation 
Rock, p. 20; re-survey in vicinity of, p. 21. 

GARRISON HILL, DOVER, N. H., p. 18. 
GAS ENGINE. Purchase of, Appendix No. 4, p. DK 
GEBHART STATION, CABELL. COUNTY, W. VA., p. 41. 

GEDNEY, C. D., STENOGRAPHER TO SUPERINTENDENT, 
p. 76. 

GEDNEY (steamer). Use of in s~ction VIII, pp. 50, 51; in Section 
IX, Appendix No. 5, p. 119. 

GENEl~AL STATEMENT OF PROGRESS, pp. 2-7. 
GEOGRAPHICAL POSI'flON8 AND HEIGHTS OF UP

WARDS OF ONE THOUS.A.ND STATIONS IN THE STA.'l'E 
OF MASSACHUSETTS, .A.ND GEOGRAPHIGAL POSI
TIONS OF A.BOUT THREE HUNDRED STATIONS IN 
THE ST A.TE OF RHODE ISLAND, p. 6; .Appendix No. 8, 
pp. 285-4J9. 

GEOGRAPHICAL POSITIONS. Determlnatfon of, reference to, 
in estimates, p. 10. 

GEODETIC OPERATIO.NS IN NEW HAMPSHIRE, pp. 17,18: 
in Vermont, p. 18; in New Jersey. p. 3-0, 31; in Penns_ylvania, pp. 
al, 32: in tlie District of Columbia1 pp. 381 39; from W~st Virginia 
into Kentucky and Ohio, pp. 41, 42; in California, pp. 55-57; in 
Tennessee, pp. 66, 67 ; in Ohio, p. 67 ; in Indiana, p. 67; in Illinois, 
p. 68; in Wisconsin, p 69; in Missouri and Kansas, pp. 69, 70; 
in Utah, pp. 70, 71. 

GEODETIC WORK. Value of, reference to in explanation of <'Sti. 
mates, p. 9; record!5 and computations of, receiYed in Coast and 
Geodetic Survey library, .Appenilix No. 4, p. 113. 

GEORGE'S SIIOALS. Need of light upon, pp. 7, 30, 33. 
GILBERT, J. J .. ASSISTANT. Topography of Hood'• Canal, p. 

61; reconnaissance of Olympic Yonntaina 1 p. 61; Appendix No. 
l, p. 85. 

GILE STATION, NORWICH, VT., p. 18. 
GIRARD COLLEGE, Station at, p. 32: magnetic ob•~rvations at, 

p. 34. 

GOLDSMITH'S INLET, LONG ISI,ANI\ p. 22. 
GOODFELLOW, EDWARD, ASSISTANT. Services in prepara

tion of annual report an<.l in editing for publication the appendices 
thereto, p. 77. 

GORDON'S PA.SS, p. 47. 

GORE, PROF. J. H., VOLUNTEER AID, p. 41; .Appendix No. 1, 
p. 83. 

GORGAS, MILES, ENSIGN, U. S. N. Led~e developed by, pp. 
19, 20: location of wreck off Barnegat. p. 35 ; servicea in Section 
VI, p. 45; Appendix No. 1, pp. 81, 83, 84. 

UOSHEN CREEK, N. Y .. p. 35. 
GOt"LD ISLA.ND, SAKONNET RIVER, R. I. Rock developed 

near, p. 19. 

GOULDSBORO', ME., pp. 3, 16, 17. 
GOVERNOR'8 ISLAND, NEW YORK HARBOR. Disoussionof 

tides at, p. 7; acknowledgment of eourteaies received from officen 
in charge. p. 27; tidal observations a~ p. 30; see Appendix No. 4

1 

pp. IOI, 102; Appendix No. 13, pp. 489-4!13. 

GRAHAM, .A. B. Drawing DiviRion, Co,..t &nd Gc-odetio SorveJ 
Office, .A.ppe1ulix No. 4, u. 105. 

GRANGER, F. D., ASSISTANT. Triangulation in Section III, 
p. 42; in Missouri andKan8&8, pp. 69, 70; Appendix No. l, pp. 83, 
86 ; Appendix No. 4, pp. 99, 101. 

GRAVITY DETERMINATIONS. At Wa.shington, D. C., pp. 'in, 
38; at Fortre418 Monroe, Va., p. 37; at Key We11t, Fla., p. 46. 

GR.A. VITY EXPERIMENTS. Reference to, In eatimat....., p. 10. 
GRAY, E., TIDAL OBSERVER AT SAUCELITO,CAL., p. 58; 

Appendix No. I, p. 85; Appendix No. i, p. 10%. 
GRAY, J. H.,..UD. Servleeein llectioDII,p.28: IDSectton ln, 

p. 41. 
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GBA.Y, 8. M., CITY ENGINEER, PROVIDENCE, R. I. In 
charge tide.pug•, p. 21; Appendix No.4, p. 102. 

GREAT ABACO, BAHAMA ISLANDS, p.44 .. 
GREAT B.A.HA:MA. RANK, p. 44. 
GREAT HOG NECK, LONG ISLAND, p. 21. 
GREAT ROUND SHQAL, VINEY.ARD SOUND. pp. 5, 2U. 
GREAT SPRUCE ISLAND, p. IS. 
GREAT WASS ISLA.ND, p. 16. 
GREENPORT, LONG ISLAND. Topographical survey in vicin. 

!ty of, pp. 23, 24. 
GRIFFlN, T. D., ENSIGN, U. S. N. Sen-ices in Section I. p. 

16; in Section VI, p. 47; in Section VIII, p. 49, Appendix No.1, 
pp. 81, R4. 

GUILFORD, CONN. Re.sm·vey in vicinity of, Pl" 23, 24. 
GULF OF MAINE. LA..-s of tidal action a11d pb~·sical l1yd1·ogrn

phy of, p. 17. 
GULF OF MEXICO. Reference to, in e•tiruates, p. 9; connect.ion 

of trian~nlation of coast of, with that along the Blue Ridtr<>. I" 48, 
connection of point on the coast of. w-itb th-e tnmscoutineutal line 
of levels, pp. 68, 69; distribution of parties on the co•stof. p. 2, Ap
pendix No. l, pp. 81-!'6; mo<lel of d•pths of Rea in, reference to, pµ. 
73 and 74. 

GULF STREAM. !nTe•ti,l\"ation of the current• of, p. 2; rPferem·e 
to1 in estimates, p. 10; deep-~ea soundings and cnrrent observa
tions in, pp. 4, 44-46; ••e also ,\ppendix No. 5, p. 119, and A ppen
dix No. 14, pp. 495-501. 

GUN CAY. BAHAMAS, p. 44-46. 

H. 

HAGERSTOWN, MD., p. 39. 
HALIFAX ISLAND, ENGLISHMAN'S BAY, ME., p. 15. 
HALL, A. L., ENSIGN, U. S. N. Scr.,iccs in Section II, p 37, 

in Section VIII, p. 51; Appendix No. l, pp. 83, 84. 
HALTER, R. E., ASSISTANT. Triangulation and wire measure

ment between Point Isabel and BrownsTil!e, Tex., pp. 51, 52: Ap. 
pendix No. l, p. 84. 

HAMARA.MA RIVER, WASH. TER., p. 61. 
BAMMONASSETT POINT, LONG ISLAND SOUND. pp. 24. 28. 
HANUS, G. C., LIEUTENANT, U. S. N. Hydro;iraphic re-sur-

vey, New Yorlt Ba.y1 p. 27; Lower Delsware Bay and entrance, pp. 
116, 37; In Stone and Wadmelaw Rivera, S. C., p. 42; Saint John's 
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MERWIX'8 POIXT. uo~x .. p. ~;:. 

MILFOHD. CON~. Topo~1·a.11hi,·nl ri>->nHYey llPlU. pp. ~~ q•, 

MILLBHillGE. ME., pp. 15. Iii. 
MILLER CAPT. J. N .. L. S. N .. p. 21. 
).liSCELLAKEOl'~ Il1YlSIO:\. l~Pport t'rom _.\p1wwlh ~u . .J. 

pp. 110-112. 
MISSl'lLLIOl'i CREEK, DELAW.~HE BAY. p 3;; 
MlSSPlLLION LIGIIT. p. 3G. 
MU5SIO:KBAY, CAL. Examination fnrn1c1.i:-;ir.. i1. ;,7, 
MISSISSIPPI RIVEH COMMISSION. Expel'!• in rivel' ~augiug 

8Ullplietl hy. p. 2~: Coast. nml GPodC'tif' SnrY1·~- re11TeRf'Dtt>d uµon, p. 

29. 
MISSOUIU. l'rimary triangulation ucar tbc thirt~'-ninth parnllcl 

Pl'· 69, 70; longitudt' of station at 1\:anf;afl City c1Hcrmmed. li. 70. 
l>JITCIIELL. HEKRY, ASE>lST.\NT. !Iy<lrologie:il rnrwy New 

York Jfa, an<l Ihnl.Jor, p. 2.S: of DelHware HiYer anti J~a~·. pp.-;, 
:i2-34: m~rnber ·c. s .. Advisor~- cOmmitte<' to tlll' Hinhor Cow· 
llli!-1-~io11 of Philadelphia, TL 34: iu duuge of snbolllct· nt Boston, p 
7:?; Appendix No. 1. pp. 82.flH, Sfi; ueetlofaliglit 1111 Snint Gflorg···~ 
Ba.nk, pp. i. 29, Appendix Xn. 11, pp. 48:l-48;'i. 

~10BILE BAY. Hydrographh' ·worh. iu. p. 4H. Ap1 1en1lix Xo. 5, p. 

118. 
MOLKO'Y, E Drawing Jlivi~iot1, ConM awl GPncktk :-;urn·y Offict>-, 

p 105. 
MONO MOY SHOAI,'. N ANTL'CKET SOUKD. Refrre1H"e 10. rn 

PRtimates, p. 10; e:xandnatlon to detf'rrni1w 1R.w1'l of tidttl <lm.1 cnr

rent action, pp. 28, 20. 
MOORE, F. Printin_g Om.re, Con~t aml Geo<letk t'urvt>y. A11J1t""u· 

dix No. 4, p. 107. 
MOOS· I-LA.UK, N. H., p. 18. 
MOIW.A.K. WII,LIAM B., DISIH.'I!SIY(~ AfiENT. coA;;T AND 

GEODETIC SCRVEY. p. 76. 
MOIW BAY CAL., p. 54. 
MORSE. Fl\EMONT, ..AID. ~l"'n·ict>~ i11 P.el'"tion X. pp. 56, 57; Ap· 

pendb No. 11 p. 85. 
MOSER. ,J:EFF. ]<'., LIE'CTEX.ANT U. S. N. lleference to sm·v 

j~efl of, }lft. H. 27; in officp of H:yrlro~rapl1fr Inspt-rtor. A ppemlb.> 

No. 5, p. 122. . . 
MOSMAX . .A.. T., ASSISl'.A.N'l'. Primarytriau~ulauon neartbnt)· 

ninth parallel from Wt>st Virginia into Keutncks oud Oh_fo, PP: 41, 
42; reconuaissnnc(' for primal"",\· triangulation m·ar tlnrt~··nmth 
paralkl, pp. tJtJ, G7: .Appern1ix No. l, pp. 83, 85. 

MOSMAN, P . .A. S1'1·vil'f• in Section 111, JJ. U. 
MOUNT DES'J•;RT ISLAND, p. 16, 17. 
MOUNT DIAB LO STATION, CAL., p. 56. 
MQUNT ELLINOR, W ASll., I'· 61. 
MOUNT HOLLY STA.TION, N. J., P· 31. 

32
_ 

MOUNT HOLLY-GiliARD COLLEGE, line of triangulation, p. 
MOUN'r MISERY. MD., p. 31. 
MOUNT NEBO, p. 71 
MOUNT VERNON, ALA.., p. 4". 
MUCKILTEO-TURKEY, lln• of t.riangul•tion, p. 6~. 
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N. 

NA.HA.NT. MASS. Directions for a\"'oidrng rack ip vicinity of, p. 
5; hydrographk examination off, p. 17. 

NANTUXENT CR~;EK, N .• T., p. 36. 
NARRAGANSETT llAY. Uydrngmphk examinations h1, Pl'• 19, 

20; Appendix No. fl, llP. lli, 118. 
NARRd.GA 11'GUS 1t1VER. ME. Il~dropaphic oune~· in, pp. lo, 

16. 

NATIONAL ACADEMY OF SCIENCES. Mrmoir presented at 
nweting of, by Assistant, t:. S, Pdtce, p. 38, 

NAY AL OF.F'ICEl{S ON COAST SURVEY SERVICE. Appendix 
:!\ o. 5. pp. 125, 127 ; number attached to Coast Snrn~y vessels <ln r~ 
ing the year ending Jone 30, 1885, Appendix "10. 5, p. 128. 

NA VY DEPARTMERT, H;vdrographic Offie<' of, p)emrotype plflte" 
made for, p. 5; Appendix :No. 41 p. 98. 

NEEAH BAY, STRAIT OF FUCA, p. 63. 
NELL'S Il'iLAND, JIOUSATONIC lffVER, p. 23. 
XEI~SON1 JOHN, .AID. Services in Section III, p. 40, in Section 

XlV, p. 69; Appendix No. I. pp. 83, 86: Appendix No. 4, pp. 99, 
lOL 

NELTIE, MR., OF MORGAN STEAMSHIP LINE, J" 50. 
NEV A STRAIT, ALASKA, p. 5. 
NEW DT:NGENESS LIGHT, STlUlT O~' l<'UCA, p, 64. 
NEW HAMPSIIIUE. Geodetic operations in, pp. 17. 18; h~'<ho. 

ghtpbic examinations off tbn coa~t of, p. 17. 
NEW HA VEN, CONN., Pl" 23, 24. 
NEW HA VEN BREAK WA. TER. Tidal o liservations at, p. 25; see 

Appendix :No. 4, pp. 101, !02. 
XE1V JERSEY. IJrogrees of work in, p. a: reference to, in eMti· 

mates, 1)· lU; tO"poj!;rn:phical l"lHmt've-y of Saudy Rook, p. 30;. ti(lal 
observation~ at 8u.nd.v Hook, p. 30 i reconnaissance aml triangn1a
tion, p11. 30, 31, 25; magnetic obAervations, p. 35. ~ 

NEW ORLEAKS EXPOSITION. Coast Suney exbibi1 at, pp. 4, 
'i3, 74; instruments sent to, .A.ppendix~o. 4, p. 97. 

:h"EWPORT HAY, CA.L., eonneded wit11 wm·k at Sau Juan Capi•· 
tra1w, p. 52. 

NEWl>Ou:r, }{.. I. Hydrograpbic e:xaminatiou in the a1Jproadleto to, 
p. 21; observations of magnetic variation for new chart of barbm· 
of, pp. 20, 21. 

NEW ROCHELLE, N. Y., :PP· 22, 26. 
NEWTOWN-MOUNT lWSE, line of triangulation, p, 31. 
NEW YORK. Progrc•• of work in, p. 3; snbofficeat, pp. 4, 72; h)" 

tlrographicre~snrn_•y of}~ast River,}>. 20; to-pograpbical re-surYey 
of shore~ of EaBt Bh--er, p. 26; h.vdrogt'aphic re-survey of North 
ltiver, p. 28: to1>0J!TS.'f)hical rf>.~mrvey of the shores of Nortl1 Rh er, 
V· 28. 

NEW YORK BAY .AXll HARBOR Rt»•nrvey of, p, 2; reference 
to, in explana.tion Qf estimates, pp. 8, 9; iu detailed estimates) p. 
JI; bydrographic re.survey, p. 27; phy•icnl hydrog·raphy of, pp. 
28, 29; Appendix No. 5, pp. 118, 119. 

NEW YORK LOWER BAY. Deten:uination of point. for re-survey 
of, p. 27; topograpl1ical r•·••rvey of •hore lir,es of Coney Island and 

:Rocka.way Bea.ch, p. 27. 
NIBLACK, A. P., ENSIGN, U.S. N. Services in Section Xll, p. 66; 

Appendix No. 1, p. 85. 
NINE MILE POINT, FLA., l'· 48, 
NOBSJLA LIGHT HOUSE. Examination near, pp. 5, 19, 2(). 
NORFOLK, VA. Topographical survey between, and tho ocean 

shore, I" U. 
NORTH AMERICA. Maj{Iletlc map of, uference 'I<>, in eetim&tes, 

p.9. 
NORTH CAROLINA. Reference to, in estimates, p. JO. 
NORTH CONWAY, N. H., p. 17. 
NORTH HAMPTON, N. H. Hydrographic e:xamination ofl', p. 17. 
NORTH IlIVER,. N. Y. Rydroµ:raphic re·surv~y <lf, p. 28; topo-

graphical re·•nrvey of obores of, p. 28. 
NORTHWEST l'ROVIDENCE CHANNEi,, Deer·•ea sounding• 

in, p. 44. 

NORTHWEST REEF, LONG ISLAND SOUND. Pl" 5, 25. 
NORWALK ISLA.NDS, LONG ISLAND SOUND, P- 25. 
NOTICES TO MARINERS, pp. 5, 17, 19, 20, ~!, 24, 25, 47; number 

of eopi<>s printed, Appendix No. 4, p. 112. 
NUMBER OF NAVAL OFFICERS ATTACHED TO COAST 

SURVEY VESSELS DURING THE YEAR ENDING JUNE 
30, 18115, Appendix No. 5, p. 128. 

NUMBER OF MEN ATTACHED TO COM\T SURVEY YES· 
SELS DURING THE YEA.R ENDING .TUNE 30, 1885, .Appen· 
di~ No. 5, p. 12~. 

o. 

OAKLAND STATION, BOTD COU:>TY. KY., p. 41. 
OCCUPATION OF ST.A.TIO.KS. In cnntinuatimi of the prima..y 

triangulation of the coast of Ca.lifo111ia, pp. 55-57. 
OCCUPATIOK 01'' STATIONS. In continuation of th,, triangula· 

tiou of the State of Tennessee, pp. 60. fi7. 
OCCTIPATlON OF STATION8. In contiunHtiflll of the triangula

tion of the State of Indiana, pp. 67, 68. 
OCCUPATION OF STATIONS. In continuation of th~ triauguJa

tion of the State of ,\,.isconsin, p. 60. 

OCCUPATION OF STATIOl'iS. For cominnini: to the westward 
the }ll'imar;y triangulation b1 Mii;~oul'i and KanRaei, pp. 69. 70. 

ODI:N', ILL., p. 69. 
OFFICE BUILDING. Rent of, t·eference to, in eHtimutes, }l. 13. 
OFFICE EXPENSE;;, Reference t.o, in est.imates, p. 12; reduction 

in, Appendix No. 4, p. &8. 
OFFICE WORK, p. 4; Appe.ndix No. 4. J>p. 95-116. 
OGDEN, H. G,, ASSISTANT. Reference to, I•· 75; A1•peudix No. 

4, p. 95: report of Engra1ting Dh~ision, Appendix No. 4, pp. 107-
110. 

OGDEN STATION, UTAH, pp. 70, 71. 
OHIO. Primary trfanl'\<lation near the thhty-ninth parallel, pp.41, 

42; reconnais:mnce for extension of. pp. 66, 67: triangulation of 
Stat~ of, p. 67. 

OLGA STRAIT, ALASKA, p. 5. 
OLYMPIC )IOUNTAINS. ORE(;. Reconnaissaiice oJ: l" GI' 

chara.cteristfo~ Qf, p. {i4. 
ON A DEVICE FOR ABHREVIATING TIME REDCCTIONS, 

Appendix So. 15, pp. 503-508. 
ON DEEP·SEA CURHENT WORK IN THE GULF STREAM, 

Appendix No. 14, Pl•· 4'95-501. 
ON GEODETIC UECONNAISSANCE, Appendix Nv. l<J, PI•· 

469-481. 
ON THE EFFECT OF UNEQUAL TEMPERATUltE ON A RE· 

V ERSI:BLE PENDULUM, Appenilix No. 17, pp. 511-512. 
ON THE HARMONIC ANALY8IS OF THE TIDE8 AT GOV· 

ERNOR'S ISLAND, NEW YORK HARIJOR, Appendix No, rn 
PI" 489-493. 

ON TllE L"l!'LUENCE OJ!' A NODDY O'N THE PERIOD 
OF A PENDULUM, Appendix No. 10, l'P· 509-510. 

OOGLAAMIE MAGNETIC WORK Appendi:< No. 4, pp. 99-101. 
ORCHARD, J, M., ENSIGN, t;'. S. N. Services in Section VI, p.47; 

In Section VIII, p. 49; Appendix No. 1, p. 84; AppendixNo.5, p. 
118. 

OREGON. Triangulation auil topography of the Umpquah :Rivet'. 
pp. S9, 60; geographical position of 'Y aqnina light-house deter· 
mined, p. 57. 

OSSIPEE (U.S. steamer). Where grounded, p.41; Appendu No. 
5, 1,, ns. 

O'SULLIVAN, T. J, Drawing .Division, Coast and Geodetic Sur· 
vey Office, Appendix No. 4, pp. 104, 1-05. 

OVER, FRANK. Electrotype Division, Coast and GeodetloSnz·vey 
Office, Appendix No. 4, p. 107. 

OWEN STA'fION, MONROE COUNTY, TENN., ll· 00, 

P. 

PACIFIC COAST. Progrespofwork on, p.4; referenoeto, in "8tl· 
mates, pp. 9, 10; distribution of parties on, p. 2; Appendix No. I, 
pp. 81-86. 

PAINE, S. C., LIEUTENA.NT, U.S. N., Appendix No. 5, 11. 117. 
PALA'l'KA, FI,A., pp. 43, 44. 
PA.LlNTIRUS (11Ch<>oner). Use of, in Section II, pp. 24, 25, 28; see 

Appendix No. 5, pp. 117-128. 
PALMER, FRANCIS J., ACTING .ASSISTANT. In chariie of 

onhoffiooat New York, p. 72; Appendix No. I, p. l!fl, 
PARSONS, F. H., SUBASSISTANT. In office of Assistant Ju 

charge, p. 78; Appendix No. 1, p. 83; ApPendix No. 4, p.9S. 
PARSONS, J. W., ACCOUNTANT, p. 76. 
PA.RT I. Report for 1885, pp. 1-13 ; Purt 11, Report for 1885, pp. 

14-77; Part ill, Ap11endices to Report Nos. l to 18, pp. 79-513. 
PARTIES. Distribution of, p. 2; Appendix No. 1, pp. 81-86. 
PARTY EXPENSES. Reference to, pp. 8, 9, 10. 
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P.ATTER80N (oteamer/. r:"" of iu section XII, Pr· 6[,, 60; tran•· 
fer from Atlantic. to J?acitic coast, pp. 74, 75; reference to reports 
ou, by Captain Chestt->r arnl I~ienta11ant. Clover, p. 74; Appendix: 
No. 5, p. 121. 

PAY OF :FIELD O~'FICEW->. U<>ference in explanation of esti. 
mate", p. 9; in P!o!timateR, ft. 11. 

PAY 01<' OFl<'ICE FORCK I:ef~renu· to, in estimates. p. ll. 
PAYNTER, HON..TOJJN R.. ,\'J'TORNEY-GENEHAI,O.F DELA-

WARE, p.33. 
PECRO POINT, 8A:'\ IXIS OBISPO llAY. p. 54. 
PECONIC. LONG IS'.,ANJJ, p. ~2. 
PEIRCE. C. S.~ ASi.:.ISTANT. thavity (lf'terrn1llat,mn:o.at Fo1·t.re~~ 

Monroe, p. B7; at Smith~onian Institutioll, p. :~8; at l~t>.Y \\ ... el'l1, 
Fla,, p. 46: charg-P of Office of "-'T eiµ.11ts and Measures. p. :11: me· 
moirs r~ad lwfore AruHicnn Metrological Society nntl Xatioua] 
Aca<lPmy of t;cien<:es; confe1ente with manufa.ctnren., of elcdri
eal iw~trnmente an~l testimony before Cong1·esbioual con1m1ttt•J•. l•· 
38: Appendix No. l, Jll'· H:l. 84. 

PELICA"1 lSLA.:-<D ~WBIL.£<: BAY, p. 49. 

PENOBSCOT BAY. n~·f<·rruce tu diHcuss.iou of tidcl'. ili 11. 7. 
PENNSYLVANIA. Progtl'8.'3 of work in, p. 3; ret·onnaisRance and 

triaug:ufation in the eat-<.tern port.ion nf, p. 31 : reconuaissant·e 111 
western half of, p. ;!'.2; .<;JJec.ial triangulation for the city of Pltila 
ddp'Lia, p. 32: maguetic olJSt'rvations at Philade!phi:i. p. 34. 

PER.IL STRAIT, ALASKA, p. 5. 

P.ERKINS, I<'. W .. ASSISTANT. Determination of points for 
State snrve~· of !\lussachusetts, p. 19; spcc1a1 triaug-uh-ltion of 
Delaware Itii:Pl' front Pt~tt.\·'s Island to Poqnrssink Cret'k, p. ;-{4; 

triangulation a.ml topof.rraphJ~ of the coast of Louisiana, from Cote 
Blanche to the westwar1t p. 50; improvement of lights used al'! 
night signals, p. 50; Appendix No. 11 pp. 81, sa. 84. 

PETERS, G. ll., LlEl"TJ<:NANT, U. S. N., p. H. 
PETERSEN A. Engravin~ Di·visioo, Const t=tnd G-rotk·tic Survey 

Office, Appendix No. 4. Jl. !07. 
PETROFF, IV AN, DEPUTY COLLECTOl{ OF CUSTOMS, 

SAINT PAUL, EA.DIAK ISLAND. ALASKA. p. 66. 
PETTY'S JSLAND, p. 34. 
PHILADELPHIA. Special triangulation for, p. 32; location of 

poTt·ward-en llnt~s forbarborof, p. 33: mngnetic obsen:ationsat., p 
35; su!loffioe n.t, pp. 7~ 1 73. 

PHYSICAL HYDROGRAPHY OF D:ELAWARE BAY AND 
lUVER, pp. 32, :l4. 

PHYSICAL HYDROGRAPHY 01'' NEW YORK RAY A.Nil 
HARBUU. Jlev~lvpnwnt of plans for the study of, pp. 28-30. 

PUOTOLITHOGRAPHY. Sheets pnbliolrn<l by, \1. 5: Appendix 
No. 4, !JP· 95, 96. 

PIEDRAS BLANCAS, CAL., Pl" 53, 55. 
PILLSlm1nr, ,) . K. J,]l<;l1TENANT, u. i:l. N. ltefetence to. p. 

14-; l}ytlrographic ex.aniinations off the coasts of Maine.New Hamp· 
shire and Ma••ach us et ts, p. 17; takes command of tlie Blake, p, 20: 
d~ep·sea sounding~ arnl current work off the Florida coast, pp. 44; 
46; in-vention of cnnent nwter, p. 44; ser'Vice rendered tLe Alamo, 
p. 46; see Appendix No. I, pp. 81, 84; .Appendix No. a, pp. 119, 
122. 

PILLAR l'OINT, STHAIT OF FUCA, p. 64. 
PILOT PEAK, Ul'All, p. 71. 
PINE HILL, GIRA RD COLI.EGE, J>. 32. 
PINEY MOUNTAIN. l'.A.., p. 31. 
PLEASANT HARBOR, HOOD'S CANAL, WASH,, p. 61. 
PLEA.SA.NT lUV ER, ME. Hydroi:t.,.phic snrve~• in, l!'I'· l.i. 16. 
PLEASANT Sl'RINGS, WIS., p. 69. 
POINT CONCEPCION. CAJ •. , pp. r.1, 54. 
POINT ISABEL, pp. 61, 52. 
POINT JUDITH, R. I. Shoaling nel>r, p. 20. 
PONY-SIMPSON_, liue of ti1anµ:nll>tion, p. 60. 
POQUESSINK CREEK, Il.ELA WARE RIVER, p. 34. 
POUTER. DR .• 1. G. l:eRignation Teferred t-0, Appen•\ix No. 4. pp. 

95, 99, JOO. 
PORT ANGELOS, STRAIT Ol'' FUCA. Anchorage in, p. 64. 
PORTLAND, OREG., p. 6{). 

PO RT SIMPSON, I!Itl TISH COL U MBT.A. .Magnetic observations 
.. t, p. 66. 

PORT SAN JU A.N, p. 63. 
POSSESSION STl{AlT AND S011ND, WASH. Triangnlatlon 

and topography of, p, 62; tidal c~rrent& in, p. 62. 
POTATO HILL, VT., p.18, 

PRATT, J. P .. ASSIST.ANT. 'l'riangnl:ttion awl topograph5 of 
Po~~-ession Sound. p. 132; reeonuai~sanct\_for triau:!!;ulation of t}lf' 

Strait of :&Uca, pp. 63, 64; Appendix _Xo. J, p. R;i.: Appendix "'Xu. 
5, p. 121. 

PRESTO:.f E. l>., SUBASS!STANT. Determination of longitucl<'• 
in .Arkansa.9~ pp. 49, .XI; in Tt.""'Xct.8, p. 51 ; reforcnc0 t.o serdccH in 
188~~ aud 1884, -p. 76; A.ppernlh: "Ko. 1, ]l. 84. 

PRIMARY TRIANGULATION NEAR TUE THIRTY-NINTR 
P ARA.LLEL. Reference to, p. 2: <'xtension from 'y cat Virginia 
iuw Kentucky and Ohio .. pl_.l. 41, 42: reconuaissance for, in Ohio. 
pp. 66, 67; eastward a~rosR Illiunis, p. 68: weAtward in :~IiM.~ou n 
a11d Kansai:;, pp. 6~1. 70: in Utah. pp. 7ll. 71. 

PR!M.AJ:Y TRIANGULATIOX OF THE COAST OF CALIFotl 
XIA. pp. 53, 54, 55-;:i7: reference t-o. in estimat<'S, p. 10. 

PRINTING ROOM, IMJ'ROVEMEXTS MADE IN, p. 5; Appen 
dix: No. 4-. pp. 9;), 107. 

PRODL'CE EXCHANGE, NEW YORK CITY, p. 72. 
PRO<THESS MADE IN CONNl':CTING THE LINE OF TRANS. 

CONTINENTAL LEYELINU W ITR A POINT ON THE Gl'T, 1-' 
COAST, pp. 68, 69. 

PRO.JECl'IONS ).[ADJ·;, l\UMBEJ~ OF, p. ,-•. 
PRO.JECTlO-S TABLES. R._.foreuee to J)l"f:lparation of, pp. 14 -;.-, 

to com}Jletiou and pulllicatiou uf, A pp('udix No. 4, p. 9i. 
PROSPECT 1:IARBOH, ME. Topogn-1vl1iea1 snney in the Yiei.nlt,r 

of. p. lti. 
PROSPECT POIN'l'-WHORTLEBERRV !~LAND. line of tri. 

ang:ulation. p. 26. 
PROVIDENCE, R. I. Maµ:uetic ob~en·ations at, p. 2-0; tidal oh~AT. 

vat,iom'!- at, p. 21; Apj)endi.x No. 4, p. 101. 
PUBLICATIONS RECEIVED AND DISTRIBUTED. Appenclir 

No, 4, p. 111. 
PUBL1SEIING OBS ERV A TIO.'\'S. Rtiference t<>. in estimates. I'-

rn. 
PUGET SOUND. Smmdiugs ln 'l"i<"init~· of, p. 64. 
PULPIT HARBOR. NORTH HA V.EN ISLAND, ME. '.l'idal <>h· 

sen·ations at, p. 17; A.ppendix ~o. 4, pp. 101, 10~. 
PULPIT ROCK, PA.., p. 31, 
PUNTA It.ASA, FLA., p. 46. 
PURCELL .J. L., ENSIGN, U.S. N. Services in Section X, p. f•"· 

q. 

!,)UATSAP STATION, WASH. 'l'ER., p, 61. 
QUICK (schooner). Uuse of in Section YI, p. 46; laid np at, p. ·Vi: 

Appendix No. 5, p. 120. 
QUILCINE llA.RBOR, HOOD'S CANAL, p. 61. 
QUIMBY, PROF. E. T .. ACTING ASSISTANT. Triangulation 

in the Bfote of Nt>-w Hampshire, pp. 17. 18; ..Appendix No. 1. p. ~I. 
QUIXE'S LEDGE, p. 2<i. 
QUODDY II.EA.I!, :MJ,, Refrl'entw 1o, iu estimate•, p. 10. 

R. 

l{.ACY POINT, FLA.., p. ~;i. 
REA DY (schoouor;. U t;e in Section I, lL ~1; in Section II, p. 22 : 

in Section Ill. p. 41 ; in Section VI. p. 43; Appendix No. 5, pp. 
118, 119. 

RECONNAISSANCE IN THE SOUTHERN PA.RT OF THE 
S'l'ATE OF NEW JERSEY, p. 30. 

RECONNAISSANCE IN THE EA.STERN POl{TION OF l'BE 
ST~\ TE OF PENNSYLVANIA, 11. 31. 

RECONNAISSANCE IN THE WES'rERN HALF OF THE 
S'l'A.TE OF PENNSYI,V ANIA, p. 3~. 

RECONNAISSANCE ON THE :irnw JERSEY CO.A.SI', p. ~5. 
RECONNAISSANCE r'OR THE CONNECTION OF THE TRI 

ANG ULATION OF THE GULF COAST WITH THAT ALONr, 
TKE BLUE RIDGE. p. 48. 

RECONNAISSANCE OP THE OLYMPIC MOUNTAINS, p. 61. 
RECONNAISSANCE FOR THE TRIANGULATION OF THE 

STRAIT OF FUCA., pp. 62-64. 
RECONNAISSANCE FOR EXTENDING THE PJUMA.RY TRI

ANGULATION NEAR THE THIRTY-NINTII PARALLEL 
FROM W.EST VIRGINIA INTO KENTUCKY AND OHIO. 
pp. 66, 67. 

RECONNAISSANCE IN UTAH NEAR THE TfilRTY-lflliTH 
. PARALLEL, pp. 70, 71. 
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FFCORDS OF FIELD .\SJ> (Jlo'F1CE \\'OHE. OF TllE COAST 
A XD GE01'ETIC i'\1'.J:VJ<~Y. Appenlllx So.~. p. ox. 
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REPORT. 

"C°NITED STA TES COAST .AND GEODETIC SUitVEY OFFICE, 

W a11hingf-On, December 9, 1885. 

Sm: 'The report of progress mafle in the work of the Coast and Geodetic Survey during the 
fiscal year ending .Tnne ::10, 18~U, which [have the honor to submit herewith, a>; required b,> law, 
a11<l hy the regulations of the 'I'reasnry Department, is accompanied by maps showing the general 
a<lvance of the snrvey on the Atlantic, Gulf of :\Iexico, antl Pacific coasts antl in the iuterior of 
the Unite1l 'ltat<•s, :11111 hy an nppernlix exhibiting- in tabnlar form the distribution of the several 
1mrties, the 11.itnre of their work, iwd the localities of their operations. 

In ifa arrangement, this r_eport conforms to that adopted in the recent reports of the Superin
tendeu t of this nurean. 

Part I prt-seuts general statements of progress under the seveml heads of field-work, office
work, discoveries, and developments, and special scientific work; it gives also an explanation or 
estimates and estimates in detail for the Ji.seal year 1886-1887. 

Part II is occupied with summaries of work afloat and ashore as derived from the reports of 
chiefs of parties during the past fiscal ;year. It closes with references to the office work. 

In Part III are comprised the seYeral appendices which relate to field, office, an cl hydrographic 
tletails, and also those appendices which pre11ent tbe metliods, discussions, and results of the sur
vey ill forms deemed worthy of 1rnblication. 

The important step taken h.Y tbe last Congress in appointing a Joint Commission of three Sen
atorsaml three Representatin~s to "consider the present organizations of the Signal Service, Geolog
ical Sun'ey, Ooast and Gernletfo Survey,and the Hydrographic Office of the Na,·y Department, with 
the view to rsecnre greater efficiency and economy of administration of the public service in said 
Bureaus," led, as is well known, to a request from that Commiflsion that tlte Nat.ional Academy of 
Sciences would appoint a committee of its members to examine the subject, and give the Joint Com
mission the benefit of their special knowledge of the questions involved. 

In pur1miug their inquiries, tl1e committee of the Academy requersted from the Superintendent 
through the Secretary of the Treasury a statement of the organization and present condition of the 
OoMt and Geotletic Survey. This statement accompanied the report of the Aca1le.my to the Com
mis8ion. lt embotlies views deemed worthy of consideration re.<1pecti11g the relations of the Coast 
and Geodetic Survey to other Government sun'eys, an<l the methoth1 by which the functions of 
these sernral surveys may be clearly dctiued, allil their co-ordination well t>stahlished. lt has been 
1mblishetl by t.he Academ,r in their annmtl report, aml appc1trs also in the 'fe13timouy before the ,J oiut 
Oommission (Senate .1\lis. Doc. No. 82, :Forty-ninth Congress, first session). 

The reasons urged in the last annual report for an increase in the amount approprintecl for 
Jlarty expenses, or the cost of field work, afloat aml ashore, it is gratifying to record, met with cor
dial support from the Department, and were recognized, though not to the fnll extent desired, by 
Congress. These reasons have lost none of their force, and I would again urge an increase in the 
sum available for party expenses to the amount asked for in. the estimates. 

I:I. Ex. 18--1 1 



 

PART I. 

It is 'Believed that durmg the past fiscal year the progress of the Survey in all of its branches 
has been commensurate with the means afforded by Congress. And although in certain sections, 
operations have b~en necessarily restricted, or temporarily suspended for want of funds, yet every 
effort has been made, consistently with the terms of the appropriation, to push work in important 
localities, as is shown in the advance towards completion of the resurveys of Long Island Sound 
and Delaware Bay, the beginning of the resurvey of New York Bay and Harbor, the investigation 
of the currents in the Gulf Stream, and of the changes in the bar at San Francisco Entrance. 

The distribution of the land and water parties on the .Atlantic, Gulf, and Pacific coasts and 
in the interior of the United States is shown in .Appendix No. 1, in the geographical order hereto
fore obserYed. 

In the course of the bydrographic operations, some important developments were made to 
which the attention of persons iutereste~l in commerce and navigation was promptly called. State
ments in detail of these discoveries and developments are gi >en in Part II; they are referred to 
also under a special heading in this part of the report. 

Among them may be mentioned the location of rocks and rocky ledges off the coasts of Maine 
and Massachusetts; the location of shoals hitherto uncharted in Vineyard Sound, and the devel
opment of changes in the main ship·channel in that sound; the discovery of dangerous ledges in 
the course of the resurvey of Long Island Sound; the location of a dangerous rock in East River, 
New York, near Diamond Reef, anu the development. of Sabine Bank, off Sabine Pass, Gulf of 
Mexico. 

Operations afield and afloat have been carried on within the limits or off the coasts of thirty
two States, two Territories, and in the District of Columbia. The tra1111continental geodetic work 
intended to unite the survey of the .Atlantic with that of the Pacific coast is making progress 
simultaneously from the .Atlantic coast westward and the Pacific coast eastward, and is advancing 
toward a junction. Trigonometrical surveys were continued in nine States, which have made 
requisite provision for their own topographical and geological surveys. This work in the interior, 
carried on by authority of the act approved March 3, 1871, is gradually establishing an exact 
skeleton or framework, by means of which accurate base-lines are afforded for State surveys, by 
which the lines ·of the public land surveys can be checked in position and direction, and by which 
t.be preparation of accurate State maps is rendered possible. The practical advantages and scien
tific aims of such a general framework, which must of necessity be under national control, are 
concisely set forth in the report of Superintendent J.E. Hilgard to the National Academy of 
Sciences, bearing date of September 19, 1884. 

GENER.AL STATEMENT OF PROGRESS. 

!.-FIELD-WORK. 

ATLANTIC COAST.-Dnring the year ending June 30, 1885, the work of the Survey has in
cluded the following operations upon the coasts and within the borders of the New England 
States : Topography of Machias Bay entranoet Machia.sport, and of the coast to the east\Vard 
continued; topographic surveys of Chandler's Bay and_ Englishman's Bay, and bydrographic 
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surveys of Narraguagus River from Millbridge to Cherryfield, of Harrington River, including 
Flat and Back Bays, and of Pleasant River to Addison, coast of Maine; topographical surve~· in 
the vicinity of Prospect Harbor, Gouldsborough, and resurvey of Bar Harbor, Mount Desert Isl
and, Maine; record of observations with self-registering tide-gauge continued, and meteorological 
observations recorded at Pulpit Cove, North Haven Island, Penobscot Bay; hydrographic exam
inations of York Har!Jor, Maine, between Marblehead Rock and Marblehead N eek, Massachusetts, 
and off Bass Point, Nahant, Mass.; geodetic operations continued in the States of New Hampsltire 
and Vermont; trigonometrical operations begun in aid of a topographical survey of the State of 
Massachusetts; hydrographic examinations in Vine;rnr<l Sound, Narragansett Bay, and Block 
Island Sound; magnetic observations at Providence, ii. I., and on Coaster's Harbor Island, Narra
gansett Bay; tidal observations with a self registering gauge continued at Providence, R. I.; 
topographical resurveys at the mouth of the Connecticut River, and near Milford and Stratford, 
Conn. on the north 8hore of Long Island Sound ; also, in the vicinity of Madison, Guilford, and 
Branford, Conn. ; inshore hydrographic resurvey of the northern coast of Long Island Sound 
from Hammonassett Point to Welch's Point, Oonne.cticut; tidal observations with an automatic 
tide-gauge at the New Haven Breakwater; continuation of the topographic resurvey of the north 
shore of Long Island Sound from Farms (or :Frost) Point westward; triangulation extended in 
the western part of Long Island Sound from Stamford Harbor Light and Lloyd's Neck towards 
New Rochelle; and topographical resurvey of the north shore of Long Island Sound continued 
from Darien, Conn., towards New Rochelle, N. Y. 

Upon the coasts and within the limits of the States of New York, New Jersey, Pennsylvania, 
and Delaware, field operations have included topographical resurveys of the northeastern coast of 
Long Island in the vicinity of Gardiner's Bay, Shelter Island, and Greenpoint ; hydrographic work 
off Terry Point and Rocky and Horton's Points, l1011g Island; triangulation in the western part 
of Long Island Sound extended from I,loyd's Neck westward towards New Rochelle; topographical 
resurvey of the north shore of Long Island carried eastward from Lloyd's Neck; topographical 
resurwy of the shores of the East River, New York, and hydrographic resurvey of that river; 
determination of points for the resurvey of New York lower Bay; topographic resurvey of the 
shore lines of Coney Island and Rockaway }.}each; hydrographic resurvey of N cw York Bay 
Entrance; topographic resurvey of the shores of the North River, New York; development of 
plans for tlie study of the physical hydrogmphy of New York Bay and Harbor; tidal observations 
with self registeringtide-gauges at Governor's Island and at Sandy Hook; topographical resurvey of 
Saudy Hook; t-xte11sio11 of reconnaisi,iance and triangulation in the southern part of the State of 
New Jersey and in the eastern portion of the State of Pennsylvania; reconnaissance for triangula· 
tion in the western half of the same State; special triangulation for the city of Philadelphia; and 
of the Delaware River from Petty's Island to Poquessink Creek; comparison of recent with former 
surveys of the Delaware River and location of port-warden lines for the harbor of Philadelphia; 
magnetic observations at Philadelphia; determination of the position of a wreck off Barnegat; 
continuation of triangulation and reconnaissance on the New Jersey coast, magnetic station 
occupied on that coast, and topographic survey continued; continuation of the topographical 
resurvey of the New Jersey shore of Delaware Bay, and completion of the topographical resurvey 
of the oppQsite shore of that bay; advance towards completion of the hydrographic resurvey of 
lower Delaware Bay and the Entrance. 

The operations of the Survey within the District of Columbia and the State of West Virginia, 
and· upon the coasts and within the boundaries of the States of. Maryland, Virginia, and South 
Carolina, have included gravity determinations and experimental researches at Washington, D. C., 
and in Virginia; annual determination of the magnetic declination, dip, and intensity at a station 
on Capitol Hill, Washington; contiwiation of the detailed topographical survey of the District 
of Columbia; lines of leveling of precision carried from Ashland, Va., to Fortress Monroe; also a 
line to connect the bench-mark near the WasJ:iington Aqueduct Bridge with the <Japitol bench· 
mark ; determination of points on the boundary line between Maryland and Virginia ; hydro graphic 
examinations off Cape Henry, Va.; supplementary topographical sur\'ey between Norfolk and the 
ocean shore; extension of the primary triangulation near the thirty-ninth parallel from West Vir
ginia into Kentucky and Ohio, and hydrographic survey in Stono and Wadmelaw Rivers, South 
Carolina. 
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Upon the ea1St and west coasts of Florida; in the approaches to this coast, and upon the coasts 
and within the limits of tb1:1 Gulf States, fidd operations included tbe triangnlation, shore-line 
topography, and bydrography of Saint John's River between Racy Point and Palatka; deep-sea 
soundings in X orth west Providence Channel and soundings and current observations in the 
Gulf Stream between Fowey Rocks and Gun Cay, Balmmas; determination of gravity at Key 
West; beach measure and topographical surYeJ· on the west coast of Florida from Bowditch Point 
to Cape ltomauo, and hydrography of that coast from the vicinity of Gordon's Pass to Cape Romano; 
continuation of reco1111aissanGe for the connection of the triangulation of the Gulf coast with that 
along the llhrn ltidge; hy<lrographic work in ·Mobile Bay and around tlrn Chandeleur Islands; 
determination of tlrn longitudes of Little l{ock, Texarkana, and Fort Smith, Ark.; triangula
tion and topography of tlrn coast of Loui1;iana from Cote Blanche Bay to the westward; hydro
grapbic sun·ey oft' the tmast of Louisiana from Sabine Pass eastward; determiuatiou of the longi
tude of BrowusYille, Tex., and triangulation and wire measurement between Point Isabel and 
Brownsville. 

P .A.CIFIC CoAS'.l'.-Field operations upon the coasts aM within the bonrnlaries of the States of 
California and Oregon, of ·washington Territory, and of Alaska, han~ included the survey of the 
coast liue connecting the work at San Juan Capistrano with that at Newport Bay; continuation 
of the Sl'rie8 of observations with magnetic self-registering irnstruments at Los Angeles, Cal.; con· 
tinuatiou of the primary triangulation of the California coast north of Point Concepcion; survey 
of tlie coast westward frllm .Moro Bay continued; l1ydrographic sun·ey of the coast in the Yicinity 
of Sau Sinwou, Ual.; occupation of statiom~ in continuation of the primary triangulatiou of the 
coast of California; selt:registering tide-ga.uge record kept up at Saucclito, 8an Francisco Ba~'; 
l1~·drograpltic isUITt'YIS on the California coast iu Humboldt Bar aud between Bruislt,\· Point and~ 
·white Hock; coutimiatiou of the smTey of the Umpqnah Ui\·er, Or1~gou, and of the topog'!'apbical 
an<l h~·drographieal surve,y of the Columbia and Willamette Rivers; completion of the topography 
of Hood's Canal, \Vashiugton Territ-Ory, and reconnaissance of the Olympie .Mountains; hJ·<lro
graphic survey;; in Hood's Canal, aud triangulation and topography of Posse;;sion Strait and 
Souud, Washington Territory; reconnaissance for the triangulation of tlie Strait of Fuca, and 
J1ydrographic surw~ iu that strait; h~·drographic.surn~ys in Southeastern Alaska,, and tidal obser
vations continued with self-registering tide-gauge at Saint Paul, Kadiak Island, Alaska. 

IN'.l'ERIOR STA'.l'ES.-ln tlle t:Hates between the Atlantic and the Pacific coasts, field-work has 
included it reconuaitmnce for extending the priurnQ· triangulation near the tliirty-11iuth parallel 
from \Ve~t \"irgiuia iuto Kentucky uud Ohio; occupation of Mtations iu con ti nna rion of the tifa11. 
gulation of the State of 'feuncs:see; continuation of gcod<'tic operations iu the Statt'8 of Ohio, 111-
diaua, an<l \Visconsiu; extension of the primary triangulation near the t.birty-uinth parallel east· 
ward itcross the State of Illinois; progress made in connecting the Hue of transcontinental level· 
ing with a poi11t ou the Gulf com;t; occllpation of stations for continuing to the westward the pri· 
mar.v triangulation near the thirty-ninth parallel in Missouri and Kansas; deterrnination of the 
longitude of Kansas City, Mo., and continuation of the reconnaissance and transcontinental trian
gulation to the eastward in Utal:J... 

Sl'I~GlAL or1:mATiuNS during the fiscal ye&.r included au examination of methods of observation 
and photographic proces,,cs employed at the Magnetic Observatory, Toronto, Canada; the direction 
of the suliotlices at Hostou, ::\'cw York, Philadelphia, and San Francisco; the charge of the exhibit 
of the Coast and Gt'.Odetic SurveJ at the New Orleans Exposition; the transfer of the new steamer 
Patterson from the Atlantic to the Pacific coast, and the continuation of' the automatic tide-record 
at a station in the Sandwich Islands. 

II.-OFFICE WOBK. 

In the course of office operations during the past fiscal year, the calls for information from the 
several Departments of the Government and reqtwsts from individuals were promptly met; spe
cial attention was given to a discussion of the secular variation and geographical distribution of 
the magnetic dip anll intensity throughout the United States; the changes required upon the 
charts 11~· the i·esults of' resurveys in iruportuut localities were deemed matters of pressing nooes-
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sity and were int1orporated in the published editions without delay; improvements were made in 
the batteries used for elet1trot,vping; a11 addition was huilt to the plate-priJtting room, and a new 
copper-plate press of larg·e ;;ilm atlded; the prndictiorr tide-tat>les for the .rear 1886 were pre
pare<l for publication; facsimile copies of topo.!{raphic slrnets were published b_v photo-lithography, 
and imp1·ovements were heguu iu the instrument-room which 1irorui1-;e iucrea.;ed facilities of ~.ou
struction and repair. 

Twent_y scnn uew charts were published, of which 16 were photo-lithographs. For the use of 
the topographical and byilrog;raphical parties, ninety-nine projection.; 011 Yariuus scale:s were pre
pared. Correctious and additions W('re made upou four hundred and twenty-one plates of charts, 
and fourteen plates of sketches. Tbe engravings of deven plates of clrnrts were completed; also 
the engrayed platt>s of nine new Pditions of charts. Fort,v-six basso and sixty-one alto electrotype 
plates were made; of tllese nnmbers, thil'teen bassos and fourteen alto8 were for the Engineer 
Corps, United States .Army, and seve11 bassos and seven altos for the Hydrographic Office, Navy 
Department. 

Distribution was made during the yeitr of twenty-eight tbousaud nine hundred and firn copies 
of charts. Of this number ten thou.'!and sm·e11 huwlred and forty were issued to meet demands 
from the se,·eral ExecutiYe Departments and one thousand four hunurctl and twenty-three to Sen
ators and Representatives in Congre:ss. 

III.-DISCOYJ<JRIES AND DEYELOP:UENTS. 

The followiug is a snmmar_y of dangers to navigation di~covcrNl in the course of hydrographic 
opemtio11s during· the fiscal .vcar. Tlwsc dangers were <11n-1'loped h,v officAr,; of th<' llll\"f 011 Co1rnt 
Surn~y 1luty, aud \H'l'e promptly l't>por!ed to thP Ofliet'. ":'.\otict>s to l\Iari1H•rs '' wt•te tlwn issued 
giving full tlescriptions of th1• se\·eml luealities, \\·ith tlistaneei,; and lwarilip; of the rock8 or shoals 
as referred to promirwnt ol~jPeti,;. Statenwuts in detail iu n•g·ard to tlwse dangers will he foullll 
in Part II wit!J the uames of the oflicel's l.J;y whom the)· were reported: 

No. 52 (August 11, 18SJ) gave iuforuH1tio11 of a dangerous rock in East Rh-er, New York, near 
Dimond Reef. 

No. 54 (October 7, 1884) 1lescrihed a rock off York Harbor, l\Iaiue; a rock betwem1 :\larblcheatl 
Rock and :M:arblcl1t•ad Nl'ek: l\lassachns<'tts, and ga\'P directions for avoiding Flip Hock, off 
Bass l'oiut, Nahant. 

No. 55 (N on•rnh1·1· 1, J tiS4) wan11'11 11aTiga tor,; of:: ;rn11 k1•u led gt• llt>:lr Seal Hoek. Hhod« Isla1111. 

aud of two reefs den•lopt•1l iu Long· falattd Som11l; Six Mile Hl'ef uear the mithlle of the sonud aml 
about 6 miles from Clinton, Conn., aml Northwest I<eef in the viciuitJ· of Brandford's H••ef Beacon. 

:Ko. 511(No,·emuer15, 188-1) gave the results of an examination of an uncharted shoal between 
the we1:1teru end of L'homme Dieu Shoal, Vhie)·anl Sound, aml Nobska light-house. 

No. 57 (November 151 188-!) reportetl the discovery of a rock in Security Bay, Chatham Strait., 
Alaska. 

?-lo. 58 (February 10, 1885) announced the discovery of a number of shoal spots and rocky 
patches in the eastern part of Long Island Sound. .Also the development of Sabine Bank off the 
coasts of r,onisiaua and Texaf. 

No. 59 (March 23, 1885) ga,·e directions for avoiding numerous isolated shoal patches developed 
in Main Ship Channel, south of Great nound Shoal, Vineyard Sound. 

Nos. 60 aud 61 (March 23 and Jm e 12, 1885) gave sailing directions for and cautioned naviga
tors agninst dangers in Wrangell Strait, Alaska, aud similar information in regard to the Inland 
passage between Sitka Harbor anti Hooniah Sound, through Olga Strait, Neva Strait, and Peril 
Straits, Alaska. 
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IV.-SPECIAL SCIENTIFIC WORK. 

THE SECULAR VARIATION AND GEOGRAPHICAL DISTRIBUTION OF THE MAGNETIC DIP AND 

IN'l'ENSITY IN THE UNITED STA•.rES. 

In Appen<lix No. 6 is given an elaborate report by Assistant Charles A. Schott on the secular 
variation and geographical distribution of the magnetic dip and intensity iu the United States. It 
pre1>ents a discussion of these elements, based upon a general collection of all observed values 
known to the author from the earliest times, and constitutes the last part of the magnetic researches 
respecting secular variation and distribution which for many years past have been in progress in the 
Survey. The secular \ariation and geographical distribution of the decliuation were discussed in 
papers which appeared as Appendices Nos. 12and13 to the Report for 1882. January, 1885, is the 
epoch of reduction adopted for each element. 

An interesting result of the discussion of the secular variation of the dip is that Mr. Schott bas 
been enabled to recognize and delineate a belt of "no change'? for the epoch adopted, with an
nually iucreasing dip on one side an<l decreasing dip on the other. A similar feature was recog
nized in the discussion of the secular change of the horizontal intensity, the absolute measures for 
which date back hardly half a century. 

These results, with the isocliuic and isodynamic curves, a.re graphically represented in the three 
maps and three diagrams which accompany the paper. One of tltese diagrams is a combination 
of the changes in declination and dip, showing the actual mo,·ement of a freely suspended rnag
ut•tic needle for the period from 1820 to 1885. 

ADJUSTMENT AND REDUCTION OF '£HE DAVIDSON QUADRILATERALS. 

Jn Appernlix No. 9 are presented the resultsoftbe geodetic connection of the Yolo Base with 
the first. Ride of the prinrnry triangulation of Ualiforuia, forming part of what are known as the 
Davidilon quadrilateral!'. This paper, prepared by Assistant Schott, exhibits the reimlts of the 
least l'1qnare iuljnstment of a figure composed of seYeu stations and seventeen triangle :sitles, con
taiuing se,·enteen geometrical co1Hlitions. Sufficient detail is given to show the treatment by the 
Computing- Dh-i>don of ob><erYa tiomi of tlw first class, and the degree of accuracy reached in the 
results. lt wiil ht• st•t•n that t.lwsc obsl'ITatioas, whether compared with our own or with foreign 
measures, i;html iu the tirst order of precision, and they may well be taken as a piece of work rep
resentative of the accurac;y attainable in modern triangulation. Respecting the anal,ytical treat
ment, the sul~ject of weights relath-e to the measured directions has receh'ed special attention, 
forming one of its distinguishing features, ·and the introduction of the p1·ocess for the computation 
of the probable error of a resulting side will be found of interest. 

GEOGRAPHICAL POSITIONS AND HEIGHTS OF UPWARDS OF ONE THOlTSAND STATIONS IN THE 

S'l'ATE OF MASSACHLTSETTS, AND GEOGRAPHICAL POSITIONS OF .ADOU'l' THREE HUNDRED 

STATIONS IN THE STATE OF RHODE ISLAND. 

It is proposed to publish from time to time, as results become available, tables of geographical 
positions and heights in the several States in which the work of the survey is making progress. 
Appendix No. 8 contains the geographical positions aud heights of upwards of one thousand 
stations in the State of :Massachusetts and the geographical poKitions of about three hundred 
stations in the State of IU10de Island. Of the positions in Massachusetts, about one hundred were 
determined by the triang\Ilation of that State exeeuted by Simeon Borden between 1832 and 1838. 
A few points were esta blislied by the same triangulation in the State of Rhode Islaud. All of Mr. 
Borden's positions have been reeom1mted in this office in order to refer them to the standard tlata 
of the Survey. 
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A PLEA FOR A LIGHT ON SAINT GEORGE'S BANK. 

In Appendix No. 11, Assistant Henry Mitchell presents an urgent plea for the establishment 
of a light on Saint George's Bank. This great danger to seamen, l,yiug upon the tllrei;lwhl of 
the Gulf of Maine, and 100 miles from the nearest land, is, a,s a shoal, far more dangerous than 
it would be as an island, and yet, as Mr. Mitchell obserYes, it is unmarked and undistinguishable 
except by its hideous roar when the ship is already within its breakers. As a warning and guiding 
mark to the ocean commerce of the Atlantic coast, and espedally as it friendly signal to the fisliing 
fleet of the Gulf of Maine, numbering at times four hundred wssels, carr;ying four thousand men, 
fishing on the Georges or crossing the shoals en route to more distant grounds, the benefits of such 
a light would be incalculable. 

COMPARISON OF TRANSVERSE SECTIONS OF THE DELAWARE RIVER BE1'Wl<iEN OLD NAVY-YARD 

AND EAST END OF !'ETTY'S ISLAND, AS DERIVED FROM 'I'IIE SURVEYS OF 1819, HH3, AND 

1878. 

The study of the chan~es in the channel-depths and cross-sections of Delaware Rh·er, under
taken of late years by Assistants Henr.v Mitchell and H. L. l\fariudiu, is of immecliate practical 
utilit~· as bearing upon the effect of the construction of wharves and piers in contributing to such 
chauges. Assistant Marindin presents in .Appendix No. 12 a comparison of changes in trarnn-erse 
sections of that part of the river which embraces the principal part of the harbor of Phil:t<lelphia. 
His conclusions, as stated iu the pa1wr, and as graphicall:v reprrscnted in tht' diagrams aceompa 11y

iug, are derived from the surveys of 1819, 1843, and 1878, a111l will laarn sprdal nlltw for tlie Uuitt•!l 
States Advisory CommiRRio11 011 the irnpron•ment of the navigat.ion of tl1e Delaware. 

HARMONIC ANALYSIS OF THE TIDF.S AT GOVERNOR'S ISLAND, NEW YORK HARBOR. 

In reports previously sulnnitted and published as apperulices to tlie annual reports of the 
Survey, the metlwd of harmonic analysis has beeu applied liy Prof. 'Villiam Ferrd to the discus
sion of the tides of Penobscot Bay, of ~auds Hook, and of tlie Pacific coast (Appendices Nos. 
11 of 1878, 9 of 1883, and 17 of 1882). The priuciples of tliiis wethod were fully set forth, with 
rules,fommlru, and examples of the Yinious reductions in the paper relating to the Pe11obseot Bay 
tides. 

In Appendix No.13 to this report is presenteu Professor Ferrel's paper on the harmonic anal,Y
sis of the. hourly co-ordinates of the heights of the tides at Governor's Island, New York Ilarbor, 
for the years 1876, 1877, and 1878. These hourly co-ordinates were measurt'd from the currns re
corded by the self-registering tide-gauge which had been maintained at that locality for many years. 

Professor Ferrel remarks that there is a very great similarity between the tides at Go\·ernor's 
Island and those at Sandy Hook; that the amplitudes of all the separate tidal components are 
very nearly the same for both stations, but that, as was to be expected, the epochs at Governor's 
Island are somewhat greater, causing the tide to be about twenty-nine ruinutes later at that station 
than at Sandy Hook. 



 

8 UNITED STA.TES COAST AND GEODETIC SURVEY. 

EXPLANATION 01'' ESTIMATES. 

The estimates submitted to the Department for the fiscal year 1886-1887 were accompanied by 
the following statement: 

UNITED ST.A.TES Co.A.ST AND GEODETIC 8URVEY OFFICE, 

Washington, OctQber 12, 1885. 

SIR: I have the honor of submitting herewith the estimates of the appropriations required for 
the United States Coast and Geodetic Suryey, for the fiscal year ending June 30, 1887, and re
spectfully request your approyal thereof. 

If it were definitely determined that the Oo:u1t and Geodetic Survey should continue to exist 
as a separate bureau, an immediate modification of its existing plan of organization, in>olving a 
corresponding modification in itR efficiencJ· and cost, would seem to be advisable. Such a modifi
catiou sl1ould involYe a reduction in the number and expense of the field, or so-called ';normal 
force,'~ aml an increase in it" f'fficie11cy h~· the Plimination of the i1wffrf'tin'. member,., hy so classi
(yi11g the rc:;itln,• a-; to stin11tlatl' tltP jn11ior ele11a•ut 1t·ith a 111o"pect 11f rca,;011abl,\· <"arly promotion 
as the rewanl of t<kill and act.i dt~·. and l>.r abolishiug entirel,v the R,Yf'tem of payments ancl promo
tions upon the baRilS of longevity anil pntting them absolntely, as far as practicable, upon the basis 
of merit as in<li~ated by tbe im1iddnal records of work performed. 

In Yiew, ltoWe\·er, of tlie refrrence of matters relating to the organization of tks and certa.in 
other lmreans of the HoYernrnent to a joint commission appointed lly Congress, and the consequent 
uucertaiut.r im·oh·ing the immediate fntnrn of this bureau, l lrn\·e n•it felt warra,nted in attempt
ing to anticipate CongrPssioual action h~· submitting e,;timates prrdicatecl upon an experimental 
aml tc111porar~· ;;clwme of reorg~rnizatim1. The aceompa11yi11g- sdietlule of estimatkls is therefore 
made up<rn the lmsi<:\ of the existin~· plau of org-a11izatio11 of the bnrnau as embodied in tlie Hegu. 
lations for the government of the Coast and Geodetic Survey, issued from the Treasury Depart
ment February 18, 1881. 

While the aggregate au1ount a>'ked for, $568,060, is Romewhat larger than the amount appro
priated for tlw current J·ear, $M3,.Hl6.:~9, it is less by tlie snm of $ffi,510 than the amount askecl 
for the current year. The amount aske<l for the v:Hionis classes of fiehl·\HJrk is $:~2,800 more than 
the amount appropri:tted for that class of work for the current year, while the amount asked for 
pa~ of field officers, ottice force, and office expenses is $<18,236.im less than the amount appropriated 
for the current J·ear for those item::; of expense. In other words, the estimates now submitted con
template the performance of more work at a less co'i\t for salaries and office expenses than was 
practicable under the appropriations for the current ,rear. 

'fhe estimates for "Party 'BxpenseR," including work of l<'nrnisl1ing- points for State surveys, for 
Transcontinental Geodetic work, aml for Re1iun·•·ysof New York Harbor and San Prancisco Bay, 
&c., co,·er the pay of those temporarily emploscd as reconlern, sigual-men, hands, cooks, drivers, 
or boatmen, or in any other capacity except m; members of the permanent or normal force; the sub
sistence of the chiefs mal employes of parties; traveling expenses to aud from the field, and local 
transportation in the dcinity of field work; the transportation of inRtruments, tents, stationery, 
materials, outfit, and equipage to and from tbe field and in the field; and the purchase of all 
requisite materials, supplies, tents, boats, stationery, camp equipage, and all other necessary 
expenses properly inciclent, to the prosecution of the work in tbe field. 

A.n increase of the appropriation for "Party l<Jxpenses," as compared with the appropriations 
under that head for the current year, is, I beli1we, absolutely necessary to'' a proper economic pro
portion between tbe expense of putting the ntrious parties in the field a,nd the length of time that 
they can be kept at work." After deducting from each appropriation for specific work the expense 
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of transporting the field part~· and eqnipage to and from the locmlity of that work, Urn balance of 
the appropriation measurrn' the amount of efiectfre field work capable of lll'ing done. To so stint 
the appropriation as to compel the withdrawal of parties from tlw field llefore tlle expiration of tlle 
season favorable to effective work, shortens the peeiocl of acti \'C' work, lt>ugthens the lJeriod of com
parative i<lleness, increases the aggreg1ite cost, and delay,.; the fi11al completion of the work, and is 
therefore a measure of false economy. 

In conformity with the views of Congress its mdicatt>cl in the appropriation for the current 
year, the estimates are itemized for tlie various purposes mentioned. Under that form of appro
priation, the degree of caution necessary to avoitl incurriug- deficieucie,.; compels the withdrawal of 
parties from the field llefore tlie amounts appropriated fol' tlieit· re.;pectirn s<~hemes of work are 
expended. This results in the untimely interruption of mnch of tlie work, and in the creation of 
unexpended balances available for no purpose in the pt'omot:iou of the business of the Bnrean, 
unless a sufficient proportion of th<>. appropriations can be 11m<le interchang-eallle to cover deficiencies 
resulting from the continuance of field work iu some localities as long as favorable climatic comli
tions justify it. The ten per centum of interchtrngeahility of the appropriations for the current 
ftscal Jear does not afford a sufficient margin to enable the Superintmueut to adapt the expend
itures and the field-work to the varying conditions of the Yariom; localities, and :;o to produce the 
best results from the amounts ex1w1Hled. It is therefore earnestly hoped that upon that. point the 
suggestion of the estimates may he incorporated iuro the appropriation act antl :w per cent. of the 
amounts appropriated for "party ex.penses" be 111ad11 a\·ailab1e intercl.J.augeably for expenditure 
on the objects named. 

In making estimates for salarie~, the phrase "not exceetliug- '' is emplo.red "·ith the purpm1e of 
determining their maximum, leaving without apparent limitatinn the authority of the Seeretary 
of the Treasury or the Superi11te11llent tu reJulle auy of tlll~JU in his di,,;cretiou. 

Iu apportioning the amounts aske<l for, the idea of prosecuting tlw survey of the coasts-the 
01iginal purpose of this Bureau-to au early completion has been kept constantl,v in view. 

In recognition of the practical value of geodesy to ex.act reslllts iu surn:_ys of the public 
domain, as wtlll as with a view t-0 the maintenance of the honorable disti1wtion achie\·ed by this 
country in the scientific world, the estimate is somewhat increased l>eyond the amount appropriated 
for the current year for geodetic work, the scientific importauce of which has enlisted in its prose· 
cution abroad an association of the leading Governmeuts of Emope. 

It is hoped that the amount asked for resurvey of :N'e\Y York Harbor will be sufficient to com
plete the work, the progress of which during- the current J·ear has tlevelopetl several dangers to 
navigation in those waters. 

Included in the estimates is the sum of $30,000 for the resurn'y of Sau Fraucisco Bay and 
of the Straits of Karquines, and examination of San Fraucisco Ba.r and entrance, and of the 
mouths of the Sacramento and San ,Toaqnin Rivers. The importance of these waters to the great 
commerce of the Pacific, and the marked changes eoustantl,y oc('nrri11g in their character since the 
former surveys were concluded, which changes are largely due to t!Je deposits of debris from 
hydraulic mining and from the heavy freshets to which the ri\'ers mentioned are subject, render 
such resurvey highly desirable. 

Very respectfully, 

The Hon. SECRETARY OF THE TREASURY, 

W askington, D. G. 

ESTIMATES. 

.F. M. THORN, 
Superintendent. 

For every expenditure requisite for antl incident to the survey of tile Atlantic, Gulf, and Pacific 
coasts of the United States, including the snrrny of rirnrs to the head of tide-water or ship navi
gation; deep-sea soundings, temperature autl currnnt observations along the coasts and through· 
out the Gulf Stream and Japan Stream flowing off the saitl eoasts; tidal ob;;ervations; the neces· 
sary resur\Teys; the preparation of the Goa.st Pilot; a magnetic map of North America; and including 

H.Ex.1~2 
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compensation, not otherwise appropriated for, of persons employed in the field work, in conformity 
with the regulations for the government of the Uoast aud Geodetic Survey adopted by the Secretary 
of the Treasury; for special examination;:; that may be required b,\- the Light-House Board or other 
proper authority, and including allowance for subsistence to officers of the N a''Y attached to the 
Survey, not exceerling one dollar per day, as <tllowe1l by at.:t of Congress apprornd June 12, 1858, 
and including traveling expenses of officern aml men of the NaYy on duty; the outtit, equipment, 
and care of vessels used in the Survey; and also the repain; and maintenance of the complement of 
vessels, to be expended under the following heads: 

FOR PARTY EXPENSES: 
For continuing the survey of the coast of Maine eastward from Machias Bay towards 

Quoddy Head __ ... _ .. _ . . . _ . ______ .. _ .. __ .. _ . _ . . . . . . . _ ..... ___ . . _ ... _ .... _ . 
For examination of reported dangers and changes OH the eastern coast .. _ . . . . . . . _. 
For continuing resurvey of Long Island Sound aud liuisbing same ......... _ .. __ .. _. 
For completing resurvey of Delaware Bay, including current observations .. _ ... __ _ 
For continuing examination of changes and resurrnys ou the sea-coast of Kew Jersey. 
For continuing examinations and sun'eys of estuaries of Chesapeake Bay, and of 

Sounds and tide-water passages in North and South Carolina not heretofore sur-
veyeu . ___ - .. - .. __ .... - ........ - - - ...... - . . - .. - .... - - . . - . . . . - - .... - - . - ... -

For continuing tl.te survey of the western coast of Florida from Estero Bay southward 
and from Saint Joseph's Bay north ward, and bydrography of the same .. ___ .... __ 

For continuing the survey of the coast of Louisiaua west of the Mississippi Delta, 
and hydrography on the coasts of Louisiana and Texas .... __ .... _ ... _ ..... _ . ___ _ 

T .. make off-shore soundings along the Atlautil! coast and current arnl temperature 
observations in the Gulf Stream. - ..... _ . . . . . . . . . ___ . _ _ ___ .. __ . __ .. __ .. __ ... 

For sun-eys and examinations of Monomoy Shoals, Nantucket Sound . __ ....... ___ . 
For continuing the researches in physical hydrography relating to harbors and bars. 
For determinations of geographical positions (longitude partJ)- _ .. _ ... _ .... _ ..... . 
To continue the primary triangulation from Atlanta towards Mobile. __ ._. . __ . _ .. _ . 
To continue the primary triangulation between Charleston, S. C., aud the northwest 

corner of the State to connect with the oblique are along tbe Blue Ridge .... _ .... 
For continuing an exact line of levels from the Gulf to the transcontinental line of 

levels between the Atlantic and l'acilic Oceans, and for continuing the transconti-
nental line of levels . _ ... ___ ... - - -...... _ .. _ ... _ .. - . . . _ . . . . . . _ .... __ .. __ . 

To continue tide observations ou the Atlantic coast .........•.......... _. __ .. ___ . _ 
To continue magnetic observations on the Atlantic autl Gulf coasts ......... _ ... - .. 
To continue gravity experiments at a cost not exceeding $500 per station, except for 

special investigations and experiments autlwrized by the Superintendent at one or 
more stations . - _ .... _ . - ... - - . _ . - - , - .. _ ... ___ .. - .. -.. _ .... __ ... - . _ ........... _ . 

To continue the compilation of the Coast Pilot, and to make special bydrographic ex-
aminations for the same ... - . - ... - - _..... __ . _ .. _ ... _. _ ... _ ....... _. _ .. _ . _ ... . 

Jfor continuing the topographical survey of the coast of Southern California .. _ ... _ . 
For con tinning the primary triangulation of Ualiforuia .. - . . . • . • . . . . - . - - - .. ___ . __ . 
For continuing the survey of the coa8t of Oregon, including off-shore hydrography, 

and to complete the survey of the Columbia n.iver and Willamette River to the 
head of ship navigation. - - .. - . . .. - . - - ... - .. - . - ... _ .... - - - ... - . - - - - . . . ___ .. 

For continuing the survey of the coast of Washington Territory . . . . . __ - .... 
For continuing explorations in the waters of Alaska and making b_ytlrographic sur-

veys in the same _ ... _ .. - _ - -..... _ ... - . . .. __ .. _ . . . . . . . . . . . . . . . ____ ...... __ . 
For traveling exp(mses of officers and men of the Navy on duty, and for any special 

surveys that may be required by tl.ie Light-House Board or other proper authority, 
and contingent expenses incident thereto - - . - . . . .. - ... - - - . . . . . _ ..... __ ... _. 

:For continuing tide observations on the Pacific coast .. - . _ ........ _ ... _. _ ... _ .. _. __ 
For magnetic observations on the Pacific coast . _ . _ .. , ....... __ .... _ . _ .••... __ •••• 
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For traveling expenses of the Superintendent and his party on duty of inspection .. . 
For objects not herein before named that may be deemed urgent . . . . . . . . . . . . ..... . 
And twenty per centum of the foregoing amounts shall be available interchangeably 

for expenditure on the o~jects named. 

In all, for party expenses. . . . . . . . . . . . . . . . . . .......... . 

FOR FURNISHING POINTS FOR ST A.TE ST;RVEYS ... - . . . . . . . . . . . • . . . . • • • . . . • • • . . .. 

FOR TRA.NSCON'l'INENTAL GEODETIC WORK ... - - - .......• 

For continuing resurvey of New York Bay and Harbor, including East River, to 
Thro g's N eek _ ........... __ . . . . . . . . . . . . . . . . ................... _ ......... _ .. . 

For resurvey of San Francisco Bay antl of San Pablo and Suisun Bays aml the Strait 
of Carqninez, and examination of San .Francisco Bar and entrance, and the mouths of 
the Sacrameuto and San .Joaquin Rivers ..................................... . 

FOR PAY OF FIELD O:FFICERS: 

For pay of SuperintPnde11t at not exceeding $6,000 per annum ... _ ............. _ .. . 
~'or pay of one Assistant in clrnrgp of Paeific coast operations, at not exceeding 

$4,000 per annum ... _ ........ _. _. _. __ .. _ ............... _.. . . . . . . ....... . 
For pay of two AssistantR at not exceeding $3,.500 per annum each....... . ....... . 
For pay of two Assista11ts at not excee~ling $2,800 per annum each. . . . .. _. . . __ . 
For pay of four .A.ssistants at not exceeding $2,.500 per annum each .... _ .. _ ...... . 
For pay of five Assistants at not excePding $2,300 per annum each ....... _ .. - .... . 
For p ty of six Assistants at not exceeding- $2,200 per annum each ... _ ............ . 
For pay of seven Assistants at not exceeding ~2,000 per annum each ............. . 
For pay of ten Assistants at not execNling $1,800 per annum each ................ . 
For pay of nine Assistants at not excet;ding $1,500 per annum each._ ............ . 
For pay of thre(' 8ubassistants at not exceeding $1,400 pu annum each_ .......... . 
For pay of two Subassistants itt not exceeding $1,300 per annum each ............ . 
For pay of four Subassistants at not exceeding $1,100 per annum each ............ . 
For pay of eight Aids at not exceeding $900 per annum each ... _ ... _ ............. . 
For pay of one Aid at. not exceeding $720 per annum _........... . _ ............. . 

Total for pay of field officers 

FOR PAY OF OFFICE FORCE: 

For one Disbursing Agent at not exceeding $2,000 per annum .................... . 
For four Clerks at not exceeding $1,800 per annum (one to act as I.ibrarian) ...... . 
For one Clerk at not exceeding $1,500 pPr annum ........................... - .. . 
For eight Clerks at not exceeding $1,000 per annum each .......... - ... - .. - .... -.. 
For nine Clerks at not exceeding $800 per annum each .................. - .... - .. - . 
For two Computers at not exceeding $1,8:>0 per annum each .....•............ - .. . 
For one Computer at not exceeding $1,800 per annum .............. - ............. . 
For one Computer at not e.xceediug $1,500 per annum ... - ......... - ....... - -- ... . 
For one Computer at not exceeding $1,400 per annurn ................. - .... - . - .. - . 
For two Computers at 11ot exceeding $1,300 per annum each .•...............•..... 
For two Computers at not exceeding $1,000 per annum each ...................... . 
For three Engra•ers at not exceeding $2,000 per annum each ..... -............... . 
For two Engravers at not exceeding $1,800 per annum each .. - .. - . - - . - . -. - . - ... - .. 
For three Engravers at not exceeding $1,500 per annum each .......... - .. - . - - . - - -
For one Engraver at not exceeding $900 per annum. - •............•. -- - .... - - - ... 
For one Contract Engraver, contract not to exceed $2,400 per annum . - .. - - . - - - - .. -
For one Contract Engra,·er, contract not t9 exceed $2,100 per annum .. - -· .. - - . - ... . 
For one Uontract Engraver, contract not to exceed $1,800 per annum ... -· .... -.... . 
For one Contract Engraver, contract not to exceed $800 .per annum • ~ ••. ~ ..•.... - , 
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For four Draughtsmen at not exceeding $2,000 per annum each ..•......•.......... 
For two Draughtsmen at not excee<ling $1,800 per annum each . . . . . ............. . 
For one Draughtsman at uot exceeding $1,500 per annum ..................... . 
For three Draughtsrne11 at not exceedi11g $1,400 per annum each.. . . . . . . . ........ . 
For two Draughtsmen at not exceeding $1,;;oo per annum ........... - .......... . 
For one Draughtsman at not excee1ling SI ,200 per annum ........................ . 
For one Draughtsman at not exceeding $1,100 per annum ...................... . 
For one Draughtsman at not exceeding $900 per annum ........•.......•.......... 
For one Electrot.Ypit->t awl Photographer at not exceeding $1,600 per anuum ....... . 
For one Assistant Electrotn>ist and Photographer at not exceeding $1,150 per annum 
For one Apprentice to ElectrotypiRt at not exceeding $360 per annum..... . ...... . 
For one Head \Vatch man and Janitor at 11ot exceeuing $1,200 per annum .......... . 
For two Watchmen at not exceeding $800 per annum each ...................... . 
For one Me8senger at not excePding $800 per annum ............................ . 
For three Messengers at not exceeding $600 per annum . . . . . . . ................. . 
For three Messengers at not exceeding $500 per annum . . . . . . ................... . 
For one Driver at not exceeding $600 per annum.... . . . . . . . . . . . . . . . ..•..... _ ... . 
For two Packer:,; and folders at not exceeding $600 per annum each. . . . . . . . ..... - . 
For four Laborers at uot. excee<liug $550 per annum each ............. - .......... . 
For two Laborers at 11ot. e.xceeiliug $360 per annum each.. . . . . . . . . . . . . . . . . . . ..... . 
For one Fireman at not exceeding $650 per annum ...................... , ........ . 
For one Fireman at not exceeding $500 per annum ............................ - .. . 
For one Map-mounter at not exceeding $1,000 per annum....... . . . . . . . . . . . . . ... . 
For one Map-mounter at not exceeding $3u0 per annum ...•...................... 
For one Carpenter at not exceeding $1,500 per annum..... . . _ .....•............. 
For one Carpenter at not exceeding $700 per annum ........................•...• 
For one Carpenter at not exceeding $500 per annum . . . . . . . . . . . . . . . . . . . . . . . . . 
For two Mechauieian8 at uot exceeding $l,500 per annum each ................... . 
For two l\fechanicians at not exceeding $1,300 per annum each .......•............ 
For one Mechan1cian at not exceeding $800 per annum... . . . . . . . . . . . . . . . ...... . 
For one Meclrnnician at not excPeding $500 per annum . . . . . . _ . . . . . . . . ....... . 
For one Copper-plate Printer at not exceeding $1,600 per annum ... _ ............. . 
For three Copper-plate Printers at not exceeding $1,200 per annum each ........... . 
For two Copper-plate Pri nter:-i at not exceeding $700 per annum each ....... : ..... . 

Total for pay of office force ........ . 

OFFICE EXPENSES : 

For the purchase of new instruments, for materials and supplies required in the in
strument-shop, carpenter-shop, and drawing division, and for books, maps, and 
charts .......... , ........................................•................ 

For copper-plates, chart-paper, printers' ink; copper, zinc, and chemicals for electro
typing; engravers' and printers' supplies; for extra engraving; and for photolitho-
graphing charts for immediate use. . . . . . . . . . . . . . . . . . . . . . . . . ............ _ .... . 

For stationery for the office and field parties; transportation of instrnments and sup
plies; office wagon and horses ; fuel; gas; telegrams; ice; washing; and extra 
labor .....•.... _. . ......................................•.•.•••.•....•...... 

For miscellaneous expenses, contingencies of all kinds, office furniture and repairs,aml 
for traveling expenses of Assistants and others employed in the office sent on spe
cial duty in the service of the office ........................•.................. _ . 

Total for office expenses ...........................................•....•••. 
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!!'OR RENT OF OFFICE BUILDINGS: 
For rent of buildings for offiees, work-rooms and work shops, iu Washington $10, 500 
For rent of fire-proof building No. 205 New Jersey avenue, including room;.; for stand-

ard weights and meaimres; for the safe-kcepiug and preservation of the original as
tronomical, magnetic, hydrographi<.;, and other records, of the original topographical 
and hydrogravbic maps anti charts, of instruments, engra,·ed plates, and ot!Jer ,-alu-
able property of the Coast and Geodetic Survey . __ .... _ .... _ . __ . . . . . . . _ _ . . . . . 6, 000 

Total for rent of office buildiug;;... . . _ ...... _ ....................... _ ..... . 

FOR PUBLISHING 0BSEUVA1 IONS.-For co11tiuui11J{ t!Je publication of obsen·ations and 
their discussion made in t!Je progres~ of the Coast and Geodetic Suney, including 
compensatio11 of civilians l'ngaged in tl1e work, the publication to he made at the 
Government Printing Office . . . . . . . .. _ .. __ .... _ _ __ . _ _ _. . ___ .. _ . __ . _ 

FOR REPAIRS AND MAINTENANCE OF VI!:SSELs.-For repairn and maintenance of the 
complement of vessel;; used in the Coast and Geodetic Surve..,-, iucltHling the outfit, 
equipment, and care of the same . . . . . . . . . . ....... _ ... _ ..... _ ........ _ ....... . 

16,500 

6,000 

26,000 

Total amount estimate(l for United State;; Coast arnl Geod<'tie Snrrny for 1.S.Sf>----'87 $56S, 060 

Amount appropriatell for tlw fiscal year eudiug ,June 30, 1886 .... _ ... _ . . . . .. - $;)53,49H.39 



 

PART II. 

This part of tLe report is occupied by statements in detail of operations afield and afloat, ancl by 
a summary of tile work of' the office. Its arrangement mH.ler the heads of sections is the same as 
that lieretof'ore adopted. Appendix No. 1 presents in a g·eogrnphical order the distribution of the 
field parties: in Appendix No. 4 i:-i givPn the n~port of th1~ Ai-;sif;taut in charge of the office. 

The 1lireetion of office operations was contiuueil duriug the ;\'Par with AsRistant Charles 0. Bou
telle, whose assigument to that dut;y <latex from .lauuary, 188-t. l\lueli of thP time that he could 
:-ipare from administrative work was deYoted to the arr;H1gemP11 t and prpparation for publication 
of a new and enlarged edition of the projection tables, the computation:-; for which were made under 
bis personal supervision. These tables were publi1:1lted as Appemlix No. (i to the Report for 1884, 
and Rupersede all former pr~jection tables published by the Survey. 

Commander C. M. Chester, U. S. N., remained on duty as Hydrogrnphic Inspector during the 
year. He had charge of the detailR of all hydrographic work, acting as chief adviser and executive 
officer of tiw Superintendent in matters pertaining to hydrography. As Inspector of Hyllrography, 
and as in charge of the repairs and maintenance of the vessels of the Survey, his duties are in the 
field as well as in the office. The general charge of the Coast Pilot Di dsion of the office is committed 
to him, a.R also the supervision of the labors of the office hydrographic draughtsmen. 

Iu App1~ndix No. 5 is gh·en in full Commander Chester's annual report, iu which, in anticipa· 
tion of hi;; relief from the Coast and Geodetic Survey 8ervice, after having been connected with it 
for eight years, incl udiug fi \'C ye 1rs 1luty as Hydro graphic lrn;pector, he expres1;es his regret at 
se\'ering personal relations of 80 pleasant a character and his senHe of obligation for many court
esies recei rnd from his associates in the Survey. The Snperinteudcut takes this occasion to ex
press hiR lligh appreciation of the value of the sen'ice:'l of this able and accomplished officer, and 
to say that it will not be e:ts_y to replace the professional skill and sonnd judgment, ripened by ex
peri1•nce, which he has brought to the conduct of the work. 

Administrative details iu the Ilydrograpbic Division were wholly in charge of Lieut. Jef
ferson F. Mm;;er, U.S. N., Aissi8tant Umist and Geodetic Survey, under whose direction Commander 
Chester reports that the best results possible are obtained. In December, 1884, Lieut. J.E. Pills
bur~" U.S. N., Assistant Coast and Geodetic Survey, who had been in immediate charge of the 
Coast Pilot Division, was relieved and transferred to the commarnl of the steamer Blake. At the 
mHl of the fiscal year, Lieut. G. II. Peters, U. S. N., AssiRta11t Coast and Geodetic Survey, was 
as8igned in place of Lieutenant Pillsbury. 

Mr. Edward H. Wyvill served acceptably as clerk in tile Hydrographic Division; Messrs. E. 
Willenbucher, W. 0. Willenbucher, and F. C. Donn as draughtsmen. 

SECTION I. 

~lAINE . .NEW HAMPSHIRE, VERMONT, MA8SACHUSETTS, AND RHODE ISLAND, IU DIN G COAST AND 
SEA-PORTS, BAYS AND RIVERS. (SKF.TCIIF.8 Nos. 1, 3, 17, AND 18.) 

Topography of 111achias Bay entrance, Machiasport and the coast to the ea.<ttward.-In continua
tion of the topographical survey of the coast of Maine in the viciuit.v of Machias Bay, Assistant 
Charles H. Boyd orgaqfa;eq qis party in June, 1884;, and began the fUUng in of topographic~! 

u 



 

UNITED STATES COAST AND GEODETIC SURVEY. 15 

details upon the plane-table i-;lieet:s of l\lad1ia8 BHy entrance arnl l\fachiao;port. The bay au<l 
ocean shore-line upon these o;heeh; had becu laid down duri11g· a previon:,. season. 

Villages, farm laU<h>, rocky hills, and extensive tracts of tlense forests are the lea1ling· elm r
acteristics of the topograpl1y, whieli lies witllin tile towns of Machiasport, East Machias, \Yl1iting, 
and Cutler. 

Mr. Boyd mentions, as matter of liistorical interest, that the ruins of an old tradi11g post and 
block-house are still iu existence a short distance uorth of Battery O'Brien, 011 Fort Poi11t. TlH,~

mark a site first occupied hy Richard Vines, who in 16:33 purchased of the Plymouth Council the 
exclusiYe right to trade with the uati,·e:-; of these coasts. lu July, li75, the Oonneil of 8afety 
ordered the moutll of the river to be fortified, au<l thiti fort, known aR l•'ort O'Bri1·n, wa,.; then gar
risoned, and again in 1812. In 1862 an earth work aud magazine wen· hnilt li1·re, which are en·H 
now in a condition to be easily made serdcea hle. 

At the "Rim," a long narrow point hetwePn the two hra11cl.Jes of the .Jlachias Ri\·er. an·. tli1• 
ruins of an old eartl.Jwork, knowu as Fort Foster. This was eapture<l ill Augnst, lii7, lJy au 
English sq nadrou under Sir GeorgP Colli Pr. 

Field operations were closed upon tl.te eompletio2 of tl.te sheets in October. 
Mr. Henry It Taylor, of J\1;1chias, spn·ed very acceptably during the season. The sta ti8tics 

of the work, "hich was on a seale of 1-10000, are as follows: 

Miles of roads surveyed - . . . . _. . . . . . . . . . - .... - ... - .. - .. - - .... - .. 4i 
Miles of creeks sun·e:yed . . . . . . . . . . . . . . . _ ....... _ .. ___ . . . . _ . . 7 
Area of Slll"\'CY iu square wiles .......................... _ .. ___ . _ .. _ .... _ .... 20 

l\fr. Boyd is nndt>r im;trucHons to resume the survey in this viciuity, a1Hl organiZPd his party 
for that purpose in Juue, 1885. 

During part of the winter he \Yas on special duty in charge of tlie Coast and GP01letic SmTP,\. 

exhibit at the ~ew Urleaus Exposition. 
Topography of Chandler's Bay mid Euglishman}s Bay, coast of ,lfaiile.-l\"ork npon rhe to110-

graphical sheet of Uha11dlcr',,; Hiver arnl Bay, which had been beg1111 by Assi:stant Eugeue Ellicott 
in 1882, was resumed b_y him urnler im-;trnetiuus tlatrnl in July, 1884, aud the llheet "'"" tinisl1ed 
about the end of August. Tile survey of the sltore-liue of Englishman's Bay, just wt:'sr of :\lachias 
Bay, was then taken up an1l prosecnted to the close of the season. 

Included in this sheet, are the i,;IJore-lines of Hogne Island, Great Spruce Island, and Halifax 
Island, special care having liePn taken to determine the limits of low-water rn:uk 011 th1•s1.· shon•
linmi. 

Field operations were closed, and the part,~· disbanded at, the close of October. ":\Ir. Ellicott 
refers in terms of marked apprornl to the sen·iccs of Mr. ,J. II. Turner, airl in his part~·. 

The statistics of tl.te \H1rk, scale :!.-10000, are as follows: 

MU.es of shore-line smTeyed . . . . . . . . . . . . •.....•••. - . . . . . . . . . . . . . . . . . . . . . . . . ii 1 
Miles of road . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 
Area surveyed iu sq u.ll"c miles ...................•............. 

Duty subsequently assigned to Mr. Elli<~ott is reforred to under t lw headings of Sectio11s I 11 
and VI of this report. Towanls the close of the fiscal year he wal'l dir1•cted to take up and com
plete the topography of the shores of J~nglishrnau's Ba,y, and then to continue the ;;;mTey to t lie 
eastward of l\fachias Ba.Y. 

Hydrographic i,;urrey (!f Sarra111wgus Riter from J!illbridge to Clterry_field; c~f Harrington Rfrer, 
including Flat and Back Bays, a,nd <~/"Pleasant R1:l'Cr to Addison.-fo Jul;\·. 1884, Lieut. E. D. F. 
Heald, U.S. N., Assist.ant Coast aud Geodetic SurYey, ha dug, in punrnance of iustructio11s, organ
ized his party on board the schooner Eagre, began a series of bydrograpliic Rurve_ys to lill up g-aps 
iu previous work, and eomplc•te the hydrography iu the \'icinity of Narraguagus a11d Pleasant 
Bays. For this purpose he was fnruisliP<l with ·three projectious: one for the Narrnguagus Rirnr 
from Millbridge to Uberr,vfield; one for Harrington Ri\'er from its mouth to Hanington, taking in 
also Flat and Back Bay,.;, a11d one for Pleasant .Baj' and River to Addison. 

In Narraguagus River, zigzag lines were run about one hundred meters apart, the beginuing 
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and endiug of nearly all of the lines being determined hy shore signals, and all lines run on ranges. 
This work completed the sur\'liy of ::S arraguagns RiYer. 

On the sheet of Harrington RiYer, two sets of lines were run, one in the direction of and one 
uorrual to the courstl of the stream and about one hundred meters apart, except in Flat and Back 
Bays, where the SJSteui was opened to two hundred meters, and in the uanow part of the river, 
near Harrington, where zigzag- lines were rnn. This surn'y was completed find connected with 
the work of 1883. 

Ueuti-mant Heald observes that Flat and Back Bays and the narrow part of Harrington River 
are almost completely bare at low watPr. Au excellent clrnunel was found through what is known 
as Dyer's Island Narrows, or the Eastern Passagt>, which if properly buoyed could be navigated 
b,y coasting steamers at any stage of the tide. The huoys its placed at the time of the survey of 
Lieutenant Heald he fom1tl to mark a course that was not safe at low water. 

Owing to the ad•auce of the season it was not found practicable to finish the work on the sheet 
of Pleasaut Bay and lfo·er, a11d the limit for closing was fixed at the liue joining tlie river and bay. 
The survey of the bay was complde<l, aud joins with previonR sm·•eys in thiR locality. Lines were 
run as 011 the sheet of Harrington River, one hundred meters apart, except iu the deep part of the 
bay, where no twideuce of shoal water could be found, when the system was opened to two hun
dred meters. 

To determine a planP of reference for the soumlings, tidal obsen'atious were made at the 
steamboat wharf, l\Iillbritlge, Narraguagm.> Bas. 

In bis report, Lieutenant Heald takes occasion to express for himself and for the officers who 
were associated with him the great satisfactiou and pleasure they derh'ed from the extremely 
accurate delineation of shore-line as gin~n on their projectio11s fro111 the work of the topographi~al 
parties of the Surrny. 

Additional sotlf1diugs and bydrographic examinatious baying· been found uecessars off Great 
\Vass Island and .Tordau';; Delight Ledge, Lieutenant Heald was tlireeted to make these on closing 
work in Pleasant Bay. This duty ha\'ing been satisfactoril.v performed, be proceeded with the 
vessel aud party to New York, where he arrived No,'ember 16. 

Bnsigus '£. D. Gritliu, A. Jeffries, and '\\'. C. Caufield, U. S. N., were attached to the Eagre 
during the season. 

The statistics of the hydrographic work, which was executed on a scale of 1-10000, are a.s 
follows: 

Miles run in sonnrling . . . . . . . . . . . . . . . . . . . . .....................••..•.•.• 
A ugles measured ............. _ .. __ .... - .. _ ..... _ ....................... . 
Number of soundings ................................ __ . ___ -- . --- ---·. ---

548 
7,575 

44,518 

Reference is made under the headingH of Sections VI arnl VIII to duty subsequently assigned 
to Lieuteuaut Heald in southern waters. 

Topographical 8uri·ey in the vi1~inity of Prospect Barbur, Gouldsborough, Me., and resurvey of Bat' 
Harbor, Mount Desert I.~land, Maine.-Tlle field-work of the topographical party in charge of As
sistant A. W. Longfellow, during tlle summer and autumn of 1804, eonsi~ted in adding details of 
topography to complete the topographical sheet of Prospect Harbor, Gouldsborough, Me., and in a 
resurvey of Bar Harbor, Mount Desert Island, Maine. 

Assistant B. F. Dickins was directed to report to Mr. Lougfellow for duty, and joined his party 
.July 22. From that date till the close of the season, No,Tember 10, ~Ir. Dickins was actively en
gaged in the field. He finished the plane-table survey of Prospect Harbor September 15, and then 
took up the resurve.v of Bar Harbor. It had been at first intended to add the new streets, houses, 
&c., to the topographic sheet of 1873, but the growth. of the town had been so extensive that this 
was found to be llardly practicable. The houses bad increased since the former sur\'ey from 
oue hundred and fift~' to upwards of seven hundred, and the new \'ilia~ built upon the hillsides 
afforded conspicuous landmarks to the navigator. 

Upon the completion of field-work, Assistants I..o11gt'dlow and Dickins repaired to Portland, 
wherc trncin~s were made of the plane·til.ble sheets. Mr. Dicki11s was deta.che<l from the party 
aml ordered to duty at the Office towards the end of Nornmber. In his report of the season's op· 
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erations, Mr. Longfellow acknowledges the g1·eat value of l\Ir. Dickiui,;';; i,;erviee:·; in both field and 
office work. 

Rooord of observations 1cith se{(registering ti1le-ga1ige continued <ind meteorological ob.~errations 
recorded at Pulpit Cot•e, North Haven l11land., Penob.~cot Bay.-It is sa.tisfact-0ry to note that but a 
few years more of continuous record will be needetl to complete a lunar cycle of oue of the most 
perfect series of tidal obserrntions obtained upon the At\,wtic coast. Xo interruption has occurred 
in this series since it was begun by the present obserrnr, Mr .• J. G-. Spanltling, in .January, l.S70. 
The locality, Pulpit Cove, sometimes callmi North Harbor, on the north side of North Haven 
Island, Penobscot Bay, was selected a>; one of the most fa\~ora.l>le for the purpose in view, a 
thorough investigation of thfl laws <'f ti<lal action iu the Gulf of .\Iaine. Data derh'ed from the1m 
observations were ma.de the ba1-1is of Professor Ferrel's 1liscus:;;ion of the titles in Penoh:scot Bay 
(Appendix: 11, Report for 1878) an<l afforde1l ,·alnahle material to Assistant l\fitchell for his paper 
on the Physical H_ydrogrnphy of the Gulf of Maine (Appentlix 10, Ht'port for 187U). 

Hydrographic e.mininntions '~ff the coa.-;f.~ of Jfainc, .IVe1<· Hampshire, and MH8sa.diusett11.-Uertai11 
dangers to navigation not laid down on the charts haYing been reportetl oil' the coasts of :\1ai1w, 
New Hampshire, and Massachusetts, Lieut. J.E. Pillsl.rnr;r, U.S. N., Assistant Coast and Geodetic 
Survey, was instructed at the beginning of the fiscal year tn make ;;earch fur and locate them. 

His examinations off York Harbor, l\laine, North Hampton, :'\. H., iu tlw \'ieinity of l\farble
head Rock, Massachusetts, and off Nahant, re1mlted iu tile publication of a Sotice to l\!ariuers iu 
October, 1884, in which were gi\'en waming·s of the followi11g dn11gcrs: 

L-A rock reported off York, l\f<> .• , on which the steamerCity of Porti;;month struck, wa::; found 
to have a depth of seYen and one half foet OYer it, alJ(l situatetl on the following bearings: 

Cape Meddick Light-House, NE. k E., disb111t two and one-fourth 111ile::;. 
Extremity of East Point, N\V. A- \Y ., rtistant three hnnllred aml thirty yards. 
Boon Island Light-House, EST<}. i B., diRtant six autl one-fourth mile8. 
It is surrounded by other rockR, with depths from fourteen to eighteen feet, the outer one 

being marked by a buoy. 
IL-:-A. vessel was reported to ha\'e struck an unknown rock between l\farblt>ltea<l Rock and 

Marblehead Neck. In an examiuatiou of the vicinity a small bowldcr was fonutl Oil the ledge, 
already known to exist, and shown ou the charti;of Salem Ilarbor. 011 this bowl<ler there is seYen 
and one-half feet, aml it is situated about se\·enty-tive yards from tlle nearest point of Marblebead 
Rock, with the Lowell (or Cat) Island Beacon jnst open of .its ttorUwrn point. Vessel:,i keeping 
the middle of the passage will clear all dangers. 

III.-Flip Rock~ off Bass Point, Nahant,,- '.\la;;:,;ael1usett:,;, reporterl Li~- Mr. E<lwartl \V. Cod
man, was found to be a ledge a.bout fort.Y _yards i11 le11gtl1, l1:l\'i11g a lca:,;t dt•pth of thirteen antl 
one-half feet at its shoalest point, and locate<l 011 the following hearings: 

Shag Rocks (8011thlWlt Point) NK by K ~ B., tlista11t 011ti au1l oue eig·hth miles. 
Bass Rock Spindle, N. b~· E. l E. five-eighU1s wile. 
Boston I,ight-House, S. ·~ E., four aml thret.>-fourth::; mileR. 
To clear this rock, if wishi11g to pass between it awl Nahitut, wheu alm·ast Shag Hocks, steer 

about SW. by w. for the larg·e lmildings OJI Deer rsla111l. \Vlw11 Bass l'oiut lwars NW. oue-half 
W., steer for it, beingeareful uot to bring it to bear to the northward of N\V. by N. until up with 
Bass Rock Spindle. 

To pass to the southward of Flip H.ock, do uot bring Bass Poiut to hear to the westward of 
N. by W. one half W. m1til the Shag Rocks ))ear E.Nl<J. 

All bearings in the above Notiee, as in all simil:ti· ones published l'.Y this Otlice, are magnetic, 
all distances in nautical miles, and all depths at mean low water. 

Hydrograpbic duty performed b;r l1iente11aut Pillsbury un<ler ~ubHequent assignment it1 
referred to under the headiug of Section VI. 

Cootin.ttation of the triangulation of tlte State of New Jla11111sl1irc.-The 11101mtai11 station Pe
quawket, sometimes known as Kearsarge North, was occupied by !'rot'. E. T. Quimby, Acting 
Assistant, at the beginning of the fiscal year 1n continmttion of geodetic operittious in the State of 
New Hampshire. Pequawket is about four miles from the YiUage of North Oonwa,y, in the White 
M.ounta.io region. Professor Quimby decided, upon an examination of the road up the lllOUntain, 

H.Ex.18-3 
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that it was quite out of the qnestion to attempt to establish bis camp near tlie summit; hence the 
instruments and oh1mrd11g tent were sent to the top, while camp was pitched at the base, three 
miles from the 8tatio11. The Jop of the mountain having been a favorite resort for tourists for 
thirty years, a hotel had been kept there, and the cupola of this house had been observed upon 
in the progress of the triangulation. 

In November, 1883, a se\'l'l'P galP. completely demolished the howl aud scattered its fragment!:! 
far <low11 the mouutain. 'fbe remornl uf the house did not, howe\·er, prove to be of so much ad
vantage H8 was at first irnticipatPd, since the point Oil the ground corresponding to tlie center of 
the cupola. was t.oo low to afford an unobstructed view of the horizon. Almost immediately upon 
the arrirnl of the party the erection of another hotel had been begun, and thifi was pushed for
ward so rapidly as :soon to obstruct three of the lines of sight from the poiut which was SP.lected 
as a temporary station. A secoml position wa8 therefore occupied which was adopted as the true 

. statiou, a11tl the obserration;,; taken from various poinhi upon the old house cupola were reduced to 
the true station, with refprence to which were determined the positions of the first or eccentric 
station, and of the chim1wy of the 1ie\y house'. 

Upon the completion oftlte obserYations of PPquawket, in September, Professor Quimby weut 
to Trask Hill, thirty mile::~ to the >ion th ward, to measure a horizontal direction, and then visited sev
eral points in Rockmglmm Connt:v, amorig them Garrison Hill, in Don't'. He found that it would 
be nccessar_y to oecup,Y an eccentric stntiou lwre during the next season, the tower on the bill, upon 
which obsenations hatl heen made from other points, not being suitable for occupation with the 
theodclite. 

The following are the statisticl'i of the Reason's work: 

Numlwr of 11orizontal directions determined ....... _ .. 
Number of \·ertical anglt~R measured . _ .. _ .... _ .... _. _ .. 

1ti4 
14 

Stations occu71icd for continuing the frfongulation of the 6'tate of Vermont.-Two stations were 
occupied by Prof. Y. 0. Barbour during the summe.r and autt1mn of 1884 for the extension of the 
triangulatiou of the State of Vermont. On July 11 be established bis party at station Gile, in the 
northern part of tlH' town of Norwich, Windsor Oounty. The necessary signals luwiug- been 
erected, one of them on Cube }lmmtaiu, in New Hampshire, and one on Ascutne,y Mountain, Ver
mont, and li11es of sight operwd, the 11orizontal direction of seven stations wal:'I determined by the 
1st of August. Gilt', heiug near tlie. bonndar:r line between New Hampshire and Vermont, was 
one of the statious obsen·pd 11po11 h,Y .Pmfe8sor Quimby from pointl'I in New Hampshire, aml bad 
bee11 occupiPtl by him previously to its oecupatiou by ProfeRSor Barbour. It was fou111l necessary 
therefore to ob>1cn·c 1111011 hut two of tlie New Hamvshire stations, Cube aud Corydon. 

Statil'n Cotton, in tlie town of Vn8hire, Orange Couuty, was the next point occupied. Sig· 
nals were erected 011 Moos·i-lauk and Bald Ledge, in New Hampshire, and on Potato Hill, in 
Vermont. The Wt>atlwr at this station ltei11g unfavorable, observations were 8omewhat delayed, 
but were finii;;bed &>ptemhrr J2, the party being disbanded a few days later. 

Trigonometrical operotions in 11id of a topographical survey of the State of Massaclwsetts.-The . 
serYicc rendered by Assistant Henr;v L. Whiting, nuder special a,,;sigmnt>nt, as a member of the 
board of harbor and land commissioners of the St ate of Masi;;aclrnsetts, has hePn rt>forrell to in 
inevious v,olunws of tliesc rPports. This special <lut~· ceased at the close of the fiscal year with 
the expiration of Mr. Whiting's appointed term of three years' service Oil that board. 

In .Tune, 1884, plans Wfl't' rnat1ned for a topogmphical fmrvey aud map of the State of Massa
cbusettH, to lw cxecnk«l hy ttw Srnte in co-011eration with the Geological Survey, and Mr. Whiting 
was appointed h:r tlw GoYcmor one of three CommisRioners to arrange the form and all details 
of tlle work 011 behalf of the State. His ai<sociates in thiR duts were President Francis A. Walker, 
of the Mal'1saehmwtts Ius1itntt- of Teclmol<•g;y, alld Prof. N. 8. Shaler, of Harvard College. With 
the conseut of the Seeretary of tlHJ Tl'easury Mr. " 1 bitinl! was anthorized to accept this appoint
ment, and was elected Heero:tary of the Commission. 

Application liaYing been made 1>;1· the Commission to this office to supply such additional tri
angulation ill the State as might he needed for the proper execution of the topographical survey, 
Assistant Gersl10m Bradford reported under instructiorns to Mr. Whiting in September, and COQ• 
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tinued in the field in Southeastern Massachusetts uutil the 4tll of D!!eemuer. J)uring tltis time he 
reproduced ten of the points of a former triangulation bJ· the Uoao;t ~un·ey, and five voints of the 
Borden State survey made fort.)· years ago, besides determining twelni umv t1·iangulation points, 
making twent~·-seven points in all available for the topograpliy. 

Special appropriation was made by the Stafo legislature, aud approved l\Iarch 27, 1885, for the 
cost of determining by triangulation the boundar~· Ii11e of the cities au<l towns iu the Common Wt'alth 
under the direction of the Commissioners. Under application, duly made, two ofiicers of the Coast 
and Geodetic Sun·ey were detailed, with instmctions to report to Mr. "\\'hiting. Assistant F. W. 
Perkins was assigned to continue the determination of points for the State surrny, and Su bassist· 
ant 0. H. Van Ord4'n to the work of determi11ing the bou1Hlar,y lilll'i'i of citirn; and towns. 

At the close of the fiscal ;year Mr. Perkius was occnpied in fnmir;hiug triangulation 1ioints to 
the topographical partJ' at work in the valley of the Couneeticut Rin:r, while .Mr. Van Orden took 
up a working ground with Boston as a eenter. 

Mr. "\Vhiting's duties under instructions iu the Coast and G eo<lctic SmTC,Y, and as the executive. 
member of the State Commission, have required lii8 comstaut atteution i11 the intervals of field work 
as well as dnriug the season of its active prosecution. 

HydrograpMc examinations off tlw coa.~ts of Ma88ad1118etf8 and Rhode Jslaud.-111 (ktober, 1884, 
Lieut. Commander vV. H. Brownson, U. S. N., Assistallt Coast and GeOlktie Surwy. commanding 
the steamer Blake, was directed to make certain hydrogmphic (•xami1iatio11s i11 Yint>;rar<l Sound, 
Narragausett Ba~·, and Block Island Sound, with reference to t1H' existence of da11ger,.; to 1rnYiga. 
tion reported as not laid down on the charts. 

The locality of l1is first examination was in Viur,Yard Som11l, between the westeru end of 
L'Homme Dien Shoal and Nobska light-house. Informatiou had been rcce>iYed at this office from 
Captain Wright, of the schooner Kate Gifford, through tl1e ll;ydrograpltic Ofticc of the Navy De
partment, of the existence of au uncharted shoal in this viciuit.\. Lientemrnt-Cornmamler Brown
son found two lumps to the westward of L'Bomme Dien Shoal, about five-eighths of a mile distaut, 
and situated on the following bearings: 

Nobska light-house, W. if N., two and three-fo11rtl1;; miles. 
Holmes's Hole (West Uh op) light-house, S. by W. ~ \'\'. WPsterly, two and three-c>igli ths miles. 
East Chop light-house, S. by E., three aml 011e-eightl1 mile.,. 
The least water found over the lnmps was twcfre feet.. 'l'licre is 1kcp water aronud them. 
In the Notice to Mariuers, which was promptly issueil, tlH· following· directions were given: 
To avoid this shoal in approaching from the t>astwanl, coutiuue on the eoun;e \V. if N. from 

Succonesset Shoal light-vessel until West Chop light-bou:se hears 8. by \V. 2 W., theu change 
course to SW. lly W. i W. for two miles, when Nobska light-house will hear N\Y. h.Y W. 'l'he 
mmal sailing line may then be followed. 

In this Notice, as in all similar ones published b;y this Office, all lwarillgi> are magnetic aud all 
distauees in nautieal miles. When depths are gh·en they are at mean low water. 

Examination ofa shoal spot near Luca>; Shoal, Viueyard Sound, Jed to the di8co,·er;v of a small 
lump with thirteen and a half feet upon it at low water, aud tl11'('C lmndre<1 feet SW. by W. t W. 
(mag.) of Lucas Shoal. To have this lump well marked, tbe buoy was moved a short distance to 
the westward, as recommended by Lieutenant·Commauder Brownson. 

Early iu November a rock reported near Gould Iislarnl, Sakouuet Hiver, Rhode Island, was 
searched for. A ledge was found about ninety feet in length aml thirty feet in width, lying in 
a W. by S. and E. by N. direction (mag.), with from two to nine feet on it at low water, and 
with deep water all arouud. This ledge bears W. Ji N. (mag.) from the uorth end of Gould Island, 
distant about six hundred feet. It ieR 011 S"\V. i' 8. (mag.) beariug- from the draw in tile Stone 
Bridge. Ifit were buoyed on the eastern ernl, there would be plent~' of room to pass between it 
and the island. The search tor this ledge was conducted by En!<ign "\Villiam '11ruxtun. 

On tbe 8tb of November an examination made b~· Ensigns Edward Simpsc;m and Miles Gorgas 
showed the existence of a rocky ledge two hundred and twenty· eight feet long and about nine feet 
wide S. 350 45' W. (ma,g.) from tbe Jight·house ou Dutch Island, Narragansett Bay. The outer 
end of the ledge is two hundred and eighty-ft\•e feet from high-water mark and four lmmlred and 
five feet from the light-house. For a distance of seventy-eight feet the inner end of this ledge is awash 
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at low water, then gradually deepening for one hundred and fifty feet to sixteen feet, and fifteen 
feet further oft' dro1iping down to four fathoms. The lig·ht-house keeper stated that during the past 
year eight schooneris had struck 011 thh> lt•dgc. l>uring the flood-tide any vessel working in or out 
of Dutclt Island Barbor is iu danger of being set dowu 011 it. A lmo_y has since been plaoed to 
mark its outer edge. 

Further examinations made hy Lieutenant-Co111ma11<ler Brownson in N arrngansett Bay and 
Block IslalHl Sound led to the publication of a No~ice to Mariners embodying the results, as follows: 

( l) Shoaler water th au tlmt gin•11 011 Con lit aud Gt•odetic SurTe_y charts was found uear War
wick, R. I., a patch with a lear;t dqitlt of sen·Bken fed heiJ1g locatt'd S. k W. two aud tbree
fonrtlts miles from the light-house. 

Au examination of tlu· waters off tlw ll!>JlC'r Plltl of Conanicut lslanrl ahm sl10we<l a slight 
shoaling iu patches of from one to t hn·e fret, tlw ](•rn,;t fonml bei11g eighteen feet, one-half a mile 
to tl1e 11orthward of Xort11 Poir.t. 

(2) In the vicinit,\' of Point .ludith several irregular rncky patches were found, 11aving from 
three and one-half to four and three-fonrtl1s fathoms of water over them. Th~se shoals extend 
arnurnl tlu.• point from :NE. liy K 1 K to s·\\·. :} 'V ., witl1 a radnm of seven-eighths of a mile, ffir
Cf']>t to tl1c• 1.;outhwanl and eai:;tward of tl1e point, "·here the radius ir; one-half mile. 

(;J) A rocky patch with a least dqith of i<ixtern fr<'t wai-; developed three-fourths of a mile W. ! 
N. from Coustellation l{ock, e11tra11ce to Gartliner's Ba,\, on the following lwariugR: 

Plum lslaml ligl1t-l10u8e, V\'. '! N., thn·e a111l thJH'-funrths miles. 
Little Gnll Islarnl light-l1omm, NE. 't N., two arnl one-eighth miles. 
Hardiner's Island light-hon8e, S\V. by S., two and one-eighth miles. 
Vessel8 of det>p draugl1t are ea11tio11<•<1 agai11i-;t attempti11g to pal's betweeu Ef'dford Reef and 

Co11stellatiou Roek, as tbe inte1mrdiate bottom is irrt'gular, "itb depths YmJing from seventeen 
fret to four fathoms. 

Reference was made iu my last auuual report to slun•ys made by Lieute11a11t-Commander Brown
son which developed cbauges iu main Sbip-Cliam1el, Vi11e.) ard Sonud, the existence of numerous 
hiolated shoal patches with a least depth of sewuteen feet having been shown to the south of 
GrPat Uound Shoal. 

The Light-House Board ha Ying rPb11oyed the channel, a Notice to Mariners was published hy 
this office, in wllich were given the following dir('(~tion8 for entering: 

Briug Sankaty Head light to b<•ar S"W . .t S., and r;teer for it until Nantncket light bears W. i 
N. Head for this light on the course ginn until past the range of Shovelful light-vessel on with 
l\Ionomoy Poiut Iig·ht, wl1en head for Handkerchief ligltt-Yessel on a NW. ~ N. course. Continue 
on this latter course for about three miles, or until Nautucket light bears SW. hy ·w. i W., when 
taki~ a mid-channel course of WN'W. ~ W. for CroRs Uip light-wssel. The least depth of water on 
these sailing lines at date of sun·ey was fi\·e and a half fathoms. 

The followiug-namecl officers Rerved in the party on tlie Blake during the sea.son of 1884: 
T,ieut. F. H. Crosby, U. 8. N., Ensigns P. J. Werlich, William Truxtun, E. Simpsou, jr .. aud M. 
C. Gorgas, U._S. N. 

U11011 closing work about the end of November, the Blake was taken to New York, and upon the 
detachment ofl,ieutenant·Commauder Brownson from duty on the Survey, was placed under com· 
maml of Lieut. J. E. Pillsbury, U. S. N., Assistant Coast and Geodetic Survey. 

JHagnetic observations at Protiidence, R. I., and on Coaster'.~ Harbor Island, Narrangansett Bay.
In order to determine the changes that ha,·e taken place in the magnetic elements at Providence, 
R. I., since 1855, when a magnetic station was occupied in the grounds of the University, Sub. 
assistant .1. B. Baylor was din·cted, in May, 1885, to observe for magnetic d~clination, di11, and 
hltensity at, or as near as practicable to, the station of Assistant Schott. A new college building 
11aving been erected close to tbi:s station, a 11oint was selected by Mr. Baylor in a large open space 
about 225 feet to the east of the former station, aud uear the college base-ball grounds. 

A meridian for reference was obtained b:.r obserrntions on the sun, and the magnetic elements 
(letermiued on three diffflrent da~·s. For borizontal inteusit~' observations were made with the 
ma-guetometer, and b~· the Lloyd method. 

Similar observations were made at a new maguetic station located on the highest point of Coast· 
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er's Harbor Island, near Newport, the immediate object being to determine a magnetic variation 
for the new chart of Newport Harbor. 

Mr. Baylor has transmitted his records and computations to the office. Duty assigned to him 
in the earlier part of the season is reforred to nuder the headi11g of Section II. 

Hydropraphic exa1ninations in the approaches to Newport, R. l.-Upon being detached in Sep
tember, 1884, from the command of the schooner Drift, Ensign A. F. Fechteler, IT. S. 5., Assistant 
Coast and Geodetic Sun7ey, was directed to transfer his party to the 8Chooner Heady, a!Hl taking 
command of that vessel, to proceed with her to Kewport, H. I., a!J(l make an examination of the rock 
or ledge in the approaches to that harbor, reported by Capt. J. N. Miller, lT. S. N., commanding 
the steamer Tennessee. 

After due search, Ensign Fechteler found the ledge, arHl it ha:-; since been buoyed. [t iH de· 
scribed in a Notice to :Mariners, issued NO\·emher l, hy this otlic(~, as a le1lg-e about 011e-eighth of 
a mile in diameter, with a least depth of nineteen alHl one-half fN't on•r it. The slrnalest wat.er 
was situated on the following bearings: 

Seal Rock, N. ~ E., one-half mile. 
Beaver-Tail light-house, N\V. by W. ~ \V., two arul 01w-half mil1's. 
Brimton's Reef light-vessel, W. ;i S., one and thrt>e-eightbR miles. 
Coggeshall'i:> Ledge, J<~NE. 2 E., one and three-fourths miles. 
In entering Narragamiett Bay from the eastward, to <tvoid this ledge, kt•ep Bc,an~r-'fail light 

on a bearing to the northwanl of N\V. hy IY. 1111til Seal Hock lwars NNK ~ E. 
Ensign Fechteler had the aid of Ensigns F. \V. Kellogg- and F. It. Braiuanl, V. S. N. 
Iu connection with the resun•ey of Loug Island Soim<l, and otf Cape Henry, \Ta.,otlicr examiu

atiom; were made by Ensign Fechteler, which are reforre<l to 1111rler the headi11gs of 8t•ctions II and 
III. 

Tidal observations at Prot•idence, R. l.-Recordi;; for three sncccssirn years ha\'<' recently heen 
transmitted to this office by Samuel M. Gray, esq., eity engiucer of Prm·iden<'e, H. I., from the 
self.registering tide-gauge loaned to the city in 1>57:!. Hecor<lH for two morn .n·ars J1an1 het>u 
promised. Some interruptions have occurred sinct~ 188:!, but it is hoped hernaftcr to haw tlwsc 
records continuous. Those already receiYcd han· fnrnislwd goo1l results. 

SECTIOK II. 

CONNECTICUT, NEW YORK, NEW ,JERSEY, PENNSYLVANIA, AND DELAWAHE, TNCLT'IHNG COAST, BAYS, 
AND RIVERS. (SKKTCil:ES Nos. 1, :l, 4, 17, AX!> I>'.) _ 

Topographical resurvey of tlte nortlteastern coast of Long bland in the t•icinity of Oardiner's Bay, 
Shelter Island, and Greenport; ahw, of the north sh01·c of the 1wu11d f1 om Darfr11, 001111., 1rc.~t1rnrtl.
Jn continuation of the resurvey of Lon~ Island Sound, A.sodstant Charles Hosmer was at work 
at tl1e beginning of the fil-lcal ;rear upou the topographfoal 8nrYPY of the viciuit,r of Greenport and 
Southold, L. I. He had received hi;; instructions t~Jwanl1i the end of :\lay, 1884, a11<1 had beguu 
the filling in of topograpl1ical details west of Greenport early in June. Tlw surYe,Y ha,·ing been 
.completed to include Great Hog Neck by the '.20th of September, Mr. Hosmer trn11sfened his party 
at that date to the scboouer Drift to continue tl1e shore-line 1iun-ey of Gardiner's Bay and Shelter 
Island Sound. 

Field operations were closed on the 51.h of Now•mbPr, the advance of the s<>ason making it 
impracticable to continue the work to ad,·ant:1gt'. 

Subassistant W. I. Vinal was attached to the party during the seasou, and renderecl Yaluable 
assistance. 

The statistics are: 

Miles of shore-line surveyed ....... - _ ... _ ...... - . - . - - . - .. - - - - - . - - . . . . •. . . . . . 88 
Miles of roads •.......•....... _ ..... · ......... - . - . - - .... - - . - . - - - . - . - - . . . 61 
Area surveyed in square 1niles .................................... _ . . . ...................... - . 2~ 

During the winter Mr. Hosmer was engaged in office work, and at the opening of the season in 
1885 was instructed to organize his party for the continuation of' the topographical survey of the 
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northern shore of Long Island Soun<l, between Darien, Conn., and :N"ew Rochelle, N. Y. He has 
furnished a sketch showing progress to tlle close of the fiscal year, and giYen 1>~atistics as follows 
to that date : 

Miles of shore-line sm veyed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39 
Miles of roads . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 
Area surveyed in sq narc miles.. . . . . . . . . . . . . . . . . . . . . . . . ... __ . . . . . . . . . . . . 5 

01mtinuation of the topograph·ical rel!itney of the n.orth shore of Long ]Rland to tl1e west of 
Greenport.-Iniitructiom; assigning to Suhassistant W. I. Vinal the continuation of the shore-Hue 
topography of the sont11 shore of Long Island Sound from tlJe limits of Assistant llosmer's work 
of the previous season were issued about the middle of May, and after some delay on accouut of 
illness, Mr. Viual left for the field May 26. 

He began the work just we.-;t of Goldsmith's Inlet, near the village of Peconic, on the 1st of 
June, confiuin:r himself to a narrow helt. of shore-line topography, allll to the erection of signa1s 
for the use of tht• h~·drographic parties. The topographical features ddineRted were principally 
11igh hauk~ of clay arul grnnJl deeply eroded, detaC\bell howlders i11side awl outlihle of the shore
line, many half-tide and low-water roeks, salt-marsh, seruh thickets, a111l patches of \V001llaud. 

Mr. Yiual':-; SlllTf\Y was makiug good progress at the clo11e of the fiscal year. Gp to that date 
tue 8tati!stics are, i;cale 1-10000: 

Miles of shore-line surn•yed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . - . 13 
.Miles of roads ........... _.. . . . . • . . . . . . . ..... _ ........................... . 
Miles of cruf~ks aud poruls .................... _. _ .. ___ ; _ ..... _ ... _ .. __ ....... _... . . . . .. !J 
Area surve;yed in square miles . . . ............. _.. . . . . . . . . . . . . . . . . . . . . . . . . . 3 

Addition<tl statemeutR of progress will appeitr in tlte next annual report. 
11ydruyrapki<: e.m.mirwtion1> o.ff Terry Pui1it anrT Rocky and Horton'1> Points, Do11!f I.vlattd.-Iu 

order to till certain gaps in hydrographic work off" the north ishore of Long Island, Bnsign A. F. 
Fecl1teler, U.S. N., A,;sistant Uoast. aud Heodetic 8urn·y, comma.udillg the schooner Iieady, was 
directed, in September, 1884, to obtain tlle necessary soundings off Terry Point and Rocky and Hor
ton's Poi11ts. Upo11 t.he completion of this work, he made a l1y1lrogmphic ismTt\V of Southwest 
J,edge near I>uck Island, to tlw west of Mennnketeisuck Point, tilJ(ling- 110 depth leHS than five 
fathoms. 

Enisigu Fechtder11S examination of a ledge in the approaclH•s to Newpurt. Harhor has been 
Teforre1i to mull'r tlie he:t1li11g of Section J. Duty rmbseque11tly assig1wtl to him off Uape Henry, 
Virginia, will lie nw11tiu11ed nuder Beet.ion I LI. 

l<Jnisigus F. ·w. Kellogg and F. R Braiuar d, U. S. N., were attacllf'd to the Hl.'a1ly, and aided in 
the work. 

Topo!Jmphieal re.mrre.ifR at the mouth of the Connecticut Ri1Jer, a1td near Milford a,nd Stratford, 
on the nflrth 11lwre of Lon_q Island Sound; alsu, from Lloyd's Neck east1rnrd on the soutlt shore.-As 
st.a.ted iu the lmit annual report, at the beginning of the fiscal ~Tear, Assistant W. C. Hodgkins 
'<V<ts in the iiehl in charge of a topogmphical party at Saybrook, Comi., i11 continuation of the 
resurvey of the uortlt shorn of J,ong Island Sound. 

Work was co11tinued iu t.he dcinity of the villages of Lyme aud Saybrook, at tbe month .of the 
Connecticnt Ri\•er, until the end of August. It consisteu main!~- of interior topography aud village 
detnils, in extension of the work of tbe previous season, wlwre most of the shore-line hnd been sur
veyed. There was, liowenir, some sl1ore-liue work in various coves aml creek:s which uad not been 
reached before. 

The. character of tlw topography varied considerably. Over a great part of the area surveyed, 
the ground is low and rolling, and there are considerable areas of' salt mari-1h whicl1 are <mt up by 
uumerous branching creeks. Between two or three miles lmck from the Sound1 the ground rises 
rather suddenly to a range of rocky hills from oue hundred to two lrnndred feet high. The vil
lages of Lyme and Saybrook are situated on the low and nearl)· kvel gmnnd south of tliese hills. 
'fhey are quiet country places, each village consisting maiuly of a single long street, very broad, 
and bortlered on eaeh side by Lofty elms. Both villages were included in the a.rea surveyed, to-
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gether with Uie surrounding cultivated laud, aud enough of tlie bill border to ;;how the character 
of the section. 

Ou the lst of September, the work ut>ar the rnoutll of th(• Uounecticut having het>n completed, 
the partJ· wa;; transferrt><l to ~Iilford, Conn., to 1ake up the reRun·e,v of the ;;hore-liue botween tl1e 
work of Assistant R. M. Baclw; weRt of New JJayen, and that of A;;sistant E. Hergesheimer at 
Bridgeport. Betwee11 New H<iven aud Jfridgeport the character of the conutry is much the same 
as that farther ea:st. The hill:s, !Jowenir, approach more closely to tl1e shore, alHl more rock is 
found, forming numerous ledg·e:s offshore iu t!Je vicinity of J\Ierwi11':-; Point. 

For the purposes of tlw pbmt~-talile surn~y, a small tri<rng·ulatio11 was la ill out, four stations wel'e 
occupied, awl a llllmher of spires a111l other promini~nt ol~jects cletermi1wd. At the time of closing 
field operations, ~o,·ember 15, some work had been done on tlw Hou,.;atoui(~ HiYer 11ear Stratford 
and in Milfor1l Harhor; somi• topograph~- near the shor~ complete(l in details, and the cutire extent 
of outer shore-Iiue finished 011 two topographical sheets, to a junction with the topograph,\' 11ear 
Bridgeport. 

During the winter l\Ir. Hodgkins was engaged in inking llii'l field sheet,.;, aud at the opening of 
the Reason in 1885 wa,s im;trnct<•d to resume field work. His party was organized ~lay 18. In the 
vicinity of Stratford the sun-ey of the shore line was carried np the Honsatonic Rh·er a:;; far as the 
railroad bridge, and i11clnded the marsh formation op1o1osite Stratfor1l known aR Xell's Island. '.rhe 
low-water outline waR al:-;o snrve;wct, wheren•r it had been ]pft incomplete last season, the high 
winds of the preeeding autnnrn haYi11g made it impraetieahle to take a hoal on the exteush·e sbottlR 
off tbe mouth of the Hou,.;atonic or a 111ong the roeks off Stratford Point. 

At intervals, as the state of tbe tide fa\'ored, the suney was extended iulaud so as to in
clude the whole of the islarnl known as Stratford Point, and the creek or thoroughfare, Ioeall.r 
known as the Gut, whicl1 separates the point from the rnaiula11d waR snrwyecl throughout, to its 
junction with Bridg·eport Harbor. .This channel, which is nearly dry in mauy plae<•s at low water, 
forms a sa.fe pas8age at high water for small craft, between Bridgeport and Stratford. 

Work in the \'ici11ity of Bridgeport was closed June 11, and next day tlw party was tl'aus
ferred to Huntington, Long Island, to take up the resurn•y of Llo~·d's N<>ck awl the shore to the 
eastward. At the close of the fiscal year, the necessary preliminar~· work of putting np ,.;ignals 
and determining uew points was well itdvanced. 

Mr. J. "\V, G. Atkins wa8 attaclwd to the party '._l>S acting aid during the s<>ason, and r1•11dercd 
diligent sen·ice. 

The statistics of work of the JPar iu the sen·ral localitiei'l are as follow!', the seal(• lwing-
1-10000: 

Connecticut River: 
1\liles of sliore-liue sun·cyed ......... _ ......... ___ . . .... _. . . ___ ... _ _ . __ . . 30 

l\filesofrailroadsandotherroads ····-----·· -·-··· ·--- ·--·-··---··--- 24 
:rtliles of creeks ..... - . . . .. . .. .. . . . . - . . . .. . . . . .. . . .. .. .. .. . . . . . . . . .. __ . . . . .. . . . . . . .. .. . 32 
Area sun-eJed in square mileR .. - ...... - - - -...... _ .. _ .......... __ - - - . . . . . . . . . 8 

Vicinity of Milford and Stratford, Conn.: 
llilesofRhore-linesurrnyed .. - ..... _ ---------·--·---- _ ·-·-- --·--·-- 70 
lliles of roads .. _.... .. ................................... , . . . . .. .. . . . . . _.. . . . .. . . . . . . . . 2!! 
Miles of creeklil, including low-water and marsh outlines.... . ... _. _ - - .... - . - . . 50 

Huntington, Long Island: 
Miles of shore-line 8lll"VO.)'ed __ . _. _ .... __ .. _ . _ _ .... _ .... _. _ ........ ______ . _ _ 5 

Miles of r<>}1ds. .. ... . . ................ _ ........... ~ .......... , ........ _ . . . . .. . .. .. . . .. .. . .. . 2 

Continuation of the topogra,phical resurvey of the north .~hore of J,ong /8land 801111d in the ricinity 
of Madison, (}uilford, and Bra,njord, Oonn.-At the hegfoni11g of the fi,;ca.l year, t lw part.r of As:-;ii,;t
a.nt W. H. Dennis harl heeu in the fh·ld for nearly a 111011tb, eugag(•d in fillinir in the details of 
shore-line topography in the towns of .MadisoH a11d Guilford 011 the north coast of Long 18land 
Sound. 

Tb is snrwy comiects with Mr. Dennis's work of the preYionR season in tlll' town of Cliuton. 
A small supplementaQ· plane-table sheet had been laid out to coyer Falkner's faland. 

Bl the 17th of November, wpen fie~d operations were closed for the season, the topography of 
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the Connecticut shore in the towns of l\fadh.;ou a1ul Guilford, and that of Falkner's lslaml, was fin
ished, and a hc>ginning ha<l been ma<le on the plane-table sheet of the town of Branford, carr,ving 
the snrvey wt~stward towards New B:we1f. 

The statiHtics of work accomplished arc as follows: 
Miles of shore- line smTeJ·ed ............... - - . . . . . . . . . . . . . . . . . . 39 
Miles of roads surveyed ......................................... - . . . . . 58 
Miles of creeks imrveyed .. - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ~30 

Area surn1yed iu square miles .............. - - . . . . . . . . . . . . . . . . . . . . . . . . . . 17 

Subassistant C. II. Oan Orden was assigned to duty in the party early in August, and served 
with great acceptance to the close of the Reason. :\1r. J. \V. Dndle,v rerHlered Rervice as acting aid 

In Ma~·, 1885, 1\fr. Dennig, who had been 011 office.work during the winter, was instrncte<l to re
organize his party for the continuation of the survey in the town of Branford. His report of tho 
progress of this survey to the close of the tiscal year has been received. Many ledges aud rocks 
were inclnded in the work which could ouly be delineated at low water. The statiHtics to June 
30 are: 

Miles of shore-line surveyed . . . . . . . . . . . . . _... . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23 
Miles of roads, creeks, aml marsh lines . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47 
Area surveyed in square miles . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 

r,ieut. G. Lange, of the Norwegian general staff, was assigned t-0 the part~· as aid 011 the 1st 
of ,June, :tnd proved a ,·er.r valuable assistant. 

In11hore hJ/drogra:phfr 11urvey of the northern f'Oa# of Lrmg Island Sound frmn Hammo11a111wtt Point 
to TFelcl!'11 Point.-In continuation of the hydrographic resurvey of Long Island Sonnd, Lieut. \V. 
G. Cntl(•r, G. 8. ~.,Assistant Coast and Gt:1odetie Survey, <'Ommanding the schooner Palinnrus, 
was instrnctecl, at the outset of the fiscal year, to organize bis party on board of that vessel and 
take up the hy<lrography of the uorth shorn of the Sound between Hammonassett Point aml 
Welch's or Cedar Point., on the eastern side of Milford Harbor. 

This survey was begun Juls 18, 188i, antl was completed No,·ember 14. Its resultR are com
prised iu four hytlrographic sheets on a scale of 1-10000, with limits as follows: Sheet No. 1, from 
Hamrnonassett Point to Saclrnm's Head; Sheet No. 2, from Sachem's Head to Branford Beacon; 
No. 3, from Branford Beacon to Southwest L~dge Light, and No. 4, from Southwest Ledge Ligl1t 
to \Velclt's Point. 

The soundings upon ;;heets 1 and 2 were reduced to mean low water of a tide-gauge established 
on :Falkner's Island; thrnm 011 sheet,.; 3 a11d 4 to mean low water of the Southwest Ledge Light
house tide-gauge. 

Lieutenant. Cutler has l'.'nbmittml a re11ort of his season's work whic1h bears witness to most 
careful a.ml exhaustirn st.1111,v of the llydrographic characteristics of the localities iucluded in his 
Rllr\'t\V. Close examinations wen• made of all harbors or anchorages, sailing directions for entering 
given, aIHl a.II dangers minutely described. His suggestions and notes will be of great value in 
future editions of the local Coast Pilot. Certain danger1:1 developed bs his survey, and not here-. 
t.ofore shown on the charts, were brought to public attention b_y the 11ublication of t.he following 
Notice to Marines, hearing date of November 1, 1884: 

Six-Mile Reef.-This is an exten..,ive pa.tcl1 of shoa.J ground l,viug near the middle of the Sournl, 
abont six miles from Clinton, Ooun. The general depth of water co\·ering the reef is from five to 
seveu fathoms except on a small ledge situate(l near the Wl'stern part of the reef. This ledge is 
abont one-fourth of a mile in diameter aud has three and one-fourth fathoms on its shoalest spot, 
which is located 011 the following bearings: · 

I•'alkner's Island Light-House, WN\Y., se,·en and one-eighth miles. 
Southern extremity of Hammmmssett, Point, N. b,\' \V. g W., four iwd one-fourth miles. 
Cornfield Point. Light-Yessel, ENE.~ E. fh·e aJHl one-half miles. 
Horton's Point Light-House, S. b.v E. i E., isi.J; aud one-half miles. 
\" esselis hon nd through the Sound from tile Race, if following the directions for the main chan

uel passing to the northward of Stratford Sl1oal J,ight, will pws about one-fourth of a mile to the 
southward of this rock. 
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Northwest Reef.-This is of very small extent, has a depth of six and one-half feet over it, with 
surrounding depths of five and six fathoms, and is located on the following beariugs: 

Branford's Reef :Beacou, \VSW., one and one-half miles. 
Falkner's Island Light-House, ESE., five ttnd three-fourths miles. 
Lone Tree on Outer Thimble, ENE., seven-eighths of a mile. 
All bearings in tbis Notice are nmgnetic, all tlistances iu nautical miles, all(l all deptl1s at 

mean low water. 
Lieutenant Cutler makes special mention of the fact that Jfranford Heef extends more to the 

northward than to the southward of the Beacon, and should uot be approached from the northward 
nearer than about one-fifth of a mile. Branford Harbor he deems a very desirable ancl1orage for 
vessels drawing ten feet, desiring protection from the eastward, northward, or westward. It is 
not obstructed by leuges or sunken rocks aml has no dangers wLicli- are not in sigLt or buoyed. 

With regard to the approaches to New Haven Harbor, he observes that.a breakwater two thou
sand one hundred and sixty foet in length now extends from South west Ledge Light in the direc· 
tion of Quixe's Ledge; bence t!Je Light Lists and Buoy Lists, which state that Soutl1west Ledge 
Light may be approached close to on all Rides, need some modification. 

Ensigns .F. H. Sherman and J_ S. Watters, U. S. N., were attached to the Palinurus. 
The statistics of tlie work are: 

Miles run in sounding. - - _ . _ . _ ...... - ........ - . - - -.. _ ... · - __ . - - - - . - .. - . . . 515 
Angles measured .•............... _ ..... _ -..... - - - -.. - __ .. __ .. - . - __ .... - 6, 677 
Number of soundings. - __ .••. _ .. _. - _ . _ .. _ ... - - . - .... _ .... _ ... __ ... _. ___ . 40, 377 

During tlie winter the Pa.Jiuurus was laid up at the Jlavy-yard,New York. As early as prac· 
ticable after the appropriation for the resurvey of New York Harbor 1Jeca111e available, Lieutenant 
Cntler was assigned to duty on that work, reference to whieb will be made later in this rt>port. 

Tidal observations with an automatic tide-gauge at t1ze Light-House on tlte New Hm;en Break· 
water.-Mention was made in the last annual report of the completion of somewhat more than a 
year's record of the tides on a self-registering tide-gauge which had been established at Fort 1.rrum
bull, New London, Conn. At the beginning of the fiscal year this gauge was transferred to the 
Light-House on the New Ilaven Breakwater, and a tidal record was begun July 31, 1884, which 
was continued until December 2. This record was beguu again May 12, 1885, and will be ke1)t ap 
during the season. It is under the general supervision of the clliefs of hydrograpbic parties in 
Long Island Sound, and wm furnish a plane of final reference for the soundings as the bydrogra.
phy reaches New Haveu Harbor and advances westward. 

Contin·uation of tlie topographie resurvey of tlie north shore of Long Islattd Sound u:estward 
from Frost (or Farms) Point, and including tlie Norwalk Island11 / also topograpltical resuri1ey of tlte 
sliores of East River, New York.-Towards t.he close of .July, 1884, Assistant E. Hergesheimer, 
under instructions to resume the topographical resurvey of the north shore of Long Island 8ouud 
and carry it westward from the limits of his pre,·ious season's work, began field operations, ~nd 
by the 16th of October had completed the topography of the north shore to South Norwalk ancl 
as far inland as the New York, New Haven, and Hartford Railroad. The survey included also 
the Norwalk Islands. 

The statistics of this survey are: 
· Miles of shore line surveyed, including shore line of rivers, creeks, arnl 1•onds -... 90 

Miles of roads _ .......... __ . _ . - - - . - .. - - - -- -. - .. - . - . . . . . . . - . - - . - - .. - - - . - - . . 44 
Area. surveyed in square miles . - - ..... -. - - - .. - .... - ..•.. - .. - - - - - - . - - - . -.. - . - . 6 

During the winter Mr. Hergesheimer inked his plane-table sheet with more than usual care 
as a sample of topographical delineation 011 a scale of 1-10000, and deposited it in the office. 

For the purpose of noting topographical changes and additions on the water front of the inner· 
harbor of New York and the East l:tiver, Mr. Hergesheimer left Washington under instructions on 
the 27th of October, and upon reaching New York made an examination of t!Je water front of East 
River and the inner harbor, in order to decide in what localities the changes were so marked as 
to require resurveys, and the extent to which tlfe local municipal surveys could be made available. 
After completing this examination, November 7, Mr. Hergesheimer returned to the office and 
submitted a detailed report of it with estimates of cost of surveys. 

H.Ex.18-4: 
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At tlie opeuing of tlte season i11 1885 instructions were jssued to Mr. Hergesheimer, acting 
under which he left vVasbington, April 27, and organized his party for a resurvey of tlte shore 
topography of the East Hiver from Hed Hook to Throg's Neck. In executing this work he was 
authorized to make use of such details of previous work by the Coast and Geotletic Survey, by the 
Department of Surv1ws of Brooklyn, and by the Department of Docks of New York City as upon 
verification in the field he might find to be trustwortlly. 

As the work progressed, tracings of shore line were supplied to the 11_ydrographic parties. Mr. 
Ilergesheimer had completetl one table sheet and transmitted it to the office, and bad begun a 
second soon after the clrnm of the fiscal year. A fuller account of his work is necessarily reserved 
for the next annual report. 

Mr. J. H. Gray was attached to the party as aid during both field seasons, and rendered accept
able sen·ice. 

Triangulation in the wester·1i part of Long Island Sound exten<ledfrom Lloyd's Neck towards New 
Roohelle.-At the beginning of the fiscal ;year, the party of Assistant Gershom Bradford was at 
Oyster Ba_y, Loug Is laud, engaged iu the preliminary work of reconnaissance and lmilding signals 
for the extension of the triangulation of Long Island Sound westward from Captain's Island on 
the uorth shore of the Sound and Lloyd's Neck 011 the south shore. With some interruption, 
owing to delay in the passage of the appropriation, tile work was continued until August 28,when 
it became oesirable to assigu Mr. Bradford to another field of duty. As already mentioned under 
the heading of Section I, he reported to Assistant Henry L. Whiting early in September to carry 
011 under his general direction a triangulation in aid of the topographical survey of the State of 
.Massachusetts. 

After the close of field-work, December 4, in that State, Mr. Bradford was occupied dur
ing the winter in compkting his records a11d computations, autl towards tile end of Ma.~·, 1885, 
was directed to proceed to the western part of Long Island Sound, to furnish }loiuts for the topo
graphical parties at work in that locality, and to continue his work of the season of 1884. 'Vork
ing eastward from New Rochelle, N. Y., on the north shore, he canied the triangulation to Cap
tain's Island, and the11 crossed the Sound to Sea Oliff i11 Hempstead Harbor and closced the gap in 
the survey between the line Captain's Island-Oak Neck, the eastern limit, and the line Prospect 
Point-Whortleberry Island, the western limit, inclulliug Hempstead Bay. 

Following are the statistics of field-work to the close of the fiscal year: . 
Number of stations determined.. . . . . . . . . . . . ................. _ . . . . . . . . . . . 27 
N um her of horizontal angles ohscrvc<l .... _. . . . . . . . . . . .... - . . . . . . . . . . . . . . . 113 
Nnmher of measnremeuts (direct and reverse) .............................. 1, 404 

At the date of which this report. closes the t;'iangulatiou is still in progress. 
Topo.<fra]Jltical resurce.IJ of tlte north shore 11/ Long lHland Soun1l continued fron:i Darien, Oonn., 

towards New Rochelle, lit'. Y.-Me11tiuu has already l>een made of the llfogress of the topographical 
reaurrn,y of the uorth shore of J_.oug Island Sound from Dariell, Conn., westward under the first 
caption in this section. Assistant Hosmer, iu charge of the party, has submitted a report with 
statistics, showing· satisfactory progress up to the close of the fiscal year. A more detailed state
ment will lle presented in the next annual report .. 

T1>pographical rcsurnC!f of ihe shores of the Bast Riter, New York.-At the date at which this 
report closei;, a topographical resurvey of the shores of the East River, New York, is making ex
cellent progress under the direction of Assistant E. Hergesheimer. l\font.ion in some detai1 of this 
work has bt'eu maue umler a previous heading in this section referring to surveys westward from 
:Farms (or Frost's) Point. In the next annual report a full account of it will appear. 

Hydrograpliic resuri•ey of the Bast Rii·er: New York.-Early iu May, 1885, Lieut. J.M. Hawley, 
U. S. N., Assistant Coast and Geodetic Stu,Tey, was directed to organize a party on board of the 
schooner Eagre for the purpose of making a hydrographic resurvey of the East River, New York. 

Having anchored tlie Eagre on the 1.<hoal to the southward of Gowrno1·'s lt!land, and esta.b. 
lished a self-rngistering tide·gauge on tlie northwest corner of that island, near Castle William 

' I~ieutenant Hawle_y b_y the 30th of June had completed the bydrograpby of tbe East River to 
Brooklyn Bridge, with that of a portion of the upper bay. 
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He had the aid of a steam fannch from th~ Navy-Yard, and acknowledges the tuany eourt<~sies 
extended to the party by the officers stationed at Governor's Island. He mentions also the gwat 
assistance rendered in the work by the shore line and positions of stations furuished by Assh.;tant 
Edwin Hergesheimer, in charge of the topographical resurvey of the shore;,; of Uie Eai:;t Rin\r, 

As may be supposed, much difficnlty was experieucell in that crowded port in rm1ni11g lineR of 
soundings, ou account of passing vessels. 'rhe launch carrieu a black ball on the flag-pole, autl 
notices were published in the New York papen; calling attention to the significauce of this ball, 
but with the exception of the ferry-boats, few ,-essels gave the launch the right of way. 

In addition to the i·egular lines of soundings, rmrny lines were run, ver,y elose togetl1er, 
across Dimond Reef, upou which the least water found was twenty-om\ feet. 

The statistics of the survey, upou a scale of 1-5000, to the close of the fiscal ~·ear, are as 
follows: 

1\'Iiles run in sounding· . _ . _ .. _ . __ .. _ _ _. _ . ___ . __ . __________ ......... _ . _. 
Angles measured ....... _ ........... _ . _ ... _ . ___ . _ .. __ .. _ . _ _ _ _ ....... _ . 
Number of soundings_. ___ .. _ .......... - _ ... ____ ........ _ .. _. ________ . _. 

156 
2,736 

11, 700 

Ensigns F. H. Sherman, A. W. Dodtl, and R 0. Bitler, CT. S. N"., wern a,ttachcll to tlte Engre, 
and aidecl Lieutenant Hawley in the work. As it is still in progress, fnrther mention of it is re
served for the next annual report. 

Determination of points for the resurvey of New rork Loire,. Ba.lf.-80011 after the miutlle of 
April, 1885, instructions were issued to AssLstant K P. Dickins to proceed to New York and 
make tl1e triangulation needed for the re8uney ur New York Bay and Harbor. He was dircctetl 
to concern himself first with the points· required for the resnrwy of the lower bay, an!l espechtUy 
those on the south side of Uoney Island and Ifockaway Heacb. He was to examine the condition 
of the old points with a view of recovering as many as practicable, re·estahlishing those that hail 
been lost, and supplementing additional points where necessary. 

In this work he was occupied till June 26, when he was detached and receiYed orders to pre
pare for duty upon the Pacific coast. 

Mr. Dickins reports the following statistics: 

Stations recoveretl _ . - _ .... _ ... _ - .......... __ . __ . _ ...... _ .......... _ . _ . . . • 8 
Signals erected ....... __ ...................... _ . . . _ . . . . . . . . ......... _. . . . . 1~ 

Stations occupied .................. _ .... ___ .. _ . _ ... _ ... _. __ .. _ ....... _. _. _ .. 15 
Objects observed ____ .. _ . . .... _ ..... __ . _ .•........ __ .. _ .. _ ..... _ ........ _ . . . 93 

Hydrographic r&iurvey of the entrance to New York Bay.-In the spring of 1885, instructions 
were issued to Lieut. G-. C. Hanus, U. S. N., Assistant Coast and Geodetic S11rve~·, to fit the 
steamer Endeavor for service, and to proceed to make a bydrographic resurvey of New York lower 
bay and entrance. 

The vessel arrived at New York from Norfolk April 28, and the party baying been organized, 
preparations for the work by building signals, &c., were begun. Soundings were commenced 
June 2. A full report of operations is necessarily dPforred to the next annual report. Up to June 
30, the close of the fiseal year, tbe statistics were,: 

Miles run in sounding __ .....•.......... __ ... _ .. _ . _ ........... - . , ...... - . 320 
Angles measured. __ ..... ·------· __ ..... . ..... _ .. _ ...... _ ... - ....... _ 5, 247 
Number of soundings .......... __ ... _ ......... _. _ ....... _ ........ _ ... _. _ 16, 411 

The following-named officers were attached to tbe party on board of the Endeavor: Ensigns 
C. S. Ripley, E. F. Leiper, F. R. Brainard, and G. R. French, U.S. N. 

, Other duty executed by Iiieutenant Hanus is referred to under the headings of Section V and VI. 
Topog1·apkic resurvey of the shore lines of Gonelj Island ~nd Roekwway Beach, New York Lower 

Bay.-Tbat portion of the topographic resurve)' of New York Bay aml Harbor which included the 
shore lin~s of Coney Island and Rockaway Beach was committed to the charge of Assistant Joseph 
Bergesbeimer. He took the field June 18, 1885, and has submitted a report showing satisfaf~tory 
progress during the limited time ela.psiog between that date and the close of' the fiscal year. The 
p.ext 6Jlllual report will give a fuller account of this work. 
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Mr. Hergesheimer's field-wotk during the previous winter on the Gulf coast is reported under 
the heading of Section VI. 

Topographic resurvey of the shores of the North River, New York.-Early in June, 1885, Assistant 
D. B. Wainwright was directed to proceed to New York and take up the topographical survey 
of the shores of Nortll River, from Rf'd Hook and Gaven's Point to Fifty-ninth street and the 
opposite shore. The immediate oqjed of this work was to supply positions and shore-line needed 
by the hydrograpbic parties. Mr. V\-ainwrigbt was instructed also to confer with Assistant E. 
Hergcsheimcr in regard to obtaining and using data from the municipal authorities of New York 
and of the towns on the New Jersey shore, availing himself of all necessary shore-line within their 
control, but always lletermining the position of salient points by the plane-table. 

In pursuance of these instructions, and to meet the wants of the hydrographic survey, he began 
by determiniug all prominent buildings and objects suitable for signals from the Battery tu Four
teenth street on the New York side, and from Communipaw to Castle Stevens on the New .Jersey 
side. Points on the upper topogrnpliic sheet were then, determined on the New Yorl:" shore and 
opposite from Fourteenth street to Eighty-third street. Tracings showing position of signals de
termiued were furnished to the bydrograpbic parties. 

Mr. "\Yainwright then began the work of delineating the shore-line on the New York side, and 
by the close of the fiscal year had complete<l the field survey from Fourteenth street to Sixty-fifth 
street. He fou11d it advisable to extentl the work somewhat beyond the as:signed limits iu order 
to include the new ancl very large docks of the New York Central Hail way, which are also the last 
of any importauee ou the New York side. 

Preparations were then made to take np the shore-line survey on the New York side from 
Castle Point to Weehawken l<'erry. Further ruention of Mr. Wainwright's progress is necessarily 
deferred to the next annual report. His serTices in the earlier part of the fiscal year are referred 
to under the heilding of Section III. 

Hydrographic resurvey of the .lforth River, New rork.-That portion of the hydrographic re
survey of New York Bay and Harbor included in the North River and its approaches, was 
assigued in May, 1885, to Lieut. William G. Cutler, U.S. N., Assistant Uoast and Geodetic Surve_y, 
commanding the schooner Palinurus. Lieutenant Cutler began soundil1gs May 2.3, and between 
that date arul .June 30 had finished the restu\·e.r of the Nort.h Hi\'er, with tile exception of the 
wl!arf-lines from Castle Garden to 'V eehawken l~erry. The hydrographic projections furnished 
t-0 Lieutenant Cutler for his work were upon a scale of 1--5000. A more detailed account of thii; 
slll'vey will appear in the next annual report. 

Ensigns E. E. Wright and A.G. Rogers, U.S. N., were attached to the Palinurus. 
Mention has been made under a previous headi11g in this section of the hydrography execute(] 

by Lieutenant Outler on the north shore of Long Isla11d Soaml, l>etween Hammonas1mtt Point and 
\Velch's or Cedar Point. 

lJei•ewpment of plans for the study of the physical hydrography of New York Bay and Harbor.
Need of special examinations to a.secrtain the physical history of the cha-ngesin 1llono1noy Slwals.-As 
soon as practicable after the appropriation for the resurvey of New York Bay and Harbor became 
available, Assistant Henr,y Mitchell was directed to reopen the study of the pl1~'sics of the harl>or, 
and supervise the further collect.ion of data for the purpose of ascertaining the laws of action of 
its tides and currents. 

Assistant H. L. Mariudin was at the same time instructed to organize a field party with 
such subdivisions as l\Ir. Mitchell mi~ht advise, and authority was gh·en to procure bJ- transfer 
from the service of the Mississippi Hiver Commission two traiued experts in river gauging. 'l'o 
Mr. Marindin's party Assistant Marcus Baker was assigned, his instructions, dated May 28, 1885, 
directing him to proceed to Boston and report to Mr. Mit-chell for general conference and-con
sultation in conjunction with Mr. MarincUn. 

At the date at which this report closes, two parties ba(l been organized for the hydrological 
survey, one in the schooner Drift, under the command of Lieut. F. S. Carter, U.S. N., Assistant 
Coast and Geodetic Survey, all(l the other in the ischooner Scoresby, Assistant Marcus Baker com
mamiing. Their work was to ascertain what are the functions of the different bays -and rivers 
emptying into New York Harhol' in maintaining the depths over Sandy Hook Bar. 

1\Ir. l\1itcl1ell has indicated the following physical questions as among the IJ\Q~~ im_\)Ortant, per· 



 

UNITED STATES COAST AND GEODETIC SURVEY. 29 

haps, that have remained unsolved with regard to the projects of encroachment iu different parts 
of the harbor: 

(1) In what relative proportions do the two entrances of tlie harbor supply its tidal volume! 
(2) In what relative proportions do the two entrances to the harbor dischar~e the river waten•, 

and how do these proportions differ with floods and low stages of the Hudson! 
(3) To what depth, if limited, does the influence of tl.Je river water extend, aud how doe8 this 

deptl1 vary with amount of river discharge~ 
(4) To what extent is the Hudson River a tidal reservoir as affecting New York Harbor; i.e., 

at what distance above New York would au exclusion of tlle tide reduce the flow througl.J the har
bor below, at the period of least fresh-water discharge' 

(5) What is the ph;ysica] value of Newark Ila;y as a tidal reserYoir tributary to New York 
Harbor! 

With regard to t.his important harbor, Mr. 1\fit-Ohell remarks that tlrn former physical surYey 
cannot be repeated to advautage except by au expenditure of time and money that will make it 
practicable to occupy a number of points simnltaneonsly, so that the work will faithfully reflect 
all that goes OH iu the great, channels at the same instant of time. 

Jfon011w11 Shoals.-Yers serious apprehensions are felt relath'e to the ilwrease of obstrnctimrn 
at the eastern entrance to Nantucket Sound, and great difficult,v has been experienced in keeping 
Urn chart correct, Nlpeciall,v as regards the sailing lines. The Increase of tile shoals and their 
movements have been pretty well connrcted with the rapid degradation of the shores of Cape Cml, 
at and above Chatham, so that it is almost certain that some mo\Tements of' the sea, uot yet. prop
erly gauged, must account for both the destructive and constmcti ve phenomena obsenTed. 

Although glacial cliffs along the coast are everywhere gi\'ing way before the dash of the Rea, 

the destruction is not rapid, exce11t where there rum; in some ocean current (tidal or otherwise) to 
carry off the tlf\hris as fast as· it falls into the sea. Oue obsen·es from a comparison of ancieut aml 
modern charts, and even from repeated sur\Te;)'S in our own time, that the submerged c011tours near 
the elbow of Cape Uod fall Lack some.what as the coast recedei<, and the Mouomoy Shoahi in
crease as they move to the southwestward. 

This movement of the shoals has reduced the wi1lth of t.l1e channt'l known as "Butler's Hole" 
to one-half its former width, aml has show11 across the great. south cl1auut'l "lumps" of 1leposit, 
which render the deep track tortuous and dangerous. 

In liis annual report., Mr. Mitchell recommends that the physical histor,v of these' clianges ht.\ 
ascertained, not on1,y by comparing ancient and modern maps and surn1~·s, but by observing- tit(' 
w:tves and currents till the dynamic scheme is plai11ly trong!Jt out. It may be that 110 remedy for 
the deterioration is possible, but until a dia.gnosis of the eal'le has been mnde, 110 such verdict ca11 
be declared against the interest of over twenty-five thousand yei;;;el>' tliatannuall~- pass this way. 

2lfississipp·i River Co11111ii11sion.-'l'he surYey is repn·sente(l h:y .Mr. Mitchell npo11 the Mississip11i 
River Commission. Much of hi:s time is tlrns employed, lint 11ot to the l'Xclusion of other duties. 
His relation to the work of the Corn mission he makes a theme in his amrnal report, for the sake of 
recording his objection to the proposed high-water closure of the Atclmfalaya, on the ground, prin
cipally, of its increasing the velocity of the grea,t floods to an extent that would sometimes preveu t. 
vessels from towing up to New Orleans from the sea, shoultl the present riYer banks (and laud" 
adjacent of almost inca1cnlable value) bold against the wear of the main stream. 

Advisory Oommissfons.-Iu bis annual re.port, Mr. Mitchell, referring to atl,·isory commission::; 
in genera.I, says: "They are a body of experts who study the physical data and the generic wants 
of navigation. In recommending the harbor lines, those beyond which no one shall huild and to 
which building in a certain order shall be prosecuted, the advisory board does not recognize in
dividual interests or e11t1wprises, although it fre<1uently happens that. the adjustment of rival in
terests turns upon itf! decisions. It is usually the function of the local commission to have hear
ings of parties in interest, and settle disputes-, but an appeal is m~ule to the aclviso1y eonunission 
in all cases where decisions may rest npou physical data. The particular value of the advisory 
commission appears when two ri.val interests, both disposed to be fair, but each jealous of the 
other, fin<J themselves confronted by a physical reason, a re&1on based upon the natural laws of 
the tides, currents, or cross-sections. I have so often seen cases settled in this way that I have 
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come to thiuk a physical reason tlie best reason, because recognized as higher law. One may 
eai;ily sec that rival claimants for water space on opposite !'hores of a river caunot be equally en
titled, because the river flo"· ii; not the same o~ the two shores, and encroachment from one shore 
must disturb it more than from the other. In very many ways such inequalities pn~seut them
selves, and the party losing discovers that his best intere8ts lie in gracefully and promptly yield
ing to a reason which the comlllunity is ready to adopt." 

Special reports lHn-e ueen presented by Mr. Mitchell res11ectiug the necessity of a light-house 
upon George's Shoal, and upon the changes in extent and location of the shoals in Delaware Bay. 

Later, under the heading of this section, is given a resume of the work of Assistants Mitchell 
and "M"arindin with reference to the adjustIDent and solution of important practical qnestio11s affect
ing the navigation of Delaware Bay and Hfrer, and the respectiYe limits of jurisdiction of the 
States of New Jersey and Delaware over the waterH of the river and ba;\·· 

Records of ob8ervantions with self-registering tide·gaugts at (/01,ernor'11 Island and at Sandy 
Hook.-Early in May, 1885, au automatic tide-gan1rn was establisl1t'd on the wharf at Goveruor'8 
Island, Xew York Harbor, to he used iu connection with the hydrogrnpltic resurvey of the harbo1· 
and bay. This gauge will haw the supervision of the narnl officers in charge of the hydrographic 
pa,rties in that vicinity. 1'he records from the self-registering gauge which was maintained at the 
same location on Govemor's Island for upwards of 1;ixtee11 years, ending in 1879, ,yielded valuable 
data for the study of the tides of New York ent.rance. -

The automatic tide-gauge at Sa1ifl.Y Hook, New Jer::;P_y, wliich l1as been kept in operation with 
comparath·ely few interruplious for several ye<trs, ,,.a:., in charge of l\lr. I<'. vV. Shepheard during· 
,July aml August, 1884. A stoppage of several months then followe<l, owing partly to tl1e necessity 
of repairing the gauge, and of trnfoi11g a 11ew obsern-r, l\ir. Shepheard hiwing resigue(l. Towards 
the eud of March 1\fr. J. "\V. CorlJett was placed in charge, and reconls lrnve been received since 
the close of that month. 

Topographical res1trrey of San(l,IJ Hook, New J cr.~cy.-Chauges iu tb e shore-line of Sandy Hook and 
of the hydrography in its Yicinity, as affecting the m:liu ship channel abreast of the Hook, have called 
for much study, based upon careful resurveys, to ascertain the laws governing these changes, and 
to determine their extent and influence. In connection with the resurvey of New York Bay and 
Harbor, a topographical resurrn.r of the Hook was deemed essential, and early in Jnue, 1885, this 
work was assigned to Mr. E. h Taney, an aid in the Survey of triml ability as· a topographer. 
)lr. 'fm1e~··organized his party and arrived at the Hook .June 16, and at the elate at which this re
port closes was actively at work. Further mention of bis progress will be made in the next annual 
report . 

.E.x:tension of reconnais8anoe and triangulation in tlie southern pa.rt of the Sfa.te of New Jersey.
As stated in my last annual report, geodetic operations in the southern IJart of the State of New 
Jersey were resumed by Prof. E. A. Bowser, acting assistant, at as early a date as practicable in 
the spring of 1884. At the beginning of the fiscal year Professor Bowser ha(l selected a snfficie11t 
number of1>0ints to the west and southwest of vVilliamstown, Gloucester County; to close the ho· 
rizon around that station. The country being mostly flat, and in many places heavily wooded, 
signals ranging in height from forty to upwards of one hundred feet had to be erected to make the 
reconnaissance successful. -

On July 7 the occupation of stations of the triangulation was begun, additional reconnaissance 
having bt>,en postponed till later- in tlie season. Station A pplepie Hill, about five miles west of the 
town of Shamong, Burlington County, was first occu1>ied. Five primary points were observed upon 
from this station, the point farthest t-0 the east beiug Ridgeway, distant from the Atlantic coast 
a little over seven miles, aud the most western point, Berlin, beiug within twelve miles of the 
Delaware River. 

Upon the completion of observations at Applepie Hill, August 26, the old monument which 
had marked the station was placed five and a half foet below the surface of the ground, and a 
granite post of the usual dimensions for a surface mark was set in hydraulic cement, its top, upon 
which the center of the station had been marked, being within six inches of the surface. 

Berlin Station, near the town of that name, in Camden County, was next occupied, itlld on the 
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26th of September, all observations at this station haYing been finisl1ed, the poiut was marked in 
the same way as the first station. 

The triangulation closetl No,·emlier 5 with the occupation of ~tation Mount Holly, Bmlington 
County, antl on the next day Protl•ssor Bowser resumed the reco1111aissanc", aml hy the end of the 
season bad carried it southward to the line Kellogg-Rusi;ia, the latter station being about seYen 
miles northwest of Tuckahoe, on the river of the same name, which flows into Great Egg Harbor, 
and the former three and a half miles northeast of MillvilJe, Cum berl:nul County. 

Following are the statistics of the work: 

Number of angles measured between primary stations ..................... "... 18 
N um her of angles measured between secondary and tertiary stations.. . . . . . . . . . 20 

At the opening of the season in 1885 Professor Bowser was instructed to take the tield iu 
continuation of the reconnaissance and triangulation of the State. 

Extension of' reeonnais.Yance and triangulation in the ea~tern porti.on of tlic State <!f Pennsylt'ania.
Up to the beginning of 1884, the geodetic operations carried on for some years precediug in the 
eastern and southeastern portions of the State of PenusylYa11ia ltatl dett•rmined accurately in geo
graphical position thirteen stationR of the. tria11gnlation resting on the fixed primal')· liucs Jleeting· 
House-Priucipio ancl Newtown-Mount l~ose. 

A large number of subsidiary points hacl also heen determined, including church spi.res and 
prominent huildings. Through the liue Newtown-Mount Rose a connection had heen obtaint>d 
with the triiwgnlation of the State of New Jersey. 

Early in July, 188J, Prof. Mansfield Merriman, acting asRistant, was inRtructt'tl to orgauizt> a 
party for continuing the triangulation aml rnconnaissance, arnl lwga11 tiie occupation of statiou 
Swatara Ga11, alJunt eleYeu miles northwest of Lebanon, Lebauon Count~·. 

Heliotropers were posted at Wo111elsclorf, Round Top, an<l lJauphiu; a tower with signal was 
erected at White Horse, and a signal placed at Governor Dick. Hut few observations could be 
taken in July, the weather being foggy and rai11y. The line from Swatara (~ap to Hound Top, up
wards of thirty-two miles long, led aeross the Yalle_y of the Snsqnehanna, a.ml ove.r the Steelton 
Iron Works, and no ineasnrements of its direction could be obtaiued until August, aud then at hut 
rare intervals. On account of these difficulties, the obsenations at Swatara Gap could not be 
completed till August 30, when the triangulation was closed, ancl the limited time remaining cle
votecl to reconuaissance. 

Professor Merriman's first efforts were directed towai·d a revi11ion of tl1e location of stations weRt 
and southwest of the meridian of 770, so as to ohtain a fa\·orahle co1111<•ctio11 with the .Maryland 
triangulation through the stations .Fairview and Maryland Heigb ts. This was accomplished by 
selecting a ve1 y promiuent point, Mouut Misery, iu Mary lam:, about a mile Routh of the State line, 
and 2,300 feet elevation above tide. In Pennsykania this station co11nects with Piney Mount 
and Pulpit Rock. 

During part of August and in Octolier, Professor Merriman began a reconnai8sance along the 
meridian of 76° in the vicinity of Mauch Chunk, Carbon County, for tlie purpose of connecting the 
triangulation of Pennsylvania with that of New York. The reconnaissance was carried to within 
seven miles of Wilkes Barre, Luzerne County. Field-work was closed in October. 

In order to expedite this reconnaissance and allow more time to Professor Merriman for tbe tri
angulation during the two or three months of each year arnilable for his field operations, Assist
ant 0. H. Tittmann was directed in June, 1885, to continue it northward from points already estali. 
lished, so as to include in the trigonometric uetwork tlie coal fields of Luzerne County. He wa8 
instructed also to determine wlrnther it was practicable, in the locality just mentioned, to develop 
the reconnaissance for the primary scheme incidentally to the work of fixing trigonometric points 
with sufficient accuracy for the collocation of local topographical State surveys on a general map. 

Professor Merriman was at the same time. directed to resume work upon the triangulation 
of Pennsylvania as early as practicable, and his C-O·O})eratiou with Assistant Tittmann was pro
vided for . 

.A. statement of the results reached by the labors of these gelltlemen is necessarily deferred. to 
the next an·nual report. 
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Reconnaissance for triangulation in tlte u:estern ]iaif of the State of Pennsylvanla .. -Towards the 
close of the fiscal ;year, the appointment of Prof. L. II. llamanl as acting assistant was renewed 
and he was charged with tbe conduct and execution of the work of triangulation in the weHtern half 
of' the State of l'ennsylvauia. He was directed to lwgin by makiug a reconnaissance of precision 
connecting two points on the Tnssay Mountain, or on Broad 'l'op, with points already determined 
in the vicinity of J,ancastcr an<l llarrisburg. 

l'rofessor Barnard vi;.;ited Washington, and after having informed himself' thoroughly of the 
conditions and limitations of the work in conference with the Superintendent., conferred also witl1 
Dr. Charles A. Ashburner, geologist in charge of' the anthracite coal fields of the State, in refer
unce to the 01wrations desired by th(! State Geological Survey. An accmmt of his progress will 

· find a place in the next amrnal re11ort. 
Special tr,innr11tlationfor the city of I'hilatlelphia.-A request having been made by Mr. Samuel 

J,. Smedley, Chief Engineer and Snrveyor, in behalf of tl1e authorities of the city of Pbilade.lpllia, for 
the trigonometric determination of it number of points iu and around tlie city, Assistant S. C. 
McCorkle was directetl to execute tliis work after conference with Mr. Smedley, aud began the 
11reliminary reconnaissance towards the eml of November. Other duties iutcrfere<1 to imwent the 
completion of' the reconnaissance by Mr. McCorkle, a11d early in January, 1885, Subassistaut C. 
H. Van Ordeu was directed to report to him. By the end of that mouth Mr. Van Orden bad 
finished. the reconnaissance, erected five signals, and occupied four stations. Exposure to wind 
and cold at a station on tbe roof of Girard Oolleg~ .January BI brought on an attack of' ill11ess, 
which for a time completely prostrated Mr. Van Orden and compelled his relief from field duty. 
Some delay was thus o~casioned, bnt towards the end of Felmmry Assistant C. H. Sinclair w:iR 

orclered to take up the work under Mr. :McCorkle's direction, and h~· the end of March lw tinisbetl it. 
During its progress the tower of the new Cit.Y Hall, which bad tlwu n'ached an rle\·atiou of 

one hundred and ninety-two foet, was occupied as a station. 
The statistics of the work are: 

Number of points determined._ ....... _................................... 19 
Nnm ber of angles measured . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .............. _ 151 
Nmuber of observations ................................................. 1, 680 

It remained to connect this local triangulation with the 1n'imar.r series, and for this duty Mr. 
Van Orden, whose health liad been restored, wag directed in April, 1885, to report to Mr. McCorkJe. 
The line Mount Holly-Girard College was at first proposed aR tbfl desired base, but finding it 
practicable only by ex1iensive openi11g of lines, tl1e line l'ine Hill-Girard College was snbstitute<l. 
This line, in counection with the station at Bellevue Hotel, Red Bank, N. J ., presented a satisfactory 
solution of the problem. The stations at Uirard College and Bellevue Hotel were reoccupied for 
the measurement of additional angles in order to give greater weight to observations previously 
made. In all fourteen angles were measured and five points determilll.ld iu positions by three 
hundred and twenty-four observations. The results of this work and of that before referred to 
have been communicated to the city Chief Engineer. 

In the annual report for 1879 mention was made of an examination of the movement of ice in the 
Delaware, conducted by Mr. McOorkle along the stretch of river from Bridesburg, above the city, 
to Fort Miftlin, below it. Similar examinations were made, in pursuance of instructions, by Mr. 
McOorkle during the winter of 1884-1885, which is saicl to have been one of tile most severe known 
there for forty years. The ice was found to be unusually heavy, notably below the Horseshoe. The 
largest accumulations of ice were found at the Narrows, between Gloucester and Greenwich Poinhl, 
in the bend at the Horseshoe, and below Fort Miffiin. 

Mr. McOorkle has submitted a full report of the results of bis observations, accom1lanied by 
illustrative maps, and the recommendations be makes will IJe of interest to the Uuited States 
advisory commission on the improvement of the Delaware River. 

Phvsical hydrography of Delau:are River and Bay.-The studies of the physical bydrography 
of Delaware River and Bay, especially those bearing upon the changes in the extent and looation 
of the shoals, have been continued by Assistants Henry Mitchell and H. L. Marindin. 

Mr. Mitchell bas submitted a report which refiects fairly the aspoot of his work, a.ad in which 
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he refers to an important practical conclusiou, drawn from bis study of the river an<l bay, and 
which settled a question of jurisdiction between the States of New Jersey and Delaware, and be
tween these two States and the General Government. 

Some extracts from this report are as follows : 
" Quite beyond the jurisdiction of the Harbor Commission of l~biladelphia or its a<l visers, we 

have been making a study of the changes in the extent and location of the shoals. My own part 
has been inquiries into the general laws of sectional areas, in which I have been assisted, fortu
nately1 by Mr .• T. A. Sullivan, upou whom most of the work llas fallen. Appendix 8, Report for 
1383, established certain laws of depth and surface widtll, aud gave rise to the question: Is the 
surface width a proper criterion; should it not be the mean chord, or perllaps tlle chord of mean 
depth! A computation of mean chord was clearly out of the question, but Mr. Sulli\·an undertook 
the computation of the chord of mean depth, and I insert his table, with illustrati,·e diagrams,· on 
which we are not yet prepared to ofter conclusions. I want,, however, to record one tllought about 
the mean section that may prevent its misleading; it is this: Since for these forty-six miles right 
hand and left band turns enter the mean section, it cannot be a characteristic natural sectiou, but 
must be nodal. , 

"In the appendix to tlle report for 1883, referred to above, I took some pains to call attention to 
very important practical conclusions from a study which migllt otlierwise have appeared specula
tive. At that time I did not dream tllat this study would come to have political valrn',, !Jut it ap
pears from the report of Hon. John P. Stockton, Attorney-General for New Jersey, and from the 
letter of Hon. Jolin H. Paynter, Attorney-Geueral of Delaware, that a question of jurisdiction be
tween these two States, and between these States and the General Go.-ernment, is likely·to be set
tled to the satisfaction of all parties upon the basis of our solution of a pLysical problem. .And 
here I must repeat what I said in a former report wllen commending ad,·isory harbor commis
sions, that a physical reason is tbe best reason because the higher law." 

A brief statement of the question of jurisdiction referred to by Mr. Mitchell will be in place 
liere. Citizens of the State of New Jersey bad claimed and exercised the rigl1t of fishing in the 
river Delaware. This claim had been resisted by the State of Delaware, and the boats and net~ 
of the New Jersey fishermen had been seized by Dela.ware on the charge of violating the statute 
laws of that State by fishing within its limits. This had been done notwithstanding the fact that 
an injunction of the Supreme Court .of the United States bad been issued forbidding such action 
hy tlie State of Delaware, the authorities of that State claiming that their statute laws bad been 
\'iolated because the fishing was done within the limits of l>elawaI'e in Delaware Bay, and not 
within the area covered by the injunction of the Supreme Court, wl1icl1 applied only to the river. 

It became important, therefore, to define the territorial limits over which the injunction operated, 
or, in otller words, to ascertain the dividing line between the riYer and h:-iy. The GoYernors of the 
two States interested haviug referred this question to their respective .Attorneys-General for set
tlement, it was agreed by these officers to accept the decision of the Superintendent of the Coast 
and Geodetic Survey. Tlle couclusion reached by the Superintendent, and confirmed b~· .Assistant 
Mitchen, was that the dividing line was properly one from Bombay Hook Point to Cohanisey light, 
a. conclusion which, in view of the large interests involved iu the controversy, atteists the practical 
value of studies not unfrequently classed as purely speculative. 

Assistant Mitchell refers to a report prepared by Assistant :Marindiu 011 a comparison of the 
changes in th~ transYerse sections of the Delaware River between Old Navy-Yard and the east l'lltl 
of Petty's Island, as shown by the surveys of 1819, 1843, and 1878. This report, with illustratirn 
diagrams, appears in .Appendix No. 12. 

Reference was made in the last annual report to Mr. Marindin'is assignment to duty as Consult
ing Engineer of the United States Advisory Commission for port-warden lines for the harbor of 
Pbiladelpbia. Until about the middle of October Mr. Mariudin was occupied ou the con1parisom1 
of surveys; he then received a call from the chairman of the .Ad,·isory Commission, and after pre
pari11g the port-warden lines for discussion, be.attended a meeting of the Commission in December. 
lo the early part of January be was directed to collect some data with a view of showing the im
portance of marking George's Shoals; on this subject he made a special report to Mr. Mitchell, 
who wa8 then engaged on that inquiry. Subsequentl;y lie was order<>d to proceed t.o Washington 

H. Ex.18--5 
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for conference with the Superintendent, aud then to l'hiladdphia to take charge of a 11ydrographic 
and topographic sul'Ye,Y of the Delaware Hiver above Bridesburg. He was, however, soon relieved 
from this qnty and directed to prepare for work in connection with the resurvey of New York Bay 
and Harbor. Mention of this has already been made under a preceding beading in this report. 

Upon the Commission advisory to the Ilarbor Commission of' Philadelphia, the Survey is repre· 
sented also by Mr. Mitchell, to whom was tendered recently the chairmanship, But he deemed it 
best to deeline the positiou, as it seemed to him that either of his two associates might more pro11-
erly preside, both beiug i11 charge of pnblic works in the neighborhood. Capt. George E. White, 
U.S. N., was accordingly elected. The third member is Col. Henry M. Robert, United States En
gineers. Towards the latter part of June, 1885, Mr. :M arindin was informed that he had beeu 
elected secretary of the board. 

Special triang1dation. Delaware River from Petty's Island to Poquessink Creek.-An extension of 
the survey of the Delaware River from Petty's Island to Poquessiuk Creek, the northeastern 
boundary of tiie city, having been requested by the city authorities, Assistant I<'. W. Perkins was 
directed to proceed to Philadelphia and execute the work, after conference with Mr. Samuel H. 
8medley, Chief Engineer of tile city. 

Mr. Perkins began a reconnaissance of the ground to be covered early in November, and by 
the 20th of that month was able to begin observations. Progress being slow, owing to bad atmos· 
pberic conditions, Subassistant Van Orden was ordered to report to Mr. Perkins soon after the 
beginning of December, aud with his energetic aid fielrl work was finished by the end of the year. 
The triangulation determined all the points needed for a topographical and hydrographical survey 
of the most detailed nature. 

Following are tlie statistics: 

Number of points occupied .. __ ...... _ ... _ . . . .... _ .. ___ .... _ .. __ .... _. - . . 13 
Number of positions determined . . . . ... _ ......•. _. _ .... __ ... _ .. _. . . . . . _. 53 
Number of observations made .... _ .. _ . _____ . _ .. _ ..... _ ........ _ ...... _ . . 3, 318 

Assistant 1>erkius expresses his obligations to Chief Engineer Smedley for many courtesies 
aml liberal facilities in the execution of tlle work, aud to Mr. George S. Webster, surveyor of the 
tenth district, for mud1 valuable assistance and information. 

Otbe1· duty assigned to Mr. Perkins is mentioned under the- heads of Sections I and VIII. 
Magnetic observations at Pltiladelpkia.-To meet a. request made by the Committee of the Interna

tional Electric Exhibition at Pl1iladelphia, <ind for the imrpose of following up the secular change in 
terrestrial magnetism, Assistant Edwin Smith was directed in August, 1884, to determi11e the mag
netic l1orizontal intensity and the dip at tl1e building for electric tests on each of' three days, the 
Rpecial locality to be selected after consultation with Prof. H.B. Snyder, of the Franklin Institute. 
He was instructed also to reoccupy the old magnetic station of the Coast and Geodetic Survey at 
Girard College, and to make there the usual three days' observations for declination, dip, and in
tensity . 

.After observing· five sets of oscillations at the magnetic station on Capitol Bill, Mr. Smith pro
eeeded to Philadelphia, and upon the completion of the necessary arrangements with l"rofessor 
Snyder, took seven Rets of oscillations and three sets of dip at the test laboratory of the exhibi
tion on August 29, 30, and :Jl. 

It was found that at Girard College a uew station would have to be selected, the 11ositions of 
the ol<l stations being either covered witll buildings or too near them to admit of obtaining results 
free from abnormal disturbances. At the station occupied, which was in the grounds and near the 
one of 1877, complete sets of obseryation for declination, dip, and horizontal intensity were made 
on September 3, 10, and 11. The true meridian was determined by four sets of observations on the 
sun. 

The instruments usecl were the same as tboM in use for many years past by Assistant Schott 
at the station on Capitol Hill: Magnetometer No. 7 and Casella dip circle No. 4440. On returning 
to Washington, Mr. Smith observed three sets of oscillations at the Capitol Hill station . 

.All of' the records and field computations of this work have been deposited in the office. 
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Other :field duty assigned to Assistant Smith will be referred to uude,r the headings of Sections 
VIII, IX, and XV. 

]Jet,ermination of tlte position of a wreck off Barncgo.t.-It having been reported to this office 
that the wreck of tbe steamei· Guadalupe, ashore off Barnegat, was in a position dangerous to 
navigation, I.ieut. Commander W. H. Brownson, U.S. N.,.Assistant O(last and Geodetic Survey, 
was instructed to determine its position. Ile dispatched Ensign M. C. Gorgas, U. S. N., witli 
orders to take the necessary measurements, and to board the wreck if practieahle. By angles taken 
from shore stations, the position of the sunken steamer was referred to Barnegat light-liouse, 
but on account of heavy breakers Mr. Gorgas was unable to boanl th..., wreck or enm get near it. 
As it appeared probable that the vessel would soon be broken np by the action of the sea, it was 
not deemed advisable to issue a Notice to Mariners. 

Lieutenant-Commander Brownson reports that Ensign Gorgas carried ont his instructions with 
zeal and intelligence under difficulties, owing to a beavy gale of wind which prerniled while cro1>s· 
ing Barnegat Inlet and at the Light. The work was done late in Xornmuer: 

Continuation of tr,iang1dation a1id reconnaissance on the Xew ,Jer8ey coaxt. JJ.1 agnetie xta,tion occu
pied on that eoa,yt, and topographic sur1'&)! con.tinued.-At the beginning of tl1e fiscal year, Assist
ant Charles M. Bache was in the field on the coast of New ,Jersey, near Townsend's Inlet, under 
instructiom'I to carry a small triangulation for the purposes of a topographical survey from that 
Inlet to Absecon light at Atlantic City. Subassistaut J.B. Baylor was attached to his J)artJ during 
part of the season. He aided in tile triangulatiou, aud tlctermined the magnetic declination, dip, 
and intensity at a station near Sea Isle CitJ·, on I,udlam's BPa<:h. 

Begiuning with the base-line Tatham-Public, near Townsend's Inlet, Mr. Bache carried the tri
angulation to Absecon light, a distance of nearly twenty-seven miles, by Octouer lLJ. Each sta· 
tion of tbe seventeen triangles laid out was occupied, and each angle measured by four series of 
observations of six: repetitions each. 

The stations were for the most part on the edge of the fast land of the coast and inside the 
sand hills of the beach. Each station was secnn>d by a sub-1mrface center-mark of 7-iuc11 gas
pipe driven into the ground. 

Mr. Bache mentions that a railroad, without break except at Egg Harbor Inlet, has heen con
str11cted and is now in running order from Townsend's Inlet to Absecon Inlet, following the beach. 

Mr. Baylor was relieved from duty in the party, October 1. His sen·ices are n•ferred to in 
terms of high appreciation by Mr. Bache. 

At the close of the season the barge Beauty, which bacl served as a floating camp for the party, 
was laid up at Sea Isle City. 

During the winter, Assistant Bache completed tbe field computations and records of bis trian
gulation, and at the opening of the season, in 1885, was directed t<> organize a party as soon as prac
ticable and resume the topogr~phical resurvey of the New Jersey coast. Thi.s work be began a 
little to the south west of Townsend's Inlet, and at the end of the fiscal year he was steadily pros
ecuting it northeastwardly toward .Atlantic City. Up to that date the statistics are: 

Miles of outer 8hore-line surveyed .. .. .. . _ ... _ · ........... , ......... ,. .. .. .. .. .. . .. . . .. . . .. . . .. . tl 
lliles of roads ......................... _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
Miles of shore of creeks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . • . . . . . . . . • . . • . 40 
Miles of t?hore of fast-land . . . . . . . . . . . . . . . . . . . . . . . . . . . • . • . . . . . . . . . . . . . . . . . . . 9 
Area surveyed in square mi1es . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • • • . • 6 

1'opographical resurvey of the New Jersey slwt·e of Delaioare Bay continued.-At as early a <late 
after the beginning (Jfthe fiscal year as the appropriation wonhl permit, iustruetions were issue\l 
to Assistant R. M. Bache to resume topographical work on the east sllore of Delaware Bay. 'l'bc 
two projections, on a. sea.le of 1-20000, famished to Mr. Bache included tlie shore-line of the ba.v 
from the Hummocks, ab(Jut two miles south of the mouth of Goshen Creek, to Fortescue Creek. 
Baek of the l.'lbore-line the distance included ill the 1mrvey varied from a mile to a mile and a half. 
The width of the belt wa.s determined with reference to three cmnsi<lerations-first, the general 
symmetry of the circumscribed a.rea, regarded longitudinally in view ot' the very great curvature 
of the shore; second, the exhibition within that area of the relation to ea.ch other of tl1e intersect-
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ing river and creeks; and, third, the representation within reasonable limits of the points of 
fast-land protruding into the wild marsh, thereby completing with other elements the character
istics of the groand. The first sheet, extending from the Hummocks to Egg Island light, was 
finished; the second, from Egg Island light to Fortescue Beach, was not completed when ortlers 
were recefred Nornmber 10 to discontinue work for the season. 

Mr. E. L. Taney serwil as aid in the party, to the entire satisfaction of l1is chief. 
During the winter l\fr. Bache finisl1e<l the inking of his topographical work, and early in June 

1885, resumed field operationR under insLructions to take up the survey at the limit of work of the 
preceding season. At the close of the fiscal year he was at Nantuxent Creek, having delineated 
six miles of shore-line with a belt of interior topography of the average width. 

The Rtatistics for the fiscal year are: 

Miles of main shore-line surveyed.......... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101 
Miles of shore-line of creeks.... . .......................................... 121 
Miles of shore-line of ponds...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ?.O 
Miles of shore-line of roads ... , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33 
Area surveyed in square miles. . . . . . . . . . . . . . . . . . . . . . . . . ......... _ . . . . . . . . 43 

Completion of the topngraphical resurvey of the western shore of Delaware Bay.-At the opening 
of the fiscal year there remained on the western shore of Delaware Bay, to complete the topo
graphical resurvey which bad been in progress since 1880, a strip of topography about sixteen 
miles in length, extending from Clarke's Point Station, four miles north of Mispillion light-house, 
to Broad.kill Creek, and about one mile, on the average, in width. 

This work was taken up by Assistant C. T. Iardella, in pursuance of inRtrnctions dated July 
12, ISM, and was finished October 31. 

With regard to Mispilliou Creek, Mr. Iardella observes that it is about one hundred and fifty 
meters (four hundred and ninety-two feet) wide at its entrance. Vessels drawing six feet can enter 
at very high tide, and after getting abreast of the lighthouse, ten to fifteen feet can be carried at 
low water from the light-hot'lse to Milford, a distance of twenty-one mi1es. In some places the 
creek is two hundred meters (six hundred and fifty-six feet) wide. A shoal, nearly bare at low 
water, obstructs the entrance ; eight or nine vessels have been seen at anchor for nearly a week, 
waiting for fair wind and high tide, to get over the shoal. 

Just below the entrance of Mispillion Creek there is a wide ditch, some two miles long, which 
connects with Old Cedar Creek. This creek, from its entrance to the ditch or canal, is filled up. 
Small vessels drawing five feet can pass through the canal, and after reaching the creek the water 
deepens for a short distance. 

Slaughter Creek is entirely filled up at its entrance, and navigation is entirely suspended. 
At the entrance a shoal has bP.en formed which for about two hundred meters is entirely bare 
at low tide. 

The statistics of the season's work a.re as follows: 

Miles of shore-line surveyed. . . . . . . . . . . . . . . . . . . . • • . . . . . . . • . . . . . . . . . . . . . 11 
Miles of roads ..........•........•............... c •••••••••••••••••. _ . . . • . . • • 12 
Miles of rnarsh.Jine ............................................ - ............. 12 
Miles of shore-line of creeks and ditches..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ll 
Miles of shore-line of canals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 
Area surveyed in square miles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17 

Oootinuation of the hydrograpkic resurcey of Delm~are Bay and entrance.-As early in July, 
1884, as the appropriation became available, Lieut. G. C. Hanus, TT. S. N., .Assistant Coast and 
Geodetic Survey, was instructed to organize his party on hoard tbe steamer Endeavor, and con
tinue the hydrography of lower Delaware Ba.y and entrance. For this purpose he was famished 
with four projections, three of which were laid out upon a scale of 1-20000, and included areas of 
hydrographic work extending from tbe eastern and western shores of the bay north of Cape May 
light and Mispillion light to the main ship-channel; the fourth, on a scale of 1-40000, included 
hydrography in less detail between Capes May and Henlopen and off the entrance to the bay. 
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Great care was taken to eRtahliRh a sufficient number of' tide-gauges to obtain accurate planes 
of' reference for the reduction of soundings. Box and staff gauges were fixed at the steamboat 
wba.rf', Cape May Point, aud referred to a bench-mark on the beach. A box-gauge was established 
in the vicinity of Maurice Rh·er light-house, and referred to a bench-mark on the foundation wall 
of the building. FiYe gauges were set up nf'ar H nt Station, six miles nearly northwest of Mis
pillion light. These gauges were all compart>d with eacl1 other by Rirnultaneons obsen·ations to 
guard against mishap in case of storms. They we-re alf'\o compared with tl1e gauge at the TTnited 
States iron pier on the Delaware Breakwater, clay and niglit tides being observed at both places 
for se\•eral days. 

Lieutenant Hanns, in bis report of the season's work, gives fall details in regard to the local
ity of the several gaugps established, and the methods followed in obtaining comparisons of 
readings. 

With reference to the mode of planting water signals devised h.Y himself two ,years ago, and 
dt>scribed on page 34 of the Report. of 1883, be obserYes that a large number of these were used i11 
the hydrographic work, and that a long· tree, large at the base, was found to be better than a sig
nal made of seantling. Oue of these trees, forty feet in length, was planted in fifteen feet of water. 
These tree pump-signals withstood every gale that occnrrt>d during the season . 

. Ensigns A. L. Hall, .J. H. Hetherington, E. F. Leiper, and G. R. French, U. S. N., were at
tached to the party. 

Soundings were completed according to the scheme of operations, Nm·ernher 12, and about a 
week later Lieutenant Hanus took the Endeavor to Norfolk to prepare for work ou the Sontlwm 
coast. Reference to this will be made under the headings of Sections V and VI. 

For the De_laware Bay and entrance hydrograph~·, the statistics are: 
Miles run in sounding _ . _______ .. ___ .... ___ .... __ .. _ .. _ .... __ . _ . __ .. _ . . . . l, 530 
Angles measured_ .. __ . _ ... _ .... ~ . - . - _ '. .. ___ .. __ - _ . __ .. _____ . . _ ..... _ . . 1 t, O::J2 
Number of soundings. - .............. __ . _. - ... _.... . . . . . .. ... - ..... _ .. _ 4\J,813 

SECTION III. 

MARYLAND, DISTRIC'l'OI<' COLUMBIA, VIRGINIA, AND WEST VIRGINIA, INCLUDING BAYS, SEAPORTS, 
AND RIVERS. 

(SKETCHES Nos. 1, 4, 15, 17, AND 18.) 

Gravity determination.~ mid experimental researchex at Washington, /). U., and in l'irginia.-Jn
structions issued to Assistant Charles S. Peirce in Jul_y, 1884, directed 11im to procc£'d to Fortress 
Monroe, Virginia, to determiu_e gravity there, and subsequentlj to reconnoiter for ouc or two sta· 
tions suitable for gravity determinations in the mountain region of Virginia, "\Vest Virginia, aud 
North Carolina. 

Mr. Peirce was occnpiell at Fortress Monroe till about September 1 in dctermiuing the inten
sity of gravity. He had some difficult~· in finding a suitable casemate in which to swing bis 
pendulum, Peirce No. 3. Finally, after making some experiments with the noddy to determine 
the amplitude of swaying of the pendnlmn support (see Appendix No. 15, Report for 188<l), he 
swung the pendulum heavy end up and l1eavy end down on alternate J·a~·s until an ample number 
of oscillations had beeu secured in both positions. With reference to these observations Mr. 
Peirce remarks, ''Peirce No. 3 bas therefore been swung in a particularly satisfactory manner, 
and I consider it unnecessary to swing another pendulum here, owing to the fact of this pe111lu
lum being reversible as well as invariable. The results here will be quite as good as at Alle
gheny." 

In September Mr. Peirce reconnoitered for a gra\'ity station in the mountains of Virgiuia; 
but no station could he found which would meet the views of the Superintendent as to elevation 
above the l!ICa-level and at the same time not 'be too expensive to occupy. 

On returning to Washington Mr. Peirce was appointed, October I, to the charge of the Office 
of Weights and Measurei,;. The duties of this position be fulfilled till Februar~- 22, when be declined 
further service. 

During this time, under instructiops1 be carried through an elaborate occupation of the injtia.l 
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gravity station at the Smithsonian Institution with four reversible pendulums-" Peirce Nos. 1, 2, 
31 and 4." 

In November he was directed to attend the meeting at Newport of the National Academy of 
Sciences, of which body he is a member, and to present there a memoir upon the gravitation and 
other surveys. Also to attend the December meeting of the American Metrological Sooiety aml 
read a memoir upon the determination of gravity. This memoir will be printed by the society. 

During the winter, under instructions from the Superintendent, Mr. Peirce proceeded to Boston, 
Prodtleuce, Hartford, New York, and Philadelphia, and conferred with the manufacturers of gauges 
and machiuery, aud also with electricians and others with reference to the resolutions passed by the 
Unite<l States Electrical Conference concerning weights and measures, and t11e best way of meeting 
the wants of the country. In January, 1885, he was summoned before the Congressioual Commis
sion and testified on the subject. 

Towards the end of .February, instructions were gh·en to Mr. Peirce to proceed to Key West and 
make gravity determinations there. Mention of his operations iu that locality will be made under 
the heading of Section VI. 

Annual determination of the magnetic iieclination1 iiip, and intensity at the station on Oap,itol Hill, 
lVa.shington.-In order to determine the annual effect of the secular eh ange in the magnetic elem en ts, 
observations for magnetic declination, dip, and intensity have been made at least once a year during 
the past thirtr :years at a magnetic station upon Capitol Hill, Washington, D. C. During that 
period, the declinatiou has increased gradually from 20 24' W. of N. to 40 12'. 

Assistant ()harles A. Schott, by whom or under whm;e direction the obserrn.tions have been 
made, observed on June 13 and 151 1885. The secular variation of the magnetic declination in the 
United States and at some foreign stations was discussed by Mr. Schott in a paper published as 
Appendix No.12 to the Report for 1882. In this Report will appear (Appendix No. 6) Mr. Schott's 
discussion of the secular variation of the magnetic dip and intensity, based upon observations made 
within the United States from tbe earliest to tbe present time. 

Continuation of tlte detailed topographiaal survey of the District of Oolwnbfo.-Favorable prog
ress has been made in the rletailed topographical survey of the District of Columbia during the 
nine months spent by the party of Assistant J. W. Donn in field-work. This survey, made at the 
request of the Commissioners of the District of Columbia, and carried on since February, 1881, 
under their general direction, has for its main. object, to quote a recen.t report of the Engineer 
Oommissioner: the Rupplying "of data for laying out new, and extending old, roads, and for prop· 
erly subdividing county property as it is laid out iu suburban streets and lots. 

"But its minute accuracy will make it useful for all time in planning public works of every de
scription. It saved the necessity for the preliminary sun·eys in connection with the extension of 
the water-works now in progress-, and it will accomplish the same purpose wheu the city sewerage 
has to be extended into the country. From the maps of this survt'>r, so far as completed, and from 
such other data as were available, was compiled during the la.st year a new map of the entire Dis
trict on a scale of four inches to the mile, to take the place of the Bosch ke map of 1855, of which 
the edition was uhausted, and which, in spite of many errorR, was the only topographical map 
of the District in existence. The new map was handsomely lithographed and printed in four 
colors by Bien & Co., of New York. 

"In connection with this survey, during the past season the four corner monuments of the 
District, as established by Ellicott in 1791, were identified an{l looa.Wd. It was discovered that the 
District is not exactly -a ten-mile square, the length of the four sides being as follows: 

"Southwest 53,031.3 feet, or 231.3 feet too long. 
" Southeast 52,871.3 feet, or 71.3 feet too long. 
"Northwest 52,863.6 feet, or 63.6 feet too long. 
"Northeast 53,063.8 feet, or 263.8 feet too long. 
"The total area of the original District was 100.6 square miles. The north point is 116.6 feet 

west of the meridian of the south point, and the east point is 138.6 feet south of the west p<>int. 
Considering the cl1aracter of the instruments with which ElJicott made his survey, and the nature 
of the country, tben practically a. wilderness, throllgh which he ran his lines, one cannot but be 
surprised at the accuracy of his results. 
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"From the data already furnished hy this 1mrn~y preliminary i1lans have heeu sketched out 
for the extension of the following avenues and streets through a portio11 uf the county, Yiz, Mass
achusetts, Vermont, New Jerisey, and Rhode Island avenues, Sixteenth street and L street. Other 
demands upon the District re,·enues make it impossible to attempt to carry these plans into effect at 
the present time; but the property-owners are recognizing the importance of having suburban prop
erty systematically laid out, and show a willingness to follow these plans iu the subdivision of their 
property. By so doing the city will be saved the expense in the future of rectifying irregular 
street lines in the suburban district at a coist far exceeding the expenditures for this survey, which 
are only $5,000 a year.'' 

At the beginning of the fiscal year the survey had been advanced to Blagden's mill, iu Rock 
Creek Valle~·, and tlience along the road leading to Brightwood, and up the Seventh street road 
to Silver Spring and the crossing of the northeastern boundary of the District. Westward of 
Rock Creek Valley the work was completed from Woodley Lane at Woodley Park to the north
eastern boundary stone of the new Obsernttory site, thence across the western extremity of George
town Heights to the Distributing Reservoir and to the Potomac River. 

During the summer of 1°884 Mr. Donn worked west of the Seventh street road, north of the 
Blagden mill road, and across the Yalley of Rock Ureek above the crossing of the Militar_y road. 
Much of this area was occupied by a region verJ· difficult of access on account of heavy under
growth. The surv1i;y was extended to the table-land lying between Rock Creek Valley and the 
valley of Broad Creek, and as far westward as it was possible to go during the season of foliage. 
'!'his northwest corner of the District presents some great difficulties to be overcome, in the shape 
of almost impenetrable thickets of spruce pine covering considerable areas. 

In November, after completing some work called for by the Commissioners, l~·ing to the east
ward of the Metropolitan branch of the Baltimore and Ohio Railroad, Mr. Donn transferred his 
suney to the country in and adjacent to the Foundry Branch Valley above Georgetown, embrac
ing the Georgetown College grounds, and as far up the valley as Tnnlaw road. The several tri
angulation points established along the northwest boundary line of the District were occupied, 
and many points determined for the needs of the survey. 

During January and part of February the survey of Rock Creek Valley was completed from 
Blagden's mill to the crossing of the Military road, and during the latter part of February and 
March the valley lying immediately north of the grounds of the new Naval Observator~· was s1u
ve)'ed from the northeast corner of that property to the Tenallytown road. 

B.v tbe end of March, as there remained only enough of the appropriation to defraJ' the cost 
of completing suclt drawings aud plwtolitbographs as were required by the Commissioners, field
work was abandoned. In April Assistant D. B. Wainwright, who had rendered most efficient serv
ice in the party, was detached for other duty, reference to which has be('n made umler the he.ading 
of Section II. The prepamtio11 of sections of the survey for photolithographing wais coutinuti<l 
by Mr. J . .A. Flemer, the drimghtsuian of the party. Tracings from the oriJ.,,>inal sheets were pre· 
pared as needed by Mr. Dmm. On the 22d of June, a small surplus having been fonnd to be avail
able, Mr. Donn took t.l1e field, and at. the close of the fiscal year was at work extending the topog-
1·aphy along W oodle;y Laue to itR junctiou with the Tenall.vtown road. 

Lines of lmitJl·ing oj"precision carried from Ashla.nd, Ya., t-0 Fortress Monroe; also a line to connect 
tl1e bench-mark near the W asltington A que<luct Bridge uitlt the Capitol bench-mark.-It was stated in the 
last annual re1•ort that tlle lines of leveling of precision in progress from Hagerstown, Md., towards 
li'ortress Monroe bad beeu carried at the close of the season itJ 1883 to a bench-mark estahlished 
on the Duncan Memorial Chapel at Randolph and Macon College, Ashland, Va. 

In pursuance of instructions issued in September, 1884, work on these lines was resumed by 
Assistant J.B. Weir, September 23. The Richmond, Fredericksburg and Potomac Railroad was 
followed as far as Richmond, Va. - In passing through that city, streets were selected for the route 
of the levels that were least used, and at times the .work was done early in the morning before any 
jar from heavy teamR was noticeable. From the Richmond, Fredericksburg and Pot-Omac Railroad 
the descent to the Chesapeake and Ohio Railroad was forty-three aud six-tenths meters (one hundred 
and forty-three feet),althougb. the horizontal distance passed over in the line of levels was only four 
and two· tenths kilometers, or two and six-tenths miles. 
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About threelrnndred meters (nine hundred and eighty-fourteet) from the depot of the Chesapeake 
and Ohi<> Railroad there is a tunnel, which is fourteen hundred meters (four thousand five hun
dred and uinety-tbree feet) long; and about eight hundred meters (two thousand six hundred and 
tweuty-fi,,e feet) from the eastern end of this tunnel is a high trestle of about the same length as 
the tunuel. The proximity of these two obstacles made it difficult to follow the line of the rail
road, hut by taking a somewhat circuitous rou.te through streets and along the York Hiver Rail
road Mr. Weir succeeded in going round both the tunnel and trestle with but little loss of time. 
A point was thus reached on the Chesapeake and Ohio Railroad at the eastern edge of the city, 
and the line of le\'els was continued tbence along the same road to Fortress Monroe without meet
ing auy serious obstacle. 

At Fortress Monroe the line of levels was connected with t_be IJeuch-mark on the light-house, 
this being tbe IJench to which the tide-gauge was referred during the period that tiual observa
tions were made at that poiut. Connection was also wade with a bench-mark on the fort near the 
postern gate, and a permanent bench-mark ou the Soldiers' Home in Rampton. 

Full description15 of these bench-mark15 accompany the records and computations whicll baye 
heen trausmittell to the office. The fiehl computation will require to be cltecketl by the ollicecom
putation before au accurate comparison can be made between the tidal len.1ls at Sandy Hook and 
Fortress .Monroe. 

After finishing the work just referred to, Mr. Weir, under instruction11, ran a line of levels to con
nect the bench-mark near the ·wasllingtou Aqueduct Bridge with the Capitol bench-marh:. 

Mr. John Nelson served as acting aid in the party vm·y acccptabl,v. 
Other lines of'leveling of precision run by Mr. \Veir during tbe spring of 1885 will be referred 

to nuder the heading of Section XIV. 
JJetermination of points on the boundary line between Maryland and Virginia.-Application hav

ing been made by the Governors of Maryland aud Virginia tor the detail of an officer of the Coast 
and Geodetic Survey, who sbould mark and determine in geographical position two points on the 
boundary line between their respecth·e States, in the presence of Mr. William J. A_ydelott, Com· 
missioner on the part of Mar,yland, and Mr. George H. Bagwell, Commissioner on the part of Vil, 
ginia, instructions were given NoYcmber 17, 1884, to Mr. Charles J unkeu, Acting Assistant, to meet 
the commissioners for the purpose just indicated. 

On December 1, the steamer Governor McLane, under command of Capt. H. Thompson, of 
the Maryland fishery force, was placed at the disposal of the Commissioners, and was retained 
hy them until the weather becinue so stormy aud inclement tllat they deemed it advisable to post
pone the completion of the WOI'k till spring, only 1h-e working days haviug been obtained between 
Becem ber 1 and 23. 

The points to be marked were iD Pocomoke Sound, at a distance apart of two and a half miles 
(nautical), and in seven and tweh·e feet water, respectively. From three shore statiom1, known in 
position, Mr. Junkeu established two groups of permanent range marks, each group haYing two 
front signals and one rear signal; these signals were placed on the north shore of the sound, one 
group to the east, the other to the west of Apeshole Creek. By means of the rauge signals the 
places of tl1e twt> points 011 the boundary line were readily fouud, and marked temporarily with 
quarter inch iron pipe. 

Io Ma~· 1885, l\fr. Junken again met tl1e commissioners to completfl the work. At the mo~t 
southern point in the line, about two and a half miles (nautical) from the mouth of Broad Creek, 
he anchored a third-class can buoy iri eleven feet water, soft. bottom. The buoy was painted white, 
and was secured hy a second-class stone siuker with fifteen fathoms of chain." This was done on 
tbe 20ll1 of May, and on the same <lay a six-inch galvanized iron pipe thirty feet long, with steel 
dri\·ing-point, was snnk nineteen feet into the ground, in seven feet of water, at the more northern 
point. in the line, about a mile alld a half (nautical) west of the entrance to Pocomoke Rh·er. At 
this point the bottom is of soft mud, with a hard top-crust or sand and gravel of two feet in thick
ness. To the top of the pipe is secured a cap made of hoop-iron, forming a skeleton sphere f)t' 
Bixteen inches in diameter, with the letters "MD." "VA." attiached. · 

!<'or the front and rear range·signa]s underground marks were placed in position. 
Before returning to the office, Mr. Junken det.ermined trigonometrically the positions of 
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James Island light aml Somens Cove light. In his report be ex1>resses his thanks to the Com
missioners and to Captain Thompson for their uniform courtesy. 

Hydrographic examinations off Cape Henry, Virginia.-TTpou the completion of hplrograpl1ic 
work in Long Island Sound, which has already been referred to under the heading of Section II, 
Ensign A. F .. Fechteler, U. S. N., Assistant Coast and Geodetic Snrrny, commanding the schooner 
Ueady, was directed to proceed to Cape Henry, Virginia, aud make an examination of the shoal 
upon which the U. S. S. Ossipee grounded. The souudiugs as gh·eu on the chart, he was to con
nect with the shore-line, and continue examinations south of the cape. 

This work was completed by Ensign Fetcheler about the middle of December, though only by 
great persistence in the midst of frequent iuterruptiorn; from stormy weather. No changes were 
found of sufficient importance to involve alterations upon the chart. 

Supplementary topographieal ,~urvey between Norfolk and the ocean skore.-Some details of topog
raphy yet remaining to be completed between Lynnhaven River, Virginia, and the sea-coast, in fur. 
therance of this work Assistant Eugene Ellicott was sent to Norfolk towards the end of November, 
1884. The season proved unfavorable; cold, wet, aud stormy weather in December retarded field 
operations, and early in January the party was disbanded. Mr. Ellicott reports thirteen miles of 
roads surveyed, and an area of thirteen square miles. Mr. J. H. Gray was attached to the party 
as aid. 

Towards the en<l of' April, 1885, Mr. Ellicott resumed this work under instructions and com
pleted it on the 19th of May. 

Other sun·eys made by Mr. Ellicott are referred to nuder the headings of Sectious I and VI. 
Extension of the primary triangulat-ion near the thirty-ninth parallel f1·om West Virginia into 

Kentucky an<l Oltio.-At tlrn beginning of the fiscal _year Assistant A. T. Mosman was in the field 
making the ueeded preparatious for exteuding the primary triangulation westward near the thirty
ni11th parallel from the points previously occupied by him in \Vest Vir1eiuia. On the 16th of July, 
1884, he established his camp at Station Wray, in Lawrence County, Ohio, about sixteen miles 
east of Ironton. 

At this station an observing tripod had been erected eighty feet in height. Heliotropes were 
posted at Stations Davis, in West Virginia, and Oakland, in Kentucky, and the signal at Gebhardt, 
VI' est Virginia, was visited and Yerified; but, owing to unfavorable weather, no observations were 
obtained till August 5. Meantime, it having been found that the line Wray-Buena Vista was not 
practicable 011 account of an intel'\·ening ridge, a change of scheme of triangulation became nec
essary, and after fiuishing obsel'\·ations on the stations to the eastwanl a reconnaissance was begun 
August 21, and the country b~tweeu Wr1ty and Bnena Vista thoroughly explored. At the begin
ning of this reconnaissance, and in the observations preceding, Mr. Mosman had the skillful and 
energetic aid of Prof. J. H. Gore, of the Columbian Universit~·, who served in the party as volun
teer assistant from August 6 to August 23. 

A point called Tradd was finally selected on the ridge to the westward of Wray. From Tradd 
five of the primary stations were visible. Mr. •\losman returned to camp September 1. During 
his absence Mr. J.E. McGrath, aid, bad report~d for duty. By September 6 the angles remaining 
had been measured at Wray, and on the 7th the theodolite was mounted at Gebhardt Station, in 
Cabell Count;y, West Virginia, about twenty miles north of Huntington. The direction from Geb· 
hardt to Tradd was quickly determined, and on September 9 preparations were begun for occupy
ing Station Oakland, Boyd County, Kentucky, six miles south of Catlettsburg. 

At this station the theodolite was mounted npon a tripod forty-five feet high. A similar tripod 
was erected at Tradd by E. E. Ton·ey, foreman, and the line between Oakland and Tradd was 
opened by Mr. McGrath. Observations at Oakland were begun September 16. Mr. P.A. Mosman, 
who acted as recorder from the l>eginningof the season, left September 25, and Mr. W. B. Fairfield, 
extra observer, reported for duty on the same day. Work at Oakland was finished October 2, and 
preparations were then begun for moving to Baena Vista, about sixteen miles south of Greenup, 
Ky., in the county of that name. While the moving w~ in progress Station Tradd was occupied 
by Extra Observer W. B. Fairfield, who measured approximate angles there with an eight-inch the· 
odolite on Oakland, Buena Vista, and Wray. -

At Buena Vista the large theodolite (No. 118} was mounted on a concrete pier October 12. 
H.Ex.18--6 
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Signals of sixty.five feet at How land Station, and thirty feet at Cave Station had been erected and 
heliotropers posted. l'.y October 23 all of the observations ne.eded at Bueua Vista liad been obtained. 
The camp equipage wa!'I thm1 stored at Franklin Furnace; the party disbanded, a driver only being 
retained, and preparations were made for continuing the reconnaissance to the westward. 

As the country through which it was carried-the counties of Scioto and Adams, Ohio, border
ing on the Ohio River-is very broken, thinly inhabited, and with but very few roads, much diffi
culty was cxperieuced in carryiug 011 the work. It was found necessary to erect a tripod aud scaf
fold one hundred feet high at Scioto Statiou, about four miles northwest of Portsmouth. On 
No,·ember 10, reconnaissance angles were measured from the top of this tripod. Meanwhile a 
station on Cherry Ridge, back of Concord, Ky., bad been selected. This point occupied a com
manding position, giving a very fine \Tiew to the northward and westward. 

The weather continuing unfavorable, Mr. Mosman, after examining the difficult country between 
the bead waters of Blue Creek, Churn Creek, and upper and lower Twin Creeks for a central station 
decided to make a general examination of the country between Rome, on the Ohio River, and West 
Union, the county seat of Adams Count;y, which is situated on a high ridge and occupies the 
highest ground in the vicinity. From the top of a lofty building in this town, a ridge near Min
eral Springs, Ohio, was found to be the most commanding position from which to see Scioto, 
Cherry Ridge, and the bills at the head of Twin Creek. · 

Mineral Springs was visitecl Novemher 22, and between that date and December 22 the re
connaissa11ce was steadily prosecuted by Mr . .l\fosman, much of the time through a heavily-wooded 
country, crossed b.r ridges of nearly equal height, and with not a few interruptions from snow
storms aud intensely cold weather, with high winds. His report of the work is accompanied by a 
Rketch showing the scheme of triangulation found most practicable. 

In addition to the two gentlemen already referred to as having served in the party, Assistant 
F. D. Granger was attached to it from September 26 to October 6. Extra Observer W. B. Fairfield 
was ordered to the party July 1, but owing to illness was unable to take the field till September 
25. He was detached November 10. Mr. P. A. Mosman served as recorder till September 25, 
acting also for a time as foreman in moving and pitching camp, posting he1iotropers, &c. 

Mr. Mosman refers in terms of cordial appreciation to the interest in the work taken by the 
officers of his party and to their constant and zealous efforts for its advancement. He acknowl· 
edges also the efficient labors of his foreman, }}. E. Torrey. 

Statistics of the season are: 

Primary stations occupied - .• - ...... - .. - ....... - . _ ............ _ . . _ .... __ . . 4 
Observing tripods aud scaffolds erected (heights of 30, 45, 65, 100 feet) .... _. _. 5 
Prirnar;y statious selected in reconnaissance_ ... - - .. _ ... __ . __ ... - - . . . . . . . . . . 5 
Number of primary objects observed .... - _ - ... - _ - ...... - .. - .. _ . - . . . . . . . . . . . . 20 
Number of observations on primary objects._ .. - . ___ ..... - . - .............. - .. 1548 
Number of secondary objects observed. - _ - - ......•....... - ....... - . . . . . . . . • . 2 
Number of observations on secondary objects ...... - ... - - - .•... - . -·- ... - . . . . . . 13 

The records of the work, original and duplicate, and the field computations ha\Te been trans
mitted to the Oftice. 

SECTION V. 

SOUTH CAROLINA AND GEORGIA, INCLUDING COAST, SEA-WATER CHANNELS, SOUNDS, HARBORS, 
AND RIVERS. (SKETCHES Nos. I, 5, 17, AND 18.) 

Hydrographic survey in the Stono and Wadmelaw Rivers, South Carolina.-Some additional sound
ings being required to develop the hydrography of the inland passages which connect Charleston 
Harbor aud North Edil'lto River, Lieut. G. 0. Hanns, U.S. N., Assistant Coast and Geodetic Sur
vey, c~ommanding the steamer Arago, was directed to execute this work. The Stono and Wadme
law Rivers are in many places very narrow and full of shoals, and it was found necessary to take 
soundiugs rapidly. As but three points of the old triangulation could be found near one end of 
the work, and but two at the other, it became necessary to lay out a small triangulation. This 
closed exactly upon the old points. 
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To obtain a well-determined plane of reference for the soundings, five tide-gauges were estab
lished between Martin's Point on Wadmelaw River and Elliott's Cut, Stono Rinir, a distance of nine 
teen miles. .As no station could be occupied during a lunar month, all gauges were compared with 
the self-registering gauge of the United States Engineers at Fort Sumter, where consecutin tides 
had been observed for a year or longer. 

Lieutenant Hanus bad the aid of the following-named officers: Ensigns E. F. Leiper, F. R 
Brainard, and George R. French, U. S. N. 

In March, 1885, the hydrography was completed and the following statistics reported: 

Miles run in sounding .............................................. · .... . 
Angles measured.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ........... . 
Number of soundings ....•...... -. . . . . . . . . . . . . .......................... . 

214-
3, 3.'35 

30,899 

Earl~· in April, in pursuance of instructions, Lieutenant Hanns took up bydrogranhic work 
on the Saint John's River, mention of which will be made under the beading of Se.ction VI. 

SECTION VI. 

PENINSULA OF FLORIDA, 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, 6, 7, 17, and 16.) 

Triangulation a.nd shore-line topography of Saint John'.~ Ri1Jer, frorn Nine-,l:We Point to Palatka.
In continuation of the survey of the Saint John's RiY-er, Florida, Assistant Eugene Ellicott. was 
directed to proceed to Jacksonville, Fla., and await there the arrival of the schooner Ready. 
In March, 1885, he sailed to Nine-Mile Point, about tweuty miles below Palatka, and began a 
triangulation of the river. Upon the 17th of March this work was finished to the Devil's Elbow at 
the bead of the broad easily navigated part of the riYer, and about two miles above Palatka. The 
shore-line topography was then taken up and carried over the same ground. It was deemed 
desirable to postpone filling in details of topography in view of the expected early arrival of the 
hydrographic party. Mr. Ellicott states that the Saint John's is navigable for oce~n steamers to 
San Mateo, eight miles above Palatka, and that be thinks they go still further up when freights are 
offered. Trafiie on the riyer is larg£>, and the demand for a chart of the portion then under survey 
very great. From the entrance to Racy's l'oint,just above Nine-Mile Point, a chart of the Saint, 
John's has been published in four slwets. 

Much of the shore-line survey had to be done with the plane-table standing in from one to two 
and a half feet of water, and certain parts of the shore line are outlined only by an edge of cypress 
trees, the water extending back for an apparently indefinite distauce. From the Devil's Elbow, a 
sexta11t triangulation was carried, and au approximate shore line delineated as far as San Mateo. 

On the 15th of April Mr. Ellicott, in accordance with instructions, turned the Re.ady over to 
Liente11ant Hanus, U. 8. N., Assistant Coast and Geodetic Survey, and the next day proceeded 
northward. 

Duty subsequently assigned to him has been referred to under the headings of Sections I and 
III. 

Hydrographw survey of Sa,int ,John's River from Racy Point to Palatka.-Upon the eom11letion 
of the triangulation and shore-line topography of tbe Saint John's River between the limits men
tioned under the previous beading, Lieut. G. C. Hanus, U. S. N ., Assistant Coast and Geodetic 
Survey, commanding the st.earner .Arago, began a hydrographic survey extending from Racy Point 
(just above Nine-Mile Point) to Sau Mateo, about four and one half miles (by the river) below 
Palatka: On the 16th of April, Lieutenant Hanus was detached from the party for other duty, and 
in pursuanoo of instrucLions transferred the command of the .Arago to Ensign E. F. Leiper, 
U.S. N., Assistant Coast and Geodetic Survey, under whose direction the work was completed. 

At the beginning of the survey, the river was almost two miles wide, and lines of sounding!! 
about three hundred meters (nine hundred and eighty-four feet) apart were run as nearly normal 
to the shore as practicable. As the width of the river decreased the lines of sounding1:1 wert~ run 
closer. 

'fbe time allowed for the work being very short, no attempt was made to sound out the creeks; 
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only two of these, however, were navigable, Deep Creek and Rice Creek. A sextant triangulation 
having been made in advance by the topographical party, and an approximate shore line deter
mined as far as Sau Mateo, tl1e hydrography was completed to that point. 

A. plane of reference for the sountlings was determined by obsenatfons with a box-gauge 
secured to one of the pile,s of the wharf of the Tropical Hotel at Palatka. Tides were observed 
during thirteen days and twenty consecutive low waters taken. A bench-mark was established 
on the post of piazza of the hotel. The mean rise of tides ouserve<l was nine-tenths of a foot. 

Ensign Leiper bad the aid of Ensigns l<'. R. Brainard and G. R. French, U. S. N. He reports 
tlrn following stattstics of the survey: · 

Miles run in sounding . . . . . . . . . . . . . . . . . . . . • . . . . . . . . .......... ~-.. . . . . . . . 252 
Angles measured.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . 3, 154 
Number of soundings.... .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ............... 17, 574 

Before the work was finished Ensign Brainard was sent north in charge of the schooner Ready, 
wl1ich had been tumed over by the Assistant in charge of the topographical party. I!Jusign Leiper 
was directed to proceed to New York upon the completion of his survey and report for duty on 
board the steamer Endeavor. 

JJeep-sea sounding.~ in Northwest -Providenc" Channel and in the G1i7j Stream ojf ~'lorida coast, 
and subcurrent obser1.1ations in tlle Gu{f' Stream bet·ween Fowcy Rocks and Gun Cay, Bahamas.-Early 
in December, 1884, I.Jieut . .J. E. Pillsbury, U. S. N., Assistant Coast and Geodetic Survey, was 
detached from duty i11 tl1e ofllce of the Hrdrographic Inspector arnl directed to proceed to New York 
and relieve Lieut. CommaniJer vV. H. Brownson, U. S. N., Assistant in the Survey, of the charge 
of the steamer Blake, and hydrographic party aboard that vessel. Unde,r Lieutenant Pillsbury's 
command, the Blake was brought to Washington in pursuance of additional instructions, and 
fitted for deep-sea sounding and current work oft' the Florida coast. 

The Blake left _Wa<1hington February 6, 1885, and arrived at her working ground February 
18. She foft the Florida coast at the close of the season, June 2, re,ached CharleRton, S. C., June 
4, and convoyed the Coast and Geodetic Survey steamer Arago north. 

Lieutenant Pillsbury bas submitted a full report (Appendix No. 14) of his season's work, 
which was a remarlrnhly successful one. Fh·e lines of soundings were run in the Gulf Stream to 
the southeast of Cape Canaveral, two lines of soundings across tne str~am between Cape Florida 
and Jupiter Inlet, and three lines in Northwest Providence Cbannel between Bahama Island, 
Great Abaco, and Great Bahama Bank. Tidal observations were made during six weeks with a 
box-gauge established at the Fowey Rocks ligbt-l1ouse. 

Seventeen stations were occupied for current observatio11s in the Gulf Stream between Fowey 
Rocks and Gun Cay, Bahamas. For the observation of snbcnrre,nts a current meter was invented 
and constructed by Lieutenant PilJsbury. One of the conditions of the successful use of this meter 
was that the steamer should be safely and expeditiously anchored at sea. For this purpose, a Rteel 
wire rope of five-eighths and three-fourths of an inch in diameter was used instead of chain or 
manilla. This wire, rope was carried on a large reel and led from that to the drum of the hoisting 
engine, and from tl1(•11ce through a large iron pulley at t11e eud of a spar over the bow. This spar 
was binged at its inner eud to a hea\'Y post in the bow and its outer end was held up at an angle 
of forty-five degrees by a steel wire rope or topping lift, leading over the, masthead and to the deck 
aft. Interposed in this topping lift was an arrangement of rubber buffers, about eight feet in 
length, desig11ed to take up the slack and relieve the sudden strain on the anchoring rope as the 
vessel pitched. With this gear the Blake could be anchored in four hundred fathoms in about 
fifteen minutes, and could get under way in about forty-five minutes. 

The current meter consisted of (1) a systt>m of cones revolving around an axis, and register
ing by means of differential wheels; (2) a freely moving rudder; (3) a compass; (4) an arrangement 
of wings or fins by which the com11ass needle and rudder are clamped at the instant of beginning 
to pull the meter upward through the water; and (5) a propeller whiclt locks the needle and rudder 
after they have been clampefl by the fins, by a eoutinuation of tlH\ npward movement. 

The met.e,r was lowered by a steel wire, and, in order to keep it from being. swept astern by 
tlie current, it was attached by a ro11cr to another wire called a jackstay, down which it was free 
to move. This jackstay wire wa.s anchored on the bottom and kept np and down by weight.s. 



 

UNITED ST.ATES CO.AST .AND GEODETIC SURVEY. 45 

Lieutenant Pillsbury states that the meter worked well, and believes that its results may be ac
cepted with confidence. 

The plan proposed for the seaoion's work was to take a series of current observations with 
soundings at stations between Gun Cay, Bahama Banks, and Fowey Hocks, I~lorida, followl'd h:i' 
a similar series between Yucatan and Cuba, and then to re11eat the first series. 

Results derived from the first series seemed to indicate that tidal action was more marked 
than had been supposed; that the axis of the stream was 11ot where it bad been put by tbe old 
observations, and that the greatest velocity was at or wr' m·ar the surface. 

These results Jed Lieutenant Pillsbury to ask that bis original instructions should be modi
fied 80 as to confine the current obserYations to tl1e Florida cross-section. Fi•e pri11cipal cnrrPut 
stations were accordingly occupied between the Fowey Rocks and Gun Cay. These station8 wPre 
at about equal distances from each other and from the laud on either 8ide. l'our of them were 
OCCUJlied during periods of from forty to seventy hours caeb, aiul oue, situatctl about eight miles 
from Fowey Rocks, over four hundred hours. 

Quoting from Lieutenant PillsburJ's summary report; 
"The record shows, first,, that there is a diurnal Yariation in tbc velocity of tlte stream, ammmt. 

ing in Rome instances to nearly two knots, and that this ,·ariation extendi;; to the subcurrents as 
far as observed (one hundred and thirty fathoms). 

"Second. That there is a monthly variation in the yelocity, amounting to about three 1:uots, 
with the condition8 of the i::nn and moon both haYiu~ _creat declination. 

"Third. Tlint tLe axis of the strPam at this portiou of it is proliably not in tlie positio11 !inp· 
posed by Professor Bache, but is situated more to the westward. The exact positiou coultl uot he 
determined in the time allotted to the work. 

"Fourth. Tha.t the direction of the upper currents, at three and a half, fifteen, an cl thirty 
fathoms, remained approximately north. The sub-murents at sixty-fire and one huudred and 
thirty fathoms changed somewhat in dirention with the diurnal yariation ill Yelocity, often as 
much as fi\·e points on either side of the rueridiau, and in one or two instancl's ::it one huudred 
and thirty fathoms the rudder indicated a southerly current. This, howen•r, was at the shoall'.r 
anchorage, two hundred fathoms in depth, and with a Yelocity of but a tpnth or two, and it is 
pos8ible that with such a weak currc·nt th(' instrument was in error, although there was 110 e\·i
deuce that such was the case. 

"Fifth. That the velocit.r of the subcurrents was in some instances greater than that of the 
surface current, but the mean of about an equal number of observations on the prini~iJJal stations, 
as well as the mean of all the observations on the long station, showed a less velocity in the sub
currents. A continuation of the vertical curves below the poiut of the greatest depth observed 
seems to indicate that there is no current at the bottom, but this conclusion may be changed by 
a complet.e discussion of the observations on some of the stations." 

TheAe results are of great interest as a contributiou to our knowledge of the currents of the 
Gulf Stream, and similar observations carriecl through anothe11 season with the experience gained 
by Lieutenant Pillsbury will add to their value. 

The following named officers were attached to the Blake: Ensigns A. F. Fecbteler, P. J. 
Werlich, W. A. Thom, William Truxtun, E. Simpson, and M. C. Gorgas, U.S. N. 

The statistics of the season are reported as follows : 

Miles run in sounding . • . • • . . . . . . • . . . . . . .. . . . . . . . . . . . . ....... _ . . . . . . . . . . . 577 
Number of soundings. _ • . . ... _ .................................. _ . - . . . . . . 152 
Number of specimens of sea-bottom preserved _ ... _ ...................... - . . 87 
Current stations occupied.. . ...... -. . _ ... _ ..... - . . . . .. . . . . . . ..... - . - 17 
Total number of current observations with the current meter at depths of two, 

three and a half, fifteen, thirty, sixy-five, one hundred and thirty, and two 
hundred and ten fathoms .. _ .. _ ... _ ................... _ ........ _ . . . . . . 1, 059 

Total number of surface observations . . . . . . . . . ..•.......... _ •......... _ _ _ 2, 326 
Greatest depth of anchoring s.t any station .... _ ........ __ ..... __ .fathoms.. 470 
Lea.st depth of anchoring at any station . • . . . • • . . . . . • . . . .....•... fathoms.. 200 
Number of current bottles thrown overboard . . • • • . • . . • . . . . . . . . . . . . • . . • . . . • . '*8 
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While at Ke~· West, in March, 1885, Lieutenant Pillslmry rendered an important service to 
the steamer Alamo of the l\lallor_y line, wbicb bad run ashore on Southwest Reef, Tortugas, in a 
nl.ry dange.rous position. Learning this, he went at once to her assistance, aucl altlwugb the 
light-house teuller I.-aurel was already cloing her utmost to get the Alamo off, and the Blake 
aided the Laurel iu to1viug at high water, their united efforts were unavailing during five trials. 
An anchor was tlwn planted on the port bow of the vessel t-0 haul it to wind ward, and on the 
sixt,11 trial the revenue steamer Dix, which l1ad arriYed to reuder aid, hauling on the port quarter, 
and the Laurel and l31ake pulling astern, the Alamo came off practically uninjured. In the work 
of relief the deep anchoring gear of the Blake was of great service. 

At the close of the seasou tlle Blake was taken to Hampton Roads, and thence to Boston, to 
be prepared for work on the New England coast. Duty on that coast, aRsigned to Lieutenant 
Pillslmry at the beginuing of the fiscal year, bas been already referred to under the heatj_ing 
of Section I. 

Determination of grarity at Key lVi~at.-Towards the end of February, 1885, in pursuance of 
instructions, Assistant 0. S. Peirce proceeded to Key West, Fla., to determiue the intensity of 
gravity. Authority haYiilg· been obtained from the Secretary of War, a station was selected in 
the barracks at Key \Vest. Pendulum No. 2 was set up and oscillated, heavy end up and heavy 
end down. Tbe nsnal transits for time were obsen·ed. Mr. Peirce ha1:1 reported as a preliminary 
result from his field computations that gravity ii,; in excess on Ke3- 'West relative to Washington 
hy an amount prolluch1g l8.46 error iu a clock per diem. 

Field operatio11s were completecl at Ke~· '\\'P;;it station h~· the 1st of 1\fay. Mr. W .. B. Fair
field, extra obserYer, took part in all of the observations. In his report. Mr. Peirce speaks in 
terms of the highest commendation of Mr. Fairfield's services. 

Referring to the fact that the residual difference of gravity between Washington and Key 
\Vest is solllewhat smaller than be bad anticipated, Mr. Peirce expresses the opinion that the 
question to which grayity research should be directed more particularly for the present is, whether 
lines of eqnal residual gra;dty can be traced upon the map, or whetller the Inl'rely local variations 
will mask those that are progressive, and that for this purpose lines ot statious a thousand miles 
or so in length should l>e run with stations three degrees apart. lint tlrnt a north and south line 
WiJJ DC\'eJ' afford SO clear !l {lfOOf Of the existeBCe Of progresii'iVe YaJ'iatiOU in the residua} gravity 
al:l an cast aud west one, because with the former there would always remain a doubt whether the 
assumed latitude correction was right for this part of the world, and though its being different in 
different ruuts of the globe would necessarily imply progressive variation along 1be circles of lati
tude, yet that might be so slow as not clearly to show itself, say in a thousand miles, without 
which curves could ha!tll;r be drawu. The first endeavor should therefore he to run an ea.st and 
west line. 

Beach measure and topography on the 1cest coast of lllorida from Bowditch Point to Cape 
Romano.-Iu continuation of the survey of the west coast of Florida, from the vicinity of Punta 
l{asa towards Cape Sable, Assistant Joseph Bergesbeimcr was directed to organize his party for 
beac11 measure aud topography on board the schooner Quick. 

The Quick was got ready for sea at as early a date as practicable, and r(lached Punta Rasa, 
with Mr. Hergesheimer aml party on board, December 18, 1884. 

The topography of the beach and inlets was begun at Bowditch Point, ahout t11ree a.ml a half 
miles south of l'nnta Rassa, and was completed to Wiggins Pass, a distance of about twelve miles, 
by December 26. Leaving Punta Rasa on the 29th, Mr. Hergesheimer ancbo1·ed the schooner the 
next. day in Big Marco Pass, and began the beaeh measure and topography from Wiggins Pass to 
Cape R-0mano, thirty-three miles . 

.As determined by this work, the geographical position of Cape Romano is a preliminary one, 
hut sufficiently correct for topographic or hydrographic purposes. From Caximbaa Pass to Cape 
Romano the distance was carefully mea.snred twice with a twenty-meter chain. 

Unusually stormy weather prevailed during the season, there being a succession of northel'ff 
with lower temperatures than bad been known in that, locality for many yt'.ars. Field operations 
were closell March 28. 

Before leaving the field, Mr. Bergesheimer furnished Lieutenant Heald, commanding the 
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steamer Bache, with the geographical positiou of the points needed for his hydrogra11hical work 
on that coast. 

The Quick was laid up in Manatee River, in charge of a competent ship-keeper, at the close of 
the season. 

Mr. J. Henry Turner, Aid, joined the party January 27, and rendered efficient service during 
tbe remainder of the season. 

Mr. Hergesheimer states that the only anchorages for a vessel drawing between fixe and 
~igbt feet of water between Punta Hasa and Cape Romano are Big Carlos and Big Marco Inlets. 
Big Marco is 11 good harbor; there are from eight to teu feet of water 011 the bar, a:id the cha11ncl 
was wide enough for the Quick to heat in. 

The statistics are: 

Points determined .................. . 77 
Angles measured. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 124 
Number of obser\'ations .................................................. 1, 057 
Number of miles of beach measurement ....... _.... . . . . . . . . . . . . . . . . . . . . . . . . 33 
Miles of ooast line surveyed with adjacent topography . _ . . . . . . . . . . . . . . . . . . . 41 

Duty assigned to Mr. Hergesbeime.r later in the year iR reported u111ler the heading of Sec-
tion II. · 

Hydrogrophic survey of the west coa,st nf Florida from the vi<:inity of Gordon's PaR.~ to Cape 
Romano.-Upon beiug relieved from the command of the schooner Eagre, towards the end ot 
November, 1884, Lieut. E. D. F. Heald, U. S. N., Assistant Coast and Geodetic Sun'ey, was 
directed to take command of the steamer A. D. Bache, and prepare her for 8Crvice in southern 
water!l. A month later, a h~ drographic part~· ha Ying been organized on board the Bache, and the 
vessel having been made ready for sea, Lieutenant Heald received instructions to execute hydro
graphic work on the coasts of Alabama a11d LoniRiaua and on the west coast of Florida. 'J'he 
first named work having been completed, the Bache arrived off the Florida coast early iu May, 
1885, and began the hydrographie survey from the southern limit of Lieutenant Mansfiel!l's work 
in 1884, near Gordon's Pass. Lieutenant Heald's survey was based upon points determined autl 
shore line furnished by Assistant Joseph Hergesheimer, then at work on that coast. From G01·
don's Pass to Cape tlomano, the southern limit of Lieutenant Heald's survey, ship lines of sound
ings were run one mile apart to develop the ten-fathom curve, and from the boats lines were run 
one-quarter of a mile apart to develop the three-fathom cnne. 

Information having been received at this office from Mr. P. L. Cosgrove, ma!!ter of the ligl1t
house tender, Laurel, of the existence of an uucharted reef between Marquesas Hock a11d Omt!-Biu 
Shoal, Lieu~nant Heald was directed fo Pxamine the locality. He fonn1l a. shoal on a line joining 
Marquesas Rock with Coal-Bin Shoal, and on the followmg hearing!!: 

Marquesas Rock, west one and a quarter ruiles. 
Coal-Bin Shoal, ea!lt fiye and three-eighths miles. 
Western extremity Marquesas Keys, north one-half east six miles. 
The least water found was· tiixteen feet. It is situated on the crown of the Plorida Reefs, and 

is named "Cosgrove Shoa.I, after the person who first announced it. 
A notice to mariners was issued, reporting the result of Lieutenant Heald's examination. In 

this, as in similar notices issued by this office, all bearings are magnetic, all t1istance8 in nautical 
miles, and all depths at mean low water. 

Ensigns T. D. Grifiin, J. M. Orchard, A. Jeffries, W. C. Canfield, and J. K Cra.ven, U. S. N., 
were attached to the party. 

Statistics of the work off the l~lorida coast are: 

Miles run in sounding ...... - . . . . . . . . . . . ..................... _ ...... _ . . . 511 
Angles measured .. _ .... _ .............. ·_ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 804 
Number of soundings.... . . . . . . . . . . . . . . . . ..... _ ........................ 8, 744 

Towards the eml of May Lieutenant Heald proceeded north in the .Bache, under instructions 
to prepare for work on the coast of Maine. 



 

48 UNITED STATES COAST AND GEODETIC SURVEY. 

Sl<~CTION VIII. 

ALABAMA, MISSIBf'\IPPI, LOTJISIANA, AND ARKANSAS, JNCLCDING GrYLF COASTS, PORTS, AND RIVERS. 
(SKETCHES Nos. 1, Ti, 8, 17, arnl 18.) 

Continuation (!l reconnaissancr for the connection of the triangulation of the Gulf coast with that 
alang the Blue Ridge.-Reference was made in tbe last annual report to a reconnaissance carried 
southwesterl.r from stations in Northern Alabama by Assistant 0. H. Tittmann, under instructions 
to ascertain the most practicable routr: for extending tbe Blue Ridge triangulation to the Gulf of 
.Mexico. In November, 1884, Assistant Tittmann was directed to resume this work, and to begin 
in the vicinity of Mobile. His plan wa;; to examine in detail the country in the immediate vicinity 
of that port, to reconnoiter the valley of the Alabama River, an<l to continue the selection of 1mints 
in the more northern J>Ortion of the State, determining the geographical positions of these points· 
with some accuracy. 

Leaving V{ashington December 4, Mr. Tittmann began his reconmtissance at Spriug Hill, six 
miles west of the city, lrnvillg previously had a oonsultation wit.h Prof. Eugene A. Smith, State 
geologist. Professor Smith's knowledge of the country to be traversed enabled him to commuui
cate valuable information which was most freely antl courteously accorded. 

Au examination of the Alabama Ri>er as far as Selma was made, and notes taken of the coun. 
try, as also of localities near Mobile and in the viciuity of Monnt Vernon, the site of the United 
States barracks of that name, thirty miles north of Mobile. There is a crest of hills at this point 
rising to a heig·ht of about one hundred and eigl1ty ftet above tide.levnL On the eastern sitle of 
the river the hills attain a heig-ht of about three hundred feet. On both sides they are covered 
with heavy growths of pine. Mr. Tittmann reports that the most feasillle method of conducting 
the work from Mobile to Choctaw Bluff in Clark County, a distance of fifty miles, would be hy a 
scheme of triangulation inrnlving long lines on the west side, an<l forming the bases of overlapping 
triangles, the sides of which wonld be carried by diagonals to points across the river. Quadrilat
erals could doubtless he formed if time enough were given for the selection of the points. 

Mr. Tittmann resumed the reconnaissance in the northern part of the State about the middle 
of February, and bas submitted a sketch showing the i1lan of a proposed triangulation. Much 
delay was occasioned by the unusual dryness of the season, which caused an accumulation of smoke 
from the hnrning- of brush :ind lea,ves in the woods. At the beginning of l\fa.y, field operations 
wern elosed . 

.Mr. George I<'. Bird served efficiently as aid iu the party. Early in .June, Mr. Tittmann was· 
assigned to duty, reference to whicl1 bas been made under the heading of Section II. 

Hydrographic work in Mobile Bay and around t1te Okandeleur Islands.-An examination of the 
newly dredged channel in Mobile Bay having become necessary in order to correct the published 
charts of that locality, and it being desirable to ascertain the nature and extent of other changes 
reported to have taken place in the bay, Lieut. E. D. F. Heald, U. S. N., Assistant Coast and 
Geodetic Survey, was instructed to organize a bydrograpbic party on board the f!teamer A. D. 
Baclie for the execution of tbat work. 

The dredged channel ·rnries in width from one hundred and fifteen feet to two hundred feet, 
and in depth from fifteen and a half to twenty-two feet. It extends from the city of Mobile to 
the Lower Fleet in Mobile Bay, and is indicated b.f clusters of piles, fifty-one in number, one 
half a mile apart .on the eastern side, the center of the channel being one hundred feet west of the 
Jine of piles. In March, 1885, Lieutenant Heald began his survey by determiuing the direction of 
this channel and the positions of the beacons and clusters of piles which are intended as per ma-
11ent " aids to navigation." 

All of these were located and plotted upon the projcctfon. Lieutenant Heald states that it is 
the intention of the Light-House Board to place a light at. the south entrance in the position of 
Cluster No. 51. 

The lower portion of the channel, where the least depth is found, is now being redredged, 
and wiH soon have a depth, of eighteen feet. Owing to the nature of the bottom, which is a soft 
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rnml, great tlifficuUy iR found i11 keeping a prrmanent depth. Thr tendency in the upper part of 
the channel iR to <leepen it. 

Quite rapid and important changes lrnve t.aken place in the tOilOgraphy at the mouth of the 
bay. Pelican Island has completely tlisappearetl, leayiug only a small shoal with 0111· to two ft•et 
water upon it. }~ast and 'Vest San1l Islands h:we ht>Pll connected, mul the single island thus 
formed iR gradually ext.milling to the northwm;t. 'f,yo 1iew islarnls, rntmetl, res1wcti rnly, Coffee 
and Dixie, have hcen formed on the sand-bauks 011 the east side of the ent ritnce, a111l are about oue 
foot aboye high water. All of these cha.ngef< were caN•full.\· located on tlw hy11rogrnphic ~htwt. 

Upon closing work in Mobile nay, April "· l;i(•lltPJlilllt. Hcalcl llf0C('Ct1rnl u111for im;tr11ct.i01rn to 
the Cl!a])(leleur lslar11ls to fill i11 certain dctaili< of hy<lrograpl1y to the east.wmd of t.hO><(\ iHla111ls 
arnl in Cl1andeleur Sound. This work was finislw1l April :m, at which datP Lieutenant lfoalcl lt>ft 
for tbe coast of Florida to make n h;rdrograpl1ic sune;r, of which mentim1 lms beeu ma.•lt~ umlPr 
the lieading of Section Vl. 

'rhe following named officers were attached to the Bae be: J~nsig11s T. n. Grifl:i n, .1. M. 
Orchar!l, A. Jeffries, ·w. C. Canfield, and J. R. CraYen, U.S. N. 

Statistics of the work are as follows: 

~Iiles run in sounding • . . . . . . . . . . . . . . . . . . . .... _ .... _.. . . . . . . . . . . . . . . . . . 848 
Angles measured .....•...•...... _ . . . . . . . . . . . . . . . . . . . . . . . . . . ...... _ . . . . . 2, 371 
Number ot soundings ... _ ............................ _. . . . ............. 20, 28:.1 

Determination of the longitudes of Littl~ Rock, 7'e.rnrka.na, and Fort Smith, 1lrk.-In 1\la.rcli, 
1885, instructions were is>me<l, organizing threl' longitudt' parties for tlu• f'.nsning sr.:tson, two of 
these parties for the determination of primnry statiow; aml one for srcmHlary. 

ARsistant Edwin Smitl1 waA placed in genera.I charge of the work; Assistant U. FL Sirwlair 
was assigned to the charge of the snbparty for primary determinations, and Snbassistant E. D. 
Preston was detailed in charge of the subparty at secondary station:;.. 

The plan of operations included the determination of three stations in Arkarnml'I, mw of them . 
Little Rock, a primary station, and two others, Texarkana and Fort Smith, secondary. At Fort 
Smith and Texarkana observations were to he nrnde for latitude also. 

By the middle of April Mr. Smith was at Galveston, Tex., the initial point from which Little 
Hock was. to be determined. At the latter l'ltatio11 Assista11t Sinelair estaolishcd a trnnporary 
obserYatory. Continuous bad wea.ther for upwards of· ten tlays dela;yed the beginning of the 
work. Exchanges of telegraphic signals we1·e obtained on the night;.; of April 28 a11<l 30, :!\fay :;, 
4, 6, and 9, but of these the nights of April 28 and May 4 wi>re imperfect. The observers tlwn 
changed places, and, Mr. Smith being at l.ittle Rock and Mr. Sinclair i1t. Galveston, the longittule 
tletermiuation was completed by exchanges obtained on tl1e nights of May 1~, 14, 15, an(l 21. 

The next deterrniuatio11s made were those of Kansas Uity, Mo., and Texarkana, on the hound. 
ary line between the States of Texas and Arkansas. That of Kansas Uity will be referred to umler 
the heading of Section XV. For the longitude of Texarkana signals were excha11ged hetwe~n 
Assistant Smith at Lit.tle Rock and Suba.ssistirnt Preston at Texarkana. This being a secondar~' 
station, the obsen·ers did not cuauge places. Longitude signals were snccessfully exchanged 011 
the nights of May 30, 31, June 1 and 2. Mr. Preston determined the latitude of his station, co11-
11ected its position with that of the ninet.y-eighth mile-stone north of the Sabine Uivcr on the 
boundary line between Texas aml Arkansas, and established a meridian line for the city engineer. 

He then proceeded to Fort Smith, Ark., from which point be exchanged longitude sig11als with 
the obser¥er at Little Rock, Mr. Sinclair, who had exchanged stations wit.h l\Ir. Smith. The 
exchanges of signals for longitude between MeAsrs. Smith and Sinclair will he referred to under 
the beading of Section XV. With Litt.le Rock excbangf's of longitude signals were obtained on 
the nights of Jane 12, 18, 19, and 20. Mr. Preston determine<l the latitude of his astronomical 
station, and connected it in position with the stone monument which marks the line between the 
State of Arkansas and tbe Oboctaw Nation (lndian Territory). This monument is ca.lled "Initial 
Point," and all miles on the State line count north and south from it. A meridian line wa.'I also 
established for the City Eugineer. 

Upon the completion of work at Fort Smith, Mr. Preston proceeded under instructions to 
H.Ex.18--7 
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Ka11sas City, :\To., in m!lC'r to obsnn• for p<>rsonal equation \\'ith ~lesio;rs. Smith and Sinclair. 
Furtlt<>r 111Pnl ion oft hi8 work will he 11iadc nn(kr the hPacling of Section XV. 

Tria11r1ulatim1 and topo!Jraplt11 of the co11xt of L01iixia11afro111 Cote Blanche R(1:1J to tlw u:estmwd.
In Ft>hmar,\·, 18Sii, A.-:sista.nt F. \V. Perkins was i11io;tnwtPd t.o procet1<l to New Orleans and fit out 
tlw stenuwr Hitclwock for tile pm·post• or conti1rni111! tlie tria11gnlatio11 and topogmpl1,y of tlu~ co:18t 
of Lonisiana from Cott• Bla11cl1e Hay to the westwanl. It hall bee11 suppo8e11 tlrnt some pointR of 
tht' o!ll tri:mgnlatio11, expcuH•tl prt~\·ions to l~Gl, might \w. found, lmt 1bi8 }WOYetl to he. not the 
c<Hlt'. Owing to the Ycry soft aud yielding natnn• of the marshy shores of the hay1 all of the olcl 
marks l1a<l disappeared. 

A hase li11e about two and one-eighth 111ilcs iu length, was accordingly mea.snred near the 
Hont h WPst Pa.ss or VP rm ill ion Bay, and from this a 1ww tria11gnlatio11 waR ma.<1<' to estahl ish poi nt.s 
for the topogTapl1y. It was only by the greatest care that moderat.ely gornl results coulll be 
oh1.ai1wll. 'l'he local term "1loa.tfog tnrf'' wull 1ln,.;1~rihn,.; tliu unstable natnre of the marshy shores. 
ThP.y are snl~j1·ct to constant eh:mgt', arnl the presernLtion of the io1tatio11 marks is thereh~' 1·en<lere1l 
douhtful. 

Fidel opPration;; w1•m closed l\fa,\· 20, at which l!ate the following: statistics of the work arr 
rt>por1 Pel : 

Area c0Yt>re1l in :sq narc milrs IJy triangulation .... _ ....•........•........•..... 400 
Xnmher of statiomi oc<•npirnl ........ ., . . . . . . . . . . . . .. • . . . . . . • • . . . . . . . . . . . . 16 
XnmhN of11oisitio11s 1ll'f.prmine'1 .............. --· .....•.•....•..... ·········- 31 
l\lilei-; of short• liuP of topograpl1y rnn .......................... - ......... _... :~o 

Arl'a of topography in squarP miles .. _. . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . 2·1 

1\lr. 1'1•1li11s speaks iu tl'r1m1 of ltiglI praisP of thr untiring effort.s of J\fr. K L. Tane,\·, who 
srn-1•11 as aitl in the part,Y, and Mr. Hiehard C. \Vilson, of 1\lohilr, who Yolnnte<'re!l to <lo 1l11ty a8 
cacl!'i.·l'.11gineC'r an11 dork, st>n·iug without pay. He exprm;>1ecl hifl many obligntionR to 1\fr. {\.\'er,v, 
the prop1·ietor of Pdit Anse blaud, and to Major Crooks, the imperintendcnt of the Ralt·works 
thrre, for tlw1r eourtesy :tll(l the mat<'riitl a.Rsistance rcwlned hy tlwm to t.lw work. AIF!o to 
Ml'st'ffS. ~ctlie a111l Kock, of the l\Iorgau stPamship line, for facilities kiwlly offered in secnring the 
II itdrnock for the summer. 

Other dnt.'· assigned to Mr. Perkiru; has bet'n referr1•1l to under the headings of Secti.ons I and 
I I. I 11 the latter part of the summer anrl early iu the a.utumn of 1884, he W«ts engaged iu some 
experiments for the impl'OYemcnt of tlw lights n8e1l as 11ightsign:ils in geo1letic work. 'rhmiP 
t>.xpcrimm1ts were so far successful its to incr-OttBe tlw available amount of light.rays from about 
t.went.y.ffre to two hundred camlle·vower. This was accornpliishe!l by a simple arrangemcut of 
reflectors whieh did not inYolrn auy material increase in tue a.monut of combustion. With more 
time at his command, l\lr. Perkins hopes to preseut a forlll of apparatas wholly satisfactory and 
pradical. He expresses liis indebtedness to ,Jo:seph Funck, foreman of the lamp shOil of the Ligltt
IIousc Bstablislwwnt, who, by permission of Ueneral Dnane, J~ugineer of the Third Light-house 
Uit1trict, re11dt're1l esse11tia I aid in conducting tlw photometrical observations aud arranging details 
or construction. 

Hytlrographfr siwr1y <!.ff" the e<!ast of Lo1tiliia1111 from Sabine Pass east'U'ard.-In continuation of 
the hy<lrograph,v of the coast of Louisiana from Sabine Pass eastward, Lieut. F. H. Crosby, 
U.S. N., Assistant Uoast and Geodetic Smrny, was iui;tructed, in December, 1884, to complete the 
titting of the steamer Gedney for sea, mid proceell at as early a date as practicable to Sabine Pass. 

Upon reirnhing that locality at the lleginni•1g of March, Lieutenant Crosby establisl1ed his 
principal tidc·gau~e for the season on Dorman's wharf at Sabine Pass. This gauge, ii simple staff 
11ailed to the wharf piling, it:s numbers i11creasi11~ with rise of tide, was observed coutinuousl;\· 
from March 10 t-0 June 5. A seconll gauge was located at the mouth of the Calcasieu Rh-er, and 
observed dul"iug three days. Owiug to the fret-1bets iu the riYer during the SJlriug season it was 
found impossible to m;tablish a plane of reference b.'' observation, but thl'Ough the courteRy of tile 
United States Army engineers engaged in coustruetiug jetties on the bar at Sabine PaliS, Lien· 
tenant Crosby was enabled to get a comparison with their self-registering gauge at that locality. 
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This gauge is referred to a plane of reference 11epending upon contiuuons obscnTatiom; for :six 
years. 

Lieuteuaut Crosby observes that the work of the seaso11 :showed a contiuuatiou to the e<t:stwanl 
as far as Calcasieu Rirnr of the outlying· shoal deYelopcd dt1ri11g the previous year iJy Lieut. G. C. 
Hanus, U. S. N., Assistant. The portion <lewlopell in 1885 was fouud to be irregular in fln·111 and 
Ium11y, with a least depth of uiueteeu feet. The bottolll is of sarul and shells and in perfl-etl,\· 
smootli water rnaJ lJe seeu distinctly to a depth of six fathoms. 

Outside of tllis shoal, antl about thirty miles oft' shore, wa;; found a ridge formed of hl'oken 
shells, the eastl'rn end bearing south one-quarter we;;t fro111 Calca,,;ieu light, and ha \'iug 011 it a lea1<t 
depth of five fathoms and three and a half feet bearing south (magnetic) from Caleasiet1 light. 
Outside, iusitle, a11d betweeu these shoals tht- bottom is of blue mud, mixed in ;;ome places \rit.lt 
broken shells. On both sides of the shoals the water deepens rapidly. 

Eaclt of the rivers or pasises, Sauiue, Calcasieu, am! .Mcrme11tau, ewptyiug into tlie Gulf ou 
this portion of the coai;t, hais an eulargement or la.kt' at a frw miles inhL11d, forming a t itla l n•st>r
voir, and causiug vcrs strong tidal currents l>et\\'cen the lakes awl the Hulf. Each is obstructetl 
UJ a har at its month. Over the bars at Sabine and Calcasi('U hut six feet of water c;rn be carrit~d 
at low tirle, and over the 1\iermentan bar hut four feet. 

With regard to the current iu this part of the Gulf, Lieutpn:rnt Cro;,;b~· n·nmrlrn that tlie~· art> 
go\'erued by the dircctio11 of the wi11d, awl tlwt i11 calm weather tbere iis a iset of froru om·-ltalr to 
om:< kuot to the westward. 

Lieutenitut Crosb_'l· liad the aid of the follo\\'iug· 11a111l.'d otlicern: .Ern.;igus T. ~I Brurnb_y, .A. 11. 
Hall, J. II. Hctheringtou, aml ,J. S. \\'atterH, U. S. N. 

'l.'he statistics of the seaisou. which closetl ,Juue 5, <tre a::; follows: 

Miles run iu tmumling ...........•. , ... _ ................................ . 
Angles mea.8UIW1 .... _ ..... _ ....................................•....... 

·Number of soundiugs .•.........................................•....... 

SECTION IX. 

1, -105 
5,100 

(j;~, 05~ 

TEXAH AND 11\'DIAN TERRITORY, INCLUDIXG GULF COAST, BAYS. AND RIYER8. 

(SKETCirns Nos. 1, fl, 17, an<l 18.) 

I>efo-rmination of the longitude of Bro1f'nsi1ille, Tc.r.-Hefenmce ha8 heen made, under the head
ing of the previous i:iection, to the occupa~ion of the longitude station at Gah·estou, Tex., by Assh;t
<tnt Edwin Smith as an initial poiut. f">r the determination of Ure longitude of certain primary 
and secondary points in Texas and Arkansas. Tim plan of work included th!' dett>rmi11atio11 of 
Brownsville, Tex., in latitude aud longitude. The station at Browus\'ille was esta blishcd l.J,y Suh
assistant E. D. l~re.st4ln, and after many delays, owi.ig to unfavorable weather, difficulties of traus
portation, and a-ccidents to the lines, an exchauge of telegraphic signals for lou~itmh• was obt<1ined 
with Mr. Smith a.t Gal\'eston, May 6. Stormy weather prevailed fur nearly a week after thiR date; 
duriug this interval Assistant Siuclair took Assistant Smith's place at. Galveston, and additio1ml 
exchanges were obtained on the nights of May l'..!, 13, and 14. 'fhe latitude of the Brow1111villc 
station was determined, and the position of tbe transit connected with tlrnt of the geodetic stat.iou 
which had been receutly established by Assistant Halter in the garrison, near the artillery bar
racks. A meridian line was laid out at the request of the county surveyor. 

An a.coount of the work subsequently executetl by Mr. Preston while connected with the longi
tude 1>a.rty is given under the heading of Section VIII, and a. further notice of the operations of this 
party under the beadiug of Section XV. 

Tria11gtdation and tvire measurement between Point Isabel and Brow11si•ilfe, 1'ex.-Tbe connection 
of a station in the town of Brownsville, Tex., with the triangulation of the Gulf coast was accom
plished in the winter and spring of 1885, by Assistant R. E. Halter. Starting from a point near 
the mouth of the Rio Grande in January, the triangulation was carried UIJ the rh·er a distance of 
about ten and a half miles, and thence by a wire measurement combined with measurements of 
angles a.t fixed points along the line ro Brownsville. Field operations were closed April 15, and 
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under instructions Mr. Halter sent his instruments aml camp equipage to New Orleans for storage 
aud reported at the ofiice iu Waishiugtou. 

Tlte statistics are: 
Number of stations occupied . . . . . . . . . . . ......................••.•...•••. 
Number of obserYatious. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ................ . 
Length in meters of wire measuremc11t .........•......................... 

SECTION X. 

CALIFORNIA, INCLUUING THE COAST, BAYS, HAHBORS, AND RIVERS. 

(811&TCUE8 Nos. ~. 9, 10, 11, 16, 17, autl 18.) 

12 
1,070 

18,976 

Hurney of the coa.\t li·ne connecting the work at 8an ,Juan Oapixtrano uJith that at Ne1oport Bay, 
Ca7Jiforni1t.-At the 1Jegi1111ing of the fiseal year, Assistant A. F. Rodgers had organized his party, 
in pnr.'inauce of instrnctfous, and was engaged in the work of completing the co:u,;t-line surve~· 
l>etwoon Siw .Juau Uapistra110 aml Newport Bay, California. Between July 1 and 15 three of the 
points of the triangulation of 1875 in the vicinit.y of Newport Bay were recovered; the necessary 
sigrnils, tweuty-cight in number, to continue the e<'ast triangulation to San Jmw Capistrano were 
theu erected, aud a general reco1111aissa11ce wal'i made from that vicinity southward to Sau Diego 
Bay. 

OH ,July 1.j Mr. ltodgers proeeeded to Sau Francisco to ptHchase an outfit of tents for his 
part..r, aud to attend to certain office work that was neecle<l. He made and forwarded to the office 
ll traciug of the shore-line survey from San Juan Capistrano southwarll to San .Mateo Point. Ou 
A ngtrnt 7 he left San Francisco for t.he south coast, aml mornd his party to JJagnna Canon. Snh
assi1>tant Isaac Winston reported for duty in the party August 14. During August and Septem· 
ber obser,·atious of horizontal angles were pro;,ecuted, and early in October the "field computatiom> 
were ;,;ufficieutly a(hanccd to furnish data for the pr~jectfon of a topographical sheet to cover the 
iiurniy ot' the shore line included in the tria11g11Jation. This topographic survey was prosecuted 
till Non.1m!Jer 1, when tlie exhaustion of the appropriation compelled the suspension of field opera
tious. 

Mr. Itotlgers acknowledges the courtesy of lion. H.ichard Egau, of Sau Juan Oapistrano, in 
giYi11g tJrn use of an adobe building, comparatively fire proof, for the storage of the instruments at 
the close of the smt1>on, free of charge. He couunends ah;o tho efficient and ever-re;idy sei·vice of 
l\Ir. \\'it18to11, who remained with the party until its arrival in San lfrancisco, when he was lletached 
aml ordered to dut~· at Los A.ugeles. 

lJuriug tlw remainder of the fiscal year Assistant Itodgers was engaged on office w-0rk at San 
Francisco. On December 26, at the request of Assistant lJavitlsou, who hall been ordered to Wash
ington, lrn took charge of the suboffice at Sau :Frauciseo, aud cout-inued on that duty till Mr. 
Da\'idson's return in April. At the close of the fiscal year hi:' had made all arra11l!emeuts to take 
the field in accordance with instructions, and left San .Franci8co, u.r the soath coast i;teamer, June 30. 

The statistics of the season of 1884 are : 

Number of stations occupied _ ............................ _ .... _ ......... . 
Number of stations and objects observed on . ~...... . ............. _ ....• _. 
Number of horizontal directions determined ...... _ .. _ ... _ .....•........•. 
Number of horizontal angloo measured ........ ___ . . . . . . . . . . . . ..... __ . __ 
Number of pointingH made ......•.................. _ ................ __ .. . 
Number of geographical positions determined . __ .. _. · _ ..... _ . _. . ........ . 

35 
45 

83<1 
4,990 

10,81( 
34 

8erie11 of observations continued at the magnetic self-regil;tering record station at Los Angeles, 
Oal.-Since October, 1882, a11 almost unbroken series of absolute and difterenti:il magnetic obser
vations has been maintained at tl1e Magnetic Observatory at Los Augeles, Cal. At the beginnintr 
of the fiiscal year 188!-'85, Assistant Marcus Baker, who had begun this 1:1eries of observations, 
waa still in charge of them, but with inst.rnctions for his relief from that dut~· and recall to Wash~ 
i11gton. Mr. Carlisle Terry, Aid in the Survey, had bee.u directed to repoYi\ ~Q Ml;. I;la,kei; in Qrd.ei:-
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to learn the ructlwtls of observation and qualify himself to take clrnrge of the uuserrnwry. Ou 
the 1st of .August, 1884, Mr. Baker proceedml to 'Yashingt-0n, hy way of Toronto, Canada, nuder 
i11strnctio11s for special duty aml for 11onferen11e with tht1 Superinteudcut respecting magrwtit: work. 
Heforeuce is made under the headings of Section 11 and Rpecial opern.tious, to dut,\' assigned to 
Mr. Baker on the Atlantic coast. 

Mr. Terry has submitted a full report of hiH work during the eleven mouths endiug with June, 
1885. 'l'he photographic records of the elements of the relative magnetic declination, dip, aml 
iutensity, with the .Adie maguetographs were made as uearl~· conti11uou:s as possible. During 
three days near t.he midclle of each mouth obsen•ations were lllalfo to determine the ahiwlute 
declination, dip, and horizontal intensity, aud from these ausolnte Yertical force aml total iuteu;;it.y 
were deduced. 

Time was determined ouce a mouth by observations of the sun. 
Ou September 7 and No\'ember 30 the vertical force magnet was rebalaueml, awl on the 

8:lllll'I dates, aml also on December 4, its scale values were redetermined. 1'he nuiillar, uililar, a111l 
vertical force scales were read each day before and after ehauging the photog-r:tphic papen~; rrnMl
iugs were taken also of the maximum and minimum thermometer8 each da.,\' at 8 a. 111. and 5. p. m. 
Hourly readiugs of the uuitilar, bifilar, and vertical force traces were made, and hourly, daily, aml 
monthly means for eaeh month deduced . 

.At the time Mr. Terrs took charge of the ohserYatory much difficulty had helm experieucetl in 
obtaining photographic traees of Rntlicie11t distinct1rnss, hut by using tile greateRt care he W:t8 ahlP 
to procure a recor(i. 111 No\'ember, 188·i, by making some slight changes in the sensitiziug pro
cess, and by the use of new trays, some improvement was secured, and on the fat of ,J nne, 1885, 
gelatino-bromide paper was substituted for the hromo-iodide of silver paper JHeYiously i11 use, 
'fhe gelatino-bromide paper, Mr. Terry reports as ha\·iug tbe iulvantag·e of reducing the amount o!' 
labor needed to procure a record, and as far more uniform aud continuous iu its re:mlt:s. 

Mr. T(~rry had the assistance of Subassistaut Isaac \Yinstou from No,·cmlier 15, 18~1, to 
AIJril 30, 1885, and of Mr . .A. L. Dul'uy from i\'Jay 10 Lo tile close of the Jh;cal _year. 

A summary of the year's statistics is as follows : 

Number of absolute measures ............................ _ ............ . 
Number of relatfre rnemmres.. . . . . . . . . ................ _ . . . . . . . . . .... . 
Number of readings of photographic traces _. _ ... _ ........ _ ............ _ 

5,280 
n, 01:: 

42, 610 

The recorcls, computations, and abstracts of results to the close of the fiseal ~·mtr haw heeu 
tramunitte<l to the office. 

Oontimiation of the zn·inwr11 triangulation of flu; coaNt of Ca/U;intia nortlt of Point Conc11Jeio11.
Pield operatious iu continuation of the primary triaugnla.tion of the Oaliforuht coast uorth of Point 
Concepeiou were resumed b.r .1.\.ssistaut James 8. J,amson in Non~mher, 1&)4, the comlition of 
the atmosphere not being· favomllle for wol'k at au earlier perio1l iu the fiscal year. The station 
selected for occupation was Rock)· Butte, a, primary point of' three tlwuisaud four humlred tCet 
elevation, about six miles from the <•oast. 

Knowing the violence of the winter gales, l\>lr. Lawson dee111ed it <Hh'isable to erect a te111p11-
rary wooden observatory for the shelter of the iustrumcuts, instead of usiug tents, and the adrn11-
tagt1 of so doing was iiroved by experience, one of the heavy raiu storms- accompanied lly high 
wimh1 having lasted ten 'days. 

The work at Hocky Butte consisted of horizontal and vertical measures, aud ohsernttious for 
time and latitude. For horizontal direction observations were made upou thirteen o~jccts, six of 
which were beliotropea at 11riruary stations, one the light-house at l'iedras Blancas, oue a station 
at Hollister J>eak, and five poles, four of which belonged to the tertiary coast triangulation. 

The theodolite was used in twenty-three positions; and at an of the pointings on the principal 
stations, readings of the ocular micrometer were taken. On all prominent mountain peaks and 
objects within the horizon of the station pointings were made. For elevation, measurements of 
double zenith distances were made on six main stations and on ten other objects. 

For time, observations were made on six nights, and for the latitude of the station twenty
nine pair8 of stam were observed on sev-eu nights. The instruments used in the several classes 
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of observatiorns were the twelve-inch theodolite No. 131, the eight-inch vertical circle No. 57, ancl 
the weridiau instrurne1•t No. 16. 

\York at l{ocky Butte was closed Jitnuitr.Y 31, 1885, aml the camp wa8 at once moved to the 
Yiciuity of Castle Mountain, with the iuteution of occupying that station, lmt it wits fouml that the 
appropriation was too far exhausted to permit any other course than to disband the party and 
st01'(1 the camp equipage till next season. 

Mr. Lawson reports the following statistics of the work : 

Number of ouservations for horizont:tl direction ...... __ ............ _ .. 
Number of observatio11s for vertical measures . . . . . . . . . . . . . . . .... _ .... 
N nm uer of observations for la ti tulle .......... _ ..... __ .... _ ...... _ . _ 
N nm ber of observations for time ............... _ .. _ ... _ .... _ _ _ _ . _ 

1, 00:? 
763 
21j 
58 

On returning to Sau Francisco a detcrmiuatiou of the value of the 111icro111eter.or tlte meridian 
instrument was made at. the astronowical station in Lafayette Park, the ::;ets obtaiuml at Rocky 
Butte llaviug \Jeeu much broken hy clouds. 

Ju all oft.he operations of the party Mr. 1,awso11 hail the assistauce of Mr. P.A. \\'elkcr, Aid, 
aud speaks liig-111,\· ot the value of his sen·iL'CS. Di1riug the remaimlm of the tiscal year Mr. Law1:1011 
wa.,; e11gaged i11 office work, and towards it:s close rcceiYed instrLwtiorns to JH'l'parn for taking the 
field. The reeonls and computations of bis obser>ations at Rocky Butte· were eompletetl aml seut 
to the oftice. 

Surce:I/ (!( tlic voa1Jt (tf" California continued f"rum _,l{oro Bay we1ttward.-..'~t t'.10 beginning of 
tlw liscal year Asish1tant Stehmau Forney had recefred instructions to continue tile tertiary tri<1.u
gnlatio11 of the eoast of California allll the shore-line topog-rn11hy from Moro Bay westward. At 
the close of the season, which was a short one, oil accouut of tlrn smallnes8 of the appropriatiou, 
Mr. Fomey had carried his survey to the line In-iug-1<Jstra1li1, wit.biu thrue miles of the town of 
Umnltria, Sau Lnil:l 01.>il:lpo County. By the end of October the shore line autl topography of two 
full pla11e-taltle sheets were completml, allll the l:lbo1·e line 011 a third sheet for a tlistanee of six 
miles. Bvery 011portu11ity was takeu advantage of to connect the tertiary iwints with tile primary 
triang-u1atiou. 

Statistics of the season are: 

Nu1nher of Rtations occupie(l . ~ .......... ,, . . . . .. . . .. .. . . . . .. .. . . . . . .. .. . . .. . . .. . . . . .. . . !! 
N um uer of siguals observed upon . . • . . . . . . . . . . ............ _.. . . . . . . . . . . . . . . 11 
Numlwr of angles measured ...... _ ..................... _ .....••............ - 480 
l\I ilcs of shore line sur>eyed . . . ..................... _ . . . . . . . . .......... - . . 8 
!\:liles of creeks. . . . . . . . . . . . .......••..•••......... - .. - . . . . . . . . . . . . . . . . . 17 
Miles of roads, telegraph, and fences . . . . . . .. _ ......... - . - ... - .... - . . . . . . . - 78 
Area sun·eyed in square miles ....................... - . . ... -. - . - . - . - . - - - 18 

llydrographic survey of the GalifQTnia coast in the vici1iity of Sa.1i Simeon.-As wcutioued in 
the last annual report, the bydrogmjlhic 1>arty under charge of Lieut,, E. I>. 'l'ausl:'lig, U. S. N., 
Ai;sistant Coast and Geodetic Survey, commanding the steamer McArthur, was near San Simeon, 
Oal., at the beginning of the fiscal year~ engaged in bydrographic work off that part of' the coast. 
The limits of Lieutenant Taussig's sur\'ey, which began .June :1 and m1ded July rn, 1884, were 
from l'echo Point. near Sau Luis Obispo Bay, to a point beyond Oayucm; in Estero BaJ'. 

Some ext1·ootS from Lieutenant Taussig's report, rehting to the bytlrograpl1ie characteristiL'S of 
the coast will be of interest: 

''The harbor of Sau Simeon, in the northeastern part of Sau Simeon Bay is a good summer 
anchorage. Vessels approaching from the southward ca.n wo1·k up the ba.y without danger as 
long as they keep clear of the kelp, which generally li11es the isb.ores within the three-fathom line. 
Off the peninsula, which forms the western t!ide of the harbor of San Simeon, is a roof lined with 
kelp, on which the sea generally breaks. This reef extends in thick kelp for a distance of three
sixteentbs of' a mile southeast of the point into six fathoms of water, and one-eighth of a mile 
further to the soutbeatst thet-e are thrtw small pieces of detached kelp in seven and a half fathoms 
of water. lo order to avoid this reet; my usual course in entering San Simoon Harbor in a fog 
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wa.'I to foel my way t(l t.he ktil r on tht1 <'a.Rtern shore anrl tllen lw:ul ahout north wPst 11111 i I f hP 
anchorage wa11 reache1l. 

"The best :tnehorag1\ for liglit-drnng-ht n~Rsels is about one.-eightl1 or a milP ew•t or \Yhakr'r; or 
Ulark's wharf, in three fathoms of wat<•r (Ht lmr low wiiter) where tl11\f\\ if'. a g<>n<l 11•1> from the uorth
we~t winds. I11 the winter months, tlw i:;outhwest swPH makes this mwhorag<\ like mo:-it of thP 
ports 011 the coast, rm misafe mw. If~ however, obliged to l'ide out a gale, tlte 1mme auclioragt• is 
t,o lw.1)refon·c11, as the reef a,nd penimmla serni to break the sea somewhat. 

"The shores along the coast, from thr harhor of San Simeon to the uorthwt-st are low hln118, wit Ii 
occai,;ional Rmall stretcheR of saml bt1nch. Tla-1 couutr.r riHPH into monutains about two mil1•i; from 
the coast. Tht~He monutaiu:-i flip towards the sea, allll reach t1w coast at tlw ernl of 0111· work 
northwest of Arroyo Sau ,Juan Carpofero. 

H Off the shore thf\ coast is geuerally line(l with kelp, and tbe soumlings are irregnlar; th<> 
ge1wral character of the bottom is rocky; grar sand is found off the Onstro Bouse, aIHl formnly 
schooners anchored there au<l lightered off their freight. Since tlic co11strnction of thP wh:trf iu 
the harbor of San Simeon this has 11ot been done. Patches of kelp are found in aR much as thi1tM11 
fathoms of wa.ter one-half mile south by wt,Rt of Castro station. Ou(, and oue-dg11th milc:s !-lOllth wt•s1 
one quarter south of Castro House is a rock with three awl mm-fourth fatlwmR in kelp, un<l in·pg-n
lar soundings from six to nine fathoms aronrnl it. This is the onte.r danger of the <10:1st lwtwt>e11 
the prniinsnla of San Simeon and the roc•,ks calle.ll Piedras Blancas. Yesscls honwl from Sau 
Simeon northward should keep three-fourths of a mile off shore in or1ler to ke('p in not 1Pl'1R j,Jian 

ten fathoms of water, while patcbe8 of ke1p ma,v be found a mile off shore. 
"Vesseli; may appro:tch the rocks called Pie<lras Blancas with i111pn11it~·, taking care not 10 

approach too close on Uie western and northwestern sides, as U1e bottom is foul arnl rocky.'' 
Li<•ntena11t Taussig· gfres iu detail otlier statements respecting 11aH;!l'rR to he :trnitlPtl i11 

approaching the coast,, aru1 hix report will furnish Yaluahk material for the fortl1eo111i11g 11P1\· 

edition of the Coast Pilot of California and Oregon. 
\Vith regard to the examination of the bar of Sau Francisco, to which some days were dm·oted 

in .Tmw, and one day, the l8tl1, in .July, J,ieutenallt Taussig rl'markR that while all the time ocou_ 
}liell there was well !!pent, he does not think the examina.tiou complete enouglt to state otliciall.r 
that the bar has not changed. It was his impression, hol\·en•r, that no ma-terial ehang-t~R l111n• 
taken place, and that a 1utrn\v will probably sliow Rlightl;y tleepN· wate.r in the southern chamwl 
than is giveu l·.r the chart, and a possible extension of t!m soutb.ern eml of the Four-Fathom llan k. 
The specimens of bottom show no sigus of silt, aml the living animals on tbp crest of the h:ir 
iu·on~ that the mining debris, and the .'lilt of the streams emptying into thP ha~, have not yet 
effected a deposit. 

Lieutenant •ranssig expresses his obligiitious to Assistant Forney for valuable information 
and RerYices in co11nectio11 with the work in the neigl1borhootl of Oiiyucn8, aml to Assistant 
l>ad•lson for i11fom1ation relating to t.lie San l~mncisco Bal'i and other 1htta of Yalnc. ThP- efii
cient aid afforded by the ofticers attached to the party ii; ack11owl1i<lgcd: Lieut. F. H. Lcfa\·or, awl 
Ensigns W. L. Burdick, P. B. Bibo, and J. L. Purcell, U.S. N. 

The statistics or the bytlrography are: 

Miles run in sounding . _ .. _ .... -.. _ ... _ ..•.•....• _ ..... _ . _ .. __ ... _ . _ .. _ _ ] , 069 
Angles measured . • . . ..... _ ..............•........... _ ... _ .. _ . _ ....... _ 5, 221 
Nnmber of soundings ........ _ ............................ _. ___ ... _. __ .. 30, om 

On the lst of October Lieutemint Taussig waR instnwte.1l t.o rcRunw tlw hstlrogmphic snrYe~' 
of the northern coast of California. An account of this work, and of that snhst>qutintl,r exeentrnl 
by his party nuder im1tructions dated in February, 1885, will l~ ginm nmfor a laoor hea'1ing ill 
this section. 

Occupatitm of stations in omitim.wti1m of 11w pt-imary tl'iangtdation of tlu: CO(fflf of Oalifornia.
ln July aml <luring part of August, 1884, Assistant Heorgc Dadd.son wa.i;; in 'Washington, l1aving 
been called there for conference with the Superintendent, but he con tinned to direct the main 
triaogulatiou and astronomical work on the ooast of C1tlifornia, the Saucelitn and Alaska tidal 
partiea, the Coast Pilot work, and other· operations, reference to which will 1Je made here. Upon 
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retnruiug t.o t.he Piwific •~oast. towanls the clrnw of August, Mr. Davidson was instructed to pro· 
cet>cl hy way of tlw Atfautic allll Pacific H.ailroad, following tile thir(v-Ufth 1mrnllel, in order to 
11tml.v tlte features of that r«lgiou with reference to its availability for geo•letic work, for magnetic 
ohRervations, &c. Jn J)e(•cmher, l8R4, he was again ordere1l to \Yasl1i11gt.on for conference with 
the Superi11te1ulm1t, arnl in ~farch, 1885, retnrned to Sau l~rancif!co. 

In the mont.11 of April following ML". Davidson was placed, hy special instruct.iom'I, in charge 
of I.lie operation;:; of the snrVt\Y ou t.lw Pacific crnist., the hydrogrnphic work and the mag1wtic 
work at J,os Angeles exccpte1l. He waR to submit to t.he S11peri11tendeut a Aystematic Jlrogramme 
of work for Sectioni; X, XI, and XII, i11tlicati11g assignments that would he ach-isable, giving 
detailed instruct.iom; to oflicerR i11 charge of parties, ancl superYisi11g generally their operations. 
He was to take charge of the snhoffice at San Francisco, aml regulate all tletails comwcted with it. 

Unring his abse11cc in the sumnH~r of 1884 the work of copying a.nd computing the tria11guJa,. 
ti on, astrouomicalJ aud magnetic obseryatiom; of the previous season was completed, and as soon as 
a prospe . .ct of' fair weatlwr for field work ap1leare1l, Mr. Daddsou's part.r occnpied Mount Diitblo, a 
Rtntiou of the main chain in Contra Costa County. At Mount Diablo horizontal and vertical 
augleA and magnetic tleclinatio11 were observed. The instruments used were the twcnt_y-in<ih 
theodolite N"o. H5, Yertical circle No. 80, and mah'lietometer No. 3. Extremely boisterous weatht>r 
prevailed antl long storms retarded the work. 

Mr. Davidson remarks that at this station th<> experience of the party in the pre,·ious triaugu
lat;on work was Yeriliecl with regard to the better 8howing of the heliotropes in t.he winter months 
al': eomparnd wit.l1 the summer, but the drawbacks in rainy seasons are very great wlrnn the part,r 
has to move to dift'ereut stations or is encamped at an exposed station. 

BJ· the encl of December all of tbe observations required at Mount Diablo ha.d heen ohtainefl, 
and prepanitions were heg1111 for moYing camp to Toro Mou11tai11, :t titatioa of the primary co:tt1t. 
triangulatiou, about ninety-fh·e miles in a southwesterly direction from Diablo. Ohst1rv.ition8 at 
Toro were begun ,famrnry 20. The same character of work was done as at Diahlo, with the adtli
ti011 of observations for time, latitude, aud azimuth. .Field work at ':"oro was closed, aud the party 
dischm·ge<l February 13. 

Assii;;taut DaYi!lsou expresses his heart.}' commendation of the prompt, cheerful, and energ-etic 
executioll of all dut,v intrnst(3!l to tllern by Subassistant R. A. Marr, and Aill Fremont .Mor8e, 
attached to his party. l\Ir. Marr made the obsernttions for horizontal 1lirection . .,; a111l azimuth; 
Mr. Morse those for vertical augles, time., latitude, a1ur the magnetic elements. At Mount. Toro 
.l\[r. C. B. Hill, actiug aid, assisted iu the obscn·ations and in rncortling. 

At Diahlo obsen·ations were taken on the north dome of the Lick Obsen·atory, at Mount 
Hamilton, to check the observations of the previom; seasons. 

The statistics of work at Diablo and Toro are as follows: 

At Di:thlo: 
Series of observations for horizontal direction . . . . . . . . . . . . . . . . . . . . . . . _ . . . . . 82 
Nnmb{lr of observations of horizontal direction .. - ..... - .... - ...... - . . . . . . . . . 344-
Nnmher of ocnhtI' micrometer pointings .....•.•......... - . - .............. 1, 350 
Number of observations of vertical angles (eight stations obl'mrved) ....... _. 178 

At 'roro: 
St1ries of ohser,·ations for horizontal direction.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 89 
Nun1ber of observations of horizontal direction ..... ~ .. - - .. A •••• - • _ ••• - • .. • • • • 327 
Number of ocular micrometer pointings ...•.•••........ - ................... 1, 300 
Number of observations of vertical angles (twelve stations ohserrn<l)......... 158 

Iu April, 1885, Mr. Marr was relieved from duty in l\lr. Davidson's party and ordered to the 
Rte.amer Patterson. 

Towards the close of ihe fiscal year, there beiug a small amount of t11e allotment availablt>, 
Mr. Morse was directed to occupy the two triangulation Rb1tions, Rocky Mound aml Red Hill, 
overlooking t.he har of San Fratwisco, the object oeing to make the most direct e.onnection with 
the triangulation depending on the Yolo base. For this work the ten-inch Gambey repeating 
theodolite was used, aud the vertical angles were . connected with Red Hill station, to which 
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Assistaut Uutts had fornwl'l,y ruu a line of levels from San Francisco Bay. ::\ir. ::\Iorse has fur
nished the following statistics of work at the two stations: 

Number of hori?-ontal angles measured _. __ .... _ ........................... _ 8 
Number of obsen-ations for horizontal angles. . . . . . . . . . . . . . . . . . . . . . . . 7 44 
Number of \""ertir.al angles measured ........ _ ... _.. .. . . . . . . . . . . . . . . . . . . . 6 
Number of observations of vertical angles ............ , . . . . . . . . . . . . . . . . . . . . 153 

A tletermination of tl.e ge(~ ·:ipllical position of the Yaquina Light House, on the coast of 
Orego11, lla,·ing become desir::ible, J\ ". J\lor"'e was instrncted to proceed thither, and fix the latitude 
and longitude of a statiou vnich could ~.e connected \Yitb the old tertiar.r triangulation and with 
tile light house. He succeeded iu obtaining thirty-one obsern1tions ou twenty-four pail's of stars, 
on three uight1::1, with the Davidson meridian iustrument No. 1, and also obserYed 011e lunar 
transit for longitude. '£Ile eorreetiou to tile latitude of the Light Rouse was •XV', nearl_y one utile. 

Coast Pilat work.-With ruganl to the Uoast Pilot work, iurnlvin;.:· the preparatioll for publi
cation of a new edition of the Coast Pilot of California, Oregon, antl \Yashington Territory, ~fr
David1::1on reports that F. Vlrestdahl, dmuglltsrnan, in additio11 to other duties, finished the series 
of views which he had taken at sea tluriag the pre\'ious season. 'l'!Jese include many of the hf:'ad
lauus between San Diego and San Francisco. In December Mr. Davidson !Jimself made a trip to 
!ill iu views not. obtained before. In l\iay aud June l\lr. W estdah l made a trip to the northward 
as fa.r as Pt1get Sound to obtain views, with fair suceel:ls, despite unfanJrahle weather . 

. On account of the large accumulatiou of material from 1::1uneys lll<t1le since the last edition of 
the work was published, the labor 011 detail1::1 has been ,·ery great. 

Magnetic observa,tions.-A.s tbe time of tlrn maximum of caster!,\' rnagnetic decliuatiou is 
rapidl.v approacbiug the part of the coast in the vicinity of Sau }i'raucisco, :\Ir. Daridson kept up 
observation1::1 for declination aud intensity at the old astronomical statiou at the Presidio of Sau 
Francisco. Observations for declination were rnade by himself and hy Messrs. l\Iarr aud Morse 
on seven days, aml referred to the sta,tion, Mount 'l'amalpais ea1::1t·; also observations for total 
inteusity, &c. 

Longitude of a station of tltc llairaiian (/01,crnment sun•ey.-At the rcque1::1t of l'rof. \V, D. 
Alexander, chief of the Hawaiian Govenunent ismTey, who 1ras anxious to com1ect 011e of Lil'> 
stations with a station of the Coast aud Geodetic Sun'ey for ditt'erence of lougitude, Mr. Davidson 
undertook to obtain time, and compare with Profes1::1oe A.lexamler's cbrouometers sent to San 
.Francisco by eaeh steamer. But tl1e wliole of the work of ob,,ervi1ig, compari11g, am\ reducing 
was done by Mr. Charles B. Hill, mostly outside of Official hours. 

San Francisco suboffice.-lu the subofiice at San Franch;co, uncler the immediate charge of 
Assi1::1taut Daddson, 1\ir. Ferdinand \Vestdalll served faitbfull,r throughout tlw .rear as draughts
man, aud~ as already mentioned, was part of tlw time 011 detached duty. l\lr. C. H. Hill served 
acceptably a1::1 clerk, and when requirt>.d took part in field work. Yicente l>e11is, as jamtor, had 
care of the camp outfit, &c .. of the fiehl i>artie1::1, and did I.tis work well, without reganl to hours. 

Fieltl catalogite of time and circumpolar stars.-Outshle of his official dutie1::1, l\lr. UaYillson 
continued work upon his field catalogue of time and circumpolar st<Lrs (Appendix Xo. 18, Report 
for 1883), so as to enlarge it for a future editiou. 

Rocks in Mission Bay.-Contlicting reports having ariseu iu regard to tlie positi011 of certain 
rock1::1 in the chaunel off Point of Rocks, Mission Bay, San Praucil:lco, l\lr. DaYidson caused a 
thorough examination to be made of the locality, aud established the fact of the existence of two 
separate rook1::1, a north rock and a 1::1outh rock. Upon Mr. DaYitlson'" recommendation, a buo~· 

was Jllaced on the south rock also, it bei11g abreast of two of the largest and bu1::1iest wharves of 
t11e whole city front. Upon tbe chart of San Francisco entrnuce, edition of 1884, both rockl:l are 
shown, the north one as Mission Bay Rock, the south one as Souowa Ifock. 

The bar of San Fran.cisco.-An elaburat~ report has been submitted IJ;y l\Ir. Davidson upon 
the bar of San Francisco, with special reference to chauges reported to ha,·e takeu vlace in it. 
Tracings accompany the report, showing the lines of the six and ten fathom curves according to 
the surveys of 1855 and 1873; also a tracmg of several cross-sections of the bar. .Mr. Davidson's 

H.Ex.18-8 
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conclusions arc decidedly adverse to the supposition that any changes of moment have occurred. 
Somf\ extractR from hiR transmitting letter will be of interest. 

''It bas been asserted recently that the south channel had l.Jeeu abandoned on account of the. 
ishoaling. T!Jis statement is qirectly contrary to the fact. On the afremoon of the day the state
ment was published, I saw a deeply laden Britisll bark crossiug by the western edge of tlle south 
ellannel when the bar was very rough, almost breakiug all round." 

" It has been asserted that great deposits ha\·e taken plaee inside the bar within the ten
fatliorn line; the statement is contrary to the fact. It is relied · ... on a" necessarily proving deposi
tion of material, that the muddy waters of the Sacranw·.to R' er de»osit their material on the bar, 
&c. In a certain degree, this action of deposition is iuev;table, but it will ·first take phice in more 
favorable situations than on the bar. I have shown, mau;y years since. that the deeply discolored 
waters of the Sacramento and other rivers were carried 11orth of Point Reyes." 

"I wish to repeat former recommendations which I have made on the subject: that every ten 
years a minute resurvey of the bar and immediate approaches sllouill he made to study the law of 
dwnge, 'if there be any. With this survey there shonhl be such an examination of the material of 
the Lar as would establish the source of the supply. I belieYe that it is mainly due the coast eddy 
current from the southern shore line." 

Self registering tide-gauge record kept up at Saucelito, S<m Franc·isco Ba,y.-Assh:taut Davidson 
reports that the work at this station, which is carried on under Lis supervision by Mr. E. Gray, 
bas been of uniformly good character and without break in tlle record during the year. The tab· 
nlations and the original sheets have been regularly forwarded to the oflice. Observations for 
time and comparisons of chronometers were made when required iJy Mr. C. B. Hill. During the 
year the pier was in some danger, because the teredo had destroyed uearly all the bracing of the 
piles and the iirotection against heavy swells. The repairs necessary were made. 

Reference to the work of the Alaska tidal party, also under Mr. Davidson's general super
vision, will be found under the heading of Section XII. 

Hydrographic tmrt'eys 01i the California coa.st in Humboldt Bay 1rnd bctu·een Brushy Point and 
White Rocl.:.-lu pursuance of instructiou.s for the executiou of liydrographic work 011 the north 
coast of California, Lieut. E. D. Taussig, U. S. N., Assistant Coast aud Geodetic Surrny, command
ing the steamer .McArthur, left San Francisco, October 18, 188!, bound for Humooldt Bay. An 
examination of this bay and its approaches was made a secondary object, to be accomplished when 
work outside off Cape Mendocino was found impracticable, but every attempt made by Lieuteuaut 
Taussig to do off.shore work was frustrated by bad weather, so tltat ultimately he was compelled to 
confine hiR survey to the waters of Humboldt Bay. The months of N ovem oer and December, which 
are geuerall,y favorable, proved particularly stormy in 1884. 

The suney of Humboldt Bar was made iu the large life boat of tbe life saving station. The 
bar, especiall.Y during the winter months, i8 generally rough. Vessels are detained not unfre· 
quently for man.r days in going out, and sometimes in coming in. 

With reg·anl to the channel, Lieutenant 'l'am;sig found that since last October it ha<l been to 
the southward of the middle ground, and for eighteen mouths before that time to the northward, 
changiu~ so frequently, however, that no chart can be of any aid to a stranger crossing the bar. 
The positions of the buoys on the bar and in the channels are ofteu changed l.Jy the pilot tugs, 
but not as often as the channels change, and the buoys rnul!t not be accepted, therefore, as guides 
by strangers. 

'l.10 obtain a plane of reference for the 1mu11dings, a tide.gauge was established at Field's 
Landing. 

Lienteuaut Taussig expresses bis special indebtedness to En~igu J. N. Jor<lau, U. S. N., for 
unflagging zeal and attention to duty. Ensigns W. L. Burdick and F. A. l\fcNutt, lT. S . .N., were 
also attached to the 11arty, and rendered acceptable service. 

Statistics of work in Humboldt Bay are: 

~iles run in sounding .............................. __ ............ _...... 166 
Augles measured ... _ ... _ ........... - . . . ... _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . 936 
Number of soundings _ . . . . . - . .. . • . .. . . . . . . . . . . . . . . . .. .. . . . . .......... _ 7, 020 
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Early in December the McArthur returned to San Francisco, and was taken to the l\Iare 
Island 11avy-yard for repairs. 011 the 8th of April, 1885, all preparations haviug been completed 
for work on the north coast, Lieutenant Taussig and his party left Sau Francisco for Brm;hy 
Point, and anchored off that point the next day. Ile was provided with two hydrographie sheets, 
each on a scale (\f 1-20000; the first with limits from Brushy Point to Ussal Rock, the second from 
Ussal Rock to White Rock. 

Lieutenant Taussig obsen·es t!Jat the general hydrographic features of this part of the coast 
are in the main similar to those of the coast immediately to the south ward. The lan<l i::1 lloltler, 
the coast range comes close to the ocean, and at times so close as to rise almost vertically from 
the sea. Here and there a tlat ltas induced a settler to start a cattle ranch. 

The anchorages along thiR section are not to be recommended. Noue of them have a11J· lee. 
A few projecting rocks, with a more or less fancied freedom from undertow, or affording svme 
slig·ht protection from the full streugtl.i of the wind have induced some persons to build chutes 
from Bruishy Point, Kibessilab, ·westport, Cottaueva, and Bear Harbor, and when the roads are 
passable, and the southeast gales not too frequent, these chutes do a lively business in shipping 
bark and redwood lumb1~r. 

The projecting headlands at Cottanern, Big White Rock, Bear Harbor, Shelter Cove, and 
Point Gorda break the force of tbe F<ca in the strong northwesters that prevail during tlte summer 
months. The small coasting steamers take advantage of this in running up the coast. Strangers, 
however, uufamiliar with the coast aud the soundings near it! should not approach it, between 
Brushy J'oiut anll Ussal Rock, nearer than half a mile without great caution. The dangers are as 
a rule in sight, but the uneven and rocky character of the bott-Om and the peculiar form of some of 
the sunkeu rocks makes it \'ery probable that a number are as yet uncharted. 

With the above general statement, Lieutenant Taussig presents in his repon full details 
respecting the several localities included in his survey. To obtain planes of reference for his 
so~nuings, be established a tide-gauge at one of the roeks near the south chute at 'Vestport. At 
this point tides were observed from April 12 to June 121 inclusive. Tidal observations were made 
also at Little niver for two days to connect wit,h the tide-level at Westport, and also to reduce the 
supplementary soundings taken in Little Riwr to define the line of reef, ancl to locate a piuuacle 
rock (heretofore unknown) in the northwestern part of the harbor. 

'fbe following named officers served on board the McArthur during this work; Ensign J. :K. 
Jordan, U.S. N., till his detachment May 31, and Ensigns W-. L. Burdick, J. A .. Bell, and F. A. 
McNutt, U. S. N. -

Statistics of the season are : 

Miles run in sounding ....... _ . . . . . . . .......... - ....................... . 
Angles measured . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . ... . 
Number of soundings. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ............. - ..... . 
Number of specimens of bottom preserved ......................... - ..... . 

About the middle of J uue the McArthur returned to San Francisco. 

SECTION XI. 

1, 417 
3,920 

23,979 
40 

OREGON AND WASIIlNGTON TERRITORY, INCLUDING COAST, INTERIOR BAYS, PORTH, AND RIVERS. 
(SKJtTCBES Nos. 2, 11, 12, 17, and 18.) 

Triangula.tion and topography of the UrnzJquak River, Oregon.-In continuation of the survey of 
the Umpquah River and of the adjacent coast, Assistant Louis A. Sentgeller took the field, untler 
instructions, at as early a period in the s1nfog of 1885 as the allotment for his work would permit. 
Having organized bis part;y towards the end of April, be established his camp ou the Umpqualt 
early in May, and pl'OC(!eded at once to recover and readjust the triangulation stations of preced
ing seasons, re-establishing two stations which had been {festroyed. The season proYing to be favor
able, the triangulation north of the U mpquab was resumed and devoloped so far as necessary to 
insure a permanent base or bases for future requirements in carrying the work northward. 

The selection of stations was attended with difficulty, owing to the format.ion of the country; 
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abrupt and 11igh F>alld hills, timh1,red close to the coast line. Observations of horizontal angles 
were begun l\lay 12 and contin1wtl til1 .June 14, at which date complete connections had been 
established to tlw northward, and i,mflicient results obtained to furnish the points necessary for 
the topography and 11yd rog-1·aph~· of the U mpquah River. 

On Juue 16 the e11tirr party wa~ transferred to the lwach between Umpquab River and Coos 
Bay, with a \·iew of' effe<"iiu.f.! a .innction with the triangulation which had been executed in that 
locality by Assistant ,Tames S. Lawson. A trmporary camp having been established at Ten.Mile 
Creek, about half way 1wtween the two entrances, a reconnais>1ance was developed from the creek, 
both northward and sonthward, while at the same time obliien·ations of horizontal angles were 
made to follow up the reeomiaissance as it advanced from the Umpquah. 

Towanh; tlie 1·1Hl of .Juue J\Ir. Sengeteller proce.eded with hi11 part.v to Empire Oit.y, Coos Bay, 
and in that vicinity recovered two stations of the former triangulation, the line joining which 
served as a bai;e for tlic dcsir<.'d connection. Until .June 30 the reconnaissance and erection of 
stations southward from tlic recoYere<l liue 11 Pony-Simpson" was continued, a complete junction 
being effecte1l, leaYing two statiou8 to he erected, and, if possible, one of former work to be re
covered. 

South of Umpquah Ri\·rr and toward Coos Ray the character of country was found to be sim
ilar to that alread~- alluded to north of Umpquab entrance, namely, a low sand beach, backed for 
about half a mile by bare sa\ld dunes of all imaginable shapes, gradually increasing in height as 
tliey rf'eede from the cmt1:1t until about one mile from it, when defined ridges and 11ills appear, the 
latter reaching au anm1ge eJeration of about two huudred feet.. 'rhese are backed hy densely 
timbered ridges aud hills of i.,rreater elevatfon, interspersed with many lakes and ravines and prac
tically impenetralJle. But 9ccasional glimpses of the mountains in tlie interior can be obtained . 
.At the mouth of Ten-MiJe Creek but a very sma11 part of the Umpquah bills can be seen, and tlli1S 
from 11oints less than haJf a mile apart. 

Mr. C. W. Fitzgerald served acceptably. as recorder of the party. 
Statistics of the season to the close of the :fiscal year are as follows: 

Number of statious determined.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Hi 
Nnmher of statious occupied . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19 
Number of auglcs measurer]..... . . . .. . . . .. . .. . . . . . . .. .. .. . . . .. . . . . . . . . 201 
Number of obserYations miule.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ........ 4, 072 

As this 8tll'Vl\Y is i11 active progress at the date at which this report closes, fnrtber mention of 
it will be made i 11 the 1wxt annual report. 

Continuation of tlte topoyraphfral S1(rt'ey of the Coliimbia and Willamette llii1ers. Hydrography 
of the rl'illmnettc Rirer.-1\IP!ltiou was made in the last annual rnport of the prngress made by 
Assii-;tant Ch•Hh111d Boekwell, at tl1e end of Jmw, 1884, in the topographical survey of the Colum
bia and Willamettl' Wnm;. As then' stated, the stead;v rise of the watf'rs i11 these rivers, owing to 
the anmrnl frN;lwt, compel1ed l\fr. Ifockwell to move u11 the VlillameUe in his \'essel, the Kincheloe, 
till oppo>lite 8aint ,J olrn, in order to fiud work on the l1ighlands forming part of the shores of t11at 
riYer. During- tlH' highest water he prosecutetl tlie surYt>J around the cities of Portland, East 
Portland, a11d ~'1lbi11a. Later iu the season he went back again do·wr1 the Columbia as far as 
Willow Bar. The repreiseutation-of the shores of the riYer was limited to about a mile back from 
the water's t>,dge ou either side, Mr. Rockwell deemiug this a snfllcient border of topography to 
meet the ntieds of the work, Hw fundi-; for which were limited. In the cities of Portland, East Port
lancl, and Albina :t snflicfrnt number of the principal streets were determined to enable a plot of 
the city surveyor's map to be i·educed to the 1-10000 scale of t}ie topographic sheet. On the Port
land or west sille of the \Yillamette the survey was continued to include the summits of the first 
range of hill8 back of the city. 

The seaf10n's work is included in two topographic sheets, one on a scale of 1-20000, which joins 
the topograpliical work pnwiomdy done by Mr. Hockwell from 'Willow Bar up the ColumQia to n 

.point a mile aborn tlw mouth of tile Willamette, and up that river to the head of Swan Island, 
and the other, on a scale of 1-10000, embracing the cit.y of Portland, ex;teQds from the hl:}ad of Swan 
Island to the south limit of that cit.Y- · 
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Field operation" were closed October 10, and the Kincheloe laid up at Albina in care of a 
sbip-keeper. 

Following are the statistics of the 1mrvey : 

Miles of shore line of ri,·er" 1mrveyed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . . . . . 62 
Miles of shore line of pond:s, creeks, and sloughs . . . . . . . . . . . . . . . . . . . . 128 
Miles of railroad aml all other roads. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 134 
Area of survey in square miles . . . .... 43 

Towards tbe end of the fiscal ~-ear, Mr. Rockwell was instructed to or~nmize his party for the 
hydrographic survey of the ColnmlJia Hiver, arnl at the date at which this report closes was 
actively engaged in tile prosecution or that work. • 

Oonipletion of the topographJJ nf ]food's Canal, 1l'rrnhi11r1ton l'errifM,I/. Reconnai.~-~a11ce of the 
Olympic Mountaini;.-At tlw lwginniug of tlw tiscal ,Yf'ar Assistant ,J. J. Hilbert, in pursuance of 
instructions, was in camp at U11io11 Uit,\·, near tltt~ he1Hl of Homl's Uanal, eugagt•d npon the topog
raphy of that 'i11let. The weather iu the three mo11tl1s following wa8 YeQ· favorable for field 
work, and the last topographical sheet, of Hood's Canal was completed earl.r in October. A trail 
connecting the head of tlw canal with Case's Init't was rnu <luring the seaso11 in order to clwck the 
work. 

Iu September a trip for l'Pt~o1111aissa11ce was made to tlie Ol~'lllJliC Mountains, in order to 
learn something of their chariicter, alHI to take some obst•1·\·:1tio11s for the positiou of Rome of their 
principal peaks. .!\Ir. Gilbert hat; tmlmiitted au Plal1orate report of this trip, accompanied with 
sketches of the horizou :uul table;.; of uarometric readings a11d approximate heigh ti;. Mount Elli nor, 
the highest peak, was found to lmn~ an alt.itude of sixty-two hum1red and l:if·Yent~·-two feet. 

The statistics of the topographical surrny are as follow,.: 

Miles of shom liue smTeye1l ... " .. " .... 67 
Miles of roads survt';\'t'(l ...... . 61 
Area survesed in square tnileR . . . . . . . . . . . ....... . "" """" """. 40 

During the winter Assistant U ilbert was eugaged in office work, and before the close of the 
fiscal year had Lransmitted to \\'a:,;llini.:tou his original sheet,;, with tracings of the same. 

Hydrographic surrrys in Hoorl's Clina.l, Wa.~hington Territory.--As mentioned i11 the last aunual 
report, a hydrographic sur,·e~- was in progress at the begi11ni11g of the present ti:seal year in the 
vicinity of Seabeck, 011 Hood's Ca11al, Washington 'l'erritor~', 1111tler the direction of Ensign J. N. 
Jordan, U. S. N., Assist:rnt Coa~t a1111 Oeodetic Survey, eomrnamling the sdwouer EarnPst. On 
July 19, 188'1, in pursua11cc of in,:tJ'uctfous, Lieut. U. I<'. Forile, U. S. N., Assistant Coast and 
Geodetic Survey, proeeedt'd to 8nal1cck and took drnrgP of the party, relieving· Ensign Jordan in 
command. 

Upon I1ieutenant, I<'orse's ani\'al he fon1Hl t.!1at Ensig·n .Jordan had ,in:st fi11i;;hed the first 
bydrograpl..lic sheet, extPmling from Hazel Poiut to station Quatsap, including Dabop and Quil· 
cine Bays; scale 1-20000. ·work was at once begun on a second sheet of the same scale, extend
ing from station Quat8ap to station Cahiu, ancl co\'ering the upper part of Hood's Canal. 'Vithin 
the area covered by these sheets the water is ver~· deep, illcreasiHg to over one hundred fathoms in 
places, and the shores as a rule Yery bold. The curve of fifty fathoms depth a\·erages not more 
than half a mile from shore, a11d in ma.n.v places is 111uch nearer. 

Lieutenant Forse l:itatcs that; no obstacles to navigation exii;t except. a small ledge of rocks on 
the west side of Dabop Ba)·, which extends out at right angles with the shore line about fifteeu 
hundred metres, (forty-nine hundred aml twent,)'·Olle foet). .At the mouths of the Dociwalaps, 
Dnckabnsh, and Ilamahama Rivers the tlats extend out from the shore line in a semi-circle for 
over half a mile, and then the water deepens suddenly to over twenty fathoms. Qnilcine, Seabeck, 
and Pleasant Harbor~ afford excellent anchorage . 

.A plane of reference (the mean of the lowest low wat(~rR) was determi!led by obsen·ing the 
tides day and night for a lunar month at a tide-gauge established in Seabeck Harbor, and referred 
to a bench·m!l>rk made by drilling a half-inch hole in the top of the rock used as station Seabeck. 

The. allotment of funds becoming nearly exhausted by the end of the first month of the fiscal 
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year, J,ieutenant Forse, in accortlance with instructions, made arraugement8 for a reducecl party, 
hut waR ahle, hy urgent effort, to finish the hydrngraphy to the limits of the Upper Hood's Canal 
sheet. This was accomplished by August 24. To that date the statistics are: 

'.\iiles run in sounding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... _ 424 
Angles measured.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...........•.............. 2, 675 
Number of soundmgs .................................................... 5, 958 

During tlie winter the Earnest and the steam-launch Tarr:y not were laid up near Olympia, 
W. T. On ,Tune 6, 1885, in pursuance of instructions to proceed with hydrogrnpbic work in 
Hood's Uanal and the waters east of Bainbridge Island, J,ieutenant Forse made preparations for 
gdti"g the schooner and steam-launch in readiness, arnl at the end of the fiscal ~-ear was about 
to beg-in the hydrography. 

Priangula.tion and topograplty of Possession BtraU and Sound, Washington Territory.-Reference 
was maile in my last annual re1wrt to tLe beginning of the snrn·y of Possession Stipit and Sound, 
'\-Va~biugtou Territory, by Assistant J. F. Pratt. He had orga11izecl his party, in 1mnmance of 
instructio11s for this imrve.l, on board uf the schooner Yukon, and by the 1st of July, 1884, had 
carried the triangulation from two of the main points in Admiralty Inlet to the line Muckilteo
'furkey, at the entrance of Possession Sound. 

B.Y .Tnl.r 18 the triangulation was sufficiently a<l,·anced to take up the topograpbJ·, and both· 
wc•re pushe1l nntil the delta of the Snohomish River was reached, when the triaugulation was 
s11;;pemle1l aml all the energies of tile party deYoted to the topogrnph;v. Instructions to close work, 
on account of the insufficiency of the fundc; avai1abh·, were received before the sur\·ey of the 
Suoho111ish Rirer could be carried to the head of steamboat navigation, at Snohomish City. The 
statious at which tlie work was suspended were marked, so that it can readily be resumed. Field 
operati011s were closed September l. 

l\lr. l'ratt observes that there is \-ery little, if any, time in which there are not very strong 
currents in either oue or the other direction in Possession Sound, the average rise and fall of the 
tide being about ten feet, and the.re being two high and two low waters rlaily. During midsum
mer there are ver_y· strong periodical northerly winds, interspersed with one or two southeasterly 
g·ales, aml either of these produce, when blowing contrary to the tidal currents, tide rips, which 
are sometimes daugerous to the smaller boats used in the snrver. 

::ltatistics of the season are as follows: 

Number of stations occupied in the triangnl ation . _. _ . . . . . . . . _ ............ . 
N mn her of angles measured. -- . .. . . . . . . . .. . .. .. . . . .. .... _ . . . .. . . . . .. . 
N nm ber of single measures. . . . . . . . . . . . . . . . . . . . . . . . . . ................... . 
Number of geographical positions determined ............................ . 
Number of miles of shore line surveyed . . . . . . . . . . . . . . . . . .................• 
Number of miles of rivf'rs and creeks .... - . . . . . . . • . . . . . . . . . . . . . . . . . ..... . 
Number of miles of shoals .... : . ... _ .......... _. . . . . . . . . . . . . . ........... . 
Nnrn ber of miles of roads and railroads ................................... . 

6 
137 

4,830 
24 
13 
61 
16 
3 

Early in Septemoor Assistant Pratt was directe1l to report to Assistant B. A. Colonna for 
duty in his pm-ty, and to trausfor to him at the same time the schooner Yukon. Details of the 
joi11t labor;; of these offict·rs in the survey of the Strait of Fnca will be gin\n under the next 
heauiug·. 

Towards the latter part of tbe fiscal year, upon being relieved from dut,y in Mr. Colonna.'s 
party, the sehooner and her outfit were turned over to }Ir. Pratt, and lie was instructed to resume 
work in l'osse:;sion Sound. 

Rec0111wi.~sa11ce fo·r -the triangulation of th(~ Strait of Fuca.-At the beginning of the fiscal year 
At1tlista11t B. A Uuluuna wai:; actively engaged, iu pur8uauee of instrnctions, iu a rl:lCounaissance 
for I he triangulation of the Strait of Fnca. ·As this work would involve the occupation of a nnm
her of 8tation8 on Vancouver Island, Mr. Oolonua, soon after his arrival, ha<l ~ailed upon Lieuten
aut-Gornruor Cornwall1 of the Dominion Government, at Victoria, Briti~h Columbia, and obtained, 
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through the American cornml, all necessary authority to land <1Il the shores of Britisll Colmnhia for 
the purposes of the snrn'>y. 

By invitation of J,ieut. Commander A. S. Snow, U. S. N., Assistant Coast autl Geodetk Sur
vey, commanding tlle steamer Hassler, .Mr. Colonna took up his quarters on board, the parly 011 
the Hassler being at that time eng"ag-ed in erecting signals at the east end of the strait. "-ii 11 the 
advantages of trausportaiion thus afforded, he became acquainted with the couutr~· as far we,,,r, as 
Esquimalt Ilarbor. He then left tlw Hassler and took a trip 011 a tug to study the south shore a" 
far as Neeah Bay. Sonic meam; of transportation it became now absolutely necessary to li:we 
at his sole control in order to \'isit the more inaccessible placel'I on the lower strait. A steamer of 
some kind would have been exceedingly desirable, but none being aYailable at a reasonable cost, 
Mr. Colonna hired a fislling-boat, twenty-six feet long, aud made arrangements to Jim 011 !Joal'd. 
I<'rorn the line Dungeness-Discornry, at the eastern end of the strait. be carried tl·e rccomrnis:~m11ce 
to the line Slip Point-Sherringham Point, and was preparing to take tbe next step weist, when, on 
the 9th of August, from tbe combined effects of OYerwork and an accident, he fonnd hirnst·lf par-
alyzed, and was taken to the hospital at Victoria. · 

In this emergency the arri ml of Assistant Pratt with the schooner Yukon was exceedinp:ly 
opportune; he was followed in a few days by Mr. T. P. Borden, who reported for duty as Aid. 
Messrs. Pratt and Borden prosecuted the reconnaissance with vigor to the westward i11 the Yu kcm. 

Un the 12th of September the vei,isel got under wa;r for the lower straiti,i, but, owi1Jg to ealm 
weather aud strong tidal curreuts, Yery slow progress was made in gettiug from IJOiut to poiut. 
Often, when nearing the shore, the wiud would die out, aud then there was great danger of ship
wreck by being carried ou tlrn rol\kS hy the 8trong aud treacherous tidal cmrreuts, running, iu &ome 
instances, as much as fiye or six miles an hour. On oue occasion the Yukon was carried witliiu 
twenty fret of the rocks at Beecbey Head before lwr anchors would llold. 

Mr. Pratt ohiserYes tliat duriug a ~Teat portiou of tbe time there is a ,·err hea,·y swell mlling 
in the straits, produci11g a heayy surf 011 the shores. These being mostl:y rorky, ~Tt'at i<kill aud 
judgment are ueedecl iu managi11g a larn1ing in a boat. To insure safety in lauding, a steam ye,,;. 
sel should be used. In a steamer the ,,::hore can be. approaclied within one-third of a 1uile, and a 
reserve boat be held in readiness to render assistance to a landing party in case of acc~i1le11t. 

During the ebb and fl.ood tides in ruauy parts of the strait there are tide-rip,,, which often 
cover large areas. These rips heing compust>d of irregular and contradictory currents and efldi~s, 
combined with a hear.r chop sea, small craft, aud especially open boats, are ahrn.rs i11 great peril 
in them and am often lost. 

Mr. Pratt.'s whole experience attested the truth of tbe statement of Uaptain H.icharcls, H. N .. 
iu the Vancouver Island Pilot, who sa;ys of Juan de Fuca Strait that" from it:s gN>graphical posi
tion it is liable to all those sudden vicissitudes of weather common to high 11orthern latitmles, arnl 
in few parts of the world is the caution and vigilance of the na\'igator more called i11to aetiou 
than in entering it." 

There are no barbors west of Port Angelos on the A mericau side, although there are ~ewral 
anchorages suitable during moderate or Mntherly weather. On the Britii,ih side there is but oue 
harbor, Port San Juan, west of Bsqnimalt, and that is exposed to southwest storms. Becher Bay 
should not be made in lieavs weather, the tidal currents paBt its entrance being uncertain :rncl 
often dangerous. 

The reconnaissance, conducted by Assistants Colonna aml Pratt with the aid of .Mr. 1lonle11, 
was completed by the middle of October, a scheme of triangulation having been <leYelopt·d from a 
proposed base m1 Whidbey Island to Cape :Flatte.ry light, ou Tatoosb Island, on tl1e A mnican 
side, and to Bonilla. Point, 011 Va11couver lisland, British Columbia. The Yukou was lai1l np at 
Victoria, British Columbia, October 31. At this tiwe Mr. Colonna was still in tlic ho!ipital, hut a:s 
soon as be had sufficiently reco>ered to bear removal he took up his quarters on boar<l the Yu'lrnn, 
and by the end of the year was ahle to attend to office work. 

A comprehensive report has been submitted by himself and Mr. Pratt, exhibiting the Mn1li
tion of the work at date (January 27, 1885), suggesting the mo1>t practicable methods for its Pxe

cution, stating the modes of tra11sportation most desirable, and giving estimates for its cost. 
Mr. Colonna bas presented also a special report of the work during its earlier stages. In lhi$ 
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he expresses his thanks to Mr. Pratt for the spirit in which lie came to his assistance in time of 
need, for the skill and energy with which 1.JP prosecuted tlie survey, and for his kindness and 
consideration to himself personally. l\lr. Borden's sen·ice.s ai; aid were efficient and faithful. 

Towards the end of Ma;v, 1885, iu accordance with instructions, Mr. Colonna turned over the 
Yuko11 and all Coast and Geodetic Survey· prnperty on board of her in his charge to Mr. Piat.t, 
and proceeded to Washington, stopping at Olympia, Washington Territory, long enough to acquaiut 
Assistant J. J. Gilbert l'especting the couditiou of the work 011 the Strait of Fuca, and to deliver 
to him such data as would enable him to continue it. 

On ,June 8, he reported for duty at the office. 
Hydrogmphic survey u.f the Strait of Fuca.-At tlle beginning of the fiscal year, as mentioned 

iu the last, annual report, a, hydrograpbic survey in the Strait of Fuca was in active progress 
under the direction of Lieut. Uommander A. S. Snow, As8istant Coast and Geodetic Sunt>y, 
commanding the steamer Hassler. The lines run by the ship began in the near Yicinity of W hid
bey Island, and were carried across the strait, at intervals of two miles, as far :is Pillar Point. 
In addition to these lineH normal to the coast, two lines were run parallel to it; the various bauks 
aud shoals were developed., and close soundiugs were nrnde in the vicinity of Puget Sou11d to 
connect with the inshore hydrogrnpbic work of' previous seasons. 

The boat work was carried on from New Dungeuess light we.stward to Pillar Point; the 
line8 hei11g from one-third to one-fourth of a mile apart, with clol'er intervals wherever it seemed 
requisite. These lines were run out to a depth of twenty fathoms. ~Want of time preveuted 
anything being done hy tlrn boati; on the northern side of the strait excPpt 011 Salmon Bauk, 
which was quite closel.Y and thoroughly sounded. Mncl1 trouble was experienced in gettinl!' tl.Je 
boats through the kelp, which grows very quickly in many )ocalitiPs, and the outP.r limit of which, 
as a rule, is in six fathon111 water. No dangers were fouJHl outside of this kelp. 

Lieutenant-Commander Snow gives in his report full details iu regard to the harbors and 
anchorages within the limits of hit1 hydrographic sheet. He observes tl1at all of the anchorages 
are exposed to the easterly gale&, bnt that these apparently do not blow home at Port Angl'lo1<, 
a1ul from all other winds this harbor is admirably protected. He had been at anchor in the porr, 
when a heav,y southeast gale was reported by _telegraph twenty miles to the eastward, but with 
no indication of bad weather at hi11 anchorage except a moderate swell, low barometer, and 
threatening sky. There is excellent holding ground, a1Hl good allchorage eau he fom\d anywhern 
on the southern side of the harbor. 

Tile mountains of the Olympic Range, he remarks, haYe 110 special characteristic which can 
he <lescribed for the assistance of strangers navigating the strait, nor do the bluffs aloug tlw 
coast possess any peculiar features except in a few localities. At Pillar Point is a high round-top1wd 
hill, terminating in a high bare rock. Striped Peak, on the east sirle of Crescent Bay, is anotlll'r 
conical hill, thickly wooderl, and several hundred feet high. It has been conspicuous from a land 
slide, but the traces of this are gradually disappearing. 'J'he8c two points stand out quite pr11:11i
neutly iu the strait, the shore between them tending inward. 

'fo obtain a plane of reference for the soundings, tide-gauges were pnt up at New Dungt•1w,-<S 
(jnst inside or the light), at Port Angelos, and at Griffin Bay, San JUJ,11 Island. Bench-marl,s 
wern established for each gauge. Day and night observations for a lunar month were taken at 
Port Angelos. The gauge at this port was used for the greater part of the work, being more 
centrally located. Lieutenant.Commander Snow observes that the tides, although following the 
general law for the Pacific coast, are very irregular, and frequently perplexed him in endeavoring 
to follow them. It often happened in Rort Angelos that there was uo perceptible moveme11t on 
tlle gauge for five or six hours, and but a few inches change throughout the day. 

He suggests that a buoy on Salmon Bank would be a valuable aid to navigation, as the ma.rks 
usunlly relied upon to keep clear of it cannot be seen at tiwes when a buoy would be visible. 

Respecting the currents in Fuca Strait, Lieuteuant-Comrnander Snow remarks that they are 
very complex in their mm'ements, and that observations of them t-0 be of any value should extend 
over a long period, and be taken at regular intervals. As a rule, on the south side of the' strait, 
with the flood tide, a vessel will be set slightly inshore of her compass course, while with the ebb, 
a set oif·sbore is noticed. Great caution should be used in the vicinity of the coast, especially 
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near Race Rock, Point Wilson, and other projecting points where tide-rips are marked, and where 
a small chang-e in position will make much difference in the set of the current. 

In the vicinity of the banks the currents split in various directions, and heavy tide-rips are 
common, especially with fresh westerly winds. 

·work was discontinued October 17, and, in pursuance of instructions, the Hassler steamed to 
Victoria, British Columbia, to take ou board the American consul at that port and convey him to 
Port Townsend, Seattle, and Nceah Bay, ·wash. T., returning thence with the consul to Victoria. 

This service having been performed, the Hassler left Esquimalt, British Columbia, on October 
28, and arrived at San J<,raucisco November 2. 

The zeal and iutelligeuce iu the execution of duty displayed by the naval officers attached to 
the part.v elicitetl the warm approbation of their commander. Signals were erected and observa
tions made by Lieut. G. Blocklinger a11d by Ensigns W. V. Bronaugh, F. l\I. Bostwick, and W. P. 
White. Records were kept by Passed Assistant Surgeon W. S. Dixon, and Assistant Engineer 
Edgar T. \Varburton. 

Following are the statistics of the season: 
Miles run in sounding . . . . ........ ___ ... _ .... _ .... _. . . ..•..•..... __ . _ .. _ 843 
Angles measured . __ .... _ .. _ ....... _ .. _ . _. __ ... __ ..•.......... _ ... _ . . . • • . 3, 246 
Number of soundings _ .. __ ... _ ... _. _____ - . . . . . _ .. _ .... __ . __ .. _ .. _ ..... _ 5, 025 
Number of specimem1 of bottom preserved .......... _. _ ..... _ .... _ . __ .... _ 25 

During the winter and Rpring the Bassler was tliorougbly overhauled, and supplied with uew 
boilers, a new false bottom unr1er boilers and fire-room, &c. Towards the close of the fiscal year 
her commander was instructed to proceed to the coast of Oregon and continue the hydrography of 
tbat coast from a point near False Tillamook to the southward. 

SECTION XII. 

ALASKA, INCLl:IHNG THE COAST AND ALEUTIAN ISLANDS. (SKETCH No. 13.) 

Hydrographic sun·cys in ~m"thea.vtern A la.Yka.-At the date at which this report closes, Lieut. 
Richardson Clo,·er, U. S. N., Assistant Coast and Geodetic Survey, commanding the steamer Car
lile P. Patterson, was actively engaged in hydrographic surveys in the waters of Southeastern 
Alaska. 

The Patterson left San Francisco April 25, 1885, and arrived at Port Simpson l\fay 17. After 
lauding material and working party for the steam tender Lively, and ahm a party for astronomical 
work, she proceeded the same day to Sitka to deliver a telegram from the Secretary of the Navy 
to the commanding officer of the U. 8. steamer Pinta. Un her return to Port Simpson l\lay 261 the 
J,ively and working 1•arties were transferred to Ward's Oo>e, and on June 1 hydrographic work 
was begun on a sheet including Clarence Strait and the neighboring waters. 

At the outset much difficulty was experienced in finding a site for a preliminary base line, 
the shores being densely wooded to high-water mark. After a thorough reconnaissance it was 
found necessary to go into Tongass Narrows, where a stretch of half a mile of beach was obtaiued 
at low water. The dense forests covering the approaches to the shores and the tops of the mount· 
ains made it impracticable to carry out a system of primary triangulation with long lines, and a 
series of small triaugles had to be laid out, with frequent large signals at high-water mark. 

Lieutenant Clover reports that the hydrographic characteristics of the locality are either very 
deep water or sunken rocks, which are frequently met with, and are exceedingly dangel'ons to navi
gation 

A staff gauge for tidal observations was put up in Ward's Gove June 5, and ob8ervations ta.ken 
day and night until Jane 17. A similar gauge was put up at the same time in Karta Bay anchor
age, and by simultaneous observations of four low and four high waters the curve of this gauge 
was connected with that at Ward's Cove, and found to be the same. At Karta Bay, tidal obt>erva
tions were conlioned till ,June 28. The plane of reference for the soundings, as determined by a 
mean of the lower low waters observed during twenty-three days, was found to be 1.57 feet above 
the zero of the staffs. The extreme rise and fall observed was twenty-two and one-quarter feet. 

H. Ex. _18--9 
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Statistics of work to the close of the fiscal year upon the bydrographic sheet, scale 1-80000, 
extending from Cape Chacon to Cape Onslow, and from the east coast of Prince of Wales .Archi
pelago to Na-ah Ba.y, in Behm Canal, have been furnished by Lieu tenant Clover, and are as follows. 

Number of miles of shore line delineated ............................. _ .. _.. 104 
Number of stations occupied in triangulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28 
Miles run in sounding . _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82 
Angles measured . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 458 
Number of soundings ......................... : . . . . . . . . . . . .............. 5, 399 

The following named officers of the Navy were attached to the party : Lieut. J. M. Helm, 
Ensigns Walter McLean, C. C. Marsh, D. P. Menefee, A. P. Niblack, and T. G. Dewey. 

Sulmssistant R. A. Marr was ordered to duty on the Patterson early in April, and had special 
charge of the determinations of geographical position and the magnetic work. On the voyage up, 
Port Townsend, Washington Territory, was connected by telegraph with Mare Island OhSl'fY<ttory. 
Time observations were taken at Port Townsend on four days, at Port Simpson, British Columlna, 
on eight days; at North Base Station, Ward's Cove, Alaska, on eight days; at Karta Bay, .Alaska, 
one day. .At the two stations last named approximate determinations of latitude were obtained. 

Observations for the magnetic declination, dip, and intensity were made on five days at Port 
Simpson, British Columbia, and on three days at Karta Bay. 

The further progress of this survey will be stated in the next annual report. 
Tidal observations conti1ttted tdth self-registering tide-gauge at Saint Paul, Kadiak l sland, Alaska.

ARsistant George Davidson, who has had the general supervision of the tidal work at Saint Paul. 
Kadiak Iiiland, Alaska, reports that the record has been continuous, with the exception of a few 
breaks, unavoidable in training a new observer. For the first three months of the fiscal year, Mr. 
W. J. Fisher continued in charge of tl1e gauge; he was succeeded by Mr. F. Sargent, who bad 
already had some practice in managing it. The tabulations and original sheets arc transmitted 
by the trading ships of the Alaska Commercial Company to San Francisco, and thence to Wash. 
ington. Mr.Davidson acknowledges valuable assistance rendered to the new obseryer by Mr. Ivan 
Petroff, deputy collector of customs at Saint Paul. 

SECTION XIII. 

KENTUCKY AND TENNESSEE. (SKETCHES Nos. 1, 4, 5, 15, 17, and 18.) 

Reconnaissance for e,xtending the primary triangulation near the thirty-ninth parallel from West 
Virginia into Kentucky and Ohio.-Under the heading of Section Ill in this report an account has 
been given of the reconnaissaucecarried on by .Assistant A. T. Mosman from stations in West Vir
ginia westward near the thirty-ninth parallel into Kentucky and Ohio. Mr. Mosman was aided by 
Mr. J.E. McGrath. The reconnaissance was actively prosecuted until December 22, notwithstand
ing many interrn1>tions from sewre cold and storms. The scheme of triangulation resulting will 
be adopted for continuing the transcontinental geodetic work westward. 

Occupation of stations in contin'IUltion of the triangulation of tlie State of Tennessee.-During the 
fiscal year the triangulation of the State of Tennessee waR advanced by the occupation of four sta
tions in the western pa.rt of the State by Prof. A. H. Buchanan, Acting Assistant. Instructions 
tor .field work were received July 9, 1884, and preparations were at once made for occupying sta
tion Deadening, about twelve miles northwest of Spring City, Rhea County. The establishment 
of camp, the posting of beliotropers, &c., was completed by July 21, and on the 22d observations 
were begun. Smoke and haze were very prevalent, and it was not till August 25 that the work at 
this station could be completed. 

The party was then mo>ed to Owen station, two and a half miles northwest of Sweetwater, 
Monroe County. .At this point observations were begun August 31, and completed September 19. 
Hoose station, twelve miles northeast of Knoxville, was uext occupied. Observations at'' Honse" 
were finished November 5. The last station occupied in 1884 was Melton, near Burns' Mill, Roane 
County. At Melton the party spent seventeen d~s, but the atmosphere was so smoky that during 
most of that time it was impossible to see ten miles, and but two days and a half of clear working 
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weather were obtained. The exhaustion of the a11propriation compelled Profrssor Buclwuan to 
postpone the completion of the observations at Melton till another season. In June, 1885, this 
station was reoccupied, and the work there finished at the close of the fiscal year. At that <late 
preparations for the occupation of another station were in progress. 

SECTION XIV. 

OHIO, INDIANA, ILLINOIS, MICHIGAN, AND WISCONSIN. (SKETCHES Nos. 1, 4, 14, 15, 17, and 18.) 

Reconnaissance for extending the yrima.r!J triangulation near the thirty-ninth parallel into Ohio and 
Kentucky.-Reference bas been made under the heading of Section XIII, and a fuU account given 
under the l1eading of Section Ill, of the reconnaissance prosecuted by Assistant A. 'r. ~Iosman in 
November aml December, 1884, for the extension of the transcontinental triangulation near the 
thirty-ninth parallel westward into Ohio and Kentucky. The most westward point reached in the 
reconnaissance was West Union, Adams County, Ohio, near which a station was selected, con
necting witb Peacb Mount, Ohio, and Cberry Ridge, Ky. 

Continvation of the triangulation of the State of Ohio.-Geodetic operations in the State of Ohio 
were. resumed, under instructions, by Prof. R. S. Devol, Acting Assistant, ear1y in July, 1884. On 
account of delay in tlie passage of the appropriation act, and the smallness of the allotment, the 
season was a brief one. Arrangements were made by Professor De,·ol to take the field with as lit· 
tle delay as possible; tripods and observing scafl:olds were built at Buck Hill and Brown stations, 
and upon their completion the party was organized at Barton station, about eight miles south· 
west of the town of Logan, in Hocking County. Observations at Barton were continued till 
August 30, wheu field work was closed. The weather was uufifforable during tlw greater pflrt of 
the period ; a severe drought prevailed, with very hazy atmosphere, till August 21. Six stations 
were observed from Harton, and the total number of angular measurements was four hundred and 
eighty. 

Earthen pyramids for uuderground marks and marble posts for surface marks were put down 
at Brown and Buck Hill stations, and rua.rhle posts for reference marks at Barton station. Meas
urements there will be resumed at tbe close of the fiscal year. 

Ocm1pa,tion of stations in continuation of the triangulation of the State of lndiana.-Uesults of 
the field operations for the extension of the triangulation of tbe State of Indiana under the direc· 
tion of Prof. J. L. Campbell, Acting Assistant, show the completion of measurements in the first 
qua1lrilatnu.f, the occupatiou of two stations in the second quadrilateral, and a reconnaissance 
begun for the selection of stations in a third quadrilateral. 

Four stations were occupied for angular measurements during the season-Blind As:ylum 
Six-Mile Switch, Sims, aud Lutz. By the occupation of the thre~ stations first named, the 
t1urveys of the i:states of Indiana and Kentucky have been brought into close geodetic counection. 
Lutz is a station of the second quadrilateral north of the Ohio River. It is a few miles south of 
the town of Charlestown, Clark County, and is less than half a mile east of the line of the Ohio and 
MisRissippi Railroad. At this station it was ·found necessary to erect a. tripod and tower, forty 
feet in height. Tbe other new station selected, but not occupied this season, was named Haystack. 
It is a little to the west of the town of Bennetti.;;ville, in Clark County; bas au approximate eleva
tion of nine hundred and ten feet above sea-level, and is a prominent and well-known part of the 
elevatious knowu as "The Knobs." 

Special care was taken to secure these litations by underground and surface markings. !<'or 
the undergrouud marks a one-t>ightb-inch copper wire was firmly set in cement in a black bottle, 
and the bottle placed in a teu-incb stone tubing and filled round firmly with gravel and cerueut 
two feet below the surface. Four limestone pillars were emplo~·ed for the surface marks, one 
loeated directly over the center of the underground mark, and the three others six feet distant 
from the center, to the north, tiouth, and east: These pillars are two feet long, dressed at top to 
five inches square, and show about four inches above the surface. 
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Field operations were closed in October. In the prosecution of the work Professor Campbell 
had efficient aid from Prof. J. N. Coulter. The statistics are: 

Number of 11rincipal angles determined ....•............. _ . . . . . . . . . . . . . . . . . . . 12 
Number of subordinate a11gles determined............ . . . . . . .. . . .. . . . .. . . . . . . . 9 
Number of observations for principal angles. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 138 

In June, 1885, work was resume<l by Professor Campbell. He began a reconnaissance for 
auvance stations, made a selection of one point, and at the end of the fiscal year was carr~·ing 
forward the work of construction of an observing tripod and scaffold. 

Extension of the primary triangulation near the thirty-ninth parallel casticard across the State of 
lllint>is.-At the beginning of the fiscal sear the primary triangulation near the thirty-ninth 
parallel in the State of Illinois had been advancfd by Assistant George A. Fairfield nearly to the 
eat!tern boundary of the State. Before the first 8tation could be occupied it became necessary to 
erect tripod and scaffold signals of sennty-five and eighty feet iu height, one at Honey Ureek 
station in Illinois and one at Summit station, Indiana. All preparations were completed bs 
July 12, and the party of observation went into camv at Claremout station, which is situated four 
miles east and two miles north of Olney, Richland County. 

On August 5, Assistant J. S. Bradford reported for duty in the partJ-, and on the 24th, Extra 
Obsen'er J. B. Boutelle joined it. Observations at Claremont were .finished August 26, and a 
day or two later camp was mo\·ed to Hunt City station, whieh is about a mile northeast of the 
railroad station of the same name on the Danvilie, Oluey and Ohio River Railroad. Twelve days 
sufficed to complete the work at Hunt City, and by September 26 the party was established in 
camp at Belle Air station, twelve miles south of Martinsville, ou the Vaudalia lfailroad. A week 
of rainy weather dela)'ed operations, but as only three directions had to be determined from this 
point, the occupation of the station was completed October 7, and on the 11th camp was pitched 
at Honey Creek station, about five miles northwest of Flat Rock, a small town on the Cairo divis
ion of the ·wabash, Saint Louis and Pacifie Railroad. 

The next and last station occupied during the seasonwa8 Summit, which is situated about 
nine miles northeast of Vincennes, Ind. Ooservations were begun November 4, but delays oc
curred, owing to the bad condition of the atmosphere and accidents to the night-observing-lights. 
On :November 10, in pursuance of instructions, field work was closed for the season. 

At three of the !oltations occupied signals had been erected in 1879 by the United States engi. 
neers, h.Y whom a triaugulation had been carried 1:1outhward from stations of the Lake Survey. 
Mr. Fairfield found these signals to be in a good state of preservation. They bad been built in 
the most substantial manner, and by oecup;yiug thew he was enabled to make a very t!atisfactory 
connection between tbe Coast and Geodetic Survey transcontinental triangulation aud that of the 
Engineer Corps, U. S. A. These stations were: Claremont, where the instrument was mounted at 
a height of eighty foet; Hunt City, where it was seventy-five feet, and Belle Air, where it was one 
hundred feet above the ground. Two of the lines in Mr. Fairfield's scheme, Denver to Claremont 
and Hunt City to Belle .Air, were identical with lines of the Engineer Survey. 

Three signals yet remain to be observed upon to carry the work entirely across the State of 
Illinois. 

The statistics are: 

Primary stations occupied ............... - ...•........ - - ......... - . . . . . . . . 5 
Primary signals observed upon ...... - ......................... - ...... _ . _ . 9 
Secondary objects observed upon - . . . . . . . . . . . . . . . . . - ............ _ ..... _... 8 
Observations for horizontal directions .. - . . . . . . . . . . . . . . - . . . . . . . . . . . . . . . . . . 1, 676 

During the winter and spring Mr. Fairfield was occupied in office work, and towards the close 
of the fiscal year was directed to visit certaiu primary stations on the coast of Maine and report 
what steps would be necessary for their preservation. Subsequently he received instructions to 
resume work on the transooutinental triangulation. 

Progress made in connecting the line of tramcontinen.tal leveling u:ith a point on tke Gulf coast.
In furtherance of the work of ascertaining the relative levels of the Atlantie and of the Gult; by 
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running lines of leveliug of precision from a point 011 the transcontinental line of lernls towards 
MobiJe, Assistant J.B. Weir }lroceeded, under inst,ructions, to Odin, :Marion County, Illinois, and 
on the 10th of April, 1885, began work from a bench-mark established by Assistant Braid in 1883. 
To make the starting point more secure, Mr. Weir established another permanent bench-mark at 
Odin. 

From Udiu the line of levels followed the track of the Illinois Central Railroad, and the trains 
of that road were used as a means of daily transportation to and from the localities of work. At 
Yilla Ridge, Pulaski County, twelve miles i1orth of Cairo, where field operatious were closed J uue 
5, two permanent bench-marks were established. 

Between Odin and Villa Ridge, a distance of one hundred and nine miles, fourteen permanent 
bench-marks were established. Tbe method of observing was tbe same as bitberto pursued i11 
tl1is work. Two parallel lines were run simultaneously and in tlrn same direction with t>W,parate 
rods, these rods being placed at difterent <listances from tbe hwel. In order to eliminate any 
cumulative e1-ror that might result from running constantly in one direction, alternate portions of 
the line, of ten or fifteen miles in length, were run in opposite directions, care beiug taken to ha Ye 
the hack and fore sights as nearly equal as possible. 

The original aud duplicate records of the work have been transmitted to the office. 
Mr. Weir, in his report, acknowledges the effective services rendered by Mr. John Nelsou, 

who served as Aid iu the party. 
Occupation of stations in continuation of the triangula,tfon of the State of Wisconsin.-ln con

tinuation of tlJe triangulatio11 of tbe State of Wi&consin, Prof: John E. Da,·ies, .Actiug Assistant, 
took the field under iu:;trnctions at tile earliest date at which the apJlropriation llecame available. 
B~tween July 21 and October ~8, wheu tlie season closed, four station:; were occupit>d iu the 
SQUtbeastem part of the State, and a connection was established with the triangulation of the 
U. S. Lake Survey. High tripods were built at Lebanon, Delafield, and Geneva Lake preparatory 
to the occupa~ion of the first station, Oakland. Following this, statio11s Delafield, Erin, and 
Pleasant Springs were occupied iu successiou, aud the occupation of station Lebauou attempted, 
but without success, owing to tile Yibration of the tall observing tripod aud scaffold in the prP
vailing high winds. An effort will be made next year to gh·e greater steadiuess to this structure. 

As the lines Lebanon-Erie-Delafield are all well established and adjusted lines of the Lake 
Survey, based upon carefully measured and fundamental line!' at Fo11d-du·lac aud Chicago, a close 
coincidence of results upou tLose lines would be highl,y gratif,ying, and was so. as far as the 
observations obtained would indicate. 

Professor Davies devotes much space in his report to the recommendation of methods which 
appear to him highly desirable for gr~ater efilcienuy and economy in the prosecution of the :sun-ey, 
and for the security of the titations already determined, especially those borderiug upon the States 
of Iowa and Illinois, and upon !Jake Michigan. 

The statistics of bis seasonri,; work are: 

Number of horizontal angles measured- .. _. _. __ . __ . _____ .. _____ .. _... . . . . 83 
Number of repetitions . - - ... ___ . __ - - - - - ... _ - .. - . - .. - . - ... - - ..... - .. - .... - . 3, 222 
Number of vertical angles measured ................. - ........... - _ ....... - 19 
Number of repetitions .... __ ....... -................. - . . . ••... - - . . . . . . • • • 684 

SEOTION XV. 

MISSOURI, KANSAS, IOWA, NEBRASKA, MINNESOTA, AND DAKOTA. (Sx1nc11Ef' NoR. 2, 15, 17, and 18.) 

Occupati<m- of stations for continuing to the westicard tl1e primary triangnlation in M1·s.~ovri and 
Ka11ila$.-At the beginning of tbe fiscal year .Assistant F. D. Granger had organized his party in 
the field in Western Missouri for the continuation of the primary triangulation in Missouri and 
Knnsas, and was occupied in superintending the construction of the high ohserviug tripo1ls and 
sca1folds required at the stations Baskiu, Thomas, Bebe Mound, an<l Eckman. All of these stations 
&re in the eastern part of Kam~a.s, to the south, south west, and west of Kansas City, Mo. 

It became necessary, howeYer, early in July, owing to the reduction of the appropnation for 
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the trauscoutiuental work, to modify Mr. Granger's i11strnctious, and to limit him to the occupation 
of two stations, Bowler and Berry, in Western Missouri, from which could be determined th~ first 
two .stations of the scheme to the westward, Marty and Haskin. 

Bowler station is on a small ele,·ation, situaterl about two miles and a half southwest of the 
town of Lee's Summit, Jackson County, Missouri. Station Berry is about one mile and a half 
west of the town of Belton, Cass County, Missouri . 

.At Bowler the theodolite was elevu.ted twenty-seven feet above ground, and five primary 
and eight tertiary directions were determined. At Belton the elevation of the theodolite was 
twenty-four feet. Obseffations were made upon four primary aud six tertiary objects, and by Sep
tember 1 all of the work required at the two stations was finh1hed. 

Before disbanding his party, Mr. Granger visited stations Ha.skin arnl Marty to seetire tliem 
by permanent markiugs. 

The tertiary objects deterrniuell were church spires in the towns of Harrisonville, Lee's Sum
mit, Westport, Kansas City, and Independence. 

The statistics are : 

Number of observations for 110rizontal directions ............. . 922 
Number of observations for elevations, by double zenith distances. . . . . . . . . . . . . . 98 
Number of observations for ditlerenet-s of heights by micrometer ............... 325 

In September Asshitaut Granger was direete<l to report for duty in the party of Assistant A. 
T. Mosman. Mention of this service bas already been 11H1<le under the bead of Section UI. Upon 
being detached in October he was ordered to special <luty at the office. 

])etermina.tion ol the longitude of Kan.~«8 City, }lfo.-Under the h~ading of Section VIII an 
accou11t has b('en given of the work of the two primary longitude parties, organized in March, 1885, 
for the determination in lm1gitude of stations iu Texas, Arkans!ls, and Missouri. Towards the end 
of May, Assistant Edwin Smith, who bad been placed in general charge of the work, and in immedi
ate charge of one of the primar.v parties, had determined the longitude of Little Rock, Ark., and 
hitd made the uecessary arrangerueuts for an exchange of telegrapl1ic sig1mls for longitude with 
Assistant C. H. Sinclair, ill charge of the other primary party at Kansas Oity, Mo. 

On the nig·hts of .May 30, .'31, June 1 and 4 successful exchanges of longitude signals were 
obtained by the two obserYers. They then changed stations, Mr. Smith proceeding to Kansas City 
aud Mr. Sinclair to Little Rock. In the new position of observers the determiua.tion of the longi
tude of Kansas City was completed by exchanges on the night!!. of June 11, 12, 18, and 19. The 
results for longitude of the primary points being freed from the effect of personal equation by the 
exchauge of observer~, no special ollservationis were needed for personal equation between Messrs. 
Smith and Sinclair. 

AH of the record8 and field compat.ations of the season's work ha>e been transmitted to the 
office. 

SECTION XVI. 

NEV.ADA, UTAH, COLOl{ADO, ARIZONA, AND NEW MEXll'O. (SKETCHES Nos. 2, 15, 16, 17, and 18.) 

Continuation of reconnaissance and triangulation in Utah, near the thirty.ninth pa.rallel.-.Assist
ant William EimlJeck was engaged at the beginning of the fiscal year, as mentioned iu my last 
annual report, in a reconnaissance for the site of a base line in Central Utah that should be so 
located a8 to be available for connection with the primary transcontiuental triangulation near the 
thirty-ninth parallel. This work involrnd a reconnaissance of the mountaiuis northeastward from 
Ogden, whiel• was subsequently carrie1l into the valley of the river Jordan and to the foot-spur 
mountains bordering that valley to the east. Mr. Ji~imheck had in Yiew also the extension of the 
geooetic scheme northward from the line Ibepab-Mount Nebo. Having brought these examina
tions to a close eal'ly iu July, and submitted for official decision two proposed. locations for 11rimary 
bases, be 11ext carded a reconuaissance into-the San Pitch Mountains, between Jua.h and San Pete 
Valleys, and tl1ence to the Wasatch Plateau opposite the towns of Manti and Ephraim, San 
Pete Connty. .All of this reconnaissance was virtually brought to a satisfactory conclusion by the 
end ot' July, and the results duly reported. These results were, the eatablishment of the int.ervisi-
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bility of the points of thP great quadrilateral, Ibepah (or Gm1iute), Nebo, Pilot Peak, and Ggden, 
and a scheme of triangulation connecting the base-lines referred to with the main work. 

In August Mr. Eimlieck submitted for consideration a scheme of telegraphic longitude sta
tions covering a section of the arc of the thirty-ninth parallel frow the meridian of Colorado Springs 
to the Pacific coast. 

Upon the receipt in that month of telegraphic instructions approving and adopting the .Juab 
base, he proceeded to orgauize a full party fur the occupation of Scipio, one of the Rtation~ 
connecting with the south end of that base, and for the erection of the necessar.v signals to he 
observed upon at Oedar, Levan, San Pete, and South Jnab. The plan of occupying Ihepah station 
was abandoned for the time being, owing to the ad,·anced state of the sea.son and the imusiial 
isolation aud inaccessibility of that mountain from the eastward. 

Upon the 16th of August an adYanced part._y '"as dispatched to Scipio station, a mountain 
upwards of fhe thousaml feet in height, for the purpose of opening a trail for the pack animals, 
and by the end of that month the party was encamped near the summit, and tLe !ltatioll was in 
readiness to receive the instruments. It was not, howeYer, till the atmosphere bad been cleared 
by a snow storm on the 10th of September that obserYations of horizontal directions could be 
begun. Heliotropes had been established at Nebo, vYasatch, and Mount Tushar; at all other sta
tions fiat, rectangular, and target-like signals were erected, such as had pro,·ed most efl'ectiYe as 
regards Yisibilit:y on former occa8ious upon lines of fifty or sixty miles long. 

At Scipio station the work included, besides obsen·ations of horizontal direction, observations 
of zenith distanceR, both absolut\' and 1li1ferential, a complete set of magn<'tic and meteorological 
observations, and a rongh topographical survey of the mountain, eo\~eri1Jg an ar\'a of ;it least ten 
square miles. 

Before the close of field operations complete sets of magnetic obserYations, exteuding in each 
case oYer three days, were made at Deseret Railway station, Utah Central Railroad, and at Salt. 
Lake Cit;r, where the Temple Block magnetic station was occupied to obtaiu tLe regular annual set 
of observations, this being deemed one of the base stations of the magnetic surny. At stations 
Nephi and Provo, which had been established and occupied t11e year before, the magnetic dip only 
was observed. 

Field work was closed finally for the seasou in October, and, under instructions, Mr. Eimbeck 
proceeded to Washington and reported for duty at the office. The Aid in bis party, Mr. George F. 
Bird, who bad served creditably since being assigned to it, July 23, was dt>t:icbed and ordered to 
Kansas Cit~'· Mr. Bird bad made all of the magnetic observations, the measurements of absolute 
zenith distance, anil the topographical s11r.,ey of Scipio station. 

Jwing to the shortness of tbe fieltl season and unfavorable weather, the experiments with the 
"selenotrope," which Mr. Eimbeck ha<l undertaken for the first time the preceding season to teRt 
the practicability of using the moon's light for geodetic night-signals, were uot resumed, but will 
be as opportunity offers. 

While engaged on office work during the remainder of the fiscal _year Mr. Eimbeck submitted 
designs for a 11ew form of base apparatus, and designed and reported also a new form of suspen
sion for pendulums used for determinations of gra\"ity. 

Towards the end of June he received orders to prepare for the resumption of field work in Oeu
tra.1 Utah. 

SPECIAL OPERATIONS. 

E:eamination of methods of observation and photographic processes cmployi:d at the Magnetk; OlJscrva .. 
tory, Toronto, Canada.-Upon being relieved from the charge of the Magnetic Observatory at Los 
Angeles, Cal., Assistant Marcus Baker was ordered to proceed to Philadelphia and theuce to 
·Washington for conference with the Superintendent. Considerations based upon the desirabilit;y of 
improving the methods of photographic registry employed at Los Angeles led to the issue of 
instructions to l\Ir. Baker to proceed by way of Toronto, Canada, aud obtain from .Mr. Charles 
Carpmael, director of the Magnetic Ouservatory of the Dominion Government, permission to 
inspect the processes of photographic registry and development employed in that establishment. 
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On bis journey east. Mr. Raker availed himself ofa 8hort stay at Kalamazoo, Mich., to determine 
the magnetic declination at that place. 

Arriving in Toronto, August 25, Mr. Baker, finding the Director of the Observatory absent, 
was presented to Mr. James roung, his assistant, who bad speciaJ charge of the magnetic work 
and flw photographic processes, and was indebted to bis courtesy for the priYilege of examining 
the observatory and mauy of the details of its operations. 

The results of this examination, and of studies and experimeJital inYestigations made during 
the winter and spring in \Yasliingtou, with valuable aid and suggestions from Assistant An
drew Braid, led, iu April, to a recommendation that argentic gelatino-bromide paper should be 
substituted for the bromo-iodirle of silver paper tben in use at Los Angeles. The change was 
effected, as stated mHJer the heading of Section X, on the 1st of .Tun(', 1885, ftml the improvement 
in tbe character of tbe photographic traces has been very gratifJ·ing. 

REPORTS IN REGARD TO THE SUROFFICES AT :BOSTON, ~EW YORK, AND PHILADELPlIIA. 

Suboffice at Boston.-The relation of Assistant Heury MitchPll to c1wtain harbor commissions 
in Massachusetts awl other ~ ew England States led many years ago to the establishment, of work -
iug rooms in Boston for himself and party. These rooms, two iu number, came e\•entually to be 
a place for the collection of data, and for the computation of the results of physical surveys, and 
in 1881, under the rie"- regulatious issiied in tlJat year, were designated as a "suboffice." 

Those that seek this suboffice, Mr. Mitchell reports, are mostly professional men, interested 
in cmnmerce or navigation, and in the studies of pbyRical bytlrogrnphy there pursued ; it is not, 
pmctically, a source of geueral information. He submits for consideration tbe conclusion that in 
view of the success of tlie work, the suboffice in Boston has been rconomical!y conducted, and 
under favomble conditions. 

Suboffece at Sew York.-At the solicitation of the Chamber of Commerce, the Maritime 
Excliauge, arn.1 the Produce Exchauge of the city of New York, a suboffice was established in that 
city in May, 1885. The use of the buililing formerly occupied by tlie Produce Exchange, on Pearl, 
and \Yater, and \Vllitl'llall, and Moore Streets, was granted by that body free of charge to the 
Government. In view of the detailed resurvey of New York Harbor and its approaches, which 
was then in progress, and of the advantage of having a general headquarters where chiefs of parties 
could meet to arrange details of co-operation, anll where charts of the harbor co

0

nhl be made acces
sible for reference, the Superintendent accepted with thanks tbe li!Jeral offer of the Produce 
Exchange, and placed tlie arrmgcment and care of the office rooms in charge of Acting Assistant 
Francis .T. Palmer. 

It was believed also that the value of the work done by the Survey woulil havo a wider recog
nition an<l more extended appreciation by the establishment of a suuoffice in the most important 
maritime port of the United States. 

At the <late at which this report closes, part of Mr. Palmer's time was, occupied, with the 
approval of the Superintendent, in supervising the construction of a series of models, in relief, of 
the harbor aml its approaches upon scales of three, eleven, and twenty-four inclies to the mile, 
respfctively. The expense of making these models was borne by members of the committee on 
harbor and shipping of the Cliamber of Commerce. For tlie informati<m of this committee Mr. 
Palmer had been previously engaged some months in examining and collating the various s11rveys 
-0f the harbor, and in collecting and arranging all of tbe publications which could be found bear
ing upon the subject. 

'i'he opening of this suho.ffice has developed the interest of all classes of the citizens of New 
York in the care, preservation, and improvement of the harbor, and has showu that they a.re 
heartily in sympatli;y with it~ thorough resurvey. 

Suboffioe at Philadelphia.-The use of a large and well-lighted room in the new post-office 
building in Philadelphia having been kindly accorded t-0 the Survey, mainly through the efforts of 
Assistant 8. C. McCorkle, the opportunity was taken of suppl_ying a want long folt in some of the 
leading sea-ports, namely that of bringing the work and the results of the Survey into closer rela
tions with the commercial and maritime community, and of establishing a bureau of iufoi·mation, 
where a supply of the charts and other publications could be kept for reference, and where inqui-
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ries in regard to the operations of the work could either be answered or referred to the proper 
officers. 

At the beginning of the fiscal year, Assistant McOorkle was instructe'tl to take charge of this 
suboffice, and he has submitted a report of its operations to June 30, 1885. Applications for 
information have been received, and inquiries answered from the Department of Surveys of the 
city of Philadelphia, from the Water Department, the Board of Port Wardens, the Maritime 
Exchange, and the Board of Trade. Also from the officers of the Engineer Corps, U.S. A., of 
the Light-House Board, and Signal Service. Moch advantage is derived from having the offices 
of these several Government bureaus under the same roof. 

Those assistants of the Surve;v whose duty brought them to the city were afforded facilities 
for doing office work, and their instruments and records were stored temporarily, free of cost, in a 
fire-proof building. Assistants Henry Mitchell, R. M. Bache, C. M. Bache, C. T. Iardella, R. E. 
Halter, Edwin Smith, F. W. Perkins, H. L. Marindin, C.H. Sinclair, and C.H. Van Orden availed 
themselves from time to time of the~ facilities. 

During the sessions of the American Association for the Advancement of Science, in September 
1884, and during the period of the International Electrical Exhibition, in the autumn of that year, 
invitations were extended to the delegates and to the exhibitors to visit the office. Many 
responded and showed great interest in the charts~ Coast Pilots, and tide-tables, and particularly in 
the model of the Depths of the Sea in the Bay of North America and Gulf of .Mexico, which the 
Superintendent had sent for a time to the suboffice before placing it in the New Orleans Exposi
tion. 

A description of this model, with illustrative sketch, was given in Appendix No. 17 to the last 
annual report. 

Mr. McCorkle expresses his belief that the interest of the public in the work of the Survey 
has been greatly advanced by the establishment of the suboffice in Philadelphia. 

Okarge of the exhibit of the Ooast and Geodetic Survey at the New Orlea,ns Exposition.-A 
special building for the use of the Government having been erected by the managers of the World's 
Industrial and Cotton Centennial Exposition held at New Orleans in 1884-1885, arrangements 
were made by the Treasury Department for exhibits by several of its Bureaus. Preparations were 
begun in the autumn of 1884 at this office for sending to New Orleans an exhibit which should 
illustrate the instruments and apparatus used in the Coast and Geodetic Survey, and the reflults 
of its work. Occasion was at the same time taken to prepare for transmission set.~ of Standards 
of Weight and Measure. 

These preparations, under the general supervision of Assistant C. O. Boutelle, in charge of 
the office, were directed in detail by Assistant Henry W. Blair, who bad been assigned to the charge 
of the exhibit of the Survey. Mr. Blair had arrived at Nashville early in December, having, witli 
characteristic energy, started southward before having fully recovered from the e:ffocts of se,·ere 
illness. At Nashville he WM prostrated by an attack which proved fatal in a few days. AssiElt· 
ant George W. Dean was at once instructed to proceed to New Orleans, where be arrived Decem
ber 17, and reported to Mr. William F. MaeLennan, the representative of the Treasury Department 
in the Board of United States Executive Officers. Dr. James J. Clark, of the Office of Standard 
Weights and Measures, had already arrived and co-operated with Mr. Dean in the arrangements 
for the disposition of the exhibit, the space for which, though limited, wa11 favorably located near 
the main entrance on the west side of the Government building. 

The articles forming the exhibit were in place by the middle of January, 1885. They were 
olassified under the heads of geodesy, astronomy, topography, bydrography, magnetics, miscellane-
01u, publications and results, and weights and measures. 

The instruments and apparatus -used in geodetic work were represented by the primary six· 
meter oompensating base a.pparatm~, by a four-meter secondary base apparatus, by two theodolites 
one sixteen inch and one eight inch, by reconnoitering telescopes, by heliotropes, by a geodesic 
le.vel and a gradienter, and by signal lamps used for night observations. 

The astronomical branch of the work was illustrated by a oomplete set of instruments used 
in detmmining latitnde and longitude, and included a zenith t,eJeseope, a forty-six inch transit, 
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a prismatic transit, an electric chronograph, a break-circuit chronometer, telegraphic key-board, 
and apparatus for determining personal equation. 

Topographic work'was represented by a plane-tat>le complete in all of its parts and a teleme
ter rod; hydrographic work by a sextant, and optical densimeter, a deep-sea thermometer, and a 
self-registering tide-gauge. 

The instruments illustrating the magnetic branch of the Survey were a unifilar magnetometer . 
and a dip-circle. 

Under the head of" miscellaneous" were shown a pendulum, a geodesic lflvel and rod, a max
imum and minimum thermometer, a stoppered level, and a tripod and scaffold model for an observ
ing signal. 

The publications of the Survey were illustrated by a set of the volumes of annual reports and 
by copies of scientific papers, by volumes of the Coast Pilots for the Atlantic and Pacific coast.a, 
by copies of tide tables; and by a catalogue of upwards of six hundred charts, with specimen 
copies of charts on the various scales of publication. Also 1ty a model of the Depths of the Sea in 
the Bay of North America and Gulf of Mexico. A description of this model, with sketch, is given 
in Appendix 17 to the report ;for 1884. 

Complete sets of standard weights and measures, according to the English system, as ordi
narily used in the United States for commercial purposes, were exhibited; also a complete set of 
standards of weight and measure of the metric system, as legalized by act of C011gress. Two com 
parators were shown, both for comparisons of end measures ; one a vertical comparator, for the 
comparisons of end measures with a working standard during adjustment, the other a refle,cting 
comparator, used for final comparisons of standards of length. 

Several hundred copies of a pamphlet which had been prepared at the oftice, descriptive of 
the Coast and Geodetic Survey exhibit, were distributed to visitors who evinced special interest in 
the character and progress of the work. 

Assistant Dean has submitted a full report of his connection with the exposition. Upon being 
relieved at his own request in March the charge of the exhibit was temporarily assigned to Dr. J. 
J. Clark, whose efficient and faithful services Mr. Dean acknowledges in his report. Towards the 
end of March Assistant 0. H. Boyd was assigned to duty at New Orleans in place of Mr. Dean, 
and remained till the close of the exposition, May 31. 

Voya,qe of the new steamer 0. P. Patterson from the Atlantic to the Pacific ooast.-Reference was 
made in the last annual report t-0 the construction of a steamer, the Carlile P. Patterson, specially 
designed for service on the Pacific coast. Before the Patterson left Hampton Roads for the Pacific, 
July 30, 1884, several trial trips were had with very satisfactory indications. Full reports have 
been submitted in regard to the results of her six months' voyage to the Pacific, the varying con
ditions of which compelled tests of her sea-going qualities much more complete and trustworthy 
than could be obtained in short trial trips. One of these reports has been prepared b;r Commander 
0. M. Chester, U.S. N., Hydrographic Inspector, who superintended the construction of the steamer. 
From the other report, submitted ~y her commander, Lieut. Richardson Clover, U. S. N., has been 
condensed the following account of her voyage from Montevideo to Valparaiso: 

"The Patterson is of about eight hundred tons displacement, bark rigged, and capable of 
steaming nine knots on a consumption of eight tons of coal a day, and seven knots on four and 
one-half tons of coa1 a day in smoot.h water. Leaving Montevideo, Uruguay, at noon of Novem
ber 6, 1884, with bunkers full and thirty tons of coal on deck, the steamer encountered a heavy gale 
near the mouth of the river, which compelled her to lay to the best part of a day, but though 
deeply loaded she rode quietly the heavy seas without taking anything but a little spray on deck. 
Variable weather with strong gales continued till the 14th, when the Straits of Magellan were 
entered with pleasant weather, the steamer passing between Virgin Reef and Nassau Rock." 

Lieutenant Clover gives a detailed account of his 1mssage through the straits, which at times 
was not unattended by danger. On the morning of the 17th, leaving his anchorage at an early hour, 
he passed down Famine Reach, and on rounding Cape Froward was met by a "tempest blowing down 
Froward Reach. With a favorable current, he struggled against the wind and sea from 11 a. m. till 
5 p. m., hoping that the wind would go down enough to aJlow him to get to Wood's Bay, if not to 
Port Gallant, but during these six hours he made but five miles. The wind was so violent that the 
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sea would be picked up 'bodily, and whirled into :fine spray like a snow drift. At one time the 
wind got the vessel on the bow, and in order to keep her from running straight into the shore, her 
commander was compelled to back and wear short around, and came near losing both steam launches 
in bringing her again to the wind. 

Two days later tbe Patterson steamed through Victory Pass into the Pacific. 
While at anchor in the straits off Sandy Point, a town of fifteen hundred inhabitants, and 

the nearest town in the world to the South Pole, Captain Mendez, of the Argentine Navy, Military 
Governor of Staten Island and Terra del Fuego, visited the vessel, and from him much valuable 
information was obtained. 

Off the Pacific coast soundings were taken with the deep-sea machine, and reported dangers 
searched for. On November 29 the Patterson reached Talcahuano, Uhili, where she remained a 
week to refit, and December 7 left for Valparaiso, arriving at that port the next day. Immedi
ately upon her arrfral at San Francisco, February 13, 1885, Lieutenant Clover began preparations 
for the bydrographic work which had been as1i1igned to him in Southeastern Alaska. A report of 
this work to the close of the fiscal year will be found under the heading of Section XII. 

Commander Chester states that in the qualities needed for effective service in Alaskan waters 
the Patterson has exceeded his most sanguine expectations. He bases this conclusion upon the 
reports received from her commander, and upon an elaborate discussion of her stability, the data 
for which were obtained by experimental trials at the Washington Navy-Yard. 

Tidal observa.tion.~ at Honolulu, Sandwich Isla.nds.-Records have been received at this office 
np to June 28, 1884, from the self-registering tide-gauge loaned in 1877 for the use of the Hawaiian 
Government Survey. This gauge is in operation at Honolulu, Oahu, under the supervision of the 
Superintendent of that Survey, and its records will be of much value in the discussion of the tides 
of the Pacific. 

COAST AND GEODETIC SURVEY OFFICE. 

The report of the Assistant in charge of the Office, Charles 0. Boutelle, esq., which appears 
in Appendix No. 4, and the accompanying reports of the chiefs of the office divisions, give all 
details relating to. the office operations during the fiscal year. 

Mr. Boutelle refers to the valuable contribution to our knowledge of the earth's magnetism 
made in .Assistant Schott's paper on the secular variation and geographical distribution of the mag
netic dip and intensity in the United States for the epoch, 1885. 0. Also to the improvements 
effected in the engraving, electrotyping, and printing divisions under the charge of Assistant Ugden. 
Improved batteries were introduced for electrotype work, by means of which a more uniform and 
regular depmut of copper was obtained on the engraved plates, experiments having shown that a 
dynamo was not well ada1ited for this purpose. Increased facilities for the printers were obtained 
by an addition to the printing-office, affording better light and ventilation, and room for the new 
presses needed to meet the demand for charts. 

In the tidal division, the tide-predicting machine, invented by Professor Ferrel, bas proved 
to be of great value in reducing to a minimum the labor of computation. It was used largely in 
the preparation of the tide tables fur the Atlantic and Pacific coasts for 1886, which are now 
published. Mr. Boutelle alludes to some records of exceptional interest received in the office 
dnring the year from three widely separated tidal stations in the Pacific Ocean. At the self
registering tide-gauges near San Francisco, at Kadiak in Alaska, and at Honolulu in the Sand
wich Islands, the waves from the great Kr.J.katoa earthquake of August 26, to September 2, 1883, 
were distinctly recorded. Photographic copies of these records, which will be of value in defor
mining the movement of the earthquake waves, have been forwarded to the Royal Society, 
London. 

The preparation of original topographic sheets for reproduction by phot-0lithography bas ha,d 
specia.l a.ttention during the year in the Drawing Division and with marked success. 

All calls for information rt>£eived from the several Departments of the Government have been 
promptly met and requests from private organizations or individuals for transcripts from the ' . record& of the Survey have when practicable boon granted. A tabular statement of information 
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furnished is given in Appendix No. 3, and a table of the statistics of the Survey to the close of the 
fiscal year in Appendix No. 2. 

The measurement of the areas of all salt and fresh marsh upon the Atlantic Gulf coast, alluded 
to in the last annual report as having been undertaken at the request and for the use of the Com
missioner of Agriculture, was completed, and the results communicated to that officer. 

Mr. Boutelle expresses bis great personal indebtness to Assistant H. W. Blair, who served 
as bis immediate executive officer and adviser from the beginning of the fiscal year till he was 
seizl'\d with an illness which after a few months proved fatal. A tribute to the memory of this 
able young officer appears in Appendix No. 18. 

Assistant C. H. Sinclair was temporarily assigned to duty in Mr. Blair's place, and served till 
relieved in Augnst, 1884, hy Subassistant F. H. Parsons, who remained on duty till the close of the 
fiscal year. 

Mr. William H. Dall re<1ig1Jed hi;;; pm;ition ai; an A<1sistaut in the Sru·vey in September, 1884, 
in order to devote himself more exclusivel~· to biological inveMtigation:;. Mr. Dall bad been con
uected with the Survey since 1871. His explorations in Al~ska, resulting in bis work, "Alaska 
and its Resourees," published in 1870, and hiis asl!igument to dut;) on that remote coast for a num
ber of years after lJis appoilltrmmt, caused biru to be recognized as an authority in all matters 
pertaining to the territory. In 1879 the Survey published as au Appendix to the Pacific Ooa.st 
Pilot an elaborate work, compiled and edited by him, on the meteorology of Alaska, with a partial 
list of maps and cbart8 relating to it and the adjacent regions, and an exhaustive bibliography. 
In 1883, under bis editorship, the Survey published the Alaska Coast Pilot, Part I, from Dixon 
Entrance to Yakutat Bay. 

For valuable aid iu the preparation of these works, Mr. Dall acknowledges bis obligations to 
Assistant Marcus Baker, who had served with him on the Alaskan peninsula. After Mr. Dall's 
resignation took effect, all Alaskan material in his hands was turned over to Mr. Baker, and by 
direction of the Superintendent he was charged with the revision of charts and sailing directions 
resulting from bydrographic reconnaissances in the Alexander Archipelago. He was occupied 
also during the winter and spring with tidal investigations and special correspondence relating to 
the tides. In October he was instructed to visit Sandy Hook automatic tide-gauge and restore its 
efficiency, and in February, 1885, he prepared a preliminary report upon tbe character and condi
tion of all tidal observations obtained in the Survey to the close of 1884. In May he was assigned 
to duty on the New York Harbor resurvey. 

Reference was made in the report for 1883 to the detail of Subassistant E. D. Preston as a 
member of the Eclipse Expedition to Caroline Island, South Pacific Ocean, and to his return to 
San Francisco, and the comparative determinations of gravity made by him in July and August, 
1883, at the station in that city established by Assistant Davidson. 

In the report for 1884 it should ha>e been stated that Mr. Preston, upon being ordered to the 
Atlantic coast, was employed on miscellaneous duty in the office of the Superintendent from Sep· 
tember 1, 1883, to January 15, 1884. During this time he investigated the relative accuracy of 
super110sition and contact in micrometric pointings; .determined the equatorial intervals of transit 
No. 5 for the use of the French Trani,iit of Venus Commission; reviewed the longitude work 
between Savannah, Ga., and Saint Augustine, Fla., and finished his computations for the report 
of Profcst-ior Holden on the Total Solar Eclipse of May 6, 1883. 

On January 15, 1884, Mr. Preston was granted six months furlough to proceed to Cordoba, 
Argentine Republic, South America, to aid Dr. Gould on bis work on the Southern Stars. 

In the office of Assistant in charge the clerical duties were very acceptably discharged by Dr. 
W. B. French, who had also the entire care of the office accounts, including the returns of money 
received for sales of charts. 

Mr. W. B. Chilton served as clerk and Mr. C. D. Gedney e.s stenographer in the office of the 
Superir>tendent. 

Mr. W. B. Morgan continued on duty as disbursing a.gent of the Survey, with Mr . .J. W. Pa.r
sont1 as accountant and Mr. V . .J. Fa.gin as examiner. 
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CONCLUSION. 

In the preparation of this report, and in the editing for publication of the last annual report 
and appendices thereto, Assistant Ed ward Goodfellow rendered service throughout the year. The 
report for the fiscal year ending with June, 1884, a ''olume of upwards of six hundred pages 
quarto, with twenty-five progress sket.ches and illustrations, ordered printed by Congress in Feb· 
ruary, 1885, was published in November, and is now ready for distribution. Extra copies of papers 
of special interest or practical value to surveyors, geodesists, and others, published as appendices 
to this report, had previously been supplied by the Public Printer. 

Events which led to my appointment as Superintendent in July last, and subsequently to the 
resignation by Mr. J.E. Hilgard of that position, have devolved upon me the duty of presenting 
this report to the Department. 

Respectfully submitted. 

Hon. DA.NIEL MANNING, 

Secretary of the Treasury. 

F. M. THORN, 
Superintemlen.t. 
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APPENDIX N 0. 1. 

Distribution of the parties of tltc Coa.~t and Geodetic Survc!/ Upon the At/m1tic, G11lf 11f .1lforico, and 
Pac~fi,c coast.~, and in the interi-01· of the Urtited States durilig the fisca.l year ending 1dth June, 1885. 

Sections. 

SKCTION I. 

:Maine, Neiw Hampshire, No. 
Vermont. Maseachusetts, 
and Rhode I•lanrl, incl ud· 
inA: coast and senportR, 
bays and rivers. 

Operations. Persons conducting operations. ] Localitier:- of work. 

TopoJtrDphJ ·--. _ Cha.rlesH. Boyd, assistant: llem·y i Ma<'hiaR Bay ent.ranCl', Ma('bia.>i.porta1ul co~rnt to 

R. Taylor. t·h~ eaotwar<I. 

f I 
2 Topography ...•.. Eugene Ellicott., asAistant; J. H. Chandler's llay and EngliAhman's Bar shore· 

Turner, aid. 

HJdrography..... Lieut. E. D. F.Ileahl, C 8. N., as· 
sie'tant; Ensigns T. D. Griffin, 
A.Jelli-ies, and W. C. Canfield, 

U.S.:!'. 
4 Topography ...... 1 A. W. Longfellow, ••sistant, R. 

! F. I>ickins, asRistant.. 

Tidal obset\·atiom;;; J. G. 81•auldin~ ........... -· ..... _ 

i 
6 Hydrographic ex- Lieut.J. E. Pillsb1ir)', l'. S. N., ••· 

aminat..i.-0ns. sistant. 

Geodetic op•'ta· Prof. E. 1'. Quimby, acting ""sist-

tion•. 
8 G<>odetie 

tions. 

ant 
opera. 

1 
Prof.¥. G. Barbour, acting assjst. 

' ant. 
Special triangnla- 1 Henry L. Whiting, ass.istant 1 AIHl 

tion. cOmmU.sior1er for the Stale of 

\ Mesl!tlchuset.ta; Gerehom Brad. 
I ford, aasiatant; F. W. Perkine, 

assistant; C. H. Van Ordon, 

j au bassistant. 
10 Hydrographic ex· Lieut. Commander W. Il. Brown· 

aminations. Mn, U. S. N., elisi•tant; Lient. 
F.H.Crosby,U. S.N.; Ensigns 
P. J, Werlieb, William Trnx-

tun, E. Simp•on, jr. and M. C. 

lines: coast of .Maiue. (St'e also Sections III 
aml VI.) 

Narragaugns Rher, Harrington Ri'\""eT 9 and 
Pleasant Bay aml riTer, Mainl'. {~ee also Sec
tions VI and VIII.) 

Prospect Hnrbor and Monnt Desert Island, 
Main{>. 

Record of observatumf:!. with self-rP:::,isfrringtitle

~auge ~outiuurd, and mdt"oroloi=;ical obRerva
tions recorded at. JluJpit Cm·e, N ortll Ha.\"f'TI 

Island, PeDohscot Bay. 
Coasts of l:lainc, New Ilampshirfl, an<l Massa

cbu•etls. (See al•o Section VJ.) 
Continu,.tion of the t.riongulation of the Stat•• of 

New Hampshire. 
()ccupatioD of sfatJons in C'Ontinuntifln or thf' h'i 

angnllltioD of the Stat.e of Vermont. 
Tri~onometricaloperation!-l iuaid of at.upogt aphi~ 

wl surYPY of the Stat.e of Ma.~~acb11tte1t.s. 

Coasts of Massndnuwtt~ nnd I:hodp, Island 

(Seo al•o S.•ction II.) 

I Gorgaa, U. s. N. . 
11 Hagniltie obser- Jame& B. Baylor, subassistant •.... i Magnetic stations a.t. Pr·ovi•fo.nc"' a ml on Cout-

vationa. 1 ors Harbor Islam!. (See ahm Se.:t.ion II. l 

12 H5-dr1~~011h8i0c ex· Ensign A. F. Fecht"1¥.r, U.S. N., i I1~~~~'oanp8p1ro1a acnhdeslltol.)Newport, R. I. (See al•o 
- assistant ; Ensign• F. W. Ke!. .,.,,, .. 

l<>gg, andF. R. Brainard, U.S. N. 
13 Tidal olleervat.ions ................................... 

1 
Observations oontinuod at Providence, R. I., 

with a. self-registering tide-gauf!:6 lo•ned to the 
city engineer. 
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Sections. 

SECTION TI. 

Connecticut, New York, 
New Jet"sey. PennsJlva
niA, anrl D-eJaware, in

clnding coast1 bays, aud 
rivers. 

UNITED STATES COAST AND GEODETIC SURVEY. 

APPENDIX No. I-Continued. 

' I 
,partit>s.) Operations. 
, I_ 

PersonM con<luding operations. Localities of work. 

I 
No. 1 I TopograJ>hy Charles Hosmer, assistant: W. I. Topogra.pl1ical resurvey of the northeastern 

coast of Long Island in the vicinity of Gardi· 
ner'a Bay, Shelter Island, and Green pod; al$o 
of the north shore of the Sound from Dari~n. 
Conn., northward. 

Vinal, Rnbaasistant. 

2 'l'opo~rapby ...... \\T.J. Vinal, Auhassfatant .......... Continuation of the topographical Tesurvey of 

! Hyrlros;~n1pliic ex

l aminationR. 
I 

Topography . _ 

Ensip:u .A. Ji\ .F'uc11Wler, U. S. N., 

aA•istant.; Ensign• F. W. Kel
Jogg-and F. R. Brainard, TI. S. N. 

W. C. Hodgkins, suhassistant 

the north shore of LODI!; IRiand to the weot, of 

Greenport. 
Hydrographic work off Terry Point and Rocky 

and Horton'R Points, T,ong IR1anrl. (See a]ao 

Sections I and III.) 
Topographical resurveys at the month of tht• 

Connecticut River, and near Milford and Strat
ford, on the north shore of Long Island Sound; 
also from Lloyd's Neck eastward, on the eo11th 

shore. 
5 i 'l'opography ...... W. H. Dennis, a.s1'istant; C. Il. Continuation of the topographical resurvey of 

the north shore of Loni" hlancl Sound in the 
vicinity of Madison, Guilford, and Branford, 

Van Orrlen, snbassistant; J. W, 
Dudley, acting aid, 

Conn. 
6 Hydrograpby .. _. Lieut. W. G. CuUer, U. R. N., ns- ' Inshore hydrographic survey of the northern 

sistant; :Ensigns F. H. Sherrnai; coast of Long Island Sound from Hammonas-
and J". S. Watters, U.S. N. set Point to Welch's Point. 

'
1 

Tidal observat.ionA ····-···-·--·---·······----·-·-------Tidal nbservationswith an automatic gauge at 
the light-house on the New Haven Breakwater. 

8 1 Topography •••... E. Hergesheimer, a8"ietant ... ' Continuation of the topugraphic resurvey of tbe 
north a.bore of Long Island Sound from Frost 
(or Farms) Point westward. Topographical 

9 Triangulation .... 1 Gershom Bradford, assistant ·-·-· 
resurvey of shore:; of East River. 

Triangulation in the western part of Long Island 

Sound extended from Lloyd's Neek towards 
New Rochelle. (See alao Section I.) 

JO Topography .... .,, Cliat·les Hosmer, assistant ...... Topogropbical resurvey of the north shore or 
Long Island Sound contirmed from Darien, 
Conn. 1 towards New Ilorhelle, N. Y. 

11 Topography •..... E. Hergesheimcr,a88istant.... ... Topographical resurvey of the •bore• of East 
River, New York. 

12 By<lrography. _ .•. Lieut-. J.M. Hawley, U.S. N, as- Hydrographic resurvey of the Eaet River, New 

sistant.. York. 
13 Triangulation .. _ , E. F. Dicki!J•, aosistant ....... ---· _ Iffltermloation ofpointJJ for thereaurvey of New 

York Lower Bay. 
Topography - -.. - . i J. Hergesheimer, assistant. . . . 1 Topographic re&urvey of the shore lines of Coney 

! [ Island anll Rockaway l!e~h, New York lower 

14 

I i bay. (See also Section VI.) 
15 Hydrography .... i Lieut. G. U. Hanns, U.S. N., assist· Hydrographic ""'nrvey of the entrance to New 

f ant. York Bay. (See aJ!l() Sections V and VI,} 
16 Topogrn1•hy --- .. I D.B. Wainwright, assistant ... - ... Topographic re•urvey of the shores of the North 

River, New York. (See also Section III.) 
17 Hydrography .... J Lient. W. G. Cutler, U.S. N., as· Hydrographicresnrvey of the North River, New 

\ eistsnt. York. 
18 i Physical hydrog. Jr H~nry :Mitchell, assistant; H. L. Development of plane for the study of the physl-

raphy. llfarindin, """istant; Marons cal hydrograpby of New York Bay and Har-
. f :Baker, assistant. bor. 

19' Tidalobservationl ......... ------------·---··------ .Reoords of ob..,rvations with aelf·registering 
' I 

I 

20' Topography··-···, E. L. Taney, aid .................. . 
21 Gootletio opera· ' Prof. E . .A. llowirer, a~tJng 88818t-

tlono. ant 

tJde-ganges atGovenwt"s Island and at Sandy 
Book. 

Topographical reaurvey of Sandy Hook. 
Er:tenalon of reoomiaiosance and trlangnlMion 

In th" 11<>11thern part ot the State of New Jer-
sey1 -. 

22 Goodetlo opera· Prof. Mansfield Merrlmali, actlllg Jl:xt.enaion of ~nnaliitlaace and tri&nplation 
tions. aosistant; O. B. 'l'ittmann, ae- In the 0881.ern Jialf of the &ate of PeDD8YI· 

siataat. vanla. 
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Sections. Parties. Operations. Persona condu~ting operations. Localities of work. 

SKf"TIOt; If-Continued. No. 23 Geodetic 
tion~. 

opera- Prof. L. H. Barna.rd, acting as~ist

ant. 
Reconnaissance for triangulation in the "'B~tern 

half of the State of Pennsylvania. 

SECTION III. 

Maryla.od, District of Co- i No. 
lumbia, Virginia. and i 
West Virginia, Including ' 
bays. seaports, and rive1 s. i 

I 

i 

SllcTI011 v. 

24 Tr~anguhttion ..•. Spencer C. Ml~Corkle, a.Bsistant; Spocial trian~ulation for th{' city of Philadel· 

25 

21 

C.H. Sint~lair, assistant; C. H. phia. 
Van Orden, sul.Jassistant. 

Phy ideal hydrOj?;- Henry Mitchell, a6.sistant i Hrnry 
raphy. L. Marindiu, assistant. 

Ttiangnlation . _.. ~'- W. Perkins, asRistant; C. H. 
Van Orden, auhassista-nt. 

Ph:ysical hydrography of Delaware River and 

Bay. 
Special triaugulation. Delaware River, from 

Petty'i; Island to Poquessink Creek. (&>n also 

Section VIII.) 

27 Magneticobserva- Edwin Smith, assistant ----· Magnetic o\J•enations at PhiLulelphi~. (S.·e 
tiom~. also Sections VIII, IX, and XV.) 

28 Hydrographic ex- Lieut. Commander W. H. Brow11· Determination of position of wreck off Barnegat. 
an.inations. son, l:. S. N., assistant; Ensign (St-e ahm Section I.) 

M, C. Gorµ;a.s, U.S. N. 
29 'I1riangula.tion, re- CJ. M. Bae he, assistant: J.B. Bas- (]ontiuuation oftriangulationarnl reconnaissance 

31 

32 

connaissance 1 lor1 suhasAidtant. 
and ma~uetic , 
observations. 
Continuation of ; 

topograpbtc sur- : 
vey. 

Topography······~ R. M. Bache, asRistant; E. L. 
: Tuney, Aid. 

Topography . _. __ . · C. T. Iartlella, assistant. 
I 

HyLlrowaphy..... Lieut. G. C.Hauua, U.S. N., assist· 
ant; Ensign• A.. L. Hall. ,J. H. 
Hetherington, E. F. Leiper, and 

! G. R. Freneb, U.S. N. ' 

• I 

on the New Jersey coast. Magnetic station 

ocC'upied on that coa.st, and topographic snr· 
vey continued. 

Topographical resurvey of tbe New Jersey shore 

of Delaware Ba~· continued. 
Completion of the topographical resurv~J of the 

western shore of Delaware Bay. 

Uontiuuation of the hydrograpbic resurvey of 

Delawan• e.ntranco. (See also St,ctions V and 
VJ.) 

Determinations of · C. S. Peirce, a.ssistaut ..•.......... : Gravity determinations and ex::perimental re-

gravit_y. i--. H. Parsons, subassistant. 

:Mabruetic uhser- ' Charles A. Schott, as~iatant .... 
vatione.. 

searches at Washington1 D. C. 1 antl in Vir
ginia.. (8ee also Section VI.) 

Annual deJ.ermination of the m1Lpu~tic declina

tion, diJ> and intensity at a station on C1>pitol 
Ilill, Washington. 

3 ' Topography, ___ ,_: .John W. Donn, assisl.tmt; Il. B. Continuation of the detailed to1>ograpbica.l snr-
Waiowright, assistant. -vey of tile Dist1ict of Columbia. 

Geot1e~ic leveling.! JobnB. Weir,a-HSistant; JohuNel· Lines oflevelin~ofprecision varried from Ash-
son1 aid. land, Va.., to FortresA Monroe. (See &.lso Sec· 

tion XlV.J 
Special survey.... Charles Jun ken, acting assistant.: Determination of points on the boundary line 

between Ma.rylall(l and Virginia. 
HydrogTapbic ex- : Ensign A.. F. J<'echteler, U.S. N., Hyurograpbic examinations off Cape Remy, Va. 

assist.ant. \ f>ee also Sections I and JI. J 
1.'opograpby Eugene Ellicott, aasi•tant .. -_. __ - . Supplementary topograJlhic&l survey between 

Reconna.issance. 
a.od triangula
tion. 

A. 'l'. Mo¥ma.n, assist.ant; F. D. 
Gra.nger, aRsistant ; Prof. J. H. 
Gore, volunteer assistant ; W. 
B. Fairfield, extra observer; .J. 

E. McGrath, aid. 

Norfolk and the ocean shore. (See also Sec-
~ions I and VI.) 

Extensi'm of the primary triangulation near the 
thirty-ninth parallei from West Virginia iuto 
Kentucky and Ohio. 

South Carolina a.nd Geor- No. 1 Hydrograpby .•.. 
l(la, Jnoluding eoaat., sea-

Lieut. G. c. Hanus, U. S.N., a88ist
...,t ; Ensigns E. F. Leiper. 
F. It. Brainard and George R. 
French, U. S. N. 

Hytlrogra.phic tilurvey in Stono and Wadmelaw 
Rivere1 South Carolina. <See also Sections II 
and VI.) water obannela, aounda, 

hAlrbol'fl and riven. 
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Section~. Partif'R. Operations. Persons conducting operations. Localities of work. 

SJ<CTION VI. 
I -- -

Puninsula of Florida, from 1
1 

Xn. 
Saint Mary's River,ou t11e 

t•a!!:t coa!of.t, to and indud· ! 

jng tbe Anclote Kess on 
the west coast, with thf' 

coast approael1es, reefi·~, 

keys, seapm·ts and rivers., 

SRC"TION VIII. 

Alabama, Mi•siosippi, Lou., No. 
ieiana., aDd A..rka11sas 1 

includio~ Gulf coagt~1 
])Orts, and river~. 

SF.CTIOll IX. 

Triangulatiou aud i Eugr11e l:i:Jlicott, assistant 
topug:rapl1y. 1 

Triangulation nnd shore-line to1~ograpbJ of 

Saint John's River from Palatka to Nine-mile 
PoiDt. (See aldo s~ctiona I and III.) 

2 i Hydrogrnphy Lieut. G.C. Hanu~,u. S. N., aHsist· : Hydrographic survey of Sa.intJobn'sRiver from 

ant; En•ign E. l<'. Leiper, U.S. I R.acy Point to Palatka. (See aJao Sections JI 

3 

4 

N., assistant; J:.~nsigns F. R. 
Brainard and G. R French, U. 
s.N. 

Phyeit•a} L:nh·og- , Lieut. J. B. PUlsbury, U. 8. N., as· 

r·aphy. eistant ; Ensigns A. F. Fecbte

ler, P. J. Werlich, W. A. Thom, 
WHHam 'l'riu:tun, E. Simpaon, 
anu M. C. Gorgas, U. S N. 

Determination of. C. S. Peirce, as~istant; ,V. B. 
FairfiPld, ('Xtra obserV"er. gl'av1ty. 

and V.) 

Deep sea soundings in N. W. Providence Chan· 
nel, and in Gulf Stream off Florida coast, and 
subcnrrent obserYation• in Gu!C Stream be
tween Fowey nooks and Gun Cay, BabamaB. 
(See also Section 1.) 

Determination of gravity nt Koy West. (See 
also Section HI.) 

5: l~cat·h measure ,Jos6pli Hergeshcimer, assistant; 

J. H. Turner, aid. 
Beach nwasure and topography on 'WPst coast of 

Flot·ida. from Bowditch Point to Cape Roma.no. 
(See also Section II.) 

aud topography. I 

6 Hydmgraphy .. _ Lieut. E. D. F. Heal!I, U. S. N., Hydrographic survey of the wo•t roll8t of. Flor· 
assistant; EnsignsT. D. G1-iffin 1 

J.M. Orr hare!, A. J etfries, W. 
<.:. Canlielu, an<l J. E. Craven, 
t:'.S.N. 

ida from th(! vicinity of Hordou's PasM t.o Cape 
l~ornano. (See also 8ootions I aud VIII.) 

necmmaissance ... ' O. H. Tittmaon, assistant; George Continuation of reconnaissance fo1· the connec· 
' I•'. BirJ, ni<I. tion of the triangulation of the Gulf coast with 

[ that along tlie Blue Ridge. {See also Sec
[ tion II.) 

Il.nlrngrdphy . . . Lil~nt. E. n. F. 1h·ald, D~ s. N.1 : B.ydtographic WOl'k in Mobile Bay antl .arouDtl 

assistant; Ewdgn~ 1'. D. Gtifiiu, 

J.M. Orchard, A. Jelft-i•s, W. 
C. Canfield, and J. E. Craven, 

U.S.N. 

the Cbandele.ur l•lands. (See al•o &•ctions I 
and VI.) 

Tefographie Jongi. Ed win Smith, 1U1Si•ta11t; C. H. Determinatio11 of the longitudes of Little Rock, 

tudes. Sincla.ir, ass.ista.nt; E. V. Pr~s

ton, 1mhassistant. 

i Trianitulation anil 1<'. W. l'e1·kins, assistant, E. L. 
Ta11cyi a.idi Ricbi:rdC. Wilson, 
volunteer ai(l. 

Texarkana, and Fort Smith, Arkansas. (See 

also Sections IX, XV, and XVI.) 
l'riaugnlation and topoi,'TlLphy of the coast of 

Louisiana. fron1 Cotl> Bl&.11cbo Bay to the. w"ot· 
ward. (8e6 alAo Sention I.) 

i top-0graplky. 

! 
H ydrograpby Lieut. F. H. Cro•l>y, U.S. N., a&· 

sista.nt; Ensigoa 1'.1d. Brumby, 
A. L. HaJI, J. H.. Hotberington, 
an<lJ. S. Watters, U.S.N. 

Hydrograpbic sur,·ey off the coast of Louisiana 
from Sabine Pass eastward. 

'J~exas and Indian Terri· N-o. I 
t-0ry, including G•ilf 

Telegraphlclongi· Edwin Smitl1, a""l•tant; E. D. 

lu<leo. Preston, subasoiotant. 
Determinatfo11 of th• longltud6 of Bro,.,nsville 

Texas. (See also Sccticms VIII, XV, and 
XVI.) coast, bays, and rivers. 

SJ<CT!ON x. 
California, including the No. 1 Triangulation 

coast, \.ia)'ff, harbors, and 
river-tt. 

2 Mai.,'lleiicol>!leTVa. I 
1ions. I 

R. E. Halter, a.oslstant -···-· 

A. F. Rodge111, aMistant.-- --·- .•.. 

Ma.reus lla.ket',asshdant; (!al'li1de 

'.L'err.v, Jr., aid. 

Triangulation and wire.measn.rement between 
Point Isabel and BrownAl"ille, 'J'ena. 

Survey of the ooaot,line, eonneetlag the work at 

Sllll Juan Capistrano wtth that at Ne"".POrt 
Bay. 

Series of obsorvatlous continue4 a~ the m~lc 

self·Mgisterln£ l'eOOl'd station at Las Angeles, 
Cal. 



 

UNITED STATES COAST AND GEODETIC SURVEY. 85 

APPENDIX No. 1-0ontinued. 
--------~-----------.--- - - -------------

Sections. 

S&CTI01! X-Contiuued. 

SECTION XI. 

:Parties. 

No. 

4 

Operations. Persons coi.ducting o-perations. 

Triangulation .... , James S. Lawson, a"51Btant; P.A. 
WelkAr, aid. 

Triangulation anu! Stebma.n Forney, assistant ..... . 
topography. 

Hydrograph}· ..... Lient. E. D. Tau•sig, U.S. N., as-

Localities of work. 

Continuation of the pri1:uary triang-ulation of the 

coast of Californm nortL of Point Co11ee1lcim_1. 

Sun·~y of the coast of California continued from 
Mo:to B<.IJ eastward. 

Hyd1ogr8phic survey of U1e Califnrrna t'oa.st iu 
sistant; Lieut. F. H. Lefavot\ the viciuit_y of San Sirnton. 

U. S. N.; Ensigns W. L. Bur-
dick wd P. B. Bibb, U.S. N. 

Triangulation . ... . George Ua\idson, assisuwt; R. Occupati-ou of st.a.tious in continuatioIJ of the pri· 

A. llan·, sul1assistant; F i·e- mar.\' triang-ula.tiou ofthf' coast. ofCa.liforuia. 

mont Morse, aid; C. B. Hill, act· 
ing aid. 

Tidal observ.aUone E. Gray, tidal obseryer ............ _. Self.rfigistering tide gau~e record kept up at 

8nucelito, San Frandsco Bay. 
8 Hydrograpbs Lieut. E. D. Tans.'iig. U.S. N., as· Iipirograpliic snrvt·y~ ou tht~ Califoruia coattt in 

sh~tant; Eni:signs.J. N. Jorda.u, 

\V. L. B1mlick, ,J. A. Hell, and 

F. A. McN utt, tT. S. N. 

HuruholUt Ua:y arnl b~~tween Brushy Point and 
White Rock. 

Oregon and Washingt<in No. 1 

TeTritory, including 
Triangulation and: Louis A. &:ngtelJer, assistant.... Sun'(·y of the Urnpqna.h River. Or~gon. 
topograph~·· 

coast, Interior bays, ports, 
and rivers. 

SECTION XII. 

hydroi>:raJ>liy. 
C011tinnatim1 of tht· t opogrnvliical RIU"VC~ uf tl1t' 

Culumbia a.n<l \Y1lhunette l:ivcr~. Hydrog· 

1·a11by oft he Willamette RiYe1·. 
3, Topography aml J.J.Gilbert,asl'.dstaut ..........••. ' Completion of the topograpl1y of Hood's Canal, 

rooonnaisRD.nce.; W. T. Rt•coutiaissaueeofthe Olympic Monut· 
ains. 

4 1 Hydrography ....... ' Lieut. C. F. Foree U.S. N.,a.ssist- B:ydrogra.pblcsurvt•ys iu Hood's Canal,\\r. T. 
ant; Ensi!(D J'. N. J' orJan, U. S. 
N., assistant. 

Triangulation and tT. F. Pratt 1 assistant ....•..•. ~.... 1.'ria11gnlation ancl topogr-a1•hy of PosseHsion 

topogrnphy. Strait and Sound, W. T. 
6 Jfoco:unaifl sa nee ' B. A. UoJonna, asRistant; J. }', Recounn.is:-mn('t> for tlw I riau_c.ulatio11 oftlw Strait 

and triau~ula· Jlratt, assi:itaut. of }i'uca. 
ti on. 

7 ; Hydro,!lrapby. Li1mt. Commancler A. S. Snow, l'. HJtlrograp!Jir snnoy of Uie Strait of Fuca. 
S. N.1 aaRiRtant.; Lient. G. Block· 
linger, U.S. N.; Jfasigns \V. V. 

Bronaugh, F. M. lloQtWick, uul 
W. l'. Whit,;, U.S. N. 

Alaska, lncludingtbecoast No. 1 Hydrogmphy .••.. : Liellt. Richardson Clover, U. S. Hydro~ra11hlc snn'"Y" ln 1-'onthca•tcm Alask:<. 
and the Aleutian Islandtt. N., assjBtant; Ensigns W. Mo· 

1 

8ECTIOJI XIII. 

Le.an, C. C. Marsh, D. P. M~n- ' 

. efee, T. G. Dewey, and A. P. 
Nib!ll-Ok, U.S. N. 

2 Tldo.loboervationei W. J. Fiaher and F. Sargent..... Tidal observations continued with self.register· 
ing thfo-g:auge at Saint l'aul, Kadiak Island, 
Alaska. 

Kentucky and Tennessee.. No. 1 neoon11aissance 
and trian11:ula-

A. T. "Mosman, assistant i J. E. : Reconnaissautct' for ~xt.ending tlrn primary tri· 

SllCTtOlC XIV. 

Ohio, Indiana, Illinois, 
lllehlgan, and Wia· 

cooala. 

McGrath, aid. "1lgulation nt>At' the 39tl1 parallel froru We•t 

ti on. 
2 Geodetic <>per&· Prof. A. E. Buchanan, aeting as· 

tions. sistant. 

No. 1 Reconnaissance A. T. Moaman, ll88ist&nt; J.E. 
and tria.Dgula- McGrath, aid. 

tion. 

Virginia into Kentucky and Ohio. 
Occn1.ation of stations in continuation of the 

triangulation of the Stat.. ofTenne•Sff. 

Reconnaissanc.6 for extending the primary tri
u.ngulation near the 39th parallel into Ohio and 

Kentucky. 
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-===~~-::_~ Pa:~~4-0~era~:n•. ·--:.~::~~oondueti~~o~~~ti::•~T~~=--~-~::alitiea~~~~;~-~---
SKCTION XIV-Continn~d. No. 2 ! Geodetic opera· Prof. R. S. De,·o], acting assistant .. : Continuation of the triangulation of the State of 

SllCTIO!!XV. 

llissonri, Kans&.b, Iowa., 
Nebraska, Minnesota, 

and Dakota. 

8RCTIONXVL 

i tions. j Ohio. 
3 ( Geodetic opera- Prof. J. L. Campbell, actin( as- l Occupation of stations in continuation of the tri-

tions. sistant; Prof. J.M. Coulter, re· 1 angulation of the State of Indiana. 
j corder. 

4: 'l'riangulation ·---- George A. Fairfield, assistant; J .. Ex:tension of the primary triang11lation near the 
S.Bradfonl, assistant; J.B.Bou- ! 39th parallel eastward across the State of Il

l 
telle,extra.observer; F.B.Bacon 1 j linois. 

recorder. I 
5: Geodesicleveling .. ,John B. Weir, assistant; Joun Progress ma.de in connecting the line of trans-

Nf"lson,aid. continental leveling with a point on the Gulf 
coast. 

6 ' Geodetic opera- , P1'of.J .E.Davies,aeting aoaistant..: Occupation of ststions in continuation of the tri-
tions. angnlation of the State of Wisconsin. 

No. I Triangulation .. _. . F. D. Granger, assist.ant ...... __ .... Occupation of stations for continu;ng to the weat
ward the primary triangulu.tion near the 39th 
parallel in Missouri and Kausa.s. 

Telegraphie ltmgi. Edwin Smith, assistant; C. H. Determination of the longitude of Kansas City, 
Sinclair, assista.nt. Mo. 

Nevada, Ut.ah, Colorado, No. 1 

Arizona, an«l New 

Mexico. 

Recooonissance William Eimbeck, a•sistant; G. 
and triau~ula- F. Dini, aid. 
tion. 

Continuation of reconnaissance and triangulation 
in Utah near th., 39tb part<llel. 

8PEC1At~ 0Pti:UATIONS. Examination of .Marcus Baker, assistant .......... . 
methods of ob-
servation a n d 
photographic 
processes e m - i 
ployed at th e 
Magnetic Obser- 1 

vatory, Toronto, 
Canada. 

Reports in regard • Henry Mitchell, assistant; F. ,J. 

to the suboftices Palmer, acting assistant; S. C. 
at lloston, New ' McCorkle,aasistant. 
York, and Phil-

! adel11hia.. 
; Charge of the ex
i ·hi bit of' the 
! Coast and Geo-

detic Survey at 
the New Or
leans Exposi
tion. 

'George W. Dean,&11sietant; C, H. 
Boyd, aasistant i J. J. Clark, 
meehanici&n. 

Voyage of the Lieut. Richardson Clover, U.S.N., 
new et.eamer C. assistant. 
P. Patterson 
from the Atla.n-
tic to tue Pa-
clJl.o coast. 

Tidal obseirva. 
tioru at Hono

lnlu, Sandwich 
Islands. 

SuperintendentorHa.waiian Gov· 
emm6Ilt Survey. 



 

APPENDIX No. 2. 

Statistics of field and office work of the Coast and Geodetfr Sun1cy for the year ending June 30, 1885. 

Total to Total dnriug Total to 
Juneao, 1684. fiscal year. Juno HO, 1885. 

RECONNAISSANGR. 

Area in square statute miles ....... .. 
Parties, number of .................. . 

HA.BR LINES. 

Primary1 nnmbe1· of ................................................................ . 
Primary, lengt)i in statute miles ...... . 
Subordinate, number of ..................................................................... . 

Suliordinate and beach measures, lenitth of. ............................... .. 

TRIA'NOUI..ATION. 

Area in sqUAre statnte miles 

331 100 

H 

90 

129 : 

442 : 

193 4211 ' 
Stationsoccopiedforhorizontalmeasnres, number of ............................................. : 10 698 
Geographical positions determined, number of ............................... ." ................ .... !

1 
20 478 

StationR O!'.Cllpied for vertical measures, nnmber of ...... ··---· .... _ .............................. ! 682 
Elevations determined trigonometrically, number of ........... _ ...... __ .... _ ............ _ .. __ .... i l 763 

Heights of benchmark• by spirit-leveling, number of ........................ __ ......... _ ......... J 2 689 

Lin811 of epirit-levellng, length of, in statute miles ............................................... 1· 2 933 

Triangulation and le-..eling parties. number of ................. _ ................................................ ", 

ASTkONOMlf'AL WORK. j 

Azimuth stations, number of............................ . . .. .. . . . I 187 

Latitude stations, number of ••••••....••..••.•.•••.••••....•..... :::::: :: :: : : : :::::: :: :: : :. :: ::::1 312 
Longitude staiions, telegraphic, n11mber of. ...................................................... _ 124 
Longitude 1tat,ion11, chronometric Ol" lunar, number of ............................................... \ 110 ' 

Aotrouornical parties, number of .................................................................. ; ............ .. 

M.AGNETIC WOHK. j ] 

:=:::::::..s;~~~;:;;~L~.,~. :: : : : :[::::~'. 
Area 8llrveyed, in square statot<> miles ............................................................ ! 29 134 i 
Length of ,;ener .. 1 coast in statute miles ........................................................ ---! 6 728 1 

Length of shore-line, in statute miles, including rivers, creeks, and ponds .•...••...•..........•... I 84 510 
Length of roads, in statute milea ................................................................... i 42 423 
Topographical parties, num'ber of .........•................. _ .. ··---- ................... ___ . -----· ! ------. -- . 

HYDROGRA.PHY. 

46 860 377 960 

o' I 14 

0 90 

130 

34 ' 476 

6444! 199 864 

382 11 080 

62'l 21 105 
80 762 

132 l 915 

825 3 014 

397 I 3 330 

30 : ...... 

:l 190 

6 318 

127 

0 llO 

6 

18 693 

2 • 
7 . 

l 147 30 281 

14 6 742 

I 995 86 505 

1 829 44 252 

25 ·-----··-··-·-

Parties, number of ............................................................................... ·;·······-...... 15 ............. . 
Number of mile& (geogra,pbleal) run while sounding ................ __ ........ _ .................... I 369 l15 i 8 810 378 22li 
.Area sounded, in equ..,..,geo)traphical wilea ........................................................ ! 95 335 ! 4 245 99 580 
)(ilea run, additional of outside or deep-sea soundings................... . •. .. . • ................. i 74 748 j 008 75 251 

=°!o:':i"~:~.::::::::::::·::::::::::::·:::::::::::::::::::::::::::::::::::::::::::::::::::ll, 1a ~::: m ~: i 11 ~: 
D4'ep--tempentnreobeervation8....................... ....................................... 11 801 I 200 1 12 010 

current atatiODS, number of .••. • · · • · • • .. ~- · • · • • • • • • · ...... ••• • • • • • .. · · • • -- .. · · •• ••• • - · · •· ••· .... ··I 815 11 
•• .......... -1' ...... -.. -.. · · 

Deep- current at.atlons, nn":'berof ............................................................. /······ ........ 17 ............. . 

==~17;::=.:,:~:,:~-.;;::::::::::::::::::::::::::::::::::::::::::::::j:::::::::::::. ~:I:::::::::::::: 
87 
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. Total to I Total during I Total to 

---------------- ----------· ------- .·,·June30,1884::_~•c&lyea.r. ·1June30,1885. 

HYDROGRAPHY-Continued. 

Specimens of bottom, number of. ..........•....•.....•.•..•..........••••.••..•..••.••..•....•••.. ; 12 338 290 [ 12 6"28 
Automatic tide gauges established· . . .. . .. . . . . . . . . . . .. ............................ -.... -... -• - -- · 82 3 I 85 

Automa.ti~ tide gauges discontinued*.-· .......... - .....•................... - ----- ...... -- -· --- --- 78 1 I 79 
Staff and box gangeR established• . . ... .. .. . .. . . . •. .. . . . . . . . . . .. .. .. .. .. .. .• . . • • • •• . . . . . . . •. .•. . . . 1 610 34 i 1 6'14 

!:'taff and box gaui:es discontinued• .... ,........................................................... 1 606 33 I 1 639 

Parties doing tidal work exclusively· .....•..................••... - --- ---- .. -- - .... --- - ---- -- . --· .. - . -· .•.. .•. 4 I ....... --·· · ---
J>arties doinf;!: tidal in eonnection with 1Jy<lro~rrapbic work*........................................ 181-··-·· ········ 

Triangulation, original•, number of volumes ~~c~~~~--......... .. . • . .. . .. . .. .. . . .. . .. . •. • .• . . .. 4 305 277 I 
1738: 591 .Astronomical observation:-., originals, numher of volnmeH ........ _.... .. .. . . ... _ ...... ---- ... . 

Magnetic obscrvationR, orig-inals, number of vol11mes ... - ... __ .......•......................•.... 
Duplicates of abovo1 number of volumes .................................. _ .. _ .................. . 

Com1,utations, nun1bt.'.r of Tolnn1es .. __ ........................................................... . 

Hydrographic souncliugA a.ml angles, origina1R, number of volum~s ................................ . 
Hydro~raphic soun<ling:s and angles1 dnplfoatrs, numher of volumes ..........•.....•........•..... 

Tidal and currcntoh~mrvations, originals1 number of volumes .........••.................. -···-··! 
Tidal and current obRervations, duplicates. number of volumes .•................... __ ........ __ . 

.Aggre~ate Jf*ars of record from automatic tide gauges* - ·---- ..... __ .....•.... ·····: ....•..•...•. 
Tidal st.ationR for which reductions ha.Te been made* ...••..... - .......•............•.....•...•.. 

Aggregate Jears of record re<luced * -----··-·-··········-···-··-········· ........................ .. 

MAPS AND CHARTS. 

Topographic maps, ori1tinalM •................... __ ....... ------ ·-·--- .... ----·· ...•.•.•••••..••••. 
Hydrographic chart•, original• ................................................................... -, 
IWtluctions from original sheets ...................................................................... : 

Total nnmber of manuscript. maps and {',harts-----·---- ... -----·---- ......... ---· .. --- ....... --- .. f 
Number of sketche• made in fiPhl and offic<> ...................................................... . 

ENGRAV11!(G AND PRiftTING. 

Engraved plates of finished charts, number of .............. __ , .......... ______ ............. .. 

Engraved plates of preliminary chart.., sketches ancl diagrams for the Coast and Geodetic Survey 
reJl'Orts1 n11mber of ................................................................................. . 

Ekctrot.vpc plat.is made ......................................... ______ ........ ____ ...... ··--····-
Finished charts published ....... - ................................................................ i 

Eni:rave<l plates of Coast Pilot chart.. ............................................................ l 

563 ' 
4 547 

3 819 

9 020 

1 895 
3 59'l 

2 346 

246 ' 

929' 

204 

1 669 1:1 
2 706 
3 246 

274 

650 I 
1 758 

408: 
77 i 

Engrave<! plates of Coast Pilot views ................. - . - ............. - .. . __ . ____ .. .... .. ... . 88 i 
Printed •beets of maps and charts distrihntlJd ................................................. • : i 6'9 425 i 
Ptinted •heeta of map• and charts deposited with sale agents .................................... i 229 480 i 

Charts published by photolit.hography .................................................... _ .. __ .... ; .............. j 

64 i 
370 I 
156 I 
B02 i 
280 ' 

94 ' 
Fl!' 

5 

36 

58 

17 

19 
36 

11 

1 

66 

11 

8 

14 870 

14 085 
18 

1 797 

627 
4 917 
3 975 

9 322 

2 175 
3 686 

2 402 

251 
865 

208 

1 678 

1 817 
!162 

2 725 
3 282 

28b 

851 

1 824 
419 

FO 
89 

564 296 
243 515 

.. - . --··- .. -~. 
---------- ---- -·--·-------------- . ----- ------------· -------··- -- ------------------'--------------'-------

•The form in which tidal •tatistics have been presented in preceding reports is here superseded by one, whhlh, although It shows no 
diminution ill the amount of field work done, is believecl to exhibit that amonnt more distinctly, and to be much less liable to erroneous in 

terpretatiolt .An additional entry, requisite to complete tJ10 exhibit, is omitted this year for lack of time for Its preparation. 



 

APPENDIX No. 3. 
Information furnished to Departments of the Government in 1·eply to special requests, and to i11dividuals 

upon application,• dur~ng the fiscal year ending .lune 30, 1885. 

Date. I Ne.me. Data furnished. 

I 
-~----------;---------------------- ---- ---

1884. I 
Jnly 21.Tohn To.tlool<, jr., Asoilltant Astronomer. Ma.dilWn, Wis .. i Six geographical positions determined by COl<St and G60detic Survey 

&!pt. 

I st Beloit, Wis. 
12 Randolph Keim, W ashingwn, D. C ...................... ! Distance and direction of Sngarl<>af :MoUJ1tain, Md., from the Washing 

i I-On Monnment. 
15 Chhof of Engineers, U.S.A ............................... i On the tides at Gruveston, Tox. 
17 Lient.P . .11.Ray. U.S..A.,SigualService .................. I Copyofrep<>rtontbe discussion of his tidal observations at Ooglaa-

1 role, near Point Barrow, Alaska. 
17 Director U.S. Geological Survey .......................... / Geogrsphical positions in Northwest Georgia and Nortbea.st Alabl\ma 

/ 1L1Jd heights; also poaitions of two "8tronomical stations in Kentaclry, 

I 
i with descriptions. 

lll Director U. S. Geological Survey .......................... ! Goographical positions of a number of point<> near the boundArieo of 
I · Ohio, W e&t Virginia, a.ud Kentueky. 

:11 General V. D. Groner, General, Agent Merchant.' an•l Topography sea·coast of Virginia from life-saving stati<10 "Seatacl<" 
l!iDoro' Trauspmiibtion Company, Norfollr, Ya. to life-saving station "Dam Neck Milla.," 1859. 

25 Horace S. Crowell, Boston, Mass ........................... ' Topographicnl Sur'1ey West Island and vicinity, Buzzard'• B&y. Ma&., 
18'0. 

25 Diroetor U.S. Geologies] Survey .......................... (toograpbi"8J posit.ion• near west.em bo11Ddary of Ma••a.ch11setts, llnd 
of State Rouse, Hoston. 

28 Dlrootor U.S. Geological Survey ......................... : Geographical positions of fourteen stations in Northwe•t Georgia 1>nd 
Northeaot Alaba.rna. 

29 Director U.S. Geological Survey .......................... , Geographical poaitions of three statinns in C!Uifornm. 
31 Maj. G. L. Gille.;pie, Engineer Corvs, U.S. A ... • .. ••• ••• Bench-marks at Sandy Hook, N. J., for survey for deepening Gedney'• 

Channel. 
5 Rudolph H<>ring, .A.osistantEngin.,.,r, Philadelphia Water Goographieal positions, o.nd 11;eod<>tic and m,.gnetic data for three trian· 

Department. gulatioa stations. 
II Direct.or U.S. Geolog;cal Survey .............. -........... , Poaitionaof &Btronomlcal statlono in M:i880nri and Xan888, with deacrip-

6 
6 

7 

12 

15 
112 

2tl 

27 

28 
so 

6 
8 

1 tiona. 
Maj. G. L. Gillespie, Engineer Corpe, U.S • .A. -•.•••.•••••• -! Geogra.phllill.l positions on lower New York Bay and vicinity. 
P.B. Wooo, Surveyor, Peshtigo, Wis ..................... , Geographicalpositfons of stations in the vicinity of Peshtigo aDd data 

foT secular change of the deciina.tlon. 
}laj. G. L. Gillespie, Engineer Corpa, U.S.A ..•.•...•••• ·i Bl>nch-marks around Raritan Bay, esP<>Clally at L<>oust Grove Grav••· 

l end .llay. 
E. S. Holden, Director Aatronomi<lal Observarory, lladi· : Result for latitude of Coasl Survey Station Madison from revise<l stat 

llOll, Wit. plaees. 
Harb<>r Counniellion of Norfolk. and Portsmouth ••.•.••••• I Part of East Branch Elizabeth River, Va., 1813 and 1882. 
Prof. A. llall, U.S. Naval Obllervatory .................... ; Declination of nine stars wsed for det.ei:mina.tion of l&titu.de. 
Prof.J'.Howard Gore, Columbian UnivemU;y ............. ( Iufnnnl\tlon rtl&pecting certain st&tiotioa of, and recent progreoe in, 

- j geodeay on the C08St and Geodetic Survey. 
R. G. Bnt1er, Henderaon, Vance County, North Carolina.· I Variation in the mapetic declination at Henderson b<>tween 1800 &11.d 

I 1685. 
Jaoab W. Ra.a.d, Smveyot, Vaneoobnr1, Ky ............... ) Information respooting magnetiq deelindion at that place. 

0. F. Homer, New Egypt, N.J ...................... ······i Rellults of lllltgnetic investlgat.lons. 
W. S. 8WllJDel1I, Charleston, W. Va .••..•••.••••••••.••••• [ Latitu.de an.d longitwle of aatronom!cal atatl.on ..t Charl...tou. 
G<>nend William Birney, Waahington, D. C ............... ; Copy ofenrv<>y of .Ashepoo :River near mouth of Mosquito Creek, S. C. 

•Trae!nga from ~ldo or hyd!ograpbla aheeta, tranaoripw of uupublillhed reoul.ta of the wo~k, and other W.ta, when s11ppliad f()r 

pr!w.te ue, am fllnUahed np<m payaent of th<> coat of preparation In t.be odiee. 

B. Ex. 18--12 89 



 

90 UNITED STATES COAST AND GEODETIC SURVEY. 

APPENDIX No. 3-Continued. 
-~-. -------~ .~--

i 
Date. Name. Data fnrnislied. 

1884. 

Sept. 12 Capt. F. A. Hinman, En:rineer Corps ...................... Hydrol(raphic survey of South Jlranch, Elizabeth River, Va. 
13 . D. B. W'3llman, Assistant 1:'. S. Engineer, Saint Louis, Mo. Geodetic data of 8ix tri!(onometrical stations on the Missouri River. 
15 H . .A. Wise, Superintentll'nt Public Instruction, Baltimore : Ta.ble of magnetic decHnation a.t Baltiniore 1810 tolB85and information 

of position of ag"Onic line at preRent and in former centuries. 
16 M.A.. ::Miller1 Engineer1 Ouearrn, Wyoming Cmrnty,W. Va Hate of chan~e of magnetic declination in West Virginia and position 

, of a.goni~ line at present. 
17 International Electric Exhihi tion, Pl1iladelphia, Prof. : Determination of tbe magnetic uip, horizontal and total intensity at the 

Snyder. test laborat-0ry of the exhibition. 
18 .Tames L. Bryan, Secretary of Board of School CommiR· Information about secular variation of the magnetic declination at 

Cambridge. Md., and declination at present. I sioners, Cambridgt\ Md. 
18 . Maj. C. W. Raymond, Engineer Uorps, U. S. A ...•... Ge-Odetic data about Providence, Cape Cod; position of twenty tT!go. 

nometrieal point~. 
22 Maj. G. L. Gillespie, Engineer Corps, U.S. A .. Hydrowapbic survey of e•stern part of Hempstead Bay, L. I., New 

York, 1880. 
Oct. E. D. Fie Kl in, Fairfa'.'t Court Hou~e. V:t .................. _; Magnetic declination at Fairfax since 1820. 

D.C.Sanford,Sonth Norwalk, CoJJn ...................... 'Magnetic declination ofl'We•tport, Conn. 
, Emil Mayer,Monich,Germany .........••..•.•........... Compile(} tracing of Missi~sippi Rher Delta and at.lj1we11t coast, to

gether with untlnislle•l pro<if of Coast Cha.rt No. 94, .1-80000. 
Thomae D. Davis, Lynchburg, Va ...................•.... , Geo~apbical position of Lynchburg. 

11 Maj. C. W. Raymond, Enidneei· Uorpx, U.S. A - -..• - - .. - - Cumparat.ive mav vf the extremit_1 of Cape Ced, Massa.chusettH, from 
the surl"eys of 1848 and 1857, and Commissioner's survey of 1867. 

11 S. G. Hilborn, U.S. District .Attorney, San l'rancisco, Cal., Topo:rrapl1ic and bnlrographic snrrey' of Mare Island and Napa 
Creek, and adjacent marsh lands. 

13 Maj. S. M. Mansfield, Engineer Corps, U.S . .A., Galv~•· , Unfinishecl proof of Coast Chart No. llO, Corpus Chl'.isti Ba~. 
ton, Tex. 

14 Director U. S. Geolcgical Survf'y, W_aahington, D. C .• -~.. Hei~ht above the sea of one hundred and tw-Pnty geographical positions 
in Massachusetts. 

22 G. H. Cook, State Geologist, New Jersey ...••...••..•.... ' Geodetic de.ta of twenty-two trigonometrical points in New Jersey. 
29 Capt. William 1'. Rossell, Engineer Corpe, U. S. A ..... - - . ! Bench-marks at Tampa., Cedar Rey~, Apalachicola. Ilay1 and Kt"y 

I 
WA•t. 

30 .A. M. Ford, Atlantic City, N. J -..... _ ..................... ( About Tide Tables and the tides at Sandy Honk and Fernandina. 
30 EditorofSciPnce,Camhridgt•,lfass .... - ..... -·-··-------- 1 RecordH of eelf-rf'.gistering tide-gaug'eR at. 8Ancelito, Cal., Kadiak, 

Alaska, antl Honoln1n. 
Nov. 4 Director lI. S. Geological Survey, 'Va.shin gt.on, D. C GeogTA.pbica1 })()sition~ ln Kentucky near the boundRr.Y of "'°,..est Yir-

ginia and Ohio. 

5 I A. Fm~ter Hi~gine, chairman of 1he Stan<ling Committee i Hydrographic tiilt'V<'Y of entrance to Kew Yo1 k Ila1·bor nutde in 1835, 
of Harbor and Shippin;c, New York Chamber of Com· I 1-10000. 

~~ i 
6 Prof. S. ll. Pritchett, Saint Loni• Uninirsity .............. [ Telegraphic longitude of Saint Louis as determined in 1870 and 18111. 

J.P. llo:.:art., Env;ineer of till' CoDnecticut Shellfish Com- I Geogmphlcal position of :Milfonl spire. 
mission. l 

7 Director I'. S. Geological Snrvey, Washington, D. C ...... J .Angles 1o Standing Indian, N. C., from Rabun and Blood station .. 
i 

7 i Richard Lamb, N orfulk, Va . -· .............. _ ...••. - .•... 
1

' Informatjon about methoUs for finding the true meridian with refereuco 

: , to ma;:tnetic meridian. 

IO ' Capt. F. V. Greene, Assistant Engineer Commissioner, j Statistics of a. mm1her of p1·imary, secontlnry, !}lHl tertiary trlangula-
: District of Columbia. j lion stations in and around the Di~tt1ct. 

12 \ J. I>. B~>p;art. Engine.er Connecticut Shellfish Commissi<>n .. \ Topoj!raphical Pnrvey of w'•st shore of New HaYen llu.rbot", vicinity of 
I I Savin Rock, nud Oy•t~r River Point, l~i2. • 

12 ! William F. Smith ..... __ .. __ .. . . . ............. -· ..... i Relating t.o loan of title-~au~es for use iu Deln.waro Bay. 

12 ! G. L. Vooe,Bo•ton Institute of Technology ...•. -·······-/ Azimntl1 of line Blue Hill to Boston State Hon~e. 
14 .A. Fost.crHiggin~, cha.irmanoftheStnndingCommitteeofj Diagram Khowiuil!' tho prog-res8ive aml retro:;tRcle changes of Sandy 

Harbor and Shipping, New York Chamber of Commerce. i lI<X•k Spit ; also cr""''"'"'ctipn of main sh!Jo-channel w Flynn's Knoll. 
17 Mr. E. S.Philbrick, C. K, Boston, M:""8 ...... _ ............. '1 Hydrojl;rRphic suney of Poe.as•et nnd :Re<! Brook Hatbors, Buzzard's 

j Buy, Mas"'1ehtts6tts. 
20' M.A.Miller,C.E.,Staunton,Va ............................. j Geographiea1 position of lv-y Station, West Virginia, and magnetic 

! declinations in West Virginia. 

21 Prof. C. F. Os!'orne, Connell Unirnrslty, Ithat.a, N. Y. -... ·I Matter• relating t.o the building of magneti" obser~atories. 
24 : Lieut. M. M. Macomb, U.S.~., Fort Monroe, Virginia ..••. ! Di•t.ance and dir~-0ti-0n from Old Point Comfott Light to Thimble Shoal 

· ! Light, 
24 : Uspt. H. S. Taber, Enjl;ineer Gorpl', U.S. A., Little Rook, i Geogra11hiCRI position of Little Rook. 

Ark. i 
25 : General John Westcott, Preaidenn'!oridaCIUlal Company.) Hydrographic survey Flo1-ida Passage, Jupiter Narrows to Jupiter 

I · I Inlet. 
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Date. Name. Data furnished. 

1884. 

Deo. 3 A.J. Hill, Saint Paul. Minn ..•.•.•......................•. Leugth of a degree of the meridia.n in latitudes aao to 411°; l(OO_graph· 

R. F. Walling, U. s. Geological Survey ............ .. 

ical position of Minneapolis, Minn., and information respecting local 

deJlection of the plumb-line in the Ea.st.em States. 
Seven goodetic. poaitious near southwest coroer of M:aauchusett.s. 

Lewis Pittman, Clearville, Pa.·-~--- .•.........•.•..... ___ , Secular variation of magnetic dooline.tion a.t. Clearville between 1780 

and 1885, with diagram. 
F. M.. Drew, Attorney-at-Law, Lewiston, M.e ........ - ...... ; Chang~ in the. dirootiou of the magnetic noodle J.t Loode, lf.&ine, be-· 

tween 1809 and 188i. 

lO E. H. Robert;;, Utica Morninjl Herald and Gazette, Utica, , Geographical data respecting the position of New York Bay. 

N.Y. 
10 J&mes Moylan, En_gineer Atlantic and Pacific Railroad, Geographic&! position of six placM in New M.exico, Arizona., and Cali· 

Peach Sprin_gs, Ariz. fornia. 
11 Directu1· U. S. Geological Su.rvt~y .....•......... ·........... Ge<)grapb.ical am_l gootletic inform.&tion respooting sta.t.i()RB in the vicin

ity of south we•!· corner of Massaehusetts. 
13 , Lieut. Fred. V. Abbot, Engineer Corps, U, S. A. - . . . . ... . . . Geodetic data, descriptions of stations, and sketch of triangulation vi

cinity of Fe.,rna.ndina, Fla., Saint Mal"y's, Ga., a.nd Tiger Isla.nd, Fla. 
15 i Director U.S. Geological Survey ......................... : Geodetic positions in the vicinity of Front Royal and Strasburg, Va. 

I 
17 \ U.S. Light-House B<Jard. ............ ................... Hydrographic survey L'H<Jmme Dieu Shoa.I, Nantucket Sound. 
17 i ...... do .......................... " .. -..................... " Hydrographic examination of shoal ground otf Point Judith. 
18 ; Prof .. Fairman Rogers .................................... . Hydrograpbic sur-rny part of Cumberland Sound, Gtiorgia. 
22 ! F. K. Hazen, Goffstown, N. H ..••••......••.•........•..•. Geogra:phieal positions of Manchester and Unkon.oonuc. 
23 Hon. E. Moody Boynton, Newburyport, Mass.. . ... . .. . .. Hydrographlc survey of Sabine and Calcasieu Passes and coast line be

, ' tween the same, with a map of Louisiana. 
T'{ i G. L. Vose, Institute of Technology, Boston, Mass ........ ,, Height of trigonometrical sta.tion ~t Rhu~ Rill, Mase. 
ZT i Fauth & Co., mathematical-instrnment makers, Washing- i Computation of length of four standard baae bare. 

ton. 

1885. 
,fan. 8 ·H.F. Walling, U. S. Geological Survey Logarithmic ratio of Borden's linear measure to meter, and goograph· 

ical position of Greylock and Sm!dle Mountains, Massaehusett.. 
9 Direct<Jt· U.S. Geological Survey ....................... .. Geographical positions and geodetic results of triangulation in South. 

. ern Tennessee, 1884 work. 
9 : Director U. S. Geological Survey ...•..•.•......••........ ' Position of station Buffalo, Virginia, •nd dtiscription. 

15 ; James P ~ Boga.rt1 Engineer Connecticut Shellfish Com- Hydrogt·Qphic survey of Townsend's Ledge, off New Haven. 1872. 

mission. 
16, George H. Cook, State Geologist, NewJereey ............ : Geograpbical positions coast of New Jersey, between Goshen Creek 

and West Creek, and betweon Town•end's Inlet and A.heecon Light. 
16 J.P. Wintbringh1UJ1, New York ......................... Magnetic horizontal lntenAity at New Yo1·k indynes. 
19 Prof. Henry Mitchell, Boston, Mass., for friend .......... MPan blgb and low wale1·• aml bencL-marks at Boston navy·yard. 
2'2 Albert Bayles, U.S. Eui:ineer's Otllce .................... ll<>neh-mark• and tides at South Island, Winyah Bay, S. C. 
22 1 T. J . .Henderson, Commissioner of ..Agrionltnre, Georgia. Geographical positions of ti.Ye hundred and five points in Georg-ia. 
22 Van Antwerp, Bragg&, Co., Cincinnati, Ohio . __ ......•.. Geographical position• of Little Rock and Helena, Ark., and of K&n· 

I · sas City and Saint Louis, Mo., and Fort Smith, Ark. 

23 \' Capt. Ch&rlee F. Powell, U. S. Engineers, PortJand, Oreg.: llench·marks and tides in Budd's Inlet, Puget Sonnd, W aahingt<Jn Ter
ritory. 

24 ! H.F. Walling, U. S.Geologi<>a.!Snrvey .................. Description of two stations near the &011thwest corner of M&s&&· 
ehusetts. 

Feb. :! i C,. G. Rupert, Yale Colleice, New Haven, Conn ........... Information on geodesy. 
2 [ J. T. Kile, Upper Tract, l'endlet;on County, W. Va...... Information on distribution of magnetic declination in the United 

States. 

3 L. Culiahaw, Denver, Coln ............................... . 
4 G. de W ookherlin, Minister Plenipotentiary oft.he Neth· 

erlande. 
5, A.. W. Parker, Brooklyn, N. Y .......................... . 

7 i Dr. llenry J. Bigelow, 52 Beacon street, BOlltAln, 11&88 .. . 

7 ! Charles Hervey Townshend, New Haven, Conn ......... . 

7 i 'fopogni.pherPoet-OllleeDepartment .................... . 

:I i David Porter, Cuatom·houae, Savamiah, G& ............. . 

Det.rermination of Mt.ronomieal azimuth. 
Co1>y of earthquake waves as recorded on the self.regietering t.id•· 

gauges at San Francisco, .A.lal!ka, and Sandwlch Islands. 
Limite of m&reh land in Hampstead and South Oyster Bays, Long 

Ioland, 1880. 
Topographio ~nrvey Wtl8tem part or Nautuok6t Island; vicinity of 

Tuekemuck l&land, 'Maesachuaette. 
Sketch ahowing limite of reonrvey of Long Island Sound, New York; 

also tidtl8 and tidal obaervatloD8 in New Haven Harbor. 
Lietof geographical positlons in the States of New York, Vermont, 

California, and N Hvada. 

BelAting to the diurnal inequality in tim.,, aogiven in the tide-t&blesior 

1885. 
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n .. te. Name. Data furnished. 

1885. 
1''eb. 12 8. Huston, Richmond, Ohio .......... _ .................... ' Tables and chart<i of distribution of ma11:netic declination in the United 

States. 
13 D.A..Nash.OflicoCommissionersof'Pilots,NewYork., Magnetic disturbed regions; vicinity 6f Long Island, and effect on 

compasses on board ship. 
17 Jt[. L. Baxter, Derby Line, Vermont .•.•.......••...•...•. : Geographical position of Boundary station near Derby, and of Jay 

Rock, Vt. 
19 J. E. Laidler, Hawkiosville, Ga ............. - ............ : Majl;Detie declination at Hawkinsville at present. 
24 F. e. Punl)·, Skokomish, Mason Count~-, W. T. --· ....• : Instructions for magnetic observations and chart of distribution of the 

magnetic declination in 1885. 
24 G. R. Prowell, York, Pa. . . . . . . .. . . . . . . . . . .. • ............ • Three geogmphici>I positions determined by the snrvey in York County. 
27 W. ll. Holmes, Philadelphia, Pa ........................ • Tahle of 11:eographical positions in the city of Phill\delphla. 

Mar. 2 Willian1 FParfol, Town l'oint. CPdl C<,nnty, Md........ ··' '1'01H)graphfo and bydrogrsphic snrvey of Hill Creek, Piankatank 

RiYer, Yirginia, 1869. 

Apr. 

5 F. ll. Qnin, 1' ssistant Engineer, Chcsaapeake and OhiQ Magnetic declination at Richmond hetween 175{) and 1885. 
Railrood, Richmond, Va. 

12 M. W. Raneona ..... _. ·-···--········--····:·-··········:Publications of the COB<!t and Gtodetic Snn-ey on Terrestrial Mag. 
netism. 

13 H. IL Moses, Superintendent Sewers, City Hall, Boston, Height of tides at Boston on February 9 and 10, 1867_ 

Jlfl>88. 
16 H. F. Payson, City Engiooer's Office, Providence, R. I ... : Explanation of time nsed in the Tide T&bles for 1885. 

17 Alfred P. Boller, C. E . _ ... -· ·-··-· ................. ·----· i Topographic and hydrographic snrYey of A~nr Kill and Staten Isl 
and Sound. 

18 United Stat<is Light-Hou"' Board .••..••••.......... -· - . .; Wreck chart, San Frandaoo and approaches. 1-200000. 

19 C. H. Farle;y, Harbor Commissioner, Portland, Me .••••.. 1Iydrographic survey of Fore River, Portland Harbor. Maine. 
23 : R. Hering, Philadelphia Water Department ...•.... - •..•. 

1 

Geographical position of oiation Topton and description of otation. 
23 0. J. Klotz, PresidentA.esociationof Dominion Land Sur- , Copies of three of the !&teat pamphlets on Magnetic Declination-Dip 

veyora. I and Jntensity-1881 and 1882. 
23 D. Koppmann, Engineer Harbor &nd La.ml CommisKion6r'R i Seven geographical positions on Gloucester Harbor and deacriptiona 01 

Office, Gloucester, Mass. · stations. 

25 
1 

M. Williams, Collector's Office, Stonin11:to11, Conn .. ·- ..... i Position of the magnetic poltl at present. 
25 Capt. George H. Cook, Aosiatant Quarttlfwaster, U.S. A.) Hydrographic survey of New Rochelle Harbor and vicinity, Long Isl· 

[ and Sound, 1883. 
27 : J. T. Gardiner, Director New York State 8urvey. ·····-·/ Ninety-two geodetic positions in count.ies in the vicinity and north of 

1 New York City. 
28 W. L. Nicholson, Topographer Posf .. Qffice Department .. i Geographical positions in Misaonri, Kan8"8, .. nd Colorado. 

30 Hoyt, Foiu: & Donham, Portland, Me .....••........•.•.• [ Predicted tides for Boeton and Portland for 1886-Jan., Feb., Mar.
' for Maino State Year Book. 

31 , Director U. S. Geological Surrey . ____ - . _ ... _ .. _. _ ... - • - .. 

1

' Geodetic posit.ion• in Southeastern Massachusetts, determined in 1884.. 

: J.P. llogart, Engineer Connecticut. Shellli•h Vommissioo.. Geographical positions of three stations Harbor of New Haven, Coon. 
J.P. llogart, Engineer Connecticut Sb<"llfioh Commisaion ·i Dist&nceR and a•lwnths between thr~ trigonometrical stations. 
"William Smith, Deputy Minister of Mal"ine, Ottawa., Can· i .Appendix No. 8, Report of 1876; also, a paper on "A Tide-gange with 

Mia. I Heatinfl: Apparatus," and a paper on observing cnr.renta. 
Silas Weeks, New Orleans, La.······--·~···-····-·····-·· Topographic survey north shore Biloxi Bay,MiMi""ippi Sound. 

13 L.M. Wright, Civil Engineer, Troy, N. Y ...... Secular variation of the magnetic declination at Troy, 1817 to 188.>;. 

16 H. T. Greenleaf, C. E .• Elizabeth City, N. C---··········· S<lcnlar change on Virginia and North Ca1-olina boundary line of mag
netic declination between 172.8 and 1885, 

15 Director of U.S. Geological Stlrvey .• -·-· .... _....... ..• Geographical positions and descriptions of astronomical stations in 
Washington Territory and Oregon. 

16 : M:aj. Charlea W. Raymond, Engineer Corps, U. S . .A. ·-···· 

16 United States Light-Hoose lloard ···--· ··-········-······ 
23 J. T. Gardiner, Director New York State Survey ......... . 
24 J. B.Ma.nzy,Rookingham County, Virginia.··-····-···-·· 
2l> E. Deville, Sorveyor-General, Dominion of Canada .•.•••.. 

25 Director of U. S. Geological Survey •••••••••••.•..••••••. 

1 ' Surgeon·Geneml'e Otlioe .••••• ········-· .••••• ···-·· .••••• 
2 1 Lieut. G. L. Anderson, U. S. A., Philadelphia ·- ••••• _ ••.••. 

E. M. Sootlllld, Scbeueotad;y, N.Y ••.•.••.•.•. ··-··· ·-······ 

2 T.W.Barally,Scbenectady,N.Y ·····- ···············-·· 
, II ~ A. W. Phillips, Yale College, .New Haven, Conn .••.•••••. _ 

! 

Hydrographic survey month and bar of the Jdenimac River, Maoea-
cu.aetta, 1851. 

Hydrographie s1trvey Anclote Bay, West Florida, 1884.. 
Deseriptione of eeventy-eight poait.fons in Southern New York. 
Data for re-running at present an old magnetic line. 

Longitude of astronomical station Seattle, Washington Territo1-y, and 
desoription of station • 

.A.h8tract of hol"izonta.1 direetions of eight primary triangulation sta-
tions in Vlrl{inia 11nd West "Virginia. 

Time• of high-wate,.. at Chain llridp, on the Potomac, on May 2, 1886. 
lnatrnction• for ml&king m...gnetio o]).,,,rvations. 

Pamphlet and c.bart of mllj!netic declioatlon for ll!&'i. 
Prunphlet M>d chart of mai:netie d"6lination for 1885. 
Pa.m11hlet on· distribution and """'11ar clumge ot' IDllJ:ll81.ic declination, 

and directions for ma.Jdlll( magnetic obllervations. 
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APPENDIX No. 3-Continued. 

D&te. I Name. Data furnished. 

188~.-i------------- ·-·------- ----------- -------- -

Ma.t 15 [ Director U.S. Geological Sun·ey .. ., ..........•......•... Height of bench-marks and description• of sta~ions. •pirit-le<'el line 
from Ba;rerst<>wn, Md., to Alexandlia, Ya. 

16 :, Henry SeykeR, New Haven, Conn ...•...• · .................. '. Length uf Connecticut River in the States of 1\('lw Ilam1u,hire. :M.asi;a 
I i cbusettai and Connecticut. 

19 : PostmAAter, Harrisomille, Mo ...............••.......•.•. i Goograph\cal position of Harrisonville. 
20 WiHia.m G. Gunnell, Hampton, Ya .................•..... i, Height of OOnoh-mark of spirit-levela at Hampton. Va., ahoye mna11 low 

water. 
21 : R. Keith, "'ashington, D. C . . . . . . . . . . . . . . . . . . . . . . . .. Prediction of tides for Philadelphia for 1i!ll6, for Le<li:er Almanac. 
2'i ! Director U.S. Geological Survey . . ... .. .. . .. • . . . .. .. .•. •. Hei_ghtabovethesf>A of eight trigonomdrica1 stations in West Virginia. 
23 ! A. M. Ford, Salem, N. J .................................. i Predictions for Atlantic Coa•t for 1886. Java e.artbqnake W&'l"es. 

25 ) G. L. Osborne, President 8tate Normal Scbool, Warren~- Geographical position antl heig-11t of tbe Normal &boot 
burg, Mo. 

26 1 J, P. Lit.tic, Fernandina, Fla .. -- ........•...•.•.......... __ : l\fagnetic tleclinationat Fernandina iu 1831 antl l885andannua1change. 
June 1: H. D.Cool<e, WMhingt.on, D. c ............................ ! Hydrograpb_y Of inside passage between Saint Augustine and Mala 

1 
, Comp:ra Cr<-o~ }c""lorida. 

1 J. Francio Le Baron, C. E.,Jackoonville, 1'1a .............. ; Hydrography west CQ&st of Florida, Rocky Point to Long Boat Inlet, 
with unfin\shed :proof, Coast Chart No. 76, 1-80000. 

G. H. Millman, Fort Meade, Polk Connty, Fla............. Magnetic variation in Florida. 
2 i .Alfred Higbie, San 1''rancisco, Cal. ••.........•.........•.. i Distribntion of magnetic declination in the United Stat<is am! secular 

I • . ! Yariation of the de.clination. 
- I 

2 ( Clement Manley, New Berne, N. C ---- -- ... ·- ........ ····-· j Table of decimal values oft.he magnetic declination at New Berne since 
1870. ' 

3 :, Charles E. Pai.ne, C. E., Jlrovidence, R. I . -... ~ ......... - ..... 1, Arrangem~nt fo·r tt!'sl,ing compMses antl laying ont a meridional line. 
a City Engineer, Provideuoo, R. I . .. . . • . . • .• . . . . . . . . . . •• ••• . About the self-repstering tide-gauge loaned by the Coast Survey to the 

cit.'I" of Providence. 
3 : Officer in Charge U. S. Eng\neei' • office, Philadelphia, Pa.; A bont th~ oelf-regjstering ti1lf'-gauge at- Fort Mifflin, belongini: to th" 

! Coast Sur\·ey. 
4 S. D. Caldwell, Shade Gap, Huntington County, Pa 

Director U. S. Geologioal Survey ............•.••..••. 

6 George Fool>erry Ly&tert En~'ineer, Li.vN·poo1, En~lantl. 
By requ~~t of Jamos D. Eads, and for ust" in British 
Parliament. 

8 George Foeberry Lyster, :Engineer, Liverpool, :England. 

Jt L. N. Christen•en, 8nr.-•ynr, 8and TI ill. MarRiiall Connty, 
w.va. 

ThI-ee pamphlets from Coast and Geodetic Snrvey reports, bearing on 
tbe magne-tic doclination, especially in PeunaylYania.. 

Five principal ~eographieal positiom1 nnd descriptions of st:tt.ior1H in 

Missouri. 
Genera\ tidal enrv-es for Hovern01·'s ll'liland an'l Sa1ulJ Hoolt. 

Diagra.msof titles. for long series, at Santl_y Hook nnd Governor'~ ll:'\"nd, 
N.Y. 

Maj!Iletic declination at Wbeel\ng. 

IO Prof. George Il. Cook, State Geolni;i•t of N""" J erse_v, Tirliil l>en~h-marks in an<l llronntl PhilaJi•lphia. and matters Cl>nnect;od 

New Brnn•wick, N. J. I-herewith. 
13 Samuel M~ Gray. C. E., Pro\"'idencf', lt. I._ .......•.......... Letter relating to observations of tidf's for 1878 to lAAO. 
16 Direct.or U.S. Geologfoal Survey ......................... ! Geographical positions in the vicinit.v of t,be Yolo Base, Cal., and ire· 

, ographical position of Austin, Tex. 
19 G. T. Wyer, Wellf\eet, Mass .........•.•....•...•..••.... ·: Magnetic de.clinatlon "t Wt>lltloot. 
20 F.Leonard,PineGrove, Coxsackie, Greene County, N. Y .. i Magnetic publication• of the Coast and Geodetic Survey. 
22 C . .A.. McLeod, McGill Meteorological Observatory, Mon- ) Position of tril(onometrical station on Mount Royal and of C&mhri<li;" 

treal, Ca.nade.. !, •Observatory. 

23 H. M.RA>bert, Lieutenant-Colonel :Engineers. U.S . .A. •••••• : Geodeticpo•itions Yicinity of Marcus Hook, Di;laware: 
23 U. 8. LandOffice •...................••....•.•........••... ; Shore line information, vicinit.y Mi••issippi DeltR. 
26 C. A. McLeod, MeGill CollegeObservato"ry, Montreal, Can- \ Longitude of Chicago and Detroit and memoran<la of refo-ronees to Ca-

ada. . [ ~adU.n lo~gitud~s: _ 
26 llaJ. C. W. Raymond, Engine"r Col"]lS, U.S. A •.•••...••.. ·i Geographtcal poa1t1ons m Boston Harbor. 
26 Director U. S. Goological Survey .....•.•...••.••..••...•. : Descriptions of ten principal tria.ngull\ti<>n st.o.tionR in the vicinity of 

i Sacramento, Cal. 
26 Prof. George H. Cook, StateGeologj,it of New Joraey, New j RC'la.ting t-0tidal bench-marks around New.Jen1ey. Descri11tiousof •Ome 

Brun .. wiek, N. ~- I r~rni•hed. . . 
29 Dwight Porter, aanton Center, Conn .•.•..........••.••. ., Height of mean high.water &bow• mean sea-level m Boston Harbor. 
211 City Clerk of Ca.lai8, Me .....•••.•••••..•••...•.•••••••••. '! Topographic survey of Calais, Me., 1869. 

S W. H.Chadbmmt,jr., Wilminjlton, N. C .••.•••...•.•••••• ·1· ll!:a.gnetic declination in Columbn• County, North Carolina. 
211 O. If. Tripp, Rooklaml, lie . • • . • •• • • . • . • . • ••• •• . • . • ••• • . • . RBMulto of magnetic observations of the Coast and Geodetic Surrey in 

.Maine. 
29 W. C. Holbrook, County Surveyor, Colet.., Ill .••.•. ....... Tl\ble <>f ar.imuth an<l time of elon~tion of Polaris and distlibulion of 

magnetir declination in Illinoia. 
:IO D. Koppuiann, Engineer Barbor a.nd Land Commi88iOD· Poaiti01l8 of station• Railcut and Beaoon Rill and dia!Ance and azimuth 

or's Otliee, ~hWMOtts. between them. 
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APPENDIX No. 4. 

REPORT OF THE ASSTSTAKT Il'i CHARGE 01" OFFICE .,u,-D TOPOGRAl'Br FOR 'TEE TELIR K"YJ>JN(; 
JCSE :~o, 1AH5. 

U. s. Co.AST .AND GEODETIC SrRVEY OFFICE, 

W askintrt.on, D. C., June 30, 1885. 

Srn: I Lave tlie honor to submit herewith m.v annual report from the Ottice, with the usual 
annual reports from each Division. 

As in former years, tlie Computing Division, under the able management of Assistant C. A. 
Schott, lias fully maiutained its efficiency, all computations ha.>ing been kept up to date, aud a 
number of valuable reports submitted. 

All calls for information lrnve been promptly met, especially the unusually large number from 
the Office of the Geological Surwy, and this notwitl1standing the loss, by resiguation, of Dr. J. G. 
Porter, one of tl1e ablest computers, in September of last year, and the detachment of another 
computer for a considerable portion of the .rear. Mr. Schott has also found time to add still another 
mass of magnetic data to that already published, in the new tables of magnetic dips an cl intensities 
comprising some two thousand results, with a discussion of the secular •ariation and geographical 
distribution of these elements in the United Stat{'s. 

It is creditahle to the growth and seieutific developIDl'Ut of the country that this class of infor
nrntion is more eagerly sought for than any other, despite its somewhat recomlite character. 

The J<;ngraving, Electrotypiug, and Priuting ])frisions have remained in charge of Assistant H. 
G. Ogden. The W0l'k of engraving new eharts has, as during last year, given wa_y to the more 
pressing uecessity of makiug corrections to eharts already publislied and largely used in naYiga
tion, where resurveys have developed importaut changes. Four lrnndred and twenty-one plateR 
have been thus corrected . 

.Assistant Ogden urges au increase in the number of new charts to be printed and published 
by photolithogra]lhy, tiiat the results of our field stu,·eys may he more promptly made available 
for public use. You are aware that tilis method ha8 been pushed to the extreme limit possible 
with the present force in our Drawing Di"ision. 

The increase has been so rapi<l in excellence aiid in artistic merit in lllll!J·Printing by this 
method that I have heeu disposed to snbmit to you a plan for a small addition to our force of 
draug11tsmc11, with a corres1londing reduction elsewhere, in order to enable the Office to dispose more 
readily of the accumulating mass of data now ou hand and con tinnally coming in. A comparison 
of the newly published charts of New London Harbor and the 'l'hames Uiver, and also that of N cw· 
port, R. I., with other charts printed by photolitb.ograpl1y two years a,go will show the great change 
for the better to which I refer. The great diminutiou of cost is another reason for increasing this 
department of our work. 

Improvements have bet·n mude in the batteries used in electrotyping, and a greater amount . 
of work of a better character has been the result. These improvements have shown that it is not 
best to substitute a dynamo for tlie Smee and Walker batteries. A more uniform and regular 
deposit of copper has been obtained by the improved batteries upon the very large surfaces of our 
engraved plates than was hatl by the action of a dynamo. 

The Printing Office has been rebuilt according to the original design, giving the printers more 
95 
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desirable quarters, with greater light and better air, while uew presses of better quality have also 
been added. Much difficulty has been experienced siuce January last in keeping· up our supply 
of paper of the prop~r quality aud size. This, joined to the delay occasioned by putting up the 
new building, bas rendered the whole number of charts printed during the year less thau in the pre-

• vious year. .Arrangements have been concluded by which it i-s probable that a larger number will 
be produced and disposed of in future. 

Mr. Ogden calls special attention ~o the able sen'ices of Mr. J. Il. Smoot, Clerk of the Engrav
ing Division. 

The Tidal Di\-isiou has remained in charge of Mr.RS . .Avery. It is hoped that the work in 
this division will be largely increased in efficiency during the ensuing year. The Tide Tables for 
the Atlantic aml Pacific Coasts for 1886 are iu the bands of tlie printer. In their preparation the 
"Tide Predictor/ invented hy Professor ·Ferrel, has been largels used. 

An interesting iuci<leut of tbe year in this division has been the receipt from three widely 
separate1l tidal stations in tl1e I)acific Oceau of tlie automatic records of the perturbations o.cca
sioned by the great .Krakatoa earthquake of August !W, to September 2, 1883. 

At the self registering ti<le-gauges near San Francisco, Kadiak in .Alaska, and Honolulu in the 
Sa11dwicli Islands, the earthquake wa-ves are l.lharply anu distinctly recorded. Tliis is especially 
the case at Honolulu. Photographic copies of the original records prepared in the Office have been 
forwarded to the Krakatoa Committee of the Royal Socif\ty at r,ondon by their request, and have 
also been priuted in "Sdmice" in this couutry. It is unfortunate that the self: registering tide
gauge, formerlJ' maintai11P<l by the Coast and Geodetic Survey at .Mazatlan, had been destroyed 
in one of tbe frequent attempts at revolution in that region. A similar automatic record of that 
place would have been of the highest service in estimatiug the time and force of this great earth
quake wave in its progress over a space equal to more than one-third of the distance around the 
earth. 

The Drawing Division has been actively employed dlll'ing the entire year. In addition to its 
regular work, as set forth by Mr. Eright, it ha>-1 furnished a large number of maps and tracings, 
specially called for by different branches of the Government aud by private parties. Many of these 
have been of an elaborate character, requiring much time in their preparation. 

In Appendix No. 3 is giveu a tabular statement of information·furuished from this and other 
divisions of the Office iu reply to oflicial and unofficial re11uests. 

A new feature introducedduringthe year has beeu the preparation of original topographic sheets 
tor pbotolithographic printing in fac-simile. This has been very successful, the reproduced sheets 
showiug great clearness in outline, with little or no· distortion in scale. .A combination of topo
graphic and hydrograpbic original sheets upon a part of the Pacific Coast bas also been tried at the 
instance of Assistant Davidson, and bids fair to be successful. 

.A re-organization of this Division, with a small addition to its force, as before suggested, will 
add largely to its efficiency. 

Mr.1\1. W. Wines, General Office Assistant, has had charge oftbe Miscellaneous Division, and of 
all supplies to field parties of every kind of material needed hy them, except instruments, as also 
of the distribution and sale of the publications of the survey. By his methodical manner of con. 
ducting these duties every field party has been promptly oupplied, and much valuable time saved. 
His services to the Office in its relations with the Government Printing Office have contributed 
largely to the prompt publication of the Annual Heports. 

The Office buildings, the Carpenter Shop, and the Map-mounting and Chart roomsba-vealso been 
under his direction, as has been all communication with the Government Printing Office, and general 
supervision of all printing for the Coast and Geodetic Survey exoouted there. His duties have 
been laborious and responsible, and I owe hlm th.auks for the thoroughness with which they have 
been attended to. · 

In the Instrument Division, under charge of Mr. G. N. Saegmuller, Chief Mechanician, much 
work has been J.one in rflpairs and remodeling of mauy instruments. Many old instJ'uments have 
l>eeu regraduted and otherwise improved, and a large amount of miscellaneous work done. The all
dition made to the printing office involved the removal of the small testing observatory west of it, 
and a. new and better one adjoining the Office of the Chlef Meoha.nicia.n has been erected in its pJaoo. 
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New instruments have been purchased as needed. .All the apparatus which could be spared from 
use, including representative instruments in every departmeut of our work, was put i.u thoronglJ 
order duriug October and NoYember, and sent to the New Orleans Expositiou, in charge of Ur. J. 
J. Clark, adjuster iu the Office of' Construction of Standard ·weights and 1Teasures., 

lmpro\'emeuts in tllis divisio11 arf'. now planned and iu iiroce8s of execution which will give 
iucrear;;ed facilities and enable eacll person employed to do more work witll greater ease to himself 
than has been heretofore possibl(', arnl the work-shops will then be more imlepemlent of outside 
aid. In tht>se improvements I have had the skillful and ingenious assistance of l\1r. Saegmuller. 

A tabular statement will be found among the appendices to this report, gi,·iug i11 detail all in· 
formation as to the number aud classes of records added to the arclliveH tlm'irlg the past year. 
'l'be whole number of new volumes of records of oli:mrvations, original a1Jd duplicate, is 1228. Up 
to Mareh 31st the arcbiw's were in charge of Mr. R. M. Harvey. 

At the close of tbe last fiscal year new projection tables, bm;ed upon the Olarlie spheroid, and 
extending from the Eqnator to tl1e Polt>, were in course of preparatiou lmtler m:'I- direction. These 
were cowpfoted and ha,·e now been printed, forming a hook of 18S quarto pages, and being the 
most t11orongh arnl complete compilation ever printed upon this subject. \Vllile uot free from error, 
it is hoped that these. tables will pron to be more free from tabular erro1·s tl1an others uefore pub
lisl1ed. I am under obligations for faithful labor in this work to Sub-Assistant;; Baylor and Mc
Hrath, and to Mr. F. ritonse, aid, who made the compntatious, and to 31r. 2\IcGrat!J and 111iss S. 0. 
Asres, who prepared tlrn tables fOl' the printer, and read the proof. 111 thio; last mo;;t important 
matter I ba ve also to ackuowledg-e the great assistance rendered in the computing tlisi;;iou by As
sistant Schott and Mr. Doolittle, which added largel;y to the accuracy of the completed work. 

'l'he work of compilation of a map of the U11ited States has made 8low 1irogress during the 
past year for lack of competent persons to continue it who could be sp:u('d Jrmn 1111H'e pressing un
ties. But a large stock of material to be used in the work has been collected anll brought to the 
office, ready for use as soon as opportunity offers. 

At the comnrnucernent of the fiscal y;ar, a measurement of ·au salt and fresh marsh laua. upon 
the Atlantic a11d Gulf Uoasts had been undertaken at the request of the Uornmissioner of Agri
culture. This was completed by Mr. A. Lindenkobl and Mr. McGrath, and the resnlt8 communi
cated in tabular form. 'fheJ' have since heen printed. The work was elaborate and laborious, 
occupying about three month8. · 

After the middle of Augm;t, just as I hope.I, wit11 your permissiou to hiffe a mouth. of field
work, my principal Assistant, Mr. Bemy W. Blair, was seized with t_ypboicl fever and taken to• 
Providence Hospital. llis illuess was Yery severe and lusted nearly three months. ~When able to 
leave the Hospital be \rt•nt to his home in Lexin~ton, Va., to complete bis recovery, and there wrote 
a pamphlet giving a de8cription ot' tlte principal instruments coutained in the Uoast. and Geodetic 
Sur\·ey Exhibit at New Orleans, which was printetl and cinmlatecl tlJere. Having apparently re
covered he started for New Orleans to take charge of the arrangement of the Exhibit and its dis
pla~· in the Government Building. But his recovery was not real, and on bis way he was sud
denly again prostrated, au<l died at Nashville of peritonitis on the 15th of DecC>mber.• 

Assistant Henry ·wayne Blair was appoi11ted u11on the Coast Survey at my im;tance, as au 
aid in January, 1871. He was a graduate of the Virginia Military Irrntitute, where his father, 
Col. William B. Blair, was a l'rufessor. He was the first J·oung gentleman from the South ap
pointed upon the Survey after the war, ueiug strongly recommendtd by General :F. B. Smith, 
Superintendent of the Virginia Military Institute, and by General Beury C. \Vasne and General 
Joseph E. Johnston, of Georgia. He was attached to m.y party, tben in Georgia, and remained 
with me until 1877. 

Of all the young men whom it has been my good fortune to train to become useful aud effi· 
ci~nt officers upon our work, no oue has excelled him and but one has been his equal. rrompt, 
zealous, and untiring in field duty, he was equally useful in the Office, where his excellence as a 
clmie observer and mathematical reasoner procured him i·apid promotion. 

In 1875, at a competitive examination of twenty-three Aids, chosen from all the scientific 
institutions of the country, he came out at the head of the list. 

---- -------- - -~----------

"A tribute to the memory of Mr. Bla.ir a.ppea.rs in Appendix No. 18. 
H.Ex.18-13 
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In all those traits of pernoual character which cause a man to he loYed, respected, ant! honored 
among bis comrades wlio best knew him, uo one held a big·Lcr pm;itiou, and 110 oue is to.clay more 
lamented. 

To me, hotl1 perso11ally aud ofiicially, his loss is irre:µarable. I Joyed him as a sou, and leaued 
npon him as my Chief Assistant iu the Office, to an exteut i did U(>t realize uutil bis untimely death. 

Assistant C. ll. Sinclair was temporarily assigned hy you to take Mr. Blai1·'s plaee in tbe Office, 
and later Sub-Assistant I<'. H. Parsons wm; perrnauently assig11ed, aml remaineLl 011 duty with me 
uutil relieYe<l, to return to field dutr, heiug tsuccePde!l 11y Atssista11t B. A. Colom1a. Mr. !'arsons 
bas hecu faithful and assiduous in the discharge of bis dutiei,;, and I owe him thanks therefor. 

Duriug the year a larger 11umber of plates tbau usnal h:H"e bePu electrot~·11ed for the Engineer 
Office of tl1e Army aud tbe H~«1rograpbic Office of the Navy. U ll<ler au arrirngerneut with these 
Offices, made hy my predecessor, this work has been paid for at a fixed rnte, and the Office has 
receiYed from this source the sum of $1,!JHl.42, wl1icll lias been turned onr by nw to the Di>•lmrRing 
Office, ancl placed to the crl:'dit of our appropriatiou for electrotypiug, &c. (See Sundry civil bill, 
1884-'.S5; appropriation for <Joast and Geodetic Sunt,y Ollie!:' expem;es, paragrapL 2.) 

On the 2d of this rnontll, I receind the usual monthly statement of t~xpemlitures arnl available 
lmlanccs, and found that after allowing for all probable expi>111litme under this item, for the 
remainder of tbe year, then· would still remain an aniilahle bahrnce of nearly $3,000, enough to 
euahle me to carr_y out certain nruch-needed improvements, which I 11atl loug coutcmplated, but 
had not meam; to m1der1 ake, 

These were (1) au eleYator to enable the bearers of our l1eavy copper plates to transpol't them 
readily between the 1iri11tiug oflice, uear the basemeut of the buildiHg, and the engraviug room in 
the upper stor,y, and (2) a gas-engine of sufticieut power to nrn the elerntor, and al:;o to supply 
power to the difforent work-shops-enabling more ·work to be do11e iu all of tl1ew with less lalJor. 

HaYing ascertaine<l from the First Uomptro1ler tliat the propm;ed flxpeuditure was lawful, I 
proceeded, with ;vonr permission, to make the necessary contracts, and tl1e work upon all of them is 
well in hand. 'Vhe11 completed J.foel sure that they will effect a great gain in both efficiency and 
comfort. 

I have also fitted up a large room UJ)On the lower floor of the !<'ire-proof building for a Libmry, 
whicl1 is uow in a suitable place witl1 plenty of ligl1t, aud so near to the Archives that the keeper of 
the Arcl1ives can also act as J,ibmrian. 

Tbe large space betwee11 tl1e new Library and tl1e ArchiYes is to be fitted up with shelYes for 
Jwldiug copper-plates. The rooms occupie<l by the old librar;y are occupied for instrtuneuts, which 
are 11ow near the instrument work-rooms, and easily accessihle therefrom, while the room opposite, 
110w filled with copper-plntes, will he tume<l over to tbe l\1iscellaneom; Di\'isiou, which is in great 
need of more room for storage of heav,y hooks that now overload the attic of the main building. 

Duriug the uext six months I hope also to reorgauize the Archives, and render the large aud 
valuable mass of data collected there more accesisible to all who liave to consult our records. 

'fbe experience acf]ltired in 1884 has enabled me to see opportunities for some retrenclnneut 
iu the expenditures of the office, and last winter, with :your consent, 1 reduced the estimates accord
iugl~·. The amount appropriated for otlice expenses during tbe fiscal year 110w beginuing is $40,-
800, while for the ;year endiug to-day it l1as been $44,HOO, thus effecting a saving of $3,800. If 
other changes can he effected this sum may be still f:uther reduced in the JJext year. 

The clerical duties of the office have beeu ably discharge<l by Dr. \V. B. French, to whom I 
liave been greatly imlebtc1l. He bas taken entire charge of the accounts of tLe office, including 
the receipt and care for the funds i·cceivc<l for 1:1ale of charts, amounting to $3,920.84, wllich amount 
lias beeu turned into the Treasury. 

To the SUPERINTENDENT. 

Yours respectfully, 
C. 0. BOUTELLE, 

Assistant U. 8. Coast and (Jeotletic Hun·ey, in charge of Office. 
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REl'ORT 01' THE ('()]fl'17!NG l!ll-JSJnK, ('(UST AXJJ GEO/IETJC Sl'JlnoT OFFICE, FOR THE }-EAR 
KYJ!lNG ,Jf:,YE 30, 188fi. 

CO:IIPU'l'ING DIVISION, UOAS'l' AND GEOD1'::TIC SURVEY OFFICE, 
July 1, 1SS5. 

DEAR SIR: T11 co11formity with rngnlatfou;;, I h1:1rewith reHpectflllly snhmit the usual annual 
report of work done h.Y the se\·eral computers a11tl otller:-i iu this (li\·ision of the otl.ice, for the fiscal 
year ending ,Juue :10, 1885. 

Tlleunrlersignell ha.11 co11tinue1l in charge of the Uu111puting Division, the personnel of which has 
with one exception remairwd as last ;\·ear. 'l'he computing force snstai1wd a l'lerious loHs b,r the 
resignation of Dr. ,J. G. Porter (now Director of the Ci11cin1rnti Obser\·atory) soon after the begin
ning of the fiscal year. The place of this expert computer has not been filled. 'l'he DiYision was 
also deprh·ed for nine months of the sen·ices of ;\fr. H. Farqnhar, who was assigned to the party 
of As8istant C. S. Peirce. 

This place was also left. meant during that time. Thccompnting force being thus curtailed and 
having assigned to it the recomputation and adjnstment to the Coa:;;t. and Geoiletic Snn·ey trian
gulation of the Borden snr\'ey of J\fasxachnsetts, executed from 1s:;2 to 1838, it became absolutely 
necessary to prm·ide for some temporary assistance in order that the current work might be prop
erly sustained. In conseqtH'n<~e l\Ir. J. N elsou wa8 assigned to the Computing l>iYision from Au
gust 1, 1884, to September :!O, 1884; Assistant 0. H. Tittma1111 was a8sig11ed to it between Septem
ber 16, 1884, and No\·emher 11; A8sistant F. D. Granger rt-ported for cluty October 9, 188!, and 
was detached l\Iarch 17, 188.1; J\fr. ,J. B. Boutelle reported for duty l\farch 21, and continued to 
the close of the fiscal year; lVIr. vY. B. Fairfield reported for rlllty :\Ia~- 20, 188.i, and left June l.1, 
1885; Mr. W. Aubagen was attached to the division clnri11g .June, 188:1. In consequence. of the 
increased demand for professional information from field parties and for scientific arnl general in
formation demanded in office corre>:po!J(J.ence, and in particular to satis(r calls from the U11ited 
States Geological Sun·ey, the serYices of .M:r. E. A. Trescot as second clerk to tile Di1'ision had to 
be retained throughout. the year, and for nine tla.~·s duri11g June, 188;), MisR S. C. Ayre8 further 
assisted in copying reconlR. 

The Ooglaamie magnetic \YOrk, referrntl to i11 la;;t year';; report, was brought to a close soon after 
the beginning of tbe fiscal year, Si>rgeant (now r,ientena11t) .T. E. Maxfield being orclered on other 
duty July 12, 1884, and waR seen through tlw press (forming 22!) qnarto pages) in .May last. Dur
ing this and the following mouth other heavy proof.reading (new edition of pn~jection tables and 
new edition of table of factors for geo!lctic poxitions) was ~ittended to. Special mention may be 
made of the following reports submitted by me: 

On the result8 of the geodetic determination of the boundary lines of the District of Colnmbia; 
a discussion of the hypsometr~- of the Daviclxon q uadrila.tcrnls in central C;ilifornia; result;; of a 
new adjustment of all telegrapllic longiturles, subject to geometrical conditions and determined hy 
the Coast an cl Geo1lPtic SurH'S; a nrl an article entitle1l "The ge()(h'tic snn·e~· of the Unite1l States; 
its object and operations. considered from a theoretical and practical :-<tandpoint," with chart. 

I have also cornplet.ed a general collection of all magnetic dips and intensities determined in the 
Unit.€d States from the earliest 'to the pres.cut time, arranged the material collected hy States and 
Territories, and in each political division in the order of the latitude8 of the stations and for each 
station, giving the separate results in chronological order. This work compri;;cs nearly two thon· 
sand entries of dips and fifteen ltnmlred eut-rics of intensitie8. The rli:.;cussiou of the 8ecular nuia· 
tion of the dip and of the horizontal and total intens1ties has been completed. I made alHo tl1e 
usual annual determination of the magnetic clemento; at Washington on .Tune 10 and 1:1, 188[1. 

The' astronomic:tl, geodetic, aml magnetic records receh·ed al; the office were ex:uniued for 
completeness of Rtatmnc.nts, and all clata required in the office correspondence and referred to this 
division were promptly attended to. 

A Rtatement in detail of the work performed by each computer during the :vear is herewith 
appeudetl. 

Edward H. Courtenay at.tended to the preparation of geodetic data required hy field parties 
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to the geographical registers and the keeping of the duplicate recon1s, completed the adjustment of 
the secoudar,\' triangulation of ;\la»saclmsetts, bad charge of the 1e.compntaHon and a<ljnstmeut to 
the trim1guhttion of th<' Coast and Geodetic Survey of the Borden triangulation of .Massachusetts 
rluring the years from 11'32 to 1838, a work which he completed with tlie assistance of the extra 
computer,; temporarily assigned to tlie diYision. The triitngnlation of this State is thu8 made quite 
complete, and the results of the whole based on the best data, or made uniform with the standard 
data now in use. Thi.~ reeo111putation was undertaken chiefly in aid of the Geological Survey and 
for the mapping of topograph;v. 

Msrick H. 1 )oolittle completed the computation of tertiary geographical llositious on Lake 
Champlain iu 1870, '71, '72; computed the geodetic connecti011 of the astrouomical station Stras· 
burg, Ya.; comput(·d Recondary positions in Alabama and on the Florida Heef near Cape Florida; 
based the coast triangulation north of Point Conception, California (execut(!d i11 181i7, '6!1, '14, '78, 
'79), on the rt>sults ot' the primary triangulation ; determined the }wights of the main triangulation 
poiuts in the \"ieinity an<l north of Santa Baruara Channel 1873, '7 4, 75 (Tittmann), and 1882, '83, 
'84 (Lawson); }ll'Ppared the manmicript for second edition or table of factors for computing geo
graphical positions on the Clarke s11l1eroicl of 1866; cornriiled a part of the annual geodetic sta
til•tics of the Sm·n;,Y ; compn ted some tertiary geograpliical positions in Georgia, Peunsy!Yania, 
and New ,Ter»t>y; a<ljuf<te<l the heights of trigouometrical stations betwt>en Lake Champlain aud 
J .. ake Ontario, 187± to 1884; made miscellaueous geodetic revisions; assisted in proof-reading, and 
in part recom1n1kd tl1e 1ww projection tables, and reduced mag-netic obseryatious at Philadelpl1ia, 
1884, at Pro,·idence and Newport, R. I., 1884, and at four stations in Florida, 1883 and 1884 . 

. Jermain<_;. Portn eomputed the following telegraphic differences of longitude: Saint Louis, 
Mo., and Ijomlon, Ky., Saint Louis and G"uthrie, Ky., Saint Loui8 and Henderson, Ky., Saint Louis 
aud J,ittle Rock, ~~rk., Saint J,oui8 aml Spri11gfield, III., Kamms City, l\:fo., and Indianapolis, Ind., 
all of 188'.! a11d secoudar,Y r<tations ; com1mted the telegraphic differences of longitude, LouisYille, 
Ky., and Charleston, "r· Va., Louisvme and Chicago, 111, LouisYille and J,exington, Ky., and 
Louisville anil I .. ouisa, Ky., all of 1883. Resigned August 30, 1884. 

Alexau<ler S. CliriBtie complt>ted the computation of the azimuth at J>ioche, ~ev., 1883; fur· 
nisbed nwan placM of stari:; for field parties, reYised the latitude computations of UharlottesYille, 
Va., Keeney, W. Va., KansaR City, Mo., and Eureka, Ne,-.; computed time and azimuth, station 
Keene,\-, \Y. Ya., 11'80; computed the telegraphic differences of longitude, Louis,-ille and Greens
burg, K,v., and Loui>:dllf' and ,Jellico, Ten11., r,ouisville ancl ltichmond, Ky., J,ouisdlle and Logans_ 
port, Ind., all of !88:l; computed the difforence of longitude, \Vashington, D. C., and Codngton, 
Va., 188-t; recomputed tlie latitude of Madison, Wis.; computed the height" of the line of spirit 
levels between llagert-itown, Md., aud Alexandria, Va., 1883-'84, aided in proof-reading of new 
edition of pntjectio11 tahles aud completed the reduction of spirit le\'els in the Dio;trict of Columbia, 
1884. 

Charles I:I. Kummell eompleted the computation of the triangulation of Hood's Canal, Wash_ 
ington Territory, 1881, and of 1882-'84; revised measures of horizontal angles, triangulation of 
Connecticut, 188.'l, and of Btations 'l'epusqnet, Lospe, and Saddle Peak, Cal.; comvuted a number 
of tertiary positions in I<'lorida, Louisiana, Georgia, Kentucky, Tennessee, and Massachusetts (Cape 
Cod and BoRtou Ilarhor); assisted me in the solution of a nnmher of normal equations relating to 
mag11etfo computations; computed the supplementary triaugufa.tion of Philadelphia by Assistants 
McOorkle and Sillclair and Sub-Assistant Van Ordeu, 188i), and verified abstracts of angles, survey 
of New York. 

Henry Farquhar completed t.be computation for latitude of Pioche, Nev.; computed the latitude 
of Charlottes\Tille, Va.., and of Cincinnati, Ohio, and commenced the computation for lat.itude of 
Gratiot's Grove, \Yis., and Sherrill's Mound, Iowa. ·was detac.hed from the Computing Division, 
September 27, 1884, and re-tisi,;igned .Tune 23, 18!)5, when he took up the last-mentioned computa
tions. 

Alexander Ziwet computed the geographical positions fixing the boundary of the District Of 
Columbia; computed the position of points of the main series of triangles of the Hudson River; 
computed positions, survey of Long Island Sound and of the survey along the boundaries of New 
York, Connecticut, and Massachusett,;:;; prepared abstract of angles coast stations California, near 
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Piedras Blancas, 1883; assisted Mr. Courtenay in the adjustment of 8econdar~- poi11t1' in l\fasKa
chusetts of the Coast Surrny and of the Bordeu sun'e,Y, aud iu briuging up the latter and other 
results of tertiar_y triangulation to the modern standard data of the Coa8t and Heodt'tic Sun'ey ; 
he also adjusted a number of secondary positions in New Ilamp8hire, nrnde miscellaneous geodetic 
revisions, and assifited me in establishing and solving certain normal e<iuations in cm111ectio11 with 
magnetic dips. • 

P. R. Sta118h11ry discharge1l tlw clerical <lnties of the Computing DiYisio11, hPing principally 
engaged in keeping up to date the geographical registers, copying reports, a11d marking ont descrip
tions of stations for the copyist. 

B. A.. Trescot wal'< engaged as copyist; furnished descriptions of stations and sketche;;, and 
completed certain duplicates of records. 

Temporary assistauce was given h,v the following-11an1ed pcr!'<o11s: 
J. Nelson from Augnst 1 to September 20, 1884, was engaged on position comp11tati11m; under 

direction of Mr. Courtenay. 
Assistant 0. H. Tittma1111 from September Hi to Non'mhPr 11, l81i-J., co111p11tPll mag·11Nic ol}ser

vations made at. Philadelphia; asRistecl in the rtwh;ion of ang·lel'< and a1ljnst111e11t of the seromlary 
t-riangulation of l\fassaclrnsetts, comH•cting the Coast Sun·p~· triaugulatiou with that of Borden, 
executed about half a centur;1~ ago. 

Assistant F. D. Granger from October fl, 1884-, to ?1Iard118, l88ii, wa;:: rngnged i11 reYiRi11g- and 
adjusting the Borden angles at l OfJ stations in l\Iasi-mdnrnetts, and in re,·isi11g ang·lrs of the Coast 
Surnw measured in MasRachusetts and New Ilampsl1ire i11 co11nectio11 witl1 tlw Borden work. He 
computed also a number of geographica,I positions. 

J. B. Boutelle from March 21, 1885, to tl.1e close of the fiscal ~·par, aRsistt'<l i11 1 he compntaticms 
connected with thf' supplementary triangul:ition of l\fa8sachusetts made hy .A;;;sistant G. Bradford, 
1884,and with the older one of Borden, computing impnn-ed geographical positions; assisted me 
in proof-reading of the paper containing full record and my tli8cn1<8ion of till' magnetic work 
done at Ooglaamie, Alal'<ka, 1881-'82-'83 (8tatio11 in charge of Liellt1•1rnut !ta,\-, r. S. A.) . 

. During June ]\fr. Boutelle had also temporar~- charge of the arch in.·,,; (ad ut~- tli;;;connected from 
the Computiug Dh·ision). 

W. B. :Fairfield fro1n May 20 t.o ,luue 13, 1885, w~1s eugag"l•d in 111i1'<·ella11eous l'ompntat.ions of 
positions. 

"\V. Auhagen during· .TUIH', 1885, was e11gagl'll iu tlw l'OillJlll!at.io11 or gt>ographical position!'< 
under the direction of Mr. Courtenay. 

S. C. AFCS .J1rne 20 to 30, 1885, attended to mi.,cellanPons copying. 
I re.main, sir, yours, respectfully, 

CHARLES 0. Ror'l'ELLE, Bsq., . 

()HARLES .A. SCHOTT, 
A.8.~iidaut in chm·ge Computin!f J>h,ision. 

A.Y.~istant ·in charge Office and Topognrphy. 

REPORT ON THE FIELD A.\'D (Jf''FICE WORK RELATING TO TITR T!Dlo'S FOT,' Tl/R lJ.: .. Jl! FXTITKU 
.TUNE 30, 1&<5. 

Co.AS'f AND GEODETIC SURVKY 0J.'PI<m, 

AU[IUSf 38, 188.'i. 

DEAR SrR: I respectfully submit this report on the work of the Tidal Division, of which I ha\'e 
been in charge during the sear. 

OBSERVATIONS. 

Automatic tide-gauges, from wl1ich observations have bt'en reeei \"e<l or expected, haxe been 
used at the following stations: 

Pulpit Harbor, North Haven, Me.; Providence, R. I.; New Haven Breakwater, Conn.; Gov
ernor's Island, N. Y.; Sandy Book, N. J.; Fort Mifflin, near Philadelphia, Pa.; Charleston, S. 0. ; 
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Saucelito, Cal.; Sai11t Paul, Kadiak Island, Alaska; Fort Simpson, British Columbia; Honolulu, 
Sandwich Islands. 

The gauges at Pulpit Harbor, Saucclito, aml Saint Paul are kept rul!uing continually to obtain 
long uuuroken series. The gauges near New Haven and at Governor's Island arc run uy hydro
graphic parties, and will be stopped during winter. The gauge at Sanely Hook does not work 
well in winter. It hall not hcen doing good work for some months, and a better place should be 
found for it, where it can he run tbrou1?:hout the year. 

Only a fmT observatious have been received from Fort Mifflin, and those were not very good. 
A g11uge should be used at Philadelphia by an experienced observer for at least a year, a good 
series there being much needed as a ba8is for predictions. Another automatic gauge will prouahly 
be cstabfo;hed snon on the coast _of Maine, in connection with the hydrographic wnrk, the arrange
meuts for which base been 111rrtly made. It bas beeu found to add greatly to the value of h,ydro· 
gmphicwork to Inn-e it rcd11ce{l by the aid of a good series of observations made with ~in automatic 
tide gauge, and where extensirn surveys are in progress there should he at least one such gauge 
to sen·e as a basis for comparison with others. 

The plan for obtaining a long series at Fernandina, or some place north of it on the Southern 
Coast, should be carriPtl out, and the observations on the coasts of Louisiana aud Texas, required 
for completing the tidal surn\Y of the Hulf of :Mexico, should be resumed and extended to a year 
at each place occupied, The range of the tides on these coasts is small, but their peculiar character 
gives them importance, as it iH necessary to continue the observations day and night in order to 
get trustworthy <lata for redneiug soundings, and tliis has not always ueen done. 

In the following table I gfre a list of the stations at which automatic tide-gauges were in 
operation during the fi;;cal year. with names of olJservers and times of occupation of stations. 

Time of occupation. \ 
~rime ofohMrver. Kind of gauge. Permanent or 

1
~ Total 

tempomTy. 1· From- I To- day•. 

------------- ------ ---------------.------·----!------- -- -- ----- ----

Section. Name of station. 

I : PulpitH1u-hnr.M"··' J.G.Spauhling... 2-roller ....... Pm-manent ..... , Aprll27,1B~-----1 Aprll30.1885 .... :f 370 
I 

1 

Providence, R, I . - - . : 8. M. Gray .........••.. - _.do ...•.•. -- .. Temporary ..... January 1, 1878 •.. December 31, 1880., 960 
, I ' 

lI New Hamn, Conn .. L. n. Thomp"on ....... 1 3-ruller . -·- - - - - .; ... do.----· - ... ·I July 31, 1'184 .•..••. 
1 

Juno I, 1885. ·----·i 173 
II \Sandy lfonk,N.J ... F. W.Shephoar<L .•... 2-roller ......•. f Pennanent ---· 1 ·Tulyl,181!4 ....... I Septemberl,1884.1 63 

: .... do .. _ ........ _ -- .• r. ''·Corbett ..... -- •. , .... do _ ---· .. -- .. / ... do .••.•.•.••. March 31, 1885 ..•. 1 April 30, 1885 .. __ .• 31 
U Fort Mifflin, Pa ..... L S. Engineers ..••.. 3-roller . ---- .... 1 Temporary ..•• ·I April 19, 1882 .. ---1 October 22, 1883. _ -1 176 

'V Clnwle"ton. S. C ......... d<> ...•. - .....•..••. 2-rollel" ..... ----! __ <lo.----·. ---·I January 1, 11!85 . --1 March 28, 18S5 __ •. 
1 

70 
X · Smu·elito.Cal ....•.. E. Gray ..•.•....•..... 

1
3-roller ·····-···!Permanent ..... i Jnlyl,1884 ..•••.. May31,l885 •.•.•. j' 33C 

XII ; Saint Paul, ,\Ja,Jrn .. : William ,r. FiRbPr ..••. I. -- .do ..... ----.·I- __ .do .......... · I December 1, 1883 .. i May 26, 1884 ...••. , 177 

-----!~~":~:~·~:·:···- I•'~ Sargc:~:::.-:.-~-~::.-L.:..:.~_"__:~~~~j=~~~-·-----i May 27,188~ ------1March31, 1885 ----1 310 

There are two B-ri1llcr gaugei,; and oue 2-roller gauge in tl1e Office, all ready for use. 
The records recPived from the automatic gauges, aml also those sent to the Office b.r the hydro

graphic parties, are inspected as soon as received; and reduced by t.he Tidal Division. Notices of 
them may be found in the accounts of work done in the different sections. The observations of the 
hydrograpl1ic parties are mostly made with st:iff or box gauges, and many of them only during day
light. This mode give8 results of a fairly approximate nature for tidal phenomena on the At
lantic Coa8t, hut, on the coasts of tl1e Pacific and Gulf of Mexico ohscn·ations shoul<l be kept up 
both da.Y and 11ight, to outaiu an accurate reduction for the soundings. · 

OFFICE-WORK. 

The obsen·crs at the permanent 8tations where automatic gauges are usetl have hmm taught 
to tabulate the high awl low water8 and hourly ordinates from the cun·es, before sending these to 
the Otlice, and to se111l first tht.1 tabulations, and afterward the curves. The loss by mails is thus 
made less serious, and the obsef\·ers become more skillful and careful, while the amount of Office 
work is considerably reduced. 

The obserrntions obtained by the automatic gauges and by the bydrographic parties a.re 
reduced and discussed according to tl1e most approved methods in the Tidal Division, and the 
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results are used in the Chart tables, in the predictions, aud for other purposes, and enable the 
Division to furuisll a large amount of information about tides to Offkers of the Sun-ey, Civil 
and United States Eugineers, and others, the demand for which is rapidly increasiug. 

"Tide Tables," containing tile predictions for the Atlantic mal Pacific Coa:-;ts of tlw l'11ite<l 
States for the year 1886, ha\'e been computed hy the 'ricl~tl DiYisiou, and are Leing published, 
making the twentieth year of the series. 

The predicting-machine inYented by Professor :Ferrel was more exte11shel:v usetl in this work 
than in predicting for 1885, and for some of the places improYe<l con:<tauts were t>mployed. Con
siderable labor was required in computing the8e constant8, Yerif,ving them liy trial~. alltl i11 adapt
ing these taules to the uew mode of reckoning time. 

'l'he following computers have been employed in tllis I>ivision in the cour~e of the year: RS. 
Avery, L. P. Shid;y, .M. Thomas, and C . .B. 'l'urnbull, in the Oftic('; and .1. G. Spaul11i11g and L. ,J. 
Ferrel out of it. 

Mr. Avery was in charge of the Division, and inspected all the tidal oh;;ernitious recei\·ed, 
attended to the correspondence with observers and otherl:! relating- to tides, plauuetl aud super
vised the work on tides and tide-gauges, prepared the predictions for printiug aud read the proofs, 
and computed when not otherwise engaged. 

Mr. Shid.v tabulated and reduced many obRerYations receiYed fro111 the an 1 omatic gauges arnl 
hydrographic parties, predicted for Rome plaees where the ol<l 1m·thocl,.; had to hC' n~ed, and with the 
predicting-machine for others; impro\·ed the tables for calculating comp011e11h; for the machine, 
computed and tested various components, and aided efficielltly in 11111d1 miscell:wPous work. Miss 
Thomas worked on the simplest reductions and 011 tlie bonrl;\· ordinates fo1· permanent statiorn;, 
aiding sometimes on miscellaneous work and copying. MiHs Tnruhnll has lwen emplo.1 ed in cop,v
iug, tracing, and tabulating tides, aud sometimes in aiding i11 t~asJ- retl11crio11s anti miscella11eous 
work. Mr. Spaulding aided in 1.:omputing components for use in making the predictions, in addi
tion to his services as Tidal Observer at Pulpit Harbor. 

Miss Ferrel worked on the discussion of observations hy tl1e Hm·111m1ic A ualysis to
0
n111l com

ponents to use iu the predicting-machine, and for other purpose8. 
Respectfully submitted. 

RS. AYEHY, 
!11 chm-,q1• Tidal ]livision. 

Mr. B. A. COLONNA, 

Assistant 'in clutrfje Goa.~! awl <teod1~tic Ruri·ey Ojfi<:1•. 

REPORT OF THE JJRA WING Jlll'!SJON, COAST ANJ> GEO/!ETIC srin"Rl' OFP/l:E, FOil TllR l"EA/i 
RNJ1/NO .J l'N1': :llJ, 18tlr>. 

COAST AND GEODETIC SUH.Vl<~Y 0FFIC1c, 

lVtrnlti.ngton, .June 30, 18&1. 

DEAR SIR: In conformity with regulations I herewith Rubmit !ht> usual nnnual report of tlie 
work done by this division during t.he fixcal year ending June :10, 18Hii. · 

The t\1llowing statement of work executed by the <lraughtsmen and the accompan,ring listR of 
charts and sketches, completed or in progress, together with the list of i11fon11atio11 (i11cl11dt\d in 
Appendix No. 3) furnished to meet special requests from officia.1 arnl 11011 nflicial iwurees, will 8l'f\'l\ 
to give an idea of the amount of work performed .during the past year. 

Besides the exhibit given in the a.bove-mentioued statement!", there Jia.vc hemi !~oustrnctt~d for 
field operations fort,y-four projections of various scales for topographical work, awl fifty. fi w pro
jections for hydrographic operations. 

Diagrams in great numbers have been drawn for photolithograpl1ing to ilhrntrat.e pa11ers in 
the annual reports. 

An average number of charts for quick publication by the photolithograpbic process were 
finished; a number of plane-table sheets were prepared and reproduced upon their original scales 
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by tlte same process, and ltave given general satisfaction. The standard longitude has been 
marked upon tht> eugraved plate,.; as uecessity Jemanded. 

\Vheu not employed upon drawing;; of reduced scale for engraving upon co11per, several of the 
draughti,mwn were. e11gag·ed in inking and lettering plane-table sheets for ultimate publication 
without, urn,terial reduction in scalii. 

A s;rnopHis of tlw work performed by eacl• draughtsman during the fiscal year is g·iven below. 
Mr. A. Limleukohl has drawu the additions to the annual })rogress sketches, reduced the 

topography ;111<1 b~·drography of a chart of Puget Sound from Admiralty Head to Seattle, scale 
1-80000, and commenced the rlrawing of the upper part of the same from Seattle to Olympia; made 
additio11H to thl' :,;eries of l'acifk Uoast sailing-charts, scale 1-200000; compiled a new edition 
of tlie hydrograpliy for Coast Chart Ko. ~1, Sandy Book to Barnegat Inlet, scale 1-80000; con
tinnPd the topographical rednctiou of Coai;t Chart No. 2, Seal Island Light to Petit Manau Light, 
scale 1-SOOOO, nnd thP hydrograJ>hY of Coast Cliart. No 14, Long Islarnl Sound Eastern sheet, new 
edition, sc•tde 1-HOOOO, a11d ha:s been engaged in keeping up to date tlie general charts of the 
Atlantic anrl G 1llf Coasts, 1-;cale 1-400000, together with the sailing-charts, scale 1-1200000; he has 
also compiled for photolithogTaphing, a huge-scale chart of Newport Barbor and the entrance 
to NarraganRett Ba~'• aJHI partly reduced for engraving Charts Nos. 5 and (i of the Columbia 
Hh·er, Oregon, from Kalama to Portland, scale 1-40000. Ile lla8 also eoustrneted prqjections for 
field parties, prQjection . ., on copper, and made verifications and constrncted 1111rneroni; diagrams. 

Mr. II. Li11dt>11kohl has ellgraYed npou stone the annual additions to a number of progress 
sketches, and draw11 Ill a fim· Rtyle for pLotolithographing, charts of New London Harbor and 
entra11cl~ tH the Thames Hi\·er; Thames River, New J,ou<lon to Norwich, ecale 1-20000; Newport 
Harbor arnl e11tra11ce to Narragansett Bay, scale 1-20000; reduct><l topogra11hy and h.''drography 
for general \'harts of the eoa>:t No. 1, (iuoddy Head to Cape Cod; No. VI, Cape Hatterat'l to Cape 
Homain; No . .XI, Kl'.Y ~West to Tampa B:-i.\·; No. XII, Tampa Bay to Cape Sau Blas, scalei,1 
1-400000; ma<lt• a(ldition,.; to a chart of New York Harbor for the Pilot Commissioners; drawn for 
pbotolithographing l'Pveral diarts of lmrbors aud sounds iu Alaska; coutinued the hydrograpbic 
and topogrnphica l reductions for Paeitic Coast Cliart No. 3, Point Concepcion to San Louis Obispo, 
Cal., scale 1-'.!00000; <'llgnt\'ed diagrams on stone illnstratiug papers iu the annual report; and con
struete(l field pnljectiomi aud im~jectious upon copper. Ile bas also eomplcted the reduction of 
topography, scale 1-40000, of the ColtunlJia River, Sheets Nm;. 5 and O, Kalama to Portland, and 
has bee11 employed upon Yarious kinds of miscellaneous work. 

Mr. U . .Tunktm has heen generally engaged npon byllrograpllicreduetions ofYariousscale~,as 
follows: CoaRt Clrnrt No. 50, Cape Fear mver and approache8, scale 1-80000; Coast Chart No. 2, 
Seal Island ],iglit to Petit Manau Jjght, scnle 1-80000; Coast Chart No. 77, Tampa Bay, Florida, 
scale 1-80000; e11traucc to Cape Fear l{iver, North Carolina, scale 1-30000; Coast Chart No. 76, 
Charlotte Harbor to Tampa Ila.r, Florida, scale 1-80000; Coast Chart No. 7.5, Charlotte Harbor and 
San Carlos I:a;y, }'lorida, 1'\cale 1-80000; topography aud hydrography of Coast Chart No. 47, Cape 
Lookout and vici1Jity; h;rdrography of Port Gamble and vicinit;r, Washington Territory, scale 
1-20000; hydrography for a new edition of Savannah l{iver, Georgia, scale 1-40000; additional 
hydrography for Pacific Coast Chart No. 6, San Francisco to Point Arena, California, scale 
1-200000; has compiled for photolithographiug charts of Fisher's Island Sound, scale 1-40000, 
and Grn,y's Harbor, "'ashington Territor~·, scale 1-40000. He was also emplosed in constructing 
field projections and copper-plate projections. From the 15th of November to Uie 3d of January, 
Mr. Junken W<t~ eng-1i~e1l Oil the S[>eci.tl 1luty of deter.nir1iug a111l m:1rki11g pomt:s 011 the boundary 
line between :Mary laud aud Virginia, in the vicinity of Pocomoke Sound. 

Mr. E. J. Sommer has reduced to the publication scale the hydrography of'New London Barbor, 
scale 1-20000; topog.raphy and hydrograpliy of coast chart No. 62, Cape Cana \"eral south ward, scale 
1-80000; emt8t. clmrt No. 63, Indian River Shoals to .Jupiter InletI~igbt,scale 1-80000; made smooth 
drawings for photolithographing of seYt1ral harbors in Alaska; also prepared for the same process 
the original hsdrographic and topographical sheets, coast of California, south of Point Pinos, 
includiug Carmel Hay, to he upon the scale of 1-12000. Ile has made field projections,copper-plat;e 
projections, and doIJe- other miscellaneous work. 

Mr. T. J. O'Sullivan has made finished drawings for pbotolithogrllphing, sketches of the trans-
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continental triangul11tion from San Francisco eastward, scale 1-2000000; harbors i11 Alm;Jrn; i11kt>cl 
and lettered plane·tahh' :sheets sou.th side Loug Island; Hood's Canal alHl Png<·t Souud; rN1uced 
additional topography for harbor clrnrt coast. of Maine, No.11, Cape Split to 8dwodic foland, scale 
1-40000; made verificatiou8, finished isketcbes and diagrams for ammal reprn t; wade tracings and 
done general lettering. 

Mr. P. Erichsen, in addition to calculating the arraR of e11grnwd lOJl(lgrapb~· for use in tlw 
Engra,·i11g Division, was engaged in i11king plane-tahle sbPetR of IIoorl's Canal, 1Yasbingt011 T<>r· 
ritory; coast of California; Chandler's Ri\·er Bay, .Maine; shorl's of the Delaware Bay, and lndian 
River, Florida. He also made tracings and mechanical drawings, and tlicl Yerification. 

Mr. L. Karclier r~joiued the office in July, and has prin1·ipall;r b('('Il Pngaged in ennstructiJJg 
numerous field projections, making projects and tracing:;, u11tl has bePH eug·aged in otlier mii:;cel
laneous duties. 

Mr. E. B. Fowlt>r has inked and lettered plane-table shnt:-; ccast of Nt>w J1•1sey; Columbia 
Ri°\'er, Oregon; coai-t (lf California, and soutli iside Lo11g fala11d; n·tluct•d topography for coa11t 
chart No. 37, scale l-80000, Norfolk and viciuit~·; adtlitioual topography for cl.rnrt of SaYanuah 
River, Gl'orgia, seale 1-40000, and bel'11 l'ngaged on small diagrnms mid tracings. He has made 
the finished drawing for a new edition of the ehart of Gray's JLirl1or, Wa!<l1i11gton TerritoQ·, scale 
1-40000. 

Mr. E. Molkow has inked and lettered plane-table sheetR of ~{·w Loudon aud Yieinit:y, Coun.; 
coast of California; coa~t north of Cape Henlopen; south l:'id1• of Long falancl; Cba11dler'1::1 RiYer 
Bay, Maine; .l\.facpiasport a11d vicinity, Maine; made pro.i<'Ctt> mal diagrams, and attc1uled to the 
measurements of the topographical sheets for the annual table of statistic~. 

Mr. A. B. Graham continued the conRtmction of bydrograpl1ic pr~jPctious, pr~jects, photo· 
lithograpliic drnwingsi aud miscellaneous tracings. Mr. Graham resigned in April. 

Mr. J.C. Barr was occupied as clerk to the divisiou duriug part of t.he .)·ear; afterwards his 
time was given to the coloring of lights and buo.)'S on charts. 

Mr. J. H. Ba.rker has been employed in coloring buoys and light-houses on chartR awl in making 
additions and corrections to the newly printed charts. 

Yours respectfully, 
W. T. BRIGHT. 

Mr. C. 0. BOUTELLE, 

Assistant in Oho.rge of Office. 

DRAWING DIVISION. 

Charts completed or in progress during the year ending Jmte 3tl, 1885. 

1. Topography. 2. Bydrography. 

Number of 
charts . 

.; 

" 
Title of chart•. Scale. Draughtsmen. Remarks. 

j i 
-- __ 0 __ 1-----------------____ [ ___ _,___~-·· --·-·-----

I 
VI 
XI 

XII 

ATLANTIC COAST. 

GBNl!!RAL COAST CHARTS. 

6 Quoddy Head to Cape Cod ........................... _I 
11 c .. pe Ho.ttel'll.8 to cape Romain ...................... · \ 
16 : Key West to Tampa Bay •.•.•..•.•.....•.•• -......... 

1 

17 \ Tampa lll\y to Cape Sa~ Blae ......................... , 

19 I Mobile Bay t.o Atcbafalaya Bay ..................... . 

H.Ex.18-14 

! 

I 
I 

1-400, 000 i J. H. Llndenkol1! ...........••••.. Adclitions. 
1-400, 000 j 1. H. Lindenkobl. •..•............. ' Do. 

1-400, 000 ,

1

• l, 2. A. Linclenkobl. 1. H. Linden· Do. 

k~L , 
1-400, 000 i 1. H. Lindenkohl. 2. A. Linden- Do. 

! kobl. , 

1-400, 000 I J, 2. A. Lindenkobl ............... : Do. 
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Cha,rt11 completed or in progres8 during the year ending .Tune 30, 1885-0ontinued. 

l. Topography. 2. Hydrography. 

Number of: 
charts. 

Title of charts. 

A 1'LANTIC COAST-Continued. 

COAST C..:HAHT15. 

2 102 SM! Islantl Light t-0 I'etit M.auan Li~ht 

3 103 Frenchman's am! Blue llill !fays ................... .. 

U 114 
1 

Newport to Plum Island Light ---- -- . ---- ........... . 

31 

21 
131 

121 

1' Eu trance to Chesapeake Bay, Hampton Roads, &c ... , 

1 New York Ba,v and Harbor 

37 , 130 , Cape Henry to Currituck Beach .................. . 

47 147 Capt• Lookout and vicinity .....•.................... 
5-0 I 150 Capt~ l'oar River and aµproacliei.. ................... . 
53 : 15:! \Vin:yah llay to Long Island, S.E .................... ; 

62 i 162 Cape Canaveral to Indian River Light ................. .; 
63 

75 

76 
1 

77 
94 

105 

11 

163 Indi11n River Light to .Tnpiwr Inlet Light .......... .. 
175 Charlotk Harbor and San Carlos Bay ................ : 

176 Cuarlotte Harbor to Tampa Bay ...................... ' 
177 Tampa Bay and approaclles .......................... . 
194 

20[· 

Mississippi River, from the Passes to Grant! Pre.irie .. 
1 nalveston Bay to Oyster :Ray .............••.......... ; 

i 
llARBOR CHARTS. 

305 Capp, Split to Scho0tlic lRland, M~ ...... . 

Jl8 Har Ilarbor, Me ............ _ 
306 Fre.nchman 1 R Ha.y and Somes' SomHl. ............... . 

;-j53'l : NPwport Harbor anflEntrance.~ to Narragansett Bay 

358 : Fisher's Island Sound .•..••............ ---- ........ . 

3.'>9 New London Harbor and Entrance tu 'l'hames Ri~er .. ! 
359a Thames River, New London to Norwich .•.•.•.... 

3692 New York Entrance ............................... . 

3693 N t•.w York Harbor and parts of Hudson ant! East '. 
Rlwrs. 

424 Cape Fear River Entrance ..•.••.......•••......•..... 
HO Savannah River and Wa!!saw Sound ................ ····: 

PACIFIC COAST. 

II ARHOH CHARTS. 

621a San Fra.nd~co Ent.ranee (nowedit,ioR-) ··-----···-···-· 
641c Columbia River. Kalama to Willow Bar .••.•...•. 

641d Columbia River, Willow Uar to Portland ........ -_ ..... . 
643 Gray's Harbor, ,V. T. (new L>dition) .•......•...•..... 
650 Port Gamble, W. T. (new edition). .................. . 

s.a.IUNG CHA.llTS. 

673 Point Concepcion t-0 San Luis Obispo ...........•...•. 
676 San Francisco to Point A.re.a ...................... .. 
662a Puget Sonnd, Admiralty Head to Olympia ..•..••..... 

662b i Puget Sonnd, Seattle to Olympia ..................... . 

Scale. Draughtsmen. Remarks. 

I-HO, UOO 2. C. ,Jun ken. 1. A. Lintlt•ukohl. In pru_gress. 
2. L. Knrcher. 2. H. Linden· 

kohl. 
1--80, 000 l. A. Limlenkohl. 1. H. Linden· Addition•. 

kohl. 

1-80, 000 . l, 2. A. Lindenkohl. 1, 2. fl. Lin· , ln progress. 
denkohL 

1-80, 0-00 
1-80, 000 

1, 2. A. Lindenkohl ........ . 
2. A. Limlenkohl .............. . 

! Additions. 

1-80, 000 l. 2. I~. ,J. Somm~r. 1. E. H. Fow
ler. 

Do. 
Do. 

1-80, 000 1, 2. C. ,Jnnken ..... Completed. 
1-80,000 1 1,2. C.Jnnken .. _................. Do. 

1-80, 000 , 2. A. Lindenkohl ................ ., Additions. 
1-80, 000 I, 2. E. J. Sommer ................. i Completed. 
1,80.000 I. E.J.Sommer .•.•.....•......... ' In progress. 
1-80, 000 j 2. C. Jnnken .... __ .............. ! Aflclition&. 

1-80, 000 2. C. Jnnken .................... ··i Completed. 
1-80, 000 2. C. Junken ................... ··I Additions. 
1-80,000 1. H.Liudenk<>hl ................. ' Do. 

1-80, 000 , J. A. Liude.nkohl .......•.... - . - .. i Do. 

1-40, 000 

1-10, 000 

1-40, 000 
1-20, 000 

J, ~. T.J.O'Snllivan ..•........... · Additiun•. 
1. IL Lirnknkoh1 ... ----·- ...... : Do. 

I 
J. E. Molkow ................... -·l Do. 
1, 2. A. Lindenkohl. 1, 2. H. Lin· [ Photo-lith.; completed. 

denkohl. ' 

1-40, 000 I I, 3. C. J unken. 1. 2. H. Linden- 1, 

I kohl. 
Do. 

1-20, 000 I, 2 A. LindenkohJ. I, 2. H. Lin
<lenkohl. 

Do. 

1-20, 000 : 1, 2. H. LindeokohJ. 1. T . .r. Do. 
O'Su!fr..an. 

1-40, 000 1. A. Lindenkohl . . . . . .. .. . . Additions. 
1-10, 000 2. A. Lindenkohl. 2. H. Linden· Completed. 

kohl (for Board of Pilot Com
missioners). 

1-30, 000 2. C . .rnnken ...................... ' Acl<litions. 

1-40, 000 

1-40, 000 

1-40, 0-00 

1-40, 000 

1-40, 000 

1-20, 000 

1-200, 000 

1-200, 000 

1-80, 000 

1-80,000 

1. E. H. Fowler. 2. C. Junken Do. 

I 2. L. Karcher .................... · 1 Do. 
1, 2 . .A. Lindenkohl. 1, 2. H. Lin· , In progte88. 

denkohl. ' 

l. H. Lindenkohl ................. / Do. 
2. C . .runken. 1, 2. E. H. Fowler .. !' Photo-11th.; completed 
1, 2. C. Junken ............. ···-·· Comph1ted. 

I 

2. H. Llndenkohl. .•• , ••...••..••. I Additions. 
1,2. c . .runken ................... j Do. 

!, 2. A. J,indenkohl. J. H. Lin- i Completed. 

denkohL I 
1, 2. A. Lindenkobl ............... \ In progre88. 
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REPORT 01" THE ENGRAVING DIVISION, CO.AST A.ND GEODETIC SCRVEr OFFICE, FU!! THE rEAR 
ENDING JUNE 80, lt!t\5. 

U. S. CO.A.S'l' .A.ND GEODETIC SURVEY Ol•'FICE, 

li'ashington, Juf.y 1, ]88;). 

SIR: I respectfully submit the following report of work executed in the Engra' ing Divi;;iou 
during the year ending· June 30, 1885. 

The correction;; to the plates, required before printing for isi,m<', ha'\'e continued to iiicreaRe in 
Imm ber and from the numerous additions from resurve~·s have required more labor th au in former 
years. 

Four hundred and tweuty-oue chart plates aud fourteen sketches were corrected, in adtlition to 
extensive alterations in new printing plates electrotyped from the standard altos. vre lun·p also 
had the usual amount of cleaning electrotnies, erasures from altos, arranging and drawing titles, 
general lettering and notes, marking instruments, &c. 

Several important charts have been well advanced in addition to those completed, but the time 
required in correcting the printing plates and bringing up new electrotype copies, seriously inter
feres with the production of new charts. 

This work is necessarily of tl1e first importance, as the published charts mrnst be kept up to 
date HO far as as information received will permit; the time required for it h; on the increase, and l 
cannot urge upon you too strougly the consideration of suitable methods to bring the surve~·s be· 
fore the public in preliminary form, and thus give more time for the completion of the fiuished 
charts without delaying the publication of important new sm·\·eys. 

The engravers have been employed as follows: Me;:srs. Joseph Enthoffer, ~W. A. Tbompsou, 
H. C. Evans, H. }'.Bartle, and E. J. Enthofier, 011 Topography aud Sand. Mes8rs. E. A. Maedel, 
A. Petersen, J. G. Thompson, a11d F. Courteuay, 011 Lettering. .Messrs. E. H. Sipe, W. H. Da\·is, 
and A. C. Ruebsam, on Lettering and Miscellaneous Corrections; and Messrs. II. M. Knight and 
T. Wasserbach, on Lettering, Sand, and Miscellaneous Corrections. 

The electrotyping of the copper plates has coutinued under my direotion with the immediat.i 
supervision of Dr. A. Zumbrock, assisted by :Frank Over. 

The improvements made in the batteries haYe resulted in more regular work. The batteries 
do not break down and are more readily cared for, requiring much less labor. Observations are 
now being made to determiue the relative values of the carbon and our old silver plates. 

The printing for the chart room during the year has fallen off about 14 per ceut. of the 11re· 
ceding year's work, or over 4,500 impressions. This is largely due to the interruption caused by 
bnilding the additio11 to the printing room, and the failure of the contractors to keep up the supply 
of chart paper. For about two months it was impossible to fill the requisitions from the chart room 
with the usual promptness, which has douhtless resulted in a diminislied issue to the sale agenhi. 

The new press room affords much better light and facilities for work, aud being on a level with tlrn 
street, instead of below it, will doubtless proYe more healthful to the workmen. It is sufficieutly 
large to accommodate the new 38·inch copper.plate press, in addition to the two old JJresses, aud will 
permit the requisite increase of force when the demand for charts shall make an increase necessary. 

The force of printers bas remained the same; the presses have been in charge of Mr. F. Moore, 
foreman, and Messrs. D. N. Hoo·rnr and James L. Smith. 

Mr. John H. Smoot bas continued as clerk to the division, and I take pleasure in commending 
his strict attention to his duties, and the very satisfactory chart proof.reading he now furnishes . .. 

Statisti.cs of work. 

ENGRAVING. 
Number of plates completed: 

Charts ... _ .. ____ .. ___ . _ . _ . . . . . . . . . • . .. _ .. __ ... 
New editions .••••.... __ ..... __ . __ . . . . . . • . . . . . . . . __ . _ .... _ . . . _ .. __ .. 
Sketches and illustrations .. _ ..... ___ ..... - ............ __ ... _ ......... . 

11 
9 
5 

25 
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Nuruber of plates continued: 
Charts ............................................................. . 15 
New editions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Sketches aud illustrations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 

20 

Number of plates commenced: 
Ubarts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 
New editious............. .. . . . . . • . .. .. . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . 12 
Sketches and illustrations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 

25 

Number of plates correcteil for priuting: 
Clrnrts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..................... . 
Sketches .............................•............................... 

42l 
14 

Number of untinislied plates on hand at the close of the year: 
Uh:uts . . . . . . . . . . . . . . . . . . . . . . . . . . ....................... . 
Sketches and illm1tmtious ............................... . 

ELECTROTYPING. 

Number of poun<lii of copper deposited .............................. . 
Number of square inches on which deposit was made ................... . 

Number of copper plates made: 
Bassos •••••............................. 
Alto!'! . . . . . . . . . . . . . . . . . . • •.....••••...•.• 

435 

41 
28 

69 

2,534 
124,937 

46 
61 

107 

Of which number 13 basso ancl 14 alto plates were for the Engineer Corps, U.S . .A.. (Lake 
Snrve:,y), and 7 basso and 7 alto plates for the Hydrograpbic Office, Navy Department. In photo
graphing, 44 negatives were made and 127 prints. 

PRINTING. 

Number of' impret:1sions for Chart Room . _ .........................•...... 
Nnrn bn of impressions for Assistant in charge of Office ................... . 
Number of impressions for Engraving Division........... . . • . . . . . . . . .. . 
Number of impressions for HJdrographic Inspector ...................... . 
Number of impressions for Lithographer (transfer proofs) ................ . 
Number of impressions for Atlantic Coast PiJot, vol. 4 Charts and Views ... . 

Total .............................................•............. 

26,4b8 
1,221 
1,652 
I,032 

224 
5,436 

36,053 

I append bneto a lh;t of the copper plates that were completed, continued, or commenced 
during the ~·ear. 

1 am, sir, ~-ours, very respectfully, 

C. 0. BotJ'.l.'ELLE, Esq., 

HERBERT G. OGDEN, 
Assistant Coast and Geodetic 8vt"vcy, 

In charge of EngratJing Division. 

Assistant in charge Offiee artd 'l.'opograp/1y. 
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Plates completed, continued, or commenced during tlte jil!cal year ending June 30, 1885. 

1. Outlines. 2. Topograpby. 

'l'itle. 

COHPL&TJW. 

14 ! 1843 : 
I 

145 I 1125 : 

I 

Cape Canaveral to Fowcy Rocks ...................... .. 

Cape Hatter"" to Ocr&coke Inlet ...................... .. 
181 USO ! .Apa!&cbee Bay .......................................... : 

208 i 124-7 , Puss Cavallo, J. .. avaca and San Antonio Bays._ .......... : 
200 ' 1248 1 .A..1-anAaB Pass, Aransas and Copano Bays .............. ·! 

307 

308 

1186 F~:~:::.an 's Bay and Eastern Part. of Mount Desert 

1 

1285 : Blne Hill Bay and W eetern Part of Monnt Desertlsland. i 
I 

App1'0acbee to Blue Hill Bay and Egl(emoggin Reacb .. I 
. I 

1376 

I 
676 I 1741 San Francisco to PoiDt Arena ........................... ·! 

i 
6814 I 1799 . .Approa.cb~e to the Columbia River .................... -i 
621" i 1829 : San Franmseo Entrance ........................... · .. ·1 

I 
I 

205 1216 Galveston Bay to O.ret<ir Bay, edition 1884 ............. -! 
! 

(24 i 1161 : Cape Fear River Entrance, editiou 1884 ......... -..... -I 

520 1830 Galveston Ent.ranc(l, edition 1884. - ...... - .............. . 

30 
1 

ITT Galveston Bay, otitlonl884 .......................... .. 
111 1809 Y.onomoy and Nantucket ShoaJN to M uskeget Cl1annel, 

edition 1885. 
19' 18'5 Missloslppi River from the Passes to Grnnd Prairie, 

edition 1885. 

318 18bf Bar Harbor, Mount Desert Island, edition 1885 .......... 

U4 11136 Monomoy Paesage, edition 1885 ....................... .. 

l50 1851 Port Gamble, edition 1885 ............ _ ................. . 

D 
102 

150 
153 
180 

184 

185 
1112 .. 
210 
BOS 

35tla 

1859 Progress Sketch No. 6, West Coast of Florida, Cape 
Sable to Charlotte Harbor. 

1839 At.!antic Coast Pilot Chart, Cape Henry to Cape Look
out. 

1840 Atlantic Coaat Pilot Chart, Cape Lookout to Cape Ro

main. 
1864 Atlantic Coast Pilot Chart, Frying Pan Shoals tc Was

aaw Sound . 

1726 .Atlantic Co&11t Pilot View, Tybee Ent.1ance, Tybee 

Roads, &..o. 

CONTllWJ!I>. 

1653 GulfofM~xico ..................................... . 
17•2 Seal Island to Petit Manan...... .... .. ........... .. 

1841 Cape FMr and .Approaches ............................. j 

1503 
17ff 

Winyah Bay to Long Island ............................ i 
Cedar Keys to Deadman'• Bay ........... -.. - ........... i 

1601 Saint.Jooeph'a Bay to Saint Andrew's Bay ............. · 

1498 Saint Andrew's llay to Choctawhatchee Inlet ........ .. 

lli37 Chandeleur and Breton Island Sounds ..•........ _ ...•... 

1316 Galveston Bay ........ · .. .. -- · .. · .. -- · .. · .. · · .... · .. • · j 

1778 Corpns Christi Bay and Pass..... .. .................. ! 
1821 Pl61188nt Bay to Pro•pect Harbor ..........•... 

1798 Thames River and New London Harbor.... . . . .... 

3. 8&ndin)!:. 4. Lettering. 

Scale. .En:zravers and work. 

1-400, 000 1, 2. R. F. Bartle and W . .A. Thompson. 1. E. A.. Mae
rlel and J. G. Thompson. 

l-80, OQO 4. T. Wasserbach and E . .A. Ruebsarn. 
1-80, goo 3. F. Courtenay and E. A. Ruebsam. 4. T. Wae•Mb&elJ 

and A. C. Ruebsarn. 

1-80, 000 1, 2. W . .A. Tbompson. 4. A. C. Raebsam. 

1-80,000 2,3. W. A. Thompson Rn<l J. G. Tbum11son. 4. A. C. 
Rnebsam. 

1-40, IJOO i 4. E . .A. Maedel, J. G. Thompson. and A. C. Rueb.am. 

1-40, 000 l, 2, 3. W. A. Thomp•on. 4. E. .A. Maedel, J. G. Thomp· 
son, W. H. DaYis. anti .A. C. Rnebsam. 

1-40, 000 2, 3. W. A. Thompson. 3. H. M. Knight and H. C. 
Evans. 4. J. G-. Thompson and A. C. RuebRa.m. 

1-200, 000 · 1, 2, 3. W . .A. Thompson. 4. E. A. Ma<ldel. J. G. Thomp
son, and A. C. Ruebsam. 

1-200, 000 4. J. G. Thompson. 

1-40, IJOO 1, 2, 3. W . .A. Thompsou. 3. T. Wasserhach. 4. A. Pe
tersen, .J. G. Thon1pson, and'\\..,., H. Davis. 

1-80,000 · 3. W.A.TbompsonandT.Wa•.•Hbach. 4. A.Petersen, 
T. Wasserbach, and W. H. Davi•. 

l~~o. 000 I, 2, 3. H. 'M. Kni~ht. 3, 4. T. Was•erbacb. 4. A. c. 
Ruebaam. 

1-40, 000 3. T. Wa..,erbach. 4. A.. l'ete.,,en, W. H. Davis. and .A. 
C. Ruebeam. 

1-200, 000 3, i. W. H. n,.vis. 

1-80, 000 3. H. M. Knigbt. 4. H. M. Knigbt, I::. H. Sipe, and 
I A. C. Ruebeam. 

1-80,000 · 1,2,3. W.A.Thompson. 4. A. C. Ruebsam. 

I 
1-10, 000 

1 
1, 2. E .• J. Enthoffer. 3. W . .A. Thompson. 4. W. H. 

Davi1L 

1-40, 000 3, 4. H. M. Knight. 4. F. Courtenay and A. C. Ru~b
sam. 

1-20, 000 l, 2, 3. R. F. Bartle. 4. F. Courtenay and W. H. Davis 
1-200, 000 1, 4 . .A. C. Ruebsam. 

1-400, 000 4. A. C. Ruebsam. 

1-400. 000 4. A. C. Ruebsaru. 

! 

1-400, 000 1

1 

•· .A. C. Rnehsam. 

............. '· W.H.Davis. 

! 

' 
I 

1-2,100,000 '3. W.A.Thompson. 4.E.A.MaeclelandJ'.G.Thompsou. 

1-80, 000 1, 2. Joseph Ent.holfor. 3. H. M. Knight. 4. ;J. G. 
Thompson and A. c. Rnebaam. 

1-80, 000 I J, 2. H. C. Evans. 4. A. Petersen. 
1-80, 000 : 4. H. M. Knight. 
1-80, 000 ' 3. E. A.Rnebsam. 4. F. Conrtonay aml A. C. Ruel.earn. 
1-80, 000 j 3, 4. H. M. Knight. 4. A. C. Uuel>sau1. 

J-8(), 000 I 4 . .A. C. RuebRam 
1-80, 000 

1 

3. F. Courtenay and E. A. Rucbsam. 
1~, 000 : 3, 4. T. \Vasserbn.ch. 4 . .A. Pctc.rsen and W. H. Havia. 
1-8(), 000 3. E . .A. Ruebsam. 4. A. Pewr•en nnd A. C. Rueboam. 

1-40, 000 . 1, 2. R. F. Bartle. 4. A. l'eteroen •nd E. A. Rueb-. 
1-40, OOfl I 1, 2, 3. H. M. Knight. 4. A. Petencn. 
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Plates co111pleted, oontinued or commenced during the fiscal year ending June 30, 1885. 

I. Outlines. 2. Topography. 

,. ·- 1 I -..a- I Plate' 
lTo~j No .. Title. 

CONTI~UED. 

40h: 1679 James River No. 5, KingE'land Creek to Richmond. 

673 1800 Point Conception to San Lui• Obispo .................. . 
669 1828 San Luis Obispo l:lay ................................•.. : 

1789 '.I'rinidacl Harbor, California. _ . . . . . . . . . .. _ ........ . 

1793 Saint George's Reef, Cr"•cent City, and Cape Orford .. 
, 1~5 San Francisco Entrance ...... . 

1820 San Diego Bay, California ............... . 

J~O ' 1785 New York l:lay and Harbor, new edition .. 

COMME~CEI>. 

16 1855 General Coast Chart No. 11. Key West t.o Tampa li•J 

147 1861 Cape Lookout .•........................................ 
148 ; 1862 

162 : 1844 

176 ! 1848 

Bogue Inlet to Now Topsail Inlet ...................•.. 
Cape Canave1 al southward to lat.1tncle 270 411 •• _. _. 

Lemon Bay to Tampa l:lay ............................. . 
370 i 1M47 Delaware Breakwater.- ............................... . 

I 
685 i 1834 A.dmiralty Inlet .•..•................................... 
600 1865 , C()mmencement BaJ .. __ ............................. . 

30 j 97 Gal~""ton l:lay, new edition .................. . 

111 .118W M:onomoy and N antncket Shoals to Mnskeget Channel, 
new edition. 

121 1856 Sandy Hook to l:larnege.t Inlet, new edition ............ . 
17i 1852 Tampa Bay, new edition ............................... . 
194 1845 Mississippi River, from the Passes to Grand Prairie, 

j 1 new edition. 

205 11216 : Galveston Buy to O,rst-0r Bay, new edition ............. . 

' ' 

318 

344 

i 1857 
i 

i 1836 

l:lar Harbor, Mount Desert Island, new edition ....... 

Honomoy Paeea~e, new edition ..•......•.•............. 

424 1161 Cape Pear River Entrance, new edition ............... . 

520 1836 Galveston Entrance, newedit.ion ........•..........•... · 

fi5(J 

440 

1851 

18.11 

i 1859 

1839 

1840 

1864 

Port Gawble1 Dew edition ......•...•.................. 

i 
I Sal'"annah River and Wassaw sound, new edition.···-. 
Pro~T~ss Sket-t:h section 6 WeHt Coaet of Florida, Cape ' 

Sable to Charlutw Harbor. 

Atlantic Coast Pilot Chart, Ca.pe Henry to Cape Look
out. 

Atlantic Coast Pilot Chart, Cape Lookout oo Cape Ro
, main . 
. Atlantic Coast Pilot, Chart Frying Pan Shoals to Was. 

saw Souncl. 

185!1 
1 

Atlantic Coast Pilot Cha.rt Coast, and Inland Pall88.ge 
from Charleston to Fen1andina. 

3. Sanding. 4. Letterin~. 

Sea.le. 

1-20, 000 

1-200, 000 
1-20, 000 

Engravers and work. 

3, 4. II. M. Knight. 
4. A. Petersen. 

1, 2. E. J. Entho1fer. 3. T. Wasserba.ch. 
1-40, 000 4. A.. C. Ruebsam. 

1··80, OOC 4. A. C. Ruebsaru. 
1--80, 000 4. A. C. Ruebsam. 

1-100, 000 
1-80, 000 

l, 2. E. J. Entho:!fer. 4. F. Courtenay. 

1, 2. W. A. Thompson. 3. IL M. Knight. 4. A.. PetHr
sen and F. Courtenay. 

l, 2. R. F. Bartle. 4. A. l'et-Orsen. 
1-80, 000 I, 2. Joseph Enthoffer. 
1-80, 000 1, 2. R. F. Bartle. 

1--80, 000 . 1, 2. H. C. Evans. 4. E. H. Sipe. 
1-80, 000 l, 2. R. F. Bartle. 4. A. Petersen and E. A. Ruebaaru. 
1-20, 000 1, 2. E. J. Enthofi0r. 3. E. A. Ruebsam. 4 . .A.. Petersen 

and F. Courtenay. 
1~0, 000 1, 2. Joseph Enthotll;r, 4. A. J>etersen. 

1-20, 000 1, 2. E. J. Entho1fer. 

1-20(), 000 3, 4. W. H. Davia. 

!--80, 000 3, 4. H. M. Knight. 4. E. H. Sipe and A. C. Ruebsam. 

1--80, 000 4. F. CourtenaJ·. 
1--80, 000 , 3. E. A. ltmo!Jsaw. 4. F. Courtenay. 

1--80, ooo 1, 2, 3. W. A.. Thompson. 4. A.. C. Raebsam. 

1-80, 000 3. W. A.. Thompson and T. Wasseruach. 4. A. Peter
sen, 'l'. Wa.sserb~b. 11.nd W. H. Davis. 

1-10, 000 1, 2. E. J. Enthoffor. 3. W . .A. Thompson. 4. W. H. Da-
vis. 

1-40, 000 3, 4. H. M. Knigbt. 4. F. Courtenay and A. C. Rueb-
sam. 

1-30, 000 2, 3. H. M. Knight. 4. A.. C. Renbsam. 

1-40, 000 3. W. A. Thompson. 4. A.. Petersen, W. H. Davis, and 
A.. C. Rnebllam, 

1-20, 000 I, 2, 3. R. F. Bartle. 4. F. Courtenay and W. H. Da
vis. 

1-40, 000 : 1, 2. W. A. Thompson. 4. A. Petersen. 
1-200, 000 ; 1, 4 . .A. C. Ruebaa.m. 

1-400, ooo 4. A. C. Ru&bsam. 

1-400, 000 4. A.. C. Rnebsam. 

1-400, 000 4. A. C. Ruebsam. 

1-400, 000 4. A. C. Ruebaam. 

-·------------ . ----------------------------·-----------

REPORT OP THE MISCELLANEOUS DIVISION FOR THE YEAR ENDING JUNE 30, 1885. 

U. S. COAST AND GEODE'l'IC SURVEY OFFICE, 

Washington, A ug1utt 25, 1885. 
Sm : I have the honor to submit herewith the repo1t of this Division for the year ending June 

30, 1885. 
The \vork of the Dh·ision was of the same general character as in former years. The Annual 



 

UNITED STATES COAST AND GEODETIC SURVEY. 111 

Report of the Superintendent for the year emling June 30, ll-83, which had been se11t to press in 
the, preceding fiscal yenr, wns 11ul1lio;hed, mid thl:' mmal diRtribution of tbt' Yolume was made. 

First editions of the Pacific Coast Pilot, Alaska, l'art 1 (Dixou Eutrance to Yakutat Bay, with 
the lnlaud Passages), and of Subdi,-ision 19, A tlautic Coast Pilot (Cape Hl:'nry to \Yinyah Bay, 
and Inside Passages), were publisbl:'d. SubdiYision 20, A tlautic Coast Pilot (Wiuyah Bay to 
Savannah, with tbe Jnside Pas:-;iige to Fnniiudiiia) wiis l'eut to Jlress. A revisl:'d editiou of Appen. 
dix 22, IleJJort for l 882 (Repmt of ii <'OnferC'llCP on grnvit,Y deterruinati011s), and the "Summary 
Report of the Progress of the United States CoaRt a11d Geodetic Survey for the fiscal year ending 
with Junf', 1884," wei I:' all'o iniu1 !'<l. 'Tl1e A 11nual Hepo1t of tLe SupP1intendNit for the fiscal yPar 
endiug J11ue i:!O, 1884, was seut to p1esl', and t<atiE:fadory progress made towards its publication. 
It it< PXJWctl'd that 1his volume will lie n-:ld.)· for distribnti011 before the Et>pol't for 1885 iR sub· 
rnitted to Congrpsi,.. The 'l'ide Tahlel' for tlie Pacific Crni:;t for tLe :year 1886 were ali<o f'eut to press. 

The following aggregates of J•nlilieati<ms of the Sm H\Y weie receiYed from 1l1t• Public Printer 
during the Jear: 

Anuual Rflport for 1883.. _. _ ....... _ .... _. . . . . . . . __ ....... _ ..... . 
Appendices to Annual Reports ( Pxtra copies)_ . . . . . . . ...... _ ............. . 
N otiees to Mari11ers, Nos. 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62 ..... . 
Atlantic Local Coa1:<t Pilot, SuhdiYisiou 1!1 __ ...•..... _ .. 
Pacific Coast Pilot, Alaska, Part 1 . . . . . . . ....... _ ..... _ ...... . 
Summar.)· of R<·port of Superintendent for 1884 . . . . . . . . . . _ ..... . 
Descriptfon of Coast and Geodetic Survey Exhibit at the Cotton Centenuial 

Exposition at New Orleans _ ....... _ .. _ .. ___ .... _. _ ... __ . ___ .. . 

A detailed list of the abm·e-mentioned 1mhlications is appended hereto. 

Copiet-1. 

3, 019 
4, (j(JO 

6,800 
522 
499 
;-mo 

1,000 

'l'he usual distribution of the publieatious of tlie Sunp_r to lnstitutiolls, indiYidnals, and the 
Departments was made, aml the Notices to Mariners :md Appendices to Annual Reports, in pam
phlet form, were distributed gratuitous!.)·, as heretofore. 

Two thousand four hundred and eighty-eight copies of the Annual Reports were distribute1l 
during the ~·ear; also, six lmudred and <'igllty.six copi(•s of the Atlantic CoaRt Pilot, including 
Subdivisions, and one hundred aud ninety-two copies of tl1e Pacific Coast l'ilot. 

There were receiYed in the Chart-room during the _year 29,525 sheets of charts, of which 23,760 
were copper-plate impressions, a11d 5,765 we1c printed from stone. Twel-ve thousand one hundred 
and sixty.three copies were furnished to the seYeral Executive Departments and to Senators and 
Representatives, and 14,035 sheetB were deposited with Sale .Agents. The total issue of charts 
during the year was 28,905 copies, beiug 4,733 copies lPss thau the total issue of the preceding 
year. (See statement appended hereto.) 

Mr. Hugo G. EichhoJtz has continued iu clmrge of the Chart-room, a11d the issue of charts has 
been made under liis imme1liate supervision. 

Mr. H. O. French haB lwen in charge of the Carpenter shop as Chief Carpenter. The carpen
ter work of the office, including the wood-work of i11strurue11t1:<, makiug packing-cases and patterni;, 
packing instruments for transportation, tbe constructiou of frames, vats, &c., for electrotyping, 
press-boards, &c., for the plate-printing room, repairs of furniture, &c., bas been done b.)' Mr. French, 
assisted by Messrs. G. F. Cox and G. W. Clarvoe. 

Mr. R. T. Bassett has been in charge of tbe map-mounting room, as heretofore. Mr. N. Y. 
Cavitt performed the rluties of janitor until the 1st of May, 1885, wh13n he was succeeded by lfr. 
W. M. Long, who has since acted in that capacity. Upon the promotion of Mr. Long from watch
man to janitor Mr. Charles 0. Rockwell was appointed watchman by the Superintendent. Charles 
E. Brown was employed as night fireman from November 26, 1884, to May 31, 1885. With these 
two exceptions, there have been uo changes in the force of watchmen, messengers, and laborers. 

Yours, respectfully, 

B. A. COLONNA, Esq., 
Assistant in charge of Office and Topography. 

M. W. WINES, 
Chief of Miscellaneous I>fr1,si;>n. 
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Dist of Publications of the Coa.~t an<l Geodetic Survey recefred from the Public Printer during the fiscal 
year ending June 30, 1885. 

Name of publication. I
i Numl>er :' 

1

of copies.; 
_I 

Name of publication. --~----, Numb<>; 
of copie1. 

i -~itka.~;~-:~~-:-nd Hoo~iah Sound, tbrougl' OI::a. S:rait.--1----Annual Rep<irt. for 1883. ---- ........... --- ------- .. __ .. 3, 019 
Atlantic Coast Pilot, Sub<liYision 19-Capif' Henry f.o Win- : Ne'l'a Strait, and Peril Straits, Alaska ..... -...... - - -. - - - .! 1, 000 

I 500 ya-h lfay,an<l Inside Passages----·---·----·-········- .. 522 No. 62.-Shoa.l deT"eloped near Marquesas Keye, Floritla... 

Pad fie Coft:;=;t. Jlfiot, Alaska, J>art. I-Dixon Entrance to Ya- '. 

kn tat Hay, with thB Inland Passages .•......•... · ......... 1• 
Summary of Rep01t of Suiwrintemlrnt for 1884 ........... . 
ltt"port of a coufert"nce- on Gravity Determinations. (Re-

vlsed t~rlition of Appernlix. 22, Rt>port for 1882) ....... . 

Short dt·scriptiou1o1 of Artidrs fonniDJ!: the Coast aml Geo· 

de.tit· 8urvc~· Exhibit. at the C'otton Centennial EX})OHi

tion1 New Orleans, La., 1884-185 .........•.. 

NO'l'll'KR TO MARIXRH.S. 

No. 5.Z.-Daug-t'rone Rock in East Rfr{'r, New York 

No. 53.-Changrs in the Pilotage Laws of the Port of New ! 
York ____ • - . - . - - - - .. -- -- -- -- - . - -- - - .. --• - - - -- - · - - - .. -- - - _; 

No.fi4.-H.ock5 re<'f'ntly reported on the Coast of New Eng- i 

land ...................................•.....•.• ·-·····--·~ 
No. 55.-Dang:erous ledges dt•\·elope<l in the resurvey of : 

Lon~ Island Sournl.... . ....... " 
No.56.-Shoal developed in Vineyarcl Sound .............. . 
No. 57.-DiA-covery of a rock in Secnrit.y Bay, CbatlJam 

Rtrait, Alaaka ..............•.......... __ .. ··-- .......... . 

No. fiR-llevPlopment of Aboal~ in Narr~gansett Hay, RI .. l 

499 

300 

200 

APl'ENDil'E8 TO 1'H& REPORT FOR 1883. 

No. 6.-Descriptive Catalogue of Publications . __ .. -- ... -·-' 

No.8.-Tbe Estuary of the Delaware ..... ·-----.--------- i 
No. 9.-Tides at Sandy Book __ -- -- ---- ---- --- -- . - .. --- - -: 
No.10.-Maxima and Minima Title-Predictin)C Machine .... · 
No.11.-0u the length of the Yolo BaRe Line, California .... , 

l, 000 No.12.-Reeults for Atmospheric Refraction from Hyp.o- l 
metric me~ure8 made in California in 1880 · · · --~· · · · -- ·1' 

No. 13.-Rf"port upon :Magnetic Ohs~rva.tione made at the 

500 : l'.. S. Polar Station Ooglaa.mie, Point Barrow, Alaska, ! 

1, 000 : N~~:!~_'.__~~~=;~- -~:~~~~~;~~!· -~;~~;~~~: -~i~~;- ~~~ ·) 
500 :N:~~;-~ ;:~:i-t ~~- ~~~~~~;: ·N~~~~~~.; :-,~;.- ~~~:.:,:~~., 

at Yolo Base, California .... -· ...•.•.. --- .. - . - .... - --· ---
500 ' No. 16.-The Transit of Venlls, 1882. ---- __ ...... ----- ... ___ i 
500 ·: No. 18.-Field Cataloj!:Ue of Time and Circumpolar Stars ; 

for 1885. - . -- -- .. ---- - .. ---- -- . --- -- ·----- - · - - ---- --
500 No. J 9.-DeterminatiGn• of Gravity at stations in Penney!-

and Illock Ishlnd Sound. __ .............•..••••... _ ...•. -! 500 
'Vania, 1879-1880. -- ... -- . - -- ... -- - . -- - --- . - . -- -- ---- ·- · -

APPENDIX TO REPORT FOR !8M. 
No. 59.-Chau~(·f-1 in main Rhip-chnnnel, Vineyard Sound .... \ 500 

No. 60.-Sailing nirf'ction• for Wrangell Strait, Alaska. -- . - ·I 800 
No. 61.-Sailing directions for Inland Passage betw6"n i 

No. 8.-The run of the Micrometer ........ . 

:L ____________ -·--·----------

Charts receit•ed in and issued from the Chart room dur·ing the fiscal year e1uling June 30, 1885. 

-- ---- . -----~--·-· ·-- -- ! 
Number of sheets-

To whnm iR1mP1d. On hand. 

-----------
jReceive<L Iesne<l. 

1
. 

I ' i July I, June30, 
; ! ; 1884, I 1885. 

1 -- ~~i-20,;;1_:_-_____ ~.1--~~-;;-1 SG,496 r 

. ' I I 
Executh-e Departments.............. -·-···\ 10,740 j .......... 

1 

.... -·-··I 
Senators and Representatives------------------, 1,423 i, _________ 

1 

__________ 

1 Institntion• .. -- .. - -- . - -- -- -- - - .. -- - - · - - - - · -• - - • · I 9271. --- ------ ---· --· ---
Sale .Agente. - - .. _ -- . -- ... --- -- .. -- . - --1· -- --------1 14, 035 , ... --···-- --- -- - ---!. 
F ' G I 3671 1 

M~::~fiane::.:rn_~~~~: ::: : : :: :: : : • : : :, : : : : :: : : : .. ! 1, 4.13 I:~:~:::::~ I!~:~~~~~~~~! 
--·--1-----' Total.. .. ----- .. _____ .. _______ ... '. 29, 525 ' ~8, 905 I 35,876 36, 496 I 

- __ I _____ , _____ __,_ ____ ] 

ARrHIVES AND LIBIURY U.S. COAST AND GEODETIC SURVEY OFFICE. 

REPORT FOR THE FISCAL YEAR ENDING JUNE 30, 1885, 

U. S. COAST AND GEODETIO SURVEY 0FFIOE, 

Washington, June ao, 1885. 

500 

~ 

200 

200 
300 

300 

500 

100 

200 

400 

300 

Sm: I respectfully submit herewith the annual report of the receipt and registr~· in the ar
chives of all original and duplicate recor(ls and computations, origi11al topographic and hydrogra.phic 
sheets, and specimens of sea-bottom, turned into the Office during the ti.seal year ending June 30, 
1885. Also •~ report relating to the Liurary. 



 

UNIT.ED STA'l'ES OOAST AND GEODETIC SURVEY. 

I.-Records and Computations. 

GEODETIU WORK. 

OhRervation~ .-,f Horizontal Angfr,s .... 

OhservationR of Ve"rtfoal All~l""~ ----
Descriptions of Station~ ···············-··-
Measurement of' I~ases 

Spil'it-l<~Yeling 

G~olletk l:IiAcellany . __ ... ······-------···--

~umber of volumet;. 

1 Origj- Dnpli- : Compu
\ nal. cate. tations. 

147 115 

2;1. : 
2(} 

16 11 

5 2 
41! 44 

2'2 20 

Total. 

262 

43 

'27 
7 i 

93 

4~ 

Computations.---- ..................... ··· i 98 98 ; 

Total...................... 1=~:~-.----~=-m·r 

ASTRONOMICAL WORK. 

Observatiops for Latitmle ............ .. 
Ohserra.tiorui for Lon~itude .... . 
Observations for Time 
Observations for Azimuth ..... . 
Astronomical Miscellany .........•.......•. 

Computatinn.s ·----·. 

,, 
12 I 

9 i 

2· 

i. ......... : 

37 

19 

11 ; 

3. 
37 : 

Total. .................... . .............. ·······!···· ... 80 

MAGNETIC WORK. 

Observations of Terrestrial Magnetism . . . . 94 I 30 124 I 
! Comp11tatioJJs ................................ · ... : .. : .. :~ .. :.:..::~-~«--I-5_( 

Total............................ ·······j·····--·1 ........... ! 109 I 

HYDROGRAPHIC WORK. 

____ .. ________ ---~----
Observations for Soundings ................... · 
Observations of Angles .................... . 

257 i 121 - ··-·j 3781 

3~i-----~-:---······! 6:1 
164 I ... ····: ••••••.• 1 164 

881 54 .•• ······! 142 \ 

1~-'~c-:-:~=:-m-1 
' ! I I I 

Descriptions of Rydr-0graphio SigJJa!s ... . 
Specimens of Sea-bottom .............. . 

I Tidal ObAervations .................... .-

Tetal. ......... _ ......... . 

II.-Topographio anfl Hydrographic Surveys. 

TOPOGRAPHIC WORK. 

113 

.. 

---·----~---~-~-~-------~-~ -------------,--·- -
. Number of i Number of 

sheets. . I J sheets. 

NestnC.:~a;~-:d·;~:r.~:~ ... :.~ --~- .. ::~--~:-=]-----~:/ Cherrysoono Inlot, Va ........... ~.: •. : •.... :: .... :~.-.~~1 
Rouw of proposed Capef;od Ship Canal. Muss .......... I I ,1 Walla Walla River, &c., W. T ...• . ........ ·······--·! 2 
New London Md Vicinity, (;onn. ..•.. .............. ....... 1 ill Fisherman·s Bay to Walla Walla IUver, W. T ............ ) l 
Hereford Inlet, N. J . . .. . . . .. .. . . . . . . . ... . . . . . . . . . . . . . . . . . . ... I I ----

1 I 
~_"~~-Harbor,N. Y...... .......................... 2 L Total................................. ___ j ____ 1~ 

H.Ex.18-15 
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HYDROGRAPHIC WOHK. 

Head of Narr:igaugut{ llay, Me •......................... 
Shdti·r· J,.larnl Sun nil, N. Y .......••...•••................. 

Little XP.-k Ba,,·, X. Y 

IrnliaJJ nh·e1\ Fla ... 

Cak~a~il·u Pasl.'l, L<t ..... 

Mnnotuoy l>n~sngu. Mni;iH ..•.. ·----····-------- _______ _ 

html 111•k ChannP.l,!tlt~ ................................... . 

Blad;;: Ho<'k Ilad101-,Conn ............................ . 

II:nlro;,!raphy off coa,.,t of :Maine .......................... 
1 

FiRher'i; JslaUtl Sound, Conn .......•••........... 

AjtprollCheB to~ ew York Harhor . _ ........... . 

ioutli Branch Eli;.r.alleth IUn'I', Va .......... __ _ 

North Rin.~r arnl Coanjock Cut, N.C ........... . 
Ex~1minati<>U Diatuond Heef, N. Y ------ .......•...... _ .. . 
Ln\\C!' Ih·laware Ha>·. Del .......... __ ... ___ . __ ._ ... _ ..... : 

Bhu;k Ila:.-. Va. aml N. C ......•••........... _ .••......••. : 

Dt>ep-sea Soundings East Bahama Banks ·--. -· ----- ..... . 
Grand J>a8s, La .. __ ..... -·-··· ...... ---··· ·-----· ... ___ -: 
Pacitic Coast., Cal ..... -· •........•....•••.•.•......•... _ .• ' 

Number 
1 of sheets. 

.Nestu~f'a. Ray, Oreg ...... ·-. - .......... . 
Entrance Siuslaw River, Oreg: ..... - ... - ................ . 

Grn~ 1sHarho1\ \Ynsh.'l'er ........................... -

Long li">land Sound, N. Y ..........•.••.........•......... 

West Coai-;t of Florida .......................••........ 
.Audote Rh·er, Fla ___ .... - __ ........ _ ...... __ .. __ ,. .. 

Lemon Ba~·. Fla ................•.•........•........... 
Hytlro;;::raph,v of Louisiana and Texas . --- . -· ........ . 

Sahinr.Pa?-1~, Tex ..... ·····-·-·---- .. 

Guadalupeisland,PacificOeean ...... -·······-···-·····1 
'l'r-mperntnre sect.ions Gulf of Mexico .......... - ....... I 
Gedne~· arnl .Swash Channels, N. Y -- I 
Stephen·" Pass am! Lynn Canal, Alaska -I 
Chapin Point to Hatchet Poin1, L. I. Sound .............. ! 

i Jupiter Rh-er and Inlet,Fla ........ -·-···-···-··-···-··-i 
' Lalrns Bocca Ratoue and Wvman, l'Ja ..... - ..... - - . ---· · 1

1 

: Pecho Voint to Point Bue ha~, Cal _.. . ................ . 

Number 
of sheets. 

2' Total ···_··_-_·-:·:···~--~---·~_·:·_:_·::.·::._._-·:_:_::___·:_/
1

-. ---0-1 

The foregoing exhibit shows that there were registered in the archives during the past fiscal 
~·par 57:2 \'olumes of geodetic observations and computations; 80 \'Olnmes astronomical obsen-ations 
a11d computations; 139 volumes magnetic observations aud computations; 751 volumes h,ydro
giapliie obsen-ations and specimens of sea-bottom; 10 original topographic sheets, aml <H original 
hydrographic sheets-making a total in volumes, specimens, and sheets com binecl of J ,GI3. 

On account of the absence of the regularly appointed Librarian by reason of seYcre illness, no 
full 1w:onl was kept of the number of volumes received in the I"ibrary previous to December 19. 

Since that date, howe\'er, au accurate registry has heen made of all publications received, and 
the~· haxe been classified and arranged in their res pee ti ,.e places. In all, including unbound and 
bmrnd works, ±77 volumes have been entered on the register. 

There were prepared and sent out for binding 139 volumes, all of which were returned neat!~· 
a!l(l dumbly bound. 

During tile year many strayed books were reeovern1l and returned. Tb.e entire library was re
arranged, an1l a catalogue made, copies of which were furnished the Superintendent awl Ai:;sistauL 
in charg-e of Office. 

The present. condition of the Lihrary, though susceptible of further improvement, is generall~
consiclered as being somewhat better than in years past. 

The number of volumes taken out since December 10th is eight hundred and twei1t,y-seve11. 
A careful record has been kept of all such books, and their present whereabouts is accurately 
known. 

Hespectfully submitted. 

Mr. B. A. COLONNA, 

A:~sistant in charge of O.tfice. 

T. D. REED, 
Custodian pro tem. 

REPORT OF WORK DONE IN THE INSTRUMENT DIVISI01Y IJ URlXG THE YEAR ENDING JUNE 30, 1885. 

COAST AND GEODETIC SURVEY OFFICE, 

· Washington, September 1, 1885. 

DEAR Srn: l ha\'e the honor to submit the following report of the Instrument Division for 
the fiscal year ending June 30, 1885. 

This report has been compiled from such data as were available, chiefly from the monthly · 
reports; as the former Chief of the Division, who was in charge during the whole year, has been 

ved and is no longer connected with the office. 
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As hnetofore the work of the Divisiou has consisted mainl~· of repairs and readjtrntm(•.11t of 
instruments turned in by the \Hrious ilelll parties. Numerous C1ld instruments have he,,u imprC1,·ed. 
remodeled, and in some ciises entirely reconstructed, and 80me new instruments, maiuly minor one;;, 
have been manufactured. The hulk of the uew instruments required to meet the de111a11d of tile 
Survey have been purchased, as the manufacturing facilities of the office are limited and the force 
emploJed small. 

All i1Jstrumeuts returned from the field lmve been carefully examined aud such re1,airs as WPre 

evidently needed aml such improYernents and alterations as were recommeuued by the field assist
ants have been made. Such parts as had become worn or broken were replaced aud tltt' im•tl'll
ments pn tin thorough order for future use. 

'fhe keeping of the reconls and the correspondence relatiug to the receiving· and fonnmliug 
of instruments, &c., has also been a,ttemleu to. 

J\fr. G. N. Saegmuller, wl1en chief of the Di\·ision, supenisell all tbe operations, a!Hl has pPr
smmlly attended to t,he rcgradnatiou of circles for theodolites and vertical circles and tlw limhs of 
sextants, &c., and the force of the i m;trument suop, viz, Messrs. John Clark, E. Eshlemau, P. YiPI'· 
bncheu, h Fischer, aud S. Kearue;••, have satfafactorily performed the duties assigued them. 

Mr. B. A. UOLONNA., 

A.~.~igtant in chargr' of Office. 

Yours, respectfully, 
ANDllEW BHAID, 

A.~sistant. 

R/<JPORT OP THE OFFICE 0/( <:OXSTRCCTIOX OF' STLYlJARD WEIGHTS AlilJ JIEASCRES FOB nn· 
FISCAL YEAR EXDLVG JF~Vl>' ::10, 1885. 

U. S. ()()A.S1' AND GEODETIC SURVEY, 

O.ffece of Construction of Standard Weight.a and Measures, August 17, 188'"i. 

DEA.R SIR: At yonr request I herewith respectfully submit a report of work done by tho~t· e111-
ploye1l m the Oflice of Uonstrnction of Staudanl \V eights and Measures for the fiscal yl:'ar (•11ding 
.June :10, 188.5. 

James J. Clark, Alljuster, was detailed for dnt.Y at New Orleans, La., in care of tlie Coast and 
Geodetic Survey exhibit, all(l was consequently :ibsent, from tbi8 office from the 1st of Decemlwr, 
1884, till the 15th of J uue, 1885. The remaining portiou ot' the fiseal year he was eug-ageu in gTi111l
ing six steel meters to length; compared yard of Yard and Meter No. I with British Brouze Yard 
No. 11; compared a set of weights aud measures for New York Cit.y, arnl prepart•tl the \Veight" aud 
l\leasures exltihit for the New Orleans Exposition, and also determined the value of tlle almtti11g 
screw belonging t~ the Saxton Pyrometer No. 3. For a short time he was engagetl in atljnsting 
weights for WsomiugTerritory, and attended to some of the official correspondence. 

E. B. I,efa\'our, Velifier, was engaged in examiuinglest·tloats for t1peeitic grnsity alHwe 1,000, 
aucl tested saliuometers; made computations of comparisons of decimeters on glass metN' No. ] , 
also of ;yards Nos. 57 and 58, and glass meter No. l with brass meter No. 49; also computt>d '.\Ir. 
Ohapman's comparison of a pendulum with meter B; verified a set of weights for Nt•w York City; 
investigated expansion and point of maximum density of sea.water; investigated Deusimeteri> for 
liquids heavier than water and tested evaporation and effect of meniscus; recorded obserYatious 
fur Mr. Chapman in the pendulum comparisons; atljustetl two sets of brass weight,,; for \Vashington 
'ferritory; verified a set of coiu w1iights a1Hl set of grain weights for the Mint Bureau; adjusted two 
balances made by Fairbanks & Co. for Wyoming Territory; compared Yard of Yartl aud )1et1>r bra's 
IJar No. I with British Bronze YarJ]. No.11; also determined the value of tlie Fuited States Plati. 
uum Kilogramme (Arago), and. attended to most of the correspondence. 

D. C. Chapman, Mechanician, compared the Ohio State Y:ird with the stamlarcl; made ten t1ets 
of silver metric weights, six brass ~5 and 50 grain weights; compared yard of Yanl autl Meter 
brass bar No. 1 with British Bronze Standard No. 11; compared two pendulums with meter H 
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under the directiou of Assistant 0. S. Peirce; compared glass meter No. 1 with brass meter No. 49; 
compared glass decimeters Nos. 3 and 5 with each of the decimeters on glass meter No. 1; adjusted 
a set of capacity measures for New York City; compared the pendulum returned from the Greely 
Expedition with meter B; compared yard and foot scale of heam compass for the Washington 
Navy-Yard; adjusted two sets of capacity measures made by Troemner and Fairbanks, respectively, 
for Wyoming Territor;r; compared meter 49 with meter B; made set of coin weights, also set of 
grain weights for the Mint Bureau, and cleaned and made some new work for the two large bal
ances helongillg to the State of New Jersey, damaged by fire at the burning of the Capitol at 
Trenton. 

Yours, respectfully, 

B. A. COLONNA, 
Acting Superintendent Weights a,nd. Measures. 

JAS .• T. CLARK, 
Arl.fuster and in Charge of Shop. 



 

APPENDIX No. 5. 

REPORT OF THE HYDROORA PJ{JC INS/' ECTOR FOR THE rEAI! ENDING .TU.YF :io, 181<:-,, 

U. S. COAST AND GEODETIC SURVEY OFFICE, 

Washington, Jnly 15, 1885. 

DEAR SIR: I have the houor to make the following statement iu relation Co the branc11 of 
the Survey with which I han~ hePn connectRd for the past eight years, mH1 of which I haw; hail 
charge for 1iearly fiye yea.rs. This will constitute the amrnal report for tbe fiscal ~-ear rndi11g 
J unP :w, 1885, and beiug my 1~1st I may be pardoned for touching 011 some topics which may >wem 
foreign to the subject-matter. 

The beginning of the fiscal year fouml most of the h,rdrographic parties preparing for work, 
which could not commence until after Jnl.Y 1, as has been mmally the caRe during the past sen•n 
years with the limited appropriations made b.r Congre.<;s. As I have mentioned in preYious reporti,;, 
to get the most economical results, hydrographic work should begin on the Northern Coast as 
early as May 1, and can continue, as a rule, until the middle of October or fat of November. Tlw 
expenses of refitting the Yessels and the priucipal items for keepiug the partiPs at work are about 
the same for a long as a·sbort season. It is, therefore, e\ident that with fowls :ffailable for the 
months of July, August, and September only, the season is shortened abont 50 per cc11t., :ind as 
the weather during September is generally unset.tied, and a l•Ortion of July 1uust be commnwd in 
getting the Yessels to their stations, the best portion of the season is lost by the dt>lay. 

In Yiew of tbe apparent strong disinclination of Congress to increast' the appropriations for 
party expenses, I would urge that a sufficient llmount be retained out of tbe allotments for i,;u n·eys 
on the Northern Coast for work during the laist two months of each fiscal year so tllat it may hf' 
made continuous during the summer. I think this polic,v is particularly applicable to the resur
vey of I.ong Island Smmd, and it was with this object in view that I recommended the i,;ehern<' ap
proved by you for the pre.sent season. With only one schooner part~· (Lieut. S. C. Paine'"• on the 
schooner Ueady) 011 that work, but a small portion of the appropriation will be required this sum
mer, and if sufficient is available next spring to put two schooners and one steamer on tlw surrny, 
and for them to ).>e allowed to continue nuder the appropriation for the fiscal yPar 1887, I antici
pate the completion of the resun·ey of Long Island Sound during the next. fiscal year. 

During the summer of 1884 there was engaged 011 the hydrography of the coast of Mai11P the 
schooner Eagre, with a party under charge of Lieut. E. n. F. Heald, U.S. N., Assistant. Umtst a1ul 
Geodetic Survey. 

A scheme which included some special examinations on tl1is coast was prepared for tlw h,nlro
graphic party on board the steamer Blake, under charge of Lieut. Commaudcr \V. IL Browm;ou, 
U. S. N., Assistant Ooast and Geodetic Survey. Owing, however, to a delay iu the coustruc
tiou of two new boilers for this vessel at. Baltimore, the party did not get to work in time to take 
it up. Lieutenant-Commander Brownson was enabled, however, to make some important examin
ations in Vineyard Sound; Narragansett Bay, and Long Islaud Souml, which are specially mt>ll· 

tioned in bis report to you. 
During the same period the schooner Palinurus, with a hydrograpllic pa1;ty under charge of 
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Lieut. \'\7. G. Cutler, U. S. N., A8sistant Coast arnl Geode.tic Survey, was engaged upon the resur
n'yof Long Island Sotmd. A larger hytlroµ;raphie force than this was not ner·essarr, as the hydro
graphic snrn~.rs were, at that time, well in mivance of the topography, and coul<l be prosecuted to 
better adnrntage after the points on wl1ich to base the work bad beeu furnished by the cidl assist
ants. 

A surnll party on board the scboouer H<>ady was sent into Long Island Sound under charge of 
Ensign A. F. Fechtekr, U.S. N., Assistant Coast am! BeoclPtic Stuvey, and made some special ex
aminations, the small expense of the party being not mnch more to the 811rV1\V than if the vessel bad 
been laid up with Iler crew on broad. Later this parry located a rock in Narragansett Ba.v, and 
still later made a snrn'y of the shoals extencling off Cape Henry, Va., upon which thee. S. S. 
Ossipee had strnck, and wluch bad been reported as of greater area than the published charts gave. 
'l'lte gew ral contours were, found to be about thP same as given from the survey of1855, and it ap· 
pean~d that thP vessel when aground was on a shoal distinctly marked on the cllarts with 12 feet 
of water npon it. 

Tbe rpsult of the season's work is detailed in the report rnalle to you by the chief of party. 
Xew York Harbor being a place of so mucll importanct', a1Hl tlie changes ou it8 bar, though slight, 

l"f'(jlliri11g frequent examinatious to keep tl1t· mariner ::;uppliecl witb the latest information, it has 
het•11 my endeavor to give some atte11tion to it each ~·ear. 

Since the complete resurvey of the bar made hy Lieut. Commander E. B. Thomas, U. S. N., 
Assistant Coast am! Geo1letic Sur,·ey, in 1882, Co11grps,; has mach• no allowance nntil the present 
year for l'!uch work. Iu the summer of 1883, the schouller Drift having returned from work ou tl1e 

Sonthem Coa>:<t late in the season, and it being ver~~ desirable to keep tbis party intact for the 
winter's work, I"ieut. ,J.C. Premont, O. S. :X., As:-;ist<rnt Coa;;t awl Geodetic Survey, the chief of 
party, w;ts assigned to this field aml obtaint>d data for correcting the charts. Likewise, in 1884, 
coasidt>rnble data were obtained for this pnrpoi'e. 

Tlw steanwr Bache, by reason of rPqniriug- new boilers, was left out of the general scheme for 
work during tlw snmmer seasou of 1884, bnt the perfectly organized parts on board that vessel, as 
a mattPr of good public policy retained in the Sur\'ey 011 their naval pay, was used for this piu
pose. 'l'he chief of party, Lieut. H. H. :'lfanstield, C. S. X., .L\..ssistant Coast and Geodetic Survey, 
in anticipation of an assignment to a reg-nlar wn-al cruiser, wa;; allowed leave, and I assume1l the 
g-e1wral charge of au examination of t.!1e 1mti11 Ship alltl Swa;;h Clm111Jels, which was well 1ione lJy 
tlw party, uwler the irnme1liate direction of Eusig-11 .J. :\I. Orcluml, G. S. :N', Assistant Uoast anct 
(l:l•()(letic Snrvey. The expenses of thi1-1 work were practically little more tha11 if the Yessel had 
n•11rni11e1l at the dock awaiting· the completioa of lier hoilpr,.;, \Yhile the results of the work euahled 
us to gin• to the public the lateRt clia11ges, w!Jich al'e so uecessar:-· to the pilots of the large steamers 
t>ut<·1fog the l>ort of:N'ew York. 

The part;r on board the steamer En<lea n1r, nndeI" charge of Lieut. G. C. Hanus, U. 8. N., 
Assistant Coast and Geodetic Survey, was engag<'f1 upon the resun·ey of Delaware. Ba~· at i~ 
t•ntrmwe. Tlw result of the season's work is detailed in the report of Lieutenant Hanus. This 
completes the lit-it of parties at work during the SamrnPr. 

l>nring the Winter the steamer Badw, that lmd uceu placed under charge of Lieut. E. D. :F. 
I:lPalil, lI. S. N., .Assistant Coast and G<>odetic S11n·ey, on the <letachmeut of Lieut. H. B. Mans
lield, U. S. l" .• engaged upon an examiuation of a dretlg·pll chau11el iu Mobile Bay; a, surve;y around 
thP Cha111lelenr Islands, off the coast of l ionisiana, and in continuing the hydrograpby of the West 
Uoast of Florida. 

I would state here that the Survey, in losing the 8erviecs of Lieutenant Mansfield, by rea,sou 
of his detachment after a four years' tour of duty, lost one of the most valuable hydrographers 
with whom it has been my good fortune to be as:soeiate<l. l 1'ertile in resources, thorough iu his 
conception of the work, unassuming aml pleasant to his suuordiuates, his party was always ready 
for liis quietly-gi\·en instructions, and his abilities were fully equal to the exeeution of any work 
intrusted to him. It was only necessary to furnish him wit.11 projections and point out the field to 
he !lure of good results. The Survey eannot too soon recall him to its work when his services shall 
become available. 
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Lieut. I<'. H. Oros by, U. S. N., after a short Reparatiou from the Surn•y aR <rne of the ofticcr1' 
sf'nt to the relief of the Greely party. wa . .; iu October again detailed by the Nav;v Department fur 
the work, and assigned h,v you to the co111111a1Hl of the steamer Geduey, in Kovcm\1er. During: 
the Wi11ter ht>, with his party, made a snrn•.v of portions of Sabine and Calcasieu Lakes aud tl1e 
coast of Texas geuerall.v, as detailed in his report. 

Lieut. CL C. Hau us, l'. S. N., in dmrg·e of tlw part~· 011 hoard of the istea11wr Endt·a\ m, l;iid 
up tlrnt \·essel at Norfolk, Ya., trnnsfrrred hi>< ofiict:'rs and a o;ullicieut nnmher of' 11w11 to or~a111z1· 
another party to the schoorwr l~eady, aIH1 prneeelll•1l to Uharle;;tou, S. C. Ht>rn hP tm·1wd on•r tLe 
Ready to the charge of Mr. Buge11e Ellicott. Ai<;;istant Coast arnl Geodetic Sur,·e~·, witl1 tlte 
uceessar,v men, aud with his 01r11 party took cilarg·e of the steamer Arago, whicli Lad lwt>n leJt at 

that place iu anticipation of the work reqnirnd. 
The Arago's part,v ran iu the ishon•-liue ;rnd 111adt> a h~·drograpbic surve~· of a pol'tion of Sto1w 

RivPr awl connectio1is tlmmgll to thP \\'adn1elaw Rin:r, a!J(l tLeu completed the 11ydrogrnph~· of 
the Saint .Jolrn's Hher from I:ac(•y l'oint ro .Buzzard Islarul. At the end of tl1e ~easo11 Lieutenaut 
Banus's part.\· again joinrd tlie Head,Y a111l u11dl'r cli<ll'ge of Ensig11 E. F. I1eiper, r. S. :N .• Ai;1>ista11t 
Coast and Geodetic Surn·.v, pro(\etd1·d to New York arnl re,ioi11ed the Eudeaym· at that pl<we, 
whitl.ier Lieutp11ant Ilanus had preceded tlle111 to get the Yessel ready for tlw resun·ey of Sew York 
Harbor. 

The steanwr Bl<tke, whic!J for tl1e past two year!! liad been so ab!J· commalHled by Lieut. Colll
rnander '\V. H. Brownsou, U. S. 1"., wlio wa;; n•calle1l by the Navy Departmellt to regular °NaYnl 
duties ou boan1 of a man-of.war, w~1;; fitted out for <lPt'JI i;cu cunent. obsenations, uud1-r eliarge of 
Lieut. ,J. E. l'illshury, U.S. K. It might be yn·opcr here for mc to place 011 record my apprt>ciation 
of Lit:>ut. Commandt•r Brow11so11's sen·ict•s 011 the varie'l work of which he has been plac•_'d in c11argt' 
while cmumauder of the steamers Gedue~· aml Blake. As, howcn•r, at tlie date of this repol't, lie 
is :cigain ou dut,v it1 thiis offi<-t\ haying been selected by yon :•is my successori11 elrnrg1, of the h,rdrog
raphy of the Coast and Geodetic Surn•y, it is hanll_y 11ecessary to state more tba11 tlia t l feel prond 
of being relieved b_y an officer of his ahility and expe.rience. 

No assignment to tlie command of t11e steamer Blake could, in my opiniou, promii;e such g·ood 
results as that of Lieut. J. E. Pillslmry, madP hy ~ ou ou the detaclnue11t of Lieute11aut ('omuiauder 
Brownson. 

'l'his officer's long experience as the Execntin· omcer of tliis same Yessel during '1'llic!J he fre
quently was called upon to take tiie chief conrunrnd, Iris Jong familiarity with charts, hii:; mechau
ical ingenuity, and his indornitahlP \\ill cauH• me to fet>I the greatest co11fidt>11ce i11 thP fntu!'e of 

this scarcely devclo1Jed but important lnauch of tlm Sm ve~·, Yiz, det'p-sea curreut;;. Tlw end of 
the year finds us with most \'aluable data obtaiued h~· him with deYices invented by himself dnr-

- ing a season oft' the eoast of Florida. 
Overcorniug difficulties that aU11ost mJJ- one else would lta,·e regarded insurmountablf, lie ha~ 

anchored the steamer Blake in the Gnlf Stream in fonr or five hu11dred fathoms of water, remaining 
at anchor almost continuously for a complete lmrnr 111ontl1, and while his records are not yet co111-
pleted, the chief of the hydrological hrauch of t11e Survey, Prof: H. Mitchell, is enthusiastic iu his 
commendations of the achievements of this party, an<l being so thoroughly interested i11 this part 
of the work, I myself feel that I cannot clo;;e this, my last n·port, without placing on record m~
strnng admiration for the ability of J,ieutenant Pillsbury. 

Congress having in February passed 1.be appropriatio11 bill contaiuing an item for the resm· 
vey of New York Harbor, whicl1 .ibonld hecome immediately aniilable, the office lurn been taxed 
to its utmost to obtain the number of proper officers to organize tbe four parties uecessaQ· for the 
work. Lieutenant Hanus, with his party, 011 tbe cornpletiou of the work in S1ut!J Carolina and 
Florida, became available for one, and Lit>ut. '\V. G. Cutlt>r, U. S. N., who had been iu eharge 
of the schooner Paliuurus in the resurvey of I .. ong Islaml Sound last summer, became an1ilahlt> 
for tl1e chief of a second party, and was placed on the work, again in charge of the Palinnrus. 

Lieut. John M. Hawley, U.S. N., who hall se1Ted one tour of \luty in the Surn•y 1Jefore hi;; last 
cruise in a man-of-war, fulfilled the requirements for a second tour and he was placed iu charge 
of tbe party on board the schooner Eagre. 
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LiPut. F. S. Carter, F. 8. N., ha\'ing be1•n detailed by the Department for Coast Survey dnty 
wm; given charge of the schooner Drift, which was to be engaged on s1wcial cnrreut work, it, being 
:-;omewhat uew 10 any one who might be employed. 

The :-;d1eme prqiared by m~·self <lllU apprO\"ed hy ~·on, made the followiug dispositiou of the 
parties: Lieutenant Hanus with the steamer Endeavor, one steam lauuch, and when neces>mry the 
;;teamer Daisy to SlllTP.V the Entrance and 1mtin channels. 

Lil'utmianr Hawley" ith hiH party on boar<l the schooner Eagre, to which is attac!Jed one steam 
launch, to surn•y tlw East Hin•1· from O:on»rnor's Island to the eastward. 

Lieuteuant Unth~r with bis party a!lll a steam launch attached to the :,mllooner Palinurns, was 
to tmrve~· in tlw North Rin~r, heg-inuiug at Governor's faland. 

Lient<:uant Cart,,r on board the schoo1wr Drift with a steam launch was to be associated with 
a }'arty on hoard the sdrno11er Scoresh~·, urnler .Assistant H. L . .\lariudiu, wlto was also Rupplie<l 
with a steam launch, 011 special current observations at first. Later it is proposed that the Drift's 
party slioulil make current obsernitious outside the entrance of New York Bay. 

Thtese partiel'<, with tlw exception of the Drift, were in the field about the first. of .May, but were 
>:onrnwhat delayed on account of want of topographical data which could not then be furnished; 
still a very creditable commencement was made up to .June 30. Of course this cannot he fully 
reported befom its compll'tion, and uaturally comes in the next annual report of the Hytlrographic 
Inspector. 

Of the other Yessels of the Surn>..Y uot mentioned before in this report, I bave to statP that thii 
;;tl'alller Hitchcock was used by the topographical party under Assistant F. W. Perkius, ou t11e 
coast of Louisiaua. 

The barµ:e Beaut,\' was usml by th('. topogmphieal part.v under A.ssistm1t 0 . .\1. Bache <lming 
tlt(~ ;;umrner of lS:-54 ia the iuterior waterH a<lja_cent to the Ne\\" Jersey coast. The schooner Quick 
was also in smTice in charge of A,;sistaut ,Joseph llergesheimer off the West coast of Florida. 

'l'he schooner Drift, ou which was the h;plrographic party under Eusigu A. F. l''echteler, 
U. S. N., was taken to the eastern end of Long Island an<! used by the topographical party 
mHler charge of Assistant Oharles Hosmer. 

Of the remaining ves:;;elR, the Rteamer Barataria, schoouers G. l\1. Bache, Sillinu1n, and Re
searnll wen• laid u11 during- the entire year. All of these vessels have about arrived at a point 
beyond which repairs become unprofitable, and as the Bache and Silliman could be used in an 
emerge11cy, it might be well to retam them on the list, but I would recommend that the Iiesearch 
be sold :is uttPrl.r lll'<eless. Through the reeonm1ewlation of Ueneral Samuel .B. Holabird, Quarter
master-General U. 8. A., a \'\•ry valuable addition ha.s been ma.Ile to the tleet of vessels by the 
transfer of the schoon..,r l\latcbh•ss from the \Var Dep~ntment to the Coast and Geodetic Survey. 
\\~hile the trausfer fr i11 the 11ature of a loau, it is probable that the Snrve;v may be i-lossessed for 
a 1mmber of yt>ars to come of aver;\' good·~chooner. 

Ou recommendation of the Light· house Board, a very useful little nissel has been obtained by 
tlu• trausfer of the steamer Daisy. The Yessel, though quite old, is, it, is thought, good for several 
years' sen·iee iu inside waters. 

Wllat has preceded refers to parties and vessels employed on the Atlantic Coast. 

I'A.CIFIC COA.ST. 

On tbe Pacific Coast much difficulty is experienced in executing hydrographic work, for uot 
011 ly is the coast a ver,y <litlicult one to work upon, but the 8mall appropriations permit only a small 
portion each ye<w to be l'lpent in actual field-work. 

Tl.Je repair and outfit of the >et1.sels are a.t a cost. almost double what it woul<l be 011 this coast, 
while the wa.ges of men are also much higher, as, for instance, a seaman in the Merchant service 
gets from $!0 to $70 per mouth, in other brauches of the Go\·ernment service be receives about $40, 
while seamen on board Uoilst anll Geodetic Survey vessels who are shipped on Naval Rolls receive 
only $2-t. This is made up to about $30 un<ler the allowance for subsistence, but as the appropria
tions will permit it for only four or lh'e montus out of the year it can readily be seen that good 
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men do not remain in thP Snrvc•y for any length of time. At the sanw time this slight inerease 
of pay adds \'ery much to the expense of the work. A largi~r allotment for thP work is th<~ only 
remedy for this evil. 

The passage of the steamer Pattc,rson to the Pacific Coast from ~i·w York has been made the 
subject of a special report to ;vou, but 11otwithstauding the loug paRsagP, under Lieut. R. UloYer's 
able mauagemeut, sl1e was equipped at 8a11 Francisco arnl was well nuder way with the work Oll 
the Coast of Alaska in the earl.r part of the ,,e;isou. To my miml tliis is the most importaut field 
for surveying which is left to the ;;en·ict', and I cam1ot too ;;troug·J.\· urge the i rnportauct~ of a liberal 
allotment of mouey, and tlJe detail of an oftien in cliar)!P wl10 will lrnvP, likt' tlw Patterson's present 
commaudf1r, the highest attai11rnt>nts as a snn·pyor. lt is 11ee1lless to sa~· that the iutere;;t. l lmYe 
bad in this vessel aml her work from its inception, will uot les1;pu after m~· detachmeut, from the 
Surve.)'. • 

Tl1e steamer Hassler was engag·ed with the party uuder the dirediou of Li(·ut. Connuauder. A. S. 
Snow, U.S. N. Assistai1t Coast and G!'odetic SurYe,r dnrii1g·t!Je Sumrnerof 1.SS-i,ou the hydrogTaphy 
of the Straits of Fuca. I ca1111ot co111uw1Hl too highly tl1e e11ergy arnl i11tl'llig·(·nce of this officer, 
who11e mmiagement of liis party has wo11 my 11t1011g('St approbation and tlic hig·hest commenda
tious of all mt:>mbers of th(' Stll'H'J wlw ha1e coml:' i11 <·outact witl1 l1iw. 

The party on hoard tht> steamn l\lcArthur mulpr tht• eharg'<' of LiPnt. E. D. Tans1'ig, U. S. N., 
As,.,istant Coast and Geo1letic Snn·t·,r, has hnd rnud1 to co11tend with iii tl1e field of operatious Oll 
the coast of California, owiug to tlw small aud dangerous diaracter of the lrnrbon;. 

The meager appropriations have also hee11 a caui-e of dl'la,r, but tl1e d1iPf of party has gl'nerally 
O\'t•rcomt• tlw difficulties and trani<rnittl>d to tlw oflice data, in qnalit,Y nm·x<'(~llt•d l•y any I have 
tiet•n from that coast, and equaled b~· that from Yer~· frw pm·tit>o;, while tile quantity was very 
creditable itulel'd for tlie amount of rno11p~· allotted for the work. 

'l'hf\ schoouer Earnest o;tartt'd a Yery promhdug seaso11':,; work iu Png·t·t Souml at tlie comrnence
meut of the }t>ar, wl1ich carnt> to au alirnpt termination aliout the mitldlt> of ,July, by your tele
graphic instructions to dh;coutinue the 1:mne,\· 011 ac<'ount of lad; of appropriatin11s. 

The schoorwr Yuko11 has been u;;£•d on topographic work with the part~· nuder Assistant J. F. 
Pratt. 

'l'he changes which have taken plan• amcrng the ~a val oftic<>rs attached to tlie Sun·e;.· are in
dicated iu 11 statement appended to tl1is n·port. l also ilJlJlPlld a roster of the officers with their 
titatiotHs Oil J uue 30, 1885, a list of uaii1e:,; of vessels, tlH'ir tonnage, &c., i11 the ><t'n·ice of the Sur· 
ve.r duri11g the th.cal ;rear, and tabular statemeut:s sl10wi11g the whole uumiwr of m1nll oilict•rs ou 
duty at different periods during the year, allll the 11umher of men attached to tile vessels of the 
Survey during each (JU art er of the tbcal yl'ar. 

REP AIRS OJ<' VESSELS. 

'l'he repairs and maintenance of tl1t' complemt>nt of y(•:ssels have lieeu niade easier this :vear 
than usual h.r tbe extra allotment iu tl1t' apprnpl'iatiou madt' li,r Co11gn•ss of $1:.!,000 for new 
boilers to the steamer Hiu;sler. l havl' gi\·eu in pre\·ion8 reports tlw general cornlitiou of the ves-
8els belo11gi11g to the Sm·,·ey, thus making it mmeceti8ary to do more thau summarize tlw matter 
lwre_ I will therefore make H table of tl1e amounts expernled, and stat<> as follows: 

'l'he steamers Hassler, Blake, and Bache han• new boiler;;, autl with tht•sp large items pro
vided for, the larger veSS('lS of the Sun·ey are believed to be ill good coudition for servicl' for sev
eral years to come. Au exception might be made to this in the case of tlie steamt>r Blake, which 
got severely strai11ed while aground on tlw Saint ,John's HiYer liar somf\ years ago; aml a" slw has 
leaked more or less ever siuce, it, may be necessary to makp extem;fre repairs to lier hull before 
long. 

I think I <'.an safoly i;a_y, as a rule, tllat, exct>pting the ,·essf'lll which han~ been before men
tioned as worn ont, the vessels of the SurV<';.· are in better condition t!Jmi thf'y were four yt'ar8 ago. 
It will, howe\'er, be a difficult matter to prm·ide for the ordirnuy wear and tear, particularly now 
that the Pm.terson, the largest vessel of the fleet, bas been addt>d to the list, on the appropriation 
passed by Congress for the present fiscal year. The very least that should be estimated for is that 

B.Ex.18-16 
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sum to which the appropriation was re1luce1l in 1878, and below which it has ne\·er been until t.he 
present foical year, viz, $301000. 

OFFICI<~-WORK. 

The general office-work has progressed, as mmal, to my entire satisfaction, the results being 
presented in the talmlated records appended to this report, of work done by Messrs. Eugt>ne Wil
lenbiicher, "''· U. \Yille11biicher, and F. C. Dorm. I may be permitted here, as I am about to sever 
my connection with the SurvPy, to submit some remarks in relation to the office of the Hydro
graphic Inspector, as the matter a11Pcts others, and, I heli1we, the ser\'ice in general, whose iuterest 
alone I have attempted to st11d.v during the past eight years of m~· life. 

As I understand, tlrn duties of the Hydrographic Inspector, and wliich, from my numerous in
terviews with ~'OU, I am led to beliPve :rncord with your Yiews, are as follow::;: He rs ill charge of 
tbe detail::; of all hytlrogrnpliic work, acting as th•' chief a<h·iser and e:xecuti,·e officer of the Super· 
intendeut in hydrography; lwiug rei'p011Rible to him for tlw proper execution of all hi::; instructions 
in relation to h~·drographic matters, ill the :same mamwr as the Asiodstaut in charge of Office and 
Topography is responsible to him in mattnl'i pertaini11g to the office and to110,graphy. As the In
spector of H_ydrography aml as iu clrnrge of the repairs and maintenance of the Vl'ssels of the 
Survey, his duties are in the field as well as in tlrn offir~e, and among the \'essels, with a view to 
harmrmizing all the work of the Yarions hyclrographil- parties, and to obtain the best results in the 
repairing of vessels that hi8 t>xperience. and the Snperintendent's allotmenti; may 1mggest. He is 
at the same time in charge of tbe HydrogTaphic offiet>, which embraces the Hydrograpbic Dh·ision 
and the Coast Pilot Dfrision. l have endeavored to carry out this, my interpretation of the Super
intendent's varions discussions, and I belieYe that in most cases some benefit l1as accrued to the 
harmony of the various braucbe8 of the work. 

I have been extremely fortunate in having associated with me in the office the best men that 
ba"'e ,graduated from the Survey under previous assignments. The Coast Pilot work met with a 
loss when, in December last, Lieut. J.E. Pillshmy was assigned to the commaud of the steamer 
Blake, but in tl1e end, the service will gain by bis transfer to that command. 

Partly from sickness during the past year, more on accom1t of necessal'y absence from the 
office on duty, but principall;y from my sense of what was due the ability of that officer, I ban>: 
gradually turned all tbt• details of the HJ drograpliic Division over to Lieut. Jeff. F. Moser, U. S. 
N., Assi;;taut Coast and Geodetic Survey, iu whose hands the ver:v bt·st re;;ults possible will be 
obtained. The Sun·ey will never suffer for want of a strong man (with the most liberal construc
tion that can be placed on the word) for auy 11ositiou in the service as long as be is available tor 
its work. 

Mr. Edward H. W;yvill bas. as mmal, gfreu valuable assistauee as my clerk. 
I cannot close this, my last report, without expressing my warmest personal obligations for the 

ma11J· acts of courtesy l have receiw<l from nearlJ· eyer;}' member of the Survey, from the Super
inteudent down, aud my interest will t•vn center i11 work wliieh to me bas so mauy pleasant. asso
ciations. 

Prof. J. E. HILGARD, 

V er::y res1lectfnlly, 
C. M. CHESTER, 

Commander, U. ,r;;. Navy, 
Hydrographie Inspector Ooa.~t and Geodetic Survey. 

Superintendent U. S. Coast and Ge()detfo Sur1Jey. 
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Hydrographic sheets pfottcd, rcr(ficd, and inked d11ring the fiseal pear ending June 30, 1885. 

Titles of sheets. Seale. nraughtamen. Remarks. 

ATLANTIC COABT. 

' Narra,gnagns Bay Entrance, Me . __ ..... ______ .. 1--10, 000 : Eugt>ne WillenhudH•r Protracteil, plotte1l, and 

Narragnagus River, aboTe Mill\)ridge, Me . . . 

Harrinzton Bay and River, Mt"-

Ple&.,.nt Bay, Me ............... . 

L'Homme Dieu Shoal, &:.c., M:Ms. 

Oft' Point .Judith, RI. __ ... 

Loni( Island Sound, Race Rock to Plum Gut ---· ... _ .. ·----- ··-
Long Island Sound, Plum Gut to Inlet Point· .. 

Long Iabnd Sound, Inlet Point to 01'1 Landing 

Long Island Sonnd, Chapin Point to Hatchet· Point.. .. __ 

Loug !eland Sound, Hatchet Point. to Cornfield Point ..... . 

I..ong Ialand Sound, Cornfield Point to Hammonasett Point .. _. 

Lon:r leland Sound, Rammonasett Pomt to Sachem's Head .....•. 
Long Island Sound, Sacbcm'R He.ad t.o Nf'gro He.a<ls. __ ..... _ ..... 
Long Island Sound, Chapin Poiut to Bartlett1

R Reef ..... . 

Dimond Reef, New York Harl>or ..................... ·----- ..... __ 

Gedney and Swash Channel~, New York Lower Ba:r ............ . 
.Approaches to Dela.ware Bay .. ____ . 

Delaware Bay, Broadkill t-0 MiHJtilliou C..:rrek ..•..... _ .. __ . ___ ... 

Delaware Ba)-, Jont:~' Creek to Mahon's Rivt>r 

1-101 00-0 , do 

1-10, 000 i tlo 

1-10,000 :-----do 
1-10, 000 : F. C. Donn 

1-10, 000 W. C. Willenhucher .. 
1-20, 000 Eugene '\\,,..illenbncher 

1-20,000 ...... do ·-----

1-40, 000 do 

l-10,000 F.C. Honn--------·· 
1-10,00o ...... <lo ............ . 

l-10, 000 do 

1-10,000 W.C.Wi!lenburhcr ......... .. 

1-10,000 ...... do----·-------
1-10, 000 ' F.ugt•n-e ·w-i1l1·nlmcher 
1-5, 000 : .... _ do .. ____ ... ___ . 

1-10, 000 W. C. ''\""'illt'uhucher 

1-4(1, 000 Engf•m• "-'~illenhu~her 
1-20. 000 -·-- .. do .. _________ .. 

1-20
1 

000 : W. C. ",...illcnbnrher 

Back Bay, N. (j _____ ------

1 

l-20,000 .... <lo 

JnpiterRiver,Hole8onnd, &c.,Fla .... ·-- ..................... 1-5,000, .. do. 

Lake Boca Ratone, Hill•boroRher, &c., Fla --- __ ------ ----- 1-10, 000 i 

S<lntbem part of New River, and Head of Key Biscayne Bay..... 1-20, ooo 

<lo. 

do 

... do 

Lake Worth. Fla ..... ···---------- ... ----·--····-----------·--1 l-40,000 1 

South of San Carlos, Fla. (Sheet No. J) ........ __ .•. -I l-40, OO(l 1 Eug,·n~ VlilJe.nhucht"r 

SouthofSanCarlos,Fla.(Rhf'lt>tNo.2~ _____ i 1-40,000! .dn 

Lemon Bay, Fla.,Bocillalnl~ttoStnmpPass ... ····------···---- [

1

1 1-20,000 do 
LemonBa;'io·,Fla.,StumpPap;AtoheadofBay ..... ·--------· __ 1-20,000 do. 
Saint Joseph's }fay and npproachPR, Fla. (Sheet No. l) _____ ..... _.·I 1-40, 000 do 

Saint Joseph's Bay an<l approache•, Fla.. (Sbeet No. 2) ...... __ . _. __ I l-40, ooo .do .. _. _. _. ______ . _. 

A.ncloteRiver,Fla................................ .......... i 1-10,000 do. 

Grand Pass, Mississippi River, La .............................. ! 1-30,000 \\' ... C. \YillfmbnehPr ......... . 

Oft' coast of Louisiana and Texas................. ............. i 1-80,000 ..... do 
Sabine Pass, La. and Tex. _____ ............. ·--- ........... - ....... f 1-~o. 000 ...... do 
Outer Bar, Galve11tDn Entrance, Tex ___ ------ ___________________ I 1-10, ooo ___ .. do 

&nth of Galveston, 'lex ..... - . -· - - ........ --- -- .. -· ........... - . ..I 1-80, 000 ...... do 
North Atlantic Ocean .................... - .............. -- ....... /1-l, 200, 000 Engent- Willenlrnf'ber ... . 

PAClrIC l"OAST. I 
Pee ho Point to Bucbon Point., Cal.. .. ___ ..... _ . . . . .. . ......... 

1 
1-10, 000 t'. C. Honn .... _ 

Bnvbon Point to Bea.ch Point, Cal. ..... ···-··--------····--··· .... I 1-rn, ooo .... do_ ...... ·----- ........ .. 
Beach Point tn Moro Rnck, Cal ------ ---- -- _ --- - _ - --- -- ---- --- __ --i 1-10, 000 do 
Moro Rock to Point 8, Cal .. - - .. -- ............. - .......... -· .. --J 1-10, 000 .... do . --- - . -
Pfoe Hou"" to Castro 8, Cal.. .. -.. - -- ............... ---- -- ..... _ .. 1 1-10 000 ' ... do _____ ._ .. -- ....... .. 

Cutro A to BTeAker Point, Cal. ___ - _ __ _ _ _ .-11-10: 000 1::: _ -.do - - - -- - - -- --
Breaker Point tonortbward, Cal·--------·--·······--··.......... 1-10,00<J i ...... do ............ .. 
Salmon Point to Point Cabrillo, Cal ......... __ .... _ .. __ ..... _ _ 1-!!Q, 000 ____ do ...... _ ... - - .. 
Point Cabrillo to BrnRby Point, Cal. _____ . _. _ _ _ 1 1-20 000 : do 

Ne11tuooaBay, 0rel(on........ . ............................... ! 1-10:000: W.C.Willenbneber ..... . 
Siuelonr Rivt'>r Entraooe, Orej(on ......................... .. 
Gray'A Harbor, entrane ... W. T .. ___ ... _ ... _ .... 
Gray'e Horbor, upper part, W. T ...• _ ........ __ .. _ ..•.. 
JU11ction of Stephen's Puoage and Lynn l_;ana.1, Alaska ......... . 
Bartlettf'_,ove, Alaaku. ________________ .. __________ .. _________ -. 

1-10,000 --·-do.-----· ..... .. 
1-20, 000 : 

1-20, 000 ' 
1-40, 000 

1-20, 000 

. do------
..... do--·---- ...... 
En~ene Willcnbncher .. -

____ .do-------

drawn. 

Plotted a.ml drawn. 

Do. 
Do. 

Pr()t.racted, plottOO, anti 
drawn. 

PlottiArl anrl drawn. 

Do. 
Do. 
Do. 
Do. 
Do. 

no. 
Do. 

Do. 
Do. 

Protract~d. plottf'-41, 
drawn. 

Do. 
Plotwd and drnwu . 

Do. 
Do. 

Do. 

Do. 
Do. 

Do. 
Do . 

Do. 

Do. 

!Jo. 
Do. 
Dn. 

Do. 
no. 
I>o. 
Do. 
Do. 

nn. 
Uc1. 

l>o. 

Verified, inkod. and fini•h<'d 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Plottf>d and <lral<"u. 
Do. 

: Verifit•rl, inked, and finiAhed . 
Do . 

Uompilat-ion. 

Do. 

Leo .1.ochol'&jle, Alaaka ............ __ .... --·--·------··· ···--· .•.. 1-20,(}(}() , ....... do·---····--············ Do. 
Peril Strait, from Point Sol vi& to Ni•men Point, Ale.eka ·--- ____ .. J-20,000 .-·-·-do-------···-··--·------ Do. 
Inland Pusage, Peril Strait to Sitka Harbor .....•..•.......•.... __ l-20,000 '. ••••. do------···········------ Do. 
WrangellStrait,Alaeka ............. --· .•...... ·····- --···· ... . 1-20,UOll •••••. do_...................... Do. 

So1u.b"""t Altwoka, ~vU!l! Q-ige<lo Chltnnel, 12 shoots ••••••..• , .•• Various. F.C,Don11 .• ., .•.••. ,,.,. ..... Fi11ishin1t. 
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Hydrogrophic sheets plotted, rerified, 011d inked during the .fiscal yfar ending June 30, 1885-0ont'il. 

Scale. Draughtsmen. :Remarks. 

MJ8CEI.LA.N'ROU6. 

F. C. Donn ... ---------·--·.·-· 
1 

Tracing. Plan of Rtf"a.rnm· Hassler . __ 

Deep-se"' soundings (2,505) Eugenu Willenbacl1er . . . . . . . Plotted by latitude And lon

gitude . 

Temperature ~tatiom~ (306l 

CurrentstationR (2g) ... ,. ..... . 

41 Tracings fm· Hytlrog:raplJic parties, Li,i.cht-Rowi.t>- Boanl, &c ...... . 

Project'8 for <'harts ~os. 714, 715, 727. and i21' ..... 
One projection, DimQnd llet~f ..... 

...... do .................... . 

----- do ....... . 
·w C. '\VilleD bucher ... - - -

E11treir1t' Will~nliucher _ 

1-5,00U ...... do. 

Two projt>ctions .. 

Steame1· Pattenwn 
l-20, 000 ..... do .................... . 

Steamer PattPrs~1n. ('UrvcR of Rtnbility . 

Steawer Patterson, area, moment cnr~f\8, &c _. _ 

F'. C. Dono 

<lo ·---·- ·-----··--····· 
.r1o 

' 

Do. 
Do. 

Tracing

grap.b.. 
llo. 

no. 

for photoli1ho-

Steamer Uache an1l others .... _ ... _ ... -------:------do -·-··--····--···-·---·,Tracing and comparisons. 
M?On's Declinntion _ ..... j_ __ .. _,Jo ..••• __ .• . • . j Copyin~ cnrvea. &c • 

.Additional bydrography. plotted nn four or ig-loal Rht>t>ta ...•... __ ..... _.. . _. __ rlo .. _____ . ____ .. f Proh"a.cted, plotWd, an t1 

drawn. 
Additional h_ydx·o~raphy, plotted on 17 original Aheets --- .... ____ ...••.•.•. __ _ Do. 
Progress sk~tch, coast of Maine... . ......... . 1-10,000 , ...... do .................... .. Drawn. 

Verification and correction of i·ertuced Drawings of Hydrography for fi.~cal year ending June 30, 1885. 

Title of Charts. Seale. 

C Gulf of .Mt•xit.•o :1-1, 200, 000 ' 

14 

15 
I 16 

}(13 

120 

121 

140 

' 131 
' 14i 

148 

152 
153 

UapP CanA..v-~ral to Fowey JWckR. ·---- .•. _ .•. __ • ___ .. _ ·- _ 

StraitH of f·l11rida ................................. . 

K.-.y \YcAli to Tampa Bay ................... ·------·----

l:!ount lJesert li;lnncl, &<' ----·······--·--····-···-···-· 
New York Bayanilfiarbor ............................ . 
Sandy Book to Barut>g-a-t. -- .........•. __ .... _ 

A11H .. marle Sound (en.stern sh(~f>.t) .••.••••. _ ..• __ .......... . 

Entram•e to Chesapeake Bay .......................... . 

~~::: ~~=:: :: :::.·:: ·:: .··:::: .·: ::::: :::: ::::::: :: :: : :::::.1 
, CoaAt chart 52 ............................................ ! 

Wins ah Bay to Lo111< I.Jami. ............................ 1 

175 San C:ulos Bay to I ... emou ]fay .. _ ................... _ ••..••. j 
1i6 : Lemon:HaytoT.a.mpaBay................................... \ 
177 · '£an1pa Da_r ... _ .................. --··-······--·····. 

i .la9 Culiho11ne Sound and Skull Creek ........................ [ 
i 440 Savannah RlYf'rand \Va6.sawS<>und ........................... \ 

62\a Sau Franci~co Entrance .......... - ............ ····---- ... \ 

t\r)(l ; Port Gamble ....... --- .... - 1 

67::J 1 Point Concepcion to San LniR Obispo . __ ........... _. . • • • . I 

1-400,0()() ; 

1-400,000 i 
1-400, 000 ! 
1-80, ooo I 
1-~0,000 ' 

1-80, 000 ! 
1-80, 000 : 

1-il0,000 ! 
1-80, ooo i 
1-RO, ooo I 
1-80,0oo I 

1-ilO, 000 : 
1-80, 000 ; 

1-ilO, 000 
H'll,000, 

l-<IO, 000 

1-80, 000 

l-l!O, 000 

1-20,000 

1-200,000 
710 : RevillaGigetloChanneL .................................... / 1-200,000, 

712a. Ilarl)or~ Rt> villa Gigeito Channel. ..... ~· __ .. _ Various. 

714 Wrangell Strait, Port Wrangell, &:c.. •. .. . . . . .. ... . . . . 1-40, 000 

715 Ancbornire• in ~outbcast.Ala•ka ........................ ! VariouR. 

727 , 1 nlnnd pae!Ulge betwe,en Sitka and Hooniab Sonnd .. - •... : 1-40. 000 I 

728 Junction of :Stephen·• PH8Rage and Lynn Cana.I. l-80,000 

Drangbt.sman. 

Do. 
Do. ' 
Do. 
Do. 
Do. 

llo. 
Do. 

Do. 
Do. 

Do. 
Do. 
Do. 
Do. 

Do. 
Do. 

Do. 

Do. 
Do. 
Do. 

Do. 
Do. 
Do. 

Do. 
Do. 

Do. 
Do. 
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Charts for which reduced drawing11 of hydrography 1cere made dur·ing the fiscal yea.r ending June 30, 

1885. 

-~----------------,--------,---------

! . 
I 

Title of Charts. I Scale. Draughtsmen. 

I 
I , 

A 

B 
c 
c 
D 

IO 

14 

14 

103 

------ --- ----------~- 1------
CRpe Sable to Capt>i Hatt.eras 11-l, 200, 000 Eugene Willenbucber. ! 

Cape Hatteras to Key WeRt :1-1, 200, 000 Do. 

Gulf of Me~ico. --· ....... ·--- ...... __ _ !1-1, 200, 000 Do. 

Do ..................................... . 
Do ............................ __ __ 

!1-1, 200, 000 W. C. Willeolmcher. 
:1-2, 100, 000 EugPne Willenbuche1. 

Cape Henry to Capp Lookout. 1-400, 000 W. C. Willenhucb~r. 

CRJJf\ Cana'""eral to Fowey Rock8.--·-······· ............ . 1-400, 000 Do. 

Do .... 1-400, 0-00 , Eugen~ Wi1lt>11lnu·hrr. 

103 

104 

105 

Coast chart No. 3 ... -· ............ .. 
Do .............................. .. 

Penobscot Ba;-;.~ ... 

Penobscot Hay to Kennebec Entranc~ 
100 Krnnebec Entrant'~ to Saco Ri'\"eT" ....... . 

112 Monomo.\" to Block bland (Middle •heet) 

113 Monomoy to Block Island (Western sheet) 
113 Monomoy to Block Islann (We•tern sheet). 
114 Long IRiand Sound (1<~ ... tern sheet.) . _ ..... . 

115 Long Island Sound (Middle sheet) .. - ........... -.. . 
120 NewYorkBasandHarbor .......................... .. 

124 Delaware Bay (Lower sheet) .......................... .. 

125 Delaware Bay (Muldlesheet) ..................... . 

137 Cape Henry to Currituck Beach------. - ... - ---- .. -- ..... . 
142 PamplicoSonnd (Sheet No.1) --· ............... . 

143 PampliroSound (Sheet No. 2) ·-·-- ........... --· -

1-8ll, 000 j Do. 

1-8ll, 0-00 I W. C. 'Willeubucher, 

1-So, ooo · no. 
l -8U, 000 Do. 
1-80, 000 

1-80, 000 

1-80, 000 

Do. 
F.C.Donn. 

Do. 

l~o. 000 1 W. C. Willenbncher. 

1-80, 000 Do. 

l-80, 000 Do. 

1-80, 000 Do. 

1-80, ooo Do. 

1-80, 000 Do. 

1-80, 000 

1-80, 000 

1-80, 000 

Do. 

Do. 
Do. 

156 

170 

307 

Savannah to Sapc,lo Island ..•.... ,. ...•.... -----········ 
Key West to Rebecca Shoal. ................... - ...... . 

1-80, 000 Eu~enB Willenbueher. 

1-80, 000 W. C. Willenbucher. 

Blue Hill Bay, &c ..................................... .. 1-40, 000 Do. 
358 Narraganset,t Ra~· .... --- --- ............................ . Do. 
353 Do ............................................... . F. C. Donn. 

362 New Haven Harbor ............. .. 

1-40, 0-00 

1-40, 000 

1-20, 0-00 W. C. Willt•nlmchf'r. 

369 New York Bay and Harbor .............. ·-·-.. .. . ....... 1-40, 000 
369'i New York Entrance .................... -· ............ 1-40,000 

676 San Francisco to PointA.rena ............... ·-----. - .... "l 1-200, 000 

Do. 

Do. 
Du. 

Do. 
6751 PointPinost-0 Bodeg-a Head .............................. : 1-2110,000 

ll60 Al.,.ka &nd adi•cent Tei ritory ... _.. 'l-3, 500, 000 Eugene Willenhncher. 

·--- ··---~--- --------

List of Naval officers attached to Coast and Geodetic Survey during fiscal year ending Jv.n,e 30, 1885. 

----- --~--------- -~--- ·-----

Remark& Name. att~~~d. I 

--·----------.!· 
COKMANPKRS. 

C. M.Chester .......... Oct. 2, 1877 Still ht service. 

LIKUTK1'ANT·COMllANU· 

lt118. 

Name. 

LTKUTEN..lNTS--Cont'd. 
i 

Date 
attached. 

i .T.E.Pillebory .•....•.. July 13,188'! 
Jeff.F.Moser ......... Jan. 29,18!14 

I Charles F. ~·o11!e. _. _ .. _ 

A.S.Snow ...... ·-·-·-IAuiz. 1, IR83 
, J.M. Hawley ........ . 

Still in •ervice. 
1 

G. Blocklin!(tlt' _ 
Detached Deeember 2, 1884; 

t·e.attat·hf'd .Jnne 29, JSB:j, 

Detached July 31, 1884 .. 

July 7, 1884 
Mar. 21, 1885 

Jan. 30, 1883 
W. H. llrowoeoo .... - .

1

Aniz.11,1881 

H. E. Nichol• .......... Jao. 22, 1879 

LIEUTENANTS. 

J.T.Su!Uvao ..•..•.•.. Nov.21,1882 
H.11.Haoofteld .••..••. Feh. 28,1881 
E. D. F. Heald .• _ •.• __ . Mar. 2.,, 1882 Still In oervlce. 

:R.lclaardaon Clover - - .. , Jnly 26, 1881 Do. 

S. C. Paine ............. June 2, 188.5 
F.H.Croeby ........... Oct. 6,1884 

G. C. Hano• .. _..... Mar. 20, 1883 

F. H. Lefavor . _ ·--- .• Sept. 6, 1882 

J.C. Fremont .. -·------ May 21,1881 

LIEUTENANTS, JUNIOR 

GRJ.Dll. 

C.McR. Winslow •••..• Aujl.16,1881 

Remarks. 

Still in aervice. 

Ilo. 
llo. 

Do 

Do. 
llo. 
Do. 

Do. 

Jl;,D. TllUBSIJ! ---· ••.••. i Apr. ao, 1883 :po, Geor11e H. Peters., ••.. June30, 1885: Still in •!11''\'i<ltl. 
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List of NaMl officers attached to Coast and Ge-0deUc Sur·i-ey, &c.-Uontinued. 

Name. 

LIBUTEN ANTS, JUl!IO R 

GRADK-Cont'd. 

Datp 
attached. Remarks. 

J.M. Helm.... .. .. . . . Feb. J:l. 1885 Rtill in •en-ice. 
W. G. Cutler ......... .' Mar. 29, 1883 

F. s. CArteT .. - ... Apr. n. 1885 

B!fBIGKS. 

W. McLean ........... : ,Jul,- 15, 1884 

T. D. Griffin . May 2, 1883 

F. H. Sherman. . . . . . . .
1 

Oct. 31, 1882 
J.M. Orchard .......... : Feb. 10, 1882 

Do. 

Jlo. 

Still in Rc>r~ice. 

Do. 

JJo. 

no. 

Name. Date 
atta-Obed. i Remarks. 

'----- ··-------·-· - - _____ j ______ _ 

I 

LII!UTENAXTS, JUNIOR ' 

GHAJJ.&-f~ont'd. 

A.P. l'\'iblack ........ July 2,188i' Still in service. 

William Truxtnn ..... ·' -July 3, 1882: 
''E.Simp•on,jr ........ Oct. 21,1882 ! 

I J. H. Wat-hir• .. .. .. . .. July 7, 1883 I 

'E. F. Leiper...... .d pr. 26, 1883 ~ 

M. C. Gorp:•• . . Oct. 26, 1882 ' 

F. R. Brainard .. . July 20, 1883 ' 

T. G. Dewey.......... June 18, 1883 

Do. 
Do. 
Do. 
Do. 
no. 
Do. 
Do. 

J. N. Jordan ........ , Jan. 25, 1881 . 

J.P. Parker ........... ; Mar. 5, 1883 

G. R. French ' May 4, 1883 Do. 

Do. F.A. McNntt ......... : Oct. 15,1884 Do. 
Detached Septf'm ber 30, 1884. :1 
Still in service. A. F. Fechtcler ........ : .June U, 1882 

F. M. Brumby ......... j Dec 21, 1882 

E.E. Wright ........... Apr. i,1885 

A. W. Dodd ............ : Apr. 9, 1?85 

Do. 

Do. 
Do. 

AlfredJeffrieR .........• July 17, 1~82 Df'itachfl£1Junf'!1.),18AA. 

W. V. Bronaugh ..... - 1Aul(.12, 1881 Detached Nornmber 30, 1884. 
F. M. Bostwick ........ i Sept. 28, 1881 Still in •ervice. 
A. L. Hall ............... May l, 1883 Do. 

P.J. Werlich ........ Mar.15,1884 D•>. 
W. L Burdick ......... Mar. 31, 1884 Do. 

P. B. Bibb ............. Nov. 30, 1882 Detached ,Jn!y 28, 1884. 

W. C. Canfield.... Sept. 26, 1882 , Still in senice. 
A.G. Rogers .......... Apr. 29, 1885 ' Do. 

W. P. White ........... Feb. 10, 1883: Do. 

John H. Shipley ...... i Apr. 17, 1885 Do. 
John E. Craven ......• Nov. 28, 1883 Do. 
J. H. Hetherington . J lllle 19, 188.1 , Do. 

C. C. Marsh........... May 3, 1884 ! Do. 
C.W.Jungen ......... Ani:.25,1883, Do. 

R. P. Schwerin ........ , May 3. 1883 De.tached .Tnly 11, 1884. 

C. S. Ripley ........... ' May 4, 1885 Still in senwe. 
W.J. Sears···-··· .... .; Apr. 28, 1885; !Jo. 
J. A. Bell .............. ' Feh. 22. 1885 no. 
D.P.Menefee .......... July 2~,18113 Do. 

F. W. Kellogg: ......... ' An~. 23, 1RR2 1 Do. 

W.A.Thom .......... .,Nov. 1.1884 Do. 
R. 0. Bitler...... Apr. 29, 188.5' Do. 

Harry Phelps......... June 30, 181<3 Detached Sept-0mbcr 30, 1!!84. 

SURGEONS. 

W.S.Dixon ............ Apr.20,1884 St.illinserl'ice. 

l'ASSRD AS818TANT 

RURG&ONS. 

· F. H. Streets ............ Mnr. 19, 1884 
, E. Y. Derr ......... __ .. &pt. 7, !PSI 
, F. B. St•pbt•nson ....... 

1

1 Sept. 1, 1884 
::w.H.Roeh .......••... ~Tune 3,1884 

ABBI81.'A.NT SURGEONS. l 
H.B. Fitts ............. f Jan. 27, 1884 

P ASRE D ASSIST ANT 

PAYMASTRR. 

Still in flerdcP. 

Detached Septem her l, 1884. 

Still in service. 

Do. 

Still in service. 

.J.R.Stanton ........... Nov. 1,1883 Stillinservice. 

PASSED A88IfiTANT 

E:SGIN&ERS. 

H. Main ............... I May 29, 1883 Still in service. 

H. N. Stevenson .•.•... ; Mar. 10, 1883 Do. 
G. H. Kearney ........ ! Oct. 5, 1881 Detached January 1, 188:i. 
George Cowie,jr ....... ! Jan. 1, 1885 Still in service. 

N. N.Leitch ........... 'Jan. 14, 188.5iDetacbedJanuar.v19, 1885. 

', R. W. Galt ............. ! Nov. 26, 1879: Detached Novem?er lG, 1884. 

ABBISTA?lr."T RNGINEBRS. i 
William N. Little ...... i Nov, 15, 1884; Detached January 13, 18i5. 
E.T. Warburton ....... ! Feb. 24, 1883 I Still in serr:ice. 

: R. I. Reid ............ --i June 19, 1882 ' Do. 

-- ------------ - ---------------------------------------

List <>f Nai1al Officers attached to Coast and Geodetic Survey, June 30, 1885. 

Commander C. M. Chester, IIydrographic Inspector. 
Lieut. Commander ,V. II. Brownson, Coast and Geodetic Survey Offiee. 
Lieut. Jeff. F. Moser, Coast. and Geodetic Survey Office. · 
Lieut. George II. Peters, Coast aud Geodetic Survey Office. 
Passed Assistant Paymaster J. R. Stanton, Coast and Geodetic Survey Office. 

ATLANTIC AND GULF COAS'l'S. 

Steamer A. D. Bache (Atlantic Coast).-Lieut. E. D. F. Heald, Commanding; Bnsigns, J. M. 
Orchard, W. C. Canfiehl, ,John .B. Craven, and W. J. Sea.rs; Passed Assistant. Surgeon, F. B. Ste
phenson ; Passed Assistant Engineer, Herschel Main. · 

Steamer G. S. Blake (Atlantic Coast).-Lieut. John E. Pillsbury, Commanding; Ensigns, A F. 
Fechteler, P. J. Werlich, William A. Thom, William Truxton, E. Simpson, jr., and Miles Gorgas; 
Passed Assistant Surgeon, William II. Rush; Passed Assistant Engineer, George Cowie, jr. 

Schooner Eagre (Atlantic Ooast).-Lieut. John !I. Hawley, Commanding; Ensigns, F. H. Sher
man, A. W. Dodd, and a,. 0, Bitler. 
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Schooner Rea1ly (Atlantic Coast).-Lieut. Sumner C. Paine, Oorumandiug; Ensign, T. D. Griffin. 
Steamer Gedney (Atlantic Coast).-Lieut. Freeman H. Crosb.\, Commanding; Ensigns, T. M. 

Brumby, A. L. Hall, John B. Hetberington,F. W.Kellogg,and J.S. \Yatters; Assistant Surgeon, 
Henry B. Fitts. 

Steamer Endeavor (Atlantic Coast).-Lieut. G. 0. Ilanus, Commarnling; Ensigns, Charles S. 
Ripley, Edward F. Leiper, F. R. Brainard, and George It French. 

Schooner Palinurus (Atlantic Coast).-Lieut. William G. Cutler, Uommamliug; Em;igus, E. M. 
Wright and A.G. Rogers. 

Schooner Drift (Atlautic Ooast).-Lieut. .Fidelio S. Carter, Commanding-. 

PACIFIC CO.AST. 

Steamer Hassler (Pacific Coast ).-Lieut. Commander A. S. Snow, Comm au ding; Lieut. G. Block
linger; Ensigns, F. M. Bostwick, W. P. Wliite, J. H. Shiples, and U. W.Jungeu; Surgeon, William 
S. Dixon; Assistant Engineer, E. T. "\Varburtou. 

Steamer Patterson (Alaska Coast).-Lieut. !Uchardsou Clover, Commanding; Lieut. James M. 
Helm; Em;igns, W. McLean, U. U. Marsh, D. P. Menefee, A. P. Niblack, and T. G. Dewey; Passed 
Assistant Surgeou, Thomas H. Streets; Pa!-lsed Assistant Engineer, H. X. Sternnsou. 

Steamer McArthur (Pacific Coast,).-Lieut. EdwaI"d D. Tau!-lsig, Uommaudiug; Ensigns, William 
L. Burdick, John A. Bell, and F. A . .MoNutt; Assistant Engineer, R. I. Reid. 

Schooner Earnest (Pacific Coast).-Lieut. Oharles T. Forse, Commanding; Ensign, J. N. Jordan. 

Names of 1Jessels, thefr tonnage, &c., in the serrice of the Coa.vt and Geodetic Survey, 
during the fiscal year ending .June 30, 1885. 

---- --------------' 
' I I Complement of- ' 

No.i 
i 

Name of vessel. 'Tonnage.-------

. i----·-·--·-------
11 SteamerCarlileP.Patterson ------ ----- ----------·--·--····-····· 

! i ~::::::,:!"~-----·.-.-:::::.:::::.··::::. ::.-::::::.-:::::::::::::::::· ! 

11 ~~§:;;;······· <•·.•·.································· 8 ! Steamer Hitchcock (civilian pa1ty) ............................. .. 
9 ! Steamer Barataria (laid up) ........................................ , 

10 i Steamer .Arago . . . . .. .. .. . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...... , 
11 / Steamer Daisy.. . .. . . . . • . . . .. . . . . .. . . . .............. _ . .. . . .. . .... . 
1 : Schoon<lr Eagre . . . . . . . .. . . . . . . . .. . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . .. , 

I • ' 2 : Schooner Dnft . . . .. . .. . . . . . . . . . . . . . . . . . . . . . . . . .. .. . . . . . . . . . . . . .... 

8 ) Schooner Earnest ............... . 
4 i Schooner Readv ................................................. . 
5 I Schooner Yuk~n (civilian part~·) ................................. . 

61 Schooner Research (laid up)... .. . . . . . . . . . . . . . . . .. .............. . 
7 1 Schooner Palinurus ................................................ . 
8 j Schooner Silliman (laid np). .. .. . . . . ......................... . 
91 Schooner $<>,oreaby (civilian party) ............................ .. 

10 Schooner Matchleu (laid np) ..................................... . 
11 I SchoonerG.ll.BMlhe (lrud np) .................................. . 

12 , Schooner Qnick (civilian party) .................................. . 
I 1 \I Sloop Kincheloe (civilian party)....................... . .... . 

\~ Bar~ Beaut~ (ci':~~arty) ·.:..:._ :~ ~~=~·~:~~-.:.:_~~-~·.:. __ . 
RECAPITULATION. 

Wbolo number or v-els: 

Offil•,erH . 

453 9 ' 

243 

218 

186 
rn3 
ll:l 

105 

83 

50 

38 

44 

202 4 : 

87 

80 2· 

80 ' 14 i 
78 - ···- .. '. -·· ·- .. i 
76 

76' 

72 -------

Steamera ...................................................................................... 11 
Schoonora ...................... ...... ................ ...... ......•..• ................ 12 
Sloops .................................................................................. ···•·•· 
Barges ............................................ _ ................ ___ .............. ___ ...•......... __ 

Tot&! .................................................................................... 25 

N11111ber of-lalu actlvo1ervtoe ............................................................... U 
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This complement does not represent the actual number of officers or of men in the Survey 
during the year, owing to the fact that some vessels were employed only a part of the time. 

Aw.rage number of officers for the· year. . . . . . . . . . . . . . . . . ...... _ ......... _ . 
Average number of men for the J·ear . . . . . . . . . . . . . . . . . ..... . 

54 
280 

See tabular statements appended showing :·actual number of offi1~ers attached to the several 
n•ssels in service and number of officers on othn duty at different periods during the fiscal 
_year; also the number of meu actually in sernce at the end of ea,ch quarter of the fa;cal year, 
with the names of the vessels in which they were serving. 

Number of naval officers attached to Coast and Geodetic 8un•ey vessels for jiHcal year 
ending June 30, 1885. 

Name of vel!sel. September :M1>rcb 31, 
30, 1884. I 1885. . Na.me of vessel. • September .March 31, 

i 30, 1884. I 1885. · 

: Steamer Blake .......... . 

Steamer Bache ...... .... . 

Steamer Gedney ........ . 

4 

2 
Steamer Endeavor ........ l 4 : 

9 : Steamer McArthur 

8 Schooner Ea.gre . ... _. 

7 ScboonmReady --------··· 
Schooner Pa.1iourus 

6 . 
2 . 

3 . 

i Steamer Arago . ·-- ..... _ .... _ ...... ··J ' Schooner Earnest. . . . . . . 2 
1 

1 ! 
i Steamer C. P. Patterson .. ' 9 ' 
i 

Coast Survey Office. . . . . . . 3 3 I 
! Steamer Hassler. . . . . . • . . . 7 ! Total. .............. --51-571 
,--· 

Average number, 51. 

Number of men attacked to Coast and Geodetic Survey t•e1111els for fiscal year endi11f/ 
June 30, 1885. 

For quarter ending-

Nameofveasel. -~:~~e~l~r ne~,.~~;.1M:ch ~~-p:.~: 30, 

.- -
-_·-_·-__ ·_-_-_ -~-·-·:. -~~~~-,--3~--1~3~,r.·--~~~43:_5 ,l-~8~~39·-·I! 18853. 6 

Steamer Blake .......... -- .•.. -· • 
Steamer Bache................................ .... 31' 31 33 i 

. Steamer Gedney-----· ............. - -· ..... -· - .. . 24 27· 27 
: Steamer Endeavor................................ 17 • 17 8 

Steamer.Arago···--··-·············----····---··--···· -·-·-·/----· 14 
Steamer Daisy ...... --· - .. -- -- -- -- - · -- - . -----·I·--·-. -
Steamer Hassler ....•......... -·. - ... -- ...........•..•. ·i 34 i 
SteamerC.P.Pattenon .......•...•..............•..•. ." 38 ! 
Steamer Mc.Arthur ......... -- ....... --···· .. . 
Schooner Eagre . -- .... -- -................ . 

28 ! 
19 ! 

33 
39 

27 

8 

33 

37 I 
29. 

12 i 
Schooner Pallnurus ........ - ....••... --· .•.... - ... - .. ; 15 ; 5 15 I 

28 

25 

20 

81 

38 

29 

17 

15 

14 Schooner Drift ....................................... I ----· 91 

::!:::;::::.;:::::::::::::::::::::::::::::.::::·::::! 1: I 1: ·····---~·! ~: 
V-lolaiilup .......... ---·························-··' 15 i ____ 10 ____ 11 1 ___ 1_4 1-----· 

Total .••......••.•. ··:··· .•••...•••••.•.••.•••••••• 
1 

2791 260 2'761 306 

.Average number, 280. 



 

APPENDIX No. 6. 

THE GEOGRAPHICAL DISTRIBUTION AND SECULAR VARIATION OF THE MAGNETIC DIP AND INTE"'
SITY IN 'l'HE UNITED STATES. 

By CHARLES A. SCHOTT, As.-.istant. 

COMPUTING DIVISION, 00AS'l' AND GEODETIC 8URVEY. 

October 21, 1885. 
DEAR SIR: Accompanying this I submit a paper entitled ":\fagnetic dip and intensity, with 

their secular variation aml gt:ographical distributio11 in tlte United State:;," with three maps and • 
three plates, intended to form Appmidix ~o. 6, report for fii,ma.J year 1884-'85. 

This paper const.itutes tlle con duding part of the magnetic researches latel.v undertakf'n by the 
Survey, those relating to the declination b:n·ing been published in A.ppemlices 1~ and 13, report 
for 1882; the epoch of reduction being tlie same, viz, Ja.nuar;y, 1885. 

Upon first. taking up the su4ject, o\·er thirty years ago, it became apparent that the time hud 
not arrived for a profitable discus;;iou of the \·er.r meager material theu on hand. I haYe, there
fore, confined my labors in the interval to the collcctiou of obser,·atious, <leforriug discussion to a 
later time. 

In the general table of magnetic dips aud iutem;ities now presented, there are, systematically 
arranged, 2000 dip observations and more than 1500 horizontal inteu,;ity observations. The order 
is by States and Territories, and for each division b;y latitude of station, and for ea.cl1 place the obser
vations are given in chronological sncces:o;ion. This table, eoutainiug a general collectiou of all 
obserYed ,-aJues (known to me) from the earliest times, will, it is supposed, be of more permammt 
value than the additional information it coutaius relating to tlte epoch 1885. 

The discussion of the secular variutiou of the dip resulted iu a more or less complete knowledge 
of the law of change during the hu;t sixt.v St'ar::1, anu enabled me to recognize and delineate a belt 
of present "no chauge" wit.h increasinl{ dip on one side and decreasing dip on tbe other. A similar 
foature was recognized iu the discussion of tlie secular Yftriation of the horizoutal intensit,y, the 
absoluw measures of which hardly exteml back half a centnrr. 

The above results are laid. down 011 three <liagrams, and the details of the preseut geogra11h
ical distribution over the area of the Uuited States are presented on three maps, on a scale :-i<lapted 
to the density of distribution of the obsernttions autl the intricacies of the isomagnetic curvm;. 

Yours, rc:>pcctfully, 

Mr. B. A. COLONNA, 

.Assistant, in Charge Office and Topography. 

H. E:x. 1g.._..:.17 

CHA8. A. SCHOTT, 
A8sistaut. 

l:.!9 
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COLLECTION Al\D DISCUSSION OF RESULTS FOR DIP AND INTENSITY OF THE EARTH'S MAGNETIC 
FORCE WITHIN A1'D NEAH THE LIMITS OF THE UNITED STATES, WITH THEIR GEOGRAPHICAL 
DISTIBUTIO~ Al'ill SECULAR VARIATION' AT THE EPOCH 18d5.0, AS DEDUCED FROM OBSERVA
TIONS BETWEEN THE EARLIEST AND THE PRESENT TIME. 

CoMPl'TING DIVISION, COAS'l' AND GEODETIC SURVEY OFFICE. 

September 11, 1885. 

INTRODUCTION. 

In the aunual reports of the Coast and Geodetic Survey for the fiscal year 1880-'81 and the 
fil;cal _year 1881-'82 the subject of terrestrial magnetism, aud in particular that part of it relating 
to the declination, has been brought to tlie latest practieable state of forwardness, as far as it 
relates to tlie operations of the Survey, and seems nearly ex!JaustiYe of the material so far accu
mulat.,d by observers. It appeared, tuerefore, timely to <lireet a.tteution to the state of our knowl
edge of the magnl:'tic dip and intensity. Indeed, for .ren rs past it has seemed to urn desirable to 
resume their discussio11, which was abandoned uearly thirty years ago. During this time the 
demand for practical information about the magnetic dip and intensity has increased, mainly in 
consequenee of the necessity of giving closer atteution to the deviation and adjustment of the 
compass in iron and steel ships, though in this connection no high degree of accuracy of numer
ical values was required. The ohservationR accunmlated since 1855 gave a better prospect of obtain
ing clearer and more precise information reRpecting the law of the secular change of the dip and 
of the intl'nsit:r, and, as will be seen i11 tlie sequel, this brief period em braced the (unsuspected) 
occurrence of a seeoudar.r max.imum in tile Yariation of the dip, as well as of a minimum in· the 
variation of the horizontal component of the intensity. 

But the principal object in view in making the present investigation was to advance our 
knowledge iu thil' department of terreHtrial pliysics hy completing the work already undertaken 
by the Survey aml liringing the results up to date. It was, therefore, indispensable first to prepare 
as complf'.te a collection of data as could be brought togetiler, to scrutinize a.nd arrange them, and 
finall.r to discuss and present the results. 

PAR'l' I. 

In the general collection of rlata, a11 far as they were known or accessible to me, there are 
brought together iu systematic form all obserrnd dip:s and inteosit,ies within our IJounlla.ries from 
the earliest to the present time. The olisen·ations for dip a.ml for horizontal and total intensitie.s 
are arranged alphabt>tieally, according to tbe present political divisions h.r States aud Territories, 
an<l within each of these snbdh·isio11s the Hrrangement is h,Y latitude, and for each station the 
several rmmlts, if an,r, are pl:wed in strietly chrouologieal order. To cover such adjacent regions 
outsidl:l of our houndaries as seemed desirable for the purpose of eonstructing isomagnetic charts, 
several geographical didisions are added to the collection. This arraugemm1t then dilfors but in 
one particular from that adopted iu 1882 in the c1,se of tlw declinations, viz, it uuites in one table all 
results, whereaR the drcliuations, ou account of their greater number, were more conveniently 
presented in tu:o table11, the last containing the chronological arrangement for each place in con
uection with toe discm1sio11 of the 8Ccular changP. 

Nu ob.st•1Tations made at sea were admitted in the c-0llection, these being in general less accu
rate, for waut of co111plete Bliminatiou of the efteet of loeal attraction on board ship. There a.re, 
however, a ft•w results included obtained on the frozen oct>an off the coast of Alaska, and it is only 
in this Territors that the question of the a1h·isability of t,1king iu ob.,.ern1tions made at sea could 
arise. Many sueh additional obserrntious, if neC'ded, might he taken from the Philosophical Trans
actions of tlw Ho,yal Society for 1872, Ooutributions to Terrestrial Magnl:'tism, No. XIII, by Gen
eral Sir Edward Sabine. 

The table proYides for d1p1:1 (fl), horizontal iuteusities ( H), arnl total intensities (F), but not for 
vertical iutensities ( V), ais the latter are not suh.ieet to direct iustrumeutal measure, whereas H, as 
well as F, ma.r barn been instrumeutally determined, tlwugb where the resulta are given in absolute 
measure, H alone could have been directly so measured. In consequence of the mutual relations 
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of 8, H, V, F, when any two of these quantities are given by observation the other two may be 
found. 'l'he a.nalytical dependence between the tahnlar values H, H, F may not. always appear 
numerically strictly satisfied, for the reason tl1at each of the threP quantities re;nlts directly from 
independent observations, an<l thus uecessarily is I'll bjeet to error; hence the rf'lation H = F cos fl 
would be but partly satisfied, but w ht'll stri<:tl;y satit;fied by the tabular values it iudicates that two 
only of the three values entering were d<:'rived from <lirect ohi;;erYa tiou. F ulPss access cau be bad 
to the original records or discussion, it is uot always possible to kuow which of these quantities were 
the original ones, though in refined work and in lower maguetic latitu1l1~s gcul:'ra!ly H awl H, and 
in the higher mag11etic latitn 1les fl and F, will lw found i11 the majoriry of cases to ban' been the 
fundamental,ancl F and H, respectiHly, tLe deri\·ed qnalltities; au<l there are e\·en a few instances 
where 8 is derived from relath·e measures of F aud H. No attempt was made to till in by com
putation the third quantity from the utL.-r two values, bnt the quantity was inserted when found 
already computed, and in some cases when specially needed. If the ,·ertical component of the 
intensity is required, it may be computed from one of the following relations: 

V = F sin 0= II tan fl= Jl<':!=H2 

further we have also the simple relations: 

F = H see () d F = sec (I rl H + F tan (I d fl dF dD 
J<' = H + tau fl d {} 

H=Fcos (I 

H 
F=cos e 

dH=-F sin lido+ cos fldF 

d H cot() 
d 8=-----.----+---dF F Slll () F 

dV =cosec H d F-cot (Id H 

d V = i3. sec2 0 d fl + tan fl d H 

i dF 2 (1dH . 2 f}dV 
F=cos H + sm V 

ilV dF dH 
V = cosec2 H--y-cot2 (I H 

ilV d8 dH 
y- = sin fl cos B + -H 

All relative intensities were converted into absolute measures and expressed in terms of the 
English units-the foot, the grain, and the second of mean time; results expressed in Gaussian 
or Freuch units, and in the British .Association or centimetre-gramme-second (or C. G. S.) units, 
were all changed to conform to the majority of cases, in which the English units were employed. 

On the maps wllich show the distribution of the horizontal aud tota1 intensities, referred to the 
epoch 1885.0, the centimetre-gramme-second (or C. G. S.) units are also introduced. (See figures 
within parentheses.) 

EXI'LAN.A.TION OF THE GENERAL TAELE. 

The general table of obsened magnetic dips 
States, 'ferritories, and adjacent foreign regions. 
follows: 

States and Territories. 

-i-

i ! Alabama. 

2 I Alaska Territory. 

31 Arizona Territory. 

4 
1 

Arkansas. 

51 California. 
6 Colorado. 

71 Connecticut 

8 Dakota Territory. 

Number of results. 

.9 9 

72 39 

69 ' 34 
0 ! 0 

70 
1 

59 

9 I 9 ! 
JI 28 

and intensities is subdivided and arranged by 
Their iimnber in each of these divisions is as 

·1 
..; 
:ii 

iE 
' " ·z 

9 
IO 

II 

12 

13 

14 

15 
16 ! 

! 

--------·---- ---------------

i_N~mber ~~ re~ults. / 
States and Territories. ) ~ * I • :::::: u; 

I 0 .. 

IE .~ • ·§~ I 
A :I: , 

-'-·----:---1 I : . ------·---------

I 91 s: 
i 57 4 1 I 

28 I' 26 ' 
21 22 ' 

3; I I:: 
19 I 16 ! 
3 ! 3 

District of Columbia. 

Georgia. 

Idaho Territory. 

Indiana. 

Indian Territory. 
I 

---------
.,, Directly or indirectly civen, 
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; Number of results. 

States and Territories. ~* States anci Territories. 
..; i:: ui ,_; 

" 0 c.;. :>: '1 

"" .~ ~ g ~ 02 e 
z ~ ::::: i 
-- -- -- ---~---------- - ----- - ------ ----

17 Iowa. 28 25 40 South Carolina. 

18 Kansas. II 7 I 41 Tennessee. 

19 Kentucky. 25 21 42 Texas. 

20 Louisiana. 25 19 i 43 Utah Territory. 

2I Maine. 76 51 44 Vermont. 

22 Maryland. 40 35 45 Virginia. 

2~ 

·' 1.lnssncusetts. 76 55 46 \Vashinb>ton Territory. 

24 
I 1Iichigan. 65 49 47 ·west Virginia. 

25 ~finnesuta. r3 r3 48 Wisconsin. 

26 Mississippi. IO II 49 Wyoming Territory. 

Missouri. 
i 

27 84 82 

28 '.\1ontana Territory. 7 7 I 50 Dominion of Canada, to longitude I 

"'ebraska. 8 
I 75° w. 29 15 ' ! 

51 J)o1ninion of Canada, between 30 :.;c,·ada. 27 19 
::\ew Hampshire. 16 ! longitudes 75° and 90° W. 

31 z-) 
52 British Possessions, Northwestern 

32 ·New Jersey. 36 32 America,south of latitude 51°. 

33 New :\fexico. 18 5 i 53 British Possessions, Northwestern 

34 New York. 122 98 America, north of latitude 5 r 0 • 

35 North Carolina. 18 16 54 West India Islands and Bennudas. 
I 

36 Ohio. 72 37 55 Y!:exico antl Central America. 

37 i Oregon. 15 r4 56 Eastern Siberia. 

38 l'ennsylvania. 70 66 Total number. 

39 
i Rhode Islancr. 12 9 

*Directly or indirectly given. 

Number of results., 

19 ! 

18 l 
18 

13 

37 

37 
9 

24 : 
20 : 

55 

97 

69 I 

74 i 

52 
88 

- I 

IO 

18 

II 

13 

II 

I 

I 

36 

39 I 

I 

9 i, 

19 

12 

40 

92 

40 i 

JO 
71 

I 3f IS i 
:-------1 

1999 1523 ; 
I 

I 

'l'he geographical divisions (50 to 56) comprise only sncb foreign parts contiguous to the United 
States which it appeared desirable to include for tl1e study of the secular change of the magnetic 
elements or which would be useful in the coustructiou of isomagnetic charts. Considerable labor 
was .involn•d by the adoption of these divisions, since many of the States and Territories had no 
se,parate existence at the time when the earlier observations were recorded. 

In each diYision tile arrangement of the stations is b.r latitude, which offers advantages due 
to the circumstance that the isoclinic and iso<lynamic curves intersect the parallels of latitude 
generally at an acute angle. 

The latitudes and longitudes as ginn in the original publicationl'! were scrutinized and cor
rected when possible, and in particnhlr the tele[.!;raphi1: lougitudes were introduced either directly 
or difforentialls; nnertheless tl1ere are many placel".! whose positio11s are still imperfectly known 
for want of prop('!' sun·e~,s. 'l'o a\•oitl tlle large numher of minus signs the longitude columns are 
headt•cl "v"\'i>st lougitmle," except for the 1lh·isiow; Alaska and Eastern Siberia, where the west 
lnugitndet< han~ !wen di1'ting11iKl1Nl hy a-, thl.' pa,;t Jon1:dti1de'\ by a+ sign, in conformity with the 
dt•cision of thP fnternational .Meridian Coufl'rt-uct> lwld at Wnshin~t-0n in October, 1884. 

A few dips, originall_, recortled in eentesimal 1h•gr.-es, were changed to the usual division of the 
quadrant. For the change of rclati\•e into absnlnte measure of intensity the data will generally 
be found in the original publications, or else they wt•re l'mbseqnently added and referred to in the last 
column of the table. M~ny of the intensiti~s of the Canadian stations were expressed in relative 
measure, and it wall a fortunate circumstance that Sir J. H. Le fro.r's work," Diary of a Magnetic Sur
YC.Y of-a Portion of tbe Dominion of Canada, &c., in the years 1842-'44:," wndon, 1883, a.ppea.red in 
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time to be used in this paper. DipR and a bsolnte intensitieR \\""ere transcribed from this volume n11al
tered in preference to any values formerly giYen. The result;; of the extensh·e series of observa
tions of relative intensitie;; h~- Dr .• T. Locke, of Uindnnati, wer<> fok<>n from Art. :XI of tlw Trans. 
of the Amer. Phil. Soc., 11'4G. "Oh1'ervatio11s ma<1e in the ~·ear8 18:~H-'~W-'40-'41-'4'.!-'4:l to <h•ter
mine the rnag·netic dip and tlw inten;;ity of u1agnetic force iu KeYeral part:-; of the lJnit1~d St<Lte;.;, 
April, 1844." To these obsern1tion:-; tltosP of ] 84.t were afterwards added, which affor1led <Hl<litiona.J 
me~ms for the intrmluetiou of ah,;olute values. 'l'h1• wholP series was vnblished h.Y Sir E. Sahine 
in the Phil. Trans. Hoy. ti(1C. for tbe ~·ear 1846, Part Ill. He finds from a series of eo11q1ariso11s at 
seniral stations tba.t tbe total force in 1844 at Cinci11nati, Dr. Locke's base station, wa;.; well repre
sented by the number 1.79.5 of the arhitr:ny scale, 111 which 'l'oronto was L"-16 i11 that year. At 
Toronto in 1844 the total fort~(' F wa1' determined at 13.90 (heucc with thP ol.Jsern•d dip we baTe 
also H=3.540), hence for Cincinnati F= rn.rm l ha Ye recompntt•d Dr. Locke'!' iutl'nsity olHwrYa
tions after making a small allnwa11c1> for secular 1liminution of H bPtween the ,vears 1838 and 1841, 
putting for Cincinnati H 1838 =4.;i(10 aud BrnH=4.548, the latter \'alue c01Tespondi11g to the ntlue of 
H given for that year for Toronto. 

For tbe conversion of the relatiYe measnn·s (in Pbil. Trans. Roy. Soc., 1S38) by Captain Sir 
Everard Home in tl1e West lrnliPs aml otl1Pr localith•s dnri11g 1834-'35-'36-':)7, I han• wsed for his 
initial station, Plymouth, England, the rnlnes fl133,=fi!l 0 20', H 18;15=3.G3!l and F1335 =10.~H 

For-the conn•rsion into ah><olnte measure of D. Douglas' serie,; on the \Vestern coast hetwPPll 
1830 and 1833, I have used for hi;; U<ll'!;' 1-<tHtio1rn Fort Va111~oun•r, H rn:rn=4A4'.!; '.\Ionter!;',\·, fl 18:11 =5.G'.!fJ; 
and I1ondon, F 1833=10.388 . 

The relative total intensities h.\· Captain 'Vhipple aJHl Lientenant I HR in 1850-'53-':"i-1 are 
given in absolute measure by lll{'ans of the hast> station, Oa1111.Jridg"e, Mass., Frnr.:1= 10.37 

In thoHe cases where \VaHhirigton was used as a base station, the annual ntlnes of II aud F 
will be found in Part I II of thi~ pa1wr in com1eet.ion with the secular variation of the intem;ity, 
and it may also be remarked that at tl1is 11tation we have a direct comparison of i11strurneutal 
constants as determined at K!;'w, E11gla11d, and at \Va11hington tlmmgh tht• ohsernlt1ous ma1le 
here b,y Dr. Thorpe, who dsited the United States iu 1878 011 the occasion of the solar eclipse of 
that year. The tabular result;; as obserYc<l and eomputed show a sati:-;factory aecord. 

Some further informatio11 respecting the change from relative to absolute i11te11sitie>< for the 
earlier Reries of observations will be found in Coa,;t Stlr\'ey lteport for 1861, Appendix ~o. '.2:.!, arnl 
we have only to_remark that all 1'11e11 rl'sults prior to the time, 1833-183fi, whel! Gauss showt•d how 
to express the magnetic forct' in ab1:;olnte measure aml \Vt:>ber constructed his portable magnl't
ometer, are necessaril,y of infi•rior accnrac.\·, an!l m part conjectural, and it should also be remem
bered that in early times ohsern'rs like Hnmboldt, Franklin, Sabi!w, an1l others, <lown to 18:!3, 
measured ditferentiall.\: the earth's mag·netic force hy con11ti11g- the o,.millations of the dippiug. 
needle-a method long sinee abalHlonPd on ac1~ount of its inferiority. Lloyd's statical mdhod, 
especially when it combines g-raYity and nrnguetic deflection;;, is ca1><tble of excellent results, a,;; 
shown, for itistance, hy Lieuteuan t Ackley'i> ob:,;erYations in the West I111lit>s iu 1So9-'SO, when 
that method was emplo_yed i11 connection with o1'cillatious of the horizoutal 11eedle for the pnrprnse 
of direct comparisons. 

Tbe tabular results in ~~1~1wral take no cognizance of the diurnal autl 111rnual nt.riations of the 
dip and the inte11sity, thP.11e correet ions being too small iu comparison witb tlw ob,.;erd11g errors. 

For explanation of the tabular ntlues of If, H, and .F, as rPferre<l to the adopted epoch 18."5.0, 
see Parts II and III of this pitper: 
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Name of station. 

TABLE I.-Observed magnetic dips and horizontal and total 

ALABAMA. 

1 \ 
Latitude I West longi- i 

i tu de I Year. 
'P· i .l. 

I i 

Month. 
Dip 

fJ. 

I Horizontal I 
force / 
H. 

------------------1-----

! Fort Morgan, Mobile Point. 

I 

! Mobile, Batre's garden. 
I 
I 

i Mobile. 
1 Lower Peach Tree. 

I I Eufaula. 

I Montgomery, Capitol Square_ 

J Tuscaloosa. 

1

1 

Indian Mountain. 

Decatur. 

I Florence. 
I 

Kyska Harbor, Kyska Island. 

Chichagoff Harbor, Attu Island. 

Unalashka, Cove l'oint, Chernoffsky Bay. 

Unalashka Island, Captain's Harbor. 

Unalashka. 

Unalashka, Captain's Harbor. 

Do. 
Unals.shka, Iliuliuk. 

Unalashka, Iliuliuk Harbor. 

I 
I 
I 
I 

Do. I 
Howcan Mission, Kaigani Straits. I 
Northwest Harbor, Little Koniushi, Sbumagin I 

Islands. 1 

Tamgas Harbor, Gravina Islands. 

Belkolfsky Settlement, Dolgui Island. 

Humboldt Harbor, Popoff Island, Shumagins. 

'.Vard's Cove, Tongass Narrows. 

Kasaan Bay, Prince of Wales Archipelago. 

Shakan, Prince of Wales Islands. 

Fort Wrangell, Etolin Harbor. 

Do. 

Hot Springs Bay, Sitka Sound. 

Sitka, a few leagues off shore. 

Portage Bay, Prince Frederick S<>und. 

I 

i 
I 30 13.9) 88 01. 2 1847 May 19, 20, 29. 

I 

30 41. 4 i { 
1834, 

88 01. 5 I, May. 
1835 J I 

i 
30 41. 6 I 

I 
JI 50. 4 

31 53. 7 i 
32 22. 8 i 
33 12 I 

i 
34 0(. 8 i 
34 37 

34 47 

88 02. 6 I 1857 
I 

87 32. 7 ; 1857 

i 
85 08. 4 ! 1860 

86 18. 0 1856 

87 42 1835 

85 25. 6 1875 

86 59 1881 

87 43 1881 

ALASKA TERRITORY. 

I I 
51 59. I 1*+177 30. 0 I 1873 
52 56.0 I -f-173 12.4: 1873 

53 24. 0 i ---167 29. 9 : 188o 

53 55 . -~166 30 I 1778 

5352.41-16631.9, 1817 

s3 54 I -166 30 1821 

-166 30 

-166 30 

1829 

1849 

:Feb. 9-25. 

Apr. 3; May 2, 
4,5. 

Apr. 10-14. 

Apr. 2, 3,4, 5, 7, 8 

1 April. 

Aug. 23, 24, 25. 

Aug. 26, 27, 29. 

Sept. 5, 6. 

July 22. 

June 26. 

Oct. 2. 

Oct. r2. 
June. 

: Aug. II. 

53 54 

53 52 

53 52.9 

53 52.9 
54 49·5 

55 03.3 

-166 31. 7 J88o 
1 

July, Oct. 

-166 31. 7 1883 Sept. 19, 20, 21. 

-132 50 1881 Sept. 1, 2. 

--159 23.5 188o July 16. 

i 
55 04 . -131 28 1883 July 27, 28; Aug. 

8. 

55 05. 2 ' --162 oo. 2 1880 July 23. 

55 19-3 -16o Jl.O l88o July 19. 

55 22. 7 --r3r 43. 6 1882 i Oct. 4. 

55 29. 5 -132 19. o / 188o / May 9. 

56 09· 4 -133 38. 5 1 1881 ~ Aug 15, 16. 

56 28. 2 -132 22. 5 188o :. May 10. 

56 28. 2 -132 22. 5 1881 I Aug. 17-21. 

56 51. 7 -135 20. 3 l88o j June 9. 

56 54 I -135 25 1786 l Aug. 6, 7. 

6.:u8 

61 38 6. 115 

I 

6o51.oi 6.150 

62 16.815.975 

63 05. 8 ; 5. 739 

63 05. 41 5. 859 

64 22 I. 
1 

65 09. s I 5- 472 
I 

65 35. 21' 5. 312 
65 52. I 5· 297 

65 01. 3 1

1 65 10.6 

67 13. 8 4· 544 

69 23.5 

68 45 

68 25.6 

68 26 

68 22 

67 35.8 

74 21. 5 
69 30.3 

74 28.2 

69 16.2 

69 28.8 

74 36.2 

73 58 

74 49. 7 
75 19.2 

75 32. 8 

75 01. 9 

73 JO(?) 

1S o8. 3 

4.456 

4.386 

3.8o5 
4.198 

4.193 
4.2o8 

3.375 

3.395 

3.265 

3.345 

J.290 57 oo. 21-133 20. o 1882 I Oct. 31, Nov. 1. 

·-~~~--~~~--~~~~~~~~~~- ----'-~~~~~~~~~--'--~~~-'~~~--' 

•West loagitudca h&ve negative signs; cut longitude11 bave positive ligus. 



 

UNITED STATES COAST AND GEODETIC SURVEY. 135 

magnetic intensities in the United States and adjacent regions. 

ALABAMA. 

-----,-------------------------------·---------------------

Total force 
Referred results. 

-- ---- Observer. Reference and remarks. 
F. ---;.-1111.0 -i--H1 .... o I F:.~ -- i 

1--11--1-------: 
! R.H. Fauntleroy and T. S. : C. & G. S. Rpt., 1881, App. 9. 

62. I 

12.684 I 62.9 

12.946 62.9 

64. 2 

13.025 65.01 

12. 852 65.53 

12.956 65.81 

64.7 

64.9 

II. 74 67. I 

l 
12. 15 I 
12.47 r67. 5 

11.69 I 
J 

14. II 74.3 

II. 99 69.4 

12. 990 74.4 

11.84 69.2 

12.00 69.4 

12.710 74.5 

I 7J. 9 
12.97 i 74.7 ' 

13.oS j}1s. 4 
I 

12.95 I} 74- 9 

12.828 
\1 

7
5-1 

i Ruth. • l 

\. { 6. 15 : 12. 73 

s. 98 I 12. 78 

J. N. Ki coll et. 

E. Goodfellow. 

G. W. Dean. 

' C. S. Rpt., 1864, App. 19. Obs'd mean 6=63° :z.8'; 
prob. index cor'n = --1° 501 • H mean of obs'ns 
in May, 1834, and May, 1835, epoch 1834.9 

C. & G. S. Rpt.. 1881, App. 9. 

I 
5. 86 

5. 74 

1

, 

5. 47 I 
5. 312 t 

5. 2971 

4. 54 

4.41 

3.8o 
4. 18 

3.47 

4· 18 

4· 19 

3.37 

3.39 

3·14 

12. 6o 

12.87 

12. 95 

12. 83 

12. 93 

14.04 

11. 88 

12. 90 

! 

no. 

Do. 

J. N. Nicollet. 

F. P. V•:ebber. 

J.B. Baylor. 

I>o. 

Do. 

Do. 

' Do. ' 

[I C. S. Rpt., 1864. Dip corrected by - 1° 50' for 1 
probable index cor'n. : 

, C. & G. S. R;t., 1881, App. 9. i I . 

I ~:: 
ALASKA TERRITORY. 

W.H.Dall. 

Do. 

W. H. Dall and M. Baker. 

J. Cook. 

0. v. Kotzebue. 

F. P. Lutke. 

!Jo. 

Tebenkoff. 

C. & G. S. Rpt., 1881, App. 9. 

Do. 

Do. 

Encyc. Met. London, 1848. Art. Magnetism. 

F. P. Liitkc. Voyage, &c., party nautique. 

F. P. Liitke. Voyage, &c., party nautique. Rpt. Brit. i 
Asso., vol. VI, l838. 

Phil. Trans. R. S., 1872. Sir E. Sabine. 

Tebenkoff' s Atlas. 

W. H. Dall an<l M. Baker. C. & G. S. Rpt., 1881, App. 9. 

R. A. Marr. MS. in C. & G. S. Office. 

H. E. Nichols. C. & G. S. Rpt., 1881, App. 9. 

W. H. Dall and M. Baker_ Do. 

H. E. Nichols. MS. in C. & G. S. Office. 

W. H. Dall an<l M. l3aker. C. &. G. S. Rpt., 1881,App. 9. 

Do. Do. 

H. E.'Nichols. MS. in C. & G. S. Office. 

W. H. Dall and M. Baker. C. & G. S. Rpt., 1881, App. 9. 

12. 85 H. E. Nichols. Do. 

Do. 

Do. 

Do. 

{ 
W. H. Dall & M. Baker. 

12
· 93 

j H. E Nichols. 

{ 
. W. H. Dall & M. Baker. 

12. 82 ', J. F. G. de La Peronse. 

12. 79 H. E. Nichols. 

Voyage, &c. Paris, 1797, vol. 3. ti apparently too 
small. 

MS. in C. & G. S. Office. 
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T.rnr,E l.-Ob.~erved magnetic dips and horizontal and total magnetic 

ALASKA TERRITORY-Continued. 

Name of station. 

Sitka, near. 

Sitka. 

Do. 

Do. 

Do. 

I Sitka, J aponski Island Observatory. 

Do. 

: Sitka. 

Sitka, Japonski Island, near old Russian Mag
netic Observatory. 

Do. 

Saint Paul Island, Pribiloff lslancb. 

Kadiak, near Cape Greville. 

Povorotny Station, Peril Strait. 

Marble Bluff, Chatham Strait. 

Saint Paul, Kacliak Island. 

New l'oint Marsden, Admiralty Island. 

Cross Sound, Granite Cove, Port Althorp. 

l'ort Althorp, Cros' Sound. 

l'oint Whidbey, Lynn Canal. 

Lituya Bay (Port FranGais). 

I Seduc:ion ]sland, Lynn Canal. · 

[Pyramid lsbnd Harbot, Lynn Canal. 

/ Kohklux. 

: Port Mulgrave. 
! T ! 1>0. 

i Coal Point, ( "ook's Inlet. 
I 
! Chalmer\; ]l;nen. 

' Port Etches. 
I 
! Saint Michael's, Norton Sound. 
I 

; Norton Bay. 

: Port Clarence '1nd Grantley Bay. 

Do. 

i Port Clarence. 

Do. 

l 
Latitude ' *Longitude 

Year. 

I 
<p. ii.. 

1 ___ 

I 
I 

I 
57 02.8 -135 06.6 1818 

I 57 03 -135 20 1827 
I 

57 03 -135 20 1829.9 

57 03 -135 22 1837 

57 03 - ·135 22 1839 

57 03 -135 20 1842 

57 OJ --I35 20 1845 

57 03 - 1 35 20 iS51 
I 
! 

1880 57 02.9 I --I35 20 . .) 

57 02.9 I - 1 35 20. 3 i881 

57 07.3 
I -I/O 19. 0 1880 

57 20 ! -I52 51 1839 

57 28..1- I -135 27. 5 1880 

57 45 -IJ4 43. 5 l88o 

57 48.0 --I52 21. 3 18So 

58 05 -I34 49 188o 

58 12 -I36 24 1794 

58 I I. 5 . -I36 23. 5 1880 

58 36.5 -I35 I5 1880 

58 39 ! -I37 30 1786 

58 59.5 -135 22 188o 

59 IO. 6 '--135 28.5 1880 

59 23.7 --135 53. 5 ' 1869 

59 33.7 -139 46. 3 x791 

59 33· 7 ; -139 45· 9 I 188o 

59 36. I I· -1s1 2 3. 6 1880 

6o 16 l -147 25 1794 

6o 21 ·-;146 .p 1837 

63 29.8 
I 

-162 05.7 1879 

64 31 : -162 47 1778 

65 17 I -166 19 1850 
l 
I 

65 17 : --166 19 1854 
I 
I 

1879 65 17 i -166 30 ! 

65 16. I I -166 50.6 i 188o 
I I 

Month. 

---~-------

Jan. to Dec. 

May l/, I8. 

Sept. l2-I6. 

Aug. 6. 

July. 

May 20. 

1\lay 22. 

July 12. 

May 23. 

July. 

June 19. 

May 24-

May 29. 

May 25, 26. 

Dip Horizontal 
force 

e. H. 

76 33 

75 55 

75 50.6 

75 5 I. 5 

75 49· I 3.207 

75 51 

75 54.6 

76 20 

75 I I. 7 3· 310 

75 16. 6 3· 293 

68 36.Q 4. 356 

72 42. 9 3· 635 

7-5 03. 4 

75 57.3 

72 34.6 3. 721 

76 02. I 3· 124 

78 58. 5 

75 22.3 3. 279 

76 27.3 

73 52 

July31,Aug.2,3. 75 44 

3.277 

3· 297 

July I. 

, June 24. 

June 30. 

July. 

: Sept. 6,8. 
i 

~ 76 02. 9 

I 75 00 

I 76 25 

I 1s 48 

! { 77 26 (?) } 

I 
76 30 

76 05 • 3. ozS 

I 16 04. o 3· 022 

"West longitudes have negative signs; east longitudes have posilivc signs. 
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ititensities in the United States and adjacent regions.-conti.nued. 

ALASKA TERRITOR Y-Contmued. 

i Total force': Referred results. 

! I ! I 
F. ii e, .... O i H1sBO.O ' F18i!'>.O 

l ____ :i-- ! __ i __ ·-·-
I 0 ! I 
I I I 

! : l i 
13. 14 

r~ 
, , 

I 
I: :~:: I 

' f ,,.., ' J.30 12. 881 ' 
, . 

I 

::: J 
I I. 94 68.5 

12. II 

74.9 

75.8 

12.43 I 72.5 

12.94 i 75.9 

1}75 , 
12.98 

i 76. 3 
i 

i 
76.6 

13. 15 75.5 
I 

13.38 I 75.3 

n16.2 
12.95 

.I 
12. 56 73.9 

12. 94 

75.0 

!j 
'i 

4. 35 

3.72 
3. 12 

3.28 

3.28 

3·:9 

3.o6 

3.46 

12.37 
12.81 

13. IO 

12. 97 

I 
I 
l 

12.83{, 

12. 48 

Observer. 

V. M. Golovnin. 

F. P. Lutke. 

A. Erman. 

E. Belcher. 

Do. 

Observatory. 

]Jo. 

Collinson. 

W. H. Dall & M. Baker. 

H. E. Nichols. 

W. II. Dall & M. Baker. 

E. Belcher. 

W. II. Dall & M. Baker. 

Do. 

lJo. 

Do. 

C. Vancouver. 

W. H. Dall & M. Baker. 

Do. 

J. F. G. de La Perouse. 

W. H. Dall & M. Baker. 

Do. 

G. Davidson. 

Don A. Malaspina. 

W. H. Dall & M. Baker. 

Do. 

G. Vancom·er. 

E. Belcher. 

U. S. Revenue Marine. 

J. Cook. 

12.59 

12.55 

!l 1 r Collinson. ! 
ii J Do. }I 
;,·_iii 76. o 3· 025 12. 50 R. Maguire. I 
,1 l A. Wykander. 

ll J W. H. Dall and M. Baker. I 
----~----"---------~--

H. Ex. 18-18 

Reference and remarks. 

I 
I 
I _________ .-··------~- -- -·-- ----

Voyage around the world. St. Petersburg, 1822, vu!. 
JI. 

Rpt. Brit. Asso., vol. VI, London, 1838, & Phil. Trans. 
R. S., 1872. Sabine's value, F = 12.98. 

Rpt. Brit. Asso., ml. VI, London, 1838,& Phil. Trans. 
R. S., 1872. Sabine's value, F= 12.90. 

Phil. Trans. R. S., 1843, pt. 2. & 1872. Sabine's value 
for 1837 & 1839, F= 12. 77. 

Do. 

i Diary Mag. Sur. Canada, Sir J. H. Lefroy, London, 
1883, p. xxi. 

M. Baker from Atmuaire Met. & Mag., St. Peters
burg. 

Diary Mag. Sur. Canada, Sir J. H. Lefroy, London, 
1883, p. xxi. 

C. & G. S. Rpt., 1881, App. 9. 

Do. 

Do. 

Phil. Trans. R. S., 1843 & r8;2. 

C. & G. S. Rpt., 1881, App. 9. 

Do. 

Do. 

no. 
Encyc. Met., London, 1848, Art. Magnetism, & \'an

cuuver's Voyage, Vol. ]JI. 

C. & G. S. Rpt., 1881, App. 9. 

Do. 

Encyc. Met., London, 1848, Art. Magnetism. 

C. & G. S. Rpt., 1881, App. 9. 

Do. 

Do. 

Bode's Astr. Jahrb., Berlin, 1828. 

C. & G. S. Rpt., 1881, App. 9. 

Do. 

Encyc. Met., London, 1848, Art. Magnetism. 

Phil. Trans. R. S., 1 843 & 187 2. 

Pacific Coast Pilot, U.S. C. & G. S., 1883. 

Encyc. Met., London, 1848, Art. Magnetism, & Van
couver's Voyage, Vol. III. 

Phil. Trans. R. S., 1872. 

Do. 

Nordenskiold in the Vega. 

C. & G. S. Rpt., 1881, App. 9. 



 

138 ONITED STATES COAST AND GEODETIC SURVEY. 

TABLE I.-Observed magnetic dips and horizontal and total magnetic 

ALASKA TERRITORY-Continued. 

----- ~----~ 

Latitude West longi- Dip Horizontal 
Name of station. tu de Year. Month. force 

<p, ;\__ fl. H. 

-- -- - ------~---- ~-.~~- -------- ----

0 0 

Kotzebue Soun,], Chamisso Island. 66 13 -161 49 1827 77 39 
Chamisso Harbor, Kotzebue Sound. 66 13.3 -161 48 7 1880 Aug.31. 77 17.4 2.791 
Fort Yukon. 66 33.8 -145 17. 8 : 1869 Aug. 14, 16, 26. 79 49. 5 

i 2. 478 

Near Cape Lishurne. 68 52.9 -166 05.5 I 188o Aug. 21. 78 53.0 2.46o 
On ice, near Ntl'wnak. 70 09 -143 50 1851 82 58 
San<ly Beach, between Port Lay and Icy Cap ... 70 13.2 -162 15. 2 1880 Aug. 25. 80 07.8 2. 195 
Foggy Island. 70 16 --147 38 1825 82 26 

Near Point Belcher. 70 47 -159 40 188o Aug. 27. 80 52. 6 2.025 
Ooglaamie, Point Barrow. 71 17,7 -156 39.7 1881 Dec. 81 24.6 1. 93 2 

Do. 71 17.7 -156 39. 7 1882 Jan. to Dec. 81 23.5 I. 935 
Do. 71 17.7 -156 39· 7 1883 Jan. to July and 81 23. l 

' 
I. 937 

Aug. 

'Plover Point, Point Barrow. 71 21. 4 -156 16. I 1854 81 36 
Point Barrow, near extreme point. 71 22, 5 --156 20 1881 Summer. 81 18 

: On ice, north and east of Point Barrow. 71 26 -147 26 1851 83 05 
On ice. 71 27 \ -155 14 l85r 82 29 

ARIZO::-<A TERRITORY. 

--· --, ---------,------,-----· 

Santa Cru1 River. 31 18 IIO 3l 1855 May 14. 57 28 6. 169 

San Bernardino. 31 20 !09 14 1855 Apr. 28. 57 19 6.252 
Los Nogales. 31 21 IIO 51 1855 June 16. 57 IJ 6.262 

Station 45. 32 41 114 05 1851 58 25 

Gila Junction. 32 43 II4 33 l85r 58 30 

i Station 44. 32 44 ll3 50 1851 58 30 
, Station 43. 32 49 IIJ 33 1851 58 43 
i Station I. 32 50 109 34 1851 59 19 
I Station 2. 32 50 !09 37 185r 59 12 
I 
! Station 3. 32 53 109 44 1851 i 59 12 

! Station 4. 32 57 109 49 1851 59 20 

i Station 42. 32 58 IIJ II 1851 59 17 
Station 20. 32 59 IIO 40 1851 59 II 

i ., . 
32 59 112 43 1851 58 49 , ~tatton 39. 

Station 38. 33 00 112 39 1851 58 53 
, Station 28. 33 01 III 23 1851 59 16 
Station 40. 33 02 112 55 1851 59 16 
Station 21. 33 03 110 46 1851 58 59 
Station 27. 33 03 III 16 1851 59 20 
Station 5. 33 04 109 55 1851 59 27 

! Station 26. 33 04 III II 1851 59 25 
Station 29. 33 04 Ill 34 1851 59 o6 
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mten.~ities in the United States and adja,ccnt rcgiosn.-Continued. 

AL\SKA TERRITORY-Continued. 

Total force l Referred results. 

-----------
F. I IJ I H I F i , ,,.,_o I ,...,_o l , ... ,.o 

1 ---- ;---1----1----I 
, I 

12.68 

14. 02(?) 

12.76 

12. 81 

,}n.2 
79.5 

78.8 

8o.o 

I 
12. 59 {' 

2. 46 12. 66 

2. 20 . 12. 67 

Obsen·er. I\eference and remarks. 

Beechey. l Beechey's Voyage to the J'acific, London, 1831. 

W. H. Dall and M. Baker. I c. & G. S. Rpt., 1881, App. 9. 

C. W. Raymond. i Senate Ex. Doc. No. 12, 'Vash., 1871. II doubtful: 
i first set of deflections alone used. 

W. H. Dall and ~1. Haker.! C. & l'- S. Rpt., 1881, App. 9. 

Collinson. ! Phil. Trans. R. S., 1872. 

W. H. Dall and ~L Baker. 
1 

C. & G. S. Rpt., 1881,App. 9. 

, J. Franklin. Phil. Trans. R. S., 1872. 

12.84 

12.935 
12.929 
12.927 

1I.47 T 
I 
11 

I I. 58 
11 

I I. 56 !! 

Ii 
" ii 
ii 
II 
! 
I I 
I 
I 

8o.8 

}81.34 

81. 23 

2. 03 

I. 950 

6. 13 

6. 14 

12. 70 

12. 95 { 

! 
_J 

W. H. Dall and M. Haker .. C. & G. S. Rpt., 1881, App. 9. 

P.H. Ray. 

Do. 

Do. 

R. Maguire. 

U. S. ReYenue ~larine. 

Collinson. 

Do. 

C. & G. S. Rpt., 1883, App. 13. 

Do. 

Do. 

Phil. Trans. R. S., 1872. 

Pacific Coast Pilot, Alaska, I:. S C. &. G. S., 1883. 

Phil. Trans. R. S., 1872. 

Do. 

ARIZONA TERRITORY. 

W.H. Emory. 

Do. 

Do. 

i U.S. & Mex. Bound. Sur.; Am. Acacl. of Sc., Vol. YI, 
1850. 

Do. 

Do. 

W. H. Emory and T. W. U.S. & Mex. Bound. Sur.; Am. Acad. of Sc., Vols. 
Chandler. V & VI, 1856. 

Do. Do. 

Do. Do. 

Do. Do. 

Do. Do. 

Do. Do. 

Do. Do. 

Do. Do. 

Do. Do. 

Do. Do. 

Do. Do. 

Do. Do. 

Do. Do. 

Do. Do. 

Do. Do. 

Do. Do. 

Do. Do. 

Do. Do. 

Do. Do. 
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Name of station. 

TABLE !.-Observed magnetic dips and horizontal and total ma,gn~tio 

ARIZONA TERRITORY-Continued. 

I 

l\!onth. 
I Dip I Horizontal i 
I 1 force J 

Latitude West longi-
tude Year. 

<P· A. 

I 
IJ. ! H. i. 

i ; 
-----1--~·-~-···~---~-l---·------ ' fs;:---1 l Station 19. 

i 
Station 22. 

Station 6. 

Station 24. 

Station 23. 

Station 30. 

Station 12. 
Station 13. 

Station 15. 

Station 32. 

Station 7. 
Station 31. 

Station 8. 

Station IO. 

. Station 17. 

i Station 9. 

. Williams River. 

I Camp l2J. 

Williams River. 

: Camp 126. 
On Colorado River. 

Camp 129. 

Williams River. 

Do. 

Camp 130. 

Camp 132. 

i Camp 135. 

: Colorado Chiquito or Flax River. 

' Pueblo Creek. 

Near Rio Puerco of the West. 

Williams River. 

On Colorado Chiquito. 

Do. 

Big Horse Spring. 

Near Lithodendron Creek. 

Jacob's Well. 

On Colorado Chiquito. 

Navajo Springs. 

Carriso Creek. 

Williams River. 

White Cliff Creek. 

On Colorado Chiquito. 

0 

33 05 

33 05 

33 06 

33 o6 

I 33 07 

33 08 

33 09 

33 09 

33 09 

33 09 

33 IO 

33 10 

33 12 

33 12 

33 12 

33 13 

34 13 

34 14 

34 17 

34 17 

34 23 

34 27 
34 32 

34 36 

34 36 

! 34 46 
34 52 

34 53 

34 56 
34 58 

34 59 
35 00 

35 01 

35 01 

35 02 

35 04 

35 °5 
35 o6 

35 o6 

35 07 

35 o8 

35 12 

0 

J 10 35 

IIO 50 
110 00 

I II 02 

110 55 
I II 44 

110 26 

110 28 

110 31 

Ill 57 
!IO OJ 

Ill 54 
110 10 

110 19 

110 42 

110 19 

Il3 33 

113 39 

113 z6 

113 56 
114 06 

114 II 

113 28 

113 28 

I14 16 

114 23 

I 14 32 

110 04 

Il2 46 

109 52 

II2 57 
IIO 25 

IIO 30 

113 36 

109 41 

109 14 

IIO 33 
109 20 

109 32 

113 13 
113 31 

110 37 

1851 

1851 

1851 

1851 

1851 

1851 

1851 

1851 

1851 

185 I 

1851 

1851 

185 I 

1851 
1851 

1854 

1854 
1854 

1854 
1854 

1854 
1854 

1854 
1854 

1854 
1854 
1853 

1854 
1853 

1854 
1853 

1853 
1854 

1853 
1853 

FeL. 16. 

Feb. 13. 

Feb. 20. 

Feb. 21. 

Feb. 22. 

Feb. 9. 

Feb. 8. 

Feb. 23. 

Feb. 25 

Mar. I. 

Dec. 5. 

Jan. 21. 

Dec. 3. 

Jan. 23. 

Dec. 7. 

Dec. 8. 

Feb. 4. 

Dec. 2. 

Nov. 29. 

1853 Dec. 15. 

1853 I Nov. 30. 
' 1853 Dec. 1. 

1854 j Jan. 28. 

1854 I Feb. I. 

1853 I Dec. 16. 

59 13 

59 38 
59 20 

59 2 3 

59 06 

59 37 
58 58 
59 28 
59 22 

59 42 
59 28 

59 37 
59 34 

59 2 3 

59 45 
6o 08 

00 IO 

6o 14 
6o II 

60 34 

6o 35 

60 44 

6o 36 
6o 30 

6o 48 

6o 57 
62 15 
61 13 

61 46 
61 o6 

61 54 
61 41 
61 02 

61 57 
61 59 
61 44 

61 58 
6z 05 
61 17 
6o 48 
61 45 

___ . __ l ___________ "-------' 
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intensities in the Unfted States and adjacent regivns.-continued. 

I 
i Total force 

F. 

IZ, II 

12. 07 
1 .. 2. 13 
I2.o6 

12. O<) 

IZ. !O 

12. 10 

12.06 

12. IO 

12. II 

I2. 16 

12.42 

12.28 

12.4I 

12. 25 

I2.39 

12.37 
12. 13 

I2.40 

12.46 

12.36 

12.47 
12.45 

12.03 

12.25 

12.41 

0 

l\eferred results. 

5.88 

5.89 
5.87 
5. 81 

5. 81 

5.79 
5.79 
5.83 
5.78 
5. 77 
5.65 

5.78 

5.74 

5.79 
5. 71 

5. 74 i 

5. 74 

5.70 
5.72 
5.72 
5.73 
5.70 

5.65 

5.85 

5.74 

ARIZONA TERRITORY-Continued. 

Observer. l\eference and remarks. 

W. IL Emory and T. \V. U.S. Ii.: l\Iex. Bound. Sur.; Am. Acad. of Sc., Voh. 
Chandler. V & VI, 1856. 

Do. Do. 

Do. Do. 

llo. Du. 

Do. Do. 

Do. Do. 

Do. Do. 

Do. l>o. 

Do. l>u. 

Do. Do. 

Do. Do. 

Do. Do. 

Do. Jiu. 

l>o. Do. 

l~ I~ 

Do. Iln. 

J.C. Ives and A. W. Whip- C. S. Rpt., 1856, p. 222. 

pie. 

Do. Du. 

Do. llo. 

Do. Do. 

Do. Do. 

Do. Du. 

Do. !Jo. 

Do. Do. 

Do. Do. 

Do. Do. 

Do. Do. 

Do. Do. 

Do. Do. 

Do. Do. 

Do. Do. 

Do. Do. 

Do. Do. 

Do. Do. 

Do. Do. 

Do. Do. 

Do. Do. 

Do. Do. 

Do. Do. 

Do. Do. 

Do. Do. 

Do. Do. 
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TABLE I.-Observed magnetic dips and korizon~al and total magnetic 

ARIZONA TERRITORY-Continued. 

Dip I Horizontal 
force 

a. H. 

61 14 

Name of station. 
Latitude West longi-

' tude j Year. ! Month. 
! rp, I A. I ' 

----l---i-------!-------
1 

0 I I 

35 12 IlJ 21 1854 ; Jan. 30. 
i 

i Head of White Cliff Creek. 

Saroux Spring. 35 17 Ill 39 1853 Dec. 29. 61 33 
On Colorado Chiquito. 35 18 110 53 1853 Dec. 17. 61 55 

Do. 35 21 IIO 56 1853 Dec. 18. 62 03 

1 Cedar Creek. 35 21 112 20 1854 Jan. 9. I 62 06 

----·--·--- ---·-·--------·------------------------------------
ARKANSAS. 

[Xo magnetic dip or intensity stations in the State.] 

CALIFORNIA. 
--~---·----- ------- -----------------~-------

I San Diego. 32 42 117 14 1793 ::'\ OY. am\ Dec. 59 13 
Is D' · 1 ll7 1839 57 o6. l 6.142 • an iego, tongue on eastern ><c e. 32 41 13 

San Diego. 32 42 117 JO 1849 57 33 

San Diego, La Playa. 32 42.2 117 14.5 1853 Sept. and Oct. 57 38.6 6. 271 

San Diego Bay. 32 42 117 13 1866 June 15. 57 54 6. 261 

San Diego, La l'laya. 
I 14. 6 ' 1872 Nov. 22, 23. 57 56. 8 6. 159 32 42. 2 i 117 

Do. 32 42. 2 ! 117 14. 5 1881 Apr. 5, 6. i 57 51. 2 6.104 
I 

New RiYer. 32 42 I II5 25 1849 58 19 

Santa Maria. 33 02 I 116 51 1849 58 42 

Santa lsabella. 33 08 
I 116 41 1849 58 48 I 

San Pedro, on a small island 3 miles north of i l 
118 1839 58 21. 4 33 43 I 15 5.913 

San Pedro. 
I I 

JI8 Nov. and Dec. 59 32.6 6. 144 San Pedro. 33 45- 41 17.0 1853 

Do. 33 44.2 118 16.7 1881 Apr. 10, 11. 58 48.5 5. 991 

Dominguez Hill. 33 51. 8 ' 118 14. 2 1870 Mar. 17, 18. 58 49· 2 6.056 

Santa Monica. 34 oo.5 118 29. 7 1883 Apr. ID. 59 02.8 5.973 
u8 

I 
Los Angeles, Coast and Geodetic Survey Ob- 34 03.0 15. 4 1882 Sept., Oct., Nov., 59 30. 41 5.9126 

servatory. Dec. 

Do. 34 03.0 118 15.4 1883 Monthly. 59 30. 7 . 5.9191 
Do. 34 03.0 118 15. 4 1884 Monthly. 59 29.4 5.9151 

Do. 34 03.0 118 15.4 1885 Jan'y to July. 59 29.8 5· 91I I 

San BuenaveJttura. 34 15. s 119 15.9 1870 Jan.13-19. 59 II. 5 6.018 

Santa narbara. 34 24 119 42 1831 May. 6cq8 5.861 

Santa narbara, at landing place. 34 24 119 42 1839 58 54. I I 5.925 

Santa narbara, N. NW. of Geodetic station on 34 24. 2 Il9 42. 8 186g Nov. 20-25. 59 16.0 5.967 
outermost spur of hill. 

1 

Santa Barbara, west of long wharf near Burton I 3424.61 I19 41. 5 1881 Apr.13, 14. 59 19. 2 5.871 
House. 
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intensities in the United States and adjacent regions.-continued, 

ARIZONA TERRITORY-Continued. 

--- ----11---~------
Total force 1: ___ Referretl r:'l_ts_. -- : Observer. I 

F " I ----111 e, ... _:__i~::_ -~=---, ------------
I2. 34 

I2.34 

12.40 

I2.48 

, ' I I 
o I , 

5. 81 J.C. IvesandA.W. Whip- I 

5.75 

5.71 

5.72 
5.70 

ple. I 
Do. 

~:: II 

Do. 
i 

Reference and remarks. 

C. S. Rpt. 1856, p. 222. 

Do. 

Do. 

Do. 

Do. 

-----------------------------------------

l I. 32 

II. 72 

l I. 782 

II. 6o 

II.47 

II. 28 

12. 12 

I I. 57 
11. 70 

IJ.613 

I I. 652 

11. 666 

I I. 651 

I I. 646 

11. 75 

ARKANSAS. 

[No magnetic dip or intensity stations in the State.] 

CALJFORKIA. 

I! 1 ____ 1 ___ -------f-; ~-~~::::·er. 

j 
W. H. Emory. 

I 1 

57· 88 6. o87 1 I.45 ,V. l'. Trowbridge. 

I J 
]i 58. 3 
ii 
~1 58. 7 
II 58. 8 

ii),,' 
11 58. 8 

11 " ' 

}" ,, 
59· 2 

5.970 

5.911 

5·932 

5.86o 

II. 52 

II. 62 

II. 65 

\V. Harkness. 

l ·,·. S. R. Throckmorton. 
II. E. Nichols. 

W. H. Emory. 

Uo. 

Do. 

r E. Belcher. 

~ V\'. P. Trowbridge. 

l H. E. Nichols. 

G. Davidson and S. R. 
Throckmorton. 

M.Baker. 

fl M.Ba::: 

M. Baker and C. Terry. 

C.Terry. 

II. 58 G. Davidson and S. R. 

II. 47 

Throckmorton. 

l D. Douglas. 

j E. Belcher. 

l 
G. Davidson and 

Throckmorton. 

H. E. Nichols. 

I 

S. R. 

Hansteen's Erdmagnetismus, Christiania, I819. 

Phil. Trans. R. S.,1841anu1843, and C. S. Rpt. 1861, . 
App. 22. 

U.S. and Mex. Bound. Sur.; Am.Acad. Sc., Vol. VI, 
1856 .• 

C. & G. S. Rpt., 1881, App. 9. 

Smithsonian Cont's to Know., No. 239, \Vash., 1873. 
Prof. W. Harkness, U.S. N'. 

C. & G. S. Rpt., 1881, App. 9. 

Do. 

U. S.&Mex. Bound. Sur.; Am.Acatl.Sci.,Vol.VI,1856. 

!Jo. 

Do. 

Phil. Trans. R. S., 1841; C. S. Rpt., 1861, App. 22. 

C. & G. S. Rpt., 1881, App. 9. 

Do. 

Do. 

M. S. in C. & G. S. l)ffice. 

Do. 

Do. 

Do. 

Do. 

C. & G. S. Rpt., 1881, App. 9. 

Rpt. Brit. Assa., Vol. VI, 1838; Phil. Trans. R. S., 
1875; Sir E. Sabine's Cont., XIV, and C. S. Rpt., 
1861,App.22. 

Phil. Trans. R. S., 1841 and 1843; C. S. Rpt., 1861,, 
App. 22. 

I
i C. & G. S. Rpt., 1881, App. 9. 

Do. 

I 
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TABLE I.-Observed magnetic dips and horizontal and total magnetic 

CALIFORNIA-Continued. 

' Latitude 
Name of station. 

. 'P· 
I 

------------1----
Point Conception, El Coxo. 

Santa Inez. 

La Purissima. 

Soda Lake. 

i Pai-ute Creek. 
1 

Sand Camp. 

San Luis ( >bispo. 

Du. 

Do. 

J\ear Marl Spring. 

San Miguel. 

San Antonio. 

La Soledad. 

Mount Toro. 

Monterey. 

Vo. 

Do. 

Monterey, at the presi<lio. 

Monterey, near landing place. 

Do. 

Monterey. 

Monterey, at the barracks of redoubt. 

Near Monterey, Point Pinos. 

Monterey, at the barracks, officers' quarters. 

Mt. Bache, or Loma Prieta. 

Sierra Morena. 

San Jose. 

San Francisco Bay. 

San Francisco. 

Do. 

Do. 

San Francisco, Verba Buena Island. 

San Francisco, presidio. 

34 27.0 

34 36 

34 40 

35 °3 

35 o6 

35 o6 

35 II 

35 IO. 6 

35 IO. 6 

35 II 

35 45 

36 01 

36 24 

36 31. 5 

36 36 

36 36 

36 36 

36 36 

36 35 

36 36 

36 36 
36 36.2 

36 37.8 

36 36. 2 

37 o6.6 

37 24.5 

37 32 

37 48. 5 

37 48 

37 48 

37 47.5 

San Francisco, Dupont street, near Catholic } 8 
church, and nearStQCkton and California sts. 37 47 · 

San Francisco. 37 49 

I 

West longi- I I Horizontal 
\ force 
I H. 

Month. 
Dip 

6. 
tude 

1 

Year. / 

_A. 1-I ·----:----1---

120 26. 7 
120 JI 

120 27 

u5 59 

114 54 

II5 46 

120 44 

120 44. 5 
120 44. 5 

II5 33 

121 00 

121 18 

121 24 

121 36.5 
121 51 

121 51 

121 51 

121 53 

121 55 

121 53 

121 53 

121 53.8 

121 55. 6 

121 53.8 

121 50.6 

122 18. 5 
122 00 

122 22 

122 24 

122 24 

122 24 

122 24 

122 27.2 

f 1872 I Dec. 9, 10, 11. 

May. 

1831 i May. 

1854 / Mar. 8. 

1854 ; Mar. 3. 

1854 ' Mar. 7. 

1831 May. 

1854 

1881 

1854 

1831 

Jan. and }'eh. 

Apr. 16, 17. 

Mar.6. 

Apr. 

Apr. 

Apr. 

Jan. 27 to Feb. 2. 

Sept. 23. 

1792 Dec. 

1794 Nov. 

1818 Sept. 

_1831 Jan. 

1839 

1B43 Sept. 

1854 May 1g-25. 

1873 Sept. 1, 2. 

1881 Apr. 19, 20. 

1884 Mar. 15, 16, 17. 

1884 Jan. 15, 16, 17. 

1831 July. 

Nov. I. 

1829 

1831 Feb. 

Feb. II, 12. 

1 

58 5 I. 0 

6o 53 

6o 53 
61 07 

61 IO 

6o 49 
61 17 

59 42. 2 

60 30. 0 

6o 56 

61 40 

6o 56. 2 

63 oo. 5 
63 00 

64 15 

62 07. 5 

61 03.6 

61 58.9 

6o 59. 5 
61 12. 5 
61 12. 7 

62 52 

5. 905 

5.754 

6.002 

5.83r 

5.686 

5,674 

5.661 
5.663 

5.629 

5.666 

5.8o2 

5.696 

5.663 

5. 591 

5.541 

5. 550 

62 58. o? 5. 495 

61 53.8 

62 05. 8 5. 524 

62 21. 2 

122 24.0; 1858 June5,6,7,10,13 62 47 {
5· 591 

5.561 

5.643 122 21 1866 June :z6. 62 22 
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i1ttensities iii tlie United States and a4jacettt regimu1 -Couti1wed. 

Total force 

F. 

JI. 89 

12. 15 

12. 16 

12. 14 

ll. 96 

ll. 99 

12. 04 

12.07 

I I. 71 

II. 96 

ll. 83 

I I. 76 

12. 17 

CAl,IFORN!A-Continued. 

Referred rt!sults. 

Observer. Reference and remarks. 

61""5.o H1 .... o 

-· - I -

; 

i 
5.836 

5.818 

I I. 30 i S. R. Throckmorton. 
I 

C. & G. S. Rpt., 1881, App. 9. 

5.788 

5.763 

5. 758 

5· 814 • 

l ( 

r 6o. 50 5. 821 ! I. 82 l I 
J 

5.773 

5.686 

5. 674 i 
5. 661 I 

5. 663 I 

61. 21 5. 647 i 

5. 588 l 

5.536 

5· 550 I 

H. Ex. 18:--19 

i D. Douglas. 

Do. 

j J.C. Ives and A. W. Whip-
: pie. 
1 Do. 

Do. 

D.Douglas. 

W. P. Trowbridge. 

H. E. Nichols. 

J.C. Ives and A. W. Whip
ple. 

D. Douglas. 

Do. 

Do. 

G. Davidson and F. Morse. 

Don A. Malaspina. 

G. Vancouver. 

Do. 

V. M. Golovnin. 

D. Douglas. 

E. Belcher. 

T. Perry. 

W. P. Trowbridge. 

S. R. Throckmorton. 

H. E. Nichols. 

Rpt. Brit. Asso., Vol. VI. 1838, and Phil. Trans. R. S, 
1841 and 1875. 

Do. 

C. S. Rpt., 1856, p. 222. 

Do. 

Do. 

i Rpt. Brit. Asso., Vol. YI, 1838; Phil. Trans. R. S., 
1841 and 1875; C. S. Rpt., 1861, App. 22. 

C. & G. S. Rpt., 1881, App. 9. 

Do. 

C. S. Rpt., 1856, p. 222. 

Rpt. Brit. Assa., Vol. VI, 1838; Phil. Trans. R. ~ .. 
1841 and 1875. 

Do. 

Do. 

MS. in C. & G. S. Office. 

Bode's Astr. Jahrb., Berlin, 1828. 

Hansteen's Erdmagnetismus, Christiania, 1819. I 
Do. I 

Voyage round the World, St. Petersburg, 1822, Vol.2. 
1 Rpt. Brit. Asso., Vol. VJ, 1838; C. S. Rpt., 1861, I 

App. 22. II 
Phil. Trans. R. S., 1843. 

Sill. J., Vol. XL VII. 

C. & G. S. Rpt., 1881, App. 9. 

Do. 

Do. 

I 

G. Davidson and R. A. ! MS. in C. & G. S. Office. 
Marr. 

Do. 

i D. Douglas. 

Kotzebue. 

D. Douglas. 

E. Belcher. 

Do. 

i 
no. I 

Rpt. Brit. Asso., Vol. VI, 1838; Phil. Trans. R. S., I 
1841 and 1875. I 

Voyage of Discovery, 1815-1818. 

Phil. Trans. R. S., 1846. 

Rpt. Brit. Asso., Vol. VI.. 1838; C. S. Rpt., 1861, : 
App. 22. Gauss gives 62° 381 in his comparison of / 
theorv and observation. 1 . I 

Phil. Trans. R. S., 184 t. I 
Phil. Trans. R. S., 1841 and 1843; C. S. Rpt., 1861, J 

App. 22. 

G. Davidson and F. A. Roe C. & G. S. Rpt., 1881, App. 9. /I 

K. Friesach. 

W. Harkness. 

Acad. Sc., Vienna, Vol. 38, 186o. \ 

I 
Smithsonian Cont's to Know., No. 239, Wash., 1873, : 

Cruise of the Monadnock. ' 
-----'-----------
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'l'.AELE }.-Observed magnetic dips and lwrizontal and wtal magnetic 

CALIFORNIA-Continued. 

~-------·- -----

Latitude West longi- Dip Horizontal ' 
Name of station. tude Year. Month. force 

q;. ,l. 6. H. 

' __ 1 ___ 

I 

! San Francisco. Presidio. 37 47-5 122 27.2 1873 Nov. 13-20. 62 05. I 5.543 

!Jo. 37 47. 5 12.2 27. 2 1880 Apr. and Nov. 62 18.8 5.526 

Do. 37 47.5 122 27.2 1880 Sept. 24-26. 62 19.0 5. 501 

Po. 37 47. 5 122 27.2 1881 Mar. 30; Apr. I. 62 17.6 5.537 

Do. 37 47-5 122 27_ 2 1881 Apr. to Nov. 62 30.0 5.488 

San Francisco, Lafayette Park. 37 47.4 122 25.6 1881 Feb. and June. 62 17.8 5. 537 

San Franci5co, Presidio. 37 47.5 122 27. 2 1881 :, June, July, Dec. 62 25.2 5.53o 

Vo. 37 47.5 122 27.2 1883 June 2, 3, 4, 5. 5. 481 

J>o. 37 47.5 122 27.2 1884 Sept. 5-24. 62 20_2 5- 485 

Mount Diablo. 37 52.8 121 5+ 8 1884 , Nov. 29,30; Dec. , 5.542 
2,3,5. 

San Francisco. Solano. 38 I" I 122 24 1831 i July. 63 24 5.467 

Port Bodega. 38 18 123 02 1839 62 53.4 5.440 

Bodega llead, Fort Rumantsoff. 38 18.7 122 43.2 1818 Sept. 65 30 

Bodega, near geodetic station. 38 18. 2 123 00. I 186o Aug. 15-17. 5. 558 

Vaca. 38 22.4 122 05.0 1880 Nov. 23-29. 5.476 

Sacramento. 38 35 121 27 1852 64 03 
' Sacramento, grounds of the Capitol. 38 36. I 121 28. 0' 1881 Apr. 5, 6, 7. 63 40.7 5. 368 

Monticello. 38 39· 7 122 I I. 4 188o 

lllue Caiion. 39 15. 3 120 47. 0 1881 

-- ---- -·-- --- --

COLORADO. 

--------·--··- ------------
' 

La Junta, near eclipse ~tation. 37 58.9 103 32.6 1878 July 25. 66 02.3 5, 2761 

Pueblo. 38 12 !04 37 1872 Oct. 15, 16. 66 38.3 5. 124 

North Pueblo, south of Court-House. 38 18 104 36. 8· 1878 Aug. 1g-23. 66 31. 3 5. 183 

Colorado Springs. 38 50.0 104 49· I 1873 Aug. 30; Sept. 3. : 66 51. 4 5. 041 

Manitou, near the Navajo Soda Spring. 38 51. 9 104 54.6 1878 Aug.4. 66 59.2 5.o649 

Denver, ou Pierce's Block. 39 45 105 00 1872 Oct. 13, 14, 19. 67 34. 4 i 4.945 
Denver, at astronomical station. 39 45,4 104 59. 5 1873 Aug. 13, 14, 15. 67 4.g85 

Denver, near Seventeenth street and Broadway. 39 45.3 104 59. 5 1878 Sept. 3-6. 4.968 

Denver, Mrs_ Craig's garden. 39 45.3 104 59.6 1878 Aug. 8. 4· g847 

CONNECTICUT. 

--------~- -------~--------

Stamford. 41 03.5 73 32.3 1844 Sept. 12, 13. 73 02. 31 3.885 
Norwalk. 41 07_ I 73 24.6 1844 Sept. 14. 13 09· s I 
Bridgeport. 41 10 73 II 1845 i Sept. 17. 73 21. s 1 3· 738 

---------·------·-----
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intensities in the U7iited States and fl4jaaent regions.-continued. 

I[. 89 

Il. 91 

IX. 94 

II. 82 

CALIFORNIA-Continued. 

Referred results. 

l 
I 
r 62. 33 

I 
J 

' 5. 495 

' 5. 542 ' 

Observer. 

I

{ G.Davidson,S. R. Throck
morton, and W. Eimheck. 

W. H. Dall and M. Baker. 

1 H. E. Nichols. 

J 

' W. Eimbeck and R. A. 
' Marr. 

I I. 83 , H. E. Nichols. 

11 J. S. Lawson. 
I, 

I 
Do. 

'R. A. Marr. 

I G. Davidson and R. A. 
l '. Marr. 

G. Davidson and R. A. 
Marr. 

Reference and remarks. 

C. & G. S. Rpt., 1881, App. 9. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

MS. in C. & G. S. Office. 

Do. 

Do. I 
12.22 D. Douglas. Rpt. Brit. Asso., Vol. VI, i838; Phil. Trans. R. 

1841 & 1875. 
s .• ) 

II. 94 5. 435 

}---- 5.443 
' 

5. 454- ! 

12. II 
}63. 65 5.350 

l.2. 03 63.25 5.397 

12. 16 6+35 5. 242 ! 

------r---. 
12. 991 Ii 66. 0 5. 28 

1: }66. 5 
13. 01 11 

12. 83 !1} 
Ii 66.9 

12. 956 11 

5. 15 

5. 05 

---- I! i , 

:!: : ilf 67. s i 4. 97 

13.051 II ! 

i E. Belcher. 

{ 
· V. M. Golovnin. 

! G. Davidson. 

E. F. Dickins. 

{

1 
W. H. Emory. 

12. 05 i W. Eimbeck and R. A. 
Marr. 

11.99 : G.DavidsonandJ.J.Gil
bert. 

12. 11 W. Eimbeck and R. A. 
Marr. 

COLORADO. 

12. 98 T. E. Thorpe. 

{ 
T. C. Hilgard. 

12. 91 
J. B. Baylor. 

{
, E. Smith. 

12. 87 ' 
T. E. Thorpe. 

r T. C. Hilgard. 

I • E. Smith. 
12. 99i . 

I / J. B. Baylor. 

l 1 T. E. Thorpe. 

Phil. Trans. R. S., 1841 & 1843. 

Voyage 'round the World, St. Petersburg, 1822, Vol. 2. 

C. & G. S. Rpt., i881, App. 9. 

Do. 

U.S. & Mex. Bound. Sur.; Am.Acad. Sc.,Vol.VI,1856. 

C. & G. S. Rpt., 1881, App. 9. 

Vo. 

Do. 

Proc. R. S., No. 200, 1880. 

C. & G. S. Rpt., 1882, App. 14, (Nat. Acad. Ser.) 

C. & G. S. Rpt., 1881, App. 9. 

Do. 

Proc. R. S., No. 200, 188o. 

' C. & G. S. Rpt., 1882, App. 14, (Nat. Acad. Ser.) 

C. & G. S. Rpt., 1881, App. 9. 

Do. 

Proc. R. S., No. 200, 188o. ____ " __ , -~----· ---------

CONNECTICUT. 

13.05 

I I 
72.17 I 3. 9441 12. 88 J. Renwick. C. & G. S. Rpt., 1881, App. 9. 

~~· ~ j Do. Do. 

7~~~~s I _~~-~ ---~~- -·---------------~:~-
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Name of station. 

Double Beach. 

Light-Honse point. 

Tashua. 

Saybrook. 

New Haven, burial ground. 

New Haven. 

TABLE 1.-0bserved magnetic dips and horizontal and total magnetic 

CONNECTICUT-Continued. 

41 14. 5 

41 15 

41 15. 6 

41 16. 5 
41 18 

o I 

72 54 

73 15.0 

72 20.6 

72 56 

72 57 

\'ear. Month. 

1884 July 22. 

Dip 

Ii. 

Horizontal I: 

force 
H. ,; ,;,·,-1 

1884 June 30. 72 46. I 

1863 Aug.31;Sept.17
1 

73 oo.8 3.887 

1845 Aug. 19. I 74 33• 8 3• 564 

1839 1 Sept. 73 26. 7 3.832 

1842 Apr. 21. 73 29. 8 3· 819 

New Haven, Grove Street, near cemetery. 41 18 72 57 1842 Oct. 18. 73 27. 4 I 3· 831 

New Haven, Yale College and station south- 4r r8. 5 72 55- 7 {
7321.0} 3.818 

27.5 east of it. 

New Haven, Fort Wooster. 

New Haven, at the Pavilion. 

New Haven, Fort Wooster. 

New Haven, Oyster Point. 

Do 

New Haven, Silliman's Garden. 

New Haven, Yale College Observatory. 

Do. 

New London. 

Stonington. 

Wooster. 

Centreville. 

41 16. 9 

41 18. 0 

41 16. 9 

41 17. 0 

41 16. 9 

41 18. 7 

41 18. 7 

41 18. 7 

' 41 18. 4 : 

41 19. 8 

41 21. 0 

41 23.0 

72 53.6 
72 54.6 

72 5J. 6 

72 55.7 

72 55.8 

72 55.6 
72 55.6 

72 556 

72 00.3 

ii 54·3 

73 29. 3 i 
72 54· 2 

1847 Sept. 27-0ct. 2. 

1848 : Aug. 14-18. 

1848 I Aug. 21-26. 

1848 Aug. 30, 31. 

1855 Aug. 17. 

1878 

1884 

1885 

July 17, 18. 

Jan. to Dec. 

Apr. 22. 

Aug. 13. 

Aug.8, 9. 

July 20; Aug. 6. 

1884 June, Aug. 

74 16.6 

73 31. 9 

74 12.6 

73 32.9 

73 44. 5 
i 7305.4 

72 49.6 

72 47. 6 

72 57· 9 
73 25. I 

73 24.6 

72 49.9 

3.667 

3. 776 

3· 617 

3.769 

3.690 

3- 861 

3.8704 

3.86o 

Sandford. 41 27. 7 72 57. o ' 1862 Sept.30; Oct. ro. 73 33. 3 3. 855 

Hartford, northwest of State-House. 41 46 72 41 1839 Sept. 73 58.1 

Hartford, in park. 41 45· 9 

Hartford, yard of Perkins' house, Prospect 41 45. 9 
street. 

72 40. 5 1859 

72 40. 4 i 1867 

July 27. 

Ai.;g. 15, 17. 

14 01. 4 I 3. 116 

13 20. 5 I 3. 8o1 

Hartford, in park. 

Box Hill. 

Ivy. 

Bald Hill. 

41 45·9 

41 47,9 

41 52.3 

41 58.3 

72 40. 5 i 1879 

72 27. 3 1861 

73 13. 5 1863 

72 II. 9 1861 

July 24, 25. 73 25. 7 

Oct. 21-25. 73 57. 9 

June 23; July 17. 73 32. o 

Sept. 10-20. 73 47. 5 

-------------------------

I 
Yankton. 

Bismarck 

I Jamestowu. 

'. Pembina 

DAKOTA TERRITORY . 
. - ·-----1--~ 

42 54 I 97 2s 188o Oct. 9, II. 

46 46. 3 j 100 38 188o Sept. 21, 22. 

46 53. 2 I 98 45 188o Sept. 15, 16. 

.s 59 I 97 14 188o Sept. 9, 10. 

72 52.2 

74 55.7 
75 3S·7 
77 27. 9 

3.783 

3. 743 

3.792 

4.124 

3.617 

3.457 

3.033 
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intensities in th..e United States and a4jacent regions.-Continu'1d. 

CONNECTICUT -Continued. 

'I 

1 

Tota: •. ~orce !:!---. ~leferr:d results .. 

I

I I -~~i H,a&,.o --~~-~' 
(>bsener. Reference and remarks. 

13. 178 i ' 
' } 7'~- 7 5 1, 3. 897 [ 3. 14 {' 

0. T. Sherman. : Rpt. to Board of Managers of Yale Coll. Observatory, 
1884-'85. 

13. 159 

13. 30 

13.39 

13. 35 

13.45 

13.453 

13.33 

13.53 

13. 32 

13. 29 

13. 31 

13. 18 

13. 274 

13. 13 

13. 37 

13.129 

13.62 

13.58 

13.26 

13.26 

13. SS 

13. 31 

14.00 

13.91 

13. 9C> 

13.97 

Do. Do. 

72. 03 ! 3. 987 12. 92 S. H. Lymati, G. W. Dean, C. & G. S. Rpt., 1881, App. 9. 
and A. D. Bache. 

73.6g 3.631 

3. 865 

3.814 

3.913 

3.878 

3.96o 

12.93 

13.02 

12. 71 

12.96 

IJ. IO 

13. 23 

f. Renwick. 

r i E. Loomis. 

J. Locke. 

J. H. Lefroy. 

1 J. Renwick. 

R. H. Fauntleroy. 

J. S. Ruth. 

Do. 

Do. 

C. A. Schott. 

T. E. Thorpe. 

0. T. Sherman. 

Do. 

J. Renwick. 

Do. 

R. E. Halter and A. D. 
Bache. 

0. T. Sherman. 

£. Goodfellow and A. D. 
Bache. 

E. Loomis. 

C. A. Schott. 

12. 96 Do. 

J. B. Baylor. 

13. 15 I G. W. Dean, R. E. Halter, 
and A. D. Bache. 

12.93 

S. H. Lyman, G. W. Dean, 
and A. D. Bache. 

G. W. Dean, R. E. Halter, 
and A. D. Bache. 

Do. 

Sill. J., 1840; Am. Phil. Soc., Vol. VIII, 1843; C. S. 
Rpt., 1861, App. 22. 

Am. Phil. Soc., 1846, Art. XI; Dr. J. Locke's paper 
of 1844. 

Diary Mag. Sur., Canada, London, 1883. 

C. & G. S. Rpt., 1881, App. 9. 

Do. 

Do. 

Do. 

Do. 

Do. 

Proc. R. S., No. 200, 1880. 

Rpt. to Board of Managers of Yale Coll. Observatory, 
1883-'84. 

Rpt. to Board of Managers of Yale Coll. Ohsen·atory, 
1884-'85. 

C. & G. S. Rpt., 1881, App. 9. 

Do. 

Do. 

Rpt. Board of Managers of Yale Coll. Observatory, 
1884-'85. 

C. & G. S. Rpt., 1881, App. 9. 

Sill. J., Vol. XXXIX, 1840. 

C. & G. S. Rpt., 1881, App. 9. 

Do. 

Do. 

no. 

Do. 

Do. 

DAKOTA TERRITORY. 

:: ::-:-::1:::: 
75. 58 I 3· 46 II 13· go 

77-44 l 3.03 I 13.93 

I J.B. Baylor. 

i Do. 

\ Do. 

i Do. 

C. & G. S. Rpt., 1881, App. 9. 

Do. 

Do. 

Do. 



 

150 UNITED STATES COAST AND GEODETIC SURVEY. 

TABLE I.-Observed magnetic d·ips and horizontal and tot,al magnetic 

DELAWARE. 

Dagsborough. 

Pilot-town. 

Name of station. 

1 Cape Henlopen Light-House_ 

Bombay Hook. 

i Delaware City. 

' Fort ·Delaware. 

Sawyer. 

Wilmington. 

Do. 

Latitude 

r:p. 

0 

3& 35.o 

38 47· I 

38 46. 5 
• 39 21. 8 ! 

39 35 
39 35. 3 

39 .j.2. I 

39 44·9 

39 46.6 

West longi
tude 

.A.. 

75 15. 6 . 

75 09. 5 

75 05.3 

75 30,7 

75 36 

75 34. 2 

7534.o, 

75 33· 9 I 

Year. Month. 

1856 Aug. 28. 

1846 July 2. 

1856 : Aug. 27. 

1846 June 17. 

1842 

I846 i June 14, 15. 

1846 : June 3. 

1846 May 28. 

75 32. 5 • 1875 

. ------------------ ---"~------ ------------·---------------~ -- ------ -

! Washington. 

Washington, park fronting Capitol. 

Washington, front of the Capitol. 

Washington, north of Capitol. 

Washington, east of the Capitol. 

Do. 

Washington, Capitol Hill. 

Washington, north of Capitol. 

Washington, park CliSI of Capitol. 

Washington, grounds west of Capitol. 

\Vashington, near War Department. 

Washington, Gilliss' Magnetic Observatory, 
north of Capitol. 

Washington, old depot near Georgetown. 

Washington, west and east sides Capitol 
grounds. 

Washington, near l'atent Office . 

Washington, near War Department. 

Washington, near Capitol, east side. 

DISTRICT OF COLUMBIA. 

38 53· 5 
38 53· 5 

38 53· 5 

38 53.6 

38 53. 5 . 

38 53·5 

38 53.4 

• 38 53. 6 

38 53· 4 :. 

38 53· 4 

38 53.9 

38 53. 6 i 
i 

38 53.7 

38 53· 4 ! 

38 53· 9 . 

i 38 53. 9 

38 53.5 

77 01 

77 00. 5 
77 00. 5 

77 oo.6 

77 oo. 5 

77 00. 5 

77 00. 5 

77 00. 6 

77 00. 5 i 

77 00. 8 

77 02. 4 

77 oo.6 

77 03 

77 00. 7 

77 OJ. 4 ' 

77 02.4 

77 00. 5 

1842· 

1842 

1843 

1844 

Oct. IO. 

Jan. 

Apr. 6. 

Apr. 8. 

Apr. 9. 

Apr. 10. 

1844 Apr. II. 

1844 : July. 

Dip 

Ii. 

i Horizontal 
force 
H . i 

I ----1----
0 I I 

71 03. I ! 4· 348 

71 18.5. 4.290 
I 

7 I 22. 0 I 4. 285 

7 I 39· 5 I 4. 201 

71 46 [ 

, 71 34.9 I 
11 57. 5 I 

4.226 

4. 175 

71 25. 4?1 4. 236 

71 13 

71 17. 5 
71 21.4 

71 20. 2 

71 15. 2 

71 14. 4 

71 15. 9 

71 18. 0 

71 13. I 

71 1~. 8 

71 39.3 

71 34.8 

71 13. 4 

71 15. 0 

4.316 

4.320 

4. 277 

4.274 

4. 30<J 

4.289 

71 20. 5 4· 307 

71 10. 6 

\V ashington, near old Coast Sun·ey Office, south i } 8 S r 
of Capitol. ] 3 3· 77 oo.6 { 

Jan. to May and } 
71 33

_ 
9 1845 Nov. 

4.240 

4.233 

4.267 Washington, northwest of the Capitol. 38 53. 6 

Washington, near White House and Navy De- ' 38 53. 5 
partment. 

Washington, grounds of Smithsonian Institution 38 53. 2 

Washington, grounds east of Capitol. 38 53. 3 

Washington, nearol<l Coast Survey Office, south ' 38 53. I 
of Capitol. 

Do. 38 53· I 

77 OI. 0 

77 02 

1852 l\1ay, June. 

1853 May 28. 

77 01. 6 · r855 July, Sept. 

77 oo. 5 1856 Aug. 15. 

77 00. 6 185f Aug., Sept. 

77 oo. 6 1

1 

1857 Mar. 

71 16. I 

71 21. 4 

71 27. 0 4. 337 

71 19. 6 4· 308 
71 21. 7 4.3o8 
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inttJn1titie11 in the United Btate8 and adjacent regions.-co11tinued. 

Total force 

F. 

13.39 

13.39 

13.41 

13-35 

13. 38 

13.48 

13. 68 

DELAWARE. 

Referred results. 

0 

4.434 

70.8o 4. 355 
70. 77 : 4. 371 

71. 15 i 4.266 

71. 25 

Observer. 

IJ· 25 C. A. Schott. 

13.24 J. Locke. 

13.27 C. A. Schott. 

13.20 J. Locke. 

Barnett. 

13.23 i J. Locke. 
1 3·33 Do. 

Reference and remarks. 

C. & G. S. Rpt., 1881, App. 9. 

Do. 

Do. 

Do. 

Phil. Trans. R. S., 1875. 

C. & G. S. Rpt., ·1881, App. 9. 

Do. 

13. 34{1 

Do. 

Poole . . J.M. 

l C. & G. S. Rpt., 1881, App. 9. Also fl=72° 24'.5: 
i local disturbance at this place. 

l C. & G. S. Rpt., 1881, App. 9. Local disturbance at 
this place. 

---- - ·- ~-- ~-----~-------------------- -·----·---~--- ----

DISTRICT OF COLUMBIA. 

r C. Wilkes. 

I 
. C. Wilkes and E. I .oomis. 

E. Loomis. 

I J. M. Gilliss. 

I J. N. Nicollet. 

I 
j J. D. Graham and J. N. 
1 Nicollet. 

I 

i A. D. Bache. 

i J. M. Gilliss. 

I J. D. Graham. 

I 

J. H. Lefroy. 

/AD. Bache. 

I 
J. Locke. 

Do. 

Do. 

Do. 
I 
I 
I 

Do. 

j. 0. (;raham. 

I T. J. Lee. 

I 
J. E. Hilgard. 

J.M. Gilliss. 

I 
I c A ::"'' 

I 
Do. 

W.Reed. 

: Sill. J., Vol. XXXIX, 1840. 

Sill. J., Vol. XUJI, 1842. 

Sill. J., Vol. XXXIX, 1840. 

Sill.]., Vol. I, 1846. 

Am. Phil. Soc., Vol. VIII, 1843. 

no. 

C. S. Rpt., 1862, App. 19. 

Sill. J., Vol. I. 1846. 

Sill. J., Vol. IY. 1847. 

Diary Mag. Sur. Canada, Lnn<lon, 1883. 

C. S. Rpt.. 1862, App. 19. 

Am. Phil. Soc., 1846, Art. XI, Dr. J. Locke'~ paper of 
1844. 

no. 
A,;. Phil. Soc., 1846, Art. XI, Dr. J. Locke's paper 

of 1844. Same results for W. & E. sides. 

Am. Phil. Soc., 1846, Art. XI, Dr. J. Locke's paper of 
1844. 

no. 
Am. Phil. Soc., Vol. VII, 1844. 

C. & b. S. Rpt., 1881 1 App. 9. 

nu. 
C. S. Ast. Expedition to Chili, Vol. VI. 

C. & G. S. Rpl.. 1881, App. 9. Locality affected by 
local disturbance. 

C. & G. S. Rpt., 1881, App. 9. 

Do. 

C. S. Rpt., 1858, App. 26. 
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TABLE l.-Observed magMtic dips and horizontal anil total magnetic 

DISTRICT OF COLUMBIA-Continued. 

- ------- - ----- -- --------:-,.----------·---. ----~ ------...,.- --------~-----

Latitude West longi- Dip Horizontal! 
Name of station. tude : Year. Month. force 

qJ. 1. 6. H. 

I -- ------ --------

I 0 i l Washington, near old Coast Survey Office, $outh 38 53· I 1858 l June 2. 71 22.6 4.255 
of Capitol. ! 

Do. 
' 

38 53. I 77 00. 6 1859 June and July. 7I 24.4 4.307 

Do. : 
38 53· I 77 oo.6 186o Aug. and Sept. 71 15·9 4.319 

Do. 38 53· I 77 00. 6 1861 71 18.3 

Do. 38 SJ. I 77 00. 6 1862 July, Aug., Sept. 71 18.5 4.284 

Do. 38 53· I 77 oo. 6 1863 July 18-28. 71 14.3 4. 294 

Do. 38 53· I 77 oo.6 1865 June 27. 71 11.7 

Washington, grounds Vnited States Naval Ob- 38 53·7 77 03. I 1866 Nov. I. 72 02 (?) 4.300 
servatory. 

Do. 38 53· 7 : 77 03. I 1867 May6. 71 58 

Washington, near old Coast SurveyOffice,south , 38 53· I 
: 

77 00. 6 1867 May 6. 71 26 
of Capitol. 

Washington, magnetic observatory, Schott's : 38 53· I 77 00. 2 ' 1867 Jan. to Dec. 71 o6. 7 4.321 
garden, comer Second and C streets south- ' 
east. 

Do. 38 53· I 77 oo. 2 ' 1868 ' Jan. to Dec. 71 03.4 4.334 

Do. 38 53· I 77 oo. 2 : 
' 

1869 May 15. 71 19.2 

Do. 38 53· I 77 00. 2 1869 Jan. to July. 70 57.9 4.347 

Do. 38 53· I 77 00. 2 1870 , June 13, 14, 15. 70 55.3 4.352 

Do. 38 53· I 77 00. 2 : 1871 : June 14, 15, 16. 70 59.9 4.356 
: i June 14, 15, 17. Do. 38 53· I 77 00. 2 ' 1872 71 00. 6 4.36o 

Do. 38 53· I 77 oo. 2 1873 i June 14, 16, 17. 70 58. 5 4.344 

Do. 38 53· I 77 00. 2 ' 1874 . June 13, 15, 16. 70 52. 4 4.349 

Do. 38 53· I ' 77 00. 2 i 1875 June 12, 14, 15. I 70 51. 0 4· 353 

Do. 38 53· I 77 00. 2 ' 1876 :\1ay 1,2. 70 47. 3 
{ 4. 357 

4.356 
} 

Washington magnetic observatory, Schott's gar-
den, near corner First and B streets southeast. : } 38 53· 2 77 00.4 

{ '. Tune 14, 15, 16. 
1877 •. 

i .\ug. and Dec. 
} 70 49· I 

{4· 366 
4.373 

} 
;. { 4· 368 } {70 49. 3 

l>o. 38 53· 2 77 00.4 1878 June, f;ept., Dec. 4.361 
70 46.9 

4.374 

Do : 38 53· 2 : 77 00.4 1879 June 9, IO, II. 70 48.4 4.370 

Do. 38 53. 2 188o{ 
June 12-17. 70 46.4 4.378 

77 00. 4 
July9, IO, 12. 70 43.4 4.372 

Do. 38 53· 2 . 77 00.4 1881 April 26. 4.38o 

no. 38 53· 2 ' 77 00.4 1881 June 25, Dec. 17, 70 42.8 
23. 

1882{ 

May. 70 47.8 

}4· 364 Do. 38 53· 2 ' 77 oo. 4 June 15, 16, 17. 70 44.1 

Sept. a~d Oct. 70 45.2 

Do. 38 53· 2 77 00. 4 : 1883 June 18, July 5. 70 40.8 4.373 
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iRtensiti.es in the Unit6d Sta,tes and adjacunt regions.-contin-1. 

DISTRICT OF COLUMBIA-Continued. 

,, 
. !l 
j Total force :1 

Referred results. 

. F. Ii ! 
F1-.o 

Observer. Reference and remarks. 

i II 81SM.O j H1886.0 1-----11---1------- -------·------ ---------------

! ,, " i·I! I . 
13. 446 

1

:

1 

I 
13. 368 :.·.,,·I 
13.351 

.. :11 
13. 93 :1 

1' 1 

1: l 70 55 4· 395 

13. 347 \! I 
13. 3so 11 

/I 13. 328 

13.315 
13.378 

13.399 
13.326 
13. 272 

13.270 

13.238 

13. 282} 

13. 248 

13. 292 

13. 258} 
13. 275 

13. 227 

13.:218 

11 

11 

H.E:x:.18-20 

I C. A. Schott. 

11 ~: 
I S. Walker. 

i C. A. Schott. 

Do. 

Do. 

W.Harknesi;. 

Do. 

Do. 

I' 
I' 

13. 20 1 
I : ,:,:: •• dE Good 

A. Hall. 

I
! C. A. Schott. 

Do. 

I 
Do. 

Do. 

I { c. A~ott ~d F. E. 

I 
Hilgard. } 

C. A.SchottandA.Braid __ 

I { C. A. Schott, T. E.} 
I . 

Thorpe, and J. B. 
Baylor. 

I 
• 11 W. Eimbeck and C. A. 

I Schott. 

1 J' J. B. Baylor. 

Do. 

IS. W.Very. 

I 
1 B. A. Colonna, W. Eim-

i 
beck. 

I C. A. Schott. 

' C. & G. S. Rpt., 1881, App. 9; E. K. Kane's Mag. i 
Obs's, Smithsonian Coot's to Know. 

C. & G. S. Rpt., 1881, App. 9. 

Do. 

Do. 

Do. 

Do. 

Do. 

' Smithsonian Cont's to Know., No. 239, Wash., t873. 
Dip apparently 1° too great; hence also F too 
great. 

MS. m C. & G. S. Office. 

Do. 

C. & G. S. Rpt., 1881, App. 9. 

Do. 

MS. in C. & G. S. Office. 

. C. & G. S. Rpt., 1881, App. 9. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

C. & G. S. Rpt., 1881, App. 9. For Dr. Thorpe's re 
suits see Proc. R. S., No. 200, 188o. 

C. & G. S. Rpt., 1881, App. 9. 

Do. 

Do. 

Do. 

C.&G.S.Rpt.,1881,App.9,and MS.in C.& G.S. 
Office. 

MS. in C. & G. S. Office. 
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TABLE I.-Observed magnetic dips and horizonta.l and total magnetic 

DISTRICT OF COLUMBIA-Conlinued. 

---·-------·--·---------

' 

Name of station. Vear. Month. 
Dip i Horizontal\ 

force 
1 

" I "· H. i cp. 

Latitude : West longi-
' tu de 

il. 

0 

1---1------- ·:-~- -- -- -----! 
i ! 

7700.41 1884 \Jan.andFeb. 

I ! 

Washington, magnetic observatory, Schott's : } j 

garden, near corner of First and B streets : 38 53. 2 , 
southeast. ' 

• { 70 37. 3 } 
' 70 40.0' 4.375 

Do. 

Do. 

Georgetown, West Washington. 

Causten, Georgetown Heights. 

Do. 

38 53.2 

38 53· 2 : 

38 54 

38 55.5 

38 55· 5 i 

77 oo. 4 I 1884 ] June 16, I 7. 

77 00.4 ! 1885 [June 13, 15-

77 03 1844 : Apr. IO. 

70 33.2 

71 19. 0 ' 

70 32. 9 ' 4. 397 

4. 277 
! 

71 18.9 i, 4.233 
i 71 30. 2 ; 4. 250 

77 04. 5 1851 f June 9, 23. 

77 04. 4 1855 i Sept. 8. 
I 

'------------------------------~-----------------------

Sand Key, Florida Reef. 

Key West, magnetic observatory. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Key West, grounds of Army Hospital. 

Bird Key. 

Cape Florida. 

FLORIDA. 

24 27. 2 I 
24 33· I 

24 33· I 

24 33· r 

81 52. 7 1849 

81 48. 5 ! 186o 

1861 

81 48.5 1862 

Aug. 18, 19, 22. 54 25. 8 

Feb., Mar., June, ' 54 37. 8 
Dec. 

Feb., Mar.,Apr. 

May to Dec. 

Jan. to Dec. 

Jan. to Dec. 

Jan. to Dec. 

54 36.8 

54 31. 0 

54 31. 2 

54 29.0 

54 28. 8 

6. 758 

6. 752 

6. 749 

6. 742 

6. 740 

6.738 

6. 729 

6. 725 

6.632 

6.691 

6.615. 

: Hills, Hillsboro' River. 

24 33· I 

24 33· I 1 

24 33· I J 

24 33· I I 
24 33. 3 i 
24 37. 3 i 
25 40.4 I 
26 15. 5 ' 

26 29.3 

26 54. 5 I 

81 48.5 

81 48.5 

81 48. 5 
Sr 48. 5 
81 47.9 

82 53.6 

8o 09.8 

8o 04. 7 
82 oo.6 

8o 05 

1863 

1864 

1865 

1866 

1879 

188o 

1850 

1884 

1866 

188o 

Jan. to.Apr. 

Mar.24,25; May 7 
Jan. 12, 13, 14. 

Feb. 22, 23, 26. 

Jan. 23. 

: 54 28. 6 

54 28.6 

54 12.6 

56 13.0 

57 01. 6 

57 12. 3 ! Punta Rasa. 

i Fort Jupiter, ~ of a mile southeast of light-
; house. 
I 

House of Refuge No. 2, Indian River. 

Bell, Indian River. 

Saint Lucie, on beach of Indian River. 

Eau Gallic, old agricultural college. 

Enterprise, rear of village. 

Depot Key, Cedar Keys. 

Apalachicola. 

Saint Augustine, Government reservation. 

Jacksonville, hill north of town. 

Pensacola, public square. 

I Pensacola, near Barkley station. 

Fernandina, geodetic station. 

Fernandina, Indian mound. 

Tallahassee. 

27 12.0 I 
2 1 2 1. 9 I 

i 
27 28. 9 I 
28 09.4 ! 
28 52. 9 ; 

j 

2907.51 

29 43. 2 i 
I 

29 54 i 

30 21 ! 
30 24. 6 j 

I 

3024.61 

3040.61 

30 40. 31 
30 26 

So 09. 8 

So 19.6 

8o 15 

8o 37 

8r 14 

83 02. I 

84 59.0 

81 19 

81 40 

87 12. 9 

87 12.5 

81 27.6 

81 27.3 

84 17 

1883 

1883 

188o 

188o 

188o 

1852 

186o 

188o 

188o 

1858 

1861 

1857 

1879 

1835 

June 28; July 2. 

Mar. 8. 

Mar. 24. 

May 6. 

Mar. 2. 

Fell. 25. 

Feb. 18. 

Mar. 14-24. 

Jan. 26; Feb. 4. 

Feb. 11. 

Feb. 3-

June 22, 23. 

Jan. S-11. 

Apr. 6, 10, 20. 

Feb. J-12. 

Jan. 

! 57 38. 5 

57.43.8 

58 00.9 

58 16.8 

58 52, I 

6o 07.5 

59 55.3 

6o 19.4 

61 09. 2 

61 43.2 

I 61 o5. 9 

I I 
I oo 38.9 I 

Ii

i 62 07.3 i 
61 53- 61 

61 23 I 

6.245 

6.323 

6.297 

6.248 

6.053 

6. 179 

6. 185 

5. 925 

S· 857 
6.127 

I 
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intensities in the United States aind adjacent regwns.-CM1ti11ued. 

DISTRICT OF COLUMBIA.-Continued. 
I II _______________ I _______________ _ 
I T t 1 f Ii Referred results. · 
: o a orce ii--------~--~------_\ F 

11 
, I Observer. i Reference and remarks. 

:---~-111:.~~~i H, .... ~ -~1886-0 -1--------i------
, ' I 

i 13. 185 1: I I i { J. E. Maxfield and W.} j MS . C & G S Offi 

13.204 

13.205 

13. 36 

Ii ' Eimbeck. I · m · · · ce. 
I! I I I 
[
1 
I I C. A. Schott. i Do. 

/I ) l Do. I Do. 

li I r J. Locke. i Am.Phil.Soc., 1846, Art. XI; 

1
'11 ' i 1844. 

13. 21 . G.W.DeanandA.D.Bache. I C. & G. S. Rpt., 1881, App. 9. 
1

.

1

•

1

1, J 70 83 4 327 13. 18 ~l I 
13. 40 C. A. Schott. j Do. 

Dr. J. Locke, papers of 

____ _II ____ --- -------- ___ I ------------ ---------

II. 62 

' 11.665 

l I. 620 

I I. 612 

I I. 598 

II. 582 

II. 569 

II. 41 

II. 44 

II. 90 

12. 15 

I I. 73 

II. 70 

II. 94 

II. 98 

12.08 

12. 15 

12.33 

12.49 

12. 28 

12. 36 

12. 68 

12.55 

12. 59 

12. 43 

54. 33 : 

1 
,~., 

J 
54.21 

56. 12 

57.03 

57· II 

57.64 

57.73 

58.01 

58.28 

58.87 

6.688 

6.59 

6.57 

6.275 

6.244 

6.322 

6.294 

6. 245 

6o. 12 6.050 

59. 83 6. 16 

6o.22 

61. r5 

61. 72 

}6o. 8o 

I 
} 61. 93 

61. JO 
I 

6. 17 i 
i 

5. 923 : 

S· 855 I 

6 ,, • 

5.87 

FLORIDA. 

I I. 54 i J.E. Hilgar<l. I C. & G. S. Rpt., 1881, App. 9. 

r i W. P. Trowbridge and s. I: c. s. Rpt., 1874, App. 9· 

1

1 Walker. 

i S. Walker and J. G. Olt- ! Do. 
i manns. I 

11 S. Walker, J. G. Oltmanns, I 
J I an<l F. F. Nes. I 

Do. 

11.401 i f w:, I : 

ll Do. 

1 

Do. 

I 
S. M. Ackley. . C. & G. S. Rpt., 1881, App. 9. 

I I. 44 Do. Do. 

I I. 82 

1

1 J. E. Hilgard. 

1 
B. A. Colonna. 

12. 10 II A. T. Mosman. 

II. 72 J.B. Baylor. 

11. 6') 

II. 93 

11. 97 

12.o8 

B. A. Colonna. 

Do. 

J. B. Baylor. 

Do. 

12. 14 Do. 

12. 26 J.E. Hilgard. 

12. 42 G. W. Dean. 

12. 28 J. B. Baylor. 

12. 36 Do. 

{

J J. G. Oltmanns and F. H. 
12• 57 I Gerdes. 

; G. W. Dean. 
I 

.<> { i C. A. Schott. 
12 • ..., ' I S. M. Ackley. 

I J. N. Nicollet. 

Do. 

MS. in C. & G. S. Office. 

I 
C. & G. S. Rpt., 1881, App. 9. 

Do. 

I MS. in C. & G. S. Office. 

Do. 

C. & G. S. Rpt., 1881, App. 9. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

C. S. Rpt., 1864, App. 19. 
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TABLE !.-Observed magnetic dips and koriZOf&tal and total magnetic 

Gl:ORGIA. 

----------·------- -,--------·------------~----~, -

I i 
i Latitude West longi- Dip i Horizontal 

tude Year. Month. ! force Name of station. 
<i'· A.. f!. H. 

I 
; Du Pont or Lawton, east of depot. 

Butler. 

Tybee Light-House. 

Do. 

Savannah, Hutchinson's Island opposite city. 

Do. 

Do. 

Macon (Bibb County) Academy. 

Augusta. 

Middle Base, near Atlanta. 

Do. 

Athens. 

Kenesaw, about one-half mile east of geode-
tic station. 

Carnes, on a ridge south side of mountain. 

Sweat, foot of mountain. 

Cumming, northeast part of town. 

Sawnee, summit of mountain. 

Pine Log, near geodetic station. 

30 57.8 

3I I7. 7 

32 01. 5 
32 01. 5 
32 05.2 

32 05.2 

32 05. 2 

32 50.4 
' 33 28 

33 54.4 
33 54.4 

' 33 57 

33 58.6 

33 59.6 

34 04.0 

34 12.4 

34 14.2 

34 I9·3 

Lavender, near geodetic station. 

Grassy, near geodetic station. 

I 34 I9• 3 

Currr.hee, south end of ridge on summit. 
' I 
r Johns, about two miles north of geodetic station. : 

34 29.2 

34 31. 8 i 

34 37. 4 1 

! ___ . ____ , _______________ _ I 

82 47 

81 20.8 

80. 50. 7 I 

8o 50. 7 

81 05.3 

81 05. 3 I 

81 05.3 

83 37.5 

8I 34 

84 16. 7 

84 16. 7 

85 00. 8 

84 27. 4 

84 07. 7 

84 09. 7 
84 38. 3 

85 17.4 

84 20.0 

83 22.6 

85 o6.o 

1 Jan. 29. 

I Mar.12-I8; Apr. j 

I 1s,i6. i 
Apr.3o;MayI,2.i 

i May 21-26. 

Apr. 24-27. 

63 40.8 

5. 841 

5. 779 

5.618 

63 27. 0 5. 682 

63 40. 0 5. 625 

1852 

1870 

1852 

1857 

1874 

1855 

I833 

I872 

1873 

May 1, 2. 

Mar. 5-10. 
i 

: 63 44· 3 5. 664 

{ 
1833 

1834 

1873 

I Jan. 10-I6. 

Feb. 

Oct., Nov. 

Feb.8-13. 

May. 

Sept. 

Aug. I, 2,3. 

I873 Dec. 20, 21, 22. 

1873 Oct. 9, IO. 

1873 Nov. JO-I8. 

I873 Nov. I-14. 

I874 Aug. JO, II, 12. 

1874 Dec. IO, 11, I2. 

I874 July 24-31. 

) 

! 

63 53· 9 5. 558 

63 50. 9 ' 5. 66o 

5.679 

I 64 55. 6 5· 507 

64 58. 5 5. 489 

' 66 00. 2 

65 09.6 

65 29. 21 
65 23. 51 
65 26.0 

65 33· 0 i 
65 30. 7 I 

65 41. 8 ! 

65 45. l i 
65 42. 5 I 

4. 568 

5.424 

5.412 

5.422 

5.430 

5. 192 

5.282 

5.401 

1874 

1

, Oct. 26, Nov. 11. 

1875 June 22, 23, 24. 

-~--- _J__ 

IDAHO TERRITORY. 

i --~---- -------------! 
1 Lewiston, Montgomery street, near Presby- / 

terian church. 

Lake Pend d'Oreille Landing. 

Sinyakwateen. * 

Do. 

Siniaquoteen,* near store-house. 

i Pack River. 

• Chelemta River. 
I I Chelemta Depot. 

I 

i Cairo. 

Do. 

Cairo, northwest of astronomical s 

i 

' 

I 
tation. 

! 
-----·--

47 58 

48 09 

48 09 i 
48 IO. 5 l 
48 22 I 

117 05 

116 30 

116 44 

116 44 

116 45 

II6 28 

lI6 19 

II6 19 :: :: I 
·~-----

ILLINOIS. 

~-----~--

I 89 37 00 IO 

37 00 89 
10 I 

37 01. 0 89 IO, 5 

• Spelllns umettled. 

188I J Sept. 16, 17, 18. 70 52. 0 I 4.275 
i 
I 

1881 I Sept. 10, I I. 72 26. o I 4.oo6 
I 

186o I ---- I 3· 991 

1861 May 31. 72 34. 91 4.0125 

1881 Sept. 5,6. 72 30.7 3.969 

1861 June 19. 72 45.5 3.9683 

1861 June 23. 73 o8.o 3· 9II6 
1861 73 o6 3.902 

i 
1856 68 13 5.o81 1 Dec. 13. 

1872 I June 22. 67 41. 3 4.914 

1877 / N~v. 28, JO. 67 45. 6 5.058 

! 

I 
l 
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i•tenllities in the United States and adjacent regiom.-conti,,..m. 

Total force 

12.49 

12.63 

12.67 

12.71 

12.68 

12. 8o 

12.63 

12.84 

13.00 

12.98 

13.34 

13.02 

13. 15 

13. II 

13.02 

13. IO 

13. 10 

12. 62 

12.86 

13. 13 

13. 693 

--- -

13.36 

GEORGIA. 

Referred results. 

H, .... o 

l 
61. 96 : 5.841 

62.46 I 
i 

5 78 

}63. 20: 5. 65 

}63.41 5.62 

63.45 5.68 

}64.63 5. 5° 

65.25 

65.69 5.44 

64.85 5.49 

65. 18 5.47 

65.oS: 5.47 

65. 12 I 5.42 

65.25 
l 

5.43 

65.21 5.44 

65.40 5. 20 

65.45 5. 29 

65.43 5.41 

}67.44 5.o6 

Obi;erver. Reference and remarks. 

F1886.o 

12.43 J. B. Baylor. C. & G. S. Rpt., 1881, App. 9. 

12.50 , A. T. Mosman. Do. 

12. 53 { 
J. E. Hilgard. Do. 

C. 0. Boutelle. Do. 

12. 56{ 

J. E. Hilgard. Do. 

C. A. Schott. Do. 

C. Tappan and F. Blake. Do. 

12.71 G. W. Dean. Do. 

J. N. Nicollet. C. S. Rpt., 1864. 

12. 84{ 
F. P. Webber. C. & G. S. Rpt., 1881, App. 9. 

Do. Do. 

t 
C. S. Rpt., 1864, App. 19. The dip is the mean of 3 

, J. N. Nicollet. det's corrected for index error, value of H mean of 
3 <let's. Epoch 1834.3 

13. 21 F. P. Webber. C. & G. S. Rpt., 1881, App. 9. 

12.92 Do. Do. 

13. 03 Do. Do. 

12.98 H. W. Blair and c. 0. Do. 
Boutelle. 

12.88 C. 0. Boutelle. Do. 

12. 97 F. P. Webber. Do. 

12. 97 Do. Do. 

12.49 C. 0. Boutelle. Do. 

12.73 Do. Do. 

13.01 F. P. Webber. Do. 

-------------·-------- -----

IDAHO TERRITORY. 

i {I K. 
13.19 I T. 

I A. 

ILLINOIS. 

C. & G. S. Rpt., 1881, App. 9. 

Do. 

U.S. N. W. Round. Com. MS. in C. & G. S. Office. 

Bound. Sur., Phil. Trans. R. S., 1864. fJ, H& F obs'd. 

C. & C. S. Rpt., 1881, App. 9. 

Bound. Sur., Phil. Trans. R. S., 1864. fl, H&Fobs'd. 

Do. 

U.S. N. W. Bound. Com. MS. in C. &. G. S. Office. 

----·------

Friesacb. 

C. Hilgard. 

Braid. 

Acad. Sc., Vienna, Vol. 29, 1858. 

C. & G. S. Rpt., 1882, App. 14. 

C. & G. S. Rpt., 1881, App. 9. 
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TABLE I. -Observed magnetic dips and lwrizontal and total magnetic 

ILLINOIS-Continued. 

Latitude West longi- i 

Name of station. tude Year. 
q:>. A.. 

o I 

Golconda. 

Do. 

i 37 23 

37 23 

38 37.5 East Saint Louis, grove opposite Bloody Island. i 
Collinsville. 

1 

38 39 
38 45 
38 50 

38 54 

38 55 
38 57 

Highland, Commons south of depot. 

Edwardsville, west of Court-House. 

Alton, half mile from landing. 

Upper Alton, east of college. 

Monticello, near the Seminary. 

Bunker Hill, one mile north of village. 

Macon, pasture east of place of R. II. Wood-
cock. 

Springfield, grounds of Lincoln Monument. 

Beardstown. 

Copperas Creek, mouth of. 

Pekin, near steamboat landing. 

Wenona, grounds of J. R. Cowen. 

Ottawa, one~quarter mile west of town, near 
bridge. 

Peru, lower end of town, right bank of river. 

Peru, near landing. 

' Joliet, oak grove near church on hill. 

Rock Island, near astronomical post. 

39 04 

39 42 

39 50 

40 00 

40 30 

40 35 
41 05 

41 15 

41 20 

41 23 
41 30 

41 JI. I 

Mount Forest, near astronomical post. I 41 

Chicago, north side of Chicago River, near lake. 1 41 
44- 7 

53 

41 53 Chicago, one mile north of town. 

Chicago, Dr. Eldridge's garden. 

Chicago, grounds of Chicago University. 

I Rockford, near park. 

: Galena, near astronomical post. 

41 53 

41 50.0 

42 17.0 

42 25.2 

i-- ------- I -

i o I i 
88 25 
88 25 

90 II 

90 04 

89 41 

89 53 
90 04 

90 °3 

90 °5 
89 53 
89 IO 

89 39 

90 29 

89 48 

89 36 
89 26 

88 50 

89 03 

89 05 

88 09 

90 33.7 

87 51. 9 

87 38 

87 38 
87 38 

1871 

1872 

1841 

1879 
1872 

1841 
1841 

1841 

1841 

1841 

1872 

1878 
1880 

1841 

1841 

1872 

1841 

1876 

1841 

1841 

1842 

87 36. 7 1878 
i 89 o6. 6 ! 1876 

90 25. 9 ! 1876 

Month. 

, Aug.,Oct. 

June 6-17. 
Oct.6. 

s~pt. 13. 

Sept. 3. 

Sept. 

Sept. 

Sept. 

Sept. 

Sept. 

Sept. 1. 

Dec. 3-7. 
Aug.9. 

Sept. 

Sept. 

Aug. 29, 30. 

Sept. 

Sept. 

Sept. 

Sept. 

Sept. I 5-20; Oct. 
5, 7. 

Aug. 29; Sept. 2. 

Sept. 

Sept. 

Nov. 15, 16. 

Sept. 2. 

Oct. 6-11. 

Sept. 28, 29. 

Dip 

{), 

68 OJ. I 

67 55.9 
69 26.7 

69 38.2 

69 47.2 

69 5:;. 7 

69 34.8 

69 45· 7 

69 38.9 

69 49· I 

70 13.5 

70 25.5 
70 18.6 

70 56. 4 

7 I 13. 2 

71 43-9 
72 20. 2 

71 49. 6 

71 51. I 

72 16.0 

72 15.3 

71 52.8 

72 45.8 

72 47. 8 

72 39. 3 

72 39·4 
72 48.3 

73 09.0 

90 26 1841 Sept. 73 02. I 

I 
I Horizontal 
i force 

H. 

4.885 

4.633 
4.626 

4.475 

4.497 
4.476 

4.2079 

3-9713 

4.o67 

+o8z7 
3.9926 

Galena, hill back of town. 

Dunleith. 

42 28 
42 28 

90 ~--j 185~j ~ct. I~·---- __ ~--7··-3-10-~------· 
INDIANA. 

------~--- -------- -- - --·------ --- ----··-- --· -·-- ---·-- - ----·- ---------------- -·-·------ ----~--- -----------
: Mount Vernon. 
! 
i 

i New Harmony. 

Do. 

New Harmony, center of common, Main street. 

New Albany, on hill in cemetery. 

Princeton. 

Paoli. 

' 37 59 

38 IO 

38 o8 
38 o8 
38 20 

38 23 

38 35 

87 48 

87 50 

87 50 

85 47 

87 30 

86 25 

1840 

1848 

i88o 

1871 

1840 

f Sept. rn. 
I 
i i Sept. II. 

i Nov. 12, lJ. 

i Nov. 3,5. 
I 

I
, Nov. 28. 

Sept. 16. 

1 Sept.20. 

I 68 56. 3 I 
69 03. 61 
69 07.2 
69 02.6 

70 21. 9 

69 u.8 

69 33.8 

4.812 

4.843 

4.762 

4.466 

4· 751 
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intensities in the United StafAJs and adjacent regi<>m.-Continued. 

ILLINOIS-Continued. 

: Total force , : Referred results. 

Reference and remarks. 

I 

F. 

13.42 

13. 8o6 

12.770 

13. 778 

13.644 

13.810 

r3.774 

69. 10 l 
69. 46 ! 

j, ~::~ 
i'}69. 31 
1; 
11 

:: 69. 47 

69.91 

Observer. 

_______ , ________ -------

{ 
T. C. Hilgard. 

12.87 ' 
Do. 

13. 20 

13. 20 

13.05 

13.29 

13. 20 

13.30 

---- { 

J. N. Nicollet. 

F. E. Nipher. 

T. C. Hilgard. 

E. Loomis. 

Do. 

Do. 

T. C. Hilgard. 

J. B. Baylor. 

F. E. Nipher. 

E. Loomis. 

Do. 

T. C. Hilgarcl. 

'. J. N. Nicollet. 

Do. 

E. Loomis. 

J. N. Nicollet. 

13. 66 C. F. Powell. 

I ----1--------
1 

C. & G. S. Rpt., 1882, App. 14. 

Do. 

Arn. Phil. Soc., Vol. VIII, 1843. 

St. I .ouis A cad. Sc. 

C. & G. S. Rpt., 1882, App. 14. 

Arn. Phil. Soc., Vol. VIII, 1843. 

Do. 

Do. 

C. & G. S. Rpt., 1882, App. 14. 

C. & G. S. Rpt., 1881, App. 9. 

St. Louis Acad. Sc. 

Arn. Phil. Soc., Vol. VIII, 1843. 

Do. 

C. & G. S. Rpt., 1882, App. 14. 

Arn. Phil. Soc., Vol. VIII, 1843. 

Am. Phil. Soc., Vol. VIII, 1843. 

Do. 

Do. 

Rpt. Chief of Engineers, U.S. A., 1877, pt. 2. 

(12. 59) D. W. Lockwood. Do. 

l 
~ J. N. Nicollet. Am. Phil. Soc., Vol. VIII, pt. 3, 1843. 

~ E. Loomis. Do. 
13· 48 1

11

' C. Younghushand. Diary Mag. Sur. Canada, Sir J. H. Lefroy, London, 
1883. 8 H F obs'd. 

: T. E. Thorpe. Proc. R. S.,No. 200, 188o. 

13. 6o I C. F. Powell. Rpt. Chief of Engineers, U.S. A., 1877, pt. 2. 

{ 
i Do. Rpt. Chiefof Engineers, U.S. A., 1877, pt. 2. Local 

13. 49 i disturbance suspected. 

i E. Loomis. Am. Phil. Soc., Vol. VIII, 1843. 
I 

__________ I __ 1_2._1_1~---~--- ~I _K_._F_r_ie_s_a_ch_. ______ A_ca_a_._s_·c_. _v_ie_n_n_a_. v_o_i._x_x_·_rx_. _is_s_s_. _____ _ 

INDIANA. 

13. 47 68.59 ---- ---- f J. Locke. Am. Phil. Soc., 1846, Art.XI, Dr. J. Locke's paper of I 
1844. 

13.47 

168. 79 13. 16 { 

Do. Do. : 

13. 59 4.76 R.H. Fauntleroy. C. & G. S. Rpt., 1881, App. 9. 

13.31 J. B. Baylor. Do. 

---- 70.01 4.47 13.o8 T. C. Hilgard. ; C. & G. S. Rpt., 1882, App. 14, Nat. Acad. Ser. 

13.49 6g.03 ---- ---- J. Locke. i Am. Phil. Soc., 1846, Art. XI, Dr. J. Locke's paper of I 1B44. 
1j.44 6g. 21 "'-··- ---- Do. Do. 
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TABLE I.-Observed magnetic dips and horizontal and total magnetic 

I 

Name of station. 

Vincennes. 

Vincennes, ){mile above lower ferry. 

I 
Vincennes, southwest comer of Catholic cem-

1 

tery. 

Terre Haute. 

Indianapolis, fair grounds north of city. 

Richmond. 

Richmond, Front street. 

. Richmond, Court House Square. 

II Reynolds. 
Fort Wayne, in fair grounds. 

Michigan City, near light-house. 

Michigan City, on beach near light-house. 

Atoka, north of and near J. Harden's house. 

Vinita, on premises of Dr. Trott. 

Vinita. 

I Keokuk, corner of Second and Blondeau streets. 
1 

Keokuk. 

Council Bluffs, near railroad depot. 

Engineer cantonment. 

Davenport. 

Do. 

Davenport, near comer of Seventh and Scott 
streets. 

Des Moines. 

I Des. Moines, Chestnut street between Fifth and 
i Sixth. 

I Des Moines, corner Ninth and Sycamore streets. 

Lost Grove. 

Iowa City, Nipher's farm,4 miles west. 

! Iowa City, grounds of University. 

I Iowa City, Nipher's farm, 4 miles west. 

INDIANA-Continued. 

Latitude West longi· I 
t~~e 

1 

Year. [ Month. 

i I ----1--·---
o I • I 

cp. 

. I I 38 40. 6 ' 87 31. 5 
1 

1840 I Sept. 18. 

38 40.6 

39 28 

39 47.4 

39 49 

39 50 
39 50.4 

40 45 
41o6.3: 

41 43 

41 43 

I i 
87 31. 5 j 1841 i Oct. 

87 31. 61 188o I Oct. 29, 30. 

87 20 I 1874 I Aug. 29. 
86 08 188o 1 Nov. 12, 13. 
84 47 1845 I ___ _ 
84 50 1871 : Nov. 24. 

84 50 l88o [ Nov. 19, 20 . 

86 48 1874 i Aug. 27. 

85 03 1874 I Aug. 24. 
86 54 1859 1 Aug. 28. 

86 54 

Dip 

6. 

70 34.7 

70 5 !. 4 ! 
I 

71 20. 3 I 
I 

11 26.6 I 
71 13·4 l 
72 00 

72 19. 0 i 
73 02 i 

Horizontal 
force 
H. 

4.665 

4.632 

4.505 

4.370 

4-354 

4· 212 

4. 218 

4.013 

4.091 
I

I 

1873 • i Aug. 25, 26. 72 43 
----------'-----'-------'---------'-----

INDIAN TERRITORY. 

96 05 I 34 24. 5 i 
36 39· 5 i 95 o5.o I 

I 

36 41. 4 I 
' 

95 op 1 

I 

IOWA. 

T----
40 25. 5 ! 9 

40.24. 8 9 
I 25. 0 I 
I 28.o 

41 15. 3 9 

41 25 9 
5 52. 41 
5 44 

41 30 90 38 

41 30 90 40 

41 29·9 

41 35.0 

41 35 

41 36.8 

41 39 

41 39.7 
41 39.7 

41 39.7 

38.0 

37.4 94 

9 3 37 

3 36.5 

09 

9 I 35· 5 
9 I 31. 5 

9 I 35·5 

I 

1878 

1877 

1878 

1877 

1878 

1878 

1820 

1839 

1839 

1877 

186g 

1872 

1877 

1839 

1878 

1878 

1879 

July 13-17. 

Nov, 22, 23, 24. 

Sept. 9· 

-- -------
I 
j Nov. 6, 7, 8. 

I July 29,Jo, 31. 

I Aug. 30. 

I ----
I Sept. 13. 

Sept. 15. 

Oct.27-30. 

Aug.9. 

I Nov.4. 

I I Oct. 23, 24, 25. I Sept. 23. 

I June 16. 

I July :z-7. 
July 6, 7-11. 

63 44. 81 
66 31. 8 

66 39· 51 

70 47.2 I 
70 46.7 

71 05.7 

71 07 

71 55 

71 55.2 

71 56.6 

71 13 

71 30.4 

71 31. 0 

72 02.4 

72 02.8 

72 19.7 

72 02.7 

4.5o6 

4.419 

4.3663 

----
4.278 

4· 269 

4.274 

4.313 

4.228 

4.3,30 

4.26o 

----
4· 118 

4. 128 
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intensiUes in the Uniteii. States and adjacent regions.-continued. 

I NDlAN A-Continued. 

Total force l Referred results. 

F. 

13.55 

f" 57 
4.63 

13.44 
J 

70.28 4.51 

13.33 70. 71 4- 37 

!J 71. o6 4.35 

13·53 
lj 

71. 70 4- 21 

72.02 4.22 

13.789 }12 52 4.0<) 
13. 770 

Observer. 

r J. Locke. 

1.). 27 ~ E. Loomis. 

l J.B. Baylor. 

13.37 F. E.Hilgardand W. Diehl. 

13.23 J.B. Baylor. 

13.40[ 

J. Locke. 

T. C. Hilgard. 

J. B. Baylor. 

13.41 I F. E. Hilgardand W.Diehl. 

13.67 I Do. 
! 

13. 62{ 
\\'. l'. Sn1ith. 

A.N. Lee. 

Reference anLl remarks, 

Am. Phil. .'ioc .• 1846, Art. XI, lJr. J. Locke's paper of 
1844. 

Am. Phil. Soc., \'o!. \'Ill, 1843. 

C. & G. S. Rpt.. 1881, App. 9. 

C. & G. S. Rpt.. 1882. ,\pp. 14, :\at. .\cad. :-er. 

C. & G. S. Rpt.. 1881, App. 9. 

Phil. Trans. E. S., 1846. 

C. & G. S. Jo(ept., 1882, App. 14. ::-iat. .\cad. Ser. 

C:. & G. S. Rept.. 1881. App. 9. 

C:. & G. S. }{ept., 1882, App. 14, Xat. Acad. Ser. 

Do. 

U.S. Lake Sur .. Capt. t ;, C, Meade. Detroit. I S59, 
and ]{pt. of I 88~. 

U.S. Lake ;-;ur., Rpt. of I SS2. 

-------· ----'---------

12.82 :; 63. 64 
I 

11}66.47 

1, 

13. 27 
5. II 

--· ---- ------- -~ ----

13.69 :1 
I} 70. 12 

13.476 :I 

II}"~ 
13. 78 

13.76 'I l i1 71. 9 

13.79 

irJ 13. 40 

+·44 13. 66 !l 
i! 

4.37 

4. 33 I 

13.81 71. 9 

} 72. 07 

INDIAN TERRITORY. 

! 
12. 77 I J. n. Baylor. 

{ 
A. Braid. 

12. 8o ' 
F. E. Nipher. 

A. Braid. 

F. E. ~ipher. 

IOWA. 

{ 

T. E. Thorpe. 

r3. 49 i S. H. Long, U.S. A. 

( J. Locke. 

13.7J' 
Do. 

I A. Braid. 
l 
(, J. E. Hilgard. 

13. 61 i T. C. Hilgard. 

l A. Braid. 

J. Locke. 

13. 42 F. E. Nipher. 

C. & G. S. Rpt .. 188r, App. 9. 

Do. 

St. Louis Acad. Sci. 

C. & G. S. Rpt., l88I. App. 9. 

St. Louis Acad. Sc. 

Proc. R. S., No. 200, 1880. 

Maj. Long's Exp. to Rocky Mto., 2 vols., l'hila., 1823; 
Sill,J., Vol. XXXl\', 1838. 

Sill. J .. 1840: Am. Phil. Soc., r846, Art. XI, Dr. J. 
Locke's papers of 1844. 

Am. Phil. Soc., 1846, Art, X !, Dr. J. Locke's papers of 
1844. 

C. & G. S. Rpt., 1881, App. 9. 

Do. 

C. & G. S. Rpt., 1882, App. 14., Nat. Acad. Ser. 

. C. & G. S. Rpt., 1881, App. 9. 

Am. Phil. Soc., 1846, Art. XI, Dr. f. Locke's paper of: 
1844. . i 

{

, St. Louis Acad. Sc. 

, Do. 

MS. dated July 19, 1879, in C. & G. S. Office. 

'------'----'----~----~--------------~----------------- -----
H. Ex. 18--21 
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TABLE !.-Observed ma,gnetic dips and horizontal and total magnetic 

IO,VA-Continucd. 

Latutude West longi- Dip Horizontal 
Name of station, tude Year, Month, force 

qJ. A. H. 

I -- ---- -----
I 

! 
, 

I Wapsipinicon, 4I 44 90 23 Sept. 25. 4.234 
I 

I Iron Ore Bed. 4I 55 90 40 I839 SeµL 27. 72 50. 5 4. IJ5 

Brown's Settlement. 42 02 9I o6 1839 Sept. 30. 72 21 4. 179 

Iowa Station. 42 04 91 02 1839 72 24.4 

1 
Farmer's Creek, 42 13 90 23 1839 f Oct. 5. i 72 36 4. 162 

Maquoketa River. 42 I4 90 55 1839 Oct. 2. i 72 43.6 4. 112 

White Water. 42 18 90 38 1839 Oct.8, 72 55 4.063 

; Maquoketa, north hranch. 42 23 90 52 I839 Oct.9, 72 51 4.049 
I 

i Dubuque. 42 29 90 40 1839 Oct. 14. 73 05 4.008 

! 
Dubuque, on Seminary Hill. 42 30 90 45 1872 Aug, 24-27. 73 06.8 3.933 
Dubuque, 42 29. 5 90 44 l88o , Oct. 21, 22, 73 07. 8 3·97 2 

Forks of Little Maquoketa. 42 31 90 31 1839 Oct. 20. 73 08 4· Oil 

Turkey River. 42 42 90 48 1839 Oct.22. 73 I I 3.974 
Sibley, yard of Sibley House, 43 24, I 95 50, 0 I 1877 [ Oct. 8, 9, 10. 72 59. 3 4,053 

KANSAS. 
. ------ -·-- ·----------------

Parsons. 37 20.0 95 17.4 1879 Aug. 26. ' 67 12.4 I 5.08o 
, Sargent, north of railroad, west of Hardesty 38 05. 2 IOI 58. 5 1878 

i Aug. 8-10-12. 66 50.5 5, 129 I 
House. I 

Great Bend, west of school-house. 38 23. 6 98 43· I 1878 I July 30, 31, Aug. 67 38.0 i 4.988 
1,2. 

\Vallace. 38 55 IOI 35 
' 

1872 I Oct. 12. 67 JI. 6 4.956 
Ellis. 38 56 99 40 1872 , Oct.10. 67 si. 7 4.934 
Lawrence, grounds of Old University. 38 57. 7 9~ 15.0 1877 i Nov. 14-17. 68 43.4 4.866 

Manhattan, College grounds. 39 12 96 35 1872 I Od7 
68 47.2 4. 773 

Fort Leavenworth. 39 21 94 54 1858 69 29 

Little Muddy Creek. 39 35 95 34 1858 69 35 I Vermillion Creek. 39 57 96 I6 1858 I 70 09 
Big Blue River. 40 00 96 35 1858 I 69 19 I - -----------------

KENTUCKY. 
-------- --------·-----~ ·- - -- ---------- __ ._ _____ 
[ Hickman, court·house grounds. 36 34.3 67 19. 4 i 5.071 
i Mayfield, court-house square. 36 45 1881 Sept. 27, 28. 67 35.0; 5,008 
I 
I Williamsburg, court-house place. 36 47 1873 Aug.14. 68 25. 1 ! 4.933 
I i 
I Oakland, near astronomical station. 37 02.4 1871 Nov. 6, IO. 68 48.8 4.877 

I Smithland. 37 o8 88 30 1833 Dec. 68 II 

, Mammoth Cave, at the mouth, near house. 37 10 86 II 1849 June 14. 6g 18. 5 ' 
! 

68 24.21 I Madisonville, court-house square. 37 19 87 33 1881 Oct. 4, S· 4- 915 
I Livingston, meadow west of Sand Brook Hotel 37 23 84 20 1881 Oct. 20, 21. 68 50.3 4.817 
I Leitchfield, court-house square. I 37 30 86 22 1881 Oct. 7,8. 68 38.2 4.892 
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intensities in the United States and adjacent regions.-continued. 
IOWA-Continued. 

I 

[I 
I' Referred results. Total force j 

I 1,-1·'. 
I F. ; lJ H I F : 'i "1B80.0 188>.0 : 1885,0 I 

---11-0-1··--:-----: 
Observer. 

J 3. 89 .1 72· 2 ! ---· i ---- J. Locke. 

14. 02 111 72. 7 ! 
13. 78 I} I 12. 2 

13. 92 I 12. 4 
i 

13.85 
I 

72.6 I 
I 

13.83 I I ,, , 
13.74 I 72.7 
13·77 

Ii},," 
13.69 j, 

I' 
13.82 ii 73. 0 ,, 

13.74 73· 0 

13. 85 72.87 

67. 12 ! 
! 

66. 74 i 
I 

67, 52 I 

I 
67. 37 i 

13. II 

67. 70 1 

13.41 68.6o i 
68. 63 i 

i 
69.3 i ; 

I 
6g.4 I 

6g.9 
I 

. 
II 

I 
13. 15 67. 20 I 
13.13 67.46' 

II 68. 12 

13.49 ii 68.47 

11 
67.77 

11 13.415 
I 

68.95 

I 
; 

13.35 68. 281 

13.34 

I 
68. 721 

13.43 68.52 

3.97 

4.05 

5.08 

5. 13 

4. 99 

4.96 

'4. 93 

4.87 

4. 77 

5.071 
5.01 

4.94 1 

4.8s I 
I 

··--- I 
---- ! 
4.92 I 
4.82 \ 

4.Sg I 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

f i Do. 

l3. 5
6 11 T. C. Hilgard. 

J. B. Baylor. 

J. Locke. 

Do. 

13. 75 ; A. Braid. 

13. 07 

12.99 

13. 05 

12.89 

12.99 

13.35 

13.09 

KANSAS. 

F. E. Nipher. 

J.B. Baylor. 

Do. 

T. C. Hilgard. 

Do. 

A. Braid. 

T. C. Hilgard. 

J. H. Simpson. 

Do. 

Do. 

Do. 

KENTUCKY . 

13. 08 J.B. Baylor. 

13. 07 Do. 

13. 26 F. E. Hilgard and J.M. 
Poole. 

13. 30 A. T. Mosman and E. 
Smith. 

J. N. Nicollet. 

J. H. Lefroy. 

13. 30 , J. B. Baylor. 

13. 28 Do. 

lJ. 35 Do. 

Reference and remarks. 

i Am. Phil.Soc., 1846, Art. XI, Dr.J. Locke's paper of ; 
I 1844. 
i Do. 
i Do. 

; {Sill, J ., 1840. I 

/ Am. Phil. Soc., 1846, Art. XI, Dr. J. Locke's paper 1 

, of 1844. : 

i 

Do. 

Do. 

Do. 

i Sill, J., 1840, E. Loomis; Am. Phil. Soc., 1846, Art. 
XI, Dr. J. Locke's paper of 1844. 

I 
! C. & G. S. Rpt., 1882, App. 14, Nat. Acad. Ser. 

i C. & G. S. Rpt., 1881, App. 9. 

I Am. Phil. Soc., 1846, Art. XI, Dr. J. Locke's paper 
' of 1844. 

Do. 

: C. & G. S. Rpt., 1881, App. 9. 

St. Louis Acad. Sc. 

C. & G. S. Rpt., 1881, App. 9. 

Do. 

C. & G. S. Rpt., 1882, App. 14, Nat. Acad. Ser. 

Do. 

C. & G. S. Rpt., 1881, App. 9. 

: C. & G. S. Rpt., 1882, App. 14, Nat. Acad. Ser. 

Explor's by Capt. Simpson, IJ. S. E. Stone's Mag. : 
Var's.,New York, 1878. 

Do. 

Do. 

Do. 

C. & G. S. Rpt., 1881, App. 9. 

Do. 

C. & G. S. Rpt., 1882, App. 14, Nat. Acad. Ser. 

C. & G. S. Rpt., 1881, App. 9. 
I 

I 
C. S. Rpt., 1864, App. 19. I 

Diary Mag. Sur., Canada, Sir J. H. Lefroy, London, I 
I 1883. I 
I c. & G. s. Rpt., 1881, App. 9· I 
I, Do. j 

Do. 
! -
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TABLE I.-Observed magnetic dips and horiZ-Ontal and total magnetic 

KENTUCKY-Continued. 

Na1ne of station. 

Stanford, court-house grounds. 

Lebanon, yard of );orris Hotel. 

Clay's Ferry. 

Lexington. 

Shelbyville, east of Observatory. 

Frankfort. 

Shippingport. 

/ Louisville. 

!lo. 

Louisville, in Jacob's Wood. 

Lonisville. 

Grayson, lot east of E. K. R. R. depot. 

Cynthiana, near l'rotestant cemetery. 

} lemingsburg, public. school grounds. 

\Villiamstown. 

Falmouth, Coleman's Farm. 

Latitude 

<P· 

37 31 

37 36 

37 54 

38 06 

38 12. 8 

: 38 15 

38 15. I 

! 38 18 

38 26 

38 26 

38 36 

38 40.8 

West longi
tude 

0 

Ii. 

84 18 

85 13.2 

85 30 

85 45.5 

82 59 

84 25 

83 46 

84 22 

Year. Month. 

Oct. 15, 16, 17. 

Oct. 11, 12, 13. 

Sept. 3. 

Dip 

0. 

I 

I 

Horizontal I 
force 

H. 

--1-----,-----

1 

I 69 43· 81 
69 06. 8 

I 
69 49.0 I 

I 

4.625 

4. 750 

4.639 

1840 Sept. 2. 69 54. 5 4. 603 

1871 ll<ov. 27; Dec. 2.: 69 46. 6 4. 66o 

1819 May 20. 

1839 

1840 Mar. 11. 

1849 ' June 18. 

1856 

1881 

1881 

1881 

1840 

Nov. 23. 

Nov. 5, 6. 

Oct. 25, 26. 

Oct. 31; Nov. I. 

1 Sept. I. 
I 
i 
1 

Dec. 30; Jan. 9. 

70 08 

{ ', 69 56 } 
69 54- 4 

4
· 
654 

69 55.5 

70 08 I 
70 og. 3 I 
69 44.0 i 
69 45· 2 I 
70 04. I ! 

70 16. I ! 

4.643 

4.626 

4- 627 

4- 603 

4.580 

LOUISIA~A. 

Southwest Pass, Mississippi Delta. 

Southwest Pass, Mississippi Delta, near Stake 
Island. 

Southeast Pass, Mississippi Delta. 

Cubitt. 

l'ass a Loutre. 

Osgood Island, southeast by east of Pass a 
Loutre Light. 

.Magnolia base, lower station. 

Brashear City, old earthworks north of town. 

Cote Blanche. 

28 59 

28 59 

29 09- 9 : 
29 10.9 

29 I I. 3 

29 32. 5 
29 41 

29 44· I 

Barrel Key. 29 54· 3 

Avery's Island, six and one-half miles south- 29 55 
west of New Iberia. 

New Orleans Mint. 

New Orleans. 

\ New Orleans, Basin and Canal streets. 

' New Orleans, city park. 

New Orleans, fair grounds station. 

Do. 

Baton Rouge, mound south of college. 

29 57.4 
2 9 55.6 

29 59· l 

29 59· I 

30 26 

1840 

1872 Mar. 2. 

89 03. 6 1859 Dec. 21. 

89 14. 6 ! 1859 Dec. 16. 

89 o~.4 · 1859 Dec. 27. 

89 05. 3 1872 Mar. 4, 5. 

89 46.6 

91 14 

91 42.9 

89 08.0 

91 45 

1872 i Jan. 17. 

1872 Mar. 23. 

186o Mar. 3, 4. 

1857 i Apr. 14, 18. 

1872 1 Mar. 13-19, 

90 03. 4 1834 Aug. 

90 04- 4 

90 07.8 

90 04. 8 

90 04-8 

91 12 

1856 Dec. 18, 24. 

1858 Apr. 7, 10. 

1872 I Feb. 10-15. 

Feb. 14. 

Mar. 24, 25. 

Apr. 1-6. 

58 42. 2 

58 46. 5 ' 6. 209 

58 45· 3 6. 377 

58 54. 0 6. 342 

58 47.0 6. 355 
59 01. 2 6. 068 

59 23.5 5.977 
59 16. 3 6. 093 
59 08. 8 6. 349 

59 48. 2 6. 282 

59 26. 4 6. OI2 

6o 15 

59 30 

59 46. 5 

59 43.5 

59 48.6 

59 48.6 
6o 20.0 

6.350 

6.310 

5.959 

6. 155 
6.oo8 
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intensities in the United States and adjacent reg.Wns.-conti11ued. 

KENTUCKY -Continued . 

. , i' Referred results. 
Total force ' 

I F. Ii l 
I 

' e, .... o H, .... o F 1885·0 , 

~ I 

Observer. Reference and remarks. 

1--1:-~---- --~-~I ---------------·--· _______ I 
I I' I : lJ. 35 : 69,61 4. 63 lJ. 29 I J.B. Baylor. 

: 13. 32 I 69. 00 4. 75 13. 26 Do. 

' 13. 45 IJ 69. 47 
1 

J. Locke. 
" ' " I' 

13. 41 r: 69. 56 

::: :: 1i :: :: I 

4

. 

6

i 

'I l 
i 69. 55 

I 

,;f 
13. 55 !! 

i: 
13.574 

11 69, 64 

i' J ' 
ii 

4.66 

q 
13.68 70.04 

13.36 69. 61 [ 

13·37 69, 63 i 
13. 50 69. 721 
13· 57 69. 95 ! 

I 
4.59 

I Do. 

13.31 f A. T. Mo:>man 
! Smith. 

J. Locke. 

S, H. Long. 

r J, Locke. 

I Do. 

13.40~ 

I 
J. H. Lefroy, 

L K. Friesach. 

13.62 J. B, Baylor. 

13.29 Do. 

13.30 Do. 

J. Locke. 

13.39 l E. Goodfellow. 

and E. 

C. & G, S. Rpt., 1881, App. 9. 

Do. 

: Am, Phil. Soc., 1846, An. XI, Dr. J. Locke's paper 
of 1844. 

Do. 

C. & G. S, Rpt., 1881, App. 9. 

Am. Phil. Soc., 1846, Art. XI, Dr. J. Locke's paper i 
of 1844. 

Maj. Long's Exp. to Rock)' Mts., 2 vols. Phila., 
1823. 

Sill, J., 1840. 

SilLJ.,1840; Am. Phil.Soc.,1846,Art.XI,Dr. J. 1 

Locke's paper of 1844. 

Diary Mag. Sur., Canada, Sir J. II. Lefroy, London, 
1883. 

, K. K. Aca<l. d. \\'iss, Vienna, vol. 29, 1858, 

C. & G. S, Rpt., 1881, App. 9. 

Do. 

Do. 

Am. Phil. Soc., 1846, Art. XI, Dr. J. Locke's paper 
of 1844, 

C. & G. S. Rpt., 1881, App. 9. 
-------------------

12.00 
ll}s8. 8 

:I 
12.29 Ii 58. 8 

!! 
12. 28 I' 59. o 

i2. 26 I } 
: 58. 9 

II. 74 i' 59· 4 

'I 59. 3 

... 38 11 59 •• 

12. 49 11 59· 8 

11 59· s I 

;~~;12 I l I I I 

12. 54 I, 59. 8 \I 
II. 84 

12.24) I 
6o.4 

6. 154 

6.28 

6.24 

6.07 

5.924 

6.040 

6.25 

6. 17 

5.959 

6.021 I 
I 

5. 9551 

LOUISIANA. 

{I J. D. Graham. 
l I. 88 I . 

I T. C. H1lgard. 

12. 12 

12. 12 

l I, 75 { 

II. 64 

11 .• 83 

12. 17 

12. 27 
II. 74 

II. 97 

12.o6 

IF. H.GerdesnndJ.G.Olt· 
\ manns. 

Do. 

Do. 

T. C. Hilgard. 

Do. 

Do . 

F.H. GerdesandJ. G. Olt-
manns. 

S. Harris. 

T. C. Hilgard. 

J. N. Nicollet. 

K. Friesach. 

G. W. Dean. 

T. C. Hilgard. 

Do. 
i 
I J. B. Baylor. 

I T. c. Hilgard. 

I Sill. J., Vol. IV, 1847. 

C. &G, S. Rpt., 1881, App. 9; also Rpt. 1882, App. 14. 

C. & G. S. Rpt., 1881, App. 9. 

Do. 

Do. 

C. & G. S. Rpt., 1882, App. 14, Nat. Acad. Ser. 

C. & G. S. Rpt., 1881, App. 9. 

C. & G. S. Rpt., 1882, App 14, Nat. Acad. Ser. 

C. & G. S. Rpt., 1881, App. 9. 

Do. 

C. & G. S. Rpt., 1882, App. 14, JS at. Acad. Ser. 

C. S. Rpt., 1864, App. 19. 

K. K. Acad. d. Wiss., Vienna, vol. 29, 1858. H & 
F were converted into Eng, units. 

C. & G. S. Rpt., 1881, App. 9. 

C.&G. S. Rpt., 1881,App.9; also Rpt. 1882,App. 14, 

C. & G. S. Rpt., 1882, App. 14, Nat. Acad. Ser. 

I 
C.&G.S.Rpt.,1881,App.9; alsoRpt.1882,App.14. i 

C. & G. S. Rpt., 1882, App. 14, Nat. Acad. Ser. I 
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TABLE !.-Observed magnetic dips and horizontal and total magnetic 

LOUIS IAN A-Continued. 

Name of station. 
Latitude : West longi-

tude Year. 
<p. il. 

Month. 

i 

I 
Dip i Horizontal 

1

1 force 
fl. H. 

\------------.-----------------·----------- i ___ _ 

0 I I 
j . .\.lexandria, Irwin's pasture. 

j Gaines Ferry. 
I 
i Natchitoches. 

Do. 

Grand Ecore, breastwork in front of hotel. 

Sabine River. 

Monroe. 

· Shreveport, river front, Jones' Hill. 
! 

31 17 

31 28 

31 44 

31 44 

31 48 

32 or 

32 29 
32 30 

0 

92 27 

93 45 

93 05 

93 07 

93 07 
94 00 

92 08 

93 45 

MAINE. 

1872 

1840 

! 1834 
i 1840 

Apr. 18. 

May. 

Apr. 

i June. 

1872 Apr. ro. 

1840 

1872 I Apr. 26. 

1872 
1 

Apr. 14. 

6o 53· 0 i 5. 965 
60 57. o I 
62 II 

61 15. 9 i 
61 27. 2 I 5, gaI 

61 36. 81 
I 

5. 778 

62 04. 4 i 5. 809 

-------·-------·-··-------------.---------------- ·- -·--------- -

Kittery Point, opposite Portsmouth, N. H. 

Kittery Point. 

Do. 

· Cape Neddick. 
I A . I gamenucus. 

I 

j Kennebunkport. 

Fletcher'• Neck. 

Richmond Island. 

Portland. 

I Portland, Bramhall or Bowdoin Hill. 

Do. 

' Portland, .Munjoy's Hill. 

Portland, Bramhall Hill. 

Do. 

Do. 

Do. 

Portland, Munjoy's Hill. 

i Harpswell. 

Mount Independence. 

Cape Small: 

Freeport. 

Brunswick. 

Bath. 

i Mount Pleasant. 

· Rockland. 

! Mount Sebattis. 

: Camden Village. 

1
1 

Mount Ragged. 

: Southwest Harbor, Mount Desert Island. 

: Mount Desert. 

I 
43 04. 8 j 

43 04.8 

43 04. 8 

43 I I. 6 

43 13.4 

43 21. 4 

43 26.8 

43 32. 6 
i 43 41 

43 38.8 

43 38. 8 i 

43 39· 9 : 

43 38.8 

43 38. 8 \ 

43 38. 8 ' 

43 38. 8 I 

43 39. 9 i • I 

43 44.5 
43 45.5 
43 46. 7 

43 5I. l 

43 54. 5 

43 54.9 

44 OI. 6 

44 o6.3 
44 09. I 

44 12 

44 12.8 

44 15.0 

44 21. I 

10 43· o I 
70 43. o I 
70 43.0 

70 36.4 
70. 41. 5 

70 28. I 

70 20. 5 

70 14.4 

70 20 

70 16.6 

70 16.6 

70 14.9 
70 16.6 

70 16.6 
70 16.6 

70 r6.6 

70 14.9 

70 oo.8 

70 19.2 

69 50. 7 

70 05.9 

69 57· 7 
69 49.o 

70 49·3 
69 o6. 2 

70 o+ ls 

69 09.1 

68 17. 61 
68 13.6 

1850 Aug.29;Sept.4. 1 7457.2 

1859 , July 14. 75 04. 2 

Aug. 13, 14. 

! Aug. 28, 29, 30. 

74 26.2 

74 57· 9 

1847 Sept., Oct., Nov. 74 54. 7 

1851 

1850 

1850 

1845 

1851 

1859 

1863 
1863 

1864 

1865 
1866 

1873 

1863 

1849 

1851 

1863 

1873 

1863 
1851 

1863 

1853 

Aug. 23, 27. 

Sept. 9, 12. 

Sept. ~4, 16. 

June 2. 

Aug. 15, 20. 

July 15. 

July 6. 

July 15. 

', Aug. to Dec. 
i 
1 

Jan. to Dec. 

; Jan. to Mar. 

: Sept. 8, 11. 

I July 22. 

! Oct. <J-16. 

I Oct. 16-25. 

I July 13. 
i Sept. 13-17. 

I July JI. 

I Aug. 6-27. 
I i Julv 7. 

j July 25-29. 

75 14· I 

75 18.3 

75 oS. 0 

75 13.7 

75 14. I 

74 56.7 
75 04. 6 
75 05.9 

75 09. 5 
75 08. 3 

75 07. 4 

74 57. 9 

75 52. 4 
75 23.8 
75 01. 8 

75 20. 3 

75 08.3 

75 25. 5 
76 OI. 5 

75 30.9 
75 40.6 

75 4r. 5 

75 41.2 

i Oet. 26-Nov. 4. 

~ Sept. 2z-26. 

i Sept. 25-30. 

/Oct. 7-13. 

I 

76 15.51 
76 09.2 

3. 500 

3.496 
3· 588 

3.516 

3.456 

3.448 

3.440 

3.464 

3.427 

3.450 

3.456 

3.425 
3.439 
3.456 

3.459 

3· 458 

3.472 
3. 184 
3.422 

3.389 

3.395 
3·437 

3.355 
3.212 

3.318 
3.4II 

3.345 

3·345 
3.28o 

3.255 
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intensities in the United States and adjacent regions.-continu.ed. 

LOUISlAK A-Continued. 

' Total force Referred results. 

F188."i·fl 

Observer. Reference and remarks. 
I 

lluill5-o I HiAA.o·O 
F. 

12. 16 

-- ----- ,--0 1·· ----
6o. 9 5. 912 

:! 61. o I 

T. C. Hilgarcl. 

' J. D. Graham. 

C. & G. S. Rpt., 1882, App. 14, :\at. Acad. Ser. 

Sill. J., Yo!. IV, 1847. 

13.48 

13.57 

13.37 

13. 55 

13.28 

13.53 

13.56 

13. 50 

13. 44 

13. 54 

13.31 

13.30 

I 3· J°7 

13.49 

13.49 

13.47 

13.38 

13.04 

13.57 

13. 12 

13.41 

13.40 

13.33 

13.30 

13.26 

13.79 

13.54 

13.53 

13. 81 

13. 6o 

: } 61.4 

'I 61. 5 
i 61. 6 

62. I 

} 73- 98 

74.03 

74.01 

74.30 

74.38 
1: 74.21 
' 

:l !! 

:i I 

ii l !1 
!I 74· 15 

:1 
!! 

~ 
" 

74.88 11 

ii 74.48 ' 

I! 74· IO I 

ii 
I 

It 74.36 
11 
!1 74.37 

li 74.45 
'I 

75.09 
11 74.53 II I 74. 72 i 

i I 

I 

[}74·72
1 

I ,, ,, i 
75.16 

j 

3- 6II 

3.634 

3. 540 

12.26 

{ 
J. N. Nicollet. 

J. D. Graham 

T. C. Hilg:ml. 

J. ll. Graham. 

T. C. Hilgard. 

12. ~o Vo. 

13. 21 

12.85 

13. 18 

13. 18 

MAINE. 

J.E. Hilgard. 

C. A. Schott. 

J. H. Baylor. 

J. E. Hilgard. 

T. ]. Lee and R.H. Faun
tleroy. 

J. E. Hilgard. 

Do. 

C. S. Rpt. 1864, App. 19. 

Sill. J., Yo!. ff, 1847. 

C. & G. S. Rpt., 1882, App. 14, ;\[at. Acad. Ser. 

Sill.J., Yo!. ff, 1847. 

C. & G. S. Rpt., 1882, App. 14, Nat. Acacl. Ser. 

Do. 

C. & G. S. Rpt., 1881, App. 9. 

Do. 

Do. 

Do. 

Do. 

3· 574 . 13. 13 Do. 

Do. 

Do. 

Do. 

3· 540 ! 

3.28 

3.522 

3· 508 i 

3.495 

3.483 

3.455 

3.330 

3-418 

3.543 

( J. Locke. i Phil. Trans. R. S., 1846; Smithsonian Cont's to Know., 
\'ol. Ill, 1852. 

, J. E. Hilgard. 

C. A. Schott. 

Do. 
12. 96 i ' Do. 

Ii H. W. Richardson. 

Do. 

I: Do. 

L T. C. Hilgard. 

12.6 C. A. Schott. 

13. 16 G. Davidson. 

12.80 G. W. Dean and 
Bache. 

12.96 C. A. Schott. 

12. 93 i T. C. Hilgard. 

12. 89 [ C. A. Schott. 

12. 94 1 G. W. Dean. 

12. 81 I C. A. Schott. 

A. D. 

13· 44 I J. E. Hilgard and A. D. 
I Bache. ~ 

{

j G. W. Dean and R. J. [ 
13. 21 I Breckinridge. : 

j G. W. Dean and S. Harris. j 

13. 42 

1

! S. Harris. I 
13. 23 G. W. Dean. 

C. & G. S. Rpt., 1881, App. 9. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
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TABLE I.-Observed magnetic dips and horizontal and total magnetfo 

N arne of station. 

Locke's Mill. 

Belfast. 

Bethel. C. R.. Locke's house. 

\Vatenille. 

Howard. 

Mount Saunders. 

Mount Harris. 

Bangor. 

Bangor, Thomas Hill. 

Uo. 

Do. 

j Humpback. 

Eastport, Fort Sullivan. 

Do. 

Do. 

Do. 

D0. 

Do. 

!, Eastpo1t. 

Do. 

; Cooper. 

Calais. 

Forks of Kennebec. 

Moose River. 

Tachereau's. 

, Source of Saint Croix, N. E. boundary station. 

}'ark's Hill. 

Do. 

Branch of the Saint John. 

River Saint John, near the Grand Forks. 

Blue Hill. 

Aroostook. 

Big Black River, mouth of Chim-passa-ooe-tuc. 

! Peconk Hill. 

' Falls of Saint John. 

j River Saint John, north bank. 

MAINE-Continued. 

Latitude West longi- Dip Horizontal, 
force tude Year. Month. 

<p. ? •. fl, H. 

44 24 

44 26.0 

44 27. 5 

4+ 33 
44 37.7 

44 39.0 

44 39.9 

44 48.2 

44 48.2 

44 5I. 8 

44 54.4 

44 54.4 

44 54.4 

44 54-4 

44 54.4 

44 54.4 I 

44 54.3 

44 54-4 i 
44 59. 2 i 

I 
45 II.O I 

45 20 I 
45 39 i' 

45 49 

45 57·4 I 
46 07 

46 07 II 

46 25 

46 35 I 
46 38 I 

I
I 

46 59 

47 03 I 
47 04 

0 / 

70 44 1845 June 15. 75 50. 7 3· 304 

69 00. 8 1863 July 8. 75 38. I 3· 330 

70 51 1845 June IO. 75 51.0; 3.308 

69 45 1849 Juue, July, Aug. 75 59. 4 3· 243 

67 23. 7 1859 Aug. 3-13. 75 21. 6 3. 458 

68 36. 5 1856 July 8-17; Sept. 75 58. 6 1 3. 279 
12, 14. 

69 08. 9 1855 Sept. 3-11. 76 14. 1 3. 240 

68 47 1841 
1 

July. 76 I I. 6 

68 46. 9 1857 Oct. 10-16. 76 14. 7 3. 231 

68 46.9 

68 46.9 

68 06. 6 ! 

66 59· 2 I 

66 59· 2 

66 59. 2 

66 59· 2 

66 59· 2 

66 59.2 

66 59.3 

66 59.2 

67 28.0 

67 16.8 

69 58 
70 16 

70 24 

67 46.8 

67 47 

67 47 

70 04 

69 53 

67 47 

67 47 

69 27 

67 47 

67 45 

67 47 

1863 : July 10. 

1879 Aug. 21. 

1858 Aug. 24-Sept.15. 

1860 

1861 

1862 

1865 

1873 

1879 

1859 

1857 

1844 

1844 

1844 

1840 

1840 

1841 

1!44 
1843 

1841 

1841 

1843 
1!41 

1843 

1!43 

Jan. to Dec. 

Jan. to Dec. 

Jan. to Dec. 

Jan. to Dec. 

Jan. to July. 

July 22-25. 

Aug. 28-Sept. 4. 

Aug. 27,28. 

Is 
1 ept. 10-15. 
' 

Sept. 18--23. 

Aug. 

Aug. 

Oct. 

Nov. 

Aug. 

76 05.3 

75 29.8 

76 12.0 

75 SJ. I 

75 51. 0 

75 48. 5 

75 48. 3 
75 45.8 

3.208 

3.317 

3.220 

3.307 

3.307 

3.303 

3· 3ID 

3.313 

75 44. 7 ! 3. 317 

75 24. 3 I 3. 363 
I 

75 12. 2 3. 404 

76 20. 3 3· 18o 

76 25.5 

76 23.7 

76 48.5 
76 50.4 

76 57.4 

77 02. 5 

77 00. 7 

77 24.8 

77 2 5·9 
77 18. I 

77 24· I 

77 37.5 
77 32. 2 

77 29. 5 
77 31.0 

3.231 
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intensities in the Uniwd State.~ and ad:facent regioW1.-C1mtirwed. 

13. 52 

13.42 

13. 54 

13.40 

13.68 

13·53 

13.62 

13·59 

13· 3-4 
13·24 
13.50 

13. 56 

13·53 
13.47 

13.jo 

13.48 

13·47 
13. 35 

13. 33 

1 3·4~ 

13. 76 

74.66 

74.97 

75. 08 

74.36 

75. 00 

:: 75.25 
1: 
I' 
: l 

I'~ 75.07 
i I 

'J 
,, 
11 
1'11 

[! 75.21 I ,I 
lj I 11 

!! I 
Ii I Ii 
I! 
ii ~ 74. 7 3 
[1.·1 

1
1 

I 
,1 I 
\l 
:: 
I' 

i; J 

11 

75 34 

7543 

II 75. 53 
11 

I! 75.94 
,, 75.97 
Ii 

76. lO ii 

/j} 76. 16 

76 .. H 
:i 76.56 
'i 
l' 76.44 
:! 
!j 76. 54 

76.75 

) 

} 76. 65 

j 

3.430 

3. 374 

3· 341 

3 58o 

3· 412; 

3· 376 

3· 335 

3. 413 

3. 302 

12. 97 

13.01 

12.98 

13.28 

13 .. 18 

13. 26 

12.95 

IJ. l I 

r 
I 

MAl!\:E-Continued. 

()bsener. 

! J. Locke. 

I 

C. A. Schott. 

J. Locke. 

G. \Y. Keely. 

G. Vi/. Dean and A. D. 
Bache. 

(;. \\'. Dean and J. II: 
Toomer. 

G. W. Dean and T. M. 
Mclver. 

J. D. Graham. 

Reference and remarki. 

Phil. Trans. R. S, 1846; Smith,uuian Cont's to 
Know., \'ol. III, 1852. 

C. & G. "· Rpt., 1881, App. 9. 
Phil. Trans. 1'. S., 1846; Smithsonian Cout's to 

Know., \·ol. III, 1852. 

C. & G. S. Rpt., 1881, App. 9 

Do. 

Do. 

lJo. 

Sill. J., Vol. IV, 1847. 

G. W. Dean, S. Harris, and C. & G. S. Rpt., 1881, App. 9. 
H. \V. Bache. 

C. A. Schott. 

i J. B. Baylor. 

G. W. lJean, A. T. Mos
man, and A. D. Bache. 

G. B. Vose. 

G. B. Vose and S. \';'alker. 

S. Walker, R. H. Talcott, 
and E. <;oodfeHO\L 

E. Goodfellow. 

Do. 

Vo. 

llo. 

Do. 

Do. 

Do. 

12. 96i E. l;oodfellow, A. T. 'Mos
man, and II. W. Rich· 
anlson. 

no. 
no. 

13.05 

13.36 

I; 
I 
' I-I. W. Richardson. 

T. C. Hilganl. 

l J. B. Baylor. 

G. W. !lean and A. D. 
Bache. 

G. W. Dean and S. Harris. 

J. TJ. Graham. 

J>o. 

Do. 

l>o. 

Do. 

Do. 

llo. 

IJo. 

Do. 

Do. 

Do. 

J 
l 

Do. 

Vo. 

Do. 

Do. 

Do. 

Sill.]., Vol. JV, 1847. 

Do. 

no. 
Sill.J., Vu!. I\·, 184i; Am. Phil.Soc., Vol. IX, 1846. 

Sill. J., Vol. IV, 1847. 

Phil. Trans. R. S., 18+6. 

Sill. J., Vol. I\", 1847. 

Do. 

!lo. 

Do. 

Do. 

Do. 

-·----..C.----·---'---·-·--·--------· ----·--·--------·------
Ex.18-2~ 
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TABLE I.-0/Jserved ma!Jnetie dips and horiznntal and touil magnetic 

MAINE-Continued. 

Latitude West longi· 
Name of station. tucle Year. 

<p. I •. 

Little Black Rh·er, mouth of Passa-ooe-tuc. 
i 47 07 69 05 1844 

Saint Francis River. 47 II 68 54 1843 

Grand River, mouth. 47 II 67 57 1844 

])o. 47 II 67 57 1847 

Fort Kent, Fish River. 47 15 68 35 1843 

Albert's Inn, Ri,·er Saint John. 47 17 68 27 1843 

Beau Lac, head. 47 22 69 03 1843 

Madawaska River, n1uuth. 47 22 68 19 1843 

llo. 47 22 68 19 1847 

Lake Pohenagamook, outlet. 47 28 69 13 1843 

----------~-------------

MARYLAND. 

, Mason's Landing. 75 15. 0 : 1856 

I !Javis. 
I 

75 o6. 4 ! 1853 

CalverL 76 23. 6 . 1871 

; Oxford. 76 IO. 5 1856 

Marriott. 38 52.4' 76 36.6 1846 

Do. ' 38 52.4 76 36.6 1849 

Hill. 38 53· 9 76 52.8 1850 

IJo. 38 53.9 76 52. 8 ' 1868 

South l>ase, Kent Island. 38 53.9 76 22. 0 ; 1845 

Taylor. 38 59.8 76 28. 0 ' 1845 

llo. 38 59· 8 76 28. 0 1847 

Kent lslancl. •talion 1. 39 01. 8 76 19. l 1849 

S.>per. ' 39 05.2 76 57. 0 t850 

Webb. 39 05.3 76 40. 5 1850 

l>o. 39 05.3 76 40. 5 1868 

Stahler. 39 07.2 76 59· I l86g 

Bc><lkin Light. 39 08.0 76 25. 5 1847 

1\orth Point. ' 39 I I. 7 : 76 26.7 i 1846 

P<;ol',; Island. 39 17. I 76 15.8 1847 

Baltimore, near \Yashington Monument: 39 17. 8 76 36.9 1832 

Baltimore, Saint Mary's College. 39 17.5 76 37.5 1834 

Baltimore, grove in Howard's \'Vood. 39 IS 76 36. 6 I 1839 

I Jo. 39 17.8 76 36.6 1840 

Baltimore, Saint Mary's College and near j { 39 17. 5 76 37.5 
} 1841 \Va,hington Monument. i 39 17. 8 76 36.9 

Baltimore, northeast of Washington 
ment and at Saint Mary's College. 

Monu- ; 
39 17.8 76 37 1841 

Month. 

····-----------

Aug. 30. 

Sept. 21-25. 

July 31 ; Aug. 4. 

Aug. 23. 

May27; June2, 

June 1-16. 

Sept. 18-27. 

Oct. 27, 28, 29. 

June 3, 4. 

May 31; June 1. 

May 28; June I, 5. 

June 27-July 9. 

July 22-25. 

Nov. 20-27. 

Sept. 23-28. 

Aug. 24-28. 

Apr. 25, 26. 

July 7, 8. 

June 23; July I. 

July. 

July. 

Sept. 

Aug. 

Apr. 28. { 
Apr. to Sept. 

Dip 

fl. 

77 40. 5 

77 43.5 

77 38. 4 

77 36 

i7 43· l 

77 44 5 

' 77 47 
77 47. 5 

77 45 

77 49.2 

70 44.8 

70 57.7 

70 33.9 

70 58.0 

71 IO. 9 

71 12.9 

7 I 12. 2 

jl 17. ! 

71 37· 0 ' 

71 40. 2 

71 19.3 

71 16.6 

71 56.5 

71 24.0 

71 18. 5 

71 28. l , 

]I 43· I 

! 71 29 5 

71 52. l i 
! 
I 

II orizontal 
force 
II. 

4.4o6 

4.332 

4.485 

4.384 

4.26o 

4.332 

4.317 

4.378 

.1.. 2o6 

4. 231 

4. 222 

+ 307 

4. 144 

4.280 

4.337 

4.287 

4- 189 

4. 183 

4. 117 

4.228 

70 58. 6(?) 

71 50. 3 

71 34· I 4.265 

71 34. I 4. 266 

71 39· 2 4.243 

71 43.4 
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intensitieN in the United &tates and adjacent regions.-c0ntillued. 

Total force 

13.36 

13.28 

13.48 

13.44 

13. 21 
13·45 

13.40 

13.64 

13. 34 

13·45 
13. 18 

13.42 

13.37 

13. 42 

13.53 

13.49 

IJ. JS 
13. 18 

lJ. 23 

13.49 

13. 49} 
13.48 

MAINE-Continued. 

Referred result,. 

' } 76. 74 

I 
' 76.85 

76.87 

76.91 

76.95 

70. 15 i 
I 

70. 39 • 

70.05 

70.37 

} 70. 68 

} 70. 69 ' 

7 {. l I 

} 70. 97 

70. 75 

71. 40 

} 70. 81 i 

70.93 

} 7 I. Io 

71. J6 

4.491 

4.415 

4· 539 

4·49t 

+ 366 

4.418 

4· 268 

4· 292 

4· 381 
4. 221 

4.379 

4.348 

4.252 

4· 185 

( 

Observer. 

J. D. (;raham. 

llo. 

Do. 

l G. W. Keely. 

J. D. (;raham. 

!Jo. 

l>o. 

r !lo . 

. l G. \\'.Keely. 

J. D. Graham. 

MARYLAND. 

13.23 C. A. Schott. 

T J· Ifi J.E. Hilgard. 

13.30 A. T. Mosman. 

13.38 C. A. Schott. 

T. J. Lee. 

r3. 20{: A. D. Bache and. J. Hews-
ton. 

13. 36 { 

c. w. Dean and A. D. 
Bache. 

C. I l. Boutelle. 

lJ. 18 ' T. J. Lee. 

13. 16 { 
Do. 

Do. 

13.29 ]. Hewston. 

13. 23 G. W. Dean and A. D. 
Bache. 

13. 32 { 
Do. 

C. O. Boutelle. 

13. 31 Do. 

13. 13 { 
T.]. Lee. 

Do. 

13.09 llo. 

f J. N. Nicollet. 

I E. II. Crrnrtcnay and A. 
D. Bache. 

I 
E. Loomis. 

A. D. Bache. 

Reference and remarks. 

Sill. J.. \'ol. IV., 1847. 

Do. 

Do. 

Phil. Trans. R. S., 1872. 

Sill. J., Vol. IV, 1847. 

Vo. 

llo. 

Do. 

Phil. Trans. R. S., 187z. 

Sill. J., Vol. TV, 1847. 

C. & G. S. 

Do. 

Do. 

Do. 

Do. 

Jlo. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Tlo. 

Oo. 

Do. 

Du. 

Do. 

Du. 

Rpt., 1881, App. 9. 

C. S. Rpt., 1864, App. 19. 

Am. Phil. Soc., Vol V, 1835; Sill. J., Vol. XXX!V, • 
1838, E. l,oomis. Supposed misprint fot7t' 58'.6. 

Sill. J., Vol. XXXIX, 1840. 

C. S. Rpt., 1862; Trans. R. S., 1846. 

I J. Loc:e. { 
Sill. J., Vol. IV., 1847; Am. Phil. Soc., 1846, Art. 

XI, Dr. J. Locke's paper of 1844. 

I J. D. Graham. 

. I 

Phil. Trans. R. S., 1846. 0 mean of five determina-
tions . 
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TABLE ].~Observed magnetic dlps and horizontal and total niagnetic 

Name of station. 

Baltimore, northeast of \Ya,hin;;ton Monu
ment and at :-:iaint l\iary's College. 

lhhimorl..'. 11ortheast of \\'ashiugton l\lo.111 
1nent. 111 grc)\ e. 

MARYLAND-Continued. 

T.:ltiturle West longi-
tucle Year. Month. 

'i'. J. 

39 17. 8 76 37 Apr. to NoY. 

39 18 

: Baltimore,lfuwarcl's\Vooclan<lgarclenofSaint 30 17.8 76 37 18.p Oct. 8. 
Mary'> College. 

Do. 

Baltimore, Fort McHenry. 

l>o. 

Rosanne. 

Maryland Heights. 

Fi11lay. 

Do. 

, Osborne's Ruin. 

! Susquehanna Light. 

: Frenchtown. 
I I Cumberland. 

i Frostburgh. 

I Emmittsburgh, Mount Saint Mary's College. 

39 17. 8 1844 July. 

39 15- 9 

39 15.9 

39 l/. 5 

39 20.4 

39 24.4 

39 24. 4 

39 27.9 

39 32. 4 

39 35 

39 39 

39 41 

39 41 

76 34· 9 1856 

76 34. 9 1sn 
76 43· I 1845 

77 43. 0 1870 

76 31. 5 1845 

7631.5 1846 

76 16. '} 1845 

76 05. I 1847 

75 51 1840 

78 44 1844 

78 56 1840 

77 18 1842 

MASSACHUSETTS. 

Sept. 13. 

Oct. 13. 

June 10. 11. 

Oct. 17-Nov. 6. 

June 13, 14. 

Apr. 10-16. 

I June 25, 30; July 
z, 3· 

July 6, 7, 8. 

Aug. 

Mar. 26. 

Aug. 

, Apr. 12. 

Dip 

II. 

71 4r. 5 

71 39. 7 

Horizontal 
force 

Ii. 

71 43. 3 4. 234 

71 36.0 

71 45.8 

71 36. 5 
72 o6. 6 

71 28.0 

71 52. 9 

71 47.9 

71 47.6 

71 52. I 

71 40. 2 

71 36.0 

71 31. 3 

71 46.3 

4.203 

4. 246 

4.053 

4. 324 

4.059 

4. ll3 

4. 143 

4.086 

4.312 

4.265 

------------------------- - - ---------------·-- -----,..-----------,----~----. 

i Nantucket. 

Nantucket, on North Beach. 

Nantucket, on beach west of light-house. 

Nantucket, cliff station. 

. Nantucket, bluff. 

: Nantucket, _cliff. 

; Sampson's Hill. 

; Indian, near station. 

Indian .. 

Vineyard Haven. 

! Tarpaulin Cove. 

i Fairhaven. 
1 

Hyannis. 
! 
i i Chatham. 

' Shootflying. 

Do. 

Copecut. 

Mano met. 

Du. 

Do. 

41 17. 0 

41 17. 5 

41 17. 5 

41 17. 2 

41 17. 3 

.p 17- 2 

41 22. 7 

41 25.7 

41 25. 7 

41 27. 9 

41 28. l 

41 37.4 

41 37·9 

41 40.2 

41 41. I 

41 41. I 

41 43.3 

4 1 55· 6 

41 55.6 

41 55.6 

70 06.0 

70 06. 0 1846 

70 06. 0 1855 

70 06. 3 1867 

70 06. J I 1875 

70 o6. 3 1879 

70 29. 0 . 1846 

70 40. 6 : 1845 

70 40. 7 1846 

70 35. 5 1875 

70 45. 4 . 1846 

70 54· I 1845 

70 18. 4 1846 

69 56. 9 186o 

70 20. 8 1845 

70 20. 8 1846 

71 03. 6 1844 

70 35· 5 1845 

70 35· s 1846 

70 35. s 1867 

Sept. 

July 29; Aug. 2. 

Aug. 22. 
I 

May 28; June 5· I 
Sept. 15-17. I 

f July 31; Aug. 2. 

J July22; Aug.15. 
I I July 30; Aug. 4, 5 
1 Aug. II, 12, 13. 

Sept. 21, 22. 

Aug. 7, 8. 

I Oct. 16, 17. 

I Aug. 22-25. 
I 

I Sept. 10, 11. 

i Aug. 25; Sept. 2. 

! Aug. 28, 29, 30. 

i 

I

I Oct. 3, 4. 

Sept. u. 
Sept. 1. 

l Aug. 7-22. 

73 41. 2 

73 44.4 

74 oo.6 

73 37.6 

73 24.1 

73 15. I 

I 73 24. 5 I 
73 41. 4 I 
73 29. I 

73 09.9 

73 49.8 

74 40.0 

73 49.2 

73 46.2 
74 23.3 

73 56. s 

74 09.5 

74 30.0 

74 01. 2 

73 58.5 

3.653 

3.6z6 

3.749 

3.817 

3.799 
3.753 
3.734 

3.728 

3 893 
3.6g6 

3·592. 
3.682 

3.744 
3.657 

3.663 
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inten.sitie8 in the United States and adjacent regions.-Contimied. 

MARYLAND-Continued. 

1--· I' 
' It I Total force i! Referred results. 
I ··-· ·- --------------

i F. ): IJ1S85.u I H1ss.•.o F'i .... o 

1----1: f,, " I ~: 
11 l 
111. I 

13. 499 

i l 
1, 

13. 43 1 I 
13. 46 I J 1 

13. 19 i 71. 6o I' 4, IIS 
13. 6o ) 70. 94 + 382 

13. os 1 } 1 
11. 33 1 4. 1so 

13. 17 
1 

I 
13. 26 . 71. 28 4. 205 

13. 13 I 71. 36 I 4. 154 
, I 

71. 15 I 4- 354 

71. 09 4· 323 13.51 ii 

I 71. 00 4. 340 

13. 29 { 
I 
I 

I 
I 
l 
L 

13.04 

13.42 

12. 96 { 

IJ. IO 

13.00 

13. 48 

13.34 

13. 33 

Observer. 

J. N. Nicollet. 

Graham. 

Lefroy. 

J. D. Graham. 

C. A. Schott. 

J. ll. Baylor. 

T. J. Lee. 

C. 0. Boutelle. 

T. J. Lee. 

T. ]. Lee and J. Locke. 

T. J. Lee. 

Do. 

A. D.Bache. 

J. Locke. 

A. D.Bache. 

13.37 J. Locke. 13. 57 71· 26 4· 294 

__ /_ --- -~-----·-· 

Reference and remarks. 

Am. Phil. Soc., \'ol. VIII, rS43. e 111ean of fonrde
terminations. 

Phil. Trans. R. S., 1846. 

Diary Mag. Sur. Canada, Gen'! Sir J. H. I.efroy, 
London, 1883. 

Phil. Trans. R. S., 1846. fl mean of two determina
tions. 

C. & G. S. Rpt., 1881, App. 9. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

I c. s. Rpt., 1862, App. 19. 

i Am. Phil. Soc., J846, Art. XI, Dr. J. Locke's paper 
I or 1844. 

C. S. Rpt., 1862, App. 19. 

i Am. Phil. Soc., 1846, Art. XI, Dr. J. Locke's paper 
of 1844. 

MASSACHUSETTS. 
. -- ··~~----- --------

II 
J Sill.]., Vol. XLVI. ---- l,,, r w Mitchell. 

13.04 

12. 91 i 
T.J. Lee. C. &: G. S. Rpt., 1881, App. 9. 

13. 16 C. A. Schott. Do. 
3- 815 

C. 0. Boutelle. Do. 13.30 

'l 13.36 J.M. Poole. Do. 

13.18 ]. B. Baylor. Do. 

13. 14 

}::: :: I 
3.827 12. 75 T.J. Lee. Do. 

1-J· 29 
12. 79{ 

Do. Do. 
3.8ol 

13. 12 Do. Do. 

13.44 72.47 3.928 13. 04 J.M. Poole. Do. 

13.27 72.94 3.77o' 12. 85 T.J.1.ee. Do. 

l.-J.58 73. 79 3.66o 13. II Do. Do. 

13. 21 72·93 3.756 12. 8o T. J. Lee and R.H. I<"aunt~ Do. 
leroy. 

13.39 72.77 3.861 13.04 C. A. Schott. Do. 

13.59 
}73· 28 

{j T.J. Lee. Do. 
3· 730 12.97 

Do. 13.24 T. J. Lee and R.H. Faunt-
leroy. 

---- 73·29 ---- --·- I T. J. ue. Do. 

13.62 

}73. 26 
{ Do. 

Do. 
__ ..,_ 3· 772 13. 10 R. H. Fauntleroy. Do. 

13.62 C. O. Boutelle. Do. 

I 

1 
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TABLE I.-Obser·ved magnetic dips and horizontal and total magnet1• 

MASSACHUSETfS-Continued. 

Latitude West longi-
Name of station. tude Year. Month. 

<P· .:t. 

Wellfleet. 

Plymouth. 

Longmeadow, west of village church. 

Provincetow 11. 

Springfield. 

Do. 

: Springfield, rear of Pi nchyn House. 

: Springfield, east of' Hampton coffee-house. 

Springfield. 

Springfield, in yard west of American Hotel. 

41 56. I 

41 58 

42 02 

42 03.2 

42 06 

42 06 

42 o6 

42 06 

42 06 

42 01 

; Springfield, near Chestnut and East Worthing- 42 06 
' ton streets. ' 

Blue Hill. 42 I 2. 7 

Easthampton. 42 15 

'Vorcester, west of Worcester House. 

Nantasket. 

Dorchester, South Boston Heights. 

Do. 

Boston. 

Do. 

Dorchester, South Boston, near Grove Hill. 

Dorchester, South Boston Heights. 

42 16 

42 18. 2 

42 19 
42 19 
42 21 

42 20 

42 19 

42 20 

Dorchester, South Boston Heights, near Blind 42 20 
' Asylum. 

Do. 

: Cambridge. 

Do. 

Do. 

i Cambridge, southwest of colleges. 

Cambridge, Harvanl College Observatory. 

Do. 

42 20 

42 23 

42 23 

42 23 

42 22. 5 

42 23 

42 22.9 

'· Cambridge, grounds of Observatory. 42 22. 9 ' 

; Cambridge. 

Do. 

. Cambridge, new Observatory. 

: Cambridge, Observatory gronnds. 

Cambridge, Harvard College Observatory. 

42 23 

42 23 

42 22.9 

42 23 

42 22. 9 i 
l 

70 01. 8 

70 39 

72 36 

70 I I. I 

72 36 

72 36 

72 36 

186o Sept. 12, 13. 

1876 July I I, 12. 

1839 
1860 

1834 

1834 

1835 

Sept. 

Sept. 14, 15. 

Aug. 

Aug. 

Sept. 

March 25. 

72 32 1859 July 26. 

71 06. 9 ' 1845 Sept. 2g--Oct. 8. 

72 40 1862 ' July 7-1 I. 

71 48 

70 54·3 

71 04 

71 04 

71 04 

71 04 

71 03 

7I 02. 6 i 

Sept. 

1847 ' Sept. I, 2, 3. 

1839 
1839 i Sept. 

1841 I July. 

1842 , May 2. 

1842 Oct. 1. 

71 02. 6 ' 1855 Aug. 24. 

71 02.4 

71 07 

71 07 

71 07 

71 07.5 

71 o8 

71 07.7 

71 o8 

71 o8 

I 
71 07.7 I 

71 o8 I 
71 07. 7 

I 

I 872 Sept., Oct. 

1780 

1782 

1783 

1839 
1840 

1841 

Dec. 25. 

June 2. 

Dec. 23. 

Sept. 

June. 

May4. 

Dec . 

June 2. 

Aug.9. 

Dip 

(I. 

74 20.2 

73 48.3 

74 05.3 

74 09. 7 

74 II 

74 IO. 7 

74 06.9 

74 10.7 

73 39 7 

74 14- 9 

75 05.6 

74 06. I 

I 74 20. 6 

Horizontal 
force 
H. 

3· 721 

74 15. 9 3. 566 

74 19 
74 16. 0 3. 658 

74 09.4 

74 05.7 

74 12.8 

7412.]' 

69 51 

~ 41 

69 41 

74 20. I ; 

74 21.6 ! 

74 17. 3 i 
' 

74 19. s 'r 

I 
74 17.s I 
74 14.9 i 

I 
74 18. 21 
74 19.41 

14 34 I 
l 

3.665 

3.661 

3.618 
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intensities in tlie United States and adjacent regions.-Continucd. 

:I 
II 

Total force': 

F. 

13.40 

13.379 

13. 6o 

13.68 

13.47 

13. I 5 

13.39 

13.40 

13.327 

13. 18 

13. 26 

12.95 

13.458 

13·49 

13.39 

MASSACHUSETTS-Continued. 

·----·-·------·--------------- --· ·--.---- .. ---

Referred results. 

7J. 34 3. 755 

7J. I6 3. 777 

73· 23 

i3· I6 3. 773 

l 
I 
r 73. 20 

J 

1 
I 

74.22 

73. II 

r 73· 21 

j 
L __ _ 
J 

1 
l 
I . 
f n " 

l 

3· 77 2 

3.585 

3.797 

3· 704 

Observer. 

lJ. ro , C. A. Schott. 

I3.04 F. E. Hilgard. 

1 E. Loomis. 

I3. oz C. A. Schott. 

l: A. D. Bache. 

I 
Do. 

A. D. Bache and E. H. I Courtenay. 

13_ 05 i E. Loomis. 

13. 18 

13.07 

12. 75 

I 
A. D. Bache. 

J. H. Lefroy. 

l C. A. Schott. 

T. J. Lee, 

E. Goodfellow and A. D.~ 
Bache. 

E. Loomis. 

T. J. l,ee. 

f W.C.Bond. 

I 
E. Loomis. 

J. D. Graham. 

I 
J. Locke. 

J. H. Lefroy. 

Reference and remarks. 

C. & G. S. Rpt., 1881, App. 9. 

C. & G. S. Rpt., 1882, App. 14, Nat. Acad. Ser. [Cor-
rected by C. A. S.] 

Sill. J., l 840. 

C. & G. S. Hpt .. 1881, App. 9. 

Sill, J., 1838, E. Loomis. 

Sill. J., Vol. XXXIY, 1838, E. Loomis. 

Am. Phil. Soc., Vol. V. 1837; C. S. Rpt., 1851, App. 
22. H. at Phila.=4.195, used as unit (Schott). 

Sill, J., 1840. 

Phil. Trans. R. S., 1846. 

Diary Mag. Sur., Canada, Genl. Sir J. H. Lefroy, 
London, 1883. 

C. & G. S. Rpt., 1881, App. 9. 

Do. 

Do. 

Sill. J., I 840. 
Do. 

Do. 

i Am. Phil. Soc., Vol. VIII, 1843. 

Sill. J., Yo!. JV, 1847. 

Do. 

I2. 79 i ' 
Diary Mag. Sur .. Canada, Genl. Sir J. ll. l.efroy, 

London, 1883. 

I 

l 
{ 
r 

T. ;. Lee and R. II. Faunt
ieroy. 

C. A. Schott. 

A.H. Scott and E. Good
fellow. 

Williams. 

Do. 

Do. 

E. Loon1is. 

C. & G. S. Rpt., 1881, App. 9. 

Do. 

Do. 

Sill. J., Vol. XXXff, 1838, E. Loomis. 

Do. 

Do. 

Sill. J., Vol. XXXlX, 1840. 

I J. LoYering and W. Bond. Mcm. Am. ,\cad., \'ol. ll, 1846. 

\ . J. D.Graham& W.C. Bom{l.: ~::;r::-. l~.11~:: ~::~d:~b~~~;-~~i~a·~·it:. Lefroy, 

I 
J. H. Lefroy. London, I883. 

Phil. Trans. R. S., 1846. 9, H & F.,obs'd. 

l 
J.D.Graham. Sill.J.,Vol.1\',1847. 

J. Lode. Sill. J., Vol. IV, 1847; Am. Phil. Soc., I846, Art. XI, 1 
· Dr. J. Locke's paper of 1844. 

12. 88 J. D. Graham. Phil. Trans. R. S., I846, Tab. LL E. Sabine. 

I
I J. Locke. C. S. Rpt., 1861, App. 22. 

J.C. Ives and A. W.Whip- C. S. Rpt., 1856, p. 222. 
pie. 
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TABLE !.-Observed magnetic dips and horizontal and total 

MASSACHUSETTS-Continued. 

Latitude West longi-
Name of station. tude Year. 

'P· ,\. 

Dip 
Month. 

6. 

Horizontal 
force 

H. 

,----··---·--· ---1------- ,-------- ____ .. __ _ 
I ' 

Cambridge, Harvard College Observatory. 

Do. 

Du. 

Cambridge, grounds of Harvard College Ob
servatory. 

1 Chesterfield. 

Little Nahant. 

1 \Vachusett. 

Fort Lee, Salem. 

Do. 

Raker's Island Light. 

· Deerfield. 

I Fitchburg. 

Greenfield. 

Beaconhill, Gloucester. 

Do. 

Thompson. 

Lowell. 

: Annisquam. 

Rockport. 

Ipswich. 

North Adams. 

i 

42 22.9 

i 42 23 

42 22. 9 ! 

42 22.8 

42 24 

42 26.2 

42 29.2 

42 3r. 9 
42 31. 9 

42 32.2 

42 33 

42 35 

42 35 
42 36. 2 

42 36. 2 

42 36.7 

42 39 

42 39.4 

42 39.6 

42 40.8 

42 42 

Plum island, near Newburyport. ! 42 48. o , 
...... . ' 

'----- Do. ______________ __1 __ 42 48. o 

71 07.7 
71 08 

71 07.7 

71 07.6 

72 51 

70 55.8 

71 53.2 

70 52.5 

70 52. 5 ! 
70 47.2 

72 36 

71 48 

i 
72 35 I 
10 3s. 6 I 
70 38.6 

70 43.8 
71 20 

70 40. 6 I 
I 

70 36. 6 i 
70 50. I 

73 07 

MICHIGAN. 

Monroe, southeast of village. 

Monroe, one mile north of court-house. 

Ypsilanti, hill east side of Jforon River. 

, Ypsilanti, east of railroad depot. 

Marshall, near astronomical post. 

Ann Arbor, west of village. 

Aun Arbor, south of railroad depot. 

'AnnArbor. 

; l!etroit. 

I>etroit, one mile west of the city. 

Detroit, Judge Farnsworth's orchard, upper 
end of city. 

j Detroit, lane from wharf to Jefferson avenue. 
i 

41 55 
41 55 
42 14 

42 14 

42 16.4 

42 18 

42 18 

42 16.8 

42 20 

42 20 

42 20 

42 21 

83 27 
83 28 

83 37 
83 38 

84 57.8 

83 44 

83 45 

83 43.8 

83 02 

83 02 

83 02 

83 02 

I 1854 : May IO. 

f 1856 ! July 19. 

I 
1859 I Mar. 7. 

1879 i Aug. 7-9. 

I 
1859 I July 25. 
1849 Aug. 13-17. 

186o j Sept. 27-0ct. 10. 

I 
1849 I Aug. 18. 

1855 : Aug. 25. 

1849 i Aug. 31-Sept. 3. 
I 

1859 I July 23. 

I 876 : July 22. 

1876 

1849 

1859 

1859 

1876 

1859 
1859 

1859 

1876 

; July 25, 26. 

. Aug. 21, 25. 
i 
I July 8. 

i July9. 
I 

July 19, 20. 

July I I. 

July I I. 

July 12. 

July 28, 29. 

1850 Sept. 18, 19. 

1859 [ July 13. 

1839 
1841 

1839 
1841 
1876 

1839 
18.p 

1843 

i 

May. 

: Aug. 

May. 

Aug. 

Oct. 16,' 17, 18. 
May. 

Aug. 

Aug. 13, 14. 

May. 

Aug. 

Sept. 

Nov.4. 

74 33 
74 12 

74 21. 2 

74 29.5 

74 28.8 

75 36.9 

74 18. 6 : 

7435.3j 
74 og.8 

74 06. l 

74 26.4 

I 74 45.6 

74 30.4 
74 19.3 

74 56. I 

75 05. 9 

74 37.3 

74 15.3 

74 54. 91' 
74 52. 9 

73 32 • 3 I 
73 19.0 I 
13 18.0 I 
13 18. 8 I 
73 30.91· 
73 13.9 

73 16. 5 ' 

73 13.71 
I 

73 42.6 i 
73 35· 7 l 
73 32.7 

7J 28.71 

3.542 

3.487 
3.489 
3.682 

3. 617 

3.694 

3.702 

3. 617 

3.645 

3.674 

3.635 

3. 589 

3.529 

3.598 
3.7og 

3. 530 
3.528 

3.9233 

3.991 
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magnetic intensities in the United States and adjacent regimis-1'tmti1111Pd. 

MASSACHUSETl'S-Continued. 

Total force 
Referred results. 

F. 
H1 ..... o 

13. oo6 I 
] I 13.318 

13.29 ;J 
13. 6o 7J. 35 3· 78<) 

13.30 7J. 57 3.655 

13.58 73.48 3. 750 

14.04 
} 74.63 3.6o6 

13.62 73- 39 3.781 

13.61 7J. 59 3.739 

7J. 52 . 3· 726 

73.46 ! 3.734 

13.48 
}73· 64 • 13.86 

3.741 

13.75 73- 51 3· 796 : 

73.68 3. 667 i 

13.81 7J. 93 3· 711 

13. 72 74. 10 3· 651 i 

13.57 73.62 3· 120 I 
73.62 3.741 

13.56 i • 

13. 53. 
3. 645 

t )bserver. Reference and remarks. 

J.C.Ivesand A.W.Whipple. C. S. Rpt.. 185(>, p. 222. 

K. Friesach. 

\Y. P. Smith. 

J. H. Baylor. 

Ii... K. :\cad. ti. Wiss .. \"ienna, \"ol. X\'. l \:, 1858. 
Total force cmwe1ted into Eng. unih. 

t:. S. Lake Sur.. Capt. I;, r;. \!e.ule. 1S59. 

C..I.: 1;. S.Rpl.. 1881 .. \pp. lJ. 

I 3. 22 C. A. Schott. 1 Ju. 

12. 92 (;. W. Keely. I>". 

q. IC) r;. W. Dean, R. E. !falter, Do. 
and A. D. Bache. 

{ 
G. W. Keely. 

IJ. 
61 

C. A. Schott. 

13. 23 G. W. Keely. 

1 3. 23 
1 

C. A. Schott. 

13. 13 F. E. Hilgard. 

lJ. 12 Do. 

{
, G. W. Keely. 

IJ. 28 1 

C. A. Schott. 

13. 37 Do. 

13. 05 F. E. Hilgard. 

13. 41 C. A. Schott. 

13. 33 Do. 

13. 19 , Do. 

13. 26 i F. E. Hilgard. 

{
. J.E. Hilgard. 

13
' 

17 
' C. A. Schott. 

I>o. 

I>o. 

Do. 

Do. 

C. & G. S. Rpt., 1882. App. 14, :\at. :\cad. Ser. (Cor· 
rected. by C. A. S.] 

Do. 

C. & G. S. Rpt., 1881, App. 9. 

Do. 

Do. 

C. & G. S. Rpt., 1882, App. 14, ~at. Acarl. Se1-. [Cor. 
reetec! by C. A. S.] 

C. & C. S. Rpt., 188~, App. 9. 

Do. 

De. 

C. & G. S. Rpt., 1882, App. 14. Nat. Aca<L Ser. [Cor
rected by C. A. S.] 

C. & (~. S. Rpt., 1881, App. 9. 

Jlo. li}7J.93 I 
-··-·- __ II _____ , I 

MIC HIGA!\. 

E. Loomis. 

i} 72. 79 Do. 

13.826 3.956 ! 

13.83 

ii 73· 13 13. 63 C. F. Powell. 

II f 72. 73 

1 

4· 045 r3. 63 I E. Lo;:~· 
I, , l J. Locke. 

r:

1 
! f .. ,_;, 

13.820 

{
. Sill. J., 1840. 

Am. Phil. Soc., Vol. VIII, 1843. 

{ 
Sill. J., 1840. 

Am. Phil. Soc., Vol. VIII, 18.u. 

U.S. Lake Sur., Rpt. 1877 & 1882. 

~ Sill. J., 1840. 

, Am. Phil. Soc., Vol. VIII, 1843. 

· Am. Phil. Soc., 1846, Art. XI, Dr. J. Locke's paper 
of 1844; Sill. J., Vol. IV. 1847. 

sm: J., Vol. XXXIX., 1840. 

Arn. Phil. Soc., Vol. VIII., 1843. 

l>o. ([I 1

1 

· J. N. ::~ollet. 
i . C. YounghusbancL ' Diary Mag. Sur. Canada, (;en!. Sir J II. Le my, ~

1 ,i . f 

·----"'----Li_ _I ____ I~!___ ----·----~-,on-~o-n,_•_88_~~-------··----·-··-- . 
H.Ex.18-23 
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TABLE I.-Obser-ved mag·netic dips and horizontal and total magnetic 

Na1ne of ~talion. 

Detroit. 

Detroit, lane from wharf to Jefferson avenue, 

Detroit, \\'ashingtonavenue, near Grand River, 
avenue. 

Do, 

i Detroit, in park near lake survey office, 

Do. 

Do, 

, Fort Gratiot, near astronomical station. 

1 Fort Gratiot, near geodetic station. 

; Fort Gratiot, near old bake-hous_e. 

Grand Haven, near Detroit and Milwaukee 
freight depot. 

Grand Haven, in rear of jail. 

Grand Haven, 

i Wahley, on bluff near shore, 
I 
j Saint Louis, near astronomical post. 

i Saginaw, near astronomical post. 

! Forestville, near astronomical station. 

' Forestville, near astronomical post. 

· Sand Point, Saginaw Bay. 

Sturgeon Point, near astronomical station. 

1 

South Manitou Island, middle of island. 
I 
, South Manitou Island, 40 yards from wharf. 

South Manitou Island, east side, near dock 

Thunder Hay Island, near astronomical station. 

North1•ort, shore of Grand Traverse Bay. 

Cove Island, near light-house. 

Beaver Island, near light-house. 

Mackinac, J( mile southwest of fort. 

i Michillimackinac Island, }( mile southwest of 
' new :Fort Mackinac. 

1 Michillimackinac Island, near old Fort Holmes. 

: Mackinac Island. 

Mackinac Island, without the fort. 

Mackinac, in rear of fort. 

Fort Brady, southeast of fort. 

Sault de St. Marie. 

Do. 

MICHIGAN-Continued. 

Latitude West longi-
tude Year. Month. 

<P- A.. 

42 21 83 02 1843 June 12, 15. 

42 21 

42 20.0 

42 20.0 

42 20.0 

42 20. 0 ' 

42 20. o I 
42 59· 9 : 

43 01 

42 59·9 

43 05.2 

43 05.0 

43 04.7 
43 22 

43 24.5 
43 25. I 

43 39.6 

43 39.6 
43 54.7 
44 42.6 
45 02 

45 02 

45 02 

45 02.2 

45 08 
45 20 

45 45 
45 51 

45 51. s 

45 51. 5 
45 51 

45 51 

45 51 
46 29.9 
46 30 

83 02 

83 02.5 

83 02. 5 

83 02.5 
83 02. 5 
83 03. I 

82 25.0 
82 25 
82 25.0 
86 12.6 

86 12.6 
86 12.6 

82 32 

84 36. 2 

83 57. 8 

82 34.3 
82 34.2 

83 23 

83 14. I 

86 o6 

86 o6 

86 o6 

83 09. I 

85 36 
81 43 
85 30 
84 40 

84 38 

1859 

186o 

1_872 

1873 
1876 

1858 
186o 

1873 

1859 

1873 
188o 
186o 

1876 
1876 

1858 

1873 
1858 
1858 
1841 
1842 

186o 

1858 
186o 

186o 
186o 

1841 

1841 

186o 

188o 

1841 
1843 

1856 

Apr. 

May. 

May 8-29. 

May 5-16. 
May,June. 

Oct. 9. 

May 7. 

July 15, 16. 

Aug. 18. 

Aug. 27, 28, 29. 

July 20, 21. 

May I!. 

Oct. 14, 15. 

Sept. 16-22. 

June and July. 

July II, 12. 
Sept. I 3-18. 

Sept. 25-29. 

Aug. 

Nov. 7. 

SepL 11. 

Aug. 20-25. 

Sept. 2. 

Aug. 28. 
Oct. 2. 
Aug. 

Sept. 

Sept. 

June 18. 

July 28. 

July 28, 29. 
Aug. 

June. 

~pt. ~9· 

~--- ----------------, 

Dip Horizontal 
force 

.0. H. 

73 32, 2 3. 892 

73 38.8 

73 41 

73 43 
73 35 
73 34 
73 34· I 

74 28 

74 39 
74 22 
74 IO 

73 58 

73 53.7 
74 41 
73 48.9 
73 36.2 

l 75 00 

74 54 
i 75 02 

i. 75 59 75 59.3 
75 56.6 

76 01 

76 24 
76 o6 

76 32 

76 43 

76 37.5 
76 34.2 

76 43 

76 27.6 

77 29.7 
77 JQ.2 

3.865 
3.881 

3.88o 

3.898 
3.6890 
3.664 
3. 716 
3.815 

3.850 

3.847 
3.670 
3.6432 
3.6718 

3.5246 
3.636 

3.5718 
3.3388 

3.36o 
3. 2411 

3.340 
3.267 

3.236 

3.257 

3.242 
3.264 

3.046 

Fort Bmdy, near Sault de St. Marie. 

Sault de St. Marie and Fort Brady. 

Sault de St. Marie, garden of Fort Brady. 

!4 20 1873 

_, ~----~--~--~~~~~~~-'--~~~.:.-~~~::~:_:~/~:_:::~-'-~~~~~--'-~7-7_24_·_.o_._~~~-' 
46 30 
46 30.1 

46 29.9 
46 29.9 

July 22, 23. 

July u, 13, 19. 

Aug. 6, 7. 

77 44 

77 30 

3.0732 

3.044 
3.000 
J.056 
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inten6itie8 in the United States and adjacent regions.-conti11ueAl. 

· Total force 

F. 

13.13 

13.72 

13.710 

i3.7S5 
13.720 
13.715 

13· 781 

13.798 
13.840 

13.790 
13.987 

13. 940 

13.87 
13.893 
13.070 

13. 007 

13. 609 
13.957 

13.835 

. 13. 786 

14. 041 

13. 937 
13.792 

13.905 

14.o63 

I4-o84 

14.10 

14- 1o8 

13. 94 

14' OI 

MICHIGAN-Continued. 

Referred results. 

7J. 58 

74.08 

(73. 44) 

(73-

1}14.42 

I 74.43 

75.38 

11 
I I 
Ii (75·43 
'I J 
11 75· 8o 

J'. 7S· 50 
II 
l\ 75. 93 

11176. 12 

'I 
I, 76. 12 

1 j 

3.886 

3. 754 I 
3.677 

3.7o6 

3.646 

3.657 

3.424 

3.46o; 

3· 326 

3·423 
3.350 

3.319 

Observer. 

I J. Locke. 

I' 5' J ' 
.)· .> 'I J. H. J.efroy. 

W. P. bmith. 

I Vo. 

I 
A. N. Lee. 

Do. 

l I T. N. Bailey. 

f 1. W. P. Smith. 

13. 6ol. Do. 

l I A. N. Lee. 

•3151 
13.69 

(12.90) 

( 12. 83) 

13. 57{ 

13.62 

13.57 

r 
I 

13. 751 
13.56 

13.67 

13. 78 

13.84 

W. P. Smith. 

A. N. Lee. 

J.B. Baylor. 

W. P. Smith. 

D. W. Lockwood. 

Do. 

W. P. Smith. 

A. N. Lee. 

W. P. Smith. 

Do. 

E. Loomis. 

C. Younghusbaod. 

W. P.Smith. 

Do. 

Do. 

Do. 

Do. r: E. Loo~1is. 

l 
l J. N. N1collet. 

13. 78 i Do. 

Reference and remarks. 

: Am. Phil. Soc .. 1846, Art. XI, Jlr. J. Locke's paper 
of 1844; Sill. J., \"ol. IV, 18.ff 

j Phi!. Tra~1s. K S., 1846; Diary l\lag. Sur. Can., 
i Genl. Sir J. H. Lefroy, Lon<lon, 1883. 

\ U.S. Lake Sur. Rpt., 1859 & 1882. 

L'. S. Lake Sur. Rpt., 1882. 

U.S. Lake Sur. MS., 1873, & Rpl., 1882. 

Do. 

U.S. Lake Sur. Rpt..1877,pt.2,& 1882. 

U.S. LakeSur.,Capt.G.G. Meade. 1859,&Rpt., 1882. 

U.S. Lake Sur. Rpt., 1882. 

L U.S. Lake Sur. MS., 1873, & Rpt., 1882. 

U.S. Lake Sur., Capt. G. G. Meade. 1859, & Rpt., 1882. 

U.S. Lake Sur. MS., 1873, & Rpt., 1882. 

C. & G. S. Rpt., 1881, App. 9. 

. U.S. Lake Sur. Rpt., 1882. 

: U.S. Lake Sur. Rpt., 1877 & 1882. 

Do. 

U.S. Lake Sur.,Capt.G. (;.Meade, ·1859,i\: Rpt., 1882. 

U.S. Lake Sur. MS., 1873, & Rpt., 1882. 

U.S. Lake Sur., Capt. G. G. Meade, 1859, & Rpt., 1882. 

Do . 

Am. Phil. Soc., Vol. VIII, 1843. 

Diary Mag. Sur. Canada, Gen'! J. H. Lefroy, Lon· 
don, 1843. 

i U.S. Lake Sur. Rpt., 188z. 

. U.S. Lake Sur., Ca pl. G. c;. Meade, 1859, & Rpt., 1882. 

: U. S. Lake Sur. Rpt., 1882. 

Do. 

no. 
i Am. Phil. Soc., Vol. V!JI, 1843. 

Do. 

Do. 

Am~ Phil. Soc., l846,. Art. XI, Dr. J. Locke's paper '. 

l
i J. Locke. 

I W. P. Smith. U.S. Lake Sur. Rpt., 1882. 

of 1844. 

l J.B. Baylor. C. & G. S. Rpt., 1881, App. 9. 

!il

l] j'' r .. li JE .. 
1
l:me.is. \ Am. Phil. Soc., Vol. VIII, 1843. 
'°""' ! Am. Phil. Soc., 1846, Art. XI, Dr. J. Locke's paper 

! of 1844. 

. { l K. Friesach. i K. K. Acad. d. Wiss., Vienna, Vol. XXIX, 1858. r ~-3-·"''_l _"lf~~Z ____ ~.-~·-· :_:·_i_~_~·-eR-sp-utr_.: :: ·~:;;~"R'~'"'_ - . 
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T.ABLE I.-Observed magrietic dips and lwrizontal and total magnetic 

Name of station. 

\lar 11.cttc. •:: mile 11urtlnn~t-l of Jight-hunsc. 

)L1rq1:ctt<:, 11tffthwc:-t of light·house. 

E11c.1mprnent, shore of Lake Superior. 

t>ntonagon. 

Ontonagon, near lighl-huuoc. 

011tm1ag-011. 

Eagle Kiver. 

Copper llarbur, near Eagle Harbor, Yurt 
' Wilkins. 

lJo. 

Houghton'• River. 

Magnetic Inlet. 

United State' Agency. 

Isthmus. 

, East of Magnetic Inlet, 500 feet. 

Isle Hoyal. 

MICHIGAN -Continued. 

Latitude : West longi
tude 

<p. iL 

46 32. 7 87 23.5 

46 32. 7 87 23.5 

46 44 87 43 

46 52 89 21 

46 52. 2 89 20 

46 52. 2 89 20 

47 27 88 23 

47 28.5 87 51. 0 

47 28. 5 87 51. 0 : 
! 

47 28 88 01 

47 28. 5 88 01 

47 28 88 00 

47 28. 5 88 00 

47 28. 5 ' 88 01 
48 06 88 47 

Year. 

1859 
1873 
1843 

1843 
1859 
I88o 

1843 

1859 

1873 
1843 

1843 

1843 

1843 

1843 
1843 

----- ---~--·-- -- --~----~------------

MINNESOTA. 

Heron Lake. 43 47.6 95 24 J88o 
\Vabasha, near River>idc huuoc. 44 18.0 92 07.0 1876 

Red Wing, near astron-01nical p<>&t. 44 33.7 92 32.0 ; 1878 
Saint Peter, Fort Snelling. 44 52 93 IO 1836 

Furt Snelling Resen·ation. 44 53. s. 93 II 188o 
Saint Paul, near county court-house. 44 56.7 93 05.4 1873 
Minneapolis. 44 58.6 93 14. I 1877 
Brainerd. 46 21. 0 94 15 188o 

l\linnesota Point, near oouth lJase. 46 42,8 92 01. 7 1871 
Minnesota Point, near north base. 46 45.4 92 04.5 1871 
lluluth, southeast of l'eck's house. 46 45.5 92 04. 5 1873 
ldinnesota Point, near light-house. 46 46, 5 92 05 1859 

\ ;1yndon. 46 52.4 96 40 188o 

MISSISSIPPI. 

East Pascagoula. 30 20.7 88 32.8 1847 

Do. 30 20. 7 88 32. 8 1848 
!Jo. JO 20. 7 88 32.9 1855 

Month. 

July 13. 

July 26. 28, 29. 
July 2. 

July 26. 
July 19. 
Aug. 16, 17. 
July 13. 

July 14, 

Aug. I, 2, 3. 

July 8. 

July 8, I I. 

July 8. 

ijulyII. 
' 
! July 15. 
i July 28. ' 

Oct.4,5. 
Aug. 7, 8, II, 12. 

Oct. 23-26. 

July. 

Sept. 28, 29. 
Aug. 18, 19, 20. 
Sept. 28; Oct. :z. 

Aug. JI ; Sept. I. ! 
June 23. 

! June 16-25. 
Aug. 12, 13, 14. 
July 22. 

Sept. 4, 6. 

June z2, 23. 

Dip 

II. 

77 I 7 

75 48 
76 58. 3 

77 13. 2 

77 27 

77 16.6 

77 54. 5 

78 o6 

78 02 

77 20.7 

78 44.3 

77 13.5 

78 28 

78 37.5 
78 07.6 

73 31. 2 
74 21. 6 

74 14. 4' 

74 00 

74 55.6 

74 55 ! 

74 45.2 
75 42. 5 
76 26 
76 21 

76 17 
76 44 

75 48.2 

Horizontal, 
force 
H. 

3.08<} 

3.433 
3. 166 

3· 122 
3.o64 

3.094 
2.949 

2.894 

2.928 

3.054 

2.821 

3.263 

2.866 

2.837 
2.941 

3.924 
3.724 

3.68o 

3.8o6 

3.619 
3.648 
3.662 

3.422 
3.266 

3.319 

3.395 
3.222 

3.415 

6. 220 

6.250 
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inremities in tl&e Unit.ed States and adjacmtt regions.-eontituud. 

MICHIGAN-Continued. 

Total force 

F. 

'-------~-

14.034 

13. 991 

14.05 

14. I I 

14. 100 

14.05 . 

14.o8 

14. 033 

14. 116 

13.94 

14.45 

14.76 

14.33 

14.39 

14. 29 

Referred results. 

Observer. 

-----------, 

}16.00. 3.326 
I \V. I'. Smith. 

IJ. 75 l A. N. Lee. 

76.46 3· 220 13. 75 J. Locke. 

l . 8 
J7ti. 7 3. 145 

( Do. 

13. 84 ~ ' W. P. Smith. 
I 
L J.B. Baylor. 

]7. 39 3.003 13. 76 · J. Locke. 

} n.56 2. 976 ; 13.83{ 
W. 1'. :;mith. 

A. N. Lee. 

·1 r ]. Locke. 

f,, ,, 
1l 

3.020 .. ~1 Do. 

Do. 

[i Do. 

Do. 

I 77. 62 ! 2.995 13.97 Do. 
I I 

Reference and remarks. 

U.S. L.~ke Sur., Capt. G. G. Meade, 1859, & 1'.pt., 1882. 

l'. S. Lake Sur. :>IS., 1873, and Rpt., 1882. 

Am. Phil. Soc., 1846, ;\rt. Xl, Dr. J. Locke's paper 
of 1844. 

Do. 

U.S. LakeSur.,\;apt. G.li. Meade, 1859,&Rpt., 1882. · 

C. & G. S. Rpt., 1881, App. 9. 

Am. Phil. :-ioc., 1846, Art. XI, Dr. J. Locke's paper 
of 1844. 

t:.s. LakeSur.,Capt.G. G.Meadc, 1859,& Rpt., 188::. 

l'. S. Lake Sur. MS., 1873, & Rpt., 1882. 

Am. !'hi!. Soc., 1846, Art. Xl, Dr. J. Locke's paper 
of 1844. 

Do. 

Am. Phil. Soc., 1846, Art. Xl, Dr. f. Locke's paper 
of 1844. Dip disturbed. · 

; Am. Phil. Soc., 1846, Art. Xl, l>r. J. Locke'" paper 
of 1844. 

Do. 

Do. 

----- ----·· -------------·-------··--------------

MINNESOTA. 

------!-------------·---:·· 
13. 83 73· 45 3· 93 13. 8o ; J.B. Baylor. 

13. 814 74. 2 3. 73 13. 70 i T. N. Bailey. 

74. I 3· 6y 13. 47 i C. F. Powell. 

I
. { i J. N, Nicollet. 

I 
} 

74. 8 3· 62 13. 81 l 
· j J.B.Baylor. 

13.547 

II 74· 8 3. 65 13. 92 I A.~· Lee. 
13. 92 74. 6 3. 67 13, 82 A. Braid, 

13. 86 75. 64 3. 43 . 13. ~ I J.B. Baylor. 

13. 925 } l j I C. B. Comstock. 
l4.o65 . Do. 

14. 318 I 76. 16 3· 32 I 13. 88 1· A. N. Lee. 

14. 038 l W. P. Smith, 

13.92 I: 75.73 j 3.42 \ r3.88 I J.B.Baylor. 
-'--------· _____ !~- -'--- _______ l _______ ·- -

MISSISSIPPI. 

C. & G. S. Rpt., 1881, App. 9. 

U.S. Lake Sur. Rpt. Chief of Eng's, 1877, & Lake 
Sur. Rpt., 1882. 

U.S. Lake Sur. Rpt., 1879 & 1882. 

C. S. Rpt., 1864, App. 19. This station now called 
Mendota. 

C. & G. S. Rpt., 1881, App. 9. 

U.S. Lake Sur. MS., 1873, & Rpt., 1882. 

C. & G, S, Rpt., 1881, App. 9. 

Do. 

U, S. Lake Sur. MS., 1875, & Lake l';ur. Rpt., 1882. 

Do. 

U.S. Lake Sur. MS., 1873, & Lake Sur. Rpt., 1882. 

U.S. Lake Sur., G. G. Meade, Detroit, 1859, & Lake 
Sur. Rpt., 1882. 

C.& G. S. Rpt., 1881, App. 9. 

-------/------------~:--------------------,-~----- -------- -- ______ _, ___ ---- --~-~--

12. 61 I} f II R.:u:auntleroyand J. S. I C. &G. S. Rpt., 1881, App. 9. 

6o. 4 6. 25 12• 65 ~ G. Davidson. t Do. 

l . J. E. Hilgud. I Do. 

I ' -------
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TABLE 1.-0bsM"'Ded magnetic dips a11"d horizontal and total magnetic 

Name of station. 

i Mississippi City. 

' Natchez, Chotarrl's residence. 

Natchez, bluff north end of town. 

i Jackson, rear of Free School. 

; Vicksburg, Castle Hill, east of school-house. 

: Grenada, northwest of town. 

1 
Oxford, south of University grounds. 

Do. 

· Oxford University grounds. 

Corinth, between old forts. . 

MISSISSIPPI-Continued. 

Latitude West longi-

JI 33· 8 . 

: JI 34 

32 19 

32 21 

33 47 

I 34 22 

34 22 

I 34 22 

34 S6 

tude 1 Year. Month. 
} .. 

o I ! 
89 02. o i 1855 Mar. 27, 28. 

91 24. 7 1834 Mar., May. 

91 24 
go 12 

go 53 

8g 50 

8g 32 

89 32 

89 32 

88 3S 

1872 Apr. 22. 

1872 . Apr. 28. 

I 1872 

: 1872 

i { 1871 
I 1872 

i 1872 

1879 

1871 

. Apr. 24. 

Mar. 20. 

· Dec. 24. 

May 3-9· 

i May 15. 
1 Dec. 1. 

i Dec. 3· 

Dip 

fl, 

O I 

Horiwntal :, 
force 
H. 

6. 195 

6. 149 

61 26. 7 i 5· 874 

: 5· 665 
62 28. 4 ; .5· 749 

64 24. 0 i 5· 510 

} 65 04. 4 I 5. 426 
i 

65 05. 3 i 5· 4o8 

S5 08. 8 I 

--·----------------·-------~--
i ____ L_~~54·~~~ 

·Gatewood. 

: Doniphan. 

j Poplar Bluffs. 

J Charleston. 

! Howell Co. 

: Piedmont. 

Springfield. 

Houston. 

, Lutesville. 

: Bolivar. 

Pilot Knob, base. 

Pilot Knob, top. 

Buffalo. 

Salem. 

Lebanon. 

Do. 

Arcadia. 

! Wheatland. 

: Schell City. 

. Cuba. 

Linn Creek. 

, DeSoto. 

i LawS-On's farm. 

! Vienna. 

! Tuscumbia. 

. Canaan. 

'1 Lincoln. 
Roedersville. 

MISSOURI. 

36 31. s [ 
36 37· 8 I 

36 44.4 i 

36 SS· 8 ! 
36 s6.o 

37 o8.4 

37 15.6 

37 19.2 

37 20.0 

37 35 

37 37 
37 37 
37 37 
37 39.0 
37 40.o 

37 40.0 

37 46. 2 

37 S6 
38 02.6 

38 03.6 

38 04 
38 o6.6 

38 II 

38 12 

38 12 

38 19 

38 23 

38 24-

91 03.0 II 

go 46.8 

go 21. 6 I 
8g 19.2 

r88o 

188o 

188o 

188o 

July 13. 

July 12. 

July IO. 

July 8. 

91 55. 2 188o Aug. 3. 

90 41. 4 

93 14.6 

91 55.2 
89 s&.8 
93 24 

90 37 

90 37 

93 o6 

91 30.6 

92 42.0 

188o . July 16. 

1879 I Aug. 29. 

188o i Aug. 1. 

188o i July 6. 

1881 i Aug. 2. 

188o I July 19. 
I 

188o ! July 20. 

1881 i Aug. 1. 

1i8o I July 29. 
I 

1879 j Aug. 30, 31. 

92 42. o 1881 J July 30. 

90 40. 8 188o I July 17. 

93 24 1881 I Aug. 5. 

94 04. 6 ' 1879 I Aug. 25. 

91 21. o i 188o !' July 28. 
92 47 1 1881 July 27. 

go 34. 8 1 188o July 21. 

92 11 i 1881 / July 20. 

91 54 1881 I July 18. 

92 30 188.r I July 22. 

91 32 1881 July 16. 

93 :u 1881 f Aug. 8. 

91 IO 1881 j July 9, IO. 
I 

67 14.0 

67 47. 0 

67 37• 1 

67 35. 4 ; 
I 67 12.6 

·, 67 16.4 

67 51.7 

67 49.2 

5.022 

S· 011 

5.026 

4.948 

4.940 

5.004 

5· 115 
5.030 

4·959 

4.989 
69 59. 2 i 4· 590 

4.6o8 

67 57. 0 4· 953 

68 or'. 8 ! 4· 952 

67 57.6 

68 33·9 i 
68 16. 6 . 

68 20.2 

68 18.8 

68 14- 5 
68 45.4 

68 20.6 

68 39.6 

68 o8.5 

68 47. 3 
68 22.6 

69 00.5 

4.981 

4.968 
4.889 
4.855 

4.8g8 

4.887 
4.904 

4· 7119 
4.927 
4.793 

4-897 
+Soo 

4.871 

+198 
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intensities in tlw United States am.d aqjacent regiom.-COfltinu.ed. 

MISSISSIPPI-Continued. 

Referred results. 
:I 

' :1 
I Total force:/ 
! :1----,-- i 

F. !; fluw;.o \ I-I1SAA.o I F1886.o 
It : I ----1:---r---jL-----
r _:__ 6. 20 i 

Observer. Reference and remarks. 

• 

J. E. Hilgard and J. S. 
1

f, C. & G. S. Rpt., 1881, App. 9. 
Harris. 

[! 

\1}61.7 { 

J. N. Nicollet. 
12.38 

1 C. S. Rpt., 1864, App. 19. Dipobs'd in Mar., horiz. 
intensity in May. 

11 
1

1' 62.4 
64.3 

!}•s ' 

i 67.o8 
I 67. 63 I 

I 67.47 

I 67.44 

ii 67.03 

ii 67. 12 

'I 67. 71 

I 67. 70 

'}69· 84 
I 

67.83 

67. 88 

}67. 78 

68.40 

68.16 

68. r6 

68.16 

68.oS 

68. 61 

68. 22 

68.54 
68.02 

68.67 

68. 26 l 
68.89 

5.66 

5.75 
5·5 1 

5.41 

5.02 

5.01 

5.03 

4.95 

4.94 
5.00 

5. II 

5.03 

4.96 

4.99 

4.6o 

4.95 

4.95 

4.97 

4.89 

+ 86 

+ 90 

4.89 

4:90 

4. 79 

4.93 

+ 79 

+90 
+So 

4.87 
4.So 

12.41 

12. 71 

12.81 

12. 92 

13. 01 

12. 8g 

13.03 

13. IO 

12. 94 

13.08 

13. 15 

13. 35{ 

13. 12 

13. 15 

13. 15 { 

13. 28 

r3. o6 

13. 17 ' 
13. 15 

13. 13 

13.13 
13.29 

13.09 

13.09 

13. :20 

13.15 

13.33 

T. C. Hilgard. 

Do. 

Do. 

Do. 

no. 
Do. 

B. B. Jenkins. 

T. C. Hilgard. 

MISSOURI. 

}-. E. Nipher. 

Do. 

lJo. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

C. & G. S. Rpt., 1882, App. 14. Nat. Acad. Ser. 

Do. 

Do. 

Do. 

Do. 

Do. 

1 
MS. commu11ication. 

I c. & G. s. Rpt., 1882, App. 14. Nat. Acad. Ser. 

' ------~-- --- ----

St. Louis Acad. Sc. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

St. Louis Acad. Sc., Vol. IV. 

St. Louis Acad. Sc. 

Do. 

St. Louis·Acad. Sc., Vol. IV. 

St. Louis Acad. Sc. 

Do. 

Do. 

Do. 

St. Louis Acad. Sc., Vol. IV. 

St. Louis Acad. Sc. 

Do. 

St. Louis Acad. Sc., Vol. IV. 

St. Louis Acad. Sc. 

St. Louis Acad. Sc., Vol. IV. 

Do. 

Do. 

Do. 

Do. 

Do. 
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TA:BLE !.-Observed magnetic dips and horizontal and total magnetic 

MISSOURI-Continued. 
. ----~ -----~ -, 

Latitude : West longi-
Name of station. tnde Year. , Month. 

rp. }.. 

' : Wulfert's farm. 

',Union. 

Versailles. 

Meramec River. 

' l'acific. 

Washington. 

Windsor. 

Jefferson City. 

' Cote sans clessein. 

: St. Louis. 

: Saint LQuis, H. Chauteau's garden. 

' St. Louis. 

I 

! 

38 24 

38 25 
38 25 
38 26 

38 28.2 

38 31. 2 

38 32 

38 34.8 

38 36 

38 36 

38 37.5 

St. Louis, I mile west of city. 
1 

38 38 

St. Louis, H. Chauteau's orchard about _l4 38 37. 5 
mile from river. 

: Saint Louis. 

Saint Louis, Compton Ifill. 

Saint Louis, three different localities. 

o I 

91 16 

90 59 

92 53 
90 12 

90 43· 8 
go 58. 9 ; 

93 33 
92 09.0 

91 56 

go IZ 

1881 July 15. 

1881 July 8. 

1881 July 25. 

1819 June 8. 

1S8o ', July 27. 

c879 i Aug. i5. 
1881 Aug.9. 

1879 Aug. 10-13. 

1819 July 6. 

1819 June 16. 

Aug. 
90 12.0 

{ 1835 
' 1836 June. 

90 12 1839 I Sept. 6. 

90 12 1841 Sept. 

90 12.0' 1841 Oct. 11. 

90 12 1856 Nov. I. 

go 14. o ' 1872 June, July. 

90 12. J 1878 ; May 27, 28, 30. 

} 

, Saint Louis, Washington Avenue and Eight· 
eenth street. 

38 37· I 

38 38.0 

38 38 go 12 1878 : July IO; Oct. I I. 

Saint Louis. 38 38. 0 i go 12. 3 : 1879 Sept. 3, 9· 
Holden. 38 37. 8 ' 94 03.0' 1879 Aug. 17, 19. 

California. 38 39 92 38 1881 Aug. 22. 

Zimmerman's place. 38 41 93 34 1881 Aug. to, tt. 

Near Clayton, Sa;nt Charles' Rockroad. · 38 41 90 19 1881 July 4· 

Hennann, on hill southeast of depot. 38 42 91 27 1872 Sept. 29. 

Sedalia, ;!(" mile south of depot. 38 42 93 13 1872 Oct. 2. 

Sedalia. 38 42.2 93 15·5 1878 Sepq, 8. 

Do. 38 42.2 93 15·5 1879 Aug.8. 

Marion. 38 42 92 25 1881 Aug. :26. 

Dardenne. 38 43 9042 1881 Sept. 3. 
Bellefontaine. 38 43 go 12 t819 J11ne 23. 

Pattonsville, opposite Saint Charles. 38 43 go 30 1881 Sept.4,6. 

Opposite Saint Charles. 38 44 go 31 1881 Sept. 4· 
Saint Charles. I 38 46 90 28 1819 June25. 

} 
Do. 38 45.0; 90 29. 8 1878 July 10, u. 

---- ~-·-~--··· -· I, 

i 

I 

Dip 

·-·------·-1 

i Horiwntal i 
force ' 

H. 

0 

4· 794 
68 56. 2 4, 765 

68 45.2 4.796 

70 ()() 

6') 02. 3 '1 4.722 

69 07.6: 4. 737 
68 26. 2 ; 4.820 

68 55·7 4. 744 

70 50 

70 30 

69 IO \ 4· 814 

69 JI. 4 

69 25.5 

69 27. I 

68 OI 

69 34. 4 ; 4· 629 

6g 18. 7 • 

4.586 
'1 

I 
4.673 I 

68 29.3 4.848 

es 46.7 4· 743 
68 13.2 4.938 

4.6o1 

6g21.3i 4.666 

68 48.5 ! 4.78o I 
68 54. 7.?! 4· 715 (?): 

I 
68 49·7 i 4· 813 

I 

68 48. I I 4· 750 
6g 02.7 ! 4- 757 
70 00 

I 

69 39.6 4.612 

70 o8.o 4· 512 

70 05 

_J 
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intenwities in the United States and ~jacent regwns.-conti1wed . 

13. 147 

I 

l 
J 

68. 82 

68.63 

68.7 

68.31 

68.66 

68. IO 

69.03 

}68. 61 

\ 68.68 
I 68.92 

69.3 

• 

4.8o 

4- 85 
4.74 

4.94 

4.6o 

4.81 

4.75 

4.76 

MISSOURI-Continued. 

Observer. Reference and remarks . 

• - - --------- ·-·---·-'···-- --------i 

13. 17 

13. 10 

13.20 

13.04 

13.o8 

( 

F. E. Nipher. 

Do. 

Do. 

Long, U. S. A. 

F. E. Nipher. 

F. E. Nipher. 

Do. 

Do. 

S. H. Long, t:. S. A. 

Do. 

I\ J N N' II I ] ~ ~ck:co et. 

· j E. Loomis. 
J. N. Nicollet. 

13.02 I K. Friesach. 

I 
T. C., Hilgard. 

F. E. Nipher. 

i Do. 

l Do. 

13. 13 Do. 

13.03 Do. 

13.24 Do. 

j Do. 

i T. C. Hilgard. 

{
I Do. 

13. 19 j F. E. Nipher. 

I 

Do. 

13.07 Do. 

13. 23 I Do. 

I s. H. Long, u. s. A. 

i 
F. E. Nipher. 

Do. 

S. H. Long, U. S. A. 

F. E. Nipher. 

St. Louis Acad. Sc., Vol. IV. 

Do 

D<t 

Maj. Long's Exp. to Rocky Mts., 2 vols., Phila., 1823; 
Sill. J., Vol.XXXIV., 1838, Loomis. Applied cor
rection of + 36' to longitude. 

St. Louis Acad. Sc. 

St. Louis Acad. Sc. 

St. Louis Acad. Sc., Vol. IV. 

St. Louis Acad. Sc. 

Maj. Long's Exp. to Rocky Mts. 2 vols. Phila., 
1823; Sill. J., Vol. XXXIV, 1238. Loomis. 

Maj. Long's Exp. to Rocky Mts. 2 vols. Phila., 
1823; Sill. J., Vol. XXXIV, 1838. Loomis. Ap
plied Cor'n of + 36' to longitude. 

C. S. Rpt., 1864; li=mean value, 1835 Aug. & 1836 i 
June, Epoch 1836.0. ! 

Sill. J., Vol. XXXIX, 1840; Am. Phil. Soc., 1846, 
Art.XI. 

Am. Phil. Soc., Vol. VIII, 1843. 

Do. 

K. K. Acad. d. Wiss., Vienna, Vol. XXIX, 1858. I 
Intensities converted into Eng. units. The dip i 
appears to be defective. I 

C. & G. S. Rpt., 1882, App. 14, Nat. Acad. Ser. , 

St. Louis Acad. Sc. Mean of 3 values. I 
St. Louis -Acad. Sc. Five stations occupied, of i 

which Sta. 2 apparently least affected by local ! 

disturbance. II 

St. Louis Acad. Sc. 

Do. 

St. Louis Acad. Sc., Vol. IV. 

Do. 

Do. 

C. & G. S. Rpt., 1882, App. 14, Nat. Acad. Ser. 

Do. 

I 
I 

St. Louis Acad. Sc. 

Do. 

St. Louis Acad. Sc., Vol. IV. 

Do. 

Maj. Long's Exp. to Rocky Mts. 2 vols. Phila., I 
1823; Sill. J., Vol. XXXIV, 1838. Loomis. Long-
itude cor'd by+ 36'. ti 

St. Louis Acad. Sc. 

St. Louis Acad. Sc., Vol. IV. f 

Maj. Long's Exp. to Rocky Mts. 2 vols. Phila., j 
1823; Sill. J., Vol. XXXIV, 1838. Applied cor'n . 
of + 40" to longitude. _J 

St. Louis Acad. Sc. 
·----..!L---1.---L----...L...---------'------------------------

JI. Bx. lS .94 
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Name of station. 

TABLE !.-Observed magnetic dips and "lwrizontal and total magnetic 

MISSOURI-Continued. 

----------------------------------------- -------------~--------
! 

' 
' 

Latitude 

tp. 

West longi-
tude Year. 
.l. 

Month. 
Dip ' Horizontal 

force 

I 6. I H . 

----------------!~------------ ----i-----1---- -
I .o I I 

Warrenton. 

0'1'-allon. 

Florissant. 

Wright City. 

Providence. 

Clark's Fork. 

Sweet Springs. 

Columbia. 

Franklin. 

McCredie. 

Herndon. 

Arrow Rock. 

Camp on Missouri River. 

Kansas City. 

Do. 

Do. 

Marshall. 

Charaton. 

Fort Osage. 

Mexico. 

Lexington. 

, Glasgow. 

' Carrollton. • 

' Cow Island. 

' Louisiana. 

Do. 

, Hannibal. 

i St. Joseph. 

; Macon. 

: Chillicothe. 

Canton. 

0 I 

38 46 

38 46.8 

38 47 

38 47.I 

38 49 

38 51 

38 55 

38 56.5 

38 57 

38 59 

39 00 

39 o6 

39 06 

39 °5 
39 07.2 
39 07. 2 I 

39 o8 

39 IO 

o I 

91 o8 1881 

90 43. 2 188o 

90 17 1881 

91 00 1878 

92 28 1881 

92 40 1881 

93 29 1881 

92 20. 2 l 1878 

92 57 I 1819 

91 55 1881 

93 21 1881 

93 00 1881 

93 00 1819 

94 38 i 1872 

94 37. 1 I 1878 

94 37. 7 i 1879 

93 17 1881 

92 20 1819 

Sept. 2. 

Oct. 3·1. 

Sept. 6. 

July 12. 

Aug. 27. 

Aug. 20. 

Aug. 13. 

July 15, 17. 

July 17. 

Aug. 30. 

Aug. 15. 

Aug. 18. 

July 28. 

Oct. 4. 

Sept. 3, 4, 6. 

July 29. 

.Aug. 16. 

July 24. 

39 10 94 18 1819 Aug. 4. 

39 II. I 91 52. I ! I878 

39 II. 5 93 52. 91 1879 

39 I 3· 3 \ 92 49· 6 I 1879 

39 21. I j 93 32. 8 i I 879 

39 2s I 94 oo ! 1819 

39 27. 21 91 03. I i 1878 

39 28. 0 I 9.1 00. 7 1 1878 

39 44. I ! 91 23. 7 I 1878 

39 45. 6 1 94 49- 2 I 1879 

39 46. 4 I 92 29. 6 I 1878 

39 47· 4 I 93 34· 5 1819 
40 o8. 6 l 91 35.6 ! 1878 

40 11.7 i 92 36.7 ! 1878 

40 21. 0 i 94 57. 5 1879 

July 13. 

Aug. 21, 22. 

July 21, 22. 

July 28. 

Aug. 20. 

Nov. 20, 21, 22. 

July 20, 21. 

July 22. 

July 31. 

Aug. 6. 

July 25. 

July .z;4, 27. 

Aug. 3,5. 

Aug. 1, 2. 

Aug. 2, 3, 4. 
40 27. 3 I 92 13. 3

1

1 is18 

- ----- ________ J _____ I ----·---·------'-----

I 

69 IO. 4 ! 4· 697 
4.670 

I 
69 11.2, 
69 00.3; 

69 15.9 

68 57.4 

69 19.1 

69 45 

69 05.3 

69 13.8 

68 58.6 

69 34.0 

69 50 

69 27.6 

69 13.7 

69 57. 4. 
69 29.0 

69 50 

4.6o8 

4.616 

4. 737 

4. 717 

4.734 

4.653 

4.773 

4.627 

4.783 

4.66o 

4.728 

4.712 

4.575 

+ 68o 

4.576 

4.525 

4.657 

4-521 

4.527 

4.442 

4.416 

4-477 

4.538 
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inren.ritie# in tke United States and adjacent regions.-oonti11ued. 

i 
I 

I 

I 

I 
I 
I 
I 

70.02 

69.54 

69.92 

70. 14 

70.25 

70.46 
70.23 

t19-92 

MISSOURI-Continued. 

4· 74 
4. 72 

4.75 

4. 67 i 

4.72 

4. 73 ! 

+ 65 i 

4.72 

4.66 

4.73 
4.71 

4.5S 

4.5S 

4·53 
4.66 

13. 15 

12.88 

13. 16 

13. 26 

13. 16 

13. 09 

12. o6 

Observer. 

F. E. Nipher. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

S. H. Long, U.S. A. 

}'. E. Nipher. 

Do. 

{ 
F. E. Nipher. 

12.98 
S. H. Long, U.S. A. 

T. C. Hilgard. 

{ 
F. E. Nipher. 

13. IO Do. 

13. 28 Do. 

S. H. Long, U.S. A. 

Do. 

13. 35 F. E. Nipher. 

13. 17 Do. 

13. 25 Do. 

Do. 

S. H. Long, U.S. A. 

{ 
C. F. Powell. 

13. 19 
F. E. Nipher. 

13. 26 Do. 

13. 33 Do. 

4. 52 .13. 17 

4· 53 • 13. 34 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

4·44 13. 14 

4.42. 13.21 

4· 48 13. 25 

4- 54 13. 23 

Reference and remark.. 

St. Louis Acad. Sc., Vol. IV. 

St. Louis Acad. Sc. 

St. Louis Acad. Sc., Vol. IV. 

St. Louis Acad. Sc. 

St. Louis Acad. Sc., Vol. IV. 

Do. 

Do. 

St. Louis Acad. Sc. 

Maj. Long's Exp. to Rocky Mrs., 2 vols., Phila., 
1823; Sill. J., Vol. XXXlV, 1838. (Loomis.) 

St. Louis Acad. Sc., Vol. JV. 

Do. 

Do. 

Maj. Long's Exp. to J{ocky Mts., 2 vols., Phila .. 
1823; Sill. J., Vol. XXXIV. 1838. (Loomis.) 
Longitude apparently doubtful. 

C. & G. S. Rpt., 1882. App. 14; Nat. Acad. Ser. 

St. Louis Acad. Sc. 

Do. 

St. Louis Acad. Sc., Vol. IV. 

Maj. Long's Exp. to Rocky Mts., 2 vols., Phila., 
1823; Sill. J., Vol. XXXIV, 1838. (Loomis.) 
Longitude apparently doubtful. 

Maj. Long's Exp. to Rocky Mts., 2 vols., Phila., 
1823; Sill. J., Vol. XXXIV, r838. (Loomis.) 

St. Louis Acad. Sc. 

Do. 

Do. 

Do. 

Maj. Long's Exp. to Rocky Mts., 2 vols., Phila .. 
1823; Sill. J., Vol. XXXIV, 1838. (Loomis.) 

U. S. La!'e Sur. Rpt., 1879. 

St. Louis Acad. Sc. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

-----'----------------------- _ .......... .c. .... ____ , ______ .... , ........... _ .. _____ _ 



 

188 UNITED STATES COAST AND GEODETIC SURVEY. 

TABLE !.-Observed magnetic dips and horizontal and total magnetic 

MONTANA. 

------------------ --------------·-· ----

Name of station. 
Latitude '!

1 

West longi
tude 

cp. I A. 
Year. Month. 

i 
I 

Dip : Horizontal [ 

! force I e. I H. 
I. I ---------- --------·-· ------1--- --

:~ :~ II :~~ !: 
---·----- --!------'! 

I 

Fort Ellis. 

Fort Custer. 

: South Crossing, Kootenay River. 

i Kootenay River. 

' Tobacco Plains, Kootenay. 

Camp Kootenay East. 

Camp Kishenehu. 

Big Sandy River. 

Little Blue River. 

Fort Kearney. 

Camp No. 20. 

Grand Island,¥ mile N. W. of depot. 

Grand Island. 

Camp No. 22. 

Sidney. 

North Platte. 

-Omaha. 

Omaha, on hill southwest of Brownell School. 

Omaha. 

Do. 

Ash Hollow. 

Chimney Rock. 

Pioche. 

White Pine Station. 

Jeff. !.>avfo. 

Genoa, Carson Valley. 

'· Tres Pines, Lehman's Canon. 

Lehman's Ranch, Snake Valley. 

Big Bend, Walker's River. 

Carson Lake. 

Austin, hill back of Chinatown. 

Reese River. * 
Reno, near Court-House. 

48 22 115 21 

48 40 115 17 

48 57 115 08 

48 59 

49 00 

IIS 12 

114 21 

1882 

1882 

1861 

1861 

1861 

1861 

1861 
I 

Aug. 30. 71 43.4 4. 248 

July 23. 72 23.4 + 167 

July 6. 72 48. I 3.9731 

July 12. 73 07.2 

Aug. 19. 73 22.9 

73 II 
I 

3.850 

3· 790 
-- ___ , ____ 

73 46. 81 

NEBRASKA. 

40 12 

40 15 

. 40 38 

40 40 

40 55 

40 55.4 

41 05 
41 08 

41 II 

41 15. 7 
41 16 

41 15. 7 

4 1 15. 7 

41 21 

41 43 

97 12 

98 IO 

98 56 

99 54 

I 

I _ 1858 

i 1858 

1858 

i 1858 

98 23 1872 

98 17. 6 i 1878 

100 50 I 1858 

102 55 1872 

100 45 1872 

95 56. 5 186g 

95 56 1872 

95 56. 5 ! 1877 

95 56. 5 188o 

102 03 1858 

103 30 i 1858 

-------·-1~--

i I Aug. 

I 

Aug. 

Sept. 

, Sept. 

I

. Oct. 27. 

Aug. 28. 

1 Sept. 

·1 Oct. 25. 

: Oct. 26. 

J Jan. 25-Feb. I. 
I 
J Oct. 31. 

j Oct. 13-20. 

/ Oct. 15, 17. 
I 
! Sept. 
I I Sept. 

69 33 

69 51 I 
70 15 I 
6g 37 ' 

10 15. s j 
70 17.7 

6g 46 

4.535 

4.5675 

6g 23. 9 4. 640 
69 41. I 4· 585 

I 71 04· 51' 4• 314 
71 o6. I 4· 320 

71 05. 81 · 4.408 
7105.9 I 4.375 

I 70 03 I 
f 70 05 I 

I 

NEVADA. 

37 59.1 

38 19. I 

38 59.1 
39 00 

39 00.5 

39 oo.6 

39 09 

39 2.4 

39 28. 9 

39 29 

39 30. s 

I 14 OJ. I 1883 Sept. 24-28. 65 36 5. 162 

I 15 30. I 1881 Nov. 14-23. fui. 04· I 5· 3Sg 

114 18. 8 1882 Nov. 19-23. 64 s9. 9 : s. 210 

64 12 I 19 40 1859 

II4 14. I 1882 Dec. I,2,3. 65 oo. 8 5. 273 

114 o8. 2 

u8 56 

118 30 

117 04. 0 

u7 03 

119 48. 7 

1882 

1859 

1859 
1881 

1858 

1881 

Dec. 9, 10, t 1. 65 02. 4 

63.37 
64 02 

'May31;June1,2. fui. 49.0 

64- 25 

Apr. 11, 12, 13. 64 14. I 

5. 287 

5. 317 

i 
• I 

-·- ___________ , 
• Dip changed from fi9" •s' to 64• ~s' for supposed pr!Dtilllr error. 
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intensities in the United States and adjacent regions-Continued. 

MONTANA. 

-------·---------- --------------- ··------.. ·---·-·-·----·-----------------

11

1 Referred results. 
Total force . 

I Observer. 
F. f) I If ' F : 

11 l!IM.O 1886.0 i 1886.0 I 
·----11-0 -:--,---·--·-------, 

13. 546 :i 71. 70 4. 25 13. 54 B. A. Colonna. l MS. in C. & G. S. Office. 
I· I 13. 774 I! 72. 36 4. 17 13. 76 Do. Do. 

Reference and remarks. 

13. 435 i! 72. 8 R. W. Haig. / B. S.; Phil. Trans. R. S., 1864. 

I Do. 

6, H, F, obs'd. 

13. 443 

13. 477 
73· l 

ii}n3 
Ii n 7 11 ., 

Vo. 

{ 
Do. 

J. S. Harri>. 

Vo. 

i Do. 

] U.S. NW. Bound. Com.; MS. in C. S. Office. 
! Do. 

·--------~------------ -·------------- ------------~--- --- ·-- ··----

13.30 

13. 61 

13.50 

12.50 

12. 32 

12. 47 

12.48 

12. 53 

12.34 

1%. :z3 

6').6 

69.8 

70.2 
69.6 

}10. 28 

69.8 

69.4 
I 6'). 7 

I, '} ! 71. 05 

70.0 
70. I 

65.5 
64.0 

649 

}65.0 

----

}6+8 
6.J.2 

4.56. 

4.64 

4.59 

4.39 

5. 158 

5. 381 

5. 264 

i 
I 5· 275 

l 
I 
I 5.245 

5. 308 l 

NEBRASKA. 

J. H. Simpson. 

Do. 

Do. 

Do. 

13.52 
{ !. T. C. Hilgarti. 

T. E. Thorpe. 

]. H. Simpson. 

13. 19 T. C. Hilgard. 

13.23 Do. 

r 
E. Goodfellow. 

T. C. Hilgard. 
13. 52 i A. Braid. I 

l. J. B. Baylor. 

/ J. H. Simpsou. 
I Do. 
i 

NEVADA. 

' J.B. Stone's" Magnetic Variation," New York, 1878. 

Do. 

Do. 

Do. 

C. & G. S. Rpt., 1882, App. 14. 

.',Proc. R. S., No. 200, 188o. 

' J.B. Stone's" Magnetic Variation," New York, 1878. 

' C. & G. S. Rpt., 1882, App. 14. 

Do. 

C. & G. S. Rpt., 1881, App. 9. 

C. & G. S. Rpt., 1882, App. 14. 

C. & G. S. Rpt., r88r, App. 9. 

Do. 

i J. ll. Stone's "Magnetic Variation," New York, 1878. 1 
Do. 

12.44 W. Eimbeck~ndG. F. Bird.i MS. in C. & G. S. Office. 
I 

12. 28 W. Eimbeck and R. A. C. & G. S. Rpt., 1881, App. 9. 
Marr. 

12.41 Do. MS. in C. & G. S. Office. 

: J. H. Simpson. Mag. Var., by J.B. Stone, New York, 187~\. 

{ j W. Eimbeck and R. A. MS. in C. &; G. S. Office. 
12. 48 I Marr. 

i Do. Do. 

/ J.H.Simpson. Mag. Var., by J.B. Stone, New York, 1878. 

I Do. Do. 

{ i W. Eirnbeck and R. A. C. & G. S. Rpt., 1881, App. 9. 
12. 32 Marr. 

J. H. Simpson. Mag. Var., by J.B. Stone, New York, 1878. 

12.20 W. Eimbeck and R. A. I c. & G. s: Rpt., 1881, App. 9· 
Marr. 

i 



 

190 UNITED STATES COAST AND GEODETIC SURVEY. 

TABLE I.-Obset'1'ed magnetic dips and horizO'll.tal and total ma{/'Mti-0 

NEVADA-Continued. 

i 
I 
I Name of station. 

I 
1---
1 Verdi. 

j Eureka, town, on Story's Hill. 

' I Eureka Station. 

! Mount Callahan Station. 

: Ko-bah Valley. 

! Hot Springs, opposite railroad office. 
I 
1 Antelope Valley. 

Latitude I West longi-1 Dip I Horizontal! 
) tude 1 Year. Month. j' force i 

'P· I A. I ' II. i H. i 

---1---- ---l--~!-------------1------1----i 
0 I 0,1 I 101! \ 

39 31. I : 119 57. s j 1872 July 28, 29. I 63 58. 6 l 5. 303 (?)! 
, ' I I i , 

39 31. 1 l 15 58. 2 l 1881 May 19, 21, 22. 65 o8. 4 I 5. 218 

39 35• I I 

39 42. 6 [ 

39 44 

39 46. 9 i 

39 47 

39 54 
40 or 

I 

l 
115 49. r I 1881 i Sept. 13-29. 

116 57. o j 1881 July 12, 20. 

116 IO i 1858 

118 55. 5 J 1881 Apr. 15, 16. 
I 

ll4 12 

us 45 I 1858 
115 19 I 1859 

65 12.3' 5.209 

65 07. 4 5. 221 

64 56 

64 46. 5 j 5. 271 

' 65 16 

65 19 Cho-Keep Pass. 

Huntingdon's Spring. 

! Mineral Hill. ' 40 og. 8 ' 116 12. o I 1881 May 23, 24, 25. 
65 25 I 
65 40. 7 I 5. 151 

Rye Patch, north of railroad office and hotel. 

Battle Mountain, hotel garden. 

j Elko, grounds of Nevada State University. 

Winne111ucca, near court-house. 

Wells' Station, near public school building. 

Tecoma, near Peck's Hotel. 

I 
[Troy. 

I I i Monadnock. 1 

I
' Che~erfield, about one mile east of factory I 

village. 

[ Isles of Shoals, Hog Island. 

1

. 

1 Unkonoonuc. 

I Portsmouth. 

i Portsmouth, Jamaica Island. 

I 
1 Portsmouth, nee.r North Base. 

l
j Portsmouth, Shelliby's field. 

Portsmouth. 

I 
Portsmouth, on Tree Island. 

Patuccawa. 

I Gunstock. 

Hanover. 

Hanover, hill north of observatory. 

Hanover, about~ mile west of observatory. 

Near Mount Washington. 

Mount Washington. 

Camp on Mount Washington, 1 mile west of 
summit. 

I 
40 26.0 I 118 18.5 I 
40 40. 3 : II6 50. 0 l 
40 47. 4 : II5 45· 5 I 
40 58. 9: II7 44.0 I 
41 07.0: 114 56.0 I 
41 19. 5 ' I14 o6. 0 i 

1881 

1881 

1881 

1881 

1881 

1881 

, Apr. 18, 19. 

Apr. 23, 24, 25. 

Apr. 26, 27, 28. 

Apr. 21. 22. 

Apr. 29,30. 

May 1, 2. 

65 23. 9 ' 5. J 59 

65 51. 2 i 
66 23. 0 ' 

65 59.2 

66 49.9 

I 67 08.0 

5. JI6 

5.043 

5· II4 

4.989 

4.947 
- - -~----___.!.. _______ _____'.___~ --------------- -----------------·-·--'------~ 

NEW HAMPSHIRE. 

4249·7! 

42 51. 7 

42 54.0 

42 59.2 

42 59.0 

43 04.5 

43 04- 5 

43 °3 
43 04 

43 04 

43 04. 5 

43 07. 2 

43 31. I 

43 42.3 

43 42.3 

43 42.3 

44 15 

44 16. 2 

44 16 

72 IO. 9 

72 o6.5 
72 26.0 

70 36.8 

71 35·3 

70 j4 
70 44 

70 44 

70 47 
70 45 

70 45 
71 II. 8 

71 22.2 

72 17. I 

72 17.1 

72 18.0 

71 18 

71 18.2 

71 19 

f . 
1861 : Aug. lg-22. 

1861 I July 31; Aug. 2, 3. 

1874 Oct.4. 

1844 
1844 
1844 
1844 

Aug. 17,18,26,27. 

! ~-~~9, IO. 

1849 Aug. 15-19. 

186o July 25; Aug. 4. 

Oct.4-10. 

Oct.6. 

Oct. 7. 

June. 

Jwie 18. 

June 19. 

74 45.7 

74 44.4 

74 24.7 

74 44.l 
75 08. 7 
74 51. 0 

74 47.7 

7il 38.0 

74 53.7 
74 58.2 

74 57.4 

76 49.5 
75 43.6 

75 21. I 

74 55.8 
75 02.7 

75 -40.0 

75 45.0 
75 50.8 

3.599 

3.093 
3 . .iDI 

3.455 
3.478 
3-473 



 

UNITED STATES COAST AND GEODETIC SURVEY. 

inten.sities in the United States and adjacent regiona-CV11tinued. 

NEVADA-Continued. 

Total force I Referred results. , 
\-------------·---- --· I 
, ' I Observer. Reference and remarks. 

--~~ __ l_fi_1~~1_H_1_-_•_1_F_,_-_._/, ___________ ,
1

: _____________________ _ 

! i ! 

12. 09(?): (63. 9) 5. 267 i 

12.41 65. l 5.209 

12.42 65. l 5. 201 

12.41 65. l 5.212 

12.37 64.7 5.262 

12.51 65.6 5. 142 '. 

12.39 65.4 5. 150 

12. 51 65.8 5. 107 

12.59 66.3 5.034 

12.57 65.9 5. 105 
12.68 66. 7 4. 980 i 

12. 73 67.0 4.938 

13. 61 73. 76 3. 690 

73. 74 
13. 39 73. 68 3. 640 

13. 22 73. 83 3. 564 

13. 56 74. 23 3. 567 

13. 57 

13.So 

75.91 

74.73 

3. 19 

3.518 

3.497 

, I 

(II. 97) : G. Davidson and S. R. I C. & G. S. Rpt., 1881, App. 9. 

12.37 

12. 35 
12. 38 

12. 31 

Throckmorton. : 

W. Eimbeck and R. A. I Do. 
Marr. I 

Do. Do. 

Do. Do. 
' J. H. Simpson. I Mag. Var., by J. B. Stone, New York, 1878. 

W. Eimheck and R. A. , C. & G. S. Rpt., 1881, App. 9. 
Marr. 

: J. H. Simpson. 

Do. 

Do. 

i Mag. Var., by J.B. Stone, New York, 1878. 

Do. 

Do. 

12. 45 l W. Eimbeck and R. A. ' C. & G. S. Rpt., 1881, App. 9. 
, Marr. 

12.37 Do. Do. 

12. 46 Do. Do. 

12.52 Do. Do. 

12.50 Do. Do. 

12. 59 Do. Do. 

12. 64 Do. Do. 

--- ----------·-

NEW HAMPSHIRE. 
' I 

lJ. 20 \ G. W.Dean, R. E. Halter, I C. & G. S. Rpt., 1881, App. 9. 
1 and A. D. Bache 1 
I Do. Do. 

12. 95 I T. C. Hilgard. Do. 

\ 
12. 8o i T. J. Lee. Do. 

13. 13 J J. S. Ruth. Do. 
I (j J. D. Graham. SiU. J., Vol. IV, 1847. 

---- J Do. · Do. ll 
J. D. Graham and A. W. Phil. Trans. R. S., 1846. 

1 
Whipple. 

Do. Do. 

13. I2 

13.36 

Do. Do. 

Th:>. Do. 

C. O. Boutelle. C. & G. S. Rpt., 1881, App. 9. 

G. W. Dean and A. D. Do. 
Bache. 

{I 
T. C. Hilgard. 

lJ. 14 J.B. Baylor. 
Do. 

Do. 

Do. 

Do. 

191 

13.66 

l;J.J8 

13-46 

13.47 

{{

I J. Locke. Phil Trans. R. S., 1846; Smithsonian Cont's to 
Know., Vol. III, 1852. 

13.47 3. 381 12. !)6 Do. 

Do. 

----""----'---~~--- ~ -------

Do. 

Do. 



 

192 UNITED STATES COAST AND GEODE'l'IC SURVEY. 

TA.BLE I.-Ohserved magnetic dips and horizontal and wtal magnetic 

NEW HAMPSHIRE-Cont1nued. 

Name of station. 

Fabyan Hotel, 7 miles west of Mount Wash- . 
ington. · 

Glen House, 4 miles east of Mount Wash-
ington. 

/ Littleton, on rock near Oak Hill House. 

[ Gorham, at Soldiers' Hill. 
I i Gorham. 

I Hall's stream. 
I 

Cape May light-house. 

Do. 

Do. 

Townbank. 

Egg Island light-house. 

Port Norris. 

Atlantic City. 

Pine Mount. 

Hawkins. 

Long Beach. 

Tuckerton. 

Church Landing. 

Barnegat light-house. 

Chew. 

White Hill. 

Trenton. 

Princeton College. 

Princeton, in field behind college. 

Princeton, near college. 

Do. 

Do. 

Princeton, Pott's Wood. 

Princeton, Rocky Hill (Trap). 

Mount Rose. 

Sandy Hook. 

D<l. 

Do. 

Do. 

Latitude West longi- ! 
tude Year. Month. 

tp. it. 

0 ' 

44 16 

44 16 

44 19.0 

44 22. 5 

44 27 

o I 

71 25 

71 14 

71 48.0' 

71 15_ 0 : 

71 13 

1845 ; June w. 

1856 :. Aug. I I. 

1873 ! Sept. 28-0ct. 1. 

1873 :; Sept. 20-25. 

1845 June 17. 

45 01 71 30 1845 
_j_ _____ _J_ __ 

NEW JERSEY. 

38 55.8 
38 55.8 

38 55. 8 

38 58.6 

39 IO. 5 

39 14.6 

39 21. 8 

39 25.o 

39 25. 6 : 

39 32.0 
39 36. I 

39 40. 6 

39 45- 8 ' 
39 48. 2 

40 o8. 3 ! 
40 13 

40 20.9 I 
40 21 i 

i 
4020.71 

I 
4020.91 

40 20.91 
I 

40 22 ! 

74 58. 0 ' l846 

74 58. 0 i 1855 

. June 29. 

Aug. 3. 

74 58. o i 1874 ' June 27. 

74 57. 7 1846 June 30. 

75 08. 4 , 1846 June 25. 

75 01. 3 1846 : June 23. 

74 24. 9 , 186o : Aug. 22, 23. 

75 20. 3 1846 · June 19. 

75 17. 3 · 1846 . June 20. 

74 15. 6 186o · Aug. 24-28. 

74 19. 8 ; 1846 

75 31. 3 1846 

74 o6. 4 186o 

75 10. I 1846 

74 43. 9 : 1846 

' Nov. 7,9. 

June 6. 

. Aug. 25, 26. 

July 14, 15. 

May 20. 

74 39. 6 1839 Sept. 

74 40 

i 
74 39. 6 i 
74 39. 6 j 
74 39. 61 

I 

1842 ' Oct. 14. 

i 
i July. 

1~~;23. 
I 
! 

74 39 i 1144 I May 23, 24. 
i I 

74 39 I 1!44 I May 24. 

74 43- 3 I 1852 I Aug. 12-18. 

74 00. 21 I!44 I Aug. 
74 oo. 3 1855 ! Aug. 14. 

j 

74 oo. 2 1879 July 17, 18. 

Dip . Horizontal I 
force I 

fl. 

75 39.9 

75 56 

I 75 39. I I 
15 35. 6 I 
75 33·41 

1 76 23. s I 

I 71 

71 
71 

71 

71 47. 0 

71 41. 4 

71 42. 6 

71 58.5 

72 12. 3 
71 22.0 

72 05.3 

72 14.4 

72 o6.2 

71 59 

H. _I 

3.336 

3.378 

3. 410 

3.385 

4.205 

4.237 

4. 224 

4· 156 

4.o63 

4.311 

4. ro8 

4. 105 

4· 147 

4.1¢ 

72 47. ~ 4. 041 

72 43.5 

72 38.3 

72 39.5 
72 40.2 

{ 
72 41.4 

72 41.2 

72 35.0 

'72 42.5 

'12 37.9 
72 52.0 

72 29.6 
72 o8.3 

4.010 

+222 

4.016 

4.017 

3.999 
4. 04-9 

4.130 

4-07'1 

3.917 

4040 

4078 

40 23 i 
40 22. ~ ll. 

40 27. 7 

40 27. 1 I 
40 27. 7 ,

1 
40 27. 7 

74 oo. 2

1

1 1873 I' Nov. S-9-

---'-~~~~'~--~~~~-'-~~~-'--~~~-' 



 

UNITED STATES COAST AND GEODETHJ SURVEY. 1~3 

intensities in the U'ltited States and adjacent regiom.-Continued, 

NEW HAMPSHIRE-Continucl. 

I Total force 111 111----;:i:erred~::. Observer. Reference and remarks. 

. '_ II ... ·I "-· I F~ . ··-------·--,---------------·--·------

I 

13.63 

13.70 

13.58 

13.36 

13. 23 

13.48 

13.38 

13.43 

13.38 

13. 45 

13.49 

13.46 

13.43 

13.30 

13.49 

13. 36 

13.46 

.13.50 

13. 56 

13.55· 

13. 504 

13.48 

13.50 

13.44 

13.53 
13·90 
13.66 

13.30 

13.43 

13.30 

} 

! 74~ 791 3· 402 I 12. 97 ]. Locke. I , I 
, 74. 951 I 

74· 881 3· 4231 13. 12 T. C. Hilgar<l. 

} 74· 76 l 3· 454 , IJ. 14 { , Do. 

f I. J. Locke. 

75. 52 i J. D. Graham. 
! 

K. Frit sach. 

NEW JERSEY. 

11 r J. Locke. I) 10. 99 4.304 13. 21 l C. A. Schott. 

I T. C. Hilgard. 
I 70.88 4.334 13. 23 ]. Locke. 

I 71. 24 4. 271 13.28 Do. 
I 

71. 15 4.276 13. 24 Do. 

71. 18 4- 288 13.29 C. A. Schott. 

} 71. 18 13. 32 { 
J. Locke. 

4.296 
Do. 

71. 37 4.240 13.27 C. A. Schott. 

71. 69 4. 129 13.14 T. J. Lee. 

70.86 4. 377 13.35 J. Locke. 

71.49 4. 191 13. 20 C. A. Schott. 

7r. 73 4. 171 13.31 J. Locke. 

71.59 4.213 13.34 Do. 

71.46 4.242 13.34 Do. 

1 

E.Loomis. 

J. H. Lefroy. 

A.D. Bache. 

['' ,, 4. HO 13.42 E. Loomis. 

J. Locke. 

Do. 

J Do. 

72. 16 4. 2Il 13. 75 J. E. Hilgaro. 

~}" 93 
'3·" { 

J. Renwick. 

C. A. Schott. 
4.oSr 

T. C. Hilgard. 

J. B. Baylo.r. 

H. Ex.18 25 

I 
I 

Phil. Trans. R. S., 1846; Smithsonian Conl's to 
Know., Vol. Ill, 1852. 

K. K. Acad. d. Wiss., Vienna, Vol. 29, 1858. 

C. & G. S. Rpt., 188_1, App. 9. 

Do. 

l'hil. Trans. R. S., 1846; 
Know., Vol. III, 1852. 

Smithsonian Cont's to 

Phil. Trans. R. S., 1846. 

C. & G. S. Rpt., 1881, App. 9. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Am. Phil. Soc., 1846, Art. Xl; Dr. J. Locke's paper 
of 1844. 

Sill. J., Vol. XXXIX, 1840; Am. Phil. Soc., Vol. 
VIII. 

Diary Mag. Sur. Canada, Gen'! 
London, 1883. 

Sir J. H. Lefroy, 

C. S. Rpt., 1862, App. 19. 

Phil. Trans. R. S., 1 846. 

Am. Phil. Soc., 1846, Art. XI; Dr. J. Locke's paper 
of 1844. 

Do. 

Do. 

C. & G. S. Rpt., 1881, App. 9. 

Do. 

Do. 

Do. 

Do. 
!· 

I 

I 



 

194 UNITED STATES COAST AND GEODETIO SUR.VEY. 

TABLE I.-Observed magnetic dips a.nd horizontal and total magnetic 

NEW JERSEY-Continued, 

I 
i Latitude I West longi- I I Dip 
/ 

1 tude I Year. I Month. ' 
'P· I ~- I I I 0. 

' I I 

-----
1--0---,-1·---o-,-1-----i-------[---:-

Name of station. 

! 40 29. 91 74 26. 8 I 1844 I May 24. ! 72 43- 2 

i I ' I 
New Brunswick. 

Snake Hill, seven miles west of New York. I 40 43 I 74 o6 I 1844 1 Apr. 
I I I 

Newark. 40 44 I 74 IO I 1841 I Apr. 19. 

Newark, Washington place. 

Newark, on the Neck. 

Newark. 

Fort Lee. 

I Paterson. 

! 

i San Luis Springs. 

Agua de! Perro. 

El Paso de! Norte, Initial Point. 

Carrizalillo, 

Dona Ana. 

IX. 

Ojo de Inez. 

, Copper Mines. 
1 Isleta. 

Kio San Jose. 

Cedar Forest. 

Agua Fria. 

I ' I 
I 40 44 , 
, 40 44 I 

I 
40 44.8 ; 

I :::· 
I 

74 10 1844 I Apr. 29. 

1844 I Apr. 29. 

74 10. o I 1846 ! May 16. 

73 57· 7 : 1844 i A1·r. 
I 

74 09 

74 IO 
I 1844 j Apr. 

' 

NEW MEXICO. 

32 22 

32 22 

32 45 

32 47 

34 54 

1o6 47 

108 04 

I06 40 

107 14 

108 55 

107 58 

108 14 

107 26 

NEW YORK. 

1853 

1853 

1883 

1853 

1853 

Nov. 17. 

Nov. 18. 

Nov. 14. 

'1·-~:~~l~:::::~~::~!:~~~::g·::::~-------1-: :; : \-;;~~-~: 
Fire Island, west end of Fire Island base. ! 40 37. 8 J 7 3 12. 9 186o 

I New York, Columbia College (old site). 40 42. 6 i 74 oo. 5 1822 

I
I May 11. 

July 15. 

I Sept. I, 2. 

/Dec. 

I 
New York. 40 43 7'4 OI 1825 

Do. 40 .p. 6 74 oo. 5 1831 

1

1 

Marc!i. 

Apr. 19. 

72 45-4 

72 48.5 

i 72 50. 2 

i 72 46_ 3 
! 
I 12 52. 2 

I 72 41 

I { 72 17 to 

I 75 oo 

57 37 

57 28 

58 39 

58 31 

59 o6 

59 09 

59 18 

59 17 

62 24 

63 18 

61 40 

62 05 

6z 03 

62 26 

72 34.2 

73 00.2 

73 00-5 

73 27.0 

73 00 

I 
! 

Horizontal : 
force I 
H. I 

4~ I 

3.999 I 
3·972 I 
3. 986 I 
3.964 

} ----

6. 265 

6. 156 

6.202 

6. 125 

4.028 

3.932 

3.900 

3.981 



 

UNITED STATES COAST AND GEODETIC SURVEY. 195 

intensities iii th.e United States a.nd adjacent regions.-Conti11uea. 

Total force 

F. 

I 
i 1 13. 50 

13. 54 

13.46 
i 13.46 

13.46 

II. 70 

I I. 45 

I I. 92 

II. 73 

NEW JERSEY -Contmued. 

Referre~res::-. -- ----::~~~---T------------R~ference and~emarks. -- -------

i I H1s85.o I F1885.o 

---- ---- ----------1----- ---------- -- ---- - ---·- ------- ----------

72. 21 

72. 25 

i l 
i I 
! r 12. 31 
•I 
!.J 
:1 
ii 
i' 72. 17 

I 

I 
I 

I 
I 

I 
I 

4.o66 ! 

4.037 

6. 21 

6. 10 

6. 15 

6.07 

13.31 

r 
I 

13. 29 ~ 
I 

l 

J. Locke. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

NEW MEXICO. 

1 Am. Phil. Soc., 1846, Art. XI, Dr. J. Locke's paper 
, of 184+ 

Am. Phil. Soc., 1846, Vol. IX. 

Am. Phil. Soc., 1846, Art. XI, Dr. J. Locke's paper 
of 1844. 

Do. 

j Do. 

: C. & G. S. Rpt., 1881, App. 9. 

: Am. Phil. Soc., 1846, Vol. IX. 
I 

Do. 

----·------------ --------------

W. H. Emory. U.S. & Mex. Bound. Sur., Am. Acad. Sc., Vol. VJ, 
1856. 

·J 

12.54 ·11 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

J.C. Ives and A. W. Whip· 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

C. S. Rpt., 1856, p. 222. 

! 
12. 56 

12. 49 

12.55 

12.49 

12.56 

II. 64 

12.51 

12.56 

12. S1 

13.45 71.88 

---- }12. 20 
13. 34 

13.62 

,] ___ .,. 
_ .. _ .. I 

5.59 
5.87 

5.82 

5.8o 
5. 76 

5.84 

5.75 
5. 81 

4. IOI 

4.012 

13.19 

13. 12 { 

r 
! 

I pie. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

NEW YOR"K. 

J. Locke. 

J. S. Ruth. 

C. A. Schott. 

E. Sabine. 

J. Franklin. 

Joslyn. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

c. & G. s. Rpt., I 

Do. 
. Do. 

----------- -- - -

881, App. 9. 

Sill. J., 1838 & 18 
Vol. VI, 1838; 

42. E. Loomis; Brit. Asso. Rpt., 
C. S. Rpt., 1861. 

Sill. J., 1838 & 184 2. E. Loomis. 

Sill. J., Vol. XXII, 1832. 



 

196 UNITED STATES COAST AND GEODETIC SURVEY. 

TABLE !.-Observed magnetic dips and lwriZ<mrol and total magMtic 

NEW YORK-Continued. 

i I 
Latitude West longi- Dip ! Horizontal i 

Name of station. tude Year. Month. i force J 

tp. .l. 6. i H. I --1---1 
New York. 40 43 74 01 1833 April. r;4;.3} I 

72 14 i ' 
I I 

New York, Columbia College (old site). 40 42.6 1834 Aug. ' I 
74 00.5 72 51. 7 I I 

I I 
Do. 40 42.6 74 00.5 1835 I 3.973 i 

I 

Do. 40 43 74 01 1839 Sept. I 72 52. 2 : 4.012 
I 
I 

Do. 40 42.6 74 00. 5 i 1841 Apr. 19. 72 41 l 4.022 

i I I 
2 I 

New York. 40 46. l 76, 56. 5 1841 Dec. 72 39. 6 I 4.014 

New York, Columbia College (old site). 40 42.6 74 00.5 1842 72 37.2 4.030 

Do. 40 42.6 74 00.5 1844 Apr. 27. 72 42.6 4.007 

Do. 40 42.6 74 00.5 i 1844 Aug. 8-31. 72 37. 8 4. 071 

New York. 40 43 74 01 I 1844 72 28.9 

New York, Columbia College (old site). 40 42.6 74 oo. 5 I 1845 Sept. 4. 72 40.6 

:Flatbush, Mount Prospect, Brooklyn. 40 40.3 73 58.0 I 1846 May6. 72 27. 6 4.054 

New York. 40 41 74 02 I 1846 Nov. 72 39·3 
I 
I 

New York, Rutherfurd's observatory. 40 43.9 73 59. 2 I 1853 May 19. 72 55. 6 
I 

New York, Governor's Island. 40 41. 5 74 01. I I 1855 Aug. 7. 72 46.3 3.926 

New York, Bedloe's Island. 40 41. 4 74 02. 1 I 1855 Aug.8. 72 59.2 3.920 

):llew York, receiving reservoir, Central Park. 40 46. 7 73 58. 2 i 1855 I Aug. JO. 72 44.4 3.938 
I 

:Flat bush, Mount Prospect, Brooklyn. 40 40. 3 73 58. 0 ! 186o I Sept. 20-22. 72 40.8 4.052 

New York, Central Park. 40 46.2 73 58. 2 I 1872 Nov. 1-4. 72 35.8 3.982 

New York, new asylum, New Harlem. 40 49 73 58 
I 1841 Apr. 20. 72 21 I 4.099 

I 
New York, Bloomingdale Asylum, Manhattan- 40 50. 3 73 56. 7 l 1841 Apr. 20. 72 39.6 4.019 

ville. 

73 56., j 72 35. 61 Do. 40 50. 3 1842 Sept. 26. +oo8 

Do. 40 50. 3 73 56. 71 1844 Apr. 26. 72 41. 7 4-005 

Do. 40 50. 3 73 56. 1 I 1844 Sept. 3. 72 49.5 4.oo8 

Do. 
I 

1846 Apr. 27, JO· 40 50. l 73 56. 7 l 72 39.0 4·o09 
Patchogue, west of Ocean House. 40 44.9 73 01. s 1875 J"IY 30-Aug. 5. ' 72 45.4 3.968 
Legget, geodetic station. 40 48.9 73 53. s ) 1847 Oct. 15-20. l 72 52. 7 3.976 

West Hills, about 200 metres north and east of 40 48. 9 73 25.5 1865 Aug. 10-21. 72 56.8 3.930 
geodetic station. 

Ruland. 40 50. 7 73 02.0 \ 1865 May 25-June 6. 72 54· 9 3.945 

Oyster Bay. 40 52. 31 1844 Sept. 16, 17. 72 58.5 3.1194 73 31.6' 

New Rochelle, south of Neptune House. 40 52. s i 7347·3! 1844 Sept. 10. 72 44.0 3. 845 

Lloyd Harbor, Huntington. 40 55. 6 ! 73~' 1844 Sept. 15. 72 50.6 J. 857 

---·--------c •--
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intensities in the United Stat,es a.nd adjacent regfons.-contimud. 

NEW YORK-Continued. 

·--------------·---·-----· 

I ji 
I Total force 11 

Referred results. 

ii' t F I ! , ! 

· '[ 81886.0 i H188fi.o j Fut&.c 1 

Observer. Reference and temarks. 

, I 
---- !----!----,-----

13.52 

13.51 

13-49 

13.48 

13.45 

13.25 

13.40 

13.27 

13.61 

13.31 

13. 52 

13.47 

13.57 

13.44 

13.39 
13.51 
13.40 

13.43 

13.30 

12.95 
13.o8 

72.20 

72. 18 

72. 18 

72. 13 

! ! 

I 

4.o6o 

4.003 

4.o6o 

4.019 

4.034 

3.953 

(3. 904) 

(3. 916) 

I Back. 

I A. D. Bache. 

Sill. J., 1838 & 1842. E. Loomis. 
7th ed., 1842, 0=73° 14'. 

Sill. J., 1838 & 1842. E. Loomis. 

In Encyc. Brit., ' 

I 
A. D. Bache and E. IL C. S. Rpt., 1861, App. 22. 

Courtenay. 

E. Loomis. Sill. J., VoL XXXIX, 1840. The total intensities for 

1

1

1 

Phila. = 13.41 for conversion of relative into ab· 1 

solute value. 

I t J. Locke. Am. l'hil. Soc., 1846, Art. XI, Dr. J. Locke's paper 

I 
. of 1844. 

i A. D. Bache. ' G. S. Rpt., 1862, App. 19. 

13 12 1 ' J. Locke. Sill. J., Vol. I\', 1847. 

• 

1

1 l_I Do. A':£ 1;~~:nc., 1846, Art. XI, Dr. J. Locke's paper 

13.10 

13.27 

13. 13 

13. 15 

13.00 

(12. 66) 

( 12. 78) 

'J. Renwick. C. & G. S. Rpt., 1881, App. 9. 

1 · ~: ~~~~:::~1. ~i-1~ J~.:~I~:~': ::;::App. g. 

I 
J. Locke. Do. 

Officer of corvette Nords- ! Letter of Prof. Hansteen, Oct. 15, 1854. 

l tiernen. ! 

E. K. Kane and A. Sonn-

i 
tag. 

C. A. Schott. 

I 

Do. 

Do. 

Do. 

l A. H. Scott and E. Good
fellow. 

J. Locke. 

Do. 

J. H. Lefroy. 

J. Locke. 

J. Renwick and J. H. 
Lefroy. 

J. Locke. 

J. M.Poole. 

R.H. Fauntleroy. 

E. Goodfellow and A. D. 
Bache. 

E. Goodfellow and A. D. 
llache. 

J.Renwick. 

Do. 

Do. 

Mag. ObsIL,. Arctic Seas. Smithsonian Cont's to 
Know. Wash., 1858. 

C. & G. S. Rpt., 1881, App. 9. 

Do. 

Do. 

Do. 

Do. 

Am. l'hil. Soc., 1846, Art. XI, Dr. J. Locke's paper 
of 1844. 

Do. 

Diary Mag. Sur. Canada. London, 1883. 8, H & 
F obs'd. 

Am. Phil. Soc .• 1846, Art. XI, Dr. J. Locke's paper ! 

of 1844. 

C. & G. S. Rpt., 1881, App. 9. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 



 

198 UNITED STATES COAST AND GEODETIC SURVEY. 

TABLE !.-Observed magnetic dips and lwriZ-Ontal and total magnetic 

NEW YORK-Continued. 

I Latitude West longi-
Name of otatiun. 

({J. ' A. 
1 

tu de 

_-_.1 ___ _1 _____ _ 
I 0 I i 0 I I 

East Hampton, on top of steep bank. J 40 57. 5 
1

1 72 II. 5 ' 
Port Chester, Sawpit's steamboat landing. / 40 59. 6 i 73 39· 7 

Sag Harbor, Mulford's Hill. I 40 59· 9 I 72 17. 4 

Greenport. 41 06 i 72 21 

Carpenter's Point, Port Jervis. 41 21 4 ' 74 41. 7 I 
'1 

. i 
West P~:.t, United Stateo Military Academy.

1 

:: :;: ; Ii :: ::: ; I 
West Point, United States Military Academy, 41 23. 5 73 57· 3 

rear of Courtenay's house. 

West Point, bank near steamboat landing. 

'Vest Point. 

'\Vest Point, in Bartlett's garden. 

West Point. 

Colrl Spring, on blutr west of railroad and near 
depot. 

Poughkeepsie. 

Opposite Poughkeepsie. 

Owego. 

Belvedere. 

Mayville, grom~ds of Public School. 

Ellicottsville. 

Bath. 

i Bath, public park, opposite past-office. 

i Bath, field belonging to Judge Runsey. 

I Oxford, on hill aboi;t f.( of a mile north of depot. 

I Ithaca, grounds of Cornell University. 

i Dunkirk. 

I Albany, side of hill between Orange and Pat-
! roan streets. 

! Albany. 

I Albany, yard of Franklin House, State street. 

I Albany, northwest of the Capitol. 

I 
Albany, near Orphan Asylum, Y. mile west of 

Capitol. 

J Albany. · 

I Albany, side of hill between Orange and Pat
roon streets. 

I Albany. 

I Greenbush, opposite Albany. 

I
, Greenbush, near Second street. 

Albany. 

I 
Albany, Dudley Observatory. 

Do. 
I_ ______ _ 

41 24 / 

41 23. 5 II 

41 24 

41 23. 4. i 
41 25.0 I 

41 42 I 
41 42 

42 o8 

42 13 

42 16 

42 18.1 

42 20.8 

42 20. 8 

42 21 

42 26.5 

42 27. 5 

42 29.3 

42 39 

42 39 

42 39 

42 39 

42 39.1 

42 39 

42 39 

42 39 

42 38 

42 37.5 

42 40 

42 39.8 

42 39.8 

73 58 

73 58 

73 58 

73 57 

73 57.6 

73 56 

73 57 

76 17 

78 o6 

79 40 

78 44 

77 21 

77 21. 3 

77 21 , 

75 40.5 

76 33.0 

79 23 

73 45 

73 45 

73 43 

73 45 

73 44. 8 

73 45 

73 45 I 

73 45 I 
73 44 

73 44·31· 
73 45 

73 45.0 i 
73 45· I 

Year. 

1875 

1844 

186o 

1845 

1873 

1833 

1839 

1840 

1842 

1843 

1'855 

1144 

1844 

1/41 

1141 

1874 

1/41 

1/41 

1862 

1874 

1874 

1874 

1841 

1833 

1844 

1844 

1855 

1856 

1858 

1879 

I 

Mouth. 

Aug. 23,24. 

Sept. I I. 

Sept. 4, 5. 

Aug. 19. 

June 21, 23. 

April. 

May, June, July. 

Sept. 

Aug. 

Oct. 19, 20. 

July. 

Sept. I. 

June 13. 

June 13. 

Aug. 

Aug. 

Aug.4. 

Aug. 

Aug. 

Aug. I I. 

July 24, 25. 

June 4. 

June 13. 

Aug. 

April. 

Aug. 

Sept. 

Aug. 

Oct. 21. 

June 14. 

June 14. 

Aug.31. 

Sept. 

I 
May 1s-19. 

Oct. 21-24. 

Dip· I Horizontal 

I
' force 

0. H. 
I . 

-0-~ 1--
72 47. 3 I 3. 986 

72 s3. 4 1 

73 20.9 

72 57.9 

73 14.3 

73 25. s I 
i 

73 37.2 ! 

73 27.4 

73 20. I 

3· 903 

3.850 

3.897 

3.866 

73 31. 5 3· 886 

73 12. 2 4. 033 

73 54. 8 3. 790 

73 57. 7 3· 733 

74 12.3 

74 13. 91 
74 og.5 
74 05.0 

74 17.8 

74 27.5 

74 26.2 

74 15.5 

74 05.8 

74 14.7 

74 17.2 

74 51. 1 

74 40· I 

74 51. 3 

74 39.9 

74 40. I 

74 44· 6 

74 40. :z 

74 43· I 

75 II. I 

74 56 
74 55.6 
74 18. 9 

3.728 

3.614 

3.66g 

3.733 
3.726 

3.677 

3. 671 

3.724 
3.726 

3.664 

3. 621 

3.578 

3.581 

3.58.z 

3.578 

3.587 
3.575 
J.· 586 
3. 64.s 
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intemities in tke United States and adjacent regi<>ns.- Conti1111ed. 

NEW YORK-Continued. 

----------------------------·----

Total foree 11 
Referred results. 

i 
Observer. Reference and remarks. 

F .o 

13. 18 

F. :

1 

11...... I H1"85.0 II --1-,---
13. 47 11 72~ 231 4. 022 J.M. Poole. 

i----··-
1

, C. & G. S. Rpt., 1881, App. 9. 

Do. I 72. 20 , 

13. 62 11

1 

72. ss \ 4. 020 

13. 14 

1

. 72. 27 
1 

3· 917 

13. 51 ' 72. 62 ! 3. 944 

111 I 
'3· 1• !I f 1'· 1' I •· 009 

1 I 
13. 702 :\ J 

11 

13. 68 Ii 73. 12 3. 926 

13. 51 I} 73- 39 3. 788 

13. 70 

13. 68 

13. 6o 

13.49 

13.53 

13.610 

13.55 

13.58 
14-0J 

14-00 

13.79 
13. 48 

73· 54 3· 656 

1: 73· 47 

11 73.49 
11 
ii 73. 61 
i! 

I } 73. 70 

I n 51 
I I 13.6s 
I 73· 6o 

11 

I 1 

: I 
11 

1 t" 03 

I, I 

11

1 

~j 

3.711 

3· 775 
3.768 

3.754 

3.768 

3. 7o6 I 
3.663 

""31 

J. Renwick. 

I 
13. 41 C.A.Schott. 

12. 86 J. Renwick. 

13.20 E. Smith. Do. 

Do. 

Do. 

j E. H. Courtenay and J. I Sill. J., Vol. XXXIV, 1838. I Henry. · I 
· A. D. Bache and E. H. ] Am. Phil. Soc., Vol. V, 1837, & C. S. Rpt., 

J 

E. H. Courtenay. : Do. 

1861, 

13
. 

49 
Courtenay. .

1

. App. 22. 

1

1 E. Loomis. Sill.J., Vol. XXXIX, 1840. 

J. D. Graham. j Sill. J., Vol. IV, 1847. 

j J. H. Lefroy and Bartlett. ! Diary Mag. Sur. Canada, London, 1883. 

l A. D. Bache. \ C. S. Rpt .• 1862, App. 19. 

13. 52 IC.A. Schott. 'C. & G. S. Xpt., 1881, App. 9. 

{ 

J. Locke. Am. Phil. Soc., 1846, Art. XI, Dr. J. Locke's paper 
13. 25 of 1844. 

12. 90 

13.04 

13.28 

13. 35 

13. 38{ 

13. 27 

13. 17 

12. 97 

r 
I 
I 
I 

13.35 i 
I 
I 
I 
I 
L 

Do. Do. 

A. D. Bache. C. S. Rpt., 1862, App. 19. 

Do. Do. 

F. E. Hilgardand W.DiehJ.

1

. ,c. & G. S. Rpt., 1882, App. 14. Nat. Acad. Ser. 

A. D. Bache. C. S. Rpt., 1862, App. 19. 

Iro. Do. 

C. A. Schott. I C. & G. S. Rpt., 1881, App. 9. 

F. E. Hilgardand W.Diehl. i C. & G. S. Rpt., 1882, App. 14. Nat. Acad. Ser. 

T. C. Hilgard. I C. & G. S. Rpt., 1881, App. 9. 

Do. Do. 

A. D. Bache. I C. S. Rpt.; 1862, App. 19. 

J. Henry and T. J. Cram. I Sill. J., Vol. XXXIV, 1838. E. Loomis. 

A. D. Bache. 1 Do. 

A. D. Bache and E. H. I C. S. Rpt., 1861, App. 22. 
Courten"Y· 

E. Loomis. 

J. N. N icol!et. 

A. D. Bache. 

J. H. Lefroy. 

J. Locke. 

Do. 

C. A. Schott. 

K. Friesach. 

G. W. Dean. 

J. ~· Baylor. 

Sill. J., 1840. 

Am. Phil. Soc., Vol. VIII, 1843. 

Phil. Trans. R. S., 1846. 

Diary Mag. Sur. Canada, Ccnl. Sir J. H. Lefroy, 
London, 1883. 

Am. Phil. Soc., 1846, Art. XI, Dr. J. Locke'~ paper of 
l844. 

Do. 

C. & G. S. Rpt •. 1881, App. 9. 

K. K. Acad. d. Wiss. Vienna, Vol. XXIX, 1858. 

C. & G. S. Rpt., 1881, App. 9. 

Do. 

I 
I 
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TABLE I.-Observed magnetic dips and horizontal and wtal magnetic 

NEW YORK-Continued. 

Latitude West longi-

1 

Dip I Horizontal 
Name of station. tu de Year. Month. 

~ 
force 

rp. i\.. I II. H. 

i _________ , ______ , _____ 
i 

-·--· 

0 , I I 
Sherburne, rear of Newton's ham. 42 41. 2 75 33.o 1875 I Sept. 2,J. 4. 74 15. I 3. 726 

Troy. 42 43· 1 I 73 40.7 1843 i Aug. 74 47. 91 3.575 

I Otsego, 42 46.9 74 42.2 1882 '. Aug. 16, 17. 73 55.4. 3.673 

1 
I Schenectady, south of village. 42 48 73 55 1839 i Sept. 74 36. I 

Do. 42 48 73 57 1843 July. 74 54· 8 3.502 

Geneva. 42 53 77 02 1843 July. 74 33· 2 3.635 

Buffalo, east of the American House. 42 53 78 55 1839 Aug. 74 40.8 

Buffalo. 42 53 78 55 1844 June 23. 74 36.5 3.663 

Buffalo, behind High School, Fourth and Dela- 42 55 78 54 1845 Oct. zo. 74 37.8 
ware streets. 

Buffalo. 42 53· 0 78 53.0 1859 June ~I. 74 47 3.6o8 

Buffalo, at Fort Porter. 42 55 78 54 1872 June 13, 1+ 74 43 3.644 

Do. 42 55 78 54 1873 June 3-6. 74 29 3.667 

Fenner. 42 57.4 75 44.6 1882 Oct. 5, 6. 74 18.4 3.646 

1883 
i 

3.625 Howlett. 43 oo.o 76 17. 4 i Aug.30,31; Sept. I 74 17.5 
1, 3· ' 

Syracuse, northeast of village. 43 01 76 09 1839 Sept. 74 50.9 

Syracuse. 43 00 76 09.3 1843 /July. 74 51. 2 3. 556 

Nllq,'lll'll Falls, New York side east of town, 43 02 79 04 1841 ' Sept. 74 52.4 
near Cataract Hotel. 

Niagara Falls. 43 04- 79 04 1843 Aug. 74 51. 0 3· 565 

Niagara Falls. 43 03 79 04 1856 Sept. 12. 3.6oo 

Niagara Falls, in lot of Mr. Holley. 43 04 79 04 1874 July 31. 74 37-7 3· 646 

Oyde. 43 03. 1 16 51. 8 I 1883 Sept. 20, 21, 22. 74 31. 8 3.58o 

Clinton, Hamilton College. 43 03. 2 75 24.2 1874 Oct. 25. 74 37.5 3.635 

Utica, northeast of village. 43 07 75 13 1839 Sept. 74 57: 2 

Utica. 43 05 75 14 1843 July. 74 50.3 3.541 

Do. 43 07 75 13 1844 June 16. 74 48.8 3.582 

Rochester, corner Mill street, garden behind 43 10 77 41 1843 Mar. 14. 74 41. 0 

Mansion House. 

Rochester. 43 07 77 39 1843 Aug. 74 43.5 3.56o 

Do. 43 o8 77 41 1844 June 17. 74 38.8 3. 615 

I Rochester College grounds. 43 o8 77 40 1874 July 29. 74 38.5 3.632 

I I"ockport. 43 11 78 46 1844 June 18. 74 44. 2 3.599 
I 

Fort Niagara, near flagstaff. 43 15 79 04 1859 June 15. 74 51 3.584 

Charlotte, near light-house. 43 15 77 37 1859 June 18. 75 12 3.561 

Charlotte, Latty street, near Broadway. 43 15 77 37 1872 June 7-10. 74 58 3.619 

Charlotte, in rear of Methodist church. 43 15 77 37 1873 May 29, 30, 31. 74 so 3.633 

1 

Loomis. 43 21. 31 76 17.2 1882 Nov. lo, 11. 74 47. 7 3.518 

I 



 

UNITED STATES COAST AND GEODnTm SUR"'\TEY. 201 

inttmritie& in the United 8tatea and ailjacent regions.-continued. 

NEW YORK-Continued . 

. --------1:- . ---
Total force ii Referred results. 

F. II 81886.0 H1886.o 

Observer. Reference and remarks. 

,I 
------11 ° 

·---- ----- --1----------1--------------- ----

13. 73 Ii 73· 83 3· 762 13. 51 

---- !i 74. I[ 3. 627 13. 25 

13. 264 ji 7J. 74 3· 682 13. 15 
I 

:::: !I}:::: : : :: : { 
I;~~ !I lf [ 
13

' 
694 

!! 7J. ¢ 3· 715 13.45 1 

13. 743 1111 J ll 13.823 

13. 707 

13. 479 74·· 14 3· 655 13. 37 

13.389 74.18 3.630 13.32 

J.M. Poole. 

A. D. Bache. 

J.B. Baylor and C. 0. Bou
telle. 

E. Loomis. 

A.D.Bache. 

Do. 

E. Loomis. 

J. Locke. 

J. H. Lefroy. 

W.P. Smith. 

A.N.Lee. 

Do. 

J.B. Baylorand C. 0. Bou
telle. 

Do. 

3.6o8 13. 21 { 
E. Loomis. 

A.D. Bache. 

13.44 i
f ~.:.:::::t. 

K. Friesach. 

C. & G. S. Rpt., 1881, App. 9. 

C. S. Rpt., 1862, App. 19. 

MS. in C. & G. S. Office. 

Sill. J., 1840. 

C. S. Rpt., 1862, App. 19. 

Do. 

Sill. J., 1840. 

Am. Phil. Soc., 1846, Art. XI, Dr. J. Locke's paper of 
1844. 

Diary Mag. Sur. Canada. Genl. Sir J. H. Lefroy, ! 
London, 1883. ' 

U.S. Lake Sur. Rpt., 1859. 

U.S. Lake Sur. Rpt., 1873. 

Do. 

MS. in·c. &-G":S. Office. 

Do. 

Sill. J., Vol. XXXIX, 18.io. 
C. S. Rpt., 1862, App. 19. 

Am. Phil. Soc., Vol. VIII, 1843. 

C. S. Rpt., 1862, App. 19. 

K. K. Acad. d. Wiss., Vienna, Vol. XXIX, 1858. i 14- 32 
L F.E.HilgardandW.Diehl. C. & G. S. Rpt., 1882, App.14, Nat. Acad. Ser. 

13.421 I 74. 43 

13.71 

13.68 

13. 670 

13. 66 

13.68 

13. jl6 

13.942 

13.920 

13.886 

13.414 

74.03 

174. 18 

J 

17+0• 

74.05 

}1+31 
74.63 

3.585 

3.653 

3.678 

13.27 

i J.B.BaylorandC.O.Bou-
! telle. 

"r. c. Hilgard. 

j E. Loomis. 

A.D.Bache. 

J. Locke. 
l 

J. H. Lefroy. 

A. D. Bache. 

J. Locke. 

MS. in C. & G. S. Office. 

C. & G. S. Rpt., 1881, App. 9. 

Sill. J., 1840. 

J C. S. Rpt., 1862, App. 19. 

I. Am. Phil. Soc., 1846, Art. XI, Dr. J. Locke's paper 
of 1844. 

Diary Mag. Sur. Canada, Sir J. H. Lefroy, London, 
1883. 

C. S. Rpt., 1862, App. 19. 

Am. Phil. Soc., 1846, Art. XI, Dr. J. Locke's paper 
of 1844. 

F. E. Hilgard and W. C. & G. S. Rpt., 1882, App. 14 (Nat. Acad. Ser). 
Diehl. 

13. 31 J. Locke. Am. Phil. Soc., 1846, Art. XI, Dr. J. Locke's po.per 
of 1844. 

13.49 W. P. Smith. U.S. Lake Sur., Gapt. G. G. Meade, 1859. 

Do. Do. 

A.N.Lee. U. S. Lake Sur. Gen'l C. B. Comstock, 1873. 

Do. Do. 

13. 30 J. B. Baylor and C. 0. MS. in C. & G. S. Office. 
Boutelle. 
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TABLE I.-Obser'Ved magnetic dips and luwizon.tal and to'tal magnetic 

NEW YORK-Continued. 

. I 

Name of station. 
Latitude. West longi-

tude Year. 
Dip. ' Hori?.ontal ! 

Month. force ; 
q>. 

Pen Mount. 

------------------------ -----' ----- ---

0 

75 15. 6 ; 1882 
o I i 

43 22. 8 [ 

, e. H. I; 

I ' 

-------.--- -------! 

i Aug. 21, 22. 74 31. 4 3. 6o6 

Prospect. 43 25.9 

43 26 

73 45.4 1882 Aug. 7,8,9. 74 43. 5 3. 525 
Oswego, west of village. 1839 Aug. 75 II. 3 

Oswego, Woodruff's garden, near :Baptist ! 43 26 
church. 

1841 , Sept. 75 08. I 

Oswego. 43 26 

Pierrepont Manor, about one-half mile south- 43 44. 5 
west of village. 

Mannsville. 43 42. 9 

Sackett's Harhor, near barracks. 43 57 

Sackett's Harbor, at barracks. 43 57 

Do. 43 57 

Potsdam, about one-half mile southwest of i 44 37. o 
depot. 

76 03.2 

76 07 

7~ 07 
76 07 

75 00. 0 

1884 

1859 

1872 

1873 

1874 

Aug. 

Oct. 20. 

. June 6, 7, 9. 

) June 22. 

; June 5. 
May 26,27. 

Oct. 15. 

75 07· I 

75 25. I 

75 44 

' 75 27 

75 24 

76 03.3 

3.468 

3.403 

3.482 

3.471 

3· 268 

Reuse's Point. 45 oo 73 22 1845 76 40. 7 

Rouse's Point, near Major Graham's monument. 45 oo. 4 73 21. :i 1879 Oct. I. I 76 18. 2 3. 270 

NORTH CAROLINA_ 

-:::J::::==~~=~~:;~:.- ---ii;·£: : 
Wilmington, near Dr. Drune's house. j 34 14. o 

' Beaufort. 34 43 

Portsmouth Island, Northeast Ba.'>e. 35 04. O 1 

New Berne, National Cemetery. 35 07. 4 

Charlotte, corner Church and Sixth streets. 35 14 

Asheville. 

i Asheville, grounds of Eagle Hotel. 

1 Salisbury. 
I 
! Raleigh, grounds of Capitol. 

: Morganton, opposite Episcopal Church. 

35 36 

35 35 

35 40.4 
35 46.8 

35 47. 4 

78 00. 9 1859 

78 00. 9 i 1874 

77 56. 6 ! . 1854 
I 

76 03. 2 i 
I 

77 03. 3 . 

- 8o 46 

82 30 

82 30 

188o 

8o 20 1873 

78 38. ~ 1854 

81 30 i 1873 
' , ; . 

! Bodie's Island, near Midgett's house. 
I 
i Warm Spring. 
I 

35 47. s 75 32.0 1· 1846 

35 so 82 48 1833 
i Sand Island. 

i Greenshoro', Gaston street, above Green. 
35 50. 4 75 40. I Ii 1876 

36 03.5 79 40 1873 

I Shellbank. J6 03. 6 75 44· s I 1847 
I I 

______ J__~----

---------1 ----

Mtly 3-7. 

Dec. 27-30. 

June 3, 5. 
Jan. 14, 15. 
Apr. 1-5. 

Dec. 21-24. 

Aug. I. 

Sept. 

Aug.7. 

July 30. 

Jan. 7-16. 

Aug.5. 

Dec. 25-28. 

Sept. 

Jan. 22; Feb. 7. 

July 28. 

Mar. 26; Apr. 9. 

Jan. 30; Feb. 15. 

66 17. I I 
66 00. 6 / 

66 47. 2 i 
66 49. 81 
67 13.6 

67 30.6 

67 07. 5 

67 46.0 
68 II. 6 

67 15.3 

68 18. I 

67 39 

5.26o 

5. 297 

5.195 

5.055 
5.oo6 

4-959 
5.oSg 

5. 021 

4.963 
S.o67 

4.755 

68 05. 4 4· 893 

63 35. 3 4- 901 

68 54- 5 4- fi6o [ Stevenson's Point. 36 o6. 3 76 11. 4 I 1847 

!-------------------~---~----~-----"---------'-------------·----
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intensities in the United States and adjacent regions.-C1mti11ued. 

NEW YORK-Continued. 

Total force : : Referred results. 

Observer. Reference and remarks. 

·------ ----------·--·----
F. -'I "-• 1-H- F,-

ij 0 ' 

13.514 74. 34 ' 3. 614 13.39 J. B. Baylor & C. 0. MS. in C. & G. S. Office. 
Boutelle. 

11 

13·38o i 74- 54 3· 533 Do. Do. 

:1 

:174.46; 3.519, 

( 

13.IJ; 

E. Loomis. Sill. J., Vol. XXXIX, 1840. The total intensity for 
Phila. = 13.41 for conversion of relative into ab
solute value. 

13.78 

13. B<>9 
13.847 

13. 770 

13.56 

13.81 

! : 
I , 

llJ • 
:/} 7+ 83 • 3· 490 

I} ,. ., ,.,,, 
I 75. 47 i 3. 309 

1

:} 75, 95 ' J.290 

l
: J. N. Nicollet. 

A.D. Bache. 

{ 

T. C. Hilgard. 
1 3·34 

J.B. Boutelle. 

{

' W. P. Smith. 

·13.47 A.N. Lee. 

Do. 

13. 19 T. C. Hilgard. 

{ 
J. D. Graham. 

13·55 J. B. Baylor. 

, Am. Phil. Soc., Vol. VIII, 1843. 

C. S. Rpt., 1862, App. 19. 

C. & l~. S. Rpt., 1881, App. 9. 

' MS. in C. & G. S. Office. 

U.S .. Lake Sur., Capt. G. G. Meade, 1859. 

U. S. Lake Sur., Gen'! C. B. Comstock, 187 3. 

Do. 

' C. & G. S. 1<.pt., 1881, App. 9. 

i Sill. J., Vol. IV, 1847. 

:i . 
-'------'---- .. ---·------·-. 

i C. & G. S. Rpt., 1881, App. 19. 
I 

13.08 

13.03 

13. 18 

12. 85 

12.93 

12.96 

12.86 

12.95 

I } 65. 8o I 5. 310 

66. 40 I 5. 237 
66. 66 ' 5. o65 

t i 

ii 
II 
11 

66. 8') I 5. 0 35 I 

61. 22 I ·4. 979 [ 
66. 82 5. 112 ' 

I }67. o6 5· IOI 

I 67.46 
67.So 

66.95 I 
67.96 
67.23 
67.82 

68.28 

68.29 

68.57 

5.044 

5.00 

5.090 

4.79 

... 75 

NORTH CAROLINA. 

I i 
{

I G. w. Dean. 
12. 95 I I J. B. Baylor. 

! C. & G. S. Rpt., 1881, App. 9. 

Do. 

Do. 

Do. 

Do. 

Do. 

13.o8 J G. W. Dean. 

12. 78 ! J.B. Baylor. 

12. 8.3 A. T. Mosman. 

12. 86 ] J.B. Baylor. 

13.09{ 

13.16 

13.23 

13.00 

12. 77 

13.01 

13.31 

12.a.. 

F. E. Hilgard and J. M. C. & G. S. Rpt., 1882, A1)p. 14; Nat. Acad. SeL 
Poole. 

J. N. Nicollet. C. S. Rpt., 1864, App. 19. 

F. E. Hilgard and J. M. C. & G. S. Rpt., 1882, App. 14; Nat. Acad. Ser. 
Poole. 

Do. Do. 

G. W. Dean. I C. & G. S. Rpt., 1881, App. 9. 

F. E. Hilgard and J. M. I C. & G. S. Rpt-; 1882, App. 14; Nat. Acad. Ser. 
Poole. 

; C. 0. Boutelle. j C. & G. S. Rpt., 1881, App. 9. 

! J. N. Nicollet. l C. S. Rpt., 1864, App. 19. 

l E. Smith. I c. & G. s. Rpt., 1881' App. 9· 

i F. E. Hilgard and J. M. Ji C. & G. S. Rpt., 1882, App. 14; Nat. Acad. Ser. 
J Poole. , 

/ C. <?·Boutelle and G. Da-11 
C. & G. S. Rpt., 1881, App. 9. 

I v1dson. 

j C. O. Boutelle. 
1 

Do. 
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TABLE !.-Observed Magttetic dips and JuwizOfl,fal and total magtt,etic 

OHIO. 

Name of station. 
Latitude I West longi- I Dip Horizontal 

I II tttde Year. Month. force 
! 'P· .l. i 6. H. 

/-----------------------i--·--1---------1-------1----1----1 
I Cincinnati. I 3~ ~ ~ :6 1838 I Mar. 20. 7: 2; I 

I. Do. 39 o6 84 27 1838 I ----
{ 

Aug. 18. 
I Do. 39 o6 84 27 1840 

I 

~~ 

Do. 39 o6 84 27 1841 May 8. 

1

1 Cincinnati, Longworth's Garden, east side of 39 o6 84 27 1841 Oct. 
city. 

[ Cincinnati. 

I Do. 

I : 
I Cincinnati, Longworth's Garden. 

I 
Cincinnati Observatory, on Mount Lookout. 

Athens, west of College buildings. 

1 Meson. 

Hamilton. 

Marietta. 

I 
Lebanon. 

I 
Oxford. 

Carrollton. 

I Dayton. 

:Do. 

Springfield. 

I Columbus. 

I Columbus, east of new State House yard. 

Columbus. 

Columbus, Capitol Square. 1 Columbus, grounds of Blind Asylum. 

I Hebron, north of Stage House. 

1 

Urbana. . 

I Piqua. 

! Frazeysburg, near canal lock No. 16. 

I Tuscarawas, field of Blinkensdorfer. 
I . 

39 o6 

39 o6 

39 o6 

39 o6 

39 o6 

39 o8.6 

39 19.8 
39 22 

39 23 

39 25 

39 26 

39 30 

39 38 
39 45 

39 44 

39 54 
39 57 

39 57. 7 
39 57 
39 57.7 
39 57 

39 59 

40 03 

40 09 

I 4024.2 

84 27 

84 27 

84 25.4 
82 02 

84 13 

84 32 

81 28 
84 o6 

82 59.5 
83 01 

82 59.7 
82 59 

82 o8 

81 so 

1842 Mar. 31. 

1843 Aug. 21. 

{ 
Mar. 21. 

1844 
July4. 

1845 Apr. 23. 
1849 · June 5. 

188o Nov. 29, 30. 

188o Dec. 3, 4. 

1840 Aug. 25. 

Aug. 20. 

Aug.24. 

Mar. 26. 

Aug. 21. 

Mar. 29. 

Apr. 2. 

Oct. 

Oct.3-9· 

Aug. 19. 

Oct. 

Mar.30. 

Aug. 22_ 

Oct. 
Aug. 17. 

70 26.2 

I 70 27. 7 

70 25.4 
i 70 25. 5 

70 28 

70 25 

I 70 26 

70 28.8 
70 24.7 
70 58. 7 
70 54.2 

70 58 
71 22. 3 
71 02.7 

71 IO. 0 

71 10. 0 

71 22.7 

71 22. 0 

71 OJ. 4 

71 04. 3 

71 09.8 

70 59- 7 

71 Io. I 

71 39.7 

71 3S· S 

71 -4B- 7· 

72 o8.5 

4-S~ 

4.488 

4.390 

4.442 

4.419 

4.369 

4.339 

4.369 

4·359 

4.347 

4· JOI 

I Steubenville. 

I St. !'tlary's. 
! , _______________ _:..1_~~;_!_~1 ___ ~.:,__-~-'--~-~_: __ , __ __,__~ _ _,__3_~~---~____, 72 32.8 

72 00.3 
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intensities ill the Unit,ed States and adjooent regions.-Conti1uted. 

OHIO. 

Total force !I 

F. 

13.59 

13·39 
13.47 

13.58 

13.66 

13.62 

13.69 

13.58 

Referred results. 

F1sar..o 
i 

11,..,.,0 H1 .... o i 

Observer. 

I ------1----

70.45 

70.86 

70. 51 

4.58 

70. 66 4.47 

70. 64 4.44 

}10.82 4· 39 

J. Locke. 

Do. 

Do. 

Do. 

E. Loomis. 

Do. 

13. 331 
J. Locke. 

I Do. 

l1 J. H. ~:;roy. 
13. 27 J.B. Baylor. 

13. 38 Do. 

13.35 J. Locke. 

15.42 Do. 

13. 46 Do. 

13.37 Do. 

13. 50 Do. 

13.39 Do. 
I 

13.36{' 

Do. 

Do. 

13.61 

13. 6o 

· io. 91 13. 34 Do. 

4.422 

13.53 

13.81 

13.62 71.o8 4. 34 

7:a. 03 ( 3. 99) 
IJ.66 71.49 4- 28 

! 
Do. 

E. Loomis. 
i3. 29 I J. Locke. 

A. T. Mosman.• 

F. E. Hilgard 
Diehl. 

E. Loomis. 

13. 54 J. Locke. 

13.39 Do. 

E. Loomis. 

13.33 F. E. Hilgard 
Diehl. 

(u. 93); A. D. Bache. 

13.47 J.Locke. 

Reference and remarks. 

' Am. Phil. Soc., Phila., 1846, Art. XI; Dr. J. Locke's 
paper for 1884. 

i Sill.J., Vol. XXXIV, 1838. (Loomis collection.) 
i . 

! Sill. J., 1840, E. Loomis, and Am. Phil. Soc., Vol. 
VII, 1840, and 1846, Art. XI. 

Am. Phil. Soc., Vol. IX, 1846. 

Am. Phil. Soc., Vol. VIII, 1843. 

Sill.}., Vol. IV, 1847. 

Am. Phil. Soc., 1846, Art. XL 

Am. Phil. Soc., 1846, Art. XI, and for IL and F., 
Phil. Trans. R. S., 1846; E. Sabine. 

Smithsonian Cont's to Know., Vol. 3, 1852. 

Diary Mag. Sur., Canada, London, 1883. 

C. & G. S. Rpt., 1881, App. 9. 

Do. 

Am. Phil. Soc., 1846, Art. XI; Dr. J. Locke's paper f 

of 1844. ! 
Do. 

Phil. Trans. R. S., 1846. 

Am. Phil. Soc., 1846, Art. XI; Dr. J. Locke's paper 
of 1844. 

Phil. Trans. R. S., 1846. 

Do. 

Sill. J., 1838, E. Loomis, and Trans. Am. Phil. Soc., 
1846, Art. XI; Dr. J. Locke's paper of 1844. 

Am. Phil. Soc., 1846, Art. XI; Dr. J. Locke's paper 
of 1844. 

Do. 

j Sill. J., 1838, E. Loomis, and Trans. Arn. Phil. Soc., 
1846, Art. XI. 

Am. Phil. Soc., Vol. VIII, 1843. 

Phil. Trans. R. S., 1846. 

C. & G. S. Rpt., 1881, App. 9. 

' 

and W. C. & G. S. Rpt., 1882, App. 14; Nat. A cad. Ser. 

and W. 

·Am. Phil. Soc., Vol. VIII, 1843; Prof. E. Loomis. 

Sill. J., 1838, E. Loomis, and Trans. Am. Phil. Soc., 
1846, Art. XI; Dr. J. Locke's paper of 1844. 

Am. Phil. Soc., 1846, Art. XI; Dr. J. Locke's paper 
of 1844. 

-Am. Phil. Soc., Vol. VIII, 1843; Prof. E. Loomis. 

C. & G. S. Rpt., 1882, App. 14; Nat. Acad. Ser. 

C. S. Rpt., 1862, App. 19. 

Phil. Trans. R. S., 1846. 
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TABLE !.-Observed magnstio dAps and horiz<nl,tal and total magnetic 

OHIO-Continued . 

. -- ~.:.~=tioo - .. - 1 """'~,w"":,~"'-i y~-r .. :omh. T ~ip ~;wj 
<P· A. ' 8. H. 

I Dover, near canal lock, 2 miles north of town. 

i Wellsville, Ohio River. 

i 
'I Forest, woods south of town. 

l"ulton, near canal lock. 

I Clinton, near canal lock. 
I 
/ Tallmadge. 

i Hudson, Western Reserve College. 

Do. 

Do. 

Vo. 

Windham. 

Shakersville. 

Streetliboro' . 

Warren. 

Do. 

Do. 

Hartford. 

Bazetta. 

Aurora. 

Twinsburgh. 

Bedford. 

Huron. 

Sandusky, south of village. 

Kiusman. 

Brooklyn, 1 mile west of city. 

Cleveland, front of American Hotel. 

Cleveland. 

Do. 

Cleveland, front of hill, near landing. 

Cleveland. 

Cleveland, near Marine Hospital. 

Cleveland. 

Oeveland, near Marine Hos1lital. 

Do. 

Cleveland. 

Maumee, north of village. 

Toledo, west of village. 

Ashtabula, close to Lake. 

Ashtabula Landing. 

, 
40 33 
40 38 

40 50 

40 55 
40 58 

41 o6 

41 15 

.41 15 

41 15 

41 15 
4r 15 

41 15 

41 15 
41 16 

41 17 

41 16 

41 19 

41 20 

41 20 

41 20 

41 24 

41 26 

41 29 
41 30 

41 30 

41 30 
41 30 

41 30 

41 30.3 

41 30 

41 30.0 

41 30.5 

41 30 
41 30 

41 30.5 
41 34 

41 41 

41 52 

0 , 

81 30 

8o 44 

1841 Oct. 

1844 ! June 26. 

1874 Aug. 21. 

1 1841 Oct. 

1841 Oct. 

{ 
Apr. 

1841 Oct. 

81 26. 0: 
81 26.0 

1838 Sept. 

1839 Apr., May, Aug., 
Oct. 

81 26. 0 i 1840{ Jan. to Aug. 

81 26. o ' 1841 May-Nov. 

81 03 1840 

81 13 1840 
81 20 

8o 49 

8o 50 

8o 54 

8o 34 

8o 45 
81 20 

81 26 

81 32 
82 27 

82 43 

8o 34 

81 43 

81 42 
81 42 

81 42 

81 42 

81 42 

81 40.0 

81 41.5 

81 40 

81 40 
81 41. s 
83 37 
83 32 
8o 52 

! 1840 i 
1840 I ___ _ 
1841 '· Aug. 

1844 , June 25. 

1840 

1840 

1840 
1840 

1840 

I 

1843 June 6. 

1839 

1840 

1841 

1839 
1840 

1841 

1B4z 

1859 
1871 

1872 

1873 
188o 

1839 

1839 

1844 

May. 

Apr. 

May. 

Ang. 

Nov. 3. 

Ang.4. 

July 4. 

Nov.6-14. 

June r7, 18. 
June {6, 17. 

July 9, 12. 

May. 

May. 

June 24. 

Aug. 

O I 

72 19.2 

72 35. 3 4. o6o 

72 20. 7 4- 108 

72 38. 9 
72 44.0 

72 55. 2 } 

72 5 I. 5 
72 48.2 

72 47. 31 

12 53. 9 I} 
72 49. 5 

4
· 
039 

72 48.3 

73 03.4 

' 72 56. 6 

72 53· 0 

73 00.7 
72 59.9 
72 55. 9 

72 59. 8 

72 59.7 

72 55.5 
72 51. 3 
72 58. I 

73 oo.o 

72 57· 8 

73 o8. I 

73 16.3 
73 26.0 

73 14. I 

73 04.3 
73 03.8 

73 o8 

73 20 

73 09.3 

73 07 
73 o8 
73 02.4 
72 49.1 

73 o6.1 
73 :i5.o 

72 :13.5 

3.978 

4.005 

4. 019 

3.956 
4.000 

4-017 

3.996 
3.996 

3.9II 
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inttmJlities in the UniUd States and adjacent regions.-Crmtinvea. 

Total force 

F. 

13.57 

13.55 

13.75 

13. 666 

OHIO-Continued. 

Referred results. 

Observer. Reference and remarks. 

------=-~!----.---------- -----------------------------·· 

71. 8o I 

72.o8 I 4.12 

71. 89 1 4· 150 
72. 13 . 
72.21 

72.37 

72.53 
72.41 

72.35 

}72.46 

72.47 

72.47 

72.40 

72.33 
72.45 

72.49 

72.42 

72. 61 

13.35 

13.42 

13.54 

f 

E. Loomis. Am. Phil. Soc., Vol. VIII, 1843; Prof. E. Loomis. 

J. Locke. Am. Phil. Soc., 1846, Art. XI; Dr. J. Locke's paper 
of 1844. 

F. E. Hilgardand W. Diehl. C. & G. S. Rpt., 1882, App. 14; Nat. Acad. Ser. 

E. Loomis. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

A.D. Bache. 

J. Locke. 

E. Loomis. 

Do. 

Do. 

Do. 

Do. 

J. Locke. 

E. Loomis. 

Do. 

Do. 

Do. 

Do. 

Do. 

: C. Y ounghusband. 

Am. Phil. Soc., Vol. VIII, 1843; l'rof. E. Loomis. 

Do. 

Do. 

Sill. J., 1840. 

Do. 

Sill. )., 1840, and Trans. Am. Phil. Soc., Vol. VIII, 
1843. 

Am. Phil. Soc., Vol. VIII, 1843. 

Phil. Trans. R. S., 1846. 

Do. 

Do. 

Do. 

C. S. Rpt., 1862, App. 19. 

Am. Phil. Soc., 1846, Art. XI, Dr. J. Locke's paper : 
of 1844. 

Phil. Trans. R. S., 1846. 
Do. 

Do. 

Do. 

Do. 

Am. Phil. Soc., 1846, Art. XI, Dr. J. Locke's paper 
of 1844. 

Sill. J., 1840. 

Phil. Trans. R. S., 1846. 

Am. Phil. Soc., Vol. VIII, 1843. Prof. E. Loomis. 

Sill. J., 184o. 
Phil. Trans. R. S., 1846. 

Am. Phil Soc., Vol. VIII, 1843. 

Diary -Mag. Sur. Canada. London, 1883, Sir. J. H. , 

13. 8o ~ 72. 74 4. 046 

Lefroy. • ' 

Am. Phil. Soc., 1846, Art. XI, Dr. J. Locke's paper 
of 1844, and Sill. J., Vol. IV, 1847. 

13. 64 J. Locke. 

13.794 

13.So 
13.833 

13.773 
13.70 J 

72.28 

72.56 
I 72.91 

I (7•· 88) 

3.97 

W. P. Smith. 

E. Goodfellow. 

I A. N. Lee. 

l Do. 

J J. B . .Baylor. 
I E. Loomis. 

Do. 

13. 51 J. Locke. 

(12.49} A. D. Bache. 

U.S. Lake Survey Rpt., 1859. 

C. & G; S. Rpt., 1881, App. 9. 

U.S. Lake Survey MS., 1873. 

Do. 

·1 

I 
C. & G. S. Rpt., 1881, App. 9. · 

I Sill. J., 184o. I 
Do. 

Am. Phil. Soc., 1846, Art. XI, Dr. J. Locke's paper Ii 

of 1844. 
C. S. Rpt., 1862, App. 19. j 

I 
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OREGON. 

I 
Latitude I West longi- Dip Horirontal 

Name of station. I tude Year. Month. force 
tp. A.. IJ. H-

·--- I ·----

I 0 I 

I 
0 I 0 I 

I Jacksonville, groutids of public school. 42 18 . 122 58 1881 July 16, 17. 66 03.2 5.021 
I 

[ Canyonville, Pine street, between Second and 42 54 I 123 18 ,, 1881 July 19. 65 57.9 ----
Third. I i 

Oakland, academy grounds. 43 26 
I 

123 18 1881 July 22. 66 59.4 I ----
Eugene, grounds of State University. 44 03 I 

123 00 1881 July 25. 67 51. 0 4.796 

River Santiam. 44 35 I 122 27 1830 Aug. 68 28 4.647 

Albany, College Square. 44 39 / 123 02 1881 July 27,28. 68 o8.5 4.715 

Salem, near State Capitol and court-house. 44 56. 5 I 122 58 1881 July 30, 31. 6~ 13.3 4· 702 

River Multnomah. 1830 Aug. 
, 

68 57 45 15 ' 122 47 4. 514 

, Portland, west of Clarendon Hotel. 45 31.5 ! 122 40.5 188o May 1. 69 35.6 4.414 
' Portland, court-house block. 1881 Aug. 5,6. 69 24.2 4.488 

I 

45 31. 5 
I 

122 41. 5 

Dalles, three-mile camp. 45 35 
I 

120 49 186o May 21. 69 41.8 ----
Three-Mile Creek, top of north bank. 45 39 

I 
120 58 188I Oct. I3, 14. ---- 4.473 

Blalock, near Griffin's house and railroad station. 45 44 120 15 I881 Oct.8. ---- 4.495 

Saint Helen's. 45 52. 31 122 48.1 I88I Aug. 15. 70 54.I 4- 350 

Umatilla, on First street, near D. 45 57 I 119 20 I881 Oct.5. 70 I0.2 4.42I 

Point George, Columbia River. 

I 
46 II 123 40 1830 Dec. 69 I6.8 ----

/ Astoria, school-house block. ¢.11.51 123 50 1881 Aug. 10, II. 69 I3·4 4.5o8 

PENNSYLVANIA. 

• 
Near Mercersburg. 39 47 77 56 1840 Aug. I 71 47.3 4. 188 

Chambersburg. 39 55 77 40 1842 Apr.9. 71 57• I 4.197 

York, west bank of river. 39 58 76 44 1874 July 13. 71 54.5 4.182. 

Philadelphia, yard of Bache's house, Chestnut 39 58 75 10 1834 July. 72 00.2 _,,. __ 
street. 

Do. 39 58 75 10 1835 ---- ---- 4.195 

Do. 39 58 75 Jo I836 Sept. ---- 4. 159 

Philadelphia, Rittenhouse Square. 39 58 75 IO I838 July. 71 43· 9 ......... 
Philadelphia, front of Dr. Bache's house. 39 58 75 IO 1839 Sept. 72 07. I 4.149 

Philadelphia. 39 58 75 10 1S+o July' Sept., Oct. 71 53.0 .. ---

1841{ 

Mar.30. 72 00.2 ... 179 

Philadelphia, Girard College. I 39 58.4 75 10. 2 Mar.31. 72 01. 3 +175 
Apr. 26. 71 59.0 +J71 . 

Do. 39 58.4 75 10. a r&µ Apr.26; Jv!y:ao; 
Oct. 9; NOT. 1. 

71 ;s.,7 + t""6 

Do. 39 58.4 75 10.2 1841 June. 71 5+5 _ ... ,... .. 

Do. 39 58.4 15 10.2 1842 May 15. )'ZOI +178 

Do. 39 58.4 75 10.2 1&.p Oct.6. 71, Sf.O +tJD 
? 

." 
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interurifie11 in tile United Stt1fcs a11<1 arlja.ccnt regions.-co111i1nml. 

12.37 

12.72 

12. 66 

12.66 

12. 67 

12. $7 

12.66 

12.76 

13. 151 

13.29 

13.03 

12. 71 

13.55 

13. 58 

[3. 5z 

13.55 

l:J.4S 
13.50 

13.53 

lJ..57? 

OREGON. 

Referred results. 

0 

66.05 

65. 96 

68. 13 

68.21 

70. 89 

70. 15 

} 6<). 20 

! 

\ 

4. 779 ~ 
4.650 

4.698 

4.685 

4. 517 

4.444 

4.448 

4.456 

4.478 

4.333 

4.4o5 

4-491 

71.27 4.230 

71. 44 4. 247 

4. 224: 
I 

I 
! 
i 

l lhscn·cr. I\ LJe~ew.:e and rt.:mark~. 

12. 33 J. S. 1.aws<m. C. & G. S. Rpt.. 1881, -'Pl'· 9 

l>o. Do. 

Do. 

12. 67 .Ilo. 

Do. 

Do. 
1 D. Doui.;las. J.tpt. Brit. Asso., VoL VI, London, 183~, & l 1hil. 

Trans. R.S .. 1872, Cont. XIII. 

12. 61 ; J. S. Lawson. C. & G. S Rpt., 1881. App. 9. 

12. 62 Do. Do. 

U. Douglas. Rpt. Brit. Asso., Vol. VI, London, 1838, & l'hil. 
Trans. R. S., 1872, Cont. X 111. 

{ 
: W. H. Dall and M. Baker. C. & (;. S. Rpt., 1881, App. 9. 

12, 67 i • I 

j J. S. Lawson. D(). 

12.S2 R. W. Haig. 
1 

B. S. l'hil. Trans. R. S., 1864. 

J. S. Lawson. C. & G. S. Rpt., 1881, App. 9. 

IJo. Do. 

13.24 Do. Do. 

12.97 Do. Do. 

12. 65{ D. Douglas. 

J. S. Lawson. 

Rpt. llrit. Asso., Vol. VI, London, lX38. 

C. & G. S. Rpt., 1881, App. 9. 

PENNSYLVANIA. 

lJ. 17 A. II. Bache. 1 C. S. Rpt., 1862, App. 19. 

13. 34 J. Locke. Am. Phil. Soc., 1846, Art. XI, Dr. J. Locke's paperof 
1844. 

13.28 

r 
F.E. llili,'af<land W. Diehl. C. & G. S. Rpt., 1882, App. 14. Nat. Aca<l. Ser. 

A. D. Bache and E. H. Sill. J., Vol. XXXIV, 1838. E. Loomis. 

I 
Courtenay. 

Do. 

l A. D. llachc. 

l 
Do. 

E. Loomis. 

Am. Phil. Soc., Vol. V, 1837, and C. S. Rpt., 1861, 
App. 22. 

i C. S. Rpt., 1861, App. 22. 

: Sill. J., Vol. XX XIX, 1840. E. l.oomis. 
I 

I Phil. Trans. R. S., 1846, E. Sabine, & C. S. Rpt., 
j 1861, App. 22. 

i Si!I.J., Vol. XI.II, 1842,&C. S. ltpt., 1864,App. 18. I A. D. Bache. 

I J 1 k { Am. Phil. Soc., 1846, Art. XI, Dr. J. Locke's paper of 
• .oc ·e. 1844. 

. J 1 A. I>. Bache. C. s. Rpt., 1864, App. 18., p.:wi (df c>j;J) 

!j 1 11 J. ~~:ham and A. n. I Phil. :·~s. R. S., 1846. Sir K Sabine. '. > • 

ii· I I J. Locke. , Am.I h11.Soc., 1846, Art. XI; Dr. J. l.uckc s paper of 

11 t I j l J. H. Lefroy. 1' ru2:~ag. Sur. Canada, London, 1883. fl II. & F. 

Ii 7J.38 1 4.230 i 13. 2s J 
~'-.. --.---.-.. --"'---'----"-----'-----'-~~------~~.= ----.,,---~~ •< -~---------------~~-------

JI. JU. 18--27 
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TABLE I.-Ubseri·ed magnetic dips and horizontal and total magnetic 

PENNSYLVANIA-Continued. 

----~------ --·-------------· 

Latitude ! West longi- Dip Horizontal i 
Name of station. tu de Year. Month. force I 

I 

cµ. "- fl. H. 

1---~----·---

. 
0 

Philadelphia, l;irarrl College. 39 58 75 IO 1842 72 01. 8 

!Jo. 39 58. 4 ; 75 I0.2 1842 Jan. to Dec. 72 00. I 4. 174 

!Ju. 39 58.4 75 IO. 2 1843 Apr. to Dec. 7I 58.2 4· I72 

lJu. 39 58.4 75 I0.2 1844 Apr. 19. 71 59.2 4. 158 

l 'hlladdphia, H.ittenhouse Square. 39 58 75 IO I844 May. 72 og.2 

I 'hilaclelphia, l;iranl College. 39 58. 4 : 75 10.2 I844 Jan. to July. 71 57.6 4· I6g 

!Jo. 39 58. 4 ' 75 IO. 2 1845 Jan. to June. 4. I67 

I Jo. 39 58. 4 . 75 10. 2 1846 May 23. 72 01. 0 4- 143 

Philadelphia, Girard College, northeast station. 39 58.4 75 10. 2 1855 Sept. 5. 72 17.7 4. 21I 

Do. 39 58. 4 ~ 75 10. 2 1862 Aug IS, I6. 72 05.8 4.124 

Philadelphia, Navy-Yard. 39 56 75 07 I865 Oct. 24. 4.I48 

Philadelphia. (;irar<l College. 39 58.4 75 IO. 2 I 1872 Oct. 19-22. 72 15.4 4. 161 

!Jo. 39 58.3 75 
I 

IO. 3 i, 1877 Oct. 2-6. 71 41. 3 4.211 

l'hiladelphia, Exhibition Laboratory. 39 57. I 75 11. 0 1884 Aug. 29-31. 71 30.7 4. 196 

l'hiladdphia, Girard College. 39 58.3 75 IO. 3 1884 i Sept. 3-11. 71 27.4 4. 232 

Yard, primary triangulation station. 39 58.3 75 23. I i 1854 Oct. 28; Nov. 3. 73 01. 2 3.876 

Near Browns\'ille. 39 59· 5 79 47.8 1840 Aug. 71 53· 5 4.007 

' J<Jhn~on·s tavern, near Brownsville. 39 59.5 79 48. I 1862 July 31. 71 57. 0 4· 173 

Bristol. 4005:61 74 51. 5 1842. M1<1y 13. 72 25 4.046 

Bristol, Vanuxem. 40 o6.7 74 53.0 1846 June 10,.11, 12. 72 22.3 4.o68 

lirecnfield, near Johnston's tavern. 40 o6 79 52 1874 Aug. 13, 14. 71 58.9 4· 185 

Cumberland. 40 13 76 50 1844 71 36.0 

Harrisburg. 40 16 76 53 1840 July. 72 20. 5 4.078 

Harrisburg, grounds of State House. 40 15. 8 76 52.9 1862 July 28, 29. 72 31. 6 4.048 

Do. 40 I5.8 76 52. 9 1877 Sept. 27. 72 20.5 4.123. 

! Doylestown. 40 18 75 10 1841 July. 72 23. I 4. 18g 

Reading. 40 19 75 55 1840 July. 72 32.2 4.000 

i lluncan Island. 40 25 77 01 1840 July. 72 35.0 3.g63 

Alleghany Summit. 40 27 78 10 1845 I May 5. 72 27. I 4.105 

Pittsburg. 40 27 So 00 1819 May 1. 78 12(?) 

PitL,hurg, opposite side of Allegheny River. 40 28 8ooo 1839 Sept. 72 38.9 
. 

Pittsburg, vicinity of. 40 z8 79 59.5 1840 Aug. .72 32. I 4.049 
Pittsburg. 40 28 Sooo 1&p Mar. 22. 72 43· 5 4.059 

Do. 40 28 8ooo 1842 Apr.7. 72 43.2 4.056 

i 
!Jo. 40 27 Sooo i 1845 May 3. 72 46. 7 4.034 

; Allegheny, grounds of Observatory. 40 27.6 So oo.8 i 1878 Sept. 5. 72 07·5 4.1294 
[ Armagh. 40 29 79 04 

I 
184o I Aug. 72 18. 7 4.038 

I I July. / Huntingdon. 40 JO· 5 ; 78 02 1840 72 17.8 4.109 
i_ I I 
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int6nltities in the United States and adjacent regio11H.-Conti11ued. 

PENNSYLVA:\ IA -Continued. 

' ii 
I I

, Referred results. 
Total force \ _____ . 

Observer. Rel'erence and rcm:i rl ~. 
F II I ! 

l---·--i IJ1M.O .I H188>.o _j_F188[>.o __ 

i 0 I i 

11 I 
13. 51 II! .. ' I I 13.48 

13.45 

11 13.46 

13. 42 

13.40 

13· 233 

13.307 

13. 27 

13. 47 

13.40 

13.43 

13.54 

13.66 

13.453 

I 
: I 

72.44 

} 71. 36 

} 71. 88 

71. 53 

71. IO 

1}71.92 

l 

71. 86 

72.0I 

72.05 

71. 94 

f , .... 

J 
71.8o 

T•· 77 

4. 115 

4.227 

4.332 

4- 133 

4.235 

4.042 

4.005 

4. 167 

4.110 

4.o8o 

4.151 

13. 13 

I 
j J. D. Graham. 

1 A. D. Bache. 

I 
Do. 

J. Locke. 

I · J. D. Graham. 

I 
i A. D. Bache. 

Do. 

I 
J. Locke. 

C. A. Schott. 

I ! 
Do. 

W. Harkness. 

1
1; A. H. Scott and E. Good-

fellow. 

l 
J. B. Baylor. 

E. Smith. 

Do. 

J. E. Hilgard. 

{ 
A. D. Bache. 

13
· 
30 

. C. A. Schott. 

Sill. J., Voll\, 1847 

. C. S. Rpt., 1864, App. 18. 

Do, 

Am. Phil. Soc., 184(., Art. Xl. JJr. J. I och e's l'"I er 
of 1844. 

Phil. Trans, R. S., 1846. 

C. S. Rpt., 1864, App. 18. 

Do. 

c. & G, S, Rpt., 1°881, App. 9, 

C. & G. S. !{pt., 1881. App. 9 (recomputed). 

C. & G. S. ''pt., 1881, App. 9. 

: Smithsonian Cant's to .Know .. No. 23q. \\.ash .• 1~73, 
Cruise of the Monadnock. 

C. & G. S. !{pt., 1881, App. 9. 

Do. 

MS. in C. & G. S. < >ffice. 

Do. 

: C. & {;. S. Rpt., 1881, App. 9. 
1 

C. S. Rpt., 1862, App. 19. 

C. & G. S. Rpt., 1881, App. 9. 

i Am. Phil. Soc., 1846, Art. XI, Dr. I. Locke'> paper 
of 1844. · 

{

i J. Locke. 

13.23 
Do. C. & G. S. Rpt., 1881, App. 9. 

13. 34 F. E. Hilgardand W.Diehl.; C. & G. S. Rpt., 1882. App. 14, Nat. A cad. Ser. 

13. 37 J. Locke. I Phil. Trans. R. S., 1846. 

13 .. 32 { 
A.D. Bache. 

C. A. Schott. 

l E. Smith and J.B. Baylor. 

13.6o A. D. Bache. 

13·09 Do. 

13.00 Do. 

13.44 J. Locke. 

I S. H. Long. 

l 
E. Loomis. 

A.D. Bache. 

13. 38 J. Locke. 

[

1 T.E;_ 
13. o6 A. D. Bache. 

13. 27 Do. 

; C. S. Rpt., 186z, App, 19. 

' C. & G. S. Rpt., 1881, App. 9. 

Do. 

C. S. Rpt., 1862, App. 19. 

Do. 

Do .. 

Phil. Trans. R. S. 1846. Smithsonian Cant's to· 
Know., \'ol. Ill, 1852. 

Maj. Long's Exp. to Rucky Mts., 2 vols., Phila., 1823. 
l•ip probably 73° 12'. (Loomis.) 

Sill. J., 1840. 

C. S. Rpt., 1862, App. 19. 

Sill. J., Vol. IV, 1847, and Tran;. Am. Phil. Soc., 
1846, Art. XI; Dr. J. Locke's paper of 1844. 

Am. Phil. Soc., 1846, Art. XI; llr. f. Locke's paper 
of 1844. · 

Smithsonian Cunt's to Know., Vol. III, 1852. 

Proc. R. S., No. 200, 188o. 

C. S. Rpt., 1862. App. 19. 

Do. 
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•r ABLJ<: l.-Ob.~1·r·ve<l 111agnetfo 1Jips aad horizontal tind t-0tal magnetiv 

~ame of ~ta.tion. 

Altoona. 

Lewi~town. 

Economy. 

, Bethlehem. Lehigh College Observatory. 

Easton. 

Heaver, bank ln1il<lii;g, near Ben.Yer Bridge. 

Be1Yt::r, near the river. 

Bellefonte. 

Curwinsville. 

llushkill. 

Mercer. 

Wilkeobarre. 

Williarnspor!. 

\Villiarnsr•)rt, near old Aca,]emy building. 

\\'illiamsport, lid.I west of \Voodw:ml's hom;e. 

Herlin Tavern. 

Sharpsville. 

Milford. 

Silver Lake. 

Erie, near French and Seventh streets.· 

Eric, Pres<]Ue lslc Harbor. 

Eric, same p!acc a~ irP"1841, near school house. 

Erie, on Penin~ula, near hea.cou light. 

i Point Judith. 

Nt:wport. 
I 

Coaster's ( !Iarhor) !>land, near Newport. 

M cSparran, summit of hill. 

Sper1cer. 

Providence, north of Brown University. 

Do. 

Providence, steamboat landing. 

l',rovidence. 

· l'rovidence, near steamboat landing. 

; Providence, east of Brown l!ni\'ersity. 

no. 

Beacon pole. 

l'ENNSY J, V ANJA -- Continued. 

l.atitrnle \Vest longi-
tude Year. Month. 

rr. A 

Dip 

{/, 

0 

i Horizontal 
force 

IL 

40 30.6 1874 July 16. 72 21. 7 ' 4. 120 

4o 35· 5 
40 37 
40 _;7.5 

40 .p 

40 43, 

4° 43· 5 

40 55 

40 57· 5 
41 07 

41 13. 8 

41 14 

41 14 

41 '4· 0; 

41 15 

41 16 

41 17 

41 19 

41 56.6 

42 07.5 

42 09.8 

42 07. 5 

42 08.2 

77 35.5 

80 16 

75 ,8. 0 

75 15 

~ 18 

So 16 

77 49 

78 36 

75 00 

80 16 

75 58 
77 02 

77 02. 4 

77 OJ 

79 36 

8o 27 

74 51.5 

76 02 

So 06.3 
So 05.3 

8o 06.3 

80 05.3 

RI I< lll E ISLAND. 

41 21. 6 

41 29 

41 30.5 

41 ~9- 7 

41 40.7 

41 50. 3 

4 1 50. 3 

41 49 

1 41 50 

41 49 

41 50. 2 

41 50. 2 

41 50 

41 59. 7 

71 28. 9 i 
11 19 I 

71 19. 71 
71 27. 41 
11 29. 7 I 
71 24 

7 I 23. 9 

71 25 

71 25 

71 25 

71 23. 7 

71 23. 7 

71 24 I 
11 27. o I 

1840 

1840 

1874 

1841 

1839 

1874 

1841 

1841 

1841 

1841 

1841 

1841 

1862 

1874 

1841 

1841 

1841 

1859 

1862 

1873 

1885 

1844 

1844 

1834 

1835 

1839 
1841 

1842 

1855 

1885 

1884 

July. 

Aug. 

June 20. 

July. 

Oct. 

Aug. 1 I. 

July. 

Aug. 

Aug. 

Aug. 

July. 

July. 

Aug. 13. 

July 18, 20. 

Aug. 

Aug.6. 

Aug. 

Aug. 23. 

Aug. 

June 7. 

Aug. 6, 7. 

June 11,12. 

Sept. 6--14. 

Apr. 21, 22, 23. 

July 13-24. 

July, Aug., Sept. 

Aug. 

Sept. 

Sept. 28. 

Aug. 20. 

Apr. I I, IJ. q,. 

Jun@ 20. 

72 30.0 

72 35.0 

73 38.9 
72 39. 0 

72 40. 3 

72 31. 5 

72 42.3 

72 49.7 

7 3 31. 4 

72 57. 2 

73 10.0 

72 54.4 

72 51. 0 

72 47. 5 

72 52.S 
72 50.7 

73 47.6 

73 46.6 

73 56 
73 52.3 

73 46 

73 45· I 

73 03.4 

73 47.6 
75 07. I 

74 02.8 

73 59.6 

3· 984 
4.008 

3.839 
4. 121 

4.o69 

3. 999 
3.866 
4.000 

3· <}61 

3.983 
3.958 
4.003 

4.026 
4.002 

3· 769 
3.782 

3.792 
3.784 
3.761 
3.829 

3.788 

3.775 

3.770 

74 02. 81 
7400.0 3.715 

7415.913.590 

7 J IO. 5 l 3· 814 

73 16. 6 i 3· 7685 • 1 

Nov. 8-_19_. ____ 7_4_2_1._9~1 ____ \ 
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iritemities in the United States and adjacent region1J.-Co11ti1111.ed. 

PENNSYLVAKIA-Continued. 

i ,• I I 
I 

I Referred results. ' , 
, Total force .

1

. I ' 
Reference and remarks. I • ------~1----1 Observer. II 

1 F. lj 810&.o H1 .... o I F,,..,o 

I ii ---1--1 -- ---~ ------!---~-----------
:1 I I, I 
:,·1 71. 91 4. 162 1' 13. 40 . F. E. Hilgard and W. C. & G. S. Rpt., 1882, App. 14; l'\at. Acad. Ser. 

I Diehl. 

, C. S. Rpt., 1862, App. 19. 

I Do. 

:1 71. 98 4. 026 I 13. 01 I A. D. Bache. 

II 72. 06 ' 4. 050 13. 15 I D~. 
13.64 II 73.20: 3.881 i 13.43 i T.C. H1lgard. 

12· 13 4· 167

1

1 13. 58 i A. D. Bache. 

II { 
! E. Loomis. 

! C. & G. S. Rpt., 1881, App. 9. 

i C. S. Rpt., 1862, App. 19. 

j Sill. J., 1840 . 
. } 72. II 4.098 13. 34 [ . 
I 

1

. F. E. Hilgard and W. 

II 
\ Diehl. 

I 72. 18 4. 115 13. 45 1 A. D. Bache. 

I 12.31 , 4.045 

I 73. oo ! 3. 912 
I I 

I
' 72. 43 ' 4. 046 

13. 31 Do. 

13.38 Do. 

13.40 Do. 

13.44 Do. 

i C. & G. S. Rpt., 1882, App. 14; Nat. Acad. Ser. 

I c. s. Rpt., 1862, App. 19. 

Do. 

I 
Do. 

Do. .I 72. 65 I 4. 007 

'3·4' !}'·3' 4.037 

1

1

,1 Do. 

I Do. 

! C. & G. S. Rpt., 1881, App. 9. 

I

i C. & G. S. Rpt., 1882, App. 14; 

r ! Do. 
13. 281 i C. A. Schott. 

l f F. E. Hilgard and W. Nat. Acad. Ser. 

13.661 

13.34 

13. 697 

13.54 

13. 23 

13.72 

13.41 

13. 477 

13. 24 

13.21 

13. 151 

72. 36 

72.39 

i 73. 27 ; 

I I 

:1 

1}73~ 

72.85 

73.09 

72.92 

74.25 

73.19 

1 
73.49 

3.871 

3.785 

3.854 

3.768 

! Diehl. 

C. S. Rpt., 1862, App. 19. 13. 44 I A. D. Bache. 

13. 37 F. E. Hilgard 
Diehl. 

and W. ! C. & G. S. Rpt.. 1882, App. 14; Nat. Aca<l. Ser. 
i 

13. 25 I A. D. Bache. 

Do. 

l Do. 

1
1 W. P. Smith. 

13.41 

I 
C. A. Schott. 

AN. Lee. 

I c. S. Rpt., 1862, App. 19. 

I Do. 

I Do. 
I -
[ U.S. Lake Sur., Capt. G. G. Meade, 1859. 

J C. & G. S. Rpt., 1881, App. 9. • 

l U.S. Lake Sur., Gen. C.H. Comstock, 1873. 

RHODE ISLAND. 

I 
13.13 R. II. Fauntleroy. i C. & G. S. Rpt., 1881, App. 9. 

A. D. Bache and E. H. I Am. Phil. Soc, Phila., V?l. V, 1837; C. S. Rpt., 1861, 
Courtenay. , App. 22. H at Phila. = 4.195 used as umt. 

I (Schott.) 

13. 25 J. B. Baylor. MS. in U. S. C. & G. S. Office. 

A. D. Bache and T.J. Lee.\ C. & G. S. Rpt., 1881,App. 9. 

T. J. Lee. I Do. 
( A. D. Bache. Sill. J., 18 38, E. Loomis. 

I 
A. D. Bache and E. H. Am. Phil. Soc.,Phila., Vol. V, 1837; C. S.Rpt., 1861, 

Courtenay. App. 22. H at Phila. = 4.195 used a> unit. 
(Schott.) 

13. 03 j E. L-Oomis. Sill. J., 1840, & C. S. Rpt., 1861, App. 22. 

A. D.Bache. Phil. Trans. R. S., 1846. 

l 
J. H. t.efroy. Diary Mag. Sur. Canada, London, 1883. 

C. A. Schott. C. & G. S. Rpt., 1881, App. 9. 

J. B. Baylor. MS. in U.S. C. & G. S. Office. 

0. T. Sherman. Rpt. Board of Managers Yale College Obser'y, 
1884-'85. 

T. J. Lee. C. & G. S. Rpt., 1881, App. 9." 
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TABLE !.-Observed magnetic dips and lwrizontal and total magnetic 

SOUTH CAROLINA. 

Latitude West longi-
Name of station. tu de 

<p. A. 1---- -·-------

11 Graham, near bank of Scull Creek. 

I Port Royal, Saint Helena Island. 

1 Beaufort, corner Wilmington and Bay streets. 
I 

Do. 
I 
.

1 

East Base, Edisto Island. 

Charleston. 

! Breach Inlet, near Charleston. 

' Fort Marshall, near Breach Inlet. 

Breach Inlet, near Truesdale's house. 

I 
Allston, near Georgetown. 

Columbia, Capitol Square. 
: ____ _ 

0 

32 13.3 So 45.5 

32 17. 7 So 38.5 

32 26.0 So 40.5 

32 26.0 So 40.5 

32 33. 3 So 13. 5 

32 47 79 56 

32 46.3 79 4~·9 

32 46.4 79 48.8 

32 46.4 79 48.8 

33 21. 6 79 16.6 

34 00.0 81 02. I 

TENNESSEE. 

-------------

I Chattanooga, near Staunton House. 35 00 85 18 

Grand Junction, northwest of railroad depot. 35 05 89 13 

Memphis. 35 09 90 03 

Pulai;ki, grounds of Martin College. 35 13 87 03 

Tullahoma, rear of Episcopal church. 35 22 86 13 

Athens, East Tennessee and Wesleyan Uni- 35 27 84 37 
versity. I Col=hl·. "°""""' ·~=,.11.,.,; .... 35 37 87 04 

Jack.~on, court-house grounds. 35 39 88 51 

Murfreesboro', grounds of Union University. 35 53 . 86 25 

Knoxville. 35 58 I 83 55 
Knoxville, grounds Deaf and Dumb Asylum. 

' 35 57.3 83 56 
i 

Rutherford, on Main street, near Corley Hotel. I 36 09 89 01 

Nashville. i 36 IO 86 48 

Do. 36 09.7 86 47.6 

Edgefield, in front of Settle's estate. 36 15 86 46 

Caryville, near Wheeler's house. I' 36 19 84 14 

Rogersville. 

I 
36 25 83 03 

Bristol. 

I 
36 35.9 82 II 

Bristol, Jameson's lot. 36 35.8 82 II 

TEXAS. 

Mouth of Rio Grande. 25 57.4 9707.91 

Ringgold Barracks. 26 23 98 43 j 

I i 
i Dip Horiwntal [ 

Year. I Month. force 

I i I 0. H. 
I I I 
!_ - --'~~----- ______ \ 
; I I I 
I 1870 ! Mar., Apr. 

I 
63 28. I 5.663 

1859 f Jan. 28, 29, 30. f 64 07.5 

1874 I Apr. 16-25. j 5.6o3 I 
I ' 

5.586 1875 ! Apr. 9, IO, 12. I 

1850 , Apr. 5-1 I. I 64 04. I I 5. 623 
I 

1833 ! Jan. I 5.920 

1849 i Apr. 6-25. 64 31. 9 5.547 
! I 

1874 May 27, 28. 
I 

5.530 

188o Jan. 21, 22. .\ 64 13.7 5.530 

1853 i Dec. 24-27. 
i 

65 29.5 5.439 

1854 [ Feb. 24-Mar. I. 66 07. 7 5.296 
__ _! __________ ..:__~-----· ----- _!.__ ------

1881 July 28, 29. 66 09· 7 5.307 
1881 Sept. 9, IO. 66 00.4 5. 268 

1872 May 21. 65.37.5 5.296 

1881 Aug. 23, 24, 25. 66 o6.4 5.251 

1881 Aug. 3,5. 66 25.5 5.215 

1881 July 20, 21. 66 II. 7 5. 290 

1881 Aug. 17, 18. 67 07. 5 5. 140 

1881 Sept. 16, 17. 66 05.4 5.272 

1881 Aug. 10, 1 r. 66 53.3 5.175 

1833 Sept. 67 o6 

1873 Aug. II. 66 55. 3_ I 5.093 

1881 Sept. :w, 2 r. 67 13.8 5. 118 
I 

1833 Nov. 67 05 4.568 

1877 Dec. 5, 6, 7, 67 18.9 5. 110 

1871 Dec. I. 67 10.7 4. 478(?) 
1881 July 14, 15. 67 55.7 4-972 
1873 Aug.18. 68 26. 2 4.g82 

1873 Aug. 20. 68 11.0 4.900 
1881 July 9-13. 68 01.0 4.891 

1853 Nov. 52 23.6 ----
1853 ---- s2 27 ---· 
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in.t;ensities in. the United States and adjacent regions.-contimwd. 

SOUTH CAROLINA. 

----~------------------------------------·~------~-----------------

Total force 

F. 

12. 68 

12.86 

12. 90 

12. 72 

13. II 

13.09 

13. 13. 

12.96 

·12.g6 

13.04 

13. II 

13.22 

13.01 

13. 18 

13.22 

13.25 

13.23 

13.07 

Referred results. 
/ 

---~----1-1 ·----

1 

Observer. I 
tli..,o : H'"""" 1 F1..,.o 

: : I 

Reference and remarks. 

----,---:-·----:---------------! 
i i 0 

. } ----

66.04 

65.-88 

65.30 

65.99 

66.30 

66.o8 

67.00 

65.97 

66.77 

}66.65 

67. II 

}67.37 
I 

66.85 I 
67.8o I 

68.13 

}67.Sg 

II 53.0 

~ S3· I 

5. 678 I 12. 55 I C. 0. Boutelle. I C. & G. s. Rpt., 1881, App. 9· 
i i llo. i Do. 
I 

5.6o5 i 
I 

5.64 I 
I 

, ,,, I 
5.46 1

1 5.32 
I 

5.30 

5. 27 

S· 29 

5. 25 

5.21 

5.29 

5. 14 

5.27 

5.17 

5.09 

5. 12 

5. II 

4.97 

4.gS 

I 

Do . J Do. 
·--- { Do. I Do. 

12. 73 
1 

G. Davidson. / Do. 

____ J. N. Nicollet. j C. S. Rpt., 1864, App. 19. 

r 
12. 68 ~ 

C. 0. Boutelle, J. Hews- I C. & G. S. }{pt., 1881, App. 9. 
ton, and G. W. Dean. i 

C. 0. Boutelle and J. B. l Do. 
Boutelle. l J.B. Baylor. 

12. 97 C. 0. Boutelle. 

12. 95 i G. W. Dean. 

13.05 

12.90 

12. 66 

12. 90 

12. 96 

13.05 

TENNESSEE. 

I
' J.B. Baylor. 

llo. 

I T. C. Hilgard. 

I 
J. B. Baylor. 

Do. 

Do. 

I Do. 

12.94 Do. 

13. 11 Do. 

{ 
J. N. Nicollet. 

12.84 F. E. Hilgard and J.M. 
Poole. 

13. 17 I j. B. Baylor. 

{ 
J.N.Nicollet. 

13.28 

13. 16 

13.36 

A. Braid. 

T. C. Hilgard. 

I J.B. Baylor. 

F. E. Hilgard· and J.M. 
Poole. 

Do. 

J.B. Baylor. 

TEXAS. 

I W. H. Emory. 

I Do. 

I 

Do. 

Do 

Do. 

I 
C. & G: S. Rpt., 1881, App. 9. 

Do. 

f C. & G. S. Rpt., 1882, App. 14 (Nat. Acad. Ser.). 

C. & G. S. Rpt., 1881, App. 9. 

Do. 

Do. 

Do. 

Do. 

Do. 

C. S. Rpt., 1864, App. 19. 

C. & G. S. Rpt., 1882, App. 14 (Nat. Acad. Ser.). 

I c. & G. s. Rpt., 1881, App. 9· 

I 
C. S. Rpt., 1864, App. 19. 

~· & G. S. Rpt., 1881, App. 9. . 

C. & G. S. Rpt., 1882, App. 14 (Nat. Acad. Ser.). 

C. & G. S. Rpt., 1881, App. 9. 

C. & G. S. Rpt., 1882, App. 14 (Nat.Acad. Ser.). 

Do. 

C. & G. S. Rpt., 1881, App. 9. 

I 

I
! C. & G. S. Rpt., 1881, App. 9. 

U. S. & Mex. Bound. Sur.; Am. Acad. 
I VI, 1856. 

---1 
of Sc., Vol. I 
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TABLE I.-Ob11erred magnetic dips and horizontal and total magnetic 

TEXAS-Continued. 

-Name of station. 
Latitude i West longi- I Dip I Horizontal I 

force 
H. i <p. j t~-e Year. Month. I O. 

-- --- i--0 -~-1-0 -, --;----------1-0 -, -
: I I I 

I 
I 

I Fort Mcintosh. 

Lavaca. 

Fort Duucan. 

Jupiter. 

East Base, Galveston Island. 

San Antonio. 

Dollar Point. 

Do. 

Do. 

Everett's house, mouth of Sabine. 

Austin. 

Mouth of cafion. 

San Elceario. 

I Frontera. 

/ Longview, north of depot. 

21 35 i 99 45 1852 I 54 07 

2S 37. 6 I 96 37. 3 1868 Apr. 21-24. 57 11. 2 6. 574 

28 42 I 100 30 1852 55 31 

28 54. 8 l 95 20. 6 1853 May 10-17. 57 11.4 i 6. 596 

29 12. 9 

29 25. 4 

29 26. 0 i 
I 

29 26. 0 i 
29 25.9 

29 43. 9 I 
30 16. 4 i 
31 02 [ 

JI 35 I 
31 49 ' 

32 29 I 
32 45. 3 I 

94 55- 8 1853 Mar. 17-25. 57 42. I I 6. 524 

98 29. 3 1878 June 10-13. 57 34. 6 j 6. 429 

94 53. 4 1848 Apr. 25-May 8. 57 53· 3 i 6. 541 

94 53. 4 1868 Feb. 24-26. 58 04. l I 6. 443 

94 53. 4 1878 May 30-June 4. 58 21. 5 . 6. 373 

93 51. 5 1840 Feb. 58 32. 9 I 
97 44- 2 1878 June 21-25. 58 56. 7 i 6. 2li9 

ro5 37 1852 57 38 I 
1o6 16 

106 33 

94 34 

97 19. 9 

1852 

1852 

1872 

1878 

Apr. 15. 

July 4-9. 

58 57 I 
59 05 1 

.61 57· 61 5· 790 
61 53· l 5· 921 

I 
Fort Worth. 

-------------------------~----- --

Deseret, railroad station. 

Sci~o. 

Sulphur. 

Nephi. 

Do. 

Simpson's Spring. 

Camp Floyd. 

Provo City. 

Do. 

Salt Lake City, Temple Square. 

Salt Lake City, east of ptesident's house. 

Salt Lake City, Fourth Temple street, south, j 
near Second, east. i 

I 
Sall Lake City, Temple Block. 

Do. 

Do. 

Ogden, observatory. 

Corinne, western part of town. 

Kelton, western part of town. 

UTAH TERRITORY. 

39 17. 6 ' 

39 23. 5 
39 41 

39 42. 4 ; 

39 42. 4 ! 
40 02 

40 13 

40 14.8 

40 14:8 

40 46. 0 

40 46, I 

40 46. 0 

41 13. l 

41 33. 2 

41 45.4 

--------1 ---- -

112 37. 7 1884 I Sept. 24, 25, 26. 

112 12.4 1884 Sept. 1,2,3. 

113 46 1859 

III 51.0 1883 I~~:. 7,8,9. 

::: !;.o :::: I J~~-31;Aug.1,2 
112 08 1859 ! 
II I 40. 0 1883 Nov. II, 12, 13. 

i Oct. I, 2. ·-I II 40. 0 

Ill 53.8 

I II 53- 7 

I II 53· 8 

111 53· 8 

I II 53· 8 

I II 53· 8 

Ill 59· 9 

II2 o6. O 

II3 07. 5 

I May 6-19. 

I 
Aug. 14, 15. 

1881 May 12, 13, 14. 

1883 Nov. 15, 16, 17. 

1884 Oct. 22, 23, 24. 

1878 Aug. 24. 

1881 May 5, 6, 7. 

1881. May 3, 4. 

I 
65 34· 81' 
65 38.8 

65 07 I 
66 26. 2 I 
66 04.6 

66 54 

66 29 

66 41. 0 

66 36.4 

66 58.2 

67 02. I 

67 OI. 2 

67 05.2 

67 24. 5 
67 47. 8 

67 49·7 

5. 217 

5. 178 

5. 104 

5. 074 

5.oo6 

4.9728 

4-9770 

4·9440 
4- 863 

i 
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intensities in the United States ~ adjacent regi<>ns.-Contin1Ud. 

TEXAS-Continued. 

Total force Referred results. 

Observer. Reference and remarks. 
F. 

811185.0 H1-o F._o 
! 

! 
0 

---- 54.8 ---- ---- W.H.Emory. U. S. & Mex. Bound. Sur. ; Am. Acad. of Sc., Vol. 
VI, 1856. 

12.13 57.5 6. 50 12. JO E. Goodfellow. C. & G. S. Rpt., 1881, App. 9. 

---- 56. 2 --- - ---- W.H.Emory. U. S. & Mex. Bound. Sur.; Am. Acad. of Sc., Vol. ! 
VI, 1856. I 

12. 18 57.8 ---- I ---- G. W.Dean. C. & G. S. Rpt., 1881, App. 9. 

12.21 58.3 6.45 12.28 Do. Do. 

11.99 58.0 6.40 12.o8 J.B. Baylor. Do. 

12.30 

} 58.47 

{ 

1 

R. H. Fauntleroy. Do. 

12. 18 6.35 12. 14 E. Goodfellow. Do. 

12. 15 J.B. Baylor. Do. 

--- . 58. 6 -- -- ---- J. D. Graham. Sill. J., Vol. IV, 1847. Also Am. Alm., 1881. 

12. IS 59.0 6.24 12. 12 J.B. Baylor. C. & G. S. Rpt., 1881, App. 9. 

II. 28 ---- 5."90 ---- W.H.Emory. U. S. & Mex. Bound. Sur.; Am. Acad. of Sc., Vol. 
VI, 1856. ' 

---- 58.9 ---- ·--- Do. Do. 

---- 59.0 ---- ---- Do. Do. 

-- -- 61. 9 5. 74 12. 19 T. C. Hilgard. C. & G. S. Rpt., 1882, App. 14, Nat. Acad. Ser. 

12.56 61. 8 5.90 12.49 J.B. Baylor. C. & G. S. Rpt., 1881, App. 9. 

UTAH TERRITORY. 

I 

12.62 65.55 5.217 I2.6o W. Eimbeckand G. F. Bird I MS. in C. & G. S. Office. 

12. 56 65.62 5.178 12. 54 Do. Do. . 
---- ---- -- -- ---- J. H. Simpson. Mag. Var. by J.B. Stone, New York, 1878. 

12.77 ) 
12. 64 { 

W.EimbeckandG.F. Bird MS. in C. & G. S. Office. ;66. 20 5. 100 
Do. Do. ----

---- ---- ---- ---- J. H. Simpson. Mag. Var. by J.B. Stone, New York, 1878. 

---- ---- ---- ---- Do. Do. 

12. 82 
}66. 6o 12. 77 { 

W.EimbeckandG.F.Bird 1 MS. in C. & G. S. Office. 
5.070 

Do. I Do. ----
12. 8g I G. W. Dean and F. H. Ag- C. & G. S. Rpt., 1881, App. 9. 

I new. 

12.832 T. E. Thorpe. Proc. R. S;, No. 200, 188o. 

12. 81 
12. 75 J 

J. B. Baylor. C. & G. S. Rpt., 1881, App. 9. 
67.05 4.972 

12.83 

l 
w. Eimbeck and R. A. Do. 

Marr. 

12.737 J· 
W.Eimbeckand.G.F.Bird . MS. in C. & G. S. Office. 

12. 783 Do. Do. 

12.870 67.40 4-921 12.81 T. E. Thorpe. Proc. R. S., No. 200, 188o. 
-

12.87 67. 79 4. 851 12.83 W. Eimbeck and R. A. C. & G. S. Rpt., 1881, App. 9. 
Marr. 

1.2. 89 67.82 +SSJ 12.86 Do. Do. 

H. Ex. 18--28 
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TA:BLE !.-Observed magnetic dips and horizontal and total magnetic 

1--

1 Name of stati 

1 
Bellows Falls. 

I Rutland, near bank and near 

I Rutland. 

j Do. 

i White River Junction. 

i 

I 
Wells River. 

Montpelier. 

i Burlington. 

on. 

post-office. 

I Burlington, flag-staff on camp 
I 

ground. 

i Burlington, near college. -

agog. 
I 

Canaan Corner.· 

Lake Memphremagog. 

j Derby, near Lake Memphrem 

I 

I 
\ Knott Island, north end. 

I Danville, Clayburn's Hill. 

I 

I 
I 

I 
I 
! 

I 
I 
I 

I Mori~. gm••"• of Morioo Coll"'. I 
Norfolk, north and west of City Hall, on 

I Smith's Creek. 

I Norfolk, south and east of City Hall, open lot, I 
1 Main and V.' ater streets. ! 
! (',osport, navy-yard, opposite Norfolk. 

i 
! 

I I 
I I 
i Mount Airy. I 

I l Wytheville, southeast of Boyd's Hotel. I 

1 

Cape Henry light-house. 

Do. I Old P,;ort Comfort ligh>-lw"• 
Cape Charles. 

Christiansburg, rear of Baptist church. I 
I Burkeville. 

i Petersburg, near geodetic station, Roslyn. 

I i Williamsburg, grounds of William and Mary 
I College. · 

Scott, close to the bay. 

Wolftrap. · 

\ Lynchburg, top of bluff opposite freight station. 

VERMONT. 

Latitude l w i . I : est ongi- ' 
I tu de 

tp. j\, 

0 I 0 I 

43 09 72 28 

43 36 72 55 
43 36.5 72 55.5 
43 36.5 72 55· 5 I 

43 41 72 16 

44 09 72 05 

44 17 72 36 
44 28 73 12 

44 29-3 73 13.41 
44 28.5 73 12.0 

45 00 71 31 I 
45 00 72 13 I 
45 00 72 12 

I 
VIRGINIA. 

I 
15 55. 3 I 36 33- 9 I 

36 36.6 79 20 

36 48 81 31 

36 51. 4 76 17.5 I 
36 50.5 76 17. I 

' 

36 49 76 17 

36 51.5 79 o6 

36 55 81 05 

36 55.6 76 00.4 

36 55.6 76 00.4 
37 00.0 76 18.4 

37 07. 3 75 58. 2 

37 II. 3 So 18 

37 13. 2 78 12 

37 14.4 77 23.9 

37 16. 3 76 42.7 

37 20. 5 75 5+ I 
37 24.0 76 14.7 

37 24. 7 79 o8.7 

I Dip Horizontal 
Year. Month. force 

fl. H. 

0 I 

1876 July 31; Aug. I. 74 29.7 3.633 

1859 July 21. 75 19.8 3.464 

1873 Oct. 16-18. 75 05. I 3·492 

1879 Oct. 14-15. I 74 49.5 3.55o I 
1876 Aug. 3-5. 75 07. 8 3.489 

1876 Aug. 8. 75 31. 0 3.438 

"l845 June 25. 75 16.2 3.429 

1845 I June 26. 75 37. 0 3.393 

1855 Aug. 28. 75 56. 8 3· 425 

1873 I Oct. 13-15. 75 24. 2 3.427 

1845 i 76 23.5 ----
1845 I ~:g~ 12. 

76 08.4 -·---
1876 75 51. 0 3.318 

I 

I 

1873 Apr. 21, 22, 23. 68 52. 5 4.76o 

1873 July 26. 68 54- 8 4.727 

1881 June 30; July 2. 68 25.7 4.846 

1856 I Sept. 9. 69 29.7 4.656 

1856 I Sept. 10. 69 28.2 4.667 

1865 Oct. 29. I 69 38 
! 

4.713 
I 

1873 Aug. 21. 6854.7\ 4.793 

18fs1 June 24, 25. 68 43.6 4.78o 

1856 Sept. II. 69 39.0 4.623 

1874 Nov. 26, 27, 28. 69 19.0' 4.629 

1856 Sept. 8. 69 31. 6 i 4.659 
1856 Sept. 7. 69 43.3 4.622 

1873 Aug. 23. 69 OI. I 4.717 

1873 July 23. 69 20.4 4.6og 

1852 Aug. 6-13. 69 17. 3 4.640 

1874 Dec. 4, IO. 69 27.6 + 631 

1856 Sept. 6. 70 OI. 5 4· 571 
1871 May 13-20. 69 .¢.8 +610 

1873 July 20. 69 45.3 4.646 
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intensities in. the United Bmtes and adjacent regions.-Oollti11~. 

VERMONT. 

Referred results. 
Total force II 

F. li'-6-, ... -.o-:-. H-,-... -_-c_l_F-,-... ---.-
--!i--·---1 ;,_ -~ 

11 73· 87 ! 3· 665 [ 13: 20 I[ F. E. Hilgard. 

~ I 
13. 68 1:} I {, C. A. Schott. 

1

13

3

.-

5

5
6
7 ! .. I 74- 34 , 3· 564 

11
1 13, 20 ! T. C. Hilgard. 

i J. R. Baylor. 
" I I 

1

1
1 74. 49 3. 521 I 13. 17 \ F. E. Hilgard. 

,: 74· 88 I 3· 470 I 13. 30 i Do. 

74· 40 • 3· 495 13. oo j J. L<!tke. 

} 

1 
I {; bo. 

14. IO ! 74· 78 3· 497 I 13. 32 i C. A. Schott. 

13. 6o r I I T. c. Ililgard. 

' 75. 52 I ) J. D. Graham. 

75. 27 I ) Do. 

1 
75. 21 

1 
3. 350 I 13. 12 \ F. E. Hilgard. 

Observer. Reference and remarks. 

\ 

C. & G. S. Rpt., 1882, App. 14, Nat. Acad. Ser. [Cor- 1 

rected-Sch.) 

C. & G. S. Rpt., 1881, App. 9. 

Do. 
I 

D~ i 
C. & G. S. Rpt., 1882, App. 14, Nat. Acad. Ser. [Cor. : 

rected-Sch.) j 
Do. 

Smithsonian Cont's to Know., Vol. III, 1852. 

Do. 

C. & G. S. Rpt., 1881, App. 9. 

Do. 

Sill. J., Vol. IV, 1847. i 

Do. I 
C. & G. S. Rpt., 1882, App. 14, Nat. Acad. Ser. [Cor- \ 

rected-Sch.J i 
I i ----------'---·--------------- ----1 

VIRGINIA. 

I 
I 

A. T. Mosman. I c. &G. s. Rpt., 1881,App.9. 13. 21 68.40 4.8o6 13.o6 

---- I 68.44 4.773 12.99 F. E. Hilgard and J. M. C. & G. S. Rpt., 1882, App. 14, Nat. Acad. Ser. 
Poole. 

13. 18 68.24 4.859 13. II J. B. Baylor. C. & G. S. Rpt., 1881, App. 9. 

13.29 

}~~ ",,{ 
C. A. Schott. Do. 

13. 31 4.76o 
Do. Do. 

13.542 W. Harkness. Smithsonian Cont. to Know., No. 239, Wash., 1873. 
l Cruise of the Monadnock. 

__ .... _ 
68.44 4.839 13. 17 F. E. Hilgard and J. M. 

Poole. 
C. & G. S. Rpt., 1882, App. 14, Nat. Acad. Ser. 

t3.17 68.50 4.793 13. o8 J. B. Baylor. C. & G. S. Rpt., 1881, App. 9. 

13.29 
}68. 96 13. o6 { 

C. A. Schott. Do. 

lJ. 11 
4· 6<)o T. C. Hilgard. Do. 

lJ. 32 68.93 4.744 13. 19 C. A. Schott. Do. 

13. 34 6g. 12 4.707 13. 20 Do. Do. 

---- 68.55 4.763 13.02 F. E. Hilgard and J.M. 
Poole. 

C. & G. S. Rpt-. 1882, App. 14, Nat. Acad. Ser. 

---- 68.87 4.655 12.91 Do. Do. 

IJ.12 68.73 4.721 13.01 G. W. Dean and A. D. C. & G. S. Rpt., 1881, App. 9. 
Bache. 

13.20 6g. o:i 4.671 13.05 J.B. Baylor. C. & G. S. Rpt., 1881, App. 9. 

13.38 6g.42 4.656 13.:.15 C. A. Schott. Do. 

13. 34 6g. 27 4.665 13. IS A. T. Mosman. Do. 
.,. ___ 6g.29 +692 13.27 F. E. Hilgard and J. M. C. & G. S. Rpt .• 1882, App. 14, Nat. Acad. Ser. 

\ 
Poole. 
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T.A.BLE !.-Observed magnetic dips ana horizontal ana total magnetic 

VIRGINIA-Continued. 

I 
Latitude I West longi- I 

I 
Dip Horizontal I 

Name of station. tude Year. Month. force I 
<p. I A. 

1-
9. H . .. 

I I 
I 

0 0 I 
I 0 I 

Richmond, Mayo's Island. 37 31. 7 I 77 26. 0 1856 Sept. 19. I 69 47•7 I 4.6o9 
Natural Bridge, in grove front of hotel. 37 35 I 79 22 1873 Aug. 26. I 69 42.9 4.6o2 

I 

I Joynes, edge of salt water marsh. 37 41. 7 75 36.9 1856 Sept. 4. 70 21. 2 4.488 

Tangier. 37 47. 9 75 59.3 1871 June 16-21. 70 1 I. 6 4. 542 
Covington, garden of McCurdy House. 37 48 79 59.5 1873 Aug. 28. 69 47.3 4. 584 

Covington, rear of Mccurdy House. 37 48 79 59.5 1881 June 15, 16. 69 33· 5 4· 615 
Snead, yard of Snead's house. 37 58.3 75 26.2 1856 Sept. 2. 70 31. 0 4.448 

Charlottesville. 38 02 78 30 1834 ---- 71 09 -- --
Do. 38 01. 0 78 31 1873 July 16. 70 20.0 4.428 

Staunton, on hill. 38 o8.9 79 04 1873 Sept. 1. 69 54· I 4.489 
Fredericksburg, Brown's Island. 38 18. 2 77 27. 4 1856 Sept. 17. 70 37.9 4.449 
Clark Mountain. 38 18.6 78 00.2 1871 Aug. 29; Sept. I. 71 40. 2 (?) 4. 390 

Harrisonburg. 38 25 78 52 1873 Sept. 2. 70 28. 91 4.437 
I 

Culpeper. 38 28.5 78 ()() 1873 July 14. 70 42.0 4.492 
Mount Vernon. 38 42.5 77 05. 3 1844 A:pr. 11. 70 55.5 4.401 

Bull Run. 38 52.8 77 42.3 1871 Oct. 18; Nov. 6. 71 18.9 4.334 
Peach Grove. 38 55. 2 77 13.8 1869 Oct. Nov. 71 05. 0 4.346 

Strasburg, opposite Kelley's house. 38 59.5 78 21.61 1873 July 12. 70 56. 2 4.375 

WASHINGTON TERRITORY. I Fort Vancouver. 
I 

---- ----

45 37. s I 122 39.5 1830 : Nov. 69 39.7 4.442 

i Fort Vancouver, room and garden. 45 37.5 122 39.5 1839 ---- 69 22.2 4.475 
I 

May 3. I Fort Vancouver. 45 37.5 122 39.5 186o 69 17. 4 4.618o 

I Vancouver. 
I 

45 37.5 122 39.5 1881 Oct. 26,27. ---- 4.547 
I Lower Cascades, Rapids of Columbia River. 45 40 121 50 1830 ---- 69 27 4.442 

Lower Cascades. 45 39 122 00 1881 Oct. 22, 23. ---- 4.496 
Dalles, eight-mile camp north side of Columbia 45 40 120 49 186o June 1. 70 04.5 ----

River. 

Walla-Walla, town. 46 03.9 118 20. s 1881 Sept. 25, 26. 70 46.5 4.349 
Walla-Walla River, near Old Fort. 46 03 118 50 1830 July. 70 14 4-349 
Wallula, near old Fort Walla-Walla. 46 07 118 55 1881 Sept.29,30; Oct.I 70 24-9 4-391 

Dry Creek. 46 OC) 118 18 1861 ---- 70 49 4-290 
Ainsworth, southwest of southern house of 46 14 119 03 1881 Aug. 22, 23. 70 37.8 +332 

town. 

Cape Disappointment. 46 16.5 124 02 1830 Sept. and Dec. 6g 30.3 4.436 

Cape Disappointment, Baker's Bay, landing 
place. 

46 17 124 03 1839 ---- 6g a6.9 +394 

Cape Disappointment, on beach. 46 16.7 124 02. 8 1873 Oct. 22-JO. 6g 13.7 4-537 
Do. 4'> 16. 7 124 02. 8 1881 Oct. 13-15. 6g 17.7 +"8:k 
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i'"tenritie& in tM Unit«l. States and adjacen.t regions.-eo.unua. 
VIRGINIA-Continued. 

I i ' Referred results. I 

Total force I I 

Observer. Reference and remarks. 
F. ! 

81-• H1886·0 F1w·o I i 
1------ ------

I c. & G. s. Rpt., 1881, App. 9· 
1: 

0 

13.34 1! 69.20 4· 694 I 13. 22 C. A. Schott. 

---- 1j 69.24 4• 648 I IJ. II F. E. Hilgard and J.M. I C. & G. S. Rpt., 1882, App. 14, Nat. Acad. Ser. 

11 
Poole. 

13.35 
II 

69.75 4.573 .13. 21 C. A. Schott. C. & G. S. Rpt., 1881, App. 9. 

13.40 69.68 4· 596 13. 23 A. T. Mosman. Do. 

-- --

ll"" 13. 12 { 
F. E. Hilgard and J.M. C. & G. S. Rpt., 1882, App. 14, Nat. Acad. Ser. 

4.629 Poole. 

13. 21 J.B. Baylor. C. & G. S. Rpt., 1881, App. 9. 

13.34 ~~~21 4· 533 13. 21 C. A. Schott. Do. 

---- ---- ---- Patterson, ' Sill. J., I 8 38. E. Loomis. 

---- 69.86 4.474 12. 99 F. E. Hilgard and J.M. C. & G. S. Rpt., 1882, App. 14, Nat. Acad. Ser. 
I Poole. 

---- 69.43 4.535 12.91 Do. Do. 

13.42 70.03 4. 534 13.27 C. A. Schott. C. & G. S. Rpt., 1881, App. 9. 

13.96 ---- 4.444 ---- C. 0. Boutelle. Do. 

---- 70.01 4.482 IJ. II F. E. Hilgard and J.M. C. & G. S. Rpt., 1882-App. 14, Nat. Acad. Ser. 

I Poole. 

---- 70.23 4.537 13.42 Do. Do. 

13.47 70.41 4.459 r3.30 J.Locke. Am. Phil. Soc., r846, Art. XI, Dr. J. Locke's 
of 1844. 

paper 

13.53 70.81 4.388 13·35 C. 0. Boutelle. C. & G. S. Rpt., 1881, App. 9. 

13.41 70.54 4.407 13.23 Do. Do. 
I 

---- 70.47 4.421 13.23 F. E. Hilgard and J.M. C. & G. S. Rpt., 1882, App. 14. Nat. Acad. Ser. 
Poole. 

WASHINGTON TERRITORY. 

12. 78 

I 
D. Douglas. Rpt. Brit. Assa'., Vol. VI, London, 1838, and C. s. I 

}", "-~! 
Rpt., 1861, App. 22. 

l2.6o E. Belcher. Phil. Trans. R. S., 1841 & 1843. 

13.052 
4.49 

R. W. Haig. Phil. Tran. R. S., 1864, Bound. Com, Capt. R. W. 
Haig, R. A. IJ, H & F obs'd. 

---- J. S. Lawson. C. & G. S. Rpt., 188r, App. 9. 

12.66 ---- 4.44 ---- D. Douglas. Rpt. Brit. Asso., Vol. VI, London, 1838. 

---- ---- 4488 ---- J. S. Lawson. C. & G. S. Rpt., 1881, App. 9. 

13.003 70.1 4.37 12.84 .R. W.Haig. B. S. Phil. Trans. R. S., 1864. 

13. 21 70.7 4.341 13.13 J. S. Lawson. C. & G. S. Rpt., 1881, App. 9. 

12.87 ---- .., ___ ---- - D. Douglas. Rpt. Brit. Assa., Vol. VI., London, 1838. 

13. 10 70.4 4383 13.07 J. S.Lawson. C. & G. S. Rpt., 1881, App. 9. 

---- 70.8 4.23 12.86 J. S. Harris. U. $. N. W. Bound. Com.; MS. iu C. & G. S. Office. 

13.o6 . 70.6 4.328 13.03 J. S. Lawson. C. & G. S. Rpt., 1881, App. 9. 

12.67 

}~· "~{ 
D. Douglas. Rpt. Brit. Asso., Vol. VI, London, 1838, and C. S. 

Rpt., 1861, App. 22. 

12.52 E. Belcher. Do. 
4-490 

12.79 W.Eimbeck. C. & G. S. Rpt., 1881, App. 9. 

11.68 H. E. Nichols. Do. 
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TABLE I.-Obseroed magnetic dips and horizontal and total magnetic 

WASHINGTON TERRITORY-Continued. 

Name of station. 
I Latitude 1

1 

West longi- II 

tude Year 
<P- A. 

Pomeroy, northeast corner Main and Second 
streets. 

Tukannon River. 

·de of coulee. Sixty Mile Well, on ridge, west s1 

Cow Creek. 

Olympia, on block between Union a 
and Columbus and Main streets 

Nisqually. 

Lugenbeel's Creek. 

nd Eleventh j 

Sprague, west of railroad track. 

Seattle, edge of bluff, bank of Du wamish Bay. 

Seattle. 

Spokane Falls, on Wolverton's pl 

Peon's Prairie. 

Spokane Ferry. 

Chemikane. 

Port Discovery. 

Okinakane (Oakanagan). 

Port Townsend. 

Scarborough Harbor. 

Nee-ah Bay, near Waddah Island 

Nee-ah Bay. 

Col ville Depot. 

ace. 

Fort Colville, old B. B. C. Barrack s. 

Birch Bay. 

Point Roberts. 

Semi-ah-moo Spit. 

Skagit. 

Camp Osogoos. 

Alderson, southwest part of town. 

Charleston, on road leading to ferry. 

Parkersburg, foot of Court street, on bluff. 

Cla.rksburg, near academy. 

Martinsburg, grounds of Randolph's house. 

Wheeling. 

Do. 

Do. 

Wheeling, south end of Zane's Island. 

I 
I 0 I 

I 
0. I 

46 31 I 117 40 1881 

46 32 I I 18 00 1861 

46 49 118 50 1881 

46 53 118 IO 1861 

47 02.3 122 54.0 1881 

47 07 122 38 1859 

47 09 I 18 o6 1861 

47 19 118 IO 1881 

47 35.9 122 20.0 1871 

47 35·9 122 20.0 1881 

47 43 117 23 1881 

47 44 117 14 1861 

47 49 117 49 1861 

48 00 II7 45 1861 

48 02 122 50 1792 

48 05 119 27 18.33 

48 07.0 122 45. 0 1881 

48 21. 8 124 38.0 1852 

48 22 124 36.8 1855 

48 21. 8 124 38.0 1881 

48 34 117 52 1861 

48 40 II8 05 1861 

48 53 122 45 1792 

48 59 123 01 1858 

48 59·4 122 46.2 1858 

49 00 121 03 186o 

49 00 119 24 1861 

WEST VIRGINIA. 

37 45 So 40 1881 

38 21.0 81 38. I 1881 

39 16.0 81 34 1881 

39 16.9 8o 20.4 188o 

39 26.7 77 57 1873 

40 05 8o 43 1!4<> 

40 05. 8o 44 1844 

40 05 So 44 1845 

40 03.3 8o 44 t8SI 

Month 

Sept. 20. 

----
Aug. 25. 

----
Nov. 4. 

Jan. 31. 
I 

I 
----
Aug. 27, 28. I 

I Sept.21; Oct.4,5.I 

Nov. 10, II. 

Aug. 30. 

----
----
May 19. 

May. 

April. 

Nov. 17, 18. 

Sept. 7, 8. 

Aug. 13-22. 

Oct. 10, u. 

----
Mar.26; Apr.23. 

June. 

Ma.Ch. 

----
----
----

June 1 I, 13. 

June 6,7. 

May 30,31. 

Dec. IO, II. 

July JO, 

Aug. 

Mai. 24. 

Apr. JO· 

May 25, 26. 

Dip 

6. 

0 I I 
70 20, 2 ' 

70 23 

70 44. 8 

71 57 

----
70 40.0 

71 20 

71 05.8 

71 o8.9 

----
72 13.3 

72 07 

71 53 

72 04.2 

74 30 

71 45 

----
----

71 07.0 

71 04.4 

72 31 

72 41.9 

73 13 

71 42.6 

72 15 

72 39 

72 35 

69 25.9 

69 57. 2 

70 58.6 
70 44.8 

Horizontal 
force 
H. 

-

4.4o6 

4.382 

4.321 

4.302 

4.283 

----
4.230 

4.299 

4.252 

4.217 

4. 170 

4.100 

4. 133 

-~ ..,_ 

----
4.033 

4. 144 

4. 170 

+.276 

4. 144 

3.976 

3.9923 

---· 

4.112 

----
3.933 

----

'!-.679 

4.577 

4.402 

4-413 

71 25. I • 4. 231 

72 o8.9 4.053 

72 19.3 4.164 

72 13. 7 4.176 

71 54. s 4.208 

I 
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intenritie8 in the United States and adjacent regiom.-Continued. 

Total force 

F. 

13.09 

----
13. 10 

----
----

13. II6 

----
13.27 

13. 16 

----
13.66 

----
----

13.343 

----

12. 88 

----
----

13. 21 

12.78 

----

13.397 

----

----
----
----
----

13.32 

13·35 
13.50 

13.38 

----

----
13.72 

.... -... 

13.55 

WASHINGTON TERRITORY-Continued. 

Referred results. I I 

~1 H1886.o 

0 

70.3 4.3g8 

70.4 4. 32 

70. 7 4.313 

(71. 9) 4. 24 

---- 4.275 

70. 7 4. 28 

71. 3 4· 17 

71. 0 4.291 

} 71. I 4· 210 

72.2 4.162 

72. I 4.04 

71. 9 4o8 

72. I 4.05 

--- -- --

---- 4.03 

---- 4. 136 

l 
I 
~ 71. 07 
I I 

4. 147 

J 
72.5 3.92 

72.7 3.93 

---- ----

71. 7 4.05 

I 72.2 ----
I 

i 72.6 3.88 

I 72.6 ----
I 

69.24 4.6921 
69.76 4.590 

70.79 4.415 I 
70.54 4.428 

70.95 4.277 

I l 
rf.71 

4.227 

I 
Observer. I 

F1B85.o 
I 

I J S.U.wro• 13.05 

i 
12.88 i J. S. Harris. 

13.05 i J. S. Lawson. 

( 13. 65) I J. S. Harris. 
I ---- I J. S. Lawson. 

12.95 R. W.Haig. 

13.01 J. S. Harris. 

13. 18 J. S. Lawson. 

{. S. R. Throckmorton. 
13.00 ! 

i J. S. Lawson. 

13.61 Do. 

13. 14 J. S. Harris. 

13. 13 Do. 

13. 18 R. W. Haig. 

---- G. Vancouver. 

---- D. Douglas. 

·--- J. S. Lawson. 

r G. Davidson and J. Rock-
I well. 

12. 781 W. P. Trowbridge. 

H. E. Nichols. 

13.04 J. S. Harri~. 

lJ. 22 R.W.Haig. 

---- G. Vancouver. 

12. 90 J. S. Harris. 

---- Richards. 

12.98 J. S. Harris. 

---- Do. 

I Reference and remarks. 
I 

! 

I c. & G. s. Rpt., 1881, App. 9. 

I U. S. N. W. Bound. Com.; MS. in C. & G. S. Office. 

I c. & G. s. Rpt., 1881, App. 9· 

i U.S.N. W.Bound.Com.; MS.inC.&G.S. Office. 

i C. & G. S. Rpt., 1881, App. 9. 

I B. S. Phil. Trans. R. S., 1864. 

J U.S. K. W. Bound. Com.; MS. in C. :>. Offic e. 

I 

I c. & G. s. Rpt., 1881, App. 9. 

Do. 

Do. 

Do. 

U.S. N. W. Bound. Com.; MS. in C. & G. S. Office. 

Do. 

B. S. Phil. Trans. R. S., 1864. 

A voyage of discovery, by G. Vancouver, 3 vols., 
London, 1798. 

Rpt. Brit. Assa., Vol. VI, London, 1'838. 

C. & G. S. Rpt., 1881, App. 9. 

Do. 

Do. 

Do. 

U.S. N. W. Bound. Com.; MS. in C. & G. S. 0 !lice. 

B. S. Phil. Trans. R. S., 1864. (}, H & Fobs' d. 

A voyage of discovery by G. Vancouver, 
London, 1798. 

U.S. N. W. Bound. Com.; MS. in C. & G. S. 

Phil. Trans. R. S., 1872, Sir E. Sabine, Cont. 

U.S. N. W. Bound. Com.; MS. in C. & G. S. 

Do. 

3 vols., 

Office. 

XIII. 

Office. 

WEST VIRGINIA. 

13. 24 J.B. Baylor. C. & G. S. Rpt., 1881, App. 9. 

13. 27 Do. Do. 

13.40 Do. Do. 

13. 29 Do. I Do. 
I 

13. II F. E. Hilgard and J. M. C. & G. S. Rpt., 1382, App. 14, Nat. Acad. Ser. 
Poole. 

.,. "1 
A.D.Bache. C. S. Rpt., 1862, App. 19. 

J. Locke. Am. Phil.Soc., 1846, Art. XI, Dr.J. Locke's paper of 
1844. -

Do. Phil. Trans. R. S., 1846 and Smithsonian Cont's to 
Know., Vol. III, 1852 . 

J.B. Baylor. • C. & G. S. Rpt., 1881, App. 9. 

I 
I 
! 

I 
I 
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TABLE !.-Observed magnetic dips and ~ootal and total magMtic 

WISCONSIN. 
----------

I 

I 
Latitude West longi-· Dip Horizontal 

Name of station. tu de Year. Month. force 
'I'· ;\.. I I). H. 

I ! 
I -------, I 

I 
0 , 0 , 

I 
0 , 

Platteville, south of village. 42 43 90 14 1841 Sept. 73 17. 4- ----
Miner.il Point. 42 5° 89 54 1839 Nov.5. I 73 20.6 3.953 i 

I 

Mineral Point, west of Franklin House. 42 50 89 54 1841 Sept. 
I 

73 23.2 -·~--

Hickok's, IO miles from Blue Mounds. 42 58 9000 1841 Sept. 
I 

73 39.5 I ----
Blue Mounds. 43 01.5 89 51 1839 Oct.29. 

I 73 41 3.887 

Blue Mounds, near E. Brigham's. 43 01. 5 89 51 1841 Sept. 
i 73 34· 9 I ----

Campbell's, 10 miles from Blue Mounds. 43 01 89 40 1841 Sept. 73 28.1 ----
Milwaukee, corner Fourth and Poplar streets. 43 02. 8 87 55· I 1859 Aug.~o. 73 57 3.858 

Milwaukee, Spring street, between Fourth and 43 02. 8 87 55· I 1873 . Aug. 22. 73 43 3.897 
Fifth streets. 

Prairie du Chien. 96 01 1839 Oct.24. 73 16.6 3.988 
I 

43 03 

Madison, southeast of capitol. 89 22.5 1839 Nov.2. {74 04.4 
}3·878 43 04.0 

74 03.0 

! Do. 43 04.0 89 22.5 1841 Sept. 74 o6.5 ----
Madison, Magn.etic Observatory, grounds of 43 04.5 89 24- 2 1876 Oct. 3, 17. 73 54.8 3.891 

University. 

Do. 43 04.5 89 24.2 1877 Aug. & Sept. 73 55.5 3·913 
Madison, University Station. 43 04· s 89 24- 2 1878 Aug. 29,30. ---- 3.903 
Madison, Observatory and South Stations. 43 04.5 89 24. 2 1878 Sept. 8-15. 73 56.5 3.Sgg 

Madison, Observatory and Farm Station. 43 04. 5 89 24. 8 I 1878 Nov. 21, 26. 73 55.1 3.894 
Madison,Observatory,Southand Farm Stations. 43 04.5 ~ 24.5 1879 Sept. 23; Oct. 9. 73 50.5 3.goS 

·Madison, Obsenatory and Farm Station. 43 04.5 89 24. 8 188o Sept. 15-25. 73 47.0 3.903 
Madison, University and Fann Station. 43 04.5 89 25. 2 1881 Dec. 16-19. 73 48.1 3.898 

La Crosse, near Main Street Park. 43 48. 8 91 15. l 1876 Sept. l 8-22. 73 57. 2 J. 8443 
La Crosse, Court-House Square. 43 48. 8 91 14. 8 1877 Sept. 24, 25, 26. 73 48.7 3.88o 

Superior City, near Robbins' house. 46 43 92 04 1870 Sept. 20. 76 28 3.227 

Superior City, Fourth street near Becker avenue 46 40 92 04 188o Aug. 21, 23. 76 26. I 3.261 

La Pointe. 46 47 90 58 1843 July 21. 76 56 3.zo6 

WYOMING. 

Sherman. 41 07.8 105 23.6 1872 Aug. 3,5,6. 68 53.3 +168 
Cheyenne. 41 07 104 49 1872 Oct.2z. 68 58.1 +105 
Cheyenne, between court and school houses. 41 07· 8 104 48.9 1878 Aug. 9· 69 02.0 4.7.}48 

Cheyenne, comer Seventeenth and Dodge 41 o8 104 49.0 1878 Sept. 13-17. 68 54.4 +738 
streets. ----

:Fort Bridger. 41 20 110 2-4 1858-9 68 05 ----
! Green River, opposite court-house. 41 31.6 109 28.2 1878 Aug. 26. 68 zo.5 4.8o6g 

Green River, south of station house. 
. 

41 ).2 109 29 1878 Oct. s-m. 68 17. I + 813 

Fort Fred. Steele, south of army hospital. 41 46.7 Jo6 56.8 1878 Sept. 26-29. 69 00.2 4-797 
Fort Laramie, 42 12 • 104 31 1858-7 ---- 70 03 ----



 

UNITED STATES <JOAST AND GEODETIC SURVEY. 

intensities in tlie United.Statis and adfacent regions.-Co11tin1wl. 

WISCONSIN. 

\ 1: 
(Total force ! Referred re_s~u_Jt_s. __ 

Observer. Reference and remarks. 

I F. 1,i fl ' 1-' I F I ·; 1~0 ; •188<>.o 1ss:;.o 
I jl l I 1 1---- 1~-~-----
i II 7:.9 

--1--~ 
• I If 

· 13. 79 I·} I 11 n o ,. 3. 96 
, II 

I[ 73- 3 , 

IJ. 84 
: 3.go 

3.90 

13.956 

1}73 •8 
13. 900 'I ' 

1· I 13. 87 ! 72. 9 

ih 
14.11 

111 
11 

3.907 

14.04 Ii I 
'!I 

14. 13 I ~12. 69 
11 

14.095 
111 14.045 

I:· 14.04 

13. 98 fl I 
13.97 lu 

E.Loomis. 

{ 

! J. Locke. 

13.55 -
i E.Loomis. 

' Do. 
I 

{ 

• J. Locke. 
IJ. 57 j 

1 
E. Loomis. 

I Do. 

( \ W. P. Smith. 

13.72~! l: A. N. Lee. 

I 
13. 6o ' J. Locke. 

'1 

rl I, Do. 

l 
E. Loomis. 

F. E. Hilgard. 

I 
I 

13
_ 

91 1 
A. Braid. 

I 
: G. Hinrichs. 

W. Suess. 

I ._ J. B. Baylor. 

I 
D. Mason. 

; Do. 

L W. Suess. 

13. 907 
11}73.63 

Iii,, ., 
3. 87 • 13. 73 { 

C. F. Powell. 

A. Braid. 13.92 

{ 
C. ll. Comstock. 

3.22 

3· 26 13. 64 

J. Locke. 

J. B. Baylor. 

13.89 

13. 790 

13. 90 

14. 18 J1 76. 6 
,1 

1: 

WYOMING. 

~----~-----

\ Am. Phil. Soc., Vol. VIII, 1843. 

I Sill. Jour., 1840, and Trans. Am. Phil. Soc., 1846, 

I 
Art. XI, Dr.J. Locke's paper of 1844. 

Arn. Phil. Soc., Vol. YIII, 1843. 

Do. 

1 Arn. Phil. Soc., 1846, Art. Xl, Dr. ] . Locke1s paper 
of 1844. 

Am. Phil. Soc., Vol. VIll, 1843. 

Do. 

U. S. Lake Survey, Capt. G. G. Meade, Detroit, 1859, 
and C. B. Comstock, 1882. 

U.S. Lake Survey, Genl. C. B. Comstock, MS. 1873, 
and Rpt. of 1882. 

Sill. J-, Vol. XXXIX, 1840, E. Loomis, and Trans. 
Am. Phil. Soc., 1846, Art.XI. 

{ 
Sill. J., Vol. XXXIX, 1840, and Trans. Am. Phil. 

Soc., 1846, Art. XI, Dr. J. Locke's paper of 1844. 

i Am. Phil. Soc., Vol. VIII, 1843. 

j 
I 

C. & G. S. Rpt., 1881, App. 9. 

Do. 

MS. in C. & G. S. Office. 

C. & G. S. Rpt., 1881, App. 9. 

Do. 

Do. 

Do. 

I Do. 
I I Rp~. Chi~f of Engineers, C. S. A., for 1877, Part 2. 

I c. & G. s. Rpt., 1881, App. 9· 

i U.S. Lake Survey, MS. 1875, & C. B. Cornstock's 
' Rpt., 1882. 

I c. & G. s. Rpt., 1881, App. 9· 

! Am. Phil. Soc., 1846, Art. XI, Dr. j. Locke's 1-aper 
I • I or 1844. 

13.24 68.9 4· 77 13 25 f W. Suess and R. D. Cutts. : C. & G. S. Rpt., t881, App. 9. 

4.74 13.232 l}~· 
13. 16 1: 

:: 

13. 024 11}~-; 
13.01 

13.14 

11 ~~~ 
:a. Ex. 18-29 

{ 

\ T. C. Hilgard. 

13. 17 I T. E. Thorpe. 

j J.B. Baylor. 

i J. H. Simpson. 

{ 
/ T. E. Thorpe. 

13. 01 I -j J. R. Baylor. 

lJ, 14 i Do. 

I J. H. Simpson._ 

C & G. S. Rpt., 1882, App. 14. Nat. Acad. Ser. 

Proc. R. S., No. 200, 188o. 

C. & G. S. Rpt., 1881, AJlp. 9. 

l\fag.'Var. by J. H. Stone, New York, 187~. 

Proc. R. S., No. 200, 1S8o. 

C. & G. S. Rpt., 1881, App. 9. 

Do. 

Mag. Var. by J. H. Stone, New York, 1878. 
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TABLE !.-Observed magnetic dips and h-0rizontal and total magnetic 

WYOMING-Continued. 

Latitude West longi-
Name of station. tude Year. 

<fJ. il. 

-·---------------·--------- ----

Little Sandy Creek. 

Sweetwater River. 

La Banta River. 

Sweetwater River. 

Greasewood Creek. 

West of Deer Creek. 

Mile-post 42. 

Northeast corner of Wyoming Territory. 

Little Missouri River station. 

Mile-posts 28 3, 284. 

Mile-post 185. 

0 

42 15 

42 30 

42 35 
42 38 

42 40 

42 53 
44 59.8 

44 59.9 

44 59·9 

O I 

109 40 

108 35 
105 22 

!07 25 
107 07 

I05 57 

1858.8 

1858.8 

1858.8 

1858.8 

1858. 8 
1858.8 

I JO I I. 6 l 1882 

! 
104 03. 0 i 1882 

104 24. 6 i 1882 
' 45 00. 0 105 20. 2 i 1882 

45 00. 4 ! 107 2I. 0 ! 1882 

Month. 

Aug. 16. 

' June 7. 

, June 24. 

' July 7. 

, July 16. 

Dip 

IJ. 

/ 

69 00 

69 35 
70 15 

69 53 
70 01 

70 29 

71 17. 5 
72 41. 0 

'Horizontal 
force 

H. 

4.303 

4.096 

72 43. 7 4. 124 

72 14. 0 4. 207 

72 Io. 4 4. r')8 
I ____ :__ ____ ~---'-----------'-- _________ J___ ---

DOMINION OF CANADA, 

[To longitude 75° west.] 
- -T~-----·-----·-;-- ·------------,-----1 

43 49. 9 66 07. 2 , 1881 Nov. 7, 8. 74 35 ! 3· 474 

I -------------·-~---

I Yarmouth, Nova Scotia. 

Weymouth, Nova Scotia. 44 24. 4 65 59. 8 i 1881 Nov. IO. 74 45 3. 461 

Halifax, Nova Scotia, Dock-yard Observatory. 44 39 63 37 1834 May 27. 75 33 
Do. 44 39 63 37 1837 June 7· 74 58 

Do. 44 39 63 37 1838.5 74 45 

Do. 44 39 

Halifax, Nova Scotia drill-ground, Dock-yard. 44 39. 8 

Halifax, Nova Scotia, Dock-yard. 44 39· 5 

Do. 44 39· 5 
Annapolis, Nova Scotia. ' 44 44. 5 
Windsor, Norn Scotia. 44 59. 6 

Do. 45 IO 

Lake Memphremagog, East shore. 45 01 

· Stanstead, Q., garden of hotel, near Anglican 45 02 
Church. 

, Cornwall, orchard behind Chesley's Inn. ; 45 02 

Chamcook. 45 07. 5 

K entville, Nova Scotia. 

: St. John, New Brunswick. 

i St. John's, Q., behind hotel, }( mile 
bridge. 

Isled' Urval, opposite La Chine. 

Isle Madame, Cape Breton Island. 

, Arichat, ls[e Madame, Nova Scotia. 

' Montreal. 

Do. 

I 
.oo .. I 

Montreal, St. Helen's Isle, near Artillery Bar 
rach. 

45 12 

45 14 

45 17 

45 25. 0 

45 28 

45 30.5 

45 31 

45 JO 
45 31 

; 

63 36 . 1847.5 . I 
63 35. 2 : 1873 May 13, 15, 16. 

63 35.0 i 
63 35 

65 JI. I 
64 o8.4 j 

64 16 

72 15 

72 07 

73 44 

61 03 

61 or.3, 

73 30 

73 33 
73 32 

1843 

1862 

1881· 

1833 
'1838 

1842 

Sept. 8-ro. 

Nov. 2. 

Nov. 14, 15. 

Nov. 21,22. 

!'ept. 12. 

June 16. 

Oct. 13, 17, 20. 

Sept. 14. 

Apr. 30. 

Oet.26. 

Sept. 16. 

74 39.2 

74 29 

74 53 

74 49 

75 41 i 
76 o8.6 I 
76 19. 21' 
76 16.4 

76 09.41 

:: ~.I 
! 77 OJ. I \ 

75 31 

74 43 

77 o6 

76 19 

77 13. I 

t 

} 3. 22 

3.452 

3.459 

3.428 

3.423 

3· 222 

3.435 

3.004 
Ill 

--------··------------~---------' 
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intensit·iea in tke United States and adjacent regio1111.-Confo1ued. 

WYOMING-Continued. 

. Total force Referred results . 

F. 

13.416 

13.762 

13.889 

13.788 

13. 712 

13.07 

13. 16 

13.07 

12.914 

13.04 

12.93 

13. 14 

13.07 

13.624 

13. 789 
13.54 

13.643 

13.03 

13.720 

-, . 

1

, {jl886 00• ! 
':--0 -I 

-- ~- I 

71. 27 

72. 66 

! 
72. 71 

72· 21 

72. 15 

74.:A ,: 
li 74. 45 

:! l 
li I 
!1~74·22 
:: I 
11 

i.'J !I 
·I 
Ji 

h::::: 
JI 75· 2 7 
II 1s. 45 

ll 11 75.40 
I 75· 16 

!,: ;;~ 
I ,6.18 
I lj} 
~ 74.48 

lil I! 
ii 

i/ I 

H1ll85,o 

4.303 

4.096 

4. 124 

4. 207 

4.198 

3.486 

3. 473 

3.440 

3·435 

3.270 

3· 110 

3.447 

Observer. 

! J. H. Simpson. 

Do. 

Do. 

Do. 

Do. 

Do. 

13. 40 B. A. Colonna. 

13. 74 Do. 

13. 88 Do. 

IJ. 77 Do. 

13. 69 Do. 

Reference and remarks. 

Mar. Var. by J.B. Stone, New y,,rk, 1878. 

Do. 

Do. 

Do. 

Do. 

Do. 

MS. record in C. & G. S. Office. 

Do. 

Do. 

Do. 

Do. 

DU.\ilNlON OF CAXAUA, 

[To longitude 75° west.] 

12. 87 ~ S. \V. Very. 

12.96 Do. 

E.Home. 

f Do. 

I 
12. 72i 

Est court. 

Keely. 

12.94 

12.98 

13.02 

13.25 

13. 13 

I 
l 

Maclear and Bromley. 

J. B. Baylor. 

S. W. Very. 

Do. 

{ 
Do. 

G. W.Keely. 

A. W. Whipple. 

J. H. Lefroy. 

C. Younghusband. 

G. W. Dean and A. D. 
Bache. 

G. W. Keely. 

Do. 

J. H. Lefroy. 

13.02 Do. 

12.88 { 
Shadwell. 

1 S. W. Very. 

r

i Back. 
I Estcourt. 

I J. H. Lefroy. 

C. & G. S. Rpt., 1881, App. 9. 

Do. 

Phil. Trans. R. S., 1838, Pt. I, Capt. Sir E. Home. 

Do. 

Phil. Trans. R. S., 1872, E. Sabine. 

Do. 

Voy. of H. M. S. Challenger, Capt. G. S. Nares, Vol. 
11, London, 1882. 

C. & G. S. Rpt., 1881, App. 9. 

Do. 

Do. 

Do. 

Phil. Trans. R. ::;., 1872, Sir E. Sabine, Cont. X Ill. 

Phil. Trans. R. S., 1846. 

Diary Mag. Sur., Canada, Gen. Sir J. JI. I.efroy, 
London, 1883. 

Do. 

C. & G. S. Rpt., 1881, App. 9. 

Phil. Trans. R. S., 1872, Sir E. Sabine, Cont. XI II. 

Do. 

Diary Mag. Sur., Canada, Gen. Sir I: H. I.efroy, ; 
London, 1833. 

no. 
Phil. Trans. R. S., 1872, Sir E. Sabine, (ont. X 111. 

C.& G. S. Rpt., 1881, App. 9. 

Sill. J., Vol. XX XIX, 1840, E. Loomis. 

Phil. Traru;. R. S., 1840. 

Diary Mag. Sur., Canada, Gen. Sir J. H. Lefroy, 
London, 1883. fJ, H, and F. obs'd. 
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TABLE 1.-0bsen:ed magnetic d,ips and horizontal and total magnetic 

I>< ):\!!NJ< )J\' OF CANAlJA-Continue<l. 

[To longitude 75° west.] 

Latitude \Yest longi-
~ame 1,f s.t(ltion. tude Year. Month, 

<P. A., 

Montreal, :--t. Jlelen'> lsle, Artillery Barracks. 45 31 73 ;12 Apr. 25, 29. 

MontreaL 

Montreal, gorden. foot or mountain. 

Montreal. grounds of Mc< ;ill University. 

JJo, 

La Comhe's farm. 

Pointe du Chene, left hank, 

Richmond Jnnction, !'. Q. 

Kingsey, (),.in garden of Captain Cox. 

' Louisburg. 

I Fredericton, New Brunswick. 

i Sorel, east of Roman Catholic church. 

Sydney, Cape Breton, Nova Scotia. 

Woodstock, New Brunswick. 

i Cape Breton. 

i Three Rivers, garden of Mr. Bell. 

:, Becancollr, Province of Quebec. 

St. Pierre de Miquelon, Gulf of St. Lawrence. 

Do. 

Quebec: 

In 1842, near artillery barracks. 

In 184 5, near Wolfe and Montcalm mon· 
1 urnents. 

: Quebec, near Wolfe's Monument. 

Do. 

St. Thomas, Province of Quebec. 

Edmonston, New Brunswick. 

St. John's, Newfoundland, grounds about Gov
ernment house. 

St. John's, Newfoundland, old cemetery on 
Church Hill. 

Riviere du Loup-en-bas, Province of Quebec. 

Brandypot Island, St. Lawrence River. 

l Gaspe Ba.;in, Gulf of St. Lawrence. 

/ Twillingate, Newfoundland. 
: 

Battle Harbor, Caribou Islands, Labrador. 

45 31 

45 31 

45 30,5 

45 30, 5 

45 33 

45 37 
45 41 

45 53 
45 55 
46 02 

I 
46 08. 6 i 
46 O<) ' 

46 16 

46 21 

46 48.4 

46 48. 4 

46 59 

47 15 

47 34.4 

47 34. s 

47 51 

73 32 

73 33.3 

73 34. 9 

73 34.9 

74 09 

74 50 
72 03 

72 12 

60 00 

66 38. 2 

73 03 

6o ll. 6 

67 35 

6o 08 

72 32 

71 33 

56 10.6 

56 10.6 

71 14. 2 

71 13. 3 

71 14. 5 
71 14. 5 

70 33 

68 20 

52 41. 9 

47 53 69 42 

48 so l 64 30 
49 39. 2 54 46. 2 

Aug, 

June 20. 

July 20. 

Sept. 25. 

May 2, 

1843 May 3, 

1876 Aug. 15, 

1862 

1847 

1842 Sept. 8. 

Oct. 21, 22. 

Sept. 6. 

Aug. 17, 18. 

June .zo-29. 

Oct. 11-14. 

t 842 Sept. 1. 

t845 June 23. 

1859 July 18, 19. 

1879 Sept. 16, 19. 

1876 Aug. 24, 25. 

Aug. 31. 

Sept. 26, 27' 28. 

June 28. 

Aug. 28--30. 

July 9-J6. 

Sept. 6, 7, 8, 9. 

Dip 

II. 

o ' I 

77 08.1\ 

77 08. s.: 

Horizontal ' 
force 

H. 

3.109 

765r.4 3.JII 

76 25. 7 3· 191 

76 50. 6 

76 55.4 

75 47. 7 ; 3· 38o 

' 77 40. 0 

I 76 oo 

76 59 
~ 16.4 

75 IO 

77 05 

76 03 

77 IO. 7 

76 54. s 

74 37· 
75 02 

3· 286 

3. n8 

3· 193 

3· 255 

77 15. 3 } 
77 08. 8 3. 040 

77 17. 5 
76 45. I 

77 11. 7 

77 18.3 

74 37 

74 47 

77 31. 6 

78 35 

78 so 
75 57 
77 16 

2.991 

3.104 

3.024 

2.970 

3.300 

2.947 

3.050 
2.770 52 16. 3 I 55 34· 5 I 

~~~~~--~~~~~~~~-'-~~~~·~~~~~~~~~~~~~~~~~--:~~~~-'-~~~-"'" 
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intensities in the United States and adjacent regions.-cf)fltinued. 

DOMINION OF CANADA-Continued. 

[To longitude 75° west.] 

II ; Referred results. 
Total force I . . 
I F. 1

1

1 I 1 l 
Observer. 

I 
: 1118&>.0 ! H,,,.._. ' F,...,_. I 
I' i I l 

~---:1-o __ ! ______ :----1--
1 13. 762 •. 11 : · J ! J. H. Lefroy. 

I I ~ 76. 05 3· 200 13. 27 ~ i 

I 

lJ. 62 ! I ' 11 A. D. Bache. 
13. 536 

1

j i f C. Younghushand. 

111 I, 
lJ. 68 i I I C. A. &:hott. 

'I , 
13. 6o ii J l ! J.B. Baylor. 

13. 855 Ii 75· 97 3- 205 1 13. 22 · J. H. Lefroy. 

13. 622 II 76. 05 3. 133 13. oo Do. 

.1 75· 15 3.412 13. 31 F. E. Hilgard. 

11 13. 687 11 76. 80 2. 971 

I 
75.01 

76.09 

13. 751 76.40 

13.01 

13. 08 

J. H. Lefroy. 

Shadwell. 

G. W.Keely. 

J. H. Lefroy. 

12.84 74.87 3. 298 12. 64 S. W. Very. 

76.19 

75.o6 

13. 84.> 76.31 3· II9 

76. 26 I 3. 150 

12. 05 (?)1' } 
12.6o 74.73 

/1 

13.7oz{i\l 

~ 76. 31 

13. 6o 11 
13.54 J 

I 76 56 

I 76.~ 
u.44 /} · 

74.47 

I 

77.58 

77.90 

12.56 75.63 

u.57 76.95 

3· III 

3.056 

3.002 

3.328 

2.979 

3.o62 

2. 782 

G. W. Keely. 

Shadwell. 

13. 18 J. H. Lefroy. 

13. 26 F. E. Hilgard. 

{ 
E. Good.fellow. 

12. 36 
S. W. Very. 

'3 ,, 1 
13. 15 

13. 01 

12. 43 { 

13. 13 

12. 34 

12. 32 

J. H. Lefroyand C. Young
hu>band. 

C. A. Schott. 

J.B. Baylor. 

F. E. Hilgard. 

Do. 

S.W. Very. 

W. H. Lamar and F. W. 
Ellis. 

F. E. Hilgard. 

Bayfield. 

Do. 

S. W. Very. 

Do. 

Reference and remarks. 

Diary Mag. Sur., Canada, Gen. Sir J. H. Lefroy, 
London, 1883. 

C. S. Rpt., 1861. App. 22. 

Diary Mag. Snr., Canada, Gen. Sir J. H. Lefroy, 
London, 1883. 

C. & G. S. Rpt., 1881, App. 9. 

Do. 

Diary Mag. Sur., Canada, Gen. Sir J. H. Lefroy, 
London, 1883. 

Do. 

C. & G. S. Rpt., 1882, App. 14, Nat. Acad. Ser. [Car· 
rected.-Sch.] 

Diary Mag. Sur., Canada, Gen. Sir J. H. Lefroy, 
London, 1883. 

Phil. Trans. R. S., 1872, Sir E. Sabine, Cont. XIII. 

Do. 

Diary Mag. Sur. Canada, Genl. Sir J. H. Lefroy, Lon
don, 1883. 

C. & G. S. Rpt., 1881, App. 9. 

Phil. Trans. R. S., 1872, Sir E. Sabine, Cont. XIII. 

Do. 

Diary Mag. Sur. Canada, Genl. Sir J. H. Lcfroy, Lon
don, 1883. 

C. & G. S. Rpt., 1882, App. 14, Nat. Acad. Ser. [Cor
rected.-Sch.] 

C. & G. S. Rpt., 1881, App. 9. 

Do. 

Diary Mag. Sur. Canada, Sir J. H. Lefroy, London, 
1883. 8, H, & F obs'd. 

C. & G. S. Rpt., 1881, App. 9. 

Do. I 
C. & G. S. Rpt., 1882, App. 14, Nat. Acad. Ser. 

rected.-Sch.] 
[Cor-1 

po. 
C. & G. S. Rpt., 1881, App. 9. 

I 
I 

U.S. Signal Corps, Service Notes XIV, Wash., 1884. i 
I 

! C. & G. S. Rpt., 1882, App. 14, Nat. Acad. Ser. [Cor- j 
rected.-Sch.] I 

Phil. Trans. R. S., 1872, Sir E. SaLine, Cont. XIII. . 

Do. I 
I c. & G~:.· Rpt., 1881, App. 9· I 
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TABLE I.-Obser11ed magnetic dips and horizontal and total magnetic 

DOMINION OF CANADA.-Continued. 

Name of station. 

1------
: Amherstburg, C. W., Mr. Gordon's garden. 

I Sarnia, C. W., garden near the ferry. 

I Niagara Falls, near Clifton House. 

1 Do. 

[Between longitudes 75° and 90° west.] 

Latitude West longi
tude 

<p. A.. 

0 

42 o6 

42 58 

43 04 

43 04 

0 

82 22 

79 05 
79 05 

Month. 

1845 Oct. 25, 27. 

1841 Sept. 

1845 Oct. 18. 

I· i Cape lppewash, Lake Huron. 

Niagara Village, C. W., garden 
Engineer's quarters. 

! 43 IJ 
of Royal ; 43 15 

82 00 

79 08 

186o May 8. 

1843 Mar. 11. 

Hamilton, C. W., in yard of Farmers' Inn. 

Toronto, Magnetic Observatory. 

Do. 

Do. 

Do. 

Do. 

Toronto, I )-2' miles east of Observatory. 

Toronto, Magnetic Observatory. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

43 16 

43 39.4 I 

43 39.4 

43 39.4 

43 39.4 

43 39.4 

43 39 

43 39.4 

43 39.4 

43 39·4 

43 39·4 

43 39.4 

43 39·4 

43 39.4 

43 39.4 

43 39.4 

'I 43 39•4 ' 

I 43 39·4 I 

I 
i 

43 39.4 

43 39.4 

43 39.4 

43 39·4 
43 39·4 l 
43 39·4 l 
43 39·4 l 

I 

79 50 

79 23.3 

Dec. 29. 

: Oct. 31. 
12 months. 

79 23. 3 1842 Oct. 26. 

79 23. 3 1842 ; 12 months. 

79 23.3 

79 23.3 

1843 Aug. 

1843 12 months. 

79 22 

79 23.J 
79 23. 3 

1844 June 20. 

1844 12 months. 

79 23. 3 1845 

79 23. 3 1846 

79 23. 3 1847 

79 23. 3 1848 

79 23. 3 1849 

79 23. 3 1850 

79 23. 3 1851 

79 23. 3 1852 

79 23. 3 i t853 

79 23.3 1854 

79 23.3 1855 

79 23. 3 1856 
79 23. 3 1857 

79 23.3 1858 

79 23.3 1859 

79 a3.3 1859 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Hand F,Scpt.t!> I 
Dec. • I 

12 months. 

1

, 

Do. 
Do. I 

June 25 and 30. 

1

1

1 

12months. 

0 

Dip 

0. 

73 30.3 

74 15. 7 

74 54.7 

74 46.8 

Horizontal I 
force 
H. 

74 46 3.633 

74 45.6 

74 56.7 } 
74 54.1 

75 16. 6 

75 14. 7 3. 535 

75 11. 4 3· 537 

75 14.7 

75 12. 5 3· 542 

75 13. 4 3. 540 

75 14. 8 i 

75 15·5 
75 15. I 

75 t5.3 

75 IS. 3 

75 18. 8 

75 20.0 

75 20.4 

75 20.5 

75 22.2 

75 23.0 

75 23. 5 

! 

75 24• I 

75 24. 3 

75 24.4 

75 24 ' 
75 25.0 I 

1 

3.5476 

3.5419 

3.5381 

3. 5339 I 
3. 5368 1' 

3.5322 
I 

3-.5299 I 
3~~:~4 I 

;:;; .. I 
j 

3.5049 

3.4883 

3.4900 

3.48<> 
3.4811 
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mtMSities in the Unit~d States and adjacent regions.-contin1ud. 

DOMINION OF CANADA.-Continued. 

[Between longitudes 75• and 90° W'est.] 

Observer. Reference and remarks. 

i ii I Total force i j Referred results. 

/ F. i! 81-0 I H1~ ! F1-o 

! 1[-i-! 
· I o : 

13. 76o ii 72. 81 l 3. 970 
ij i 

13. 43 : J. H. Lefroy. Diary Mag. Sur., Canada, Genl. Sir J. H. Lefroy, 
London, 1883. 

13. 812 j: n 57 I 3· 8o8 

1i} i 
13. 757 Ii 74· 15 i. 3· 650 

1: 

13. 940 Jj 73. 97 I 3· 717 

13. 852 ii 74· 01 I 3. 695 
:1 I 
\i ' 

13. 824 
11 

74. 23 I 3· 655 
ii I n i 
<I 
:1 .1.1 
I' 

13. 8')6 II I 
1i ,I 

'.I I ii 

Ii I 
,
1,11, 

13.88 

1
3·90 111 

1

11 ! 
13. 942 I 
13. 914 I 
13.901 11 
13.931 

13. 952 I 
13.950 

13.948 II 
13. 892 

: I 

1

1!1 I 

13. 940 I 
11 

13. 905 I .. I 
13.~ 

13·45 

Do. 

J. N. Nicollet. 

J. H. Lefroy. 

W. P. Smith. 

J. H. Lefroy. 

J., and J. H. Lefroy. 

( C. J. B. Riddell and C. I j Y ounghusband. 

I ! J. H. Lefroy. 

/ 1 C. Younghusband. 

I A. D. Bache. 

I ! C. Younghusband. 

I J. Locke. 

Do. 

' Am. Phil. Soc., Vol. VIII, 1843. 

Diary Mag. Sur., Canada, Genl. Sir J. H. Lefroy, 
London, 1883. 

l'. S. Lake Sur. Rpt., 1882, Genl. C. B. Comstock. 

Diary Mag. Sur., Canada, Genl. Sir J. H. Lefroy, 
London, 1883. 

Do. 

Abstracts & results Magi. & Metl. Obsns. at Mag. 
Obsy., Toronto, Can., from 184l to 187l, incl., G. 
T. Kingston, Director, Toronto, 1875. 

Diary Mag. Sur., Canada, Genl. Sir J. H. Lefroy, 
London, 1883. 6, H & F obs'd. 

Abstracts & results Magi. & Met!. Obsns. at Mag. 
Obsy., Toronto, Can., from 1841 to 1871, incl., G. 
T. Kingston, Director, Toronto, 1875. 

C. S. Rpt., 1862, App. 19. 

: Abstracts & results Magi. & Met!. Obsns. at Mag. 
Obsy., Toronto, Can., from 1841 to 1871, incl., G. 
T. Kingston, Director, Toronto, 1875. 

· Am. Phil. Soc., 1846, Art. XI, Dr. J. Locke's paper 
of 18+!.. 

Do. 

l 
Do. 

C. Younghusbaml and J.' 
H. Lefroy. 

I ; J. H. Lefroy. 

Abstracts & results Magi. & Met!. Obsns. at Mag. 
Obsy, Toronto, Can., from 1841 to 1871, incl., G. 
T.Kingstun, Director, Toronto, 1875. 

I: 
I 
I! 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

I' J. H.D:~froy and G. T. I Kingston. 

I G-,T·::::-
Do. 

Do. 

Do. 

W. P. Sptith. 

G. T. Kingston. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

U.S. Lake Sur., Capt. G. G. Meade, Detroit, 1859. 

Abstracts & results Magi. & Met!. Obsns. at Mag. 
Obsy., Toronto, Can., from 1841 to 1871, incl., G. 
T. Kingston, Director, Toronto, 1875. · 

'--~~---M~~......:__;~~'--~~---'-~~~~~~~~-'-~~~~~~~~~~~~~~~~I 
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TABLE I.-Obser-ved mag~tic dips and lwrizcntal and wtal magnt:tic 

DOMINION OF CANADA-Continued. 

l Between longitudes 75• and go• we.st.] 

Name of station. 
Latitude ; West longi

tude 
'P· ?.. 

Toronto, Magnetic Observatory. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

De. 

Do. 

Do. 

Do. 

Do. 

Goodrich, C. W., in garden foot of hill. 

Goodrich, C. W., J4 mile Routh of Town Hall. 

I I 
43 39.4 

43 39-4 I 

43 39·4 I 
43 39. 4 i 

43 39. 4 ' 

43 39. 4. 

43 39. 4' 

43 39. 4 • 

43 39· 4. 

43 39· 4 J 

43 39· 4 : 

43 39· 4 • 

43 39.4 i 

43 45 

43 44 

Coburg, C. W., in yard adjoining Parry's house. 43 56 

Belleville, C. W., in Dr. Reilly's garden. 44 og 

Kingston, C. '"" Artillery Square, Stewart's } 44 13 
Pt. and Common. 

Kingston, C. W ., Stewart's Pt. i 
, Kingston, C. W., the Common near penitentiary.' 
, I 

Barrie, C. W., garden of Bingham's Hotel. 

Brockville, C. W., Rockford's Hotel. 

Prescot, Canada West, 500 yards from river, 
near fort. 

Penetanguishene. 

Penetanguishene, near Mrs. Wallace's inn. 

Williamsbu1g, Canada West, garden of 
Broueffie's inn. 

Aylmer, left bank. 

Ottawa. 

Chat Falls. 

Fox's Point, right bank. 

Grande Calumet portage. 

Fort Coulonge. 

Pointe au Croix, Lake Huron. 

Ricollet's Fall. 

44 12 

44 13 
44 21 

44 32 

44 35 

44 47 

44 47 ! 

44 s5 I 
45 15 \ 

45 21 II 
45 26 

45 32 l 
I 

45 45 I 

45 54. 91 
I 

45 55. 5 i 
45 57 \ 

0 , 

79 23.3 

79 23.3 

79 23.3 

79 23. 3 

79 23. 3 

79 23. 3 

79 23.3 

79 23.3 
79 23.3 

79 23.3 

79 23. 3 
79 23. 3 
79 23.3 

81 41 

8I 43 

76 29.0 

76 30.0 

79 41 

75 41 

75 30 

79 58 

79 58 

75 07 

75 58 

75 42 

76 32 

75 22 

76 40 

76 45 
81 02 

8o 30 

Year. 

186o 

1861 

1862 

1863 

1864 

1865 
1866 

1867 
1868 

1869 

1870 

1871 

1885 

1845 

r86o 

Month. 

12 months. 

Do. 

12 months. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
I April.. 

l Oct. 28. 

July 19. 

r843 Apr. 16. 

1!43 Apr. 17. 

r 1842 
~ 1843 

l1845 

1845 
1845 

1843 
1845 

I 1843 

I 
! 1825 
I 
I{ 1843 
I 1844 

1 ,143 

I •8.J3 
I 1856 

1843 

184g 

1843 

1843 

1843 

1843 

Nov. 11 

Apr. 18. 

June to. 

June l I. 

,June II. 

• Jan. 24. 

i, June 13. 

i Apr. 19. 
i 
I i Apr. 18. 

i ~=~·2:;. 
I 

/ Apr. 20. 

! May 5. 

\Aug. 
I May 6. 

I May 4. 

! May 7. 

! May&. 

IM ' 
1 

ay lo. 

I May 15. 

Dip I Horizontal I 
f force I 

, __ 8·--1 H. I 

Q , I I 
75 24. 6 i 3.4792 [ 

I, 75 23. 8 3· 4839 

1s 23. 2 3· 4ss3 I 
75 2J. 5 3· 4891 

75 20. 9 3- 4932 

75 21. 0 3· 4925 

75 r9. 2 

75 18. 8 

75 20. I 

75 16.7 

75 r6. 3 
75 16.8 

74 52 

75 04.8 

75 oz 

75 27. 2 

77 01. 0 

77 18. 9 

77 18. I 

77 14. 5 

75 49.9 
76 18. 9 

78 42.5 

76 16. 0 

3.4931 

3.4976 

3.498o 

3.4989 

3.4984 

3.5003 
3- 5911 

3·575 

76 04. 2 } 
I 3· 3224 

76 20. l 

76 30. 8 

76 35.3 
76 44.4 

7'1 39· 1 
76 31. 3 

76 45.4 
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intensities in the United States and adjace-nt regioM.-Conti711«Jd. 

DOMINION OF CANADA-Continued. 

[Between longitudes 75° and 90• west.] 

I Total force I Referred results. 

i 
I 

Observer. Reference and remarks. 

I F. I 811185.0 H1118&.o F1,..u 

------- I 
I 

0 
I 

I 
r3. 811 

: I 
I I c. T. Kingston. Abstracts & results Magi. & Metl. Obsns. at Mag. ; 

Ot.y., To-, Cao., - "'" ro <87<, ioO., G. I 
T. Kingston, Director, Toronto, r875. 

r3.817 

,, 7591 
Do. Do. 

r3.814 
1174.88: 

3. 589 Do. Do. 

I r3. 8o3 Do. Do. 

13, 8II I Do. Do. 

13.810 Do. Do. 

r3.783 Do. Do. 

13.7<)6 Do. Do. 

13.817 Do. Do. 

13. 769 Do. Do. 

13. 761 Do. Do. 

13.776 Do. Do. 

13. 756 C. Carpmael. Letter of Director Carpmael of June 8, 1885. 

13.833 
} 74. 31 

{I J. H. Lefroy. Diary Mag. Sur., Canada; Sir J. H. Lefroy, London, 

13.841 3.641 13.46 1883. 

W.P. Smith. U.S. Lake Sur. Rpt., 1882; Geru. C. B. Comstock. 

74.46 H. Diary Mag. Sur. Canada, Sir. J. H. Lefroy, London, 
1883. 

76.32 Do. Do. 

14- 971} 1 
15. o6o 

f )600 .. ~ { J. H. Lefroy and } Do. 
15. IIO 

3.355 
C. Y ounghusband. 

14 449 C. Y ounghusband. Do. 

15.465 Do. Do. 

75.14 J. H. Lefroy. Do. 

13. 711 75.63 3.306 13.32 C. Y ounghusband. Do. 

78.02 J. H. Lefroy. Do. 

} 75. 38 
{ J. Franklin. Do. 

3.378 13.38 {Diary Mag. Sur. Canada, Sir J. H. Lefroy. London,. 
14.077 I J. H. Lefroy. 1883. fl, H & F obs'd. 

13. 964 75.82 3· 311 13.52 Do. Diary Mag. Sur. Canada, Sir. J. H. Lefroy, London, 
1883. 

13.836 76.00 3. 241 13.40 Do. Do. 

75.go K .. Friesach. K. K. Acad. d. Wiss., Vienna, Vol. XXIX, 1858. 

13.916 74-43 3.659 13. 63 J. H. Lefroy. Diary Mag. Sur. Canada, Sir J. H. Lefroy, London, 
1883. 

13.877 75.90 3.273 13.44 Do. Do. 

13.832 76.05 3.227 13.39 Do. Do. 

13. 9n 76.80 3.o66 13.43 Do. Do. 

13.903 75.83 3.295 13.46 Do. 

\ 
Do. 

14. IJO 76.07 3· 291 13. 67 Do. Do. . 
B. Bx. 18--80 
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TABLE !.-Observed niagnetic dips and Jwrizon.tal an.d total magnetic 

DOMINION OF CANADA-Continued. 
[Between longitude 75° and 90° west.] 

-·--~--· ~--~-~ 

I I I 
Latitude West longi- I i Dip i Horizontal I 

Name of station. tu de Year. Month. I i 
force 

A,. i I 

I 
6. H. <p. 

I I 
1---1 I ------

0 , 
I I 0 

Frazer Bay, Lake Huron. 46 00 81 40 1843 'i May 17. 

I 
77 05. 6 

Pointe Bapteme. 46 05 77 26 1843 i May 9. 77 19. I 

:Fort La Cloche. 46 07 82 03 1843 May 18. I 76 50.2 
I 

Snake Island. 46 IO 82 40 1843 May 18. 

I 
77 05. 5 

1 Lake Nipessing. 46 II 79 48 1843 j May 1+ 77 09.5 

Port des deux Joachims. 46 12- 77 40 1843 May 10. I 77 03.8 

Trou Portage. 46 15 78 16 1843 May 11. 77 24.4 

Little River, first portage. 46 15. 4 78 44 I 1843 May 12. 77 28.5 
I 

Tessalon Point. 46 17 83 33 I 1843 May 19. 76 59.3 

Trout Lake, south side. 46 18.5 79 13 I 1843 May 13. 77 21.7 

Pointe aux Pins. 46 29. 9 84 29 I 1843 May 20. 77 13.4 
I 

Saint Mary, opposite Saulte de Ste. Marie. 46 30.9 84 21. s j 1844 Nov.4. 3.0330 

Do. 46 30. 9 84 21. 5 1845 May. 77 19. 5 

Gros Cap. 46 32 84 43 1841 Aug. 77 05.3 

Pointe au Crepe. 46 58.0 84 44 1843 May 2r. 7711.5 

Cape Gargantua. 47 36.9 85 05 1843 May 21. 77 56. I 3. 1900 

Foot of Long Portage. 47 54.6 84 45.0 188o 
1 

July 24; Sept. 8. 2.818 

Michipicoten, Hudson's Bay Post. 47 56.0 84 54 
{ 1843 i May 23. 

}18 07.2 2.8701 
1844 Oct. 30. 

Michipicoten, fort. 47 56.0 84 54 1845 78 05.2 

Michipicoten, Hudson's Bay Company's 47 56.0 84 50. 6 188o July 21; Sep. 9. 2.86o 
Grounds. 

Otter Island, east side. 48 07 86 07 1843 May 24- 79 43.6 

Big Stony Portage, upper end. 48 13.6 84 15.3 188o July27; Sept. 7. 2.750 

Tip-Top, near shore. 48 15 86 o8 1871 Aug. 26. 78 56 2.7o8 

Sandy Beach, Dog Lake. 48 17. 8 84 00.7 188o July 28. 2.784 

Thunder Cape. 48 20 88 52 1843 May 28. 78 23. 2 

Fairy Point, Missinaibi Lake. 48 20.7 83 44.0 188o July 29. 2. 751 

Fort William. 48 23.5 89 13.5 1825 May 11. 78 20.0 

Do. 48 23.5 8g 13.5 r843 
May 29, 31. 

}18 04. 7 2.8720 
1844 Oct. 10, II. 

Do. 48 23.5 89 13. 5 1845 78 Jl. 0 

Portage Ecarte. 48 25 8g 44 1843 
I 

June 2. 77 13.5 

Missinaibi, Post of Hudson's Bay Company. 48 28. 6 83 28.4 I88o I Aug. 2. 2.720 

Dog Portage. 4B 39 89 30 {1843 June 3. 
}18 26.8 2.8361 

1844 Oct. 9-

White River, or Riviere Blanche. 48 31.6 86 14 1844 Oct. 21. 78 33· J 2. 8o20 

The Pie. 48 35.3 86 15 { 1843 
1844 

May25. 
}18 36.6 2. 7262 

Oct.17. 

The Pie, or Fort Pie. 48 35·3 86 15 1845 18 34.0 
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intensities in the United States and adjacent regions.- Contin.ued. 

DOMINION OF CANADA-Continued. 

[Between longitudes 75° and go" west.] 

1 

I I 

Referred results. [ 

I 
Total force 

11-----------

1

1 Observer. 

I F. ' 811.,,..0 I H1886.0 I F1886.0 

! __ i __ o -,--!--11 
13. go6 I 76. 40 3.16o I 13. 44 , J. H. Lefroy. 

13. ns I: 16. 63 3· 078 , 13. 31 
i: 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

13.850 

13.861 

13.830 

13. 914 

13. 956 

14.020 

13.949 
14.o8o 

13. 824 

13.959 

15. 265 

14.015 

13. 568 

13. 790 

14.218 

14.013 

i' 76. 15 

!! 76.40 

76.47 

I 16.37 
I 16.12 

I ;rn 
I 76.53 

'i} 76. 63 

77- 24 

3· 135 
3.150 

3.088 

3· 081 

3. 211 

3· I06 

3· 168 

3· 091 

3. 149 

3.244 

2.835 

2. 901 

79. 04 2. 474 

2.766 

78. 25 2. 762 

2.8oo 

77. 70 2. 916 

76.53 3. 153 

2.736 

77.76 2.892 

2.822 

13· 39 
13.40 

13.37 

13.44 

13.48 

13.56 

13.47 

13.6o{I :: 

13.37 

1 

J. Rae. 

\ E. Loomis. 

13. 49 I J. H. Lefroy. 

14. 69 \ Do. 

JS. W. Very. 

r i J. H. ·Lefroy. 

13. 31 ~ J. Rae. 

l S. W. Very. 

13. 01 J. H. Lefroy. 

S. W. Very. 

13. 56 , C. B. Comstock 

S. W. Very. 

13. 6g J. H. Lefroy. 

13.54 

S. W. Very. 

J. Franklin. 

J. H. Lefroy. 

J.Rae. 

J. H. Lefroy. 

S. W. Very. 

J. H. Lefroy. 

Do. 

Do. 

J. Rae. 

----

Reference and remarks. 

i 
J DiaryMag.Sur.Canada,SirJ.H.Lefroy,London,1883.' 

I Do. 
Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Diary Mag. Sur. Canada, Sir J. H. Lefroy, London, 
1883. fl (1845) & H obs'd. 

Diary Mag. Sur. Canada, Sir J. H. Lefroy, London, 
1883. 

Am. Phil. Soc., Vol. VIII, 1843. 

Diary Mag. Sur. Canada, Sir J. H. Lefroy; London, 
1883. 

Diary Mag. Sur. Canada, Sir J. H. Lefroy, London, i 
1883. fl & H obs'd. Local disturbance. · 

! C. & G. S. Rpt., 1881, App. 9. 

i {Diary Mag. Sur. Canada, Sir J. H. Lefroy, London, ' 
i 1883. II, H & F Obs'd. 

Phil. Trans. R. S., 1846, Sir E. Sabine. 

C. & G. S. Rpt., App. 9. 

Diary Mag. Sur. Canada, Sir J. H. Lefroy, London, 
1883. 

C. & G. S. Rpt., 1881, App. 9. 

U.S. Lli;ke Sur. Rpt., 1882. 

C. & G. S. Rpt., 1881, App. 9. 

Diary Mag. Sur. Canada, Sir J. H. Lefroy, London, 
1883. 

C. & G. S. Rpt., 1881, App. 9. 

Diary Mag. Sur. Canada, Sir J. H. Lefroy, London, 
1883. 

{ 
Diary Mag. Sur. Canada, Sir J. H. Lefroy, London, 

1883. IJ, H & F obs'd. 

Phil. Trans. R. S., 1846, Sir E. Sabine. ! 
Diary Mag. Sur. Canada, Sir J. H. Lefroy, London, ! 

I 1843. . \ 
c. & G. s. Rpt., 1881, App. 9· I 

{ 
Diary Mag. Sur. ~nad~, Sir J. H. Lefroy, London, ! 

1883. 8, H & F obs d. . I 
Diary Mag. Sur. Canada, Sir J. H. Lefroy, London, : 

1883. IJ & H obs'd. 
Diary Mag. Sur. Canada, Sir J. H. Lefroy, London, I 

1883. 8, H & F obs'd. 
Phil. Trans. R. S., 1846, Sir E. Sabine. 
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TABLE I.-Obser'Ded magnetic dips and horizontal and total magnetu 

Name of station. 

I Foot of Swampy Grounds Portage. 

I Peninsula Harbor. 

I Battle Island, Lake Superior. 

I Simpson's Island. 

i St. Paul's Portage, southwe£t end. 

/ Moose River, above small cascade. 

/ Twin Portage, head of portage. 

I Albany Rapids, Moose River. 

I 
Kettle Portage. 

Storehouse Portage, head of. 

l Near Cedar Island, Moose River. 

/ Near Small Falling Brook, Moose River. 

; Ship Sands, near Moose Factory. 

I Moose Factory, Hudson's Bay. 

I Do. 
I Fort Albany, Hudson's Bay. 

DOMINION OF CANADA-Continuef;J. 
[Between longitudes 75° lllld go0 west.1 

Latitude I West longi-1 I 
Month. tude I Year. 

~- L I 

I 

1-
0 , 0 I 

1 I 48 41. 5 83 23. 6 , 188o Sept. 5. 

48 44 86 28 1824 

{ 1843 May 26. 
48 45 

I 
87 33 

1844 Oct. 14. 

48 49 87 45 1843 May 27. 
I 
i 

48 49.5 I 83 23.5 188o Sept. 3. 

49 07. 1 j 83 21. 9 188o Sept. 3. 

49 12.3 83 24.4 188o Aug.6. 

49 22.0 83 29.8 188o Sept. 2. 

49 47. l 83 16.4 188o Aug.8. 

50 04. I 83 16. I I88o Aug. 29 .. 

50 21. I 82 42.2 r88o Aug.28. 

50 36. 4 82 07. 2 188o Aug. II, 12. 

51 o8 So 44 1846 

i 
51 15 8o 56 i 1846 

51 15. 4 8o 40. 5 I 188o Aug. 15, 20. 

51 22 82 38 
I 

1775 

BRITISH POSSESSIONS, NORTHWEST AMERICA. 

Second Portage. 

Lake a la Crosse, east end. 

Victoria, Vancouver Island. 

Esquimalt, Vancouver Island. 

Laurel Point, Victoria, Vancouver Isla 

Esquimalt, Vancouver Island. 

Victoria, Vancouver Island. 

Esquimalt, Vancouver Island. 

Sturgeon Lake. 

Rainy Lake. 

French Portage. 

Portage of the Two Rivers. 

Fort Frances, Hudson's Bay house. 

Do. 

Do. 

Rainy River, north side. 

Savannah. 

Savannah Portage. 

Prairie Portage. 

[South of latitude 51° and west of longitude 90° west.) 

48 14.2 92 25 1843 June l 1. 

48 24 92 04 1843 June 10. 

48 26 123 25 1858 ----
48 26 123 27 1859 Jan. 24; Mar. 22. 

nd. 48 25.4 I 123 22.5 I 1862 ----
48 26 123 27 1862 ----
48 25.8 123 22.2 188o May 4-

48 25.4 123 26.3 1881 Sept.29,30; Oct.I. 

48 27.5 92 38 1843 June 12. 

48 33.4 92 50 -1843 June 13. 

48 35 91 o8.4 1843 June 8. 

48 35 91 23 1843 June 9. 

48 36.6 93 26.7 1825 May27. 

48 36.6 93 26.7 { 1843 June 14-

1844 Sept. 29. 

48 36.6 93 26.7 1845 ----

4B 41 94 31 1&n June 16. 

48 53 90 03. 2 1825 May 20. 

48.53 90 03. 2 1843 June6. 

-t8 57.5 90 01. 5 {1843 Janes. 

1844 Oct. 7. 

Dip Horizontal 
force 

(). H. 

-~---·~-

0 I 

2. 752 

78 34 

} 7.6 24 3.2124 

78 53.6 

2.643 

2.589 

2.638 

2.540 

2.474 

2.470 

2.453 

2.312 

81 02 

81 30 

2.110 

79 20 

77 40· I .. ---

77" 51. 0 ----
71 39 ----
71 34· I 4. 1192 

71 39 ----
71 52 ----
71 22. I 4.1o6 

71 3o. 3 4.o8o 

77 44.8 ----
77 4;.9 ----
78 20.4 ----
77 49·4 ----
77 18. I ----

}n JO 3· 0404-

77 32 ----
77 57.4 ----
78 39.t ----
78 21. 8 ,.. ___ 

}18 26. I 2.8342 
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intensities in tke United States and adjacent regions.-ContinUed. 
DOMINION OF CANADA-Continued. 

[Between longitudes 75° and go• west.] 

.------- ·1 Referred results. 
Total force 

1 

F • I 11118>.o I H 1885.0 I F I~.o 
Observer. Reference and remarks. 

I I -------1--- -------------
' I 

13.659 

14.020 

14. 12 

14.026 

14.o63 

----
13. 103 

----
----

12. 85 

12.87 

14.<>n 

14.095 

14.009 

14.031 

·--
14.023 

----
14.309 

----
14- 107 

14.o86 

-· 

I 

I 

2. 768 I S. W. Very. 

77- 51 ! Bayfield. 

, C. & G. S. Rpt., 1881, App. 9. 

I Phil. Trans. R. S., 1872, Sir E. Sabine, Cont. XIII. 

75. 71 3· 2681 13. 24 

78. 21 2. 755 i 13. 48 
I 
I 

J. H. Lefroy. {I Diary Mag. Sur. Canada, Sir J. H. Lefroy, London, 
1883. (} & H obs'd. Local disturbance. 

Diary Mag. Sur. Canada, Sir J. H. Lefroy, London, 
1883. I 

2. 6591 
2.6o5 

2.6541 
I 

2. 556 I 
2.490 I 
2.4861 
2.469 
2. 328 I 

So. 34 I 2. 25? 

So. 81 2. 152 

\ .. ___ ---- I 
I 
I 

---- ---- I 

Do. 
' 

S. W. Very. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

T. E. L. Moore. 

C. & G. S. Rpt., 1881, App. 9. 

Do. 

Do. 

Do. 

Do. 

Do. 

' Do. 

I Do. 

I
! Diary Mag. Sur. Canada, Sir J. H. Lefroy, London, 

1 

1883. 

Do. J Do. 

S. W. Very. i C. & G. S. Rpt., 1881, App. 9. 

--~-H_u_t_c1_,1_ns_. ______ l_H_a_ns_t_ee_n_'s_E_rdm~etismu~ Christiania~~-:~_:__ __ \ 

BRITISH POSSESSIONS, NORTHWEST AMERICA. 
[South of latitude 51• and west of longitude go0 west.] 

---- I J. H. Lefroy. Diary Mag. Sur. Canada, 
London, 1883. 

/ Do. ---- Do. 

---·-·------------

Genl. SirJ. H. Lefroy, 

II 

If, .. I r·ri-" Phil. Trans. R. S., 1872, Sir E. Sabine, Cont. XIII. 

I 
j R. W. Haig. B. S. Phil. Trans. R. S., 1864. (}, H and F obs'd. 

Richards. Phil. Trans. R. S., 1872, Sir E. Sabine, Cont. XIII. 
4.076 12. 78 Do Do. l W. H. D~l and M. Baker. 

11 

C. & G. S. Rpt., 1881, App. 9. 

H. E. Nichols. C & G. S. Rpt., 1881, App. 9. 8, H & F obs'd. 

---- ---- ---- J. H. Lefroy. Diary Mag. Sur. Canada, Genl. Sir J. H. Lefroy, 
London, 188 3. 

---- ---· ---- Do. Do. 

-,.-- ---- ---- Do. Do. 

---- ----- ---- Do. Do. 

} l 
J. Franklin. Do. 

---- ---- ---- J. H. Lefroy. Diary Mag. Sur. Canada, Genl. Sir ]. H. Lefroy, 
London, 1883. 8,.H and F obs'd. 

J. Rae. Diary Mag. Sur. Canada, Genl. Sir J. H. Lefroy, 
London, 1883. 

---- --- ---- J. H. Lefroy. Do. 

} 1 
J. Franklin. ' Diary Mag. Sur. Canada, Genl. Sir J. H. Lefroy, . 

London, 1883. Dip98° supposed a misprint for 78°. 

---- ---- ___ .. J. H. Lefroy. Diary Mag. Sur. Canada, Genl. Sir J. H. Lefroy, 
London, 1883. 

Do. Diary Mag. Sur. Canada, Genl. Sir J. H. Lefroy, 
London, 1883. 8, H and F obs'd. 



 

238 UNITED STATES CO.AST AND GEODETIC SURVEY. 

TABLE !.-Observed magnetic dips and horizontal and total magnetic 

BRITISH POSSESSIONS, NORTHWEST AMERICA-Continued. 

·[South of latitude sx• and west of longitude 90° west.] 

I

f Latitude I West longi-1 Dip I Horizontal 1

1

. 
Name of station. tude I Year. Month. force 

tp. : il. 0 6. I I'. H. I.I 1------------------------ ' 1 _________ _ 

I 0 , 0 I i----, 
I Ashtnolou station. 49 oo 120 oo i 186o ! Aug. 17, 18. 72 27. o I 

I
i Inchwointum station. 49 oo u8 28 186o I Nov. 13. 72 48. 8 j 

Wigwam River station. 49 oo 114 45 1861 July 15; Aug. 14. 73 30. 8 j 

1 
Akamina station. 

1 
49 01 l 14 04 

1

, 1861 I Aug. 2. 73 42. 7 I 
j Camp Semi-ah-m?o. 49 01 122 46 1857 I Sept. 72 02 I 
j Station Semi-ah-moo. 49 oo. 7 122 46. 2 1 1857 , Sept.8,9;0ct.7,8.

1

. 71 57.0 I 

I 
Sumass Prairie. 49 01 122 12 I 1858 I Oct.4,5; Nov. 10.

1 

72 22. o I 
Schweltza Lake station. 49 02 122 oo 1859 ! July 4, 5· 1 

72 03. 9

1 
I Chilukweyuk Lake. 49 02 121 23 1859 I Sept. 7. 73 31. o 

/ Chilukweyuck camp. 49 o6 121 23 1859 ,1 72 22. 2 I' 

I Camp No. I I. 49 07 II$ 16 1861 73 37. 8 

I On Ashtnolon River. 49 IO 120 oo 186o I July. 72 36. 9 I 
Namaimo, Vancouver Island. 49 IO i 124 oo . 1862 I ---- 71 54 I 
Departure Bay, Vancouver Island. 49 12. 6 I 123 58. 5 i l88o I May 6. 71 29.2 

4. 0105 

3.8268 

4.0905 

4. 1032 

4.0509 

4.023 

Do. 49 12. 6 ! 123 57 1881 I Oct. 6, 7. 

49 13 I 122 53 1862 

71 42. 2 4. o66 
New Westminster, Frazer River. 

Hecate Bay, Vancouver Island. 

Burrard Inlet. 

Lake of the Woods (probably), Falcon Island. 

Lake of the Woods. 

49 15 i 125 56 1861 

49 16 I 123 10 1859 

49 19 94 40 1843 June 17. 

49 25 1843 June 18. 

Joseph's Prairie, Camp No. 14. 49 31 
94 37 

115 35 
126 37 

1861 

Nootka Sound, Vancouver Island, Resolution 49 36 
Cove. 

Nootka. 

Nootka Sound, Vancouver Island. 

Nootka Sound, Friendly Cove. 

: Henry Bay, Vancouver Island. 

' Station S, the gap in Cypress Hills. 
I 
1 Station V, at Willow Creek, near McLeod. 

Rat Portage. 

Fort Garry (upper fort). 

Winnipeg, C. P. R. station (Fort Garry?). 

Station R, at Maple Creek. 

Winnipeg River, left bank. 

Slave Falls, portage. 

Red River, 6 miles from mouth. 

Station W, on road from McLeod to Catgaro. 

Station P, north end Old Woman's Lake. 

49 36 

49 36 

49 35.5 
49 36 

49 37.8 

49 45· 3 

49 45.9 

49 53.2 

49 53(?) 

so 02.6 

so 10.2 

so 14- 7 ' 
so 18. 2 

50 22.4 

50 28.9 

1778 April. 

126 37 

126 37 

1791 Aug. 16, 17. 

r192 Oct. 

126 37. 5 r88r 

124 5r r86o 

109 51. 4 ' 188o 

rr3 24. o 1· 188o 

{ 
1843 

94 33· 3 1844 

97 15. 6 1843 

97 16(?) 1882 

ro8 51. 4 

95 12 

95 40 

g6 52 

113·48. 8 

1o6 46.8 

188o 

1843 

1843 

1843 

188o 

188o 

Sept. 26, 27. 

July 31. 

Aug. 17, r8. 

June20. 

Sept. 5. 

June 30,31; July 3. 

May4 

July 24. 

June 21. 

June 23. 

July 4; 

Aug. 20. 

I July zo. 

72 15 

72 37 . 
72 14 

78 03.7 

78 16. 7 

73 50. 4 3· 758 

72 29 

70 20.7 

73 56 

71 33.0 

72 25 
75 20.-: 

I 
74 46.3 

} 78 97. 5. 

75 50.1 

79 10.6 

78 S1· I 

78 34 

74 44- I I 
76 51.21 

4.o83 

2.8734 
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intensities in the United States and adjacent regions.-C&ntinuea. 

BRITISH POSSESSIONS, NORTHWEST AMERICA-Conbnned. 

[South of .latitude 51° and west of longitude go• west. J 

I I 

I, Total force I Referred results. 

] F. 1j IJ188li.o I H188lio : F,..,._0 

! 

I Observer. Reference and remarks. 

I 1--,--1 

I ' 0 I 

1

13. 321 I 72. 2 I 
13. 272 11 72. 6 ! 

I 13. 497 j1 13. 2 

I 13. 587 I 73. 4 
I 

! } 71. 8 
I 

13. 366 I 12. 1 

13. 285 I 71. 8 

13. 18o } i 72. 2 

I 7J. 4 

13. 226 II}:~:: 
12. 95 I 

72.0 

72.4 

72.0 

14. IIO 

14.044 

73.6 

12.90 

17'·5 
72.2 

75.3 
74. 7 

14.023 

14-0So 
}19.8 

75.8 

14- 204 

14.094 

1+094 

7+7 
76.8 

4.o62 12. 8o 

13.32 

I 
r~------
! R. W. Haig. ! B. S. Phil. Trans. R. S., 1864. Ii, Hand F obs'd. 

Do. j B. S. Phil. Trans. R. S., 1864. 

Do. ! B. S. Phil. Trans. R. S., 1864. Ii, Hand F obs'd. 

I B. S. Phil. Trans. R. S., 1864. Do. 

{ 
J. S. Harris. 

Do. 

, R. W.Haig. 

Do. 

{
: Do. 

J. S. Harris. 

Do. 

/ U.S. N. W. Bound. Com.; MS. in C. &. G. S. Office. 

f Do. 

I 
B. S. Phil. Trans. R. S., 1864, Capt. R. W. Haig, R. A. 

IJ, H and F obs'd. 

[ B. S. Phil. Trans. R. S., 1864. 

I Do. 

I 
U.S. N. W. Bound. Com.; MS. in C. & G. S. Ollice. 

Do. 

R. W. Haig. B. S. Phil. Trans. R. S., 1864. 

{ 

Richards. Phil. Trans. R. S., 1872, Sir E. Sabine, Cont. XIII. 

W. H. Dall and M. Baker. C. & G. S. Rpt., 1881, App. 9. 

H. E. Nichols. Do. 

Richards. 

Do. 

Do. 

J. H. Lefroy. 

Do. 

J. S. Harris. 

1 Phil. Trans. R. S., 1872, Sir E. Sabine, Cont. XIII. 

Do. 

Do. 

Diary Mag. Sur. Canada, Gen. Sir J. H. Lefroy, Lon
don, 1883. 

Do. 

U.S. N. W. Bound. Com.; MS. in C. & G. S. Office. 

Encyc. Met. London, 1848; Hansteen's Erdmagnet
ismus, Christiania, 1819. 

Don A. Malaspina. 
12. 86 l 

J.Cook. 

G. Vancouter. 

Bode's Astr. Jahrb., Berlin, 1828. 

A Voyage of Discovery, by Capt. G. Vancouver, 3 

·--- {. 

1 
:i·c~~i.chols. 
W. H.King. 

Do. 

]. H. Lefroy. 

Do. 

W. Ogilvie. 

W. H. King. 

J. H. Lcfroy. 

Do. 

Do. 

W. H. King. 

Do. 

vols., London, 1798. 

C. & G. S. Rpt., l8ilr, App. 9. 

Phil. Trans. R. S., 1872, Sir E. Sabine, Cont. XIII. 

Geol. Sur. Canada; MS. commun'd by G. M. Dawson.' 

Do. 

Diary Mag. Sur. Canada, Sir J. H. Lefroy, London, 
1883. fJ, H and F obs'd. 

Do. 

MS. commun'd by the Hon. E. Deville & W. H. Dall, 
Feb. 21, 1885. 

Geol. Sur. Canada; MS. commun'd byG. M. Dawson. 

Diary Mag. Sur. Canada, Sir J. H. Lefroy, London, 
1883. 

Do. 

Do. 

Geol. Sur. Canada, MS. commun'd by G. M. Dawson. ! 
Do. 
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TABLE !.-Observed magnetic dips and korizontal and total magnetic 

BRITISH POSSESSIONS, NORTHWEST AMERICA-Continued. 

(South of latitude 51• and west of longitude 90° west.] 

1· 
I Name of station. 

I West longi-1 Latitude 

cp. 

I 
i-----------------1--0-~ 

I t~~e I 

I I I 0 I 

4 I 128 03. 6 I North Harbor, Quatsino Sound, Brit. Col. 

· Port Neville. 

Lake Winnipeg. 

Do. 

I
, Fort Alexander. 

Do. 

. Do. 

Thompson's River. 

Station A, on Ellice & Touchwood Trail. 

Beaver Harbor. 

I 
Station K,.near Fort on Appelle. 

Anchorage Cove, Kingcome Inlet, Brit. Col. 

i Waddington Harbor, Brit. Col. 
I 

50 29. 

50 31 

50 33. 
I 126 04 

41 96 36 

50 35 

50 36. 

50 36. 

50 41 

9 

9 

9 

5 50 42. 

50 43 

50 46. 3 

50 52. 8 

50 54.0 

g6 35.6 

g6 22 

96 22 

96 22 

120 II 

IOI 59· 9 

127 25 

103 {8.o 

126 II. 7 

124 49. 5 I 

Year. Month. 

• 
1881 Sept. 22, 24, 25. 

186o ----
1843 June 27. 

1843 June 26. 

1825 June6. 

1834 ----
{ 1843 I June 25. 

1844 Sept. 19. 

1833 , April. 

188o May 22-31. 

186o ----
188o July 5. 

1881 Aug. 3. 

1881 I July 30. 

BRITISH POSSESSIONS, NORTHWEST AMERICA. 

[North of latitude 51• and west of longitude 90• west.] 

---
/ Land Survey station. 51 00. 61 Ill 40. 5 1882 Aug.6. 

I 
: Station X, on north hank of Bow River. 51 01. 9 ! 114 00.0 188o Sept. 10. 

' Lake Winnipeg. 51 03.6 ! 96 56 . 1843 July 5. 

Do. 51 04 96 26. 1844 Sept. 18. 

Station 0, near Elbow of S. branch. 51 04. 8 100 37. 0 188o July 17. 

Land Survey station. 51 05 IIO 15 1882 July 15. 

Station Y, Morleyville. 51 10. 5 114 48. 5 r88o Sept. 15. 

Station J, on Appelle trail. SI 12. 5 103 53.8 188o June 30; July 1. 

Station I, near H.B. House. 51 21.6 104 oo.o 188o June 28. 

Station H, on Pelly's trail. 51 32. 0 103 42. 6. 188o June 27,28. 

Lal<e Winnipeg. 51 34 g6 43 1844 Sept. 17. 

Do. 51 36.7 g6 53 1843 July 6. 

Station G. 51 38.7 103 o8.o 188o June ':u, 25. . 
Lake Winnipeg, opposite Tete du Chien. 51 44- 5 97 02 1844 Sept.16. 

Station D, on right bank of Assiniboine. 51 44.8 102 00. 8 188o June 16, 17. 

Lake Winnipeg, island east of Bear Island. 51 46 97 00 1843 JulY7. 

Station C, at Swan River barracks. 51 54-4 IOI 57·3 188o I June 12. 

I 

I Dip Horizontal 
force 

I 
6. H. 

I ! 
0 , I 

' 

• 

71 41. 3 4.050 
' 

72 19 ---- I 
I 79 05. I ---- I 

I 

I 78 34.4 
I --- -

78 47.1 ----
78 54 ----

! } 78 58.4 2. 6g84 

73 43 3· 611 

77 51. 5 _,., __ 

72 37 ----
I 77 23. 2 ----

72 46. I 3.8o8 

71 58.6 4.005 

----·----- -

I 

I 
76 13.2 ----
75 23.4 ----
79 II. 8 ..---

79 31.5 2.6398 

77 03.9 ----
76 14.1 ----
75 17. 0 ----
77 51. 6 -- ·-
77 53.2 ----
78 12.0 ·---
79 o6.1 2.1211 

79 JS.o ----
78 21. 2 ----
79 39 2.7634 

78 34· 7 ----
79 28.3 ----
78 34- s ----
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intensities in the United States and adjacent regi<>ns.-c011tinued. 

BkITISH POSSESSIONS, NORTHWEST AMERICA-Continued. 

[South of latitude 51 • and west of longitude 90• west.] 

I 
I Referred results. Total force I 

'I F. /'_8_1881;-.o-[_H--1~0 --1· -;:_o - Observer. i 

--~-----------

Reference and remarks. 

----1--1---1------1---------
1 i 

--~ 

12.88 

12.86 

12. 94 

14.090 

14- 516 

14.393 

14-462 

15.382 

1+414 

I 11. 1 

}12.0 

}----

77. 8 

72.3 

77.3 
72. 73 
71. 94 

76.2 

75.4 

77.0 

76.2 

75.3 
77-8 
77.9 
78.2 

}----
78.3 

78.6 

78.6 

I
·. 4. 05 I 12. 90 H. E. Nichols. ; C. & G. S. Rept., 1881, App. 9. 

{ 

1 Richards. 1·, Phil. Trans. R. S., 1872, Sir E. Sabine, Cont. XIII. 

j J. H. Lefroy. Diary Mag. Sur. Canada, Sir J. H. Lefroy, London. 

3. 8o4' 

4.001 I 

---- { 

12. 81 

12. 91 

J. H. Lefroy. 

J. Franklin. 

Back. 

J. H. Lefroy. 

D. Douglas. 

W. H. King. 

Richards. 

W. H. King. 

H. E. Nichols. 

Do. 

1883. 

I Do. 

1

1 

Phil.;;~. R. S., 1872, Sir E. Sabine, Cont. XIII. 

Diary Mag. Sur. Canada, Sir J. H. Lefroy, London, 
1883. e, H & F obs'd. 

! Rpt. Brit. Asso., Vol. VI, 1838; Phil. Trans. R. S., 
i 1372. 

I 
Geo!. Sur. Canada; MS. commun'd by G. M. Dawson. 

Phil. Trans. R. S., 1872. . 

: Geo!. Sur. Canada; MS. commun'd by G. M. Dawson. 

C. & G. S. Rpt., 1881, App. 9. 

Do. 

BRITISH POSSESSIONS, NORTHWEST AMERICA. 

[North of latitude 51° and west of longitude 90° west.] 

W. Ogilvie. 

W.H.King. 

J. H. Lefroy. 

Do. 

W. H.King. 

W. Ogilvie. 

W.H.King. 

Do. 

Do. 

Do. 

{ 
J. H. Lefroy. 

---- Do. 

W. H.King. 

J. H. Lefroy. 

W.H.K.ing. 

J. H. Lefroy. 

'\\;. H. King. 

MS. commun'd by the Hon. E. Deville & '>i. ll. llall, 
Feb. 21, 1885. 

'. Geol. Sur. Canada; MS. commun'd by G. M. Oawson. I 

Diary Mag. Sur, Canada, Sir J. H. Lefroy. London, 
1883. 

Diary Mag. Sur. Canada, Sir J. H. Lefroy, London, 
1883. fl & H obs'd. 

Geo!. Sur.Canada; MS.commun'd byG.M. Dawson. 

MS. commun'd by the Hon. E. Deville & W. H. Dall, i 
Feb. 21, 1885 . 

. Geo!. Sur.Canada; MS.commun'd byl;.M.Dawson. 

Do. 

Do. 

Do. 

I Diary Mag. Sur. Canada, Sir J. H. Lefroy, London, 

I 
1883. (J & H obs'd. 

Diary Mag. Sur. Canada, Sir J. H. Lefroy, London, 
1883. 

i Geol.Sur.Canada; MS.commun'd byG.M.Dawson. : 

j Geo!. Sur. Canada; MS. commun'd by G. M. Dawson. 
. e& H obs'd. 

I Geo!. Sur.Canada; MS.commun'd hyG. M. Dawson. 
I •1 Diary Mag. Sur. Canada, Sir J. H. Lefroy, London, 
/ 1883. I Geol.Sur.Canada; MS.commun'd byG.M.Dawson. 

H.Bx.18-31 
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TABLE I -Observed magnetic dips and korizontal and total magnei'ic 

BRITISH POSSESSIONS, NORTHWEST AMERICA.-Continued. 

[North of latitude 51° and west of longitude 90° west.] 
----~---- -·-·------------- ---~~------~---

i 
Latitude ! West longi- Dip Horizontal 

Name of otation. tude Year. Month. force 
<p. i.. fl. H. 

-~ ----------

0 c 
Port McLaughlin, British Columbia. 52 08.4 128 I0.3 1881 Aug. 5,6, 7. 73 12. I 3.785 

Rose Harbor, Queen €harlotte Island, British 52 09. I 131 15.0 1881 Sept. 19, 20. 72 30.2 3· 885 
Columbia. 

Lake Winnipeg, near Berens River. 52 20.9 97 IO 1844 Sept. 14. 8o 24.4 2.4010 

I>o. 52 22.6 97 12 1843 July 8. 8o 39· 2 

Do. 52 31. 6 97 18 1843 July IO. 8o o5.5 

Fort Alexandria. 52 33 122 29 1833 May. 74 50 3.386 

Station e, Battleford, near telegraph office. 52 43 I08 17 188o Nov. 2. 77 49. 4 

Carlton House. 52 50.8 Io6 32 1844 Aug. 26. 78 30.7 2.7438 

Station a, at crossing of Pipestone Creek. 53 04.3 113 35. 5 I88o Sept. 25. 77 00.2 

Fort Edmonton. 53 31. 9 113 30. 3 1844 Aug. 16, 17. 77 54· 2 2. 9440 

Station b, in valley near Edmonton. 53 32.0 II3 30 .I88o Oct.6. 77 30. 5 

Fort Pitt. 53 34· I 

I 
109 47.2 1844 Aug. 22. 78 41. 0 2. 7777 

Station d, on fourteenth base-line, at crossing, 53 35. 9 I III 24.0 188o Oct. 17. 77 56. 8 
Battleford. 

Norway House, old site. 53 41. 6 98 01.4 1819 Oct. 7. 83 40 

Do. 53 41. 6 98 01. 4 1843 Aug. 12. 8o 45.4 

Cumberland House. 53 56.7 !02 19. 2 I 1819 Dee. 1. 83 12 (?) 

Do. 53 56.7 !02 19.2 1820 I June II. 84 34 (?) 
Do. 53 56.7 !02 19.2 1825 June 28. 8o 21. I 

Do. 53 56.7 I02 { 1843} 19
· 

2 I 1844 
Aug. 8o 25.0 r· 3411} 

2.3724 

Do. 53 56.7 102 19.2 1884 June 17. 8o 23·3 

Norway House, new position. 53 59.6 98 03.9 { 1843} July., Aug., Sept. 81 10.0 2. 1750 
1844 

Do. 53 59.6 98 03.9 1884 July 23; Oct. 4. 81 12.8 

:Frazer's Lake. 54 03 124 40 1833 June. 75 ~ 3.219 

Land Survey Station. 54 21.3 114 00 1883 Jan. I. 77 58. I 

l<'ort Assiniboine. 54 21.7 114 28. 6 1844 Aug. II. 78 15.2 

Stuart's Lake. 54 27 124 20 1833 June. 76 09 I, 3· 161 

I Port Simpson, British Columbia. 54 33.5 130 23.8 1862 74 53 I 
Do. 54 :fa. 6 130 25.5 1881 Aug. 9, 10, 12. 74 21. a 3.503 

I Oxford House. 54 56 95 .JO 1843 Aug.3. 82 38. 81 
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iw.tensities in the Un·ited Btates and adjacent regions.-C1>11tinu!<d. 

BRITISH POSSESSIONS, NORTHWEST AMERICA-Continued. 

[North of latitude 51• and west of longitude 90• wes •. ] 

Observer. 
I I

I i 
Total force Referred results. I 

I '--------····--··----' 
I I I ' 
j F. fl1886.o ! H1'8&.o F1AS>.o 1 

I 
____ _!_ ___ -1~--:~-----·---

, 13. IO 73. 2 3. 785 i 13. IO H. E. Nichols. 

12. 92 72. 5 3. 885 I 12. 92 Do. 

11. JI J H ~:my I l 
u---

12. 98 

14. CXXl 

14. 154 

14. 143 

2. 151 

13.14 

78.0 

13. 21 

}74·3 

l 11, Do. 

I I D. Douglas. 

I 
W. H.King. 

J. H. Lefroy. 

W. H.King. 

{ 

J. H. Lefroy. 

r 

W.H.King. 

J. H. Lefroy. 

I w. H.King. 

{ 

J. Franklin. 

I J. H. Lefroy. 

f ji J. Franklin. 

I\ Do. 

I 
Do. 

i 
l 
I J. H. Lefroy. 

I 0. J. Klotz. 

1
1 J. H. Lefroy. 

14.o6 
0.J. Klotz. 

12. 95 { 

D. Douglas. 

W.Ogilvie. 

J. H. Lefroy. 

D. Douglas. 

Richards. 

H. E. Nichols. 

J. H. Lefroy. 

Reference and remarks. 

C. & G. S. Rpt., 1881, App. 9. 

Do. 

Diary Mag. Sur. Canada, Sir J. H. Lefroy, London, 
1883. 0 & H obs'd. 

Diary Mag. Sur. Canada, Sir J. H. Lefroy, London, 
1883. 

Do. 

Rpt. Brit. Asso., Vol. VI, 1838; Phil. Tram •. R. S., 
1872. 

Geo!. Sur.Canada; MS.commun'd byG.M. Dawson. 

Diary Mag. Sur. Canada, Sir J. H. Lefroy, London, 
1883. (} & H obs'd. 

Geol. Sur. Canada; MS. com mun' d by G. M. Dawson. 

Diary \fag. Snr. Canada, Sir J H. Lefroy, London, 
1883. fl, H & f· obs'cl. 

Geol.Sur.Canada; MS.commun'dbyG. M.Dawson. 

Diary Mag. Sur. Canada, Sir]. H. Lefroy, London, 
1883. ii & H obs'd. 

Geo!. Sur. Canada; MS. commun'd by G. M. Dawson. 

Encyc. Met. London, 1848, Art. Mag.; Diary Mag. 
Sur. Canada, Sir J. H. Lefroy, London, 1883. 

Diary Mag. Sur. Canada, Sir J. H. Lefroy, London, 
1883. 

Encyc. Met. L<lndon, 1848, Art. Magnetism. Dip 
defective by 3.){0 or 4°. 

Do. 

Diary Mag. Sur. Canada, Sir J. H. Lefroy, London, 
1883. 

{ 
Diary Mag. Sur. Canada, Sir J. H. Lefroy, London, 

I
, 1883. fl, H & F obs'd. 

MS. commun'dbythe Hon. E. Deville & W. H. Dall, 
Feb. 21, 1885. 

{ 
Diary Mag. Sur. Canada, Sir J. H. Lefroy, London, 

1883. 0, H & F obs'd. 

MS. commun'd by the Hon. E. Deville & W. H. Dall, 
Feb. 21, 1885. 

Rpt. Brit.Asso.,Vol.VI, 1838; Phil.Trans. R. S., 1872. : 

MS. commun'd by the Hon. E. Deville & W. H. Dall, 
Feb.21, 1885. 

Diary Mag. Sur. Canada, Sir]. H. },efroy, London, 
1883. 

Rpt. Brit.Asso.,Vol.VI, 1838; Phil. Trans.R.S., 1872. 

Phil. Trans. R. S., 1872. 

C. & G. S. Rpt .• 1881, App. 9. 

Diary Mag. Sur. Canada, Sir J. H. Lefroy, London, 
1883. 



 

UNITED STATES COAST AND GEODETIC SURVEY. 

TABLE !.-Observed magnetic dips and hori,zontal a.nd total ma.gnetic 

BRITISH POSSESSIONS, NORTHWEST AMERICA-Continued. 

IX orth of latitude 51° and west of longitude 90° west.] 
-~ ·--- --------· -- ---·------------------- ·----·---~-------

I ! 

Latitude West Iongi- Dip : Horizontal 
~ame of station. tude Year. I Month. ; force 

cp. A. I IJ. 

I 
H. I 

I I 
--------- ·--·-- - --------- ----~-----·---,·-- ---------\----[--------

I I 

I May IO. 
I 

Land Survey Station. 55 IO 114 03. 5 1883 78 29. l I 

i Observatory Inlet. 55 15·5 129 44 1793 I -- - 75 54. 5 I i Isle i la Crosse. 55 26.8 107 54 1825 I July11. 79 55. 0 

Fort a la Crosse. 55 26.8 107 54 1843 Sept.9. 8o 09.8 2.3889 

Land Survey Station. 55 32·5 116 o&. 6 1883 Oct.3. 78 15.1 

J<'ort Lesser Slave Lake. 55 32.6 116 00 1844 Aug. 5. 78 39.0 2. 7298 

Fort Dunvegan. 55 55.6 u8 28. 5 1844 July 22-25. 78 46.2 2.7243 

Land Survey Station. 56 08 II7 50.6 1883 Sept. 22. 78 17.2 

York, Factory, Hudson's Bay. 56 59.9 92 26 1843 July 24-26. 83 47.2 I. 5052 

Do. 56 59.9 92 26 r84s 
Nov.5. } 83 42.6 

1846 May 16. 

Do. 56 59.9 92 26 1847 Sept. r8. 83 47.0 

Do. 56 59.9 92 26 1857 Aug. 83 53 
Do. 56 59.9 92 26 1884 Sept. r I. 83 46.9 

I t·ort Vermilion or Fort Lefroy. 58 24.5 II5 58.6 1844 July 12. 8o 48.0 2.2482 

Fort Chipewyan, Lake Athabasca. 58 43 III 18.7 1825 July 24. 8r 26. I 

Do. 58 43 18. 7 { 1843 Sept., Oct. } 
81 36.8 2.0267 Ill 

1844 Feb.,Mar.,July. 

Do. 58 43 III 18. 7 1883 Sept. 17. 81 20.6 

Fort Churchill. 58 43.8 94 14 1846 June 29; July 4. 84 46.8 

Fort Resolution, Great Slave Lake. 61 I0.7 II3 46 1844 June 22. 82 44.4 l.7636 

Fort Simpson. 61 51. 7 121 25·3 1825 Aug.5. 81 53· I 

Do. 61 51. 7 121 25.3 1844 Mar. 28; May 10. 81 52. 2 I. 9533 

Fort Norman, west side of river, or old site. 64 40. 6 124 44.8 1844 May 28; June 2. 82 34.3 1.7652 
Fort Good Hope, Mackenzie River. 66 16 128 31 1844 May 29. 82 55.9 I. 6g18 

Fort Confidence. 66 54 118 49 1839 June. 84 48 
no. 66 54 us 49 1848 Oct., Nov., Dec. 84 50.2 I. 203 

Do. 66 54 118 49 1849 Jan., Feb., Mar. 84 51. 0 L 208 
Richardson's Chain. 69 01 137 25 1826 82 22 

Clarence Bay, Arctic Ocean. 6g 38 140 51 1826 83 27 
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intensities in the United States and adjacent regions.-conti1wed. 

BRITISH POSSESSIONS,SORTH\VEST AMERICA-Cmitinued. 

[~orth of latitude 5I 0 and west of longitude C)Q 0 west.) 

/------------~------·----- --~·---·- ·----~ ------- ------~--------- --------------- ---------------

i 
Total force: Referred results. 

Observer. Reference and ren1arks. 
F. 

, _____ , --·--- ---- ---~--~-- ~----------- '---·--------··---· ----

r3.q34 I 78. 5 

Ii 

2. 740 

14.012 11 }----

13.572 78.3 2.75 

13. 872 

1: 
14.000 I 

Ii 
13.614 

11 78. 3 

14.051 

:1 If,, . 
13.926 J 
14.022 

13. 885 l·· 3 

13.956 

13. 8o8 L---I 

J 
13· 653 
13. 681 

13. 58 184.8 
I 

13.6o J 

lJ. 7 3 W. Ogilvie. 

G. \"ancouvtr. 

( J. Franklin. 

t, J. H. Lefroy. 

1.). 57 W. Og:il\"ie. 

13.61 

r 

I 
13. 93{ 

l 
L 

( 

l 
---- { 

J. 11. Lefroy. 

Do. 

W. Ogilvie. 

J. H. Lefroy. 

J. Rae. 

Do. 

R. B. Blakiston. 

0.]. Klotz. 

J. H. Lefroy. 

J. Franklin. 

J. fl. Lefroy. 

H. P. Dawson. 

J. Rae. 

]. H. Lefroy. 

J. Franklin. 

J. H. Lefroy. 

Do. 

Do. 

j 
T. Simpson. 

~ J. Richards~n." 

Do. 

J. Franklin. 

Do. 

:VIS. commun"d by the Hon. E. Deville & \\". H. Vall, 
Fe!.,. 21. 1885. 

Eucyc. Met. London, 1848. 

Diary 1\lag. Sur. Canada, Sir J. H. Lefroy, London, 
1883. 

Diary Mag. Sur. Canada, Sir J. H. Lefroy. L•mdon, 
l8S;. Ii. h & F obs\!. 

MS. commun'd by the Hon. E. !Jeville ,\: W. H. Dall, 
l•eb. 21, 1885. 

lJiar\· Mag. :-;ur. Cana<la, :-;ir J. H. Lefroy. London, 
Ili83. /J s II obs'd. 

Iliar\· :\lag. Sur. Canada. Sir J. H. Lefroy, l .<rndon, 
1883. 11, H IX F obs"<l. 

M:-;. cornmun'il by the Hon. E. Vevi!le & W. H. Dall. 
Feb. 2r. 1885 .. 

Diary Mag. Sur. Canada, Sir J. H. Lefroy, London• 
1883. ti, H Ill F" obs'd. 

{ 
Diary Mag. Sur. Canada, Sir J. H. Lefroy, London, 

1883. 

Do. 

Do. 

MS. commun'd by tl1e Hon. E. Deyille & W. 11. Vall, 
Feb. 21, 1885. 

I Diary Mag. Sur. Canada, Sir J. H. Lefroy, London, 
j i883. !}, H & F obs"d. 

i 
{! 

I 

Diary Mag. Sur. Canada, Sir J. H. Lefroy, London. 
1883. 

Diary Mag. Sur. Canada, Sir J. H. Lefroy, London. 
1883. 11, H & F obs'd. 

Diary Mag. Sur. Canada, !iir J. H. Lefroy, London, 
1883. 

Do. 

Diary Mag. Sur. Canada, Sir J. H. Lefroy, London, 
1883. fl & H obs'd. 

Diary Mag. Sur. Canada, Sir J. H. Lefroy, London, 
1883. 

Diary Mag. Sur. Canada, Sir J. H. Lefroy, London, 
1883. fl & H obs'd. 

Do. 

Do. 

Phil. Trans. R. S., 1872, Sir E. Sabine, Cont. Xlll. 

Diary Mag. Sur. Canada, Sir J. H. Lefroy, London, 
1883. 

Do. 

Phil. Trans. R. S., r872, Sir E. Sabine, Cont. XIII. 

Do. 
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TABLE I.-Obstm,ed magnetic dips and horizontal and total magnetic 

WEST INDIA ISLANDS A~D BERMUDAS. 

---- ---··-··-··------··--- -------

Name of station. 

Trinidad, Port of Spain. 

Do. 

Santa Marta, Colombia, South America. 

Curai;oa. 

Barbadoes, Carlisle Bay. 

Do. 

Barbadoes. 

Antigua, fort in English Harbor. 

Antigua, Caribbec Jslands. 

Alta Vela, off San Domingo. 

Kingston (or Port Royal), Jamaica. 

Do. 

Kingston, on the point at Port Royal. 

Kingston. 

Anguilla Island, Caribbee Islands. 

St. Thomas. 

Do. 

Do. 

Do. 

Porto Rico, San Juan. 

: Cayman Island. 

Barracoa, Cuba. 

Cozumel. 

Mugeres Island. 

Cape San Antonio, Cuba. 

Arenas Cay. 

Perez Island. 

Bahia Honda, Cuba. 

Matanzas, Cuba. 

Havana. 

Do. 

Do. 

Havana, Jesuit College of Belen. 

Water Cay, Salt Key·Banks. 

Nassau, New Providence Island. 

Do. 

Nassau, New Providence, on Hog Island. 

South Bernini, Bahama Islands. 

Bermuda, signal station, St. George's Town. 

Do. 

Do. 

' Latitude West longi
tude Year. I

I 
Month. 

_:_ __ ---~·------1--
IO 39 

! IO 39 
i II I5 

12 06 

13 05 

' 13 05 
IJ 05 
17 03 

17 08 

17 28 

17 56 
17 56 
17 56 

I7 57 
18 14 

18 20 

18 20 

18 20 

18 20 

18 29 

19 14 
20 22 

20 33 

21 14. 7 

2 1 55. 5 
22 07.2 

22 23.5 
22 58.4 
23 02. 9 

23 09 

2 3 09 

23 09 I 

23 08. 21 
23 59· 2 

25 05 
25 05 
25 05. 5 
25 42 

32 23 

32 23 

32 23 

6I 33 

6I 33 

74 I5 
68 56 

::;: i,1 

I857 

59 37 
59 37 
59 37 
6I 50 

6r 52 
71 39 

76 51 
76 5I 
76 5I 

76 49 

63 05 
64 56 

64 56 

64 55 
64 55 

66 IO 

81 05 

74 29. 
86 57 

86 45- 7 

84 55 
9I 24.9 

89 42.0 

83 12 

81 36.9 

82 23 

82 22 

I833 
I835 
1836 

1846 

I835 
r848 

r835 
1822 

1834 

1834 

1857 

1846 

1834 

I846 

1857 
I865 

I852 
1822 

I831 

1879 
1879 

I879 
I88o 

I88o 

1879 

I879 
18oI 

1822 

82 22 1857 

82 21. 3 1879 

8o 20. 8 1879 

77 22 r&p 

77 22 1843 

77 20. 0 1879 
79 17. 6 1879 

64 4:2 I831 

64 42 1845 

64 42 1846 

I 
Jan. 5. 

I

' May II. 

I Apr. 30. 

I .,b. 6. 

July 11; Aug. I; 
Sept.30; Oct. 6. 

Feb. 25; Mar. 2. 

Feb. I7. 

Nov. 14. 

Apr 23, 24, 25. 

Apr. 28, 29, 30. 

Apr. 7,8,9. 
Jan. 28, 29. 

Jan. 22, 23. 

Mar. 28, 29, 31. 

Mar. 6, 7,8. 

Jan. 

Jan. 27, 28. 

Mar. 13-16. 

Feb. 28. 

Feb. 18, 19, 20. 

Feb. 24, 25, 26. 

Oct. 

Dip 

0. 

0 , 

39 02 

39 00 

36 34 

38 39 

I 
I Horizontal 

I 
for .. c.e H. 

I 
I 

43 45. 9 } 6. 65 
43 28.8 

43 57 
48 46. 2 I 6. C)O 

49 II 

47 39 6. 48 
46 55 
47 19 
47 01. 3 

46 32 
50 15 
49 29 

49 40 

48 30 

49 38 

50 I5 
48 48 

50 07 
48 o6. 5 

49 32.9 

50 I4·9 

49 35· 8 

50 '09· 7 
52 18.4 

52 23.4 

53.22 

52 00 

52 18. I 

53 41.6 

56 13 
56 23 
SS 5o.5 
56 20.3 
65 18 
65 26.2 

65 24 

7. I79 

6.723 

6. 758 

7. I76 

7.o63 

7. 035 
7. 103 

7.055 
6.858 
6.823 
6. 10(?) 

6.921 

6.847 
6.742 

6.503 
6.448 
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intensities in the United States and adjacent regions.-co11tiu11ed. 

WEST INDIA ISLANDS AND BERMlJDAS. 

:1 

Total force I 1 Referred results. 

1------
I , . 
' 01""6-0 I H1-o F1886-0· I F. 

Observer 

l~-··-1'·~-~-
I o 

I
' }---- 1

1 

---- ---- { E. Sabine. 
Foster. 

---- I ---- --- . I K. Friesach. 

I0.08 

10.52 

10.436 

10. 139 

10.434 

10.75 

10.89 

---- i ----

1

1_-_ -_-_ 
}-. --

}- ---

---- 1 ----
1 

LH 17.12 
J I 

50. 8 I ----
l I 
r49·9 6 73 

J ''.' I :~:-
I 

----
7· 15 

I 
7· 03 

u.oo 50. 3 7. 01 

IO. 96 49· j 7.08 

II. OI 50. 2 7.03 

II. 22 52. 4 6.83 

11. 18 52. 5 6.8o 

6. 82 
::: :: (?)I J' 

52.4 

II. 243 
II. 20 

II. 39 53.7 6. 72 

-- --· 
}¢·~. -- -... 6. 50 

ti. 58 

II. 63 56. 3 6.44 

---# ---- ----
·--- ---- ----
. --- ----

___ .. 

i 

Zahrtmann. 

{ 

E. Home. 

Do. 

Schomburgh. 

{ 
E.Home. 

Barnett. 

r 
I 

10. 45 ~ 
I 
L 

10.73 

10.85 

10.98 

10.95 

IO.~ 

II. 19 

I I. 17 

II. 35 

11. 61 

E. Home. 

E. Sabine. 

Barnett. 

E. Home. 

K. Friesach. 

Barnett. 

Zahrtmann. 

Schomburgh. 

K. Friesach. 

W. Harkness. 

Norwegian officer 

E. Sabine. 

Foster. 

S. M. Ackley. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

A. v. Humboldt. 

E. Sabine, 

K. Friesach. 

S. M. Ackley. 

Dv. 

Barnett. 

Do. 

S. M. Ackley. 

Do. 

Austin and Foster 

Barnett. 

Do. 

I Reference and remarks. 

!-··-----··-·-·-· 
Phil. Trans. R. S., 1875. 

Do. 

Do. 

Do. 

Phil. Trans. R. S., 1838. 

Do. 

Phil. Trans. R. S., 1875. 

Phil. Trans. R. S., r838. 

Phil. Trans. R. S., 1875. 

Phil. Trans. R. S., 1838. 

Phil. Trans. R. S., 1875, Sir E. Sabine, Cont. XIV. 

Do. 

Phil. Trans. R. S., r838. 

K. K. Acad. d. Wiss., Vienna, Vol. XXIX, r858. 

Phil. Trans. R. S., 1875. 

Phil. Trans. R. S., 1875, Sir E. Sabine, Cont.. XIV. 

Do. 

K. K. Acad. d. Wiss., Vienna, Vol. XXIX, 1858. 

Smithsonian Cont's to Know., No. 239, Wash., 
Cruise of the Monadnock. 

Phil. Trans. R. S., 1875. 

.Do. 

Do. 

C. & G. S. Rpt., 1881, App. 9. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Becquerel's Traite du Magnetisme, Paris, 1846; Rpt. 
Brit. Asso., Vol. Yl, 1838; C. S. Rpt., 1861,App. 22. 

Rpt. Brit. Asso., Vol. VI, 1838; C. S. Rpt., 186'1, 
App. 22. 

K. K. Acad. d. Wiss., Vienna, Vol. XXIX, 1858. 

C. & G. S. Rpt., 1881, App. 9. 

Do. 

Phil. Trans. R. S., 1875. 

Do. 

C. & G. S. Rpt., 1881, App. 9. 

Do. 

Phil. Trans. R. S., 1875, Sir I<:. Sabine. 

Bermuda Royal Gazette. 

Phil. Trans. R. S., 1875, Sir E. Sabine. 
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TABLE !.-Observed magnetic dips and horizontal and t-Otal magnetic 

WEST INDIA ISLANDS AND BERMUDAS-Continued. 

·------- .. --~------- --------·-~----------------------------------, 

Latitude \Vest longi-
Name of station. tude Year. Month. 

q;. ,'.\, 

----------------'-· 

Bermuda, Mount Langton. 

Bermuda, Mount Langton, garden. 

Bermuda, Mount Langton, Ducking Stool. 

Bermuda, Tatem Island. 

Bermuda, Somerset Island. 

Bermuda, Spanish Point. 

0 

32 18. 2 

32 18. 2 

32 18.2 

32 17. 2 

32 18 

32 18. 2 

Bermuda, Ireland Island, cemetery spar-yard. 32 18. i 
1 

Bermuda, Clarence Cove. 

Bermuda, in the dock-yard. 

Do. 

Bermuda, near dock-yard. 

32 18. 8 

32 19 

32 19 

32 19. 2 

64 49 

64 53-3 

64 53. 5 
64 50.5 

Nov. 5-11. 

Apr. 10, I J. 

1873 ' June 6, 9. 

1873 ' Jane 5. 
1873 ! Apr. 7. 

1873 Apr. 12, 17. 

Apr. 9, 12. 

June 3, 9. 

June II, 16. 

Feb. 6. 

May 13; June 10, 
12. 

MEXICO AKD CENTRAL AMERICA. 

Dip 

e. 

67 20.I 

66 44.7 

67 02. 8 

65 4+ 2 

67 19.8 

Horizontal 
force 
H. 

{
6627.6}----
66 33.8 

66 44 

67 45 

67 18 

66 25.8 

4.914 

}4· 82 

4.922 

-----------~----

Panama. 8 57 
8 57 
8 57 
8 54 

79 29 

79 29 

79 31 

79 30 

1790 Oct. 3. 

Do. 1837 

Do. 

Do. 

1858 Apr. 29; May 2. 

1866 May 14. 

Chagres, castle of Saint Lorenzo. 

Nicaragua, Point Arenas. 

Nicaragua, or Rivas. 

9 20 

10 58 

10 56 

12 16 

12 28 

13 17. 2 

IJ 34· I 

16 04. I 

16 09.6 

16 50 
16 50.5 
16 50 

So 01 

83, 43 

83 42 

87 18 

87 08 

1834 Sept. 18, 19. 

1834 Sept. 11, 12. 

1839 

Realejo, Nicaragua. 1791 Jan 25. 

Do. 

La Union, Chiquiriu Point, San Salvador. 

; Acajutla, San Salvador. 

Port Escondido. 

Salina Cruz, Tehuantepec. 

Acapulco, Mexico. 

Do. 

Do. 

Do. 

1838 

87 46. 4 [ 1880 

89 50. 7 1880 

96 56. 7 r88o 

95 26. 7 1880 

99 52 1791 

99, 53 1803 

99 55 1838 

16 50 99 52 1866 

Do. 16 49. 2 99 56. 3 18So 

Belize, British Honduras. 17 29 88 12. 3 1879 

Coatzacoalcos, Mexico. 18 08 94 26 18So 

Oarion Island, off Lower California. 18 21 114 41 i839 

Do. 18 19. 6 114 41. 9 188o 

Socorro Island, off Lower California. 18 43 IIO 54 1839 

Nov. 1, 2. 

Nov. 6, 7. 

Nov. 17, 18. 

Nov. 13, 14, 15. 

Apr. 29. 

March. 

May 30. 

Nov. 22, 23, 24. 

Apr. 15, 16, 18. 

.Feb. 20, 21, 23. 

Oct. 8, 9. 

Mar. 2, 3, 4. Laguna de Terminos, Gulf of Campeche. 18 38 93 oof ~88o 

___ Do __ · ----------------'-'-8_4_2._s_,_ __ 1_10-54. 2 188o_._·~o_c_t._1n,12. 

29 29 

31 51. 9 

32 30 

31 56 

32 30 

34 05 

34 43 

33 05 

34 36.9 

38 23.9 

37 49.7 

39 13.2 

40 08. 5 

36 07. s 
38 53 

37 57. 4 

39.54 

40 o8.5 

43 32. 31 
43 113.3 

J7 03 I 
i 

39 34.0 i 
44 18. 3 i 

I 

40 43.7 I 
41 18. 7 ! 

7.55 
7.56 

7.284 

7,498 

7. 504 
7.479 

7. 91 

7.740 

7.518 

7. 425 

7.398 

7.597 

7. 357 

7.353 
7.477 

7.513 
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inteMitw in t"'6 Uni~d States a11d adjacent region11.-C<J11tinJJI. 

WEST INDIA ISLANDS AND BERMUDAS-Continued. 

I I 
I Total force I R~ferred r~ults. 

Observer. Reference and remarks. 

__ ! __ ! _______________________ _ 

I

' F. I 81885.0 i H18!H.O I F18!1.u 

0 i i i 
I 

(67. o6) I (4. 77) l (12. 24) I J. H. Lefroy. 

I 
12.362 

12. 129 

12. 345 

12.417 

12. 32 11r---
11 ----

I Maclear and SloggeU. 

Maclear and Bromley. 

Th>. 

Maclear and Sloggett. 

Do. 

Do. 

Maclear and Bromley. 

E. Home. 

I Do. 

I 

: Diary M.ag. Sur. Canada, Sir J. H. Lefroy, London. 
! 1883. 
\ Voy. of H. M. S. Challenger, Capt. G. S. Nares, Vol. 
I II, London, 1882. 

I 

Do. 

Do. 

Do. 

Do. 

1

1 Do. 

Do. 
f Phil. Trans. R. S., 1838, Pt. I, Capt. Sir E. Home. 

1

1 [Lat. and long. corrected.] 

Do. 

11 (66.49) 

Ii 
12. 309 (4.91) (12.31) 

. I 
I Voy. of H. M. S. Challenger, Capt. G. S. Nares, Vol. 
i II, London, 1882. , 

I Maclear and Bromley. 

l ! 

MEXICO AND CENTRAL AMERICA. 

I --- .. 11 I 
8.95 [ 

Don A. Malaspina. Bode's A.sir. Jahrb. Berlin, 1828. 

9.123 

If''' 
E. Belcher. Phil. Trans. R. S., 1843. 

7. 514 
R. W. Haig. Phil. Trans. R. S., 1864. 9.075 l 8. 972 W. Harkness. Smithsonian Cont's to Know., No. 239, Wash., I 

187J. 

9.02 J4.0 ---- ---- E. Home. Phil. Trans. R. S., 1838, pt. I. 

9.34 
}JS.8 { Do. Do. 

I ---- ---- Barnett. Phil. Trans. R. S., 1875. ----
I }J6.o { Don A. Malaspina. Bode's Astr. Jahrb., Berlin, I 828. I ---- ---- E. Belcher. Phil. Trans. R. S., 1843. ----
I 9.29 38.53 7.262 9.28 H. E. Nil:hols. C. & G. S. Rpt., 1881, App. 9. 

9.49 37.¢ 7.476 9.48 Do. Do. 

9.68 39.35 7.482 9.68 Do. Do. 

9.78 40.27 7.457 9·77 Do. Do. 

---· 

11~" 9 93! 

Don A. Malaspina. Bode's Astr. Jahrb., Berlin, 1828. 

-·-· A. v. Humboldt (?) Becquerel's Traite du Magnetisme, Paris, 1846. 

10.03 7.57 
E.-Selcher. Phil. Trans. R. S., 1843 & 1875. 

10.o89 W. Harkness. Smithsonian Cont's to Know., No, 239, Wash., 
1873. 

9.83 H. E. Nichols. C. & G.S. Rpt., 1881, App. 9. 

10.24 43.7 7.395 10.23 S. M. Ackley. Do. 

10.u 43· 2 7.373 10.11 Do. Do. 

9·52 
}39· 73 9·54{ 

E. Belcher. , Phil. Trans. R. S., 1843 & 1875. 

9.54 
7.335 H. E. Nichols. I C. & G. S. Rpt., 1881, App. 9. 

10.:28 44.46 7.329 l 10. 27 S. M. Ackley. Do. 

I l 
. 

9.87 
}41.47 ~o.oo{ E. Belcher. Phil. Trans. R. S., 1843 & 1875. 

10.00 7.491 I H. E. Nichols. C. & G. S. Rpt., 1881, App. 9. I 

I -

. H. BL 18--S'J 
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MEXICO AND CENTRAL AMERICA-Continued. 

I 
i 
I 

Name of station. 
I 
I 

i 
l 
I ---1 

) Cocoloparo, Orizaba. 

I 
I Potrero. 

i San Andres, Chalchecomula, State of 

I Manzanilla. 

I Tlamacas. 

Puebla. 

ity. Vera Cruz, Villa la Guaca, south of c 

Vera Cruz, northeast bastion, castle of San 
Juan d'Ulloa. 

Mirador, State of Vera Cruz. 

Chalco. 

Mexico, city. 

Do. 

Mexico, Convent of San Augustin. 

Do. 

Mexico, Central Observatory for M agnetism 
and Meteorology. 

Do. 

Campeche, Yucatan, 

P10gresso, Yucatan. 

San Blas, Mexico. 

Do. 

San Blas, Palm Island. 

San Blas, Mexico. 

San Blas, Beach. 

San Blas, Mexico. 

Contoy Island. 

Arenas. 

San Lucas Bay. 

Cape San Lucas, Lower California. 

San Jose de} Caho, Lower California 

Mazatlan, Mexico. 

Do. 

Do. 

La Paz, El Mogote, Lower California 

Pichiliugue Bay, Lower California. 

Magdalena Bay, Lower California. 

Do. 

Do. 

Do. 

Do. 

I 
I 
I 

I 
I 

i 

I 

I 

Latitude 

tp. 

0 I 

18 53 

18 56 
18 59 
19 02. 8 

19 03 
19 12 

19 12. 2 

19 13 

19 18 

19 26 

19 26 

19 26 

19 26 

19 26 

19 26 

19 50.5 
21 16. 8 

21 32 

21 32 

21 32 

21 32 
21 32 
21 32.2 

21 32 

22 07 

22 52 

22 53.6 

23 03.6 

23 11 

23 II 

24 II. S 

24 10._2 

25 15.5 

24 38 

24 38 
2440 

24 38.4 

24 38.4 

[ West longi-1 

' tut.e I 
Vear. 

I 

I 
Month. 

0 , 
97 04 1856 Aug.26, 27. 

I 96 48 1856 Aug. 16, 17. 

97 15 1856 Sept. 17, 18. 

104 20. 5 188o Nov. 30; Dec. I. 

98 39 1857 Jan. 25. 
I, g6 09 1856 Aug. 7, 8. 

96 o8.5 l88o Feb. lo, l l, u. 

g6 37 1856 Oct. 10, 11. 

98 51 1857 Jan. 6. 

99 o6 1778 -- ... -
99 o6 1799 ----
99 05 18o3 Dec. 

99 05 1,857 Dec. 10, 17. 

99 o6.6 1879 Sept.-Dec. 

99 o6.6 1884 Apr. 5, 8,9,l I,19. 

go 33. 3 188o Mar. 8, 9, 10. 

8g 39. 5 l88o Mar. 13, 15. 

105 16 1791 Apr. 12. 

!05 16 1837 ----
105 16 1837 ·-- .. 
105 16 1838 ----
105 16 1839 ___ .,. 

l05 18. I t88o Dec.4.S· 

86 49 1838 ___ .., 
91 24 1847(P) ----

109 53 1839 
___ .... 

109 S4· 7 1881 Feb. 19,20. 

109 ,.0. 7 1873 Feb. 27, 28. 

• 
1o6 24 1837 .,._ .. _ 

1o6 24 1839 ----
1o6 26.6 1881 Feb. 12, 13. 

110 20. 7 1881 Feb. 6,7. 

IIO 20.1 1881 Feb.5. 

112 O'/ 1837 ----
112 O'/ 1839 ---· 
112 O'/ 1866 Jue 9. 
112 o8. 9 1873 Kar. 6, 7. 

II2 o8.9 1881 Feb. 24-

I 
! 

I 

Dip Horizontal 
force 

e. H. 

0 I 

42 51 7.579 

42 51 7.574 

42 38 7.589 
43 15.8 7.320 

42 34 7.571 

43 58 7.533 
j 

44 04.6 7.391 

43 so 7. 522 

43 12 7. S40 
38 ()() ----
42 10 ......... 
42 10 6. 6g (?) 

41 26 7.576 

44 51. 7 7-~ 

45 01.4 ----
46 20. 7 7.229 

48 52.3 7.ogo 

43 II. 2 ----
46 09 ----
45 24.3 ----
44 36 ----
44 32.5 7. 4-21 

46 :to.8 7.204 

49 48 ----
49 32 ----
45 39·3 7.259 

47 23.2 7. 103 

47 25.2 7.007 

47 45 ----
46 38.5 7.214 
48 15.8 7.049 

49 JO.I 7.023 

49 48.5 6.88$ 

So 43 
___ ... 

¢34 7.16o 

4832 7.176 

+S fi9.o 6.()26 

4118.7 7.032 
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MEXICO AND CENTRAL AMERICA-Continued. 

I 
Referred results. 

Total force 
I Observer. Reference and remarks. ' 

F. D,,.,a H18'!11.0 I F1"'".a I 

-------
0 

... ·-- 4J. 5 7.43 IO. 24 A. Sonntag and v. Mueller. C. S. Rpt., 1856, p. 214 & Smithsonian Cont's to 
Know., Wash., I86o. 

._ __ .. 43·5 7.43 10.24 Do. Do. 

--- .. 4J. 3 1·# 
i 

10.22 Do. Do. 

10.05 43.40 7.300 I 10.05 H. E. Nichols. C. & G. S. Rpt., 1881, App. 9. 

---- 43.6 7.42 10.25 A. Sonntag and v. Mueller. Smithsonian Cont's to Know., Wash., 186o. 

--- -
! }44· 25 IO. 28{ 

Do. C. S. Rpt., 1856, p. 214. 

10.29 
7.367 

S. M. Ackley. ! C. & G. S. Rpt., 1881, App. 9. 
i 
I 

i 

-··-- 44.8 7. 37 10.39 A. Sonntag and v. Mueller.', C. S. Rpt., 1856, p. 214 & Smithsonian Cont's to 
I Know., Wash., 186o. 

---- #·2 7.39 IO. 31 Do. Smithsonian Cont's to Know., Wash., r86o. 

-- -- ) ( Don Alzate. I Encyc. Met., London, 1848, Art. Magnetism. 

A. v. Humboldt. Do. ----
9.96 i Do. Rpt. Brit. Asso., Vol. VI, 1838, and Bequerel's Traite 

45.0 7.440 10.49 
du Magnetisme, Paris, 1846. H and F very uncer-
tain; C. S. Rpt., 1861, App. 22. 

IO. 105 A. Sonntag and v. Mueller. C. S. Rpt., 1856, p. 214, and Smithsonian Cont's to 
Know., 186o. 

10.553 V. Reyes. Memoria sobre el Dept. Magnetico, &c., Mexico, 
1880. 

.. --- ---- -- -- ---- M. Barcena. Communication of Mexican Consul at Sau Francisco 
to Assist. G. Davidson. 

10.48 46.50 7· zo5 10.47 S. M. Ackley. C. & G. S. Rpt., 188r, App. 9. 

10.78 49.03 7.o66 .. ,, [I ;;.;,; A. M.!up;-
'Do. 

·--· ) 
Bode's Astr. Jahrb., Berlin, 1828. 

----

f ~· 
Du Petit Thouars. Phil. Trans. R. S., 1875, Sir E. Sabine. 

---- E. Belcher. Phil. Trans. R. S., 1843 and 1875. 

ro.66 
7.18.f. ro.42 

Do. Phil. Trans. R. S., 1875. 

---- Do. Phil. Trans. R. S., 1843 and 1875. 

10.43 H. E. Nichols. C. & G. S. Rpt., 1881, App. 9. 

---- ---- --- ... ---- Barnett. Phil. Trans. R. S., 1875. 
_.., __ ---- ... --- ---- Do. Do. 

10.63 
}47·S 10.48} 

E.Belcher. Phil. Trans. R. S., 1843 and 1875. 

10.49 
7.o83 H. E. Nichols. C. &G. S. Rpt., 1881, App. 9. 

10.36 47.5 6.95 10.29 W. Eimbeck and G. Da- Do. 
vidson. 

----
}48-JS { 

Du Petit Thonars. Phil. Trans. R. S., 1875. 

10. 75 7.029 10.58 E.Belcher. Phil. Trans. R. S., 1843 and 1875. 

10.59 H. E. Nichols. . C. & G. S. Rpt., 1881, App. 9. 

10. 74 49.29 7.003 10.74 Do. Do. 

10. 67 49·93 6.865 \ 10.66 Do. Do. 

----

1~~ ·~u[ 
Du Petit Thouan. Phil. Trans. R. S., 1875. 

10.75 ' E.Beicher. Phil. Trans. R. S., 1843 and 1875. 

10.837 6. 99 
W. Harlc.ness. Smithsonian Cont's to Kttow., No. 239, Wash., 187 3· 

Jo.38 W.~udG.Da· C. & G. S. Rpt., 1881,App. 9. 

I .. Yid.son. 

to.57 H.E.Nicbols. Do. 
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TABLE I.-Ob8ert1ed magtietic dips and luwizoatal and total 'lltQgnetW 

MEXICO AND CENTRAL AMERICA-Continued. 
I 

I 
~---- - -------

I West longi-1 I 
I 

Latitude Dip Horizontal 
Name of station. tude Year. Month. force 

I tp. i l. 6. H. 

! 
0 , I 0 I 0 I 

I Isle San Josef, Lower California. 24 55.0 I IIO 37· 3 1881 Jan. 31; Feb. I. 49 38.5 6.838 

Loreto, Lower California. 26 01. I I Ill 20. 5 1881 Jan. 27, 28. 51 oo.8 6.789 
I Pequeila Bay, Lower California, 26 15.9 Il2 28. 5 1881 Feb.28. 51 41!.1 6.689 

/Santa Barbara Bay, Mexico. 26 41. 5 i 109 38.4 188o Dec. 22, 23. 52 21. 2 6.735 
Point Abreojos, Lower Cal 26 47.0 I Il3 31. 2 1881 Mar. 2,3. 51 47.7 6.705 

i Mulege, Lower Cal. 26 53. 8 I III 58. 2 1881 Jan. ~4. 25. 52 05.5 6.724 
I Ascension Island. 27 o6.o I II4 18. 4 1881 Mar.4,5. 51 43. 4 6.710 

I Santa Maria Cove, Lower Cal. 27 25.2 Il2 19. 5 1881 Jan. 19,20. 52 56.8 6.681 

Saint Bartholomew. 27 39· 61 114 53 1839 ---- s1 41 I 6. 78o 

Guaymas, Mexico. 27 54.8 I IIO 52. 6 188o Dec. 27, 28. 52 58.0 6.619 
Cerros Island, Lower Cal. 28 03. 91 115 II. 5 1873 Feb. 17. 52 30. 5? 6.505 

Do. 28 03.4 115 I I. 3 1881 Mar. 7,8. 52 55.0- 6.6o3 

Santa Teresa Bay, Lower Cal. z8 25. I 112 51. 9 1881 Jan. 17, 18. 53 49.0 6.571 
Guadalupe Island, Lower Cal. z8 55.3 118 15. I 1881 Mar. 18. 53 ,;8.9 6.421 

Tiburon Island, Mexico. 29 II. 5 112 27. 0 188o-81 Dec. 31; Jan. I. 54 59.2 6.477 
Presidio de] Norte, Rio Grande. 29 34 104 25 1852 ---- 55 41 ----
San Geronimo Island, Lower Cal. 29 47.2 115 47. 7 1881 Mar. 23,25. 54 30.0 6.4,;o 

San Luis Gonzales, Lower Cal. 29 50. 9 114 25. 4 1881 I Jan. 14, 15. 55 I I. 3 6.425 

San Quentin. 30 22 115 58 1839 I ---- 54 29.9 6.468 

San Martin Island, Lower Cal. 30 29. 4 116 07. 2 1881 Mar. 29,30. 55 34·4 6.377 
Point San Felipe, Lower Cal. 31 02. I 114 49. 8 1881 Jan. 12, 13. 56 25.2 6.272 
Rocky Point, Mexico. 31 17.2 Il3 33· I 1881 Jan. 4,5. 57 14.7 6. 250 

Espia. 31 21 107 56 1855 Mar. 22. i 57 59 6.242 

Philipps' Point, Mexico. 31 46. I I 114 43.4 1881 Jan. 8, 9, 10. 57 31. 8 6. 184 

Todos Santos, Lower Cal. 31 51. 4 I 116 37. 6 1881 Apr. 2,3. i 58 30.6 6.044 
I 

EASTERN SIBERIA. 

I 
Latitude Longitude Dip Horizontal 

Name of station. Year. Month. force 

"'· A..* 8. H. 

-
0 I 0 , 0 , 

Petropavlovsk, Kamchatka. 53 OI 158 43 1779 June and Sept. 63 05 ----
Do. 53 OI 158 43 11lo4 Sept. 6J 32 ----
Do. 53 00 158 43. 5 1827 July. 6402 ----
Do. 53 00 158 40 1827 Sept.JO. 64 07 ----
Do. 53 00 158 40 1829 Oct. 13. 63 49 ----
Do. 53 01 158 43 1837 Sept. 4 and 5· 64 05 ----
Do. 53 00 158 43 ·1854 Jnly. 64.47 ----

! Do. 53 oo.6 158 39· 2 1876 June 12; Sept. 15. 64 14 ----
' 

I j . 
' 
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inrenrities in the United States and adjacent regiom.-continued. 

MEXlCO AND CENTRAL AMERICA-Continued. 

1

_T_ota_l_fo_rc_e-ccl----R-ef;-err-ed-res-ul_t_s_. -----~!----·----------,:--·--··-·-------------·-·-·---! 

Observer. 1 Reference and remarks. 
F. 

111 .... 0 ! H11iso.o I F1sea.o ' i 
,----11--0-1---1----[---------i·-----------------

10. 56 49 75 
1 

6. 819 I IO. 55 : H. E. Nichols. C. & G. S. Rpt., 1881, App. 9. 

I' 6 I I D D JO. 79 51. 12 i • 770 ! IO. 79 I o. 1 o. 

10. 82 5I 91 \ 6. 67I I IO. 8I ! Do. Do. 

I 1. 03 52. 47 i 6. 714 I 11. 02 Do. Do. 
1 

IO. 84 51. 86 I 6. 6881 10. 83 Do. Do. 

IO. 94 52. 16 / 6. 707

1 

IO. 93 Do. Do. 

IO. 83 51. 79 i 6. 693 IO. 82 : Do. i Do. 

11.09 53.02 \ 6.664 J 11.08 Do. Do. 
I I ! : 

II. 20 I 53.0 I ---- 1 ·--- I E. Belcher. Phil. Trans. R. S., 1843 an<l 1875. 

52. 97 1 6. 6o1 '. 10. 96 1 H. E. Nichols. C. & G. S. Rpt., 1881, App. 9. 10.99 

10.69 

10.95 

II. 13 

l0.83 

II. 29 

11. 07 

II. 25 
II. 41 

II. 28 

I I I. 55 
II. 77 

II. 52 

If. 57 

Total force 

F. 

n.:z5 

u.n 

i} i /

1

. {II WG .DEi~bdeck and } Do. 1 52 95 6. 586 10. 93 · av1 son. 
J . H. E Nichols. Do. 

I ~!: ~: I :: !!: I ::: ;: I ~: ~:: 
SS· o8 I 6.,459 , II. 28 I Do. Do. 
55· 6 ---- ---- W. H. Emory. i U.S. & Mex. Bound. Sur., Am. Acad. Sc., Vol. VI, 

I 1856. 

54. 50 6. 413 

55. 19 6. 408 

55. 58 6. 36o 
56. 42 6. 255 

57. 24 6. 233 

57. 9 6. II 

57. 53 
58. 51 

6.168 

6.028 

ll.04 

II. 2J 

II. 25 

II. 31 

II. 52 

II. 50 

II. 49 

II. 54 

Referred results. 

0 

H. E. Nichols. 

Do. 

E. Belcher. 

H. E. Nichols. 

Do. 

Do. 

W.H.Emory. 

H. E. Nichols. 

Do. 

C. & G. S. Rpt., 1881, App. 9. 

Do. 
i 

, Phil. Trans. R. S., 1843 and 1875. 
I 
· C. & G. S. Rpt., 1881, App. 9. 

o. 

Do. 

U.S. & Mex. Bound. Sur., Am. Acad. Sc., Vol. Vl, 
1856. 

C. & G. S. Rpt., 1881, App. 9. 

Do. 

EASTERN SIBERIA. 

Observer. Reference and remarks. 

l f 
J. King. 

A. J. v. Krusenstem. 

l 
F. W. Beechey. 

F. P. Li!tke. 

Voyage to the Pacific, London, 1784. 

Do. 

Voyage to the Pacific, 1825-28, London, t831. 

Memoires St. Petersburg Acad., 1838. 

fi4_.o -------- -------- Ad. Ennan. 

J 

I 1 Du Petit Thouan. 

l' ;.;.-~. Onazevich. 

Reise um die Erde, Berlin, 1835. Value of F de
duced by M. Baker= 11.10. 

Voyage autour du Monde, Paris, 1843. Value of F 
deduced by M. Baker. 

Frigate Aurora. 

Russian publication, communicated by M. Baker. 



 

2M UNITED BT.ATES OOAST AND GEODETIO SURVEY. 

EASTERN SIBERIA-Continued. 

I 
I 

Latitude I Longitude Dip Horizontal 
Name of station. Year. Month. force 

tp. 

I 
.L* fJ. H. 

0 I i 0 I 0 , 
Natscbika. 53 07 I 157 25 1829 64 05 --------
Bering Island. 55 14 165 52 1879 Aug. 66 35 4.539 

St. LaWTcnce Island. 63 43 -171 23 
I 

i879 Aug. 74 25 3.327 

Plover Bay, Port Providence. 64 z6 -173 15 I 1849 ---- 75 10 ----
Do. 64 22.4 -173 21. 5 i 1869 Aug. 3, 5· 74 38.8 ----
Do. 64 22 I -113 21. 5 1876 July 21-27. 74 55 --- .... 

I Do. 64 22. o I -173 21. 5 188o Aug.12; Sept. 13. 74 46.4 3.262 

Ongayak. 64 24 I -172 20 
I 

1849 ---- 75 25 --- ... 

Konyam Bay. 64 5° i -172 57 
I 

1879 July. 75 IO 3. 195 

Holy Cross Bay. 65 28 i -178 32 1828 _.,. -- 75 43 ----
Yandanga.h. 65 29 -170 50 1849 ---- 76 17 ----
Laurenne. 65 32 -171 40 1849 -- -- 77 15 ----
St. Lawrence Bay. - 65 35 -170 44 1879 July. 75 55 3.078 

Do. 65 38 -170 46 1828 ---- 76 36 ----
Do. 65 37 -170 40 1849 ...... 76 37 ----

1 
Big Diomede Is1a11d. 65 44·9 -1fi9 04.4 188o Sept. 10. 76 15.0 2. 981 

I Chagneen. 65 45 -170 30 1849 ---- 76 56 ----
PitlekaL 67 oS -173 30 1878 Sept. 76 59 2.887 

Do. 67 04 1-173 30 1878-9 Winter. 77 01 2.861 

Irkaipi. 68 49 18o 00 1878 Sept. 77 56 2.676 

· Werkon River. li9 53 173 32 1823 ---- 79 59 ----
Wrangell Land, Rodgers' Harbor. 70 57 I -178 JO 

I 
1881 Sept. 79 15 ----

Wrangell Land, Hooper's Cain, east coast. 71 04 1-177 40 1881 Aug.12. 79 52.5 ----
I I 

I 

•A - sign irulicates west longitude ; a +: sign indicates east 101lgitude from Greenwich. 
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EASTERN SIBERIA-Continued. 

--· 

I 
Total force Referred results. 

~·~- Observer. I Reference and remarks. 
F. 0i-. I H1811S.O F18&.o 

I 
--

0 I 
11.45 

___ ..,. ... __ ---- Ad.Ennan. Phil. Trans. R. S., 1872. 

---- 66.5 4.54 11. 39 A. Wijkander. L'expedition de Ia Vega, 1878-So, Stockholm, 1883. 

---- 74.3 3.33 12.Jl Do. Do. 

----

}·~' "· 35 { 

Moore. Phil. Trans. R. S., 1872. 

12. 12 A. Hall. Rpt. Sol. Eclipse, 186<), U.S. Nav. Obsy., W 
3.26 

M. L. Onazevich. Russian publication, commun'd by M. Baker. ----
t:z. 42 

I 
W. H. Dall and M. Baker. C. & G. S. Rpt., 1881, App. 9. 

ash. 

--- ... ...--- ---- ---- Moore. Phil. Trans. R. S., 1872. 

---- 75.1 3.20 12.44 A. Wijkander. L'expedition de la Vega, 1878-So, Stockholm, 

rz.So ... --- ---- --- ... F. P. Ltttke. Phil. Trans. R. S., 1872. 

---- ,.. ___ ---- .......... Moore. Do . 

---- ---- ---- ·--· Do. Do. 

. ---
}1s. 8 12. 56{ 

A. Wijkander. L'cxpedition de la Vega, 1878-So, Stockholm, 

12. 84 3.o8 F. P. Li!tke. Phil. Trans. R. S., 1872. 

---- Moore. Do. 

12.54 76. 2 2.98 12.49 W. H. Dall and M. Baker. C. & G. S. Rpl, 1881, App. 9. 

---- ---- ---- ---- Moore. Phil. Trans. R. S., 1872. 

---- }16. 9 2.87 12. 66{ A. Wijkander. L'expedition de la Vega, 1878-So, Stockholm, 

--- ... Do. Do. 

---- '17· 8 

l 
2.68 12.68 Do. Do. 

---- ---- ---- ---- Wrangell. Phil. Trans. R. S., 1872. 

---- 79. 2 --- .. ___ ,,, Putnam. 

I ;;;, .... """" -· ""· ---- 79.8 I 
__ ..., .. 

I 
---- C. L. Hooper. San Francis 

Geo. Davidson, Dec., 1881. 
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PART II. 

SECULAR VARIA'l'ION OF THE MAGNETIC DIP IN THE UNITED ST.A.TES. 

At the time of the appearance of Appendices Nos. 32 and 33, Coa'!t Survey Report for the year 
1856, which contain a first discuasion, hy the writer, of observed dips, the facts known respecting 
the secular variation of the dip within the limits of the United States were very meager and in 
part conjectural. Prof. E. Loomis appea,rs t-0 !Jave been the first to give attention to the subject. 
He remarks (Silliman's Journal, 1838), "From the course of the observations made in other places 
by Profess01· Bache it may be inferred that the dip in 1834 was at Cambridge 730 33', being an 
increase since 17o3 of 30 52', or about 4~' per year. It may be considered as established that the 
dip has increai;ed ia this country since the earliest obser\'ations, but whether it is still increasing. 
at the µr·eseut time seems more uncertain." 

"The observations made at Albanj· aud New York may excite a suspicion that such is not the 
fact. It is hoped that so important a question will not long remain doubtful." 

It may be remarked to this that the supposed increase in the dip must probably be referred 
back to the first quarter or earlier part of the present century, and that tlie Cambridge ob8ervations 
of 1780-'83 are looked upon with doubt as to their reliability; at any rate they cannot be reconciled 
with our present knowled~·e of the secular change. It is true they were formerly supposed the earliest 
known recorded dips in the country, a distinction which now must be aecorded, however, to Una
lashka (li78), lrnt there were no other obsen·ations ou or near our Atlantic coast till 1822, thus 
cutting off the means of comparison and verification. In his second collection of dips (Silliman's 
Jourual, 1840), Profel\80r Loomis arrives atm ore certain results by comparing Long's dips of 1819 
with others of 1839, where he notice:s a difference of 30', and saJ·s, ''In the absence, then, of more 
accurate data we may call this the diminution of the dip from 1819 to 1839, being at the rate of 
l.'5 per year." Again, comparing tlle dips in New York by Sir E. Sabine ancl Sir J. Franklin (1~22 
to 1825) with his own and others about the epoch 1835, he finds a difterence of 25' and concludes 
a diminution of 2.'l per annum and assumes the mean between the two determinations, or 1.'o, to 
be the annual diminution of the dip for the (~astern) United States. 

Taking up the subject iq_ 1856, I showed that in the Northeastern part of the country the dip 
continued to decrease till about the year 1843, when the dip became stationary; the occurrence of 
this mimimnm was fixed at 1842.7 ±0.7, and it was further shown that since the reversal of the 
motion at that epoch the dip had alreacly attaiued, in 1856, an a\·erage annual increase of 2.'7, and 
it was conjectured that the formulre gi\·en for the secular variation wonld apply, for ten or fifteen 
years after this minimum epoch. Subsequent obsenations, howev~r, did not verify this range of 
applicability, as we shall presently see. This increase of the dip became first apparent at the mag
netic observatory at Toronto, Oanada~ and Colonel Sabine remarks (Vol. II of tile Toronto Observa
tions, Loudon, 1853): '"On a first inspection of the values of the inclination in the years from 1841 
to 185~, inclusive, we might be led to infer that in 1843 or 1844 the Recular change at Toronto 
reached a turning epoch, and that from having been previously a de<.,Tease it became subsequently 
an increase of inclination. It is possible, however, that the facts may admit, and may hereafttir 
receive, a different explanation." In the year 1855 Prof. Ohr. Hausteen published three articles in 
the Astronomische Nachrich.ten (Nos. 947, 948, and 954) ''On the variations of the magnetic incli
nation in the northern temperate zone." To these papers reference was made by me in 1856, since 
they include the two stations, New York and Sitka. For the former place the analytical formula. 
produces a maximum for 1822.3± 1.1; I am, however, inclined to think that this maximum hap
pened earlier. For the latter place his formula gives a minimum in 1838.8± 6.4, but I think there 
is little probability that this has any rela.tion to the minimum noticed at stations in the Ea.stern 
section of the country. 

Coming now to later researches, the occurrence of this minimum about 1840 to 1844 was cer
tainly as unexpected as subsequently the sudden stoppage of the increasing dip about 1859 in the 
Eastern part of the United States .. Reasoning by analogy from what we knew of the long period 
of the secular variation in the declination and the long continued variation in the dip at certain 
stations, tho' not within our geographical limits, it was reasonable to expect that the increase in 
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the dip would continue to be obserrnd at least for many years. This idea, however, was quickly 
dispelled and since abont lSfiO the dip in nearly all parts of the Uitited States has again resumed 
the direction of diminishing >alue, thus suggesting the idea of a secondary motion or wave of 
comparativel_y short dnration and of a clrnracter opposite to the general motion in the ''ariatio11 
of the dip, as it existed before and after thiR temporary interruption. Tbc observations made.at 
Washiugton (see Coast Survey Rtiport for 1870, Appendix No.14) first indi<~ated, in 18(i0, a change 
in the sign of the annual progreRsion, which change was soon confirmed b,1 the ohserYations at 
Eastport, Me., at Ke~· \Vest, Fla., and at Toronto, Canada. At Wm;hi11gton arnl Toronto the 
former annual increase. cea;;ed about. 18fi!l, and the annual decrease, which soon after set in, seems 
to have rapidly spread over the whole country, though apparently it. only rrache<l Sou them Cali· 
fornia at a much latur time. A~n anntial diminution is now the rule and it appliPR afao to Cana1la 
and a part of the Briti;;h North American Possessions; th mi at Lake Athaba;;ca, Sir J. H. Lef'roy 
remarks in hi" "Diar,\' of a Magnetic Survey of a Portion of the Dominion of Canada, chiefly in 
the Northwestern Territories, etc." (London, 1883): ''If we may asRnnw that thiR element (the 
dip) attained its maximum value at J,ake Athabasca at the same epoch as it <li<l at Toronto 
(185H) it was probably again the ;;ame in 1874 as it was in 1844, and we have, therefore, for the 
present rate of secular change of dip in that quarter -1.'7 per anuum." 

When we eutt"r more m i1111t1~ly iuto tlie investigation of the law of secular change we find the 
same to be dependent, as in the case of the change in declination, on the latitude and longitude of 
the place, aJHI it will be de;;irable to diYide the total geographical area into sep;1 rate arpas possess
ing it ;;im1lar charactensti0 with respect to the secular variatiou. A.n examination of the figures 
of Table II (given further on) which were extract~d from the general Table I, will show the difti. 
cnlt.Y in recogniziug the true law of change in consequence of obscuration by defecti n' Yalues, <hit~ 
either to indift'ereut obserYations, to detectiYe needles, or more generally to local effects from cbauge 
of place. To m·ercome this difficulty the dips llt the yarious places and included iu a certain region 
were plotte<l on the Rame scale and for-the same time ordinates, by which means it became poHiihle 
to recognize any common feature. as well as any defective obsen·ation, yet considerable !lifficnlties 
were encountered in understanding and extracting the law from scanty, conflicting, or otherwise 
confusing data, as those, for instance, in the West Indies and California. ·with bnt a very few 
exceptions we have to contend with au insufficient number of obseiTations as well as with a want 
of equal dh;trilmtiou in time, t>ven O\'er tbe short period at prescut at our command, uor can we 
feel quite sure of having- Reized the correct interpretation iu all cases. 

'\Ve shall first gh·e in tabular form, aud conYeniently arranged for computation, the observed 
<lips at !Hadi11g Rtati011s, selected from those of Table I in consequence of their fitues'I for the im·es
tigatiou of tl1e ~ecular rnriation or of the present annual change. For some of these stations the 
dips have also been expresSl•d b,v means of an exponential function (as had hec11 !lnne iu 185G). 
Such exprcssio11s a11pl~· 011ly for a ver_y limited time but they will enable ns to refer oh~errnti111s 
to any desired epoch, "itbi11 their proper range of applicability, for which it may he i11tt<mled to 
chart the i8oclinics. 111 est.ablisliing these equatious for dip we han~ n;;ed the method of least 
squares, and 11all also resort to otherwiM· intt>rpolated values to fill up gaps in time or defecbi in 
extent of series, thns simpls trying to make the best of imperfect material. 

or 

'l he formnlm im·olved ma~· be briefly recapitulated as follows: 
Let fi =the dip at any time t where t i8 expressed in ~·ears and fractions of ·1 ,Vt>ar. It is con

sidered positive when the north en<l of the needle <lips helow tlH' horizo11tal plane. 
80 =the dip conesponding to tlie time t0 for which epoch the .\·ear 1850 has lmmi alloptt>d 

in conformity with the paper iu the UoaRt aud Geodetic Snrn~'." Heport for 188'.!, 
Appendix No 12, containing the di8CU8sio11 of the secular variation of tlic mag
netic declination. We put, 

e = flo + y (t - to)+ z (t - fo)2 + u (t - to)3 + .... . 

e = 81 + x + y . c, t + z. c, t2 + u . c, t3 + .... . 

where 6 t = t -1850.0 and 81 and assumed value of B0 and x, y, z, u the correction aJHl the factors 
to be determined from the observations themselves. 

H.Ex.18-23 
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Each observation will furnish an equation of condition of the form 

0 = &1 - (1 + x + y . 6 t + z . 6 t2 + 11 • .c-. t3 

stopping at terms involving the third power of the time. To facilitate the solution of the normal 
equatiom; we introduce the quantities 

y = lOy Z = l02z 

an1l multiply the first eqnation by 10°~ the second by 101, the third hy 102
, and the fourth hy 103

• 

\Ve ah;o ha\·e: 

~·~ = y + 2 z (t - f0) + 3 u (t - t0 )
2 

hencfi the annual change 

For condition of maximum or minimum, and for point of intlection we have 

0 = y + 2z (t - t0) + 3 u (t - t0 )
2 

d2(1 
dti = 0 = 2 Z + 6 U (t - to) 

The time of _maxim nm annual change is given hy T11 = t0 - :/u and the timesofmaximum and 

of minimum dip by: 

T = to - :tu+ -J(:tu )2 - 3~ 
The probable error e0 of a single value is found by 

The numerical application of the formulm was only extended to a few selecterl stations which 
mnre or le8s admitted of it; the results follow the columns of talrnlar values and of observers. 

'l'A.BLE II.-A nn1uil values of o/Jsert,ed magnetie dip a.t prominent staUons and compm·ison of observed 
· · and eomputed d·ips. 

I I I i I I I i I i : i 
.
;No'. lAJca.lit an 1 ibserver : ~ear_anJ, Obs~rved ! Computed i .!t.O ~No Locality and observer i Year.and' Obs~rved 'Computed! A9 ' 

. Y ' 1 · lrnct10n. 1 dip. i dip. i 0-C. 1' 'I ·'fraction. dip. dip. I 0-C. 
: I ; \ i! i I . 
; ffal(;nx,;ova S.,,1;,, : ··---,----:.--··1--~ ... I 0-:: ·T~~=n-:-:~:~d~:~::=.- -----· 0 -- 0--1··:.--

1 
1 Home. 1834.4 \ 75.55 I II 4 \ Lefroy. 1S43.3 77.15 

2 : Home. i837.4 ! 74.97 I i 5 I Younghusband. t845.5 77.14 

3 ' E>lcourt. 1838.5 i 74-75 1 ii 61 Schott. 1859.5 76.86 

4 '. K~ely. t8H·5 I 75.fu 

1

: i 7 1 Baylor. 1fl79.7 "6-43 

5 '. 1\ladear and Bromley. 1873.4 I 7'4·8o I I Can1/:rritig£andEo.ston, 
6 ~ Baylor. 1879 .71 74 .65 JJ/assp l 
7 ; \'ery. l88r.8 74.48 I I Williams. 178o.9 69.85 (?Jf 

QHelw, Canada. I\, I I \\\\:illlliams. t782.'I :::·.66! ((??)):.·. 

I l l ; 
1 

l 1a.ms. 1783.9 vy o 

1 ' Letroy. 1842.7 j 77 • .6 I I 1 ! Loomis and Bond. 1839.7 74.31 I 74.25 +.o6 j 

2 i Youngh11sha.nd. 1845.5 ! 77.15 ' II, 2 j Lovering and Bond. 1840.5 74.36 ·j 74.26 +.to. 
3 ' Sclwtt. 1859.5 

1

1 77 .29 3 i Gmha.m and Bond. 1S4x.5 74.22 1 74.26 - 04 ! 
4 Baylor. 1879.7 76.75 • I Locke, Lefroy, and\ i84>.5 74.24 [ 14.27 -:0311 

I
I , Graham . 

• tfontreal, Canadtr. I 
1 

! 5 ; Graham. ! i8H. 9 j 74 _30 74 .~9 + 

: s:::' lJ: : 1 :: :: , I : I ::::~ ;;:,~ l, __ :!_~_5 :_~...;l __ ;

4

_::_;,_ • ._:. __ ~:_:_::_· _,__:_:_~_,:.i 
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TABLE II.-Anmwl 1'alues of ob8erred magnetic clip at prominent station8 and wmpari.wn c!l ob8trred 
and computed d,ips.-Con,tinued. 

; Cu1.11hri1~1.,'<' and /1',,sf(1J1 1 
' 11/ass, Cuat'd. 

9 ; Ives am! Whipple. 
10 .: Sdt0tt. 

Friesach. 

12 Smith (\Y. I',). 

: Scott and GoodfoJlow. 

y 3 Haylor. 

1 1 Bache. 
T ... oomis. 

3 ': Bache. 

4 i Lefrvr. 

5 ,! Schott. 
6 ; Sherman. 

7 , Baylor. 

Loomis. 

Locke and Lefroy. 

Renwick. 
Fttuntleroy. 
Ruth. 

' Schott. 
, Thorpe. 

Sherman. 

9 i Sherman. 

'.A i6any and &"reenbush, 
N. l". 

Henry and Cram. 

llacbe. 
Loomis. 

4 .Nicollet and llache. 
5 , Lefrny. 
6 : Locke. 

"Schott. 
B ' Friesach. 

9 bean. 

10 Baylor. 

i1 "est Point and {(1/d
.'"Jflring, A'. 1 ·. 

! 1 : CourtcnayandHcnry. 
i 2 Cour:enay. 

3 ' l.oomis. 

Graham. 

5 Lefroy and HarUett. 
6 Bache. 

Schott. 

Sabine. 
Franklin. 

3 Joslyn. 

4 Back. 
s Bache. 
6 Loomis. 
7 Locke and Bache. 
8 Lefroy and Locke. 
9 Renwick, Graham, Le

froy, and Locke. 
i:o Renwick. 
u Locke and N orwep;iui 

olficer. 

1854 .4 

r855.6, 

1856.5 

1859.2 

1872·.8 

.J879.6 

1834.6 

:1839.7 

1841.5 

1842. 7 

1855.6 

1884.5 

I885.3 

r839.7 
:z.842.5 

i844. 7 

i8.j7.8 , 

1848.6 

1855.6 

1878.5 

1884.5 

1885.3 

!833. '."! 

1834.6 

r-839.7 

18.p.6 

I8-f.2.8 

1844.4' 

1855.6 

1856,7 ' 

1858.4 

1879.8 

18>3·3 

r834. 5 ; 

1839.7 

1840.6 

1842.8 

J843,5 

.855.7 

Oh<>crvcll Coniputed t:..9 
dip. : dip·. 0-C. 

74'49 

7+.20 

1l-·33 

73.52 {?) 

73.81 

74.o5 

73·99 

74.03 

74.uu 

74.?6 

73· 13 

73·44 

73.48 

73.40 

74.28 (?J 

73 ·54 

73-74 

73·0<} 

72.83 

72.79 

73.48 

73.49 

73.51 

73. 54 

73.54 

73.61 

73.20 

7o.79 
72.70 

+.15 

+.08 

-.Q{J 

-.62 

+.12 

-.04 

-.01 

-.11 

+.74 

'+.13 

'-.Il 

+.09 

-.08 

No. Locality and observer. fr:~ri~~2 

l1iew J. ~r>rk, J.'"ll. Y.
Cont'd. 

1 12 Kane and Sonntag. 

13 Schoti. 
14 Scull and G()(){lfellow. 

Sandy ff11ok, ""Y. Y, 

Renwick. 

2 Si:hOtt. 

Hill"ard iT. C.). 

Philaddj>hia, l'a. 

1853.4 

1855_r 

1872.8. 

1844 fi . 

1855.6 

r873.8 

Bache and Courtenay. 1834. s 

Bache. 1838.5 

Loomis. 1839. 7 

Bache. ,840.7 

Graham, Bacl"!e, and , 18.p .6 
Locke. 

7 

8 

Bache.Graham, Locke, ; 
and Lcfroy. I 

Bache. ! 

Bache, Locke, and : 
Graham. 

Locke. 
Schott. 

u SchMt. 

I::C Scott and Goodfello't••. 

13 Baylor. 

14 Smith (E.). 

Balt'i111un:, JI.Id. 

i855.7 

1862.6 

1872.8 

i:877.8 

1884.7 

74.85 

74.67 

74.85 

74.67 

74.74 

74.69 

75.18 

74·93 

74 93 
74,:µ 

74.76 

74.75 

74.75 

74.76 

74.77 

74.7y 

7+ 97 

74,98 

75.00 

74 48 

: i 2 
, +10 I 

Courtenay. 
Loomis. 
Bache. 

i:834.5 

1839.7 

r840.6 

JS.tt.6 

73.43 

73.62 

73. 46 

73·34 

73,52 

73.20 

73·91 

- .. 09 1' 

-i -,03 

-.JO 

+·•' 
-.05 

-.07 

-.1fi 

Locke, Nicollet, and , 
Graham. 

5 Graham and Lefroy. 
6 '.Graham. 
7 : SdwtL 

8 : Baylor. 

Jr,ishington and Pi.1-
lrid o./ Cultou/iia. 

Wilkes . 

1842. 7 

:1:844.5 

1856.7 

1877.8 

'\tilke~ and Loomis. 1839. 4 

Gilliss. 1840. 5 

Gilliss1 Bache, Nicol-
1 

J84r.5 
let. arni Graham. 

Graham and Lefroy. 
Locke and Graham. 
Lee (T. J.). 
l>eau and llache. 

1 9 Hilgard 0- E.). 

i822.9 73,01 73.39 -.38 ,! io i Gilliss, 
•B•s·• 73,45 73.23 j +.u I u Schott. 

iS.p.8 

1844.3 

i845 4 

185i.4 

1852.4 

iSs1-'4 

i855,6 ' 
1856.6 : 

1857.• I 
1858.4 1 
•859.s I 
i86o.7 i 

1B3x.3 73.00 72.93 J +.07 ! 
12 Schott. 

1833.3 13.03 72.87 ( +.i6 1i '3 Reed. 

x834.6 72.86 72.84 ! +.02 /I 14 Schott. 
i&39.7 1

1 
72.87 72.75 ii +.n 1i '5 Schott. 

lo •6 Sch tt 

Obsen·t!d 
di11. 

72.()() 

71.73 

72.12 

71 .Stl 

71.t)8 

72.00 

';"I.99 

72.02 

72,29 

72. IO 

7~.26 

p.69 

71 .48 

71.98 

71.84 

71.57 

71 .70 

]Lf.9 

71..6o 

'71 .76 

71.61 

71 .~9 

71.22 

71.36 

71.57 

71 .:,2 

7r .27 

7t .. ~6 

7i.47 

7"34 
7z.38 

7I .38 

71.41 

71.~7 

Comput~d ;:;.i'J 
dip. 0- c. 

72.03 

72.00 

71.99 

71 .g·> 

72.00 

72.00 

72.01 

72.01 

72.03 

J':l. .i-6 

72.21 

71.94 

7t. 75 

JI •7J 

7r .71 

7J.68 

]t ,67 

71.71 

71.58 

7 1 39 

+.1r; 

+ .03 

-- .04 

'' 
-- .?7 I 

+.13 i 

.oo 

- .04 

- .02 

~.or 

+.13 

+.17 

+.o;. 

--t--"S 

-.17 

-.07 

-.o:; 

7t.3':) .17 I 

71 .3c) 03 · 

]1. f) I -+ • 1f' 

7 1 ·3~~ .o6 

71.37 
7I. 37 

71.36 · +.n 
71.35 -.(!l 

7J:.34 --f-.04 

7r.34 +.04 

7r .32 +.09 

1841.5 i 72.59 1'1·74 1-.15 \\ . 0 
, 

• li r7 'W'alker. 1861.5 i 71.::;o 71.30 .oo 
18-42 . .711 72.61 72.,... I -.13 11 I 

18 ... 5 72.6'] 72.73 1-.00 [[ ,g Schott. .860.6 [ 7x.31 71.2g +·"' 
1 I /! 19 Schott. i. 1863.6 / 71.24 71.'21 -.03 

i845.7 i 72.6ll 7• 73 ·1-.05 ,I 20 'Schott. 1865.5 I 71.20 7J.24 -.04 

r:8i6.6 J, 72.66 1~:73 
1 

-·O'/ f1 21 Schott,_ Goodfellow, 
1

1' i867.5 I 7x -'4 7""' - .o6 
aod Harkness. __ ! ___ _l_·-----~·---

~~~~~~-'-~~-'--~~~..;._~~--'~~-"----'-~~~~~~~~~-
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TABLE II.-Annnal val'UeS of observed magnetic dip at prominent stations and eompar-ison <~(observed 
and computed dips.-contiltued. 

Locality and oLscrvcr. Yr~~~i~I~~ Observed 
dip. 

IViulrin,f;fOll and j)is
irid ti/- Columf>fa~ 

Cont'd. 
22 '. Schott. 

::3 Schott and l fall. 

24 Schott. 

:is Schott. 

-J6 : Schott. 

27 i Schott. 
28 i Schott. 

"9 ' Schott. 
30 Schott. 

3 r Schott. 

32- 1 Schott and Thorpe. 
33 F-imbcck and Schott. 

34 Raylor. 

35 . Very. 
36 : I<:imbeck and Colonna. 

37 ! Schott. 
38 : Maxfield, Eimbe;:ck, 

and Schott. 

39 Schott. 

Pittsburg and A l/e-
gluny, Pa. 

Long. 

Loomis. 
Bache. 
Locke. 

Locke. 
5 : Locke. 

Thorpe. 

TorDn/(), Canada. 

Riddell and Young
husband. 

Y ounghusband 
Lefroy. 

Y B~~~~~sband 

and 

and 

4 j Youaghusband, Le
froy, and Locke. 

5 ! Lefroy. 
6 Lefroy. 

IO 

11 

Lefroy. 
Lefroy. 
Lefroy. 

Lefroy. 

Lefroy. 

1E68.5 

1869.4 

1870.5 

1871.5 

1872.5 

,373,5 

1874.5 

1875.5 

1876.3 

1877.5 
1878.6 

'1879.5 

1880.5 

1881 .7 I 

t&8z.6 : 

1883.5 

1884.2 

1819.3 I 

l839.7 I 
1840.6 j 

184t.2 

1842.3 ' 

1845.3 

1878.7 

1845.5 

71.o6 

70.99 

70.92 

7[.00 

71.01 

70.97 
70.88 

70.85 

70.79 

70.82 

70°.So 

70.81 

70.75 

70.71 

70.76 

70.68 

70.frz 

73.20 

72.65 

72.54 

72.72 

72.7'2 

72.78 

72.u 

.27 

.2-1 

."6 

i846.5 .25 

1847.5 .26 

1848.5 .30 

1849.5 .31 

1850.5 ·33 

71 • I3 

71. I I 

71.08 

71 .05 

71 .02 

70.98 

70.95 

70.91 

70.86 

70.&2 

70.78 

70.72 

70.68 

70.63 

70.59 

75·•7 

.28 

.. a 

.28 

185x.5 .34 .33 

12 ' Lefroy. 1852.5 •34 .34 

-.17 

-.07 

~.oS 

-.14 

-.13' 

-.16 

-.09 

-.o6 

-.OY 

-.03 

·. +.o8 
+.05 

+.03 

+.03 

i 

! +.o'l 
i 

- .o:x 

-.04 

-.03 

-.04 

-.o.i 
-.OJ 

-.01 

+.01 

+.01 
,00 

13 i Lefroy and Kingston. 1853.5 ·37 .35 +.oo 

14 ; Kingston. 1854,5 .38 .36 + .02 

15 \ Kmgston. 1855.5 .39 .36 +.03 

16 i Kingston. 1856.5 .40 .37 +.03 

17 : Kingston. 1857.5 .40 .38 +.02 i' 
i8 . Kingston. i858. s .41 . 38 +.03 :: 

Tonntto, Canada~ 
Cont'd. 

28 Kingston. 

29 Kingston. 
30 Kingston. 

31 Kingston. 
Carpmael. 

Clevcla11d, <.Jlizo. 

Loomis. 

Loomis. 
Loomis. 
Y oungbusband. 

Locke. 

Smith (W. P.). 

Goodfellow. 

Lee (:\. N .) . 
9 . Lee (A. N.l, 

Baylor. 

Ddroit, Jllidi. 

Loomis. 
Loomis and Nicollet. 
Younghusband. 

4 Locke. 

5 Lefroy. 
6 Smith (W. P.). 

. Smith (W. P.). 

8 : Lee (A. N.). 

9 i Lee(:\. N .). 
IO Bailey. 

Cincinnati, Ohio. 
Locke. 

!2- ! Locke. 
: Locke and Loomis. 

4 i Locke. 

s Locke. 
6 Locke. 

7 Locke. 

8 Lcfrny. 
9 ! Baylor. 

llfadison, f1-''is. 

Locke. 
2: Loomis. 
3 llilgard (F. E.). 

4 . lira.id. 
s ' Suess nnd Baylor. 

6 l\Iason. 

Milson. 

Sness. 

Saint LDUiJ·, A-lo. 
Long. 

Nicoll"t. 

19 [ Kin~ston and Smith i 1859.5 .40 .39 +.o.i !I • Locke. 
J <' · P.). 'i Loomis and Nicollet. 

20 i Kingston. i86o.5 .41 .39 +.02 Ii Friesach. 

21 

1

1 Kingston. 186, .5 .40 .40 .oo !I 4 ; Hilgard (T. C.). 
2'- Kingston. 1862 . s . 39 . 4-0 - .o"J. l,

1 
'
1
· · s I Nlpher. 

23 Kingston. 1863.5 .36 .40 - ·04 )ii' 

1 

Nassau, New Provi ... 
•4 J Kingston. •U.-s .35 .40 -.051 den<elsland. 

1868.5 

1869.5 . 
1:870.5 I 

1871.5 

1.885.3 

l839 ·4 

1840.5 ' 

1841 .6 

i842.8 

1843.6 

r859.5 : 
1871 .8 ' 

1872 .5 I 

•873.5 
i880.5 

183 ... 4 

:r8.p ·7 ! 

1842.8 

1843.4 

I845.5 

1859.3 

186o.4 

1872.4 

1873.4 

I876.4 

I83S.2 

1840.7 

1841.6 

18,42.2 

1843.6 

1844.4 

1845.3 

1849.4 
188o.9 

i839.S 

184x.7 
18,,0.8 

1877.7 

1878.8 

1879.7 
1&8o.7 

18ll1 ·9 

1819.5 

I836,0 

1839.7 

t84I.7 

1856.8 

1872.5 

1876.4 

73·43 

73.24 

73· 0 7 
73.o6 

73· 13 

73·33 
73. 16 

13· I2 

73· 13 

73.04 

73.7t 

73·57 

73.48 

73·54 
73.65 

73.68 

73.72 
. 73.58 

73.57 

73·57 

70.62 

70.47 

70.45 

70.+2 

70.42 

70.44 

7.,?·43 
70 . .iS 
70.41 

74.o6 

74· 11 

73.91 

73·9• 

73·93 

73·8+ 

73.78 

:::(?)1, 
6<).17 

6<J-5• I 
6g.44 
68.@(?) 

6g.57 

6g.3I 

73.22 

73.21 

73.20 

73.20 

73.20 

73.27 

73.25 

73.23 

73.n 

73.01 

73.61 

73.6o 

73.6o 

73.6o 

73.fo 

73.68 

73.&j 

73.6+ 

73.63 

73·57 

69-w 
69-17 

6g.46 

6g.47 

69-6.\ 
69.56 
6g.34 

-.04 
-.o8 

-.07 

-.02 

+.03 

+.21 

+.03 

-.13 

-.14 

-.07 

-j.o6 

-.09 

-.09 

+.03 

+.10 

-.03 

-.12 

-.o6 

+.o.i 
.oo 

+.03 
-.o6 

-.o6 

·00 

+ ·5' 
- ·30 

+ .o6 

- .03 
-1.6o 

+ .01 

- ·03 

•S I Kingston. 1865.5 .35 .39 - .01 i 1 .

1 

Barnett. 1841.5 56.a2 

•6 ; Kingston. 1866.5 .3• .39 -.O'J Ii a Barnett. •8+3·5 56.38 

-~7-l_KiDgStoo. ___ j_:_86 __ 1_.5_,_ ___ ·_3_' ____ ·_3s __ -_·01-""j!_3_,!_A_c_kley __ · _____ -'-_,_s19_._•-'--s-s_.a. _ _:. ____ ,_ _ __, 
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TABLE IL-Annual iitilues of observed magnetic dip at prominent stations and_ coinparison (!f ob1w1·i,ed 
and computed dips.-continued. 

--- ·-·--- ---------------- -·~--~--- - --- ---

:No.: Locality and observer. Year and Observed Computed 
0 '.:_8c >No. Locality and observer. Year and ObserveU Com puled .>.e 

fraction. dip. dip. fraction. dip. dip. (J-C 
! , • , I_ 

---~·--- -----

Ha·vana, C'ttba. I Santa flarl1ara, Cal. 

Humboldt. rBoT.O 53.37(?) Douglas. 183r.4 6o.80(?1 

Sabine. t822.5 ~ 51.92 Belcher. t839.5 58.90 

Friesach. :1:857. l 52.00 : Davidson and Throck- x869.9 5q.27 

i 3 Ackley. 1879. 2 
mortrm. 

52.30 
Nichols. 1881 ·3 ' 59· 32 

Saint 'flwmas, West 
!11.di11s. /ifon!ercy, Cal. 

I 
Zahrtrnann. 1 834.5 : 49.18 Malaspina. 1711 6o.94 

2 : Schomburgh. t846 5 ; 49.67 , ... ancou\"er. 1792.9 63.ot (?1 

3 ; Friesach. 1857.1 48.50 Vancouver. I7Q4-·9 63.oot?1 

4 I Harkness. 1865.9 49.63 Golovnin. 1818. 7 64.25 (?) 

I - . d£ : Douglas. 18,31.0 62. 12 

1 

Panatua, [/ntte tater! 
o/ ColumOia. ', 3 . Belcher. x839.5 61.oG 

I r Malaspina. 1790.8 29.48 
4 11 Perry. 1843.7 6r .98 

2 ) Belcher. 18,7.5 31.86 ' 5 Trowbrirlge. 1854 .4 6o.99 

3 i Haig. 18~8.3 i, 
6 Throckmorton. 1873.7 61.21 

32.50 

4 I Harkness. 1866.4 
' Nichols. 1881 ·3 61.2t 

31.93 

I Acapulco, .'tfe.zi'co. San Franrisco, {"a/. 

r ) Malaspina. J6.u Kotzebue. 18r5 .8 62.77 
r79r ·3 

2 \Humboldt. I80J.2 ' 38.88 
2 . Douglas. 183i:. l. 62.97 

3 ! Belcher. t838.5 i 37.96 3: Belcher. 1837' 5 6t.()C1 

4 .i Harkness. 4' Belcher. 1839.5 62. IQ 
1866.4 39.go 

51 Nichols. 1880.9 5 ' 
Davidson and Roe. 1852. l 62.35 

40.14 
6: Friesach. 1858.4 62.78 

Mexico, Jlfexico. 1i Harkness. i866.5 fo.37 

1 j Alzate. 1:178.5 i 38.00 8 : Da\.·idson, Th rock- i873.9 ' 62.oB 

• 1 Humboldt. I799·5 4z.:r7 i morton, and Eim-

I beck. 
31 Humboldt. 18o3.9 ' 42 .17 

9 Dall. Baker. and Kich- x88o.7 62.31 
Sonntag and M uellcr. i857. 9 4r.43 (?\ ols. 

4 , Reyes. 1879.8 H-86 10 Eimbeck, l\Iarr1 Xi ch- 1881 ·5 6z .JS 
Harcena. 1:884.3 45 .01 

ols, and Lawson. 
5 

1I ' Davidson and Marr. i884 .7 62 34 
San Blas, llfexi~-0. 

Malaspina. 179 1 ·3 43.19 
Cape f)/sappoiutment, 

lf'ash. Ttrr. 

I 
2 Helcher. t:837.5 45 4° Dougfos. 1830.S 6'J·Y1 

Helcher 1838.5 H-00 Relcher. 1839 5 69.45 

Belcher. i839.5 ' .j4.54 Eiml>eck. x873.8 69 2.1 

s : Nidwls. 1880.9 46.35 
3 

Nichols. 1881 .8 6g 30 
i 4 
iAfa.l!"d,zitm11 Ra.11 , Lo·wo· 

Cali/on:ia. 
1Fcwt /"a1uo117:t'T, JJ"n.sh. 
' Terr. 

Du Petit Thouars. 1837.5 50.720) 
Douglas. 1830 9 6g.6f1 

Belc:her. t83q.3 46.57 
Belcher. . 1839.5 (.(;, •7 

2 . Harkness. 1866.-1 48.53 
Haig. 1!::160.3 6(j.2\l 

Eimbcck. 1873.a -is. •s .t.VO(lf{:a sound, tlH-

:Xichols. 1881. r i 48.31 
c'Olti!t'1" lslaud. 

Cook. x778.3 72.48 

San Diego, Cal. 2 Malaspina. 1791_ 6 7o.35 

:, Vancouver. 
3 I Yancou\·er. 1792.8 i3·93 

1 793·9 59.22(?) 
4• Nichols .. 188r. 7 71 ·5.S 

I I Belcher. 1839. s 57.10 

• Emory, 1849. s 57.55 
Yor,t. fi"'actory, .Briti.rh 

N.A. 
3 I Trowbridge. 1853.8 57.64 

l Lefroy. 1843.6 : 83.rq 

4 , Harkness. •866.5 57·90 2 Rae. 1846. I 83.71 
5 I Throckmorton. •872.9 57.95 Ra.e. 1847.7 i 83.78 
6. Nichols. 1881:; 57.85 

4 Blakiston. 1857.6 '. 83.88 

I ,.. • .,., .. cu. I 5 Klotz. 1884. 7 J-. -8 I 

Ntw'Way Hous•, Brit-
1 I Baker. •682.8 59.51 uk N. A. 

~ I Baker. I •883.s 59·5' Franklin. 1819.8 83.67(?) 

3 Bakeran.d Terry,jr. 181l.j.5 59-49 Lefroy. "1844.'I 81.17 

+ j Terry, jr. . 1885.3 59.50 Klotz. 1884.6 81.2r 

----------·---------·----
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TABLE II.-Ann,ual val,ues of observed magnetic dip at prominent stations and comparison of observed 
and computed dips.-contin11ed.. 

!lio.' Locality and observer. ! Year.an~ -;;-b-:rved ' Co~puted ~-~,:~~-~-::lity and observer /
1 
Year.and: Obsc;rved I Computed I A9. '1' 

fraction. : dip. dip. , 0-C. :: [ · fraction. i dip. I dip. : 0-C, i 

Cumbl!rland House, 
British. J.l. A. 

1~~ranklin. 

Franklin. 
1 Franklin. 
2 Lefroy. 

3 Klotz. 

Sitka, Alaska. 

La Perouse. 
1 Golovnin. 
2 Liltke. 

3 Erman. 

Belch.er. 

Belcher. 

' Russian Observatory. : 

7 Russian Obse;:rvatury. i 

8 Collinson. 

9 : Dall and !laker. 
10 

1: Nichols. 

i Unafash.ka, Alaska. 

i r Cook. 
2 Kotzebue. 

1818.5 

1:827.5 

1829.9 

1837.5 
1839.5 

1842.5 

1845.5 
185t.o 

188o.4 
1881. 7 ) 

i 
1778.8 I 

; 
1817.5 I 

83.20(1) 

s.,51(?) 

So.35 

73.50(?) 

76.55 

75.92 

75.84 

75.86 

75.82 

75.85 

75.91 

76.33 

75.:m 

75.28 

69.39 

68.75 

-- ---1 1
,--· ' ·-· i----1---- i :, i 

o o I l Unalashka, Alaska-1 I 0 I 0 
• j 

, Cont'd, f 
i I 

3 Ltitke. 1827 ,6 : 68, 42 

4 Liltke. i 18'29.5 i 68.43 

5 TebenkofL i 1849,5 \ 68,37 

6 Dall and Baker. i 188o.7 l 67.6o 

! I'ort Clarence. Grant-,[ i 
ley Bay, A /aska. ! 

I Collinson. , 1850.5 / 75, 8o 
2 Collinson and Maguire. 1854 .5 ! 76.50 

3 Wijkander. 1879.5 j 76.08 

4 Dall and Baker. 188o,7 I 76.07 

Petroftavlovsk, Kam
chatka. 

I King. 
2 Krusens.tern. 

Beechey and Ltitke. 
Erman. 

5 Du Petit Tilouars. 
6 Officer of frigate Au-

rora. I 

7 Onazevich. 

1779.61 63.o8 

18o4.7 I 63.53 
1827.6 I 64 .oa 

1829.8 

1837.7 ! 
1854.5 i 
1876.6 

·rhe obsen'ations at Halifax, Quebec and Montreal are insufficient for presentation in an 
anal~·tical form; but the latest observations at these places agree in indicating an apparently 
uniform decrease of dip between 1860 and 1880, viz: 

, 
At Halifax, itisoo to 1882 = - 2.3 
At Quebec, a111110 to 1880 = -1.6 
At Montreal, a1858 to 1880 = -1.2 

The value of a1885 is probably slightly greater in each case. There is a faint indication of the 
seoandary minimum (about 1838 to 1844), referred to above. 

For the stations Cambridge and Boston, New Haven, Albany and Greenbush, New York, 
Philadelphia, Baltimore, Washington, Toronto, Cleveland, Detroit and Saint Louis, we have a 
general likeness in the featnreR of the secula.r variations,.i. e., they exhibit the secmul.ary minimum, 
for which we find, on the average, the epoch 1840.5 ± 2.0 years, and they show the subsequent 
secondary maximum, which we find t.o have occurred, on the average, in 1860.0 :I: 3.5 years. If 
this subordinate wave be persistent, its period would be about 39 :I: 8 years. Its range is barely 
one-quarter of a degree. 

After the occurrence of the maximum, and up to the present time, there is noted a regular 
decrease of dip a.t all the stations. 
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The following expre!!sions were obtained for the stations, the second column giving the limit 
of applicability: 

--------------·-·-------

Stations. Limit. 
i 

Results. 
!------------_____ ! __________ _ 

Cambridge and Boston, Mass. 

New Haven, Conn. 

Albany and Greenbush, N. Y. 

New York, N. Y. 

Philadelphia, Pa. 

Baltimore, Md. 

Washington, D. C. 

Toro1tto, Canada. 

Cleveland, Ohio. 

Detroit, Mich. 

Saint Louis, Mo. 

i 0 

1835 to 1885 ! IJ = 74. 35 + . 0120 [::,!-. 000126 /jf2 - • 0000350 2:,.t". 
I ' 

1835 to 1885 i a = 73. 56 + . oro8 t::.t - . 000038 {j' - . 0000274 {j 3 

1830 to 1885 ! 8 = 74. 88 + . 0170 !':J + . 000016 !':/' - . 0000350 ~t" 
1820 to 1885 • f! = 72. 75 + . 0052 0/ + . 000243 LJ2 - . 0000303 !'J"; 
1830 to 1885 : IJ = 72. 08 +. 0135 Ll-:-. 000158 0/' - . 0000318 6'"; 
1830 to 1885 fJ = 71. 66 + . 0040 6t +. 000819 L/9 - . 0000383 ,~t'. 

1840 to 1885 

1840 to 1885 

1840 to 1885 

IJ = 71. 38 - . 0025 D,t-. 000260 .0/' - . 0000100 2/' 
IJ = 75. 32 +. 0079 D,t +. ooorr8 11\.t' - . 0000208 0/3 

· 
I 

0 = 73. 21 +. 0055 t::.t + . 000366 DP - . 0000250 t::J" • 
1840 to 1885 0 = 73. 63 + . 0057 t::.t + . 000161 f.::,!2 

- • 0000175 0.13 ! 

1820 (O 1885 I IJ = 69. 56 + . 0127 D,f + • 0000$2 t:,_t• - . 0000270 6~. 
I 

·------·----~----------------- ·-------

We have, accordingly, the annual change a1885 as follows: 

Station. 

Cambridge and Boston. 

New Haven. 

Albany and Greenbush. 

New York. 

Philadelphia. 

Baltimore. 

Annual 
change. Station. 

-----,.11---------

i 
- 7· 5 : Washington. 

- 5· 6 : Toronto. 

- 6. 6 Cleveland. 

- 5. 4 Detroit. 

- 5· 5 S;,,int Louis. 

- 4.8 

Annual 
change. 

-- 3.5 
·-- 2. 5 

- 3.6 

- 2.8 

- 5.0 

which values, in the absence of any additional information, may be used for a few years to come. 
For use in connectiot1 with tlw secular va,riations of the llorizontal component of the force aml 

of tlle total force, we have fortne(l two groups of stations, exhibiting for every fifth yt"ar since 
1830 the dip 111:1 computell by the preceding formula. The;;e groups an-i the same as tltoi-;e g-iYe11 

further on iu the discussion of the secular variation of the horizontal force, and the two a,·erages 
are graphically exhibited on the accompanying diagram. 

Group I. 

i Cambridge, Mass. 

! New Haven, Conn. 

I New "ork N Y I • , . . 
! Sandy Hook, N. J.* 
I Albany, N. Y. 

j Average, type I. 

•Same as New York minus o•.12, which is IUl average observed diffeTence. 
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Groups and station8.-Continued. 

i------S-ta--t-io_n_s·----,.J __ :_~ __ 3_·_0 
__ '_.'_ i <835. <840. ''45· : '850. '''°· '865. ~87: l_:s_: ,gSo. J;;,5~ 

7'· "' 

0 

" ';.,3 7'· ow ''·:.,, ,,.°,.,, i '' .. '"' I ''· :.. 1,.°, ,,17,. :'° ' 7• ~ 768 7 L ~,. Group IL 

Philadelphia, l'a. 

Baltimore, Md. 

Washington, D. C. 

Toronto, Canada.* 

Cleveland, Ohio. 

Detroit, Mich. 

Average, type II. 

72. 214 71. 913 71. 740 71. 665: 71. 66o' 71. 6g5 i 71. 744171. 775 71. 762 \ 71. 674 71. 483 71. 163 

; 71. 406' 71. 393 '71. 389 71. 387171. 380 71. 361i11. 319: 71. 251 71. 146 71. 000: 70. 8o1 70. 547 

75. 48 :. 75. 35 i 75. 285; 75. 252 1 75. 322 75. 387175. 413: 75. 350 75. 275 75. 20 '75. 03 74. 88 
I . ' I ' ' . 

73· 446., 3. 293 ! 73. 217: 73· 194. 73. 210 7J. 244, 73. 277173. 291 73. 266 .! 73. 185, 73· 029 72. 781 I· 
, 73. 720, 13. 640 ! n 6o7 in 6o8 'n 630 73. 66o In 685 f n 6cJ2 13. 668 I 73. 6oo: 73. 474 73. 277 

73· 066 72. 935 i 72. 87;i 72. 854' 72. S~i 72. 916 f 72. 939 i 72. 92S. 72. s~f 72. 780; 72. 598 72. 33s1' 
, : 1 ] ! I i 

-- - - -- ------------- -~----'----

*Values for 1830 and 1835 are interpolated . . 
Group III, composed of sta.tions 011 the western coast, could not be established in consequence 

of the imperfections of the data, though it will be seen further on that the observations of the 
horizontal force admitted of such tabulation. 

Turning- to the Southern States and the West India Islands and Mexico, we 61ul at Fernan
dina and Key West, Fla., the dip ap[1arelltly to have been slowly decreasing since about 1860. In 
I.ouisiana it would seem t1lat the dip has recently bee.n stationary, the latest observations at New 
Orleans and Southwest Pass apparently pointing to a slight increase at present. whereas in Texas, 
at Dollar Point, near Gal vest.on, ohservations show a decided increase of dip. Thus in passing 
from the eastern t-0 the western gulf coast the present slight decrease in Florida vanishes and re
verses in Louisian~t, and becomes an increase in Texas. In other wor<ls, the subordinate extreme 
in these latitudes has just been passed in the east but bas not yet been reached in the west. 

In the West Indies and l\lexico it is difficult to recognize what has been going on in the dip in 
eom1eqneuce of the contrndictory testimony of the observations, but forming a geneml idea of the 
ehange from comparison of all the stations it would appear that in the region bounded by Nassau, 
Havana, and Saint 'l'l10ma.s the dip is at prl~sent nearly statiouary or persisting about an extreme 
phase. In Mexico and Central America, or in the region including Panama, Acapulco, Mexico, mid 
San Elai;;, the 1iata are more definite and the dip appears to have been increasing throughout this 
century, but the maximum bas probabl.Y not yet been reached. , 

In connection with the above it ma,y be stated that at Rio de Janeiro, Brazil, the change in 
the dip is no less remarkable than the change iu the declination; we are here presented with a 
stead.v increa.se of north dip between I1a Caille's observation in 1751 • (dip= - 200 0') and Hnrk
uess's observation in 1866 (dip= -110 47'), and the Harne phenomenon is noted at Valparaiso, Chili, 
between the observations of Malaspina• in 1793 (dip= - 44° 58'), and Harkness's observation of 
18Hli (dip=_ 350 23'). No such large changes have been observed within the area of the United 
Stat.es. A.t Havana the present a1inual change is probabl,v le.ss than + 0'.8, at Acapuleo about 
+1'.0, at Mexico and Sau Blas it may be +1'.5 to +2'.0, but at Magdalena Bay, Lower California, 
Mexico, the annual change seems to have become zero at present. 

Passing north to the coast of California, Oregon, and Washington Territory we meet with sev
eral cases of embarrassing discordant observations; nevertheless we can clt>,arly 1liscern that at San 
Diego, Los Angeles, Santa Barbara, an(t Monterey the dip a.t present undergoes either no or but 
a very slight annual change. The state of the dip at San Francisco, at Oape Disappointment 
(mouth of the Columbia River), and at Fort Vancouver is probably just past the extreme and is 
very slowls decreasing, though we are unable t-0 assign the amount. 

Over the vast regions in British North America north of the boundary of Dakota and extend
ing to the shores of Hudson's Bay, aorl embracing Lake Winnipeg, observations at York Fact-Ory 

• A.stronomisebe Nacbriehten, No. 964, lillXi. 
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and at the Norway and Cumberland houses make it appear that the dip is now not very different 
from what it wa;; forty years ago, and probably it, has undergone but little change , nring the in
terval; in this region the present annual change is supposed rnrJ small. Further west, at Fort 
Uhipewyan, Fort Edmonton, and Fort Lesser Slave Lake the annual change may be about - 0'.5 

At Nootka Sound, Vancouver Island, tile dip is 011 tlw decrease, abont -0'.7 for the ii>llmd; fur
ther north along the coast at Port Simpson the annual change seems to he abont. -1' .5 . H seenu; 
certain that in Alaska the dip has been deereasing siuce (about) 185:!, with an annual rate varying 
between -2'.2 at Sitka, -1'.5 at Unalashka, -1'.0 at Port Olarence, near Bering Strait, and -1'.2 
at Point Barrow. Crossing the strait to Asia the observed dips at PetroJlaYlovsk, Kamchatka, 
strongly mark out a maximum about 1854, which appears supported by the dips at, Port Clarence, 
as had also been conjectured• for Point Barrow. Tlie Gnalasbka dips appear to be tlifticmlt to 
reconcile with dips at. surroundi11g stations. Snpp<>sell present annual change of dip at Petropav
lovsk -1.'5, the same as at Unalashka. 

With the aid of the preceding results we can roughly trace out tLe region o\·er which the dip is 
at present stationary, or wheni the annual change ii' zero. This region is ma.rked on the accompany
ing chart by a shaded band skirti11g the northern coaRt of Cuba, passiug oYer lower Louisiana and 
central Texas, through Mexico, crossing the Gulf of Ualifornia, followiug the coast of Southern 
California, anti passiIJg out to sea off Sau Francisco. Ever.rwliere north of this belt of 1lemarca
tion the dip is diminishing, south or it increasing in consequence of secular variation, arnl curves 
of equal a.nnual cha.nge in its Yicinity woulcl run 11earl,\ parallel to it. · 

The results of the preceding im·estiga•ion suppliecl the uieams b,v which tbe ob:sen·ed dips 
were referred to the common rpoeh 1.-.:85.0, as given in Table I, and, in co11nectiou with it, it 1mf
fices tO State ~hat for each Station the latest obserYatiOU was Used, or in case Of Revera! late ohser
VatiOllS each was reduced to the epoch and the mean inserted in the table. A blauk i11dicates in
sufficient data for reduction and the mm of a single decimal that the dip is only roughJ.r kuown. 

It may not be out of place here to offt-.r a few remarks respecting the pre:sent po:sitiou or the 
pole of the vertical di[). Physicists are not agreed whether this pole is fixed in position or whet bet 
it is in motion, and if the latter, what is the direction and ,·elocity of the change. It is now over 
half a century since Ross made his memorable and successful approach to tltis point and fount! it t 
(.Tune, 1~31) in <p= 700 05'.3, ii.= - 900 45'.8, and no serious attempt has since been made eitl.Jer 
to verifj· it or to tlernonstrate IJ.Y actual ol>senatio1; a11,r cllaugc iu it.s position. l t seews pcrLaps 
more reasonable to suppose its range of 1fo;plact-111e11t to be quite limited than to assigu to it, a:; has 
been done, a path surrounding the geographical pole, and to be described iu several ceututieg, 
Observations made on board Her Majesty's ship Brazen in 1813 poiuted to apµroacl.tiug verti
cality in <p = 69° and;\= -92°; aud more rect-utly, from the behavior of his compass, Lieutenant 
~ehwatka supposes the pole in 1879 to have 8hifte1l toil= - 99° ::15', while he leaves any chauge 
in its latitmle undecid1·d. If the secular diminution of tile dip extentlis to this uorthern regiou 
the pole would now be found in a higher latitude tba11 that given by Ro.ss, but of this we are not 
certain. We regar•I the practical solution of tbis problem as one of great importance for the 
theory of terrestrial magnetism, and it is to be regretted that no steps- were taken towar.t its soJu. 
tfon iu conuec·tion witb tbe late international circumpolar explorations. 

Science at the present <lny, however, would not be satisfied with a single line of approach to a 
dip of OOo, as in 1831, but the whole region would nee.I exploration since local uetlectious ma)· 
vitiate or obscure the recoguition of the true place of verticality. 

•Coast and Geodetic Sur\'ey Rt:port for 181'3, App. No. 1::1, p. 3:J9. 
t Phil. Tram1. Roy. Soc., Dec. lR;J;l. According to Gauss' theory the pole 1~ in f/J = 7J0 35' ?. = -95° J\I'. 

H. Ex. 18--34 
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PART III. 

SECULAR. VARIATION OF THE HORIZONTAL COMPONENT OF THE MAGNETIC FORCE AND OF THE 

TOTAL INTENSITY IN THE UNITED STATES. 

It was not until 1833 that Gauss showed• how the earth's magnetic i11tensity could be expressed 
in absolute measure; and in 1836 Webert constructed the portable magnetometer. Before this time 
no satisfactory investigation or inquiry could be made respecting either supposed changes or per
manency of the maguetic intensity. Although relative intensity measures had been made as early 
as 1785, no definite results could be arrived at respecting changes in the intensity of the force in 
consequence of the unknown, gradual and irregular loss of magnetism of the needles employed in 
these comparisons. The range of time over which our knowledge of the intensity iihus practically 
extends is barely half a century, though some rough guesses may ht> made as to earlier results. -

A firRt investigation of the secular variations of the horizontal component and of the total force 
was attempted by me in Appendix No. 22, Coast Survey Report for 1861. In consequence of the 
scanty material then at command a11d the large relative size of observing errors as compared with 
the effect of the secular chauge, no very decided results were reached. It appeared, however, that 
in the eastern parts of the United States, during the twenty ;rears then passed, the horizontal com
ponent of the force had been decreasing at an annual rate of about 0.001 parts of the force, and that 
in the western part of the country the horizontal force had been increasing at an annual rate a 
trifle greater tha11 that just given. The direct evidence as to a change in total intensity was 
inconclusive; however, it was certainly very small, whatever its character may have been. 

It was soon noticed that in the east the secular diminution in the horizontal component had 
come to an end about 1855 or 1860 (at Washington and at Toronto), and that after this a steady 
increast1 of this component set in which has continued to the present time. 

Respecting the Recular variation of the total foroo, we know from the earliest records at W a.sh
in gt on and at Toronto that the intensity was subject to a slow decrease. In the preface to his 
"Diary of a Magnetic Survey of Canada," Sir J. H. Lefroy remarks (in 1883), "The general evi
dence is concluflive that in middle latitudes on the American contiuent the intensity of the earth's 
magnetic force is now decreasing and has been decreasing for about thirty-five years," a conclusion 
which was supported by receutly (1882) published results of the Coast an<l Geodetic Sun'ey. In the 
same volume Ge11eral Lefroy takes occasion to 1mint out a needed correction to the isodyuamic 
lines in Northwest America a8 laid down from observations by Sir Edward Sabine in Phil. Trans. 
Roy. Soc., vol. for 1872, and <lraws attention to the remarkable development of maguetic (tot.al) 
forct1 on the eastern side of Lake Winnipeg. A 1·esurny of this region and a first survey of the 
vast area to the east of it, between the northern shore of Lake Superior and Georgian Bay and the 
southern and western Ahores of Huclson's Bay is absolutely indispensable if we desire an adequate 
knowledge of the region of great intensity and of the locus and amount of its maximum value. 

The leading 8tations selected for the investigation of the secular variation of the horizontal 
intensity are the same as those given in connection with the discussion of the changes of the dip. 

• Intensitas vis magneticre terrestris ad mensnram absolutam revocata.; a.uctore C. F. Gauss; Gottingm, 1833. 
t Degcription of a small portable magnel ometer for measuring the absolute iutemiity of terrestrial magnetism, hy 

Professor ~Weber. ReRults of the observations ruacfo by the magMtic a88ociation in the year 1836, Gottingen. See 
Taylor's Scientific Memoirs, Vol. II, London, 1841. 
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TA:BLE IIL-Anmial va,lues nf observed magnetic horizontal force at prominent statiom. 

I --------·-------- -,------,----- --

1 

Year ! Observed 1 j 

No. ,_-____ L_o-ca-1-it_y_a_n_d_o_bse_rv_e_r ______ fr_aa_:_tf_o_n_. _· hof~~~:.taJ j: No. 
Locality and observer. 

,. I Home. 

2• I Home. 
3• Keely. 

Halifax, N. S. 

, Maclea.r and Bromley. 
5 Ba.ylor. 
6 Very. 

Quebec. Canada. 

r* Lefroy. 

•* Youoghusband. 
Schott. 

4 Baylor. 

Lefroy, 

2• Lefrov and Bache, 

3 Youaghusband. 
4 Schott. 
5 Baylor. 

Cambridge and Bost<>n, Mass. 

Loomis. 
•* Locke and Lefroy. 
3 Locke. 
4 Lee (T. J.) and Fauntleroy. 
s Schott. 
6 Friesach. 
7 Smith (W. P.). 
8 Scott and Goodfellow. 
9 Baylor. 

4 

s 
6 

3 

4 

s 
6 

7 
8 

Providence, R. J. 

Bache &nd Courtenay. 
Loomis. 
Lefroy. 
Schott. 
Sherman. 
Baylor. 

New Haven, Cann. 

Loomis. 
Locke and Lefroy. 
Renwick. 
Fauntleroy. 
Ruth. 
Schott. 
Thorpe. 
Sherman. 
Sherman. 

Ai/Jany a1&d Gr.emb#S!J, N. Y. 

Bache and Courtenay. 

Lefroy. 
Locke. 
Schott. 
l"rlesach. 
Dean. 

1834,4 

1837.4 

r847.5 

1873.4 

l879.7 
1881.8 

1842.7 

1845.5 

1859.5 

1879.7 : 

1842.7 

1843.3} i 

.7 i 
1845.5 I 

I 
1859.5 ! 

1879.7 

1846.7 

1855.6 

1856.5 

I859.o 

1872.8 

•879.6 

1835.5 

1839.7 

1842.7 

I855.6 

x884. 5 

1885.3 

•839.7 

•842.5 

1844. 7 

•847.8 
1848.6 

1855.6 

z878.5 

1884. 5 

I885. 5 

3.229 

3.356 

3·'47 
3.385 

3.45• 

3.459 

3.w:3 

3.048 

2.991 

3.104 

3.o64 

{ 
3 .o63 

J.lOQ 

3.012 

3.t.n 

3.191 

3.658 

3.650 

3.616 

3.587 

3-544 

3.542 

3.sg6 

3.675 

3.704 

West Point and Coldspring, N. Y.
Cont' d. 

Bache. 
Schott. 

; Sabine. 

. New York, N. Y. 

Bache and Courtenay. 
Loomis. 

3 Locke and Bache. 
4 Lefroy and Locke. 
s Locke, Renwick, and Lefroy. 

Locke. 

7 Schott. 
8 ' Scott and Goodfellow. 

4 

s 
6 

7 

8 

9 

Sandy Hook, N. J. 

Renwick. 
, Schott. 
! Hilga.rd (T. C.). 

Baylor. 

Phitaddfkia, Pa. 

Bache a.ad Courtenay. 
Bache. 
Loomii.. 
Bache and Locke. 
Bache, Locke, and Lefroy. 
Bache. 
Bache and Locke. 
Bache. 
Locke. 
Schott. 

10 Schott. 
Harkness. 

12 
3.770 

3.7"6 . !i 13 

Scott a.nd Goodfellow. 
Baylor. 
Smith(E.). Ii 1

• 
i! 
Ii 

3.814 11 

11 

11 
3.832 Ii 

8 1, 

::a:: Ii 
3.667(?) J! 
3.772 I 

3 ·6'Jo 11 

::~~ 11!1 

3.86o 

4 

s 
6 

Nicolet. 
Bache. 
Locke. 
Lefroy. 
Schott. 
Baylor. 

Ba1fimtJre, Md. 

Was/Jing/°'' and District of Colrtmbia. 

Lefroy. 
Bache. 
Locke. 

1835.5 3.578 Ill 

4 

5 
6 

Lee (T. J.). 
Dean and Bache. 
Hilga.rd G. E.). 
Schott. 

'840.8 3.581 Ii 1 

•S.4.4 3.58o Ii : Schott. 

I855.6 I 3.587 11 10 I =::: 
I856. 7 3·575 I 

Year 
and 

fraction. 

18'22.9 

1835,0 

1839.7 

.18 .... 1.6 

1842.6 

•s++.s 
1846.3 

1855.6 

x872.& 

1844.6 

1855.6 

1873.8 

1879.5 

1835.5 

1836.7 

1839. 7 

184t.6 

18~.5 

1843.6 

1844.3 

1845. 3 

1846.4 

1855.7 
1860.6 

1865.6 

x87z.8 

1877 .8 

1884.7 

I83•.5 

I840.6 

1841:.3 

1842.8 

.856.7 

1877.8 

1842.8 

1843.0 

1844.3 

1845.3 

•851 ·5 
1852.4 

1855.7 

1856.7 

1858.5 

1859.5 

.86o.7 

1862.6 

2 

3 
4 

s 
6 
6 Baylor. 

W•n Poifll a•d Coldtpriq. N. Y. 
I I

I,' II Schott. 
•BsS-4 I 3 .586 
IB79.8 3.645 I Schott. 

. 13 I Schott. 1863.5 

" 
Baclaeand Courtenay. 
Lefroy and Bartlett. 

Observed 
horizontal 

force. 

4.033 

3.790 

I 
3.g8I{?) ! 
3.973 ,i 

....012 

4.018 ~ 
4.019 

.... 023 

4.009 

3.928 

3.98• 

4.077 

3-917 

4-~ 

4.078 

4.195 

4.i:59 

4.149 

4.175 

4.:t75 

4.172 

4.x64 

4.•67 

4.143 
4.>11(?) 

4.124 

4.148 

4.16E 

4.2u: 

4.23~ 

4.228 

4."65 

4.255 

4.234 

•• 203 

4.i46 

4.8316 

4.320 

4.289 

4.236 

4.233 

4."67 

4.250 

4.3o8 

4.255 

4.307 

4.319 

4.284 

1 

i 14 Harkness. •866.8 

1835.5· 3.866 \

1 

15 I Schott&ndGoodfellow. 1867.5 
1842.8 3.886 16 Schott. I 1868.5 

"----'---------------~~---~----~--~----- -- -- -- - __ : _______ , ____ __ 
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TABLE III.-.Annual values of observed magnetic lwrizontalforce at prominent stations.-continved. 

I No. i Locality and observer. 
Year · 
and 

fraction. 

Observed (: 
horizontal I No. Locality and observer. 

force. Ii 

1- , ____ ----li--- ----· 

117 

' 'I 
Wask£ng-Jon ~nd .f!istt;ict of Colum- : ii 
Schott. bia.-(ont d. ' 186q.3 4·347 !! 

18 Schott. I '9 Schott. 

Y870.5 4·352 :: 

1 20 Schott. 

~
·:

1 
2

22

1 Schott. 
Schott. 

23 Schott. 
I 24 Schott and Hilgard (F. E.). 

I
I •5 ! Schott and Braid. 

26 Schott, Thorpt:, and Baylor. 

27 Eimbeck a.nd Schott. 

I
i 28 Baylor . 

29 Baylor. 

I 
30 Eimbeck. 

31 Schott. 
32 Maxfield, Eimbeck, and Schott. 

33 Schott. 

P£ttshurglz and A llegluny, Pa. 

3 

4 

5 

Bache. 
Locke. 
Locke. 

Locke. 
Thorpe. 

Lefroy. 
Bache. 

Locke. 

4 Lefroy. 
5 Lefroy. 

Lefroy. 
Lefroy. 

Lefroy. 
9 Lefroy. 

lo Lefroy. 

n Lefroy. 
12 Kingston. 

13 Kingston. 
I4 Kingston. 
15 Kingston. 
16 Kingston. 
17 Kingston. 

18 Kingston. 

19 Kingston. 
:20 Kingston. 

21 Kingston. 
20 Kingston. 

23 Kingston. 
24 Kingston. 
25 Kingston. 
"6 Kingston. 

27 Kingston. 
28 Kingston. 
29 Carpmael. 

TtJronto, Canada. 

1871.5 4.356 

1870.5 4.36o 

i873.5 

1874.5 

1875.5 

1876.3 

1877. 7 

1878.7 

•879.5 
1880.5 

1881.3 

1882.5 

1883.5 

t884.3 

1885.5 

1840.6 
18.p:.11 

1842.3 

1845.3 
1878. 7 

1842.8 

1843.6 

1844.5 

1845.3 
i846.5 

i847.5 

1848.5 

i849.5 

i850.5 

1851.5 

1852.5 

1855.B 

1856.5 

1857. s 
1858.5 

i859.5 

186o.5 

1861.5 

i862.5 

1863.5 

1864.5 

1865.5 

i866.5 

1867 .5 

•868.5 
186g.5 

i870. 5 
1871.5 

1885.3 

4·344 

4.349 

4·353 
4.356 

4.369 
4.368 

4.370 

4.375 
4.3!lo 

4.364 

4·373 
4.385 

4.397 

4.049 

4.059 

4.056 

4.034 

4.1:19 

3.535 

3.537 

3.540 

3.548 

3·542 
3.5:)8 

3·534 

3·537 

3.532 

3.530 

3·515 
3.515 

3·5°5 
3.488 

3.490 
3.481 

3.479 

3.484 

3.485 

3.489 

3.493 

3.493 

3.493 

3.498 
3.498 

3.499 

3.f91! 
3·500 

3.591 

Ii 

II 
1' .1 

I
I Cle"lleland, Ohio. 

Younghusband. 1142.8· 3·9B1 I 
Locke. 1843.6 4.005 

3 Smith (W. P.). 1859.5 3.956 I, 

4 I Goodfellow. 187 .. s 4.000 j 
5 I Lee (A. N.). t87"·5 4.0•7 

Detroit, AUch. 

Younghusband. 
Locke. 

3 Lefroy. 

4 Smith (W. P.). 

s , Smith (W. P.). 

6 Lee(A. N.). 
Lee(A. N.). 

Bailey: 

Cz."nclnnati, Okio. 

t I Locke. 

2 i Locke. 
Lefroy. 

4 ! Baylor. 

Madison, Wis, 

, Locke. 
2 i Hilgard (F. E.). 

3 Braid. 
Suess and Baylor. 

s Mason. 
6 Mason. 

Suess. 

Saint Louis, Mo. 

Nicollet. 

Locke. 
Friesa.ch. 
Hilgard (T. C.). 

Nipher. 
4 I Nipher. 

I Nassau, Ni!w Provid~na Isla11d. 

• ! Ackley. 

Humboldt. 

• Sabine. 
Frie'!&ch. 

4 Ackley. 

Safnt Thomas, irest India. 

Frie8'-ch. 
2 Harkness. 

3 

3 

Panama, United State.s o/CoWm/Jia. 

Belcher. 
Ha.ig. 
Harkness. 

Aca,l"lco, ,.,.le.xico. 

Belcher. 
Harkness. 
Nichols. 

M~.xico, M~xictJ. 

Humboldt. 

Sonntag and Mueller. 
Keyes. 

Belcher. 

Belcher. 
Nichols. 

San Bla.s, Mexico-. 

Year 
and 

fraction. 

i8.42.8 

r8-t3·-I 

1845.5 

1859.3 

186o.4 

1872.4 

t873.4 

1876.4 

1844.4 

r845. 3 

1849.4 
t88o.9 

1839.8 
1876.B 

1877.7 

•878.8 

1879.7 

l88o.7 

z88I,9 

18)6.o 

x839.7 
1856.8 

iB72.5 

187&.6 

t879.7 

'l8oI.O 

I822.5 

1857.1 

1879.2 

1837.5 

1858.3 

x866.4 

r!lo3.9 

1857.9 

1879.8 

! Observed i' 
! horizontal 

force. 

3.930 
3.8g2 

3.863 

3.838 

3.865 

3.881 

3.88o 

3.898 

4.548 

-1.548 

4·5•7 

4.488 

3.878 
3.8g1 

3.913 
3.8g6 

3.908 
3·903 
3.SgS 

4.814 

...748 

4.925(1) 

... 629 I 
4.586(1) 

4.673 

6.503 

6.100(1)1 
6.970 

6.921 

6.847 

I 
6.7•3 I 
6.7s8 

6 I Lee (A. N.). 1873.5 3.996 I 
Ba.ylor. 188o.5 3.996 j 

---··· --------------'----~--''-,,----"--..!.----------------'------'-----· 
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TABLE III.-Annual values of obserred magnetic horizontal force at prominent stations.-co11tinued. 

! I 
I I I No.; 
' ' 

Locality and observer. 
Year 
and 

fraction. 

i; 
Observed d 
horizontal ' No. 

force. 
I 

·------·, 

Locality and observer. 

1-'.--·----------·--------''-,------. 

I
I Magdal~na Bay, LfrUler Cali/ornia. ! l_ Fqrf Vanc<JMr1er, Waslt.. 

I , , 
x / Belcher. 1839.5 7.16o : Douglas. • I H arkneas. i:S66. 4 

1 
7. q6 Belcher. 

3 Eimbeck. 1873.2 6.926 : Haig. 
4 j Nichols. 1881 .1 1 7.032 Lawson. 

I San .Dieg", Cal. 

r I Belcher. 
a i Trowbridge. 

! I ~:;~=~rton. 
5 I Nichols. 

I 
I 

! Baker. 
Baker. 
Baker and Terry, 
Terry, 

Douglas. 
Belcher. 

3 Davidson and Throckmo1 ton. 

4 

5 

Nichols. 

Mu,.terey. Cal. 

Douglas. 
Belcher. 
Trowbridge. 
Throckmorton. 
Nichols. 

San Francisco, Cal. 

Douglas. 
Belcher. 
Friesach. 
Harkness. 
Davidson, Throckmorton, and Eim

beck, 
6 Dall, Ba.ker, and Nichols. 

Eimbeck, Marr, Nichols, and Lawson. 
Marr. . 

9 Davidson and Marr. 

Cap Di1apfei#lme11t, ffJasl.i. 

Douglas. 
2 Belcher. 
3 Eimbook. 
4 Nichols. 

1853.8 

x88i:.3 

1882.8 

1883.5 

1884.5 

1885.3 

t83I.4 

1839.5 

t869.9 

1881.3 

r831.o 

1839.5 

1854.4 

1873.7 

188t.3 

183:t.I 

z839.5 

t858 ... 

i866.5 

1873.9 

188o.7 

1881.5 

1883.4 

1884,7 

1830.8 

t839.5 

1873.8 

lBliI.8 

6.142 

6.271 

6.104 

5.919 

5·915 
5.9n 

5.861 

5.925 

5.967 

5,871 

5.629 

5.666 

5.Bo> 

5,691i 

5.663 

5.495 

' 5.s24 
5.576 

5.643 

5.543 

5,514 

5.523 

5.481 

5.507 

'1·436 

'1·394 

4.537 

4.482 

NObtka Sound, Va1tcou11r1" lslaHd. 

1 
Nichols. 

York Factory, Britislt N. A, 

' Lefroy. 

Klotz. 

Norway /louse, Briti'sh N . .A.. 

' Lefroy. 
Klotz. 

Cl6:mberland Ho#Si\ Bntish J'V, A. 

Lefroy, 

Klotz. 

LUtke. 
Erman. 

' Belcher. 

Sitka, .4.!aska. 

1 Dall and Baker. 
Nichols. 

LUtke. 
LUtke. 

Una!ashka 1 Alaska. 

Dall au<l Baker. 
Marr. 

Port Clarence and Gran.tie)' Bay, 
A iii.ska. 

Wijkander. 
Dall and !laker. 

PetrojJavlov.sk, Kamchatka. 

Erman. 
Du Petit Thouars. 

Year Observed ' 
and borizo~tal , 

fraction. force. 

1830.9 4.4 ... ~ 

t839,5 4,475 
l86o.3 4.618 

t881.8 4.547 

188t.7 4.<'83 

t843,6 I, 505 

1884.7 1.5o8 

1844. r 2.I75 

1884,6 2.148 

18.w.1 2.357 

1884.5 2.345 

1827.5 3.197 
1829.9 3.197 

x839 . .s 3.ao7 

18&>.4 3.310 

188r .7 3.293 

t8~7.6 
' 

4.468 

1829.5 4.584 
188o.7 4.456 
1883.7 4.386 

1879.5 3.028 

188o.7 3.021'111 

18a9.8 4-964 

1837.7 4.851i 

To ascertain in general the characteristic features of the change in the horizontal component., 
the observed values of H were plotted for each stfltion. It theu became apparent that, perhaps 
wltb the exception of a fow statious, the observed data were insufficieut to trace out the law with 
distinctness at any one station, but that c-0Uectively fairl;\· satisfactory results could be had. Three 
distinct types of change conlcl be recognized, and the stations exhibiting like types were grouped 
and their results united into a mean, as shown in the following table. The values of H, as tabu
lated for every fifth year, are the result of a free-baud cun·e. drawn among the dots representing 
the observed valu&11 in order that their accidental errors may be eliminate(! as far as possible. 

The observations at tibe three Canadiau r,itations, Halifax, Quebec and Monkeal, were found 
tOO irregular to be combined; they concur, howe\•er, in indicating increasing force since lt)60 or 
some earlier date. The stations in the West Indies, Central America, and Mexico likewise could 
not be treated in t;he manner proposed, from insufficiency of observations, but they clearly indicate 
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decreasing force from a date anterior to that just mentioned. This matter will be referred to again 
in connection with the annual change. In Alaska, likewise, t~e horizontal component is apparently 
at prel§ent decreasing. 

Type-curve No. I, showing secular variation of the horizontal inteMity (H) for the nortkeastern. part 
of the United States (see diagram). 

s1at=-. ---,o:;j~!· 1835. I 1840. ' 1845. i 1-8;0.--\~855. I l86o. I 1865. 1

1 

1870. I 1875. 
1 

188o. o:;8?) 
Cambridge. ;---·-=-1~-;:-, 3.565 i 3·555 ~il,-~!~l 3.685 ~~I 
New Haven. ____ 3. 83 3. 805 I 3. 75 / 3. 70 3. 72 3. 76 3. 80 I 3. 835 3. 86 3. 87 I 

· New York. I ---- ---· 4. 02 4· OI I 3· 97 

1

. 3· 93 3· 94 j 3· 955 , 3· 97 I 3· 99 14· 01 4· 03 I 
/Sandy Hook. 1 ---- --- 4.09 4.o6 3·99 3.925 3·94 3.98 4.01 14.04 4.07 4.10 , 

Albany. ;_--=.:.::._~~~~/~ 3.5851~;~-~,_3.645 ~I 
I 

1 I ' I 

___ Average. , ---- ---- 3. 840 I 3. 813 i 3- 771 j 3· 738 3· 755 I 3· 783 I 3· 8I!1~: 8-3~l3· 857 3· 875 i 

Type-curve No. 11, sho-wing secular variation of the horizontal intensity (H) for the eastern part of the 
Uni.Wd States (see diagram). 

Stations. 
i(Jan. l ),, I I I - I i' j (Jan. r ),I 

1830. 1835. 1B4o. I 1145. I 1850. 1855. 186o. : 1865. : 1870. 1875. I l88o. 1885. 

1---1--1-1-----,-l-1---
Philadelphia. ____ ____ 4. 18 4. 15 ,, 4. 14 4. 13 4. 13 j 4. 14 14. 16 I 4. 19 4. 22 4. 23 
Baltimore. ____ ____ 4. 25 14· 23 4. 21 4 20 4. 21 ' 4. 21 I 4 22 I 4. 24 4. 25 4. 27 

I I I I 
Washington. ---- I . --- 4. 285 4. 265 I 4. 250 14· 265 4- 290 4. 315 , 4· 335 1 + 355 4. 370 4. 395 I 
Toronto. ---- , ---- 3· 565 3· 545 13· 535 3· 5IO 3· 48o 3· 495 / 3· 500 I 3· 52 r 3· 56 3· 589 I 

I I ' I 
Cleveland. ____ I ---- 4.ClO I 3. 985 3· 975 3· 965 3· 965 3· 975 I 3· 985 3· 995 14· OI 4· 03 I 
Detroit. _...::.::.::_/~~!-3.895 3.86513.850 3.855 ,~!~~1 3.905 ~ 

I Average. ---- I ---- 4. 03214. 01213. 996 I 3. 987 3. 98813. 998 i 4. 012 , 4. 032 I 4. 053 4. 072 
I I i ! I I 

Type-curve No. lII, sh,owing secular variation of the ho1Uontal intensity (H) for the west,ern coast of 
the Un,ited States (see diagram,). 

Stations. 

I 

. (Jan. 1).1 183 

. 1830. ! 

I j I I / I (Jan I) ; 
5. 1840. 1845.: 1850. 1855., 1800. 1865. 1 1810. 1875. 1s8o. 1885

., i 

·--------~------------ --- I j ! I I ----1------,-----1---------, 
San Diego. 
Santa Barbara. 
Monterey. 

I San Francisco. 

Fort Vancouver. 

Average. 

6. 12 I 6, I 4 6.16 6.195:6.22 6.25 16.2656.24516.2016.15 6.105 6.07 I 

9 5. 92 5. 935; 5. 945 5. 955 5. 96 5. 95 / 5· 94 5. 92 5. 885 5.14 
I I 

45 5· 675 5. 71 I 5· 75 5. 77 5. 76 5. 75 15· 72 5· 69 5. 665 5· 65 
I 5. 52 5. 54 I 5. 56 5. 575 5. 59 5. 59 5. 58 5. 545 5. 515 5. 49 
6 4. 48 4. 515; 4- 55 14· 565 14· 585 4. 585 ! 4. 575 4. 56 4. 54 4. 53 

5.87 Js.s 
5. 63 [ 5· 6 
5. 495 i 5. 5 

,~I~ ----,----!----,---------
29 5. 551

1

s.579
1

5. oos / 5· 623 i 5. 632 5. 624
1
s.6o3 5. 573 5. 5421 5. 516 5.5II !5·5 

I 

The annual change a=~~ can be made ont for a number of stations, and is fonnd to have 

been sufficiently uniform for some years past to be deduced directly from recent observations; the 
average annual rate of change thus made out results from observations made subsequent to the 
time of the la.E1t maximum or minimum. 
r~et a= recent annual change of the horizontal force, expressed in absolute mea.sure (English 

units), + when the force is increasing, - when decreasing, 

and a,= recent annual change of the l1orizontal force when expre886d in farts of H; hence a,=.: 
• 

where H .. = mean value of H du.ring the int.er\Tal t,,-tr 
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We have the following values of aand ah together with their mean values for certain geographical 
groups: 

I Name of station. 
i1 I 

Between epochs I! Annual change ! Annual change 
t,andt11. Ii a. I a,. 

I --1 

I Halifax, N. S. 

i Quebec, Can. 

·' I 
--·--~--- :1-----:-----
1848(?) 1882 Ii +. oo6z +. 0019 

I Montreal, Can. 

I Mean, group 1. 

I Carnbridi;:e, Mass. 
I i Toronto, Can. 

i New Haven, Conn. 

I Albany, N. Y. 

[ New York, N. Y. 

'Sandy llook,N.J. 

Philadelphia, Pa. 

Mean, group 2. 

Baltimore, Md. 

Washington, D. C. 

Cleveland, Ohio. 

Detroit, Mich. 

Mean, group 3. 

Havana, Cuba. 

Panama, U.S. of Col. 

Acapulco, Mex. 

] Mexico, Mex. 
I I San Blas, Mex. 

I 
Mean, group 4. 

Magdalena Bay, L. C. 
I 

I 
San Diego, Cal. 

I Santa Barbara, Cal. 

I Monterey, Cal. 
1
1 San l'rancisco, Cal. 

Cape Disappointment, W. T. 

I · Mean, group 5. _ 

186o 188o 
1

1
: +• 0056 I +. 0018 

.1 ' . 
1860 188o \, +. 0040 I +. 0013 , 

I 1856--1-8s;-'+.005_3 _+~7' 
l=======,1;======:======; 

1856 188o :, +. oo68 ! +· 0019 : 

1811 1885 1
; + oo6s I +· 0018 1 

1855 1885 !I +.0058 i +.0015 

1857 188o +.0030 I +.0009 

1856 1873 I +.0032 i +.0008 

1856 188o ,i +.0067 : +.0017 i 

1 
1863 __ 1_8~!1 __ +_.0049 l~~-2-• 

I
' I 859 !881 !; +. 0053 I +. 0014 
===========:1=======1===========-== 

I 857 1878 :: +. 0020 i +. 0005 : 
1856 1885 . +. 0041 ' +. 0009 

1800 1881 I +• 0020 +· 0005 

: 186o __ 1_8~ ·1~· 0029 ! __ +_. 000_7 -.' 

1858 188o : +. 0028 1
1' +. 0007 ' 

:======11========== 
. 1857 1879. 

11 

-.0034 I -.0005 • 
i 1858 1866 i. -. 0050 -. 0007 

I 1866 188i 11 -.0089 I -.0012 

I 1858 188o 
1
1 -.0044 

1 
-.ooo6 

I 1840(?) 1881 i, -.0053 ! -.0007 
1-----i! 1------
! 1856 1877 I -.0054 i -.0007 
1========11======= =======-
I 1866 1881 Ii -. 0096 -. 0014 

I 1866 1881 jl -.0105 -.0017 
I 1870 1881 

1 
- • 0084 - . 0014 

I
' 1874 1881 i -. 0043 -. 0008 

1874 1884 Ii -.0048 -.ooo6 

1874 1882 1i -.oo6g \ -.0015 
l------11 ·------
! 1874 1882 1: -.0070 I -.0012 · 
i t! 

For British North America our data are insufficient to give any definite information of the 
character of the change during the last forty yearR, and apparently the present horizontal inten· 
sities bave again nearly ap11roached the values they bad at tbe earlier epoch. The same uncer
tainty prevails for the Territory of Alaska respecting the past as well as the present changes in 
the values of H. 

AnalogouR to the region of stationary dip we also recognize, but much les:s distinctly, a broad 
belt stretching aeross the country in a northwesterly and southeasterly direction, in which tbt1 
horizontal component is at present stationary, or where the annual• hange of the horizontal foroo 
is nil. This region passes, roughly speaking, through western Montana, Wyoming, Nebraska, 
'Missouri, Tennessee, Georgia and Florida, possibly with a width of two hundrt•d statute miles or 
moi;-e. This broad belt, therefore, does not coincide iu position with a similar belt of unchangeable 
dip at the present time. To the northward and eastward of this belt of demarkation, as shown on 
the aooompaoying map, the horizontal component is in a state of increase, to the southward and 
westward of it in a state of decrease. In eithM case the annual change, as also in the CMe of the 
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annual change of the dip, becomes greater the farther a place is distant from the respective 
marked regions of constancy. 

SECULAR VARIATION OF 'J'HE TOTAL INTENSITY OF THE MAGNETIC FORCE. 

'fhe data for the iH\'eKtigation of the ntriatiou in the total intensity are those already gfren 
for the dip and horizontal force, aud they need only combination to yielll the results desired. 

The followiug table coutainK tile nth1es of the iuteusity F, as computed from the corl"espoud
iUg values of Hand o for types I and II, the clata for other types being either incomplete or want
lug. F is expressed in British units. 

Stations. I 1830. I 35· ! 1840. ! I< 45· 1860.: 1865. 1870.: 1875. i I So. 18S5. : 

Cambridge. 
New Haven. 

New York. 
Sandy Hook. 
Albany. 

: (Jan. i), i -

8
----,------ ---

8
-- - . I i ! 

8 
I (Jan 1) / 

---------------- - ---- ;r3.48:13-3; 13.21 13.22113.-37 13.45 13.491:3~3-;:~-:11--:2~ 
---- i 13. 47 I 13. 40 13. 25 13. I I I 13. 20: 13. 33 13. 41 I 13. 41 113. 29 13. 05 

i I ---- I IJ. 50 13. 51 13. 39113. 27 II 13. 32: 13. 36 13. 36113. 31, 13. 191· 12. 99 

Average. type I. 

Philadelphia. 
Baltimore. 
Washington. 

I Toronto. 

I Cleveland. 

l
-Detroit. 

Average, type II. 

!~---------·--·-·----- ~ 

( ---- i ---- 13.70 13 59 13.36\ 13, 17I13.23J13,35 13,40, 13.39, 13,30 13. 13 
! ---- , -- IJ. 68 IJ. 65 13. 72 

1 
IJ. 8o 113. 871IJ.93 13. 92113. 82 I 13. 61 13. 27 

:--·------------1----1------
: ---- , ---- :13.58 1 13.50 13.39i13.3if.13.40;13.48 13.52\13.46;13.31 13.05 

1 ~~~=1~~:= =;3-:-;;-:=;3~ =;3~~r~=;.=4~1~~5=; =;3~571=;3~1 =;3=;:=;3~'; =~~;= i ---- ! - --- i 13. 56: 13. 45 13. 38. 13. 37 f 13. 44 13. 46 / 13. 48 ! 13. 48 I 13. 38 13. 22 
I ---- i --- IJ.4.)·IJ.36 13.31 13.34!13.39 13.42!13.42!13.38:13.29! IJ.20 

i I --- J4. 03: 13. 93: 13. 95 I 13. 91 I 13. 82113. 82 13. 77 j 13. 78 i 13. 78 I' 13. 761 
I ---· : ----

1
13.85 13.78 13.76j13.75)13.78j13.83 13.84)13.81113.74 13.61 

\ ---- ---- IJ 85 I J3, 8o 
1 
IJ. 71\13, 68 i 13. 72' 13, 75 13. 761J3.78 !J. 73 l 13. 62 l 

i __ ·-~:-=-,13-71 13.63 13.591~1~1~1~~!~1~~ 
The two type-1mrves are shown in a preceding illustration in connection with the curves for 

the dip, and their comparison indicates the preponderating influence of the change of the latter 
over the change in the horizontal force. 

At any place where H, dH, 11, and d/J are lrnown, the annual change in l<' can be computed by 

dF =sec odH + F ta:u oao., in absolute measure, or by ~~ = dH.t:! + tan Odo expressed in parts of ll 
the force; similarly the aunual change dV of V may be com pated by dV = H sec2 odo + tan odH 

aml dVV = -.~--- + <!_H·I!, when expressed iu parts of the vertical component. 
Slll 0 COS (I 

SEOULA.R VARIATION OF TRE DIRECTION OF .A. FREELY SUSPENDED MAGNETIC NEEDLE. 

Quite an instructive diagram may he cOJH'ltructed by combining the secular \·ariations of the 
declination and of the dip so as to show the actual secular motion of the direction of a magnetic 
needle when freely sm;pentled.• 

Conceive a sphere described with any c011\·enient radius about the center of gravity of the 
needle, and suppose th11t portion of its inner surface viewtd (from the center) toward which the 
north end of the needle may be pointiug-. Producing the direction of the north end of the needle, 
as observed at any gi\'en epoch, it will interl:!ect the sphere in a given point, and a series of such 
pointi:; will be bad if this be repeated for a number of epochs. A curve freely drawn through these 
consecuth·e points will theu represent the actual secular motion in the direction of the needle, and 
way be projectt•d on a plane, tangent to the SJ>here at a point near the middle of the region. 

For our illustration we select the group of northeastern stations and designated as type I, the 
a\·erage geographical position for which corresponds approximately to central Conneeticut. The 
dips for each fifth year have already been given; the corresponding declinations were taken from 
------------ --- - --~-~-- -·-· -------------·--------------------------

•A similardiagram was recently employed by Dr. W. 8-0baperto exhibitthec:iomplete1towlyvariationsoftbeneedle 
at Llibeck for Deoornber 23, 1884. 
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the Coast and Geodetic Survey Report for 1882, Appendix No. 12, either directly from the table 
for each tenth year or lly r.amputation (using the formulre giYen on page 258). The Yalue;; are 
gh·en below, the plus sign being omitted (denoting west declination), as appl~·ing to all: 

I I : I 

i----S-ta-ti-on_s_. __ I (J~~~;}' 
1

_ 1830., 1835.; 1840.: 1845. ~:· :~~i 1860.1.:6~. _ 1~70. i 1875. 1 r88o. :~~~~s;!~ 
1 olol

1
o!olo ololoio 1

0!0
1 o) 

Cambridge. 
New Haven. 
New York. 
Sandy Hook. 
Albany. 

I I I ' I ' ' 8.32 
1 

8.64 j 8.9819.33 
1 

9.69 10.03 110.36 
1
10.67 110.96 '1r.2r 111.44 rr.63: 11.78 

5.171 5·39, 5.65 i 5.95; 6.27 6.6! i 6.97: 7.3517,72 18.IO 1 8.47 8.84 ! 9.19 
4.6314.88 i 5.20 I 5.56 I 5.94 6.31 I 6.64 i 6.93 7. 18 I 7.40 J 7.6o 7.81 I 8.03 

I I I ! 

: + 26 I 4· 51 I 4· 83 I 5. 19 : 5· 57 5· 94 : 6. 27 , 6. 56 6. Sr 
1 

7. 03 : 7. 23 7. 44 7. 66 ' 
I o6 I ' I ' ' I I i 6. 16.35 ! 6.66!7.0017.36 7.74 \ 8.Il i 8.49 '8.86 9.23: 9.57 '9.90' I0.19 
--,--.----------------,----1--

Average, type I. I 5· 69 I 5. 95 j 6. 26 I 6. 61 ! 6. 96 7. 3317· 67 ! 8. oo l 8. 31 1 8. 59 I 8. 86 9. 12 ! 9- 37 i 
I I I I I I I I I I I 

Suppose radius of sphere= 4 m., one degree of a great circle would have the length 5~.3 
nearly, or 6.98 cm., and one degree of a parallel for average dip of 730 would eqnal 6.98 cos 73°, or 
2.04 cm. The diagram is constructed accordingly;• the degrees marked on the right·hitnd margin 
are those of the dip, dimin-ishing upwards; the degrees marked at the bottom are those of the 
declination, increasing to the left or u:estu:ard. 

Plottiug the typical values of dip and declination for every fifth year between 1830 aud 1885, 
and uniting the points so obtained by a free-baud curve, we have the representation of the secular 
motion of a freely suspended needle, as shown in the accompanying diagra.m. The dotted part 
between 1820 nnd 1830 is doubtful, only one of the coordinates being known with certainty. In 
its further extension into past time the curve is known to be a tangent to the Yertical line of 4°.9 
in or.about the year 1794 (see Tablfl III of Appendix 12, Report for 1882), and it is here where we 
regret most the total absence of information respecting the state of the dip, and which debars ns 
from even conjecturing the course of the curve during the past century, though it lies wholly to 
the westward of the vertical touched in 1794. 

The secular variation in the total intensity might also be indicated iu the diagram by varia
tion in the tliickness of the curve. The change, however, is of a very simple nature, and it suffices 
to state that since about· 1870 the magnetic force has been rapidly declining in intensitr. 

CONS'.1.'RUCTION OF ISOMAGNETIC MAPS OF THE UNITED STATES, SHOWING THE DISTRIBUTION 

OF THE DIP AND OF THE HORIZONTAL COMPONENT AND TOTAL VALUE OF THE EARTH'S 

:MAGNETIC INTENSITY, FOR THE EPOCH JANUARY 1, 1885. 

· It is not our purpose to review here in particular any one of the isomagnetic .maps that have 
been constructed from time to time since the production of the first isnclinic map by Wilh, in 1768, 
and the firstiaodynamicmap by Humboldt, which was based upon his American observatiorns, made 
between 1799and1804; but we shall briefl.y refer to some maps more s1wcially related to the Unitell 
States or covering parts of its territory. 

We need but mention, as claiming now but little attention in consequence of their neeessary · 
imperfections, the isoclinic maps published by Hansteen iu the first quarter of the present centnr.v. 
That for the epoch 1600 is based on the dip observations of Hudson aml Baffin; that. for 1700 on 
obserrntions of Cunningham, Feuillee, La Caille, and Ekeberg ; that for 1780 on obserYationH hy 
Cook and I...a Perouse. GansN, in his great work on the-General Theo1·y of Terrestrial Magnetism, 
obtains bis data for the inclination mainly from Iforner'i. map (date about 1827), a111.l for the inteus
itJ.es (total)· from the admirable map published by Major E. Sabine (Report of the Seventh Mt'eting 
of the British Association for the Advancement of Science, Vol. VI, London, 18:~8). No strict re. 
duction to a fixed epoch was then practicable, and the results group themselves, on the avnage, 
near or before the year 1830, as a rough epoch. The maps of the values of the inclination and of 
the horizontal force, computed according to the theory of Gauss, are contained in Taylor'l'l Scientific 
Memoirs, Vol. Il, Part VII, London, 1841. 

·~---~~~-~~~·--~~ 

•A gnomonic or central projection might be ued with advantage, bot for the present the simple1· construct.ion 
lllllJW6llJ as well. 

H.Ex.18-30 
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In the Philosophical Transactions of the Royal Society for 1840 Major Sabine gives two 
chartR, entitled "Magnetic Isocli11al Lines i11 the Atlantic, 1837," amt" Maguet ic Isodynamic Lines 
in the Atlantic, 1837." The first of these special charts only reaches the eastern bQrder of the 
Uniteu States. In Sillimau~s Journal, 183:"., Art. III, Prof. E. Loomis laid down the lint>R of equal 
dip for every 50 for the eastern part of tlle United States, hut disclaims an~· great precision for them; 
again, in SiIJimau's ,Jourual, Vol. XXXIX, 1840, he gi\es a map of equal dip for the epoch 1840, 
with the remark that the lines in the northeastern part are fairly accurate, out those in the south
eastern part in a measure conjectural. 

·Appendix No. 28 of the Coast, Survey Report for 1856, by Superinkmlent A. D. Bache and 
Assistant J. E. Hilgard, is accompanied by a small map showing for tlie epoch 18.jO the distri
bution of the inclination and of tbe horizontal intem•ity along a narrow strip of our Atlantic, Gulf, 
and Pacific coasts, ~nd along the Mexican boundary. lll tlie Coast Survey [{('port for 1~62 Super
intendent .A. D. Bache gives a mail of Pennsylvania, showing for the epoch 18,12 the 11istrilmtio11 
of the dip, the horizontal and total intensity for that State. 

The contributious to terrestrial magnetism, Nos. XUI and XIV, by GenPral Sir E. Sabine, in 
tbe Phil. Trans. Roy. Soc. for 1872 and 1875, contain most valuable maps, forming part of the rep
resentation of the magnetic condition of the earth's surface about the epoch ll'i40-'45. Plate XLIX 
in the volume for 1872 shows the distribution of the inclination on a circumpolar map down to 
north latitude 350, and Plate L the distribution of the total intensity within the same limits. To 
complete the work for the northern hemisphere, Plates Nos. 27 and 28, Phil. Trans. of 1875, exhibit 
the distribution of these same elements for tile zone betwet-n north latitude 40° aud tlle equator. 
On these maps we find marked, besides the curves of definite ,·alues, the position and value for 
each individual station. 

The latest published charts are those by General Sir J. H. Lefroy in bis "Diary of a Magnetic 
Sarvey in Canada, &c.," London, 1883. These are on a comparatively large scale, so as to permit, 
in regions where the magnetic stations were numerous, the representation of the larger. local 
deflections. The 1·un-es, consequently, do not show that symmetry or uuifonnity which forms so 
familiar a feature of the older charts. There are four, all for the epoch 1844; the mines of the in
clination, and of the total intensity are given for each station, with curves for intervals of oue degree 
and of 0.5 (English) units, respectively. Plate V includes the region of our 11orthwestern hom1d
ary from Lake Superior to th~ Pacific, where it extends down to the central latitmie of Oregon; 
Plate VI comprises all that part of tl1e United States l~'ing between th~ States of 1\faine, 5orth 
Carolina, Missouri, and Minnesota. 

Notwithstanding the fact that dip observations date Lack fully three centuries, and relative 
intensity obsen·ations just one century, and that we have absolute measure for a little more than 
half that time, we cannot utilize all the material here collected for the purpose of giving gTt>at<·r 
completeness or ~reater precision to our charts, but mm•t contei1t oursel ,·es with using only those 
observations which are of recent date. Otherwise there would be great liability to error in conse
quence of defective reduction to epoch, onr present knowledge of the secular variation being inade
quate in range and amount. In regions where we ham imperfect or no knowledge of the secular 
change of either element the fact is indicated in their graphical representatiou by dotted lines, and 
in the tabular statement it is indicated by the result being given with one place of decimals less 
than tbeusnal number. Numbers within parentheses were not used at all, these rernlts having been 
recognized as defective. The observations in the Territory of Alaska are yet too scanty for satis
factory charting. For the plotting of the positions and obser,-ed values of the stations on the three 
maps I am indebted to Mr. A. Ziwet, of the Computing Division. 

Upon the whole, the representation of the dip for the 1>poch 1885 is far more satisfactory than 
the representation of the liorizontal intensity for the same epoch, and it appeared plain t>nough 
that the cause wns to be found m defective determination of the instrumental constants required 
for the latter measure. · 

In conclusion, we regard the compila.tion and discussion oi the magnetic dips and intensities 
herewith presented as of more permammt value than the mere reduction to epoch and their chart
ing, which latter operations ma.,v be much better pt•rformed after the lapse of some years, when the 
law of secular variation shall have become better understood. 



 

APPENDIX No. 7. 

COLLECTION OF SOME MAGNETlC VARIATIONS OFF THE COASTS OF CAUFORNIA AND MEXICO, 
OBSERVED BY SPANI:'<H NAVIGATORR IN THE LAST QUARTER 01'' THE EIGHTEENTH CENTURY. 

Comn-.unicated by GEORGI<: DAVIDSON, Assistant. 

This p:q)er contaim; t>xeerpts from the logs of certain Spanish vessels which sailed from the 
ports of Sau Luca~;, Lower California, and San Blas, Mexico, in tbe years 1774 to 1790, giving the 
magnetie variation at <liffereu t parts of the vo,yage. 

The notes are from au English rnauuscript translation of a Spauisb manuscript copy of the 
original docu111e11t8. 'l'IH'rc i8 no meution, as far as seeu, of the way in which the \'ariatious were 
ob'.niued, uor any exphrnation of the asterisk (4") which distinguishes some of them. , 

These docum1·uts in Spanish are copies of the manuscript documents in the State Department 
at Vlasliiug:ton, am1 \Hre fun1ished to me some _years since. Those in the State Department were 
copied trom tlu~ archin•s at Madrid pending the question of the northwest boundary of the United 
States. 

The talmlatiou is made only on tlwse dates when the ;•ariation apJJears in the proJJer column, 
and I suspect that i;ome of tl.Je gin•n Yariations are h1terpolated, unless we Ruppose that tlies as 
regularly ooser,·ed the sun for azimuth as for position. I think it probable that the atar (•) to an 
observation means that the azimuth was determined froin observations on a star instead of the sun. 

The uotes as to seeing la11d, &c., will in a rough way check the longitudes, which are crude 
at the Yery uest; in oue case they found th~ml.'leh·es 90 in error, but the lamlfall checks it. I 
am indebted to Assistaut C. a. Schott for filling in the column beaded "Longitude west from 
Gfre-1wiel1." He as~rnmed for the lougitncle of San Lucas - 1090 54', and for the longitude of San 
Blas- 1050 17', witll a probable uncertaint~· of::!:: 0'.5, and the figures given are those resulting from 
the atldition or suhtractiou (as tlie cmm may lw) of the diflerential valuJ>s of the preceding column to 
01 from one or the othel' of thcl:le absolute longitudes. 

GEORGE DAVIDSON. 

Voyage off rigate Santiago for discovery of nortk coast of California. 

[Commander Don Juan Berez, lieutenant of the Royal Navy.] 

i 

I 
Oct. IO 13 IZ3 ,. 

12 I 36 14 12 o3 121 s1 
---~~-'-~-~-'-~~--'-~-~-'----~----~--~~-~-------

----1 -~- f Long.westlLong.westi ~~~:-1 
Date. I Lat. north. • of I from I rth I 

I 
I San Lucas. I Greenwich.! ::St.· j 

1

-- 1---i :~-I 
1774. I o / I o / / o / I o / Left.,'\an Blas 25th. 

Jan, 31 1 20 45 I 3 54 I 113 48 J 5 oo [Off Lower California-Sch.] 

Feb. I 
1 

20 29 3 32 HJ 26 I S oo 

June 26 35 37 I 21 45 , 131 39 I 5 oo 

29 37 20 24 35 I 134 29 \' IO 19* 
July 39 43 26 oS ' 136 02 7 42* 

Aug. 9 '*8 17 15 17 125 I I / 18 18 I Saw land at great distance. [Off Cape flattery-Sch,] 

15 42 37 14 26 124 20 \ 5 30 j Coast not visible. [Supposed should be 15° 301-Sch.] 

21 39 46 j II 15 i Cape seen; thonght to be Mendocino. [Probably Point Delgado , 
A.=-124° 151-Sch.] 

II oo [Off Santa Cruz-Sch.] 

11 oo (Off Point Sur-Sch.) 

Remarks. 

275 
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Date. 

25 

26 

27 

Apr. 

2 
i 

23 

May 
30 i 

II 

31 

June 

z 

4 

7 

8 

20 

z6 

July 2 

6 

7 
IO I 

13 I 
15 

18 

23 

27 

Aug. 6 

9 
II 

17 

21 

27 

Aug. l 

9 
10 

13 

15 
22 

,.,,.., ; .... ,.,' 
24 

::!S 

:-;cpl. 6 

GNITED STATES OOAST AND GEODETIC SUl~VBY. 

Frigate Santiago and schooner Smwra. 

[Commander Don Bruno de Heceta.] 
---------------~---- 1- ----- - -·--1------~--------

Long. west Long. west i Varia- I 
Lat. north. of Gr·efero

1
)m,,-,·cli.',• n~~:~- , Remarks. 

,;an nlas. I east. j 

o I 

ZI 25 

20 35 

20 10 

19 49 

18 ·'" 
18 33 

21 21 

25 57 
26 31 

32 IO 

37 59 

38 14 

39 3° 

40 13 

41 45 
41 31 

40 59 

39 20 

42 15 

44 14 

46 IO 

47 35 

47 28 

4i 23 

46 32 

45 41 

47 05 

47 04 

49 II 

49 42 

46 15 

42 25 

37 5·1-

46 34 

49 09 

50 18 

53 54 

56 08 

Si 57 

57 08 

5(> or 

55 36 
H 42 

o I 

5 00 

Long. v.1est 
of 

San Lu(·as. 

4 02 

2 58 
0 50 

0 37 

0 48 

21 22 

22 07 

27 50 

21 35 
21 12 

20 26 

18 35 

15 19 

14 53 
14 21 

21 49 

20 47 
21 06 

18 28 

16 34 

16 40 

18 32 

24 24 

24 59 
18 55 

---- ------ ----

I Io 1
/7 II o I ! 

4 30 ! [Off Cape San Lucas--Sch. 

I I 

::; :: I : :: 
110 441 5 00 ! [Near Socorro Island-Sch.] 

IIOJl1 5001 

110421' 513*: 

125 09 I 6 oo I 
131 16 I! 7 ()() I 

IJ2 01 7 00 I 

137 44 I 8 ()() I 

131 29 I IO 00 I 

131 06 I IO 00 ' 

130 20 l 12 00 I 
! 

128 29 IO 30* 

12513 1400
1

} •. 
1 [Off Pomt St. George-Sch.) 

124 47 14 30* 

124 15 14 oo 
1 

[Off Trinidad-Sch.] 

•JO 34 13 oo I 
lJI 43 14 00 I 
130 41 15 oo I 
131 00 16 ()() ; 

I 128 22 17 00 I 
I 

126 28 17 oo I 
126 34 17 30* 

128 26 16 00 

134 18 15 00 

134 53 16 oo*I 
128 49 18 oo*I [Off coast of Washington Terr.; probably in il=-128° 30'-Sch.] 

128 29 19 co*: [Off Vancouver Island, probably in A=-I28° oo'-Sch.] 

128 29 11' co*) In sight of land. [Probably in 1= -128° oo'-Sch.] 

15 38 I' 125 32 17 oo*
1
1 In sight of entrance, called Hecata.. (Off Cape Disappointment, 

mouth of Columbia RJVer, corrected long./, =-124° 201-Sch.J 

15 09 12 5 OJ 17 00 I 

18 35 

18 35 

-~4--~~--1- 124 2~~~1 [Off Punta Reyes, probably in A.=-123° 20'-Sch.] 

25 56 I 135 50 I 16 00 i Observations on schooner. 

I ' I 29 01 I 139 01 · 17 oo 

I 29 54 I 139 48 18 00 

29 47 

33 OJ 

29 39 

141 OJ 

139 41 

142 57 

140 44 i 
138 40 

139 33 

19 00 

20 00 

22 oo*~ 24 oo* 

23 00 

22 00 
1---- ---- ------ ---
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Frigate Santia.go and sclw01ier 801wra.-conti11ued. 

[Commander Don Bruno de Heceta.J 

i I i l 
I ' 1 Varia- I 
Long. west Long. west I tion 1 

Lat. north.

1

, of from i north- : 
San Lucas. Greenwich.'!' east. ·I 

1----·l----1 -"" ____ . J _____________________ _ 

I I I 
01 

1
0{ 0 /10/1 

54 53 31 56 141 so : 23 00 I 
54 32 3o 22 140 161 22 oo I 
54 o6 30 IO 140 04 I 21 00 I 
52 00 26 54 136 48 i 20 00 

47 50 19 05 128 59 I 19 oo , 

44 19 16 02 125 56 ! I 8 oo*
1 

Off Cape Orford or Blanco. 

42 37 16 41 126 35 i 17 oo 1 Insight land. [ProbablyinA.=-124° 341 --Sch.J 

1.775. 
Sept. 7 

9 

Date. 

IO 

Remarks. 

12 

18 

25 

27 

30 39 42 16 II 126 05 I 16 oo In sight coast. [Off Point Delgado, Shelter Cme; probably in 

1 ~4 oS II A.=--124° 15
1
-Sch.J 

Oct. 6 

7 
37 43 

36 42 

14 14 

13 47 I 
-" 15 oo [Off Punta Reyes, probably in A= - 123° 45 1-Sch.J 

I 123 41 14 oo I [Off Bay of Monterey, probably in A.= - 123° 151-Sch.J · 

'----'------'------'------'--·----'------------·--·--· 

Sr. 'Virey anil Antonio Bucareli. 

[Co1rn~auding two frigates, Exp'n of 1779.] 

I 

i I _
1 

_____ _ 

' Yaria-
Long. west j Long. west ii tion j 

San Lucas. 1 Greenwich:, east. 1 

Date. Lat. north.

1 

of I from north- • Remark>. 

I I I 
1----1-----·-----\-- ·1---l-------

01Io,1 0/ 0/1 1779. 
Feb. 27 

Mar. I 

4 

9 

15 

22 

26 

30 

Apr. 4 
IO 

13 

14 

16 

20 

24 

25 

26 

27 

28 

29 

May 2 

July 2 

3 
4 

20 33 I 2 2 7 I I I 2 2 I 5 00 l 
20 21 9 ! lIO 03 5 30 ! r [Off Socorro--Sch.] 

20 oo 1 40 I 1 II 34 6 oo*\ J 
20 08 6 57 I u6 51 7 oo 1 

22 oo 13 02 122 s6 s oo I 
24 54 18 S2 128 46 9 00 

28 OI 

30 IO 

31 29 

34 23 

36 03 

37 19 

39 25 
42 58 

48 30 

49 25 

51 o6 

53 14 

55 01 

55 15 
55 22 

54 16 

53 23 
53 33 

I 
! 

22 53 

25 19 

28 14 

30 16 

31 5 I 
32 04 

31 50 
30 28 

30 46 

30 40 

JI 20 

32 00 

31 57 

31 33 -
27 03 

28 02 

28 49 

l 29 03 

132 47 
135 13 
138 08 

140 IO 

141 45 
141 58 

141 44 

140 22 

140 40 

140 34 

141 14 

141 54 

141 51 
141 27 ! 
136 57 ; 

137 56 1 

138 431 
138 57 

9 30 

IO 00 

II 00 

II JO 

12 00 

13 00 

14 00 

15 00 
i 

16 00 ' 

17 00 

18 00 

19 30 ' 

21 00 

22 30 

23 30*· 

23 30 I 
22 3c 
22 00 

• 
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San Virey and Antonio Bucareli.-CQn/iuued. 

[Commanding two frigates, Exp. of 1779.] 

i \ 
Long. west Long. west 

Date. Lat. north. of i from 

Varia
tion 

north
east. 

Remarks. 

1779. 
July 5 

6 

7 
8 

9 
JO 

18 

o I 

54 36 

55 23 

56 13 

57 21 

58 05 
58 26 

59 4S 

2 9 59 35 

Aug. 9 
1 

57 59 

I I ! 57 25 

17 56 3(J 

19 55 17 

20 I 55 09 

21 54 3(i 

2
232J 54 12 

52 39 

24 51 16 

25 50 46 

26 I 49 39 

27 : 49 03 
28 . 48 38 

29 48 01 

JO' 46 40 

JI 46 27 

Sept. I 45 19 

2 43 45 

3 • 42 03 

4 40 56 
5 : 39 39 

6 j 39 28 
IO I 38 56 

'. Oct. 31 ! 37 36 

Nov. I 37 IO 

2 l 36 02 

6
3 I 34 51 

30 56 
7 29 46 

8 28 17 

9 27 05 
10 26 o6 

II 25 17 

14 23 02 

15 22 50 

San Luca.~. : Greenwich.: 

O I 

30 22 

31 25 
31 58 

33 28 

33 51 
J4 OJ 

38 21 

40 32 

42 13 

40 06 

34 25 

30 54 

30 18 

29 23 
28 20 

28 00 

26 53 

26 26 

25 42 

25 It 

24 42 

24 06 

2 3 09 
21 56 

20 32 
18 52 

16 56 

15 32 

14 JI 

14 42 

14 04 

13 17 

13 12 

12 43 

12 19 

9 57 
9 02 

7 33 
6 37 

5 39 

4 45 

I 08 

o r4 

140 

141 19 ! 

141 52 

143 22 : 

143 45 

143 57 

148 15 i 
150 26 ! 

152 07 

150 00 i 
144 19 

140 48 ' 

140 12 ! 

139 17 

138 14 ' 

137 54 
lJG.47 
lJ6 20 

135 36 

135 05 

134 36 

134 00 

133 03 

131 50 

130 26 

128 46 

126 50 

125 25 
124 25 

124 36 

123 58 
12J I I 

123 o6 . 

122 37 
122 13 

119 51 

JI8 56 

117 27 

116 31 

115 33 

114 39 

Ill 02 

!IO 08 

22 30 

23 00 : 
I 

23 30 ! 
24 00 ! 

I 
25 30 I 

26 00 ! 

26 "'o*l _l : 

26 00 . 
i. 

27 oo*• 

26 00 

z5 30 I 
24 30 : 

i 
23 30 I 
23 00 : 

I 
22 30 

21 30 

20 00 i 

19 :;o '. 

19 30 ' 
i 

19 00 

18 30 

18 00 

17 30 : 

16 30 I 

16 3o"i 

16 00 : l 
15 30 r [Off coast of Oregon-Sch.] 

15 00 J 
14 00 } 

13 30 
(Of! coast of California-Sch.] 

13 00 

IJ 00 

12 30 

[Off l'unta Arena-Sch.] 

[Near the Farallon Islands-Sch.] 

[Off Halfmoon Bay-Sch.) 

12 oo [Off Point Sur-Sch. 

II oo (Off San Louis Bay-Sch.] 

IO 30 

10 oo [Off Lower California, Mexico-Sch.] 

9 3° 
8 30 

7 3° 
7 00 

I 
6 30 i 
6 oo i On the 15th they found themselves in the neighborhood of Cape San 

1 
Lucas, and on standing in found that their point was only four 

I 
leagues to the east of the demarcation of the Cape; made at 6 p, m. 
west longitude. 
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Sr. Virey a.nd Antonio Bucnreli.-co11tinned. 

(Commanding two frigate,, Ex1.'11 of 1779.J 
---- - ---- - --- --- - ------------- - - ---------- - ---------------------

• Long. west Long. west 
\'aria-

ti on Date. , Lat. north. of from 
north-

Remarks. 
San I ,twas. Green\vich. east. 

__ , _______ -- ------------------- ---- -------------· --~---~----~---- -~---

1779. 0 I 0 I 0 I 0 I 

Nov. r6 22 3£ 0 38 I IO 32 5 JO 
18 :?I 49 3 38 IIJ 32 5 00 

-----------·----------- ------- ---· ----~ ---------------------
[Same for frigate Favorita.J 

-----------·- ---- ----- -~--- ------

1779. 
Feb. 27 20 34 I 52 Ill 46 ' 5 00 [' lff Socorro-Sch.] 

Mar. 2 20 26 4 35Y, 114 29 6 00 [Off Santa Rosa-Sch.] 

8 20 II 10 15 120 0~) 7 00 1 

IJ 21 12 15 56 125 44 8 00 i 
22 24 50 23 12 133 06 ! 9 oo I 
26 28 fl 26 51 y, 136 45 ' 9 JO 
31 JO 18 30 lg 140 13 lO 00 

Apr. 7 32 58},f 32 24 142 18 II 15 
12 35 59 35 32 ~~ 145 26 12 00 

14 38 57 Yz 36 01 145 55 14 00 

21 44 56 33 50Y, 143 44 15 00 
22 46 llY, 33 24Y, 143 18 15 30 ; 

23 48 36 33 38 143 32 16 oo 

24 49 21 34 2 4 r44 rS 17 JO 
25 51 04 34 20 144 14 18 00 

26 53 14 35 °5 144 59 19 30 

27 51 01 35 46 145 40 21 15 
28 55 13 35 46 145 40 22 30 

29 55 31 35 08 145 02 23 30 

May 2 55 15 31 53 141 47 25 00 I liff'crencc in the standing in to the shore up to hour of ca;ting anchor, 
451 in longitude farther east. 

July 2 54 15% 32 55 142 49 22 00 

5 54 32 35 rnY, 145 04 22 30 

6 55 19 36 l2 146 06 23 00 

8 57 15 38 rs 148 O<J 24 30 

9 58 o6 38 47 148 41 25 30 

10 58 29 38 45 148 39 26 00 . 

13 58 12 39 39Y, 149 33 25 30 

14 58 07)1 39 58 149 32 26 00 

17 59 46 42 Ol Y, 151 55 26 30 

18 59 47 43 23 153 17 27 00 

19 59 56 43 51}{ 153 45 25 30 

Aug. 8 58 42 47 JO 157 24 25 00 

9 57 58 46 42}{ 156 36 25 JO i 

10 57 57Y. 46 20 156 14 27 00 ; 

16 57 52 <l,p 14 150 08 26 00 

18 56 II 38 43 148 37 25 30 

19 55 55~ 37 °3 146 57 24 00 

20 SS o8 35 15 145 09 23 00 
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Sr. Virey and Antonio Bucareli.-co11tinued. 

[Commanding two frigates, Exp'n of 1779.] 

I -i -----·r-:ria-
1 
Long. west : Long. west,: ti on 

Lat. north. of f from, : north-Date. Remarks. 

! 
San Lucas. I Greenwich.1· 1 i I eas. 

, ____ -----~-1-----~-~ __ , ________________ ! ~---------- - -------~----------------------! 

O/IO/ 1 /10/1 I779· 
Aug. 21 54 3414 34 35 I 144 29 I 23 00 'i 

, I 
22 

23 

24 

25 
26 

27 

28 

29 

30 

JI 

54 II I 33 45 I 143 39 22 30 I 

52 37 33 02~ I 142 56 21 30 I 
51 16 I 32 19· I 142 13 20 00 I 
50 47 31 13 I 141 07 19 30 

I 

49 4° 30 43 I f40 37 19 00 

49 03~ 29 55 
48 37/°i 29 24 

28 55 

Sept. 1 

2 

3 

4 

5 
6 

9 

I4 

Oct. 31 

47 24 

46 25 

45 17~ 

43 44 

42 OJ 

40 54 

39 38 

39 26 

38 59 

37 49 

37 35 
Nov. 2 36 OI 

3 34 5° 
4 33 5° 
5 32 02 

6 30 35 

7 29 46 
8 28 16 

9 27 04 

IO 26 25 

II 25 I6 

12 24 22 

28 2o)i \ 

27 22% [ 

26 og I 
24 45 . 

23 07 

21 IO 

19 46 
1 9 54 

19 25Y, 
19 00 

r8 14 

17 40 

17 16 

16 45 

IS 47 

14 54 

lj 59 
I2 30 

II 33 

IO 36 

139 49 

139 18 

138 49 

138 14 

137 17 

136 03 

134 39 

133 DI 

131 04 

129 40 

129 48 

129 19 

128 54 

128 o8 

19 00 

18 30 

18 00 

17 00 

16 JO 

I6 00 

16 54 

15 30 

14 30 

14 00 

13 30 

13 00 

13 00 

13 00 

I27 34 12 30 

127 IO : 12 00 

126 39 II 30 

125 41 II 00 

I24 48 II 00 

123 53 IO JO 

122 24 IO 00 

IZI 27 9 30 

120 30 8 30 

119 36 7 30 

II8 32 7 00 

l 
I I [Defoo<fre loo~'""~ -&h. J 

I J San Francisco. [Corrected longitude A.=-122° 45'-Sch.] 

13 I 2J-27 
I 

14 ! 23 01 

9 42 

8 38 

7 26 

.6 o6 

5 13 

4 24 

2 46 

I 32 

0 54 
0 26 

II7 20 

116 00 

Il5 07 

114 18 

II2 40 

III 26 

IIO 48 

l

0

IO 20 I 

7 00 } 
6 30 

[Off Lower California-Sch.] 

15 

16 

17 

18 

22 49 

22 30 

22 16 

21 48 
21 37 

21 _33 

6 00 

5 30 

5 30 

5 00 

5 00 

5 oo I [Off San Lucas-Sch.] 
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Voyage of 1788, in vessels Princessa and San Oarws, northern coast of California. 

[Princessa commanded by Ensign of the Navy Don Esteban Martinez, and San Carlos by F'irst Mate Don Gonzalo Lopez de 
Haro. Vessels sailed on the 8th of March, 1788, from port of San Blas, situated under latitude 21° 301

, and 107° 6' to west 
of Paris ( 104° 46' to west of Greenwich), and 5° to east of Cape San Lucas, in the peninsula of California.] 

-~--

I I I I 

I 
Varia-

; 
1 Long. west\ Long. west\ I 

Lat. ti on I 
Date. 1 of 1 from [ I Remarks. 

I north. 
San Lucas. !Greenwich. 

north-
east. ! 

I 

1788. 0 I 0 ' 0 I 0 I 

Mar. 9 21 30 5 oot 104 54 5 00 [t Probably east of San Lucas, near San Blas.-ScH.] 

18 20 14 2 50 112 44 5 3° I (Off Lower California.-ScH.] 
I 

19 20 16 3 55 HJ 49 5 3o*i 
23 20 25 6 44 II6 38 6 oo* 

24 20 38 7 51 117 45 6 00 

28 21 38 12 12 122 o6 7 00 

29 21 58 13 30 123 24 8 00 

30 22 39 14 58 124 52 8 00 

31 23 16 16 18 126 12 7 37* 
Apr. 2 24 o6 18 16 128 10 8 oo* 

3 24 27 19 04 128 58 

: : I 6 26 46 22 23 132 17 

9 28 32 25 II 135 05 10 oo*I I 
29 36 II 22* 

I 
15 30 54 139 30 

12 oo I 18 34 55 30 17 140 II 

21 36 32 31 24 141 ;1 12 00 

22 37 37 31 46 141 13 00 

23 39 07 31 58 141 52 16 oS 

27 42 40 3.2 39 142 33 17 47*1 
28 43 23 33 03 142 57 18 30 

29 44 23 33 10 143 04 19 00 

30 45 53 32 49 142 43 19 30 I I 
May 2 48 og 32 26 142 20 20 13* 

4 51 20 33 24 143 18 21 00 

7 53 31 31 59 141 53 22 00 

13 56 21 35 30 145 24 23 00 

15 58 37 36 44 146 38 24 00 Mount St. Elias, north-east one-fourth north. i 
17 6o JO 37 41 147 35 25 00 

19 59 49 37 og 147 03 25 00 

23 59 35 38 43. 148 37 26 00 

Aug.24 53 18 S3 2() 163 14 22 30 

27 s2 33 46 51 156 45 22 00 

28 52 03 4S o8 155 02 21 00 

Sept. I 49 46 33 04 142 58 2000 

' 4 47 o8 z6 SS 136 49 19 00 

8 42 IS 22. 23 132 17 18 00 

9 41 28 21 o6 131 00 17 00 

13 40 03 IS 38 125 32 16 00 [Off Point Delgado.-SCH.] 
I 

Oct. 17 J6 32 9 24 

I 
Il9 18 14 00 

20 35 17 9 II 119 os 13 00 [Doubtful longitude.-ScH.] 

Nov. 17 33 19 7 13 u7 07 12 00 

19 33 27 158 I 117 s2 II 00 (Near San Pedro.-ScH.J 
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Voyage of 1788, in ves•els Princessa and San Carlos, northern coast of California.-Continued. 

Remarks. 

I I I 

I 
I 1 Varia-

Date. Lat. I Longf west Lonl' west tion 
north. 0 rom n rth I San Lucas. Greenwich. I 0 t -I I eas. I 1--1--1 1-l----------1 

1788. 0 I 0 I I 0 , 0 , 

Nov. 2I 29 45 I 6 26 116 I4 i IO oo [Oft San Geronimo.-ScH.] 

25 43 I 2 41 112 351 9 00 

24 37 Ii I 42 II I 36 I 7 oo [Near Santa Maria Bay.--ScH.] 

23 48 o 27t 
1 

109 271 6 30 \ tEast. [Near Cape Punta Arenas.-Srn.] 

Voyage of the packet San Carlos from Ounalaska to San Blas (coincidently with frigate Princessa ). 

I 

I 
I I I 

Aug. 28 54 02 54 o6 I I64 00 I9 00 j 

31 5I 26 48 39 158 33 I8 43*1 

Sept. 2 51 58 45 32 155 26 I9 oo I 
5 51 23 37 34 

I 
147 28 IS JO [ "The 4th, at ID p. m., the horizon was illuminated as if it were the 

I 
moon in opposition; at 10}4 commenced to diminish from the west. 
That day there were seen several sigiis of land." 

7 50 54 JI 27 141 21 I8 00 

10 48 25 24 48 134 42 I7 00 

14 42 37 2J 46 I33 40 16 00 

16 42 08 23 36 133 30 I6 30 

18 42 01 22 23 I32 I7 16 00 

20 4I o8 20 o8 I30 02 I3 oo* 

2I 40 20 20 20 IJO I4 12 30 

22 39 12 19 23 129 I7 12 00 

2J 38 13 17 52 I27 46 II 30 

24 37 o6 16 41 126 35 II 00 

25 36 II 15 30 125 24 I 10 30 [Off Monterey.-SCH.] 

26 35 15 14 18 124 12 IO 00 

29 32 38 IO 56 I20 50 9 00 

Oct. I 3I 44 8 46 118 40 8 30 [Off San Diego.-ScH.] 

3 30 37 6 28 116 22 8 00 
I 

7 28 16 9 10 119 03 6 53 ' "Saw island of Guadaloupe,and, accordingtoca.lculationsobserved, it 

8 28 16 9 19 119 12 I was found in 9° 191 of longitude west of San Lucas. This island 
is 143 leagues, with eastern projection in the same situation as the 

I I I vessel, so that they found, according to their reckoning, a greater 

I I 

117 01 I 
I longitude between Ounalaska and Guadaloupe than that which is 

---- ! assigned to it; but this calculation is doubtless very erroneous." 

8 27 04 7 07 6 oo* 

9 25 43 s 18 115 12 s 00 

10 25 01 4 41 114 35 5 .JO 
IJ 24 43 4 21 113 55 s 20 

12 24 12 3 36 113 .JO 5 IO 

13 23 37 2 53 112 47 s 00 

16 22 53 tr I3 1o8 41 s 00 [tEast. "Thisdaytheysa~Lucas, which was found in 93° 

4 28 
longitude, between the d ·on and its poiDt." 

17 22 43 I 17 1o8 37 i [Off Mazatlan and 8an Blas.-Sclt. J 18 22 15 2 45 107 09 4 28 

19 21 56 4 o8 105 46 ... 28 J "This day they found themselves in t:ltt vicinity of Santa Maria Isl-
ands, and anchored southward of them, at San Blas, on the 22d.'' 
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Voyage from San Blas t-0 Nutka, 1790. 

[The 13th of February, 1790, there set sail from the port of San Blas, situated in 21° 301 latitude, and to the east of San Lucas 
5°, or, what is the same, to the west of Paris 107° 061 (west of Greenwich rn4° 46'), t~ three vessels of the King-frigate 
Concepcion, commanded by the Lieutenant of the Navy Don Francesco Eliza, commandante of tbe expedition; the packet 
San Carlos, commanded by Lieutenant Don Salvada Fidalgo; and sloop Princess Royal, commanded by Naval Ensign Don 
Manuel Quimper.] 

Long. west I Long. west I Varia- I 
ti on I Date. Lat. north. of from north- Remark3. 

San Lucas .. Green.wich,I east. i ---- I 
I 1790. D I 0 I 0 

;41 0 I 

Feb. 6 21 13 3 4ot 1o6 fj 00 i [ t Supposed east of San Lucas. Off San Blas.-ScH.) Passed short 

I 
6 ss j 

distance to south Santa Maria Islands. 

13 20 29 4 rs [14 09 I [Off Lower California.-SCH.] 

15 20 09 5 59 115 53 6 49. 
19 21 41 10 49 120 43 100 I 
21 22 29 13 50 123 44 7 30 ! 
22 23 o8 15 26 125 20 8 00 

2lj 27 o8 20 z7 130 2[ 8 30 
Mar. 2 30 07 23 12 133 o6 9 00 

4 31 00 25 :z.o 135 14 9 30 

6 33 37 27 41 137 35 JO 00 

7 34 SS 27 48 137 42 IO 30 
8 35 3° 27 29 r37 23 II 00 

13 40 10 27 20 137 1' II 30 

24 49 46 22 35 132 29 17 30 This day land was seen distant 8 or 9 leagues. 

25 49 56 21 30 131 24 18 09 

27 49 55 17 41 127 35 17 46 Anchored in 35 fathoms of water 2 leagues from the coast, the Point 
Boisset bearing towards them from the west J4 northwest, 3° west. 

[Position to the north and west of Nootka, Vancouver Island.-ScH.] j 

Record of tke packet Pkilipirw, commanded by Fidalgo, in kis voyage of discovery, in 1700, from 
Nutka t-0 Prince William, Oook's River, and return w Mpnterey. 

May 4 Set sail from Nutka. 

s 48 59 18 03 127 57 17 04 

} [Off' Vancouver Island.-SCH.] 6 48 41 18 30 128 24 18 00 

7 49 00 18 56 128 50 18 30 
12 47 03 22 58 I 132 52 17 30 

17 I 51 48 33 42 143 36 20 13 

20 56 33 35 17 145 II 22 30 

23 6o 12 36 37 146 31 26 00 The 23, at noon, land was seen, being northwest point of Prince 
William, so that their reckoning agreed exactly with the true lon· 
gitude. [Off Port Etches.-ScH.] 

July I 59 38 39 18 149 IZ 25 00 

IO 58 IO 42 13 152 07 22 10 Camacho Island in sight. 

19 58 32 39 10 149 04 2400 

25 56 33 35 04 144 58 23 00 
[Then several apparent approximations, and] 

Aug. 9 37 35 
j 

13 28 

I 
123 221 14 30 They found themselves at the Farallones,off San Francisco, and con-

sequently in latitude 37° 361 , and to the west of San Lucas 13° 
22', their real position according with the reckoning. 

[Daily journal to Monterey, and then follow- On the 25th they departed from that port, which is in latitude 36° 421 , 

ing record from Monterey to San Blas. J and 17° west of San Lucas. 

Oct. 27 35 17 

I 

13 o6 

j 
123 00 I 12 00 

28 32 45 1154 121 48 uoo 
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Record of tlte packet Pkilipino1 commanded 'by Fidalgo, in his voyage of disco'Dery, in 1190.-continued. 

~ I Varia· Long. west 

1 

Long. west, tion I 
of from 1' north-Date. Remaiks. Lat. north. 

San Lucas.

1

Greenwich.1 east. I 
I-------- ----1 1---1-----------------------I 

0/ II 0,11 011' 1790. 
Oct. 29 

30 
Nov. 4 

6 

7 

9 
10 
II I 

12 i 

o I 

JI 02 

29 23 

24 50 
23 45 
23 07 
22 41 
22 46 

22 43 

22 30 
14 ! 21 30 

I 

I i 
IO 30 i 120 24 1· 9 00 ' 
9 22 I I 19 16 i 8 30 I 
5 38 I II5 32 I 8 00 1 To-day they came in sight of the Farallones of Aligos. 

4 IJ II4 07 9 00 

2 28 I II 2 22 i 8 30 

l 31 ' I I l 25 i 7 30 I 
I szt rn8 02 I 7 00 . [tProbahly east of San Lucas.-ScH.] 

2 53 

3 39 
5 00 

107 01 I 6 00 I 
1o6 15 I 5 oo To-day they came between the Santa Maria Islands and the coast. 

104 54 
1 

1

1 West Cape San Lucas; anchored at San Blas. 
l 

Sloop Princess Royal, 'Doyage from Santa Cruz to Straits of Puca, year :i 790, commanded 'by Don 
Manuel Quim~. 

Aug. 61 48 II 15 15 125 og I 
,, 

00 11 1! 48 17 15 18 125 12 I 17 00 

81 48 26 16 30 126 241 

"OOIJ . 48 54 16 59 121 53 
[Off Vancouver Island.-ScH.] 

9t 15 30 . 
IO 49 30 17 21 127 15 16 00 
12 49 39 17 50 127 44 17 00 

17 48 48 19 17 129 II 16 30 
20 44 53 18 28 128 22 15 30 

231 43 II 18 02 r27 56 15 00 
29 41 20 16 03 r25 57 14 30 

30 I 39 22 15 31 125 25 13 45 
31 37 32 13 46 123 40 13 20 

Sept. I I 
37 °' 12 34 122 28 13 oo I The Farallones of Straits of Fuca were seen 8 leagues farther to the 

I I east than the reckoning. 

G.D. 



 

APPENDIX No. 8. 

GEOGRAPHICAL POSITIONS OF' TRIGONOMETRICAL POINTS IN THI<; STATES OF MA8SACHTTSETTS AND 
RHODE ISLAND, DETERMINED BY THE UNfTEll STATES COAST AND GEODETIC SERVEY RETWEEI\ 
THE YEARS 18:35 AND lOBG, AND INCLUDING THOSE DETEltl\iINED BY THE BORDEN 8URVEY IN 
THE YEARS 183~ TO l8:3tl. 

INTRODUCTION AND EXPLANATION OF THE T.1BLE OP POSlTIU_?\'S. 

By CHARLES A. SCHOTT. AssiE<tant. 

The geographical positions herewith prPsented are located in the States of Massaclrnsetts and 
Rhode Island, and are the results to date of the cnmputation and final adjustment of the primary 
and subordinate triangulations carried on by the Dnite(l States Coast and Geodetic Surny between 
the years 1835 and 1885; to these ha Ye been added the results from a recompntation of the earlier 
triangulation, executed by Mr. Simeon Borden, by authority oftht'. State of Massachusetts, between 
the years 1832 and lb.38, and comprising all of hjs principal points, the records of many of the sub· 
orrlinate points not having heen recoverable. 

All results depend on the standard geodetic data of the Survey, viz: 
Unit of length.-Tbe metre, anrl in particular the French committee (iron) metre brought here by 

Superintendent F. R. Hassler; see Appeiirlix No. 7, Coast Survey Report for 1867. 
Surface of reference.-Tbe spheroid of rotation deduced by Captain A. R. Clarke, R. E., in lb66, as 

resembling most nearly the earth's size and figure; see comparisons of stamlardR of length, 
etc., J,ondon, 1866; also Appendix No. 7, Coast and Geodetic Survc;i· Report for 1881. 

The standard latitt.(,de.-Is the same as that of the primary triangulation of the Atlantic Coast, 
viz: Principio (p0=39° 35' 30".6!!2; see Appendix No. 8, Coast and Geodetic Survey Report 
for 1879. 

The standard azimuth.-ls the same as that of tl1e primary triangulation, viz: Principio to Turkey 
Point a 0=lo 34' 36".413; see above report. 

The standard longitude.-Is the telegraphic longitude of the North American system, dppeuding 
directly on Greenwich, England, for which see the above report, also Appendix No. 11, Coast 
a.nd Geodetic Survey Report for 1884. "\Ve have for Principio 11-0=76° 00' 16".407 west from 
Greenwich. 
The former publications by this office of positions in the two States, in Appendix No. 12, Coast 

Survey Report for 1851, Appendix No. 15, Coast Survey Heport for 1864 and Appendix No. H, 
Coast Survey Report for 1868, are therefore superseded, as based upon a different spheroid as 
well as upon different standard data, nor had these old retSu!ts been thoroughly adjusted. 

Respecting elevations of points above the average tidal le,·el of the Atlantic, their publication 
must be reserved for a later time, when additional data wi1l be available for a reduction and dis
cussion of the •ertical measures of the Survey. 

Descriptions of stations can generally be furnished by the office on application. 
The method of treatment of the observations by the computer may in general be briefly stated 

as follows: Starting from the results of the primary triangulation known as the oblique arc of the 
.Atlantic, where the same crosses the boundaries of the States of Massachusetts and Rhode Island, 
and inclusive of the subordinate primary triangulations of these States, the position of that par
ticolar trigonometrical station which is connected mt>st strongly with the main triangulation is 

285 
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first fixed by adjustment, taking into consideration the lines directed to it from primary stations 
as well .ms lines diverging from it auil inter;;ecti11g- the latter. Should tht>re be more than one such 
point, say two or more, having eqnal strength of l~ounection, they are treated together iu one least 
square adjustment. In this mauuer point after point is adjusted in position, so that the sum 
of the squares of the corrections to the observed horizontal directions shall be a ruinimum; - the 
geometrical relations of the preceding jiointio; being always considered as fixed with respect to the 
varial>le element;; of the new point under treat111 ent. The principal secondary stations having thus 
become known in position, the tertiary positions are determined in tlte same systematic though 
somewltat, less elaborate manner than that followed for the secondaries, but generally without least 
square adjustment. The final result of tllis systematic treatment may be summarized by stating 
that no discrepa11c.r remains iu the rP>mlts themselves, aJJcl that the length and direction of any 
side· of a t!iaugle rnay be computed from anJ· starting side, aml through any series of connecting · 
triangles, and yet the isame results will be reached. 

Tlte triangulation of the State of l\1aissaclmsetts by S. Borden was well executed in its time; 
yet material strength was given to it l>y tl1e introduction of numerous Coast and Geodetic Survey 
lines, serving as so mall;\" base lines, and h,r developiug the same on Clarke's spheroid with the 
astronomical standard data of the Coast and Gemletic Survey. Tims modernized and strength· 
eued, it i:s as serviceable 110w as then. In consequence of its less perfect measures in the earlier 
years and in particular covering that part of the triangulation which lies in the vicinity of the base, 
that length was deduced from the Coast and Geolletic Survey work; but it proved so nearly iden
tical ""ith the result of the <lirect measure by Mr. Borden that the condition of perfect accord 
was included in the figure adjustment aud satisfted. 

The latitudes and longitntles of the trigonometrical points were computed by the usual 
formulre, aided ll,y the tables or<linaril;\· employed in the Survey, for which see Appendix No. 7, 
Coast and Geodetic l::)urvey Heport for 1884. For primary sides, not exceeding in length (s) 100 or 
150 kilometres (about 62 or 93 statute mile:,;), the formnlre for difference of latitude Ll<p, difference 
of longitude Lllt, and difference of azimuth Lla, are very accurate or sufficiently perfect for the pur
pose; they are:• 

( L1 <p = - s . cos a. B - s2 • sin2 a. C - (Ll<p)2 D + h. s2 • sin2 a. E 

~ L1J.. = + s. sin a. sec <p'. A' 

l Lla = - Lli\.. sin i (<p + rp;) seci (Llrp) - (LJJ..)3. F, 

hence the results for tlte new position 

{ 

<p' = <p + L1 <p 

it' =A+ LJA. 

a' = a+ Lla - 1800 

For sides not exceeding 25 or 30 kilometres (about 15 or 19 statute miles) the fourth term in the 
expression for Ll<p may be omitted, also the factor sec i (Llcp) and the second term in the expression 
for Lla. For full explanation, forms, examples, and auxiliary tables, the reader may consult the 
Appendix cited above. There also is showu the inverse problem, viz: given <p and A, and <p' and A.' 
(or <p, cp', and .di..) to finds, a and a'. This process may be used in cases where the required dis
tance aud azimut11s are not implicitly contained in our table of results. 

For a direct solution put 

whence 

{ 

s. cos a= ilJ = -~(Ll<p + C. y2 + D. (Ll<p)2 + E. L1<p. !f + E. 0. y4) 

• LIJ.. cos <p' 
s. sm a='!/= --Ai·-· 

tan a = 11. and s = :c sec a = y cosec a 
1£ 

•With slightly changed notation agreeably to more modern practice. 



 

UNITED STATES COAST AND GEODETIC SURVEY. 287 

To facilitate finding stations an alphabetical index for each State is giYeu, and the followiug 
subdivisions of the table have beeu made. There are also appended two sketches showing the 
triangu;ations of t!Je two States. 

IN MASSACHUSETTS, 

1. Primary stations. 

2. Subordinate primaries and principal secondaries. 

3. Nantucket and vicinity. 

4. Cape Cod Bay and Peninsula. 

5. Martha's Vineyard and Vineyard Sound. 

6. Buzzard's Bay. 

7. Boston Bay. 

8. Cape Cod Bay to Bo;ton Bay. 

9. Coast north of Cape Ann. 

10. Vicinity of Cape Ann. 

I I. Vicinity of Salem. 

12. Taunton River. 

I 3. Massach~setts and Rhode Island Boundary. 

, No. of' 
: stations.I 

:' -----~-----------~ --- ----------·-

• II 

20 

30 

38 

51 

39 ' 

49 
112 

22 

IN M ASSAClli-''ETl'.-Cont' d. 

16. ~fassaclrnsetts, l'\ew York, and Connecticut 
Boundary. 

Connections with surrounding States. 

Total. 

IN RHODE ISLAND. 

I. Primary stations. 

2. Subordinate primaries and principal secondaries. 

3. Sakonnet Ri,·er and Mount Hope Bay. 

4. ProYidence River. 

5. Karragansett Bay. 

6. Rhode Islancl and i\fassachusetts Boundary. 

7. Point Judith to Knapp's Point. 

~o. of 
i statwns. 

i 
42 

1----, 
: 1162 

:=======:-:= 

I' 

IZ 

43 

34 ' 
116 

r4• Worcester and Middlesex Counties. 10 Connections with surrounding States. 30 

15. Connecticut RiYer VaUey. r66 ! Total. 3r4 1 
_____________ i __ _J ____ - . _________ ! 

Observer. 

I MASSACHUSETTS. 

A.D. Bache. 

F. Blake, jr. 

E. Blunt. 

S.Borden. 

C. 0. Boutelle. 

C.H. Boyd. 

G. Bradford. 

T.J. Cram. 

R.D.Cutts. 

C.M.Eakin. 

G. A. Fairfield. 

E. Goodfellow. 

B.A. Gould. 

A. M. Harrison. 

C. Hosmer. 

H. L. Marindin. 

Other statistical matter: - Observers and years of observation. 

Year. 
:: 
" I' 

Observer. 

--~---~-----, 

Year. 

)1 -~-----~---,--------

1844-45-46-47, 1862. 

1877-78. 

MASSACHL'SETTS

Cont' d. 

S. c. McCorkle. 

, F. \Y. Perkins. 

1! C.H. Sinclair. 
1843, 1862-63. 

1832-33-34-35-36-37-38. 
I' \V. l-l. Stearns. 

1845-46-47-48-49-50-51, 186o-61, 1867,, 
J. A. Sulli Yan. 1868. 

1884. 

1848-49. 

1876-n. 

r845-46-47, r849. 
1877. 

r870. 

1864-65. 

1876. 

r86o. 

r88o. 

R110DE Isl.AND. 

A. D. Bathe. 

E. Blunt. 

S. Borden. 

G. Bradford. 

C. Hosmer. 

S. C, McCorkle. 

W. H. Stearns. 

J. A. Sullivan, 

W.H.Swift. 

1878. 

1885. 

1876. 

1874. 

1875. 

1844-45. 

1838--39, 1843-44, 1861. 

1834-35-36-37. 

188..i. 

1863. 

1868-69-70, 1882. 

1873. 

1871, 1874-75. 

1835. 

In Massachusetts there were formed and solved hy the computers 3252 triangles (in all), of 
which 447 belonged to the Borden work. The number (total) of trigonometrical stations occupied 
is 436; of these 104 belouged to the Borden sun·ey and 39 are common to both surveys. In Rhode 
Island there were formed and solved 873 triangles, 28 of which were in connection with the :Borden 
survey. 113 trigonometrical stations were oocupiOO. in all, 6 bl:longing w the Borden survey, and 
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3 are identical in the two surveys. _A number of computers were engaged upon this work, but the 
priucipal sliart> of the work fell to Mr. E. H. Courteuay, of the Computing Division, to whose zeal, 
iudustry, and scrupulous care umcl! of tlrn accuracy of the results is due. The results now com
municated were de!luced in 1884, 1885, aml part of 1886. 

Respectiug the accuracy of a triangulation the mean error 111 of an adjusted or resulting Q,ngle 
Las been ad rnutageously employed as a quantity of comparison for different triangulations by 
which to judge of their relatiYe Ya1ue (see, e.g., Coast and Geodetic tinryey Report for 1884, p. 389). 
The Yalue m 111ay be deduced in \-arious more or less accurate ways, according to circumstances; 
in adjusted triangulations it may be readily deduced from 

\Vhen 2 [ c] is the sum of corrections to observed directions. n the number of conditional equations 
iuvoh-etl, ands the number of directions in the adjwsted figure, or in unadjusted work, it may be 
found from 

or, without squaring, from 

[e m =125---~~ 
t -V& 

where e = triangle closing error (or differen<.,'0 from 7t + i:) and to be taken with positive sign in 
last formula, and t = number of triangles. We thus find for the adjusted triangulation of the Coast 
and Geo<letic Survey, but exclusii'e of the primary triangulation, for .Massachusetts, the value of 
m = :±: 3".7, and for its unadjusted work m = ± 3".9; similarly for the Borden survey we find 
the average \'alues ± 611.0 and m = :-!:: 611.4 for adjt1stt>d and unadjwited work, respectively. For 
the !{bode Islaud tmrvey, where tb.e sides are generally short, the average value of m equals ± 5".1 

The accuracy of the triangulation may otherwise be roughly expresised in terms of the distance, 
and thns estimated the average error of secondary work may range between 40 000 and~ of 
the ltmgth, while that of tertiary work ma.y be estimated as low as -ro1oco or less near its inferior 
limit. 

'!'here remain oqt a few words to be added explanatory of the table of results. Column one 
contains the names of the stations whicL are located in Massachusetts or 1.hode Island, as the 
case may be, unless otherwise indicated; Borden stations are distinguished by the addition of his 
name, and st11tions in common bear the mark U. & G. S. and 13.; columns three and five contain 
tile equi,·alents ir1 metres of tile seconds (in arc) of latitude and longitude, respectively, solely for 
the use of the draughtsman in projections; column six gives the azimuth of the first to the second 
named statiou, counted from south round by west from oo to 360°; it is followed by the reversed 
azimuth in the next column. The distances are all referred to the surface of the spheroid at the 
arnrage sea level. Those who may prefer the English foot as the unit of length can readily make 
the conversion from one unit into the other by means of the following tables: 

ii ~-. 

Im.= 3· 28 087 ft. ii 1 ft,.,;iV ·o. 304 797 m. 
2 6. 56 174 'i 2 o.6o9 595 

3 9:84 261 I 3 0.914 392 

4 13. 12 348 I 4 I. 219 I8g 

s 16.40 435 5 I. 523 986 
6 19.68 522 II 6 1.828 714 
7 22.96 6o9 ·' 7 2. 133 581 II 
8 26.24 695 

11 8 2.438 378 ii 
. 9 29.52 782 I 9 2.743 175 

I IO 

ii 
32. 8o 869 i/ IO 3.047 973 

j, 
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or the logarithm factor<! rnay be used, viz.: log 3.2808693 = 0.515988\J 

and log 0.30479727 =U.4840111 

To convert metres into statute miles, we hav~: 
,-------~-·-------1 

1 m.=o.ooo 621 38st.mls.' 

2 0.001 242 75 

3 0.001 864 IJ 
4 0.002 485 51 

5 0.003 106 88 

6 0.003 728 26 

7 0.004 349 64 
8 0.004 971 01 

9 0.005 592 39 
IO 0.006 213 77 

also log 0.000621376767 = 11. 7933550 

289 

COMPUTING DIVISION, 0oA.S1' .A.ND GEODETIC SV'RVEY OFFICE, 

April rn, 1886. 

Index of i;tations in Jtfassachusctts. 

Names of stations. 

Abbott'' Rock, stone beacon. 

Adams School, flagstaff. 

Agamenticus (Me.). 

Agassiz Museum. 

Alander Mountain (Borden). 

Alden (Borden). 

Alex. 

Almy. 

Alumpond (Borden). 

I Amesbury Mills, tall white spire. 

Amherst, Agricultural College, belfry. 

Amherst, Agricultural College, drill hall, tower. 

Amherst, Agricultural College, flagstaff. 

Amherst City, Methodist church, tower. 

Amherst, College Chapel. 

Amherst, College Hall. 

Amherst, Congregational church, spire. 

Amherst, Episcopal church, spire. 

Amherst, Lawrence Observatory. 

Amherst, Walker Hall, tower.' 

Amherst, Williston Hall, tower. 

Andrews' Point. 

Angelica Point. 

Annisquam Harbor light-house, 1834-1849. 

Annisquam, pole on rock. 

Apple Island, flag. 

Assonet. 

Assonet, flat-topped church, west gal>le, chimney. 

H. Ex. lg--37 

Page. 

318 

336 

Karnes of stations. I Page. r ________ !_~I 
Assonet, spire. 

Atlantic House, chimney. 

Attleborough, Catholic church. 

Atwood. 

Ayer's Hill (Borden). 

Back River Harbor. 

Bailey's wharf. 

Baker's Hill. 

Baker's hbnd light-house, 1834-1877. 

Bald Hill (Ct.). 

Bald Hill (Borden). 

Bald Peak (or Mount Washington, or Mount 

Everett,or Tanghanuc Mountain,or Dome Peak). 

1: Ballard. 

!i Ball Peak(or Mount Riga) (Ct.) 
I• 
j! Baptistville, First Baptist church, spire. 

r Bare Top. 

Barn, cupola. 

Barnstable. 

i; Barnstable court-house (Borden), 1835. 

i: Barnstable light house, 1846. 
n 
1! Barnstable, Unitarian spire. 

:[ Barnstable, west spire. 
I 
j' Barrel Beacon. 

Ii
i,· Bartlett. 

Basin. 
i! 
" Bass Hole. 

Bass River. 

310 

372 
JIO 

344 

316 

304 
3SS 

308 

322 
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Index of stations in Ma.ssachusetts.-C011tin1MJd. 

Names of stations. 

---------- -----------
Bass River light-house, 1875. 

Batt's Ilill. 

Battery wharf. 

Battlecock. 

Bay State Iron \\'or ks. 

Bay State Steam Engine Works. 

Beacon. 

Beacon Hill 1. 

Beacon Hill 2. 

Beacon Hill, magnetic station, 1849. 

Beaconpole, Rhode Island. 

Beaconpole (Borden), Rhode Island. 

Bear Mountain (Borden). 

Becket (Borden). 

I Belchertown, Baptist church, tower. 

Belchertown, First Congregational church, tower. 

Belchertown, High School, tower. 

i Belchertown, Methodist church, tower. 

Belle Isle. 

Berlin Mountain (Borden) (N. Y.). 

Beveled Barn. 

Beverly Point, flag in tree. 

Beverly powder-house. 

Beverly Rocks. 

Beverly, tall spire with turrets. 

Billingsgate light-house, 1835-1847. 

Billingsi,'1lte light-house, 1868. 

Birch. 

Bird Island. 

Bird Island beacon. 

Bird Island light-house, 1835-1844. 

Bi&hop and Clerks. 

Bishop and Clerks light-house, 1875. 

Black beard. 

Blackfish Creek. 

Black Rock. 

Blind Asylum. 

Blue Hill. 

Blue Hill (llordcn). 

Bluff (Nantucket). 

Bluff (Taunton River). 

Bluff Head, flag. 

Bolles. 

Bonney. 

Boston Bay. 

Boston, Berkley street, yellow spire. 

ii I I 
-P-ag_e_._! ___ ----N-am-es_o_r_s_ia_t_io_n_s_. _______ /~g~ 

320 

1 

Boston, Catholic cathedral, statue, 

Boston, Hanover street brick church. 

Boston, Hollis street church. 

, Boston jail, cupola. 

Boston light-house, 1834-1847. 

Boston N eek, dark spire with clock. 

Boston, Saint Mary's church, north spire. 

Bostuu, State Home. 

Boston, State prison, cupola. 

Boulder west of Salem turnpike. 

Boundary Rock (Borden). 

Bourne's Hill. 

Bowditch's Ledge beacon. 

Bowman's Hill observatory. 

Bowman's Point. 

Box Hill (Ct.). 

Hoyden's (Col.) ham, cupola. 

Boylston School, cupola. 

Brace Mountain Monument (New York). 

Bradford. 

! Brandybrow (Borden) (N. H.). 

Brant. 

Brant Point light-house (Borden), I 835. 

Brant Point light-house, 1867-1875. 

Breakwater, east end, spindle. 

Breed's Island. 

Brewster. 

Brewster, Unitarian church, spire. 

Brick factory. 

Brick factory neat Mystic River. 

!\ Brick-yard. 

1\ Briggs (Cape Cod Bay to Boston Bay). 

i/ Briggs (Taunton River). 

Ii Brighton, east church. 

II Brighton, west church with clock. 

ii Brookhouse's house. 

Ii Brookline, Dr. Pierce's church. 

:I Brown's Hill (Taunton River). 

ii Brown's Hill (vicinity of Salem). 

'I Brush. 

Bryant's Hill. 

, Bunker Hill, Catholic church. ,, 
·I Bunker Hill Monument. 

1 Hunkin Island, flag. 
,I B ii urns. 
I! Burnham Brown, flag. 
I 

338 I 
338 ! 

338 

338 
338 

338 

338 

320 

338 
320 

394 

352 

318 

368 

368 

304 

4o6 

336 

390 
382 

310 

348 

366 

364 

362 

33° 
356 

356 

332 
326 

382 

350 
382 
338 

340 

320 

340 

378 
316 

394 

386 

330 
330 

344 

376 

314 
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Index of stations in Massachusetts.-co11tin1tcd. 

Na mes of stations. 

Burnham Essex, flag in tree. 

Burnt Swamp (Borden). 

Burt. 

Butler's Hill. 

Buzzard's Bay. 

Byfield church, square tower. 

Calvary. 

Cambria. 

Cambridge, Baptist church. 

Cambridge, gas works, chimney. 

Cambridge, observatory, center of dome. 

Cambridge, observatory, meridian mark. 

Cambridge, observatory, west transit. 

Cambridge, Unitarian church. 

Cambridgepurt, flagstaff near engine-house. 

Cambridgeport, observatory dome. 

Cambridgeport, redoubt, flagstaff. 

Cambridgeport, Universalist church. 

Camp. 

Canonicus. 

Cape Ann north light-house, 1834-1849. 

Cape Ann north light-house, 1878. 

Cape Ann south l!ght-house, 1834-1849. 

Cape Ann south light-house, 1878. 

Cape Cod Bay and Peninsula. 

Cape Cod Bay to Boston Bay. 

Cape Cod (or Highlands of Truro) light-house, 

1835-1~47. 

Cape Cod (or Highlands of Truro) light-house, 

1877. 
Cape Poge. 

Cape Poge light-house (Borden), 1835. 

Cape Poge light-house, 1845-1875. 

Carolina Hill. 

Carpenter. 

Carpet-cleaning factory. 

Car-shed, northeast ventilator. 

Castle Hill (Borden). 

Castle Island. 

Cat Hill. 

Cat Island, east rock. 

Cat Island, flagstaff, 1848. 

Center. 

Centerville church. 

Central wha.rf, cupola. 

Chandler's Hill (Borden). 

Page. 

314 
388 

380 

314 

370 
312 

376 

352 
328 

328 

306 

322 

322 
.328 

328 

328 

328 

328 

358 
386 

316 

316 

316 

316 

350 

346 

354 

35° 
366 

370 
306 

346 
382 

336 

334 
322 

324 
322 

320 

320 

332 

362 

336 

390 

Names of stations. 

----- ----------~--

Charles N eek. 

Charles River tripod. 

Charlestown, brick church, cross. 

Chase. 

Chatham. 

Chatham, Congregational church, belfry, I 846. 

Chatham, Congregational church, spire, 1868--

1880. 

Chatham flagstaff, 1868. 

Chatham north light-house, 1880. 

Chatham south light-house, 1846. 

Chatham south light-house, 1880. 

Chatham spire. 

Chelsea Bridge_ 

Chelsea, brown tower. 

Chelsea, church. 

Chelsea, dark spire, cross. 

Chelsea, tall dark spire. 

Chelsea, white spire, martin-hole windows. 

Chelsea, white spire, three tiers windows. 

Chelsea, white spire with clock. 

Chestnut I-Ii!!. 

Chicopee, Catholic church, spire. 

Chicopee, French Catholic church, spire. 

Chicopee, skating rink, spire. 

Chicopee, town hall, spire. 

Chicopee Falls, Catholic church, spire. 

Chicopee Falls, Congregational spire. 

Chicopee Falls, Methodist spire. 

Chicopee Falls, New Baptist spire. 

Choate. 

Church spire summer-house. 

City. 

Clark. 

Clarksburg (Borden). 

Clark's Cove. 

Clark's Mountain, flag in tree. 

Clark's Point. 

Clark's Point light-house, 1835-1844. 

Cloverden. 

Clovenden Observatory (zenith telescope). 

Coal-shed flagstaff. 

Coast north cf Cape Ann. 

Coatue Point. 

Coatue Point 2, 187 5. 

Codd on. 

291 

Page. 

374 
336 

338 

376 

350 
360 

360 

36o 
360 

360 

360 

36o 

326 

326 
326 

326 

326 

326 

326 

326 

404 

396 

396 

398 

396 

398 

398 

398 

398 

314 
320 

376 
382 

390 
362 

316 

372 

374 
336 

336 

332 
308 

364 

364 
316 
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Index of stations ·in 11fassachusetts.-cantimwd. 

Names of stations. -------,-;age. -r 
--------------·-------1----

Names of stations. Page. 

Cohasset church. 346 Derby's wharf light-house, 1877. 

!Jesert Hill. Co1eman. 350 

, Collier's Ledge. 362 Dexter's Point. 

Colonel's Mountain (Borden). 392 Dickinson. 

Commercial Point, wharf, tlag. 

Coney Island, flag. 

Connecticut line (Borden). 

Connecticut line signal (Borden). 

342 Dickinson's (Chas. R.), harn, cupola. 

318 Dodge's Hotel, cupola. 

390 Dodge's stable, turret. 

394 Dogtown. Methodist church. 

402 Dome Peak (or l3ald Peak, or l\lount Everett, or 

1 

I 

Connecticut River Lun1ber Company's chimney. 

Connecticut River Valley. 392 Mount \Vashington, or Taughanuc Mountain). 1 

Conway township, southeast corner. 

Copecut. 

' Cord. 

Corey. 

Corner Stone (New York). 

Cotuit Neck. 

Cove. 

Crafts. 

Crane Neck. 

Cromeset Neck. 

Crossing, signal pole. 

Crow's Lookout. 

Crow I'oint. 

Cmsoe House, flagstaff. 

Cnmming's (ll.), flagstaff. 

i Cunard \\'harf, pole, 1860. 

Cunard \Vbarf, flagstaff, 1847. 

Cunard ·wharf, flagstaff, 1877. 

Cupola. 

Cush'ing's (J. l'.) house. 

Cushman's house, cupola. 

Cuttyhnnk. 

Cuttyhnnk light-house, 1835-1844. 

l>am·crs lnsa ne Asylum. 

DanYers J\ cw Milb, tall spire. 

Danvers !'lain, tall spire. 

Dartmouth. 

i Davis Hill. 

Davis Neck. 

lJeacoo Elihu's barn, t,>wer. 

De:m. 

Deer Island. 

J>eer Isl:md Beacon. 

Deer hland, tlag, 186o. 

Veer Island, Hospital, cupola. 

Depot. 

404 Dorchester, church with clock. 

304 !Jorchester, Dr. Codman's church. 

384 Dorchester Heights. 

306 Draw, µorthwest corner, iron crane. 

392 Dread Ledge Beacon. 

370 1 Dug Hill (Borden). 

36o Dummer Academy. 

394 Dumpling. 

308 Dumpling Rock (Round Hill) light-house, I 835-

372 1844. 

332 Durfee's cupola. 

36o Duxbury astronomical longitude station, 1869-

344 1870. 

324 Duxbury Pier light-house, 1877. 

36o Eagle Island, flag. 

334 East Bench Mark. 

334 East Boston. 

334 East lloslon, brick church, dark spire. 

382 East Iloston, dry-dock, post. 

330 East Hoston Elevator. 

326 East Boston, granite church, dark spire. 

3o6 East Boston Iron Works, chimney. 

376 i E:ist Boston Point, tlag. 

3 1 8 East Boston Reservoir. 

318 East Boston Reservoir 2, 1877. 

318 East Boston, shipyard, east wharf, pmt. 

370 East Cambridge, church near court-house. 

366 East Cambridge court-house, cupola. 

368 East Chop. 

404 East Chop light-house, 1875. 

382 East Chop 2, 1875. 

320 East Chop Telegraph. 

334 East Dui.:bnry, belfry. 

334 

334 

378 

Eastern Avenue, wharf, post. 

Eastern Point light-house, 1834-1849. 

Eastham. 

320 

366 

318 

394 

308 

342 

342 

320 

334 

322 

392 

312 

394 

374 

380 
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Index of stations in .Jfassachusetts.-contiiwcil. 

Names of stations. 

Eastham, Congregational spire. 

Easthampton, First Congregationalchurcl1, spire. 

Easthampton, Methodist church, tower. 

Easthampton. Pay«m Congregational spire. 

Easthampton, Town Hall, tower. 

Easthampton, \Villiston, Knight& Co.'s chimney. 

Easthampton, Williston Mills, tower. 

Easthampton, \Villiston Seminary, Gymnasiun 

tower. 

East Longmeadow, Congregational spire. 

East Plymouth. 

East Rock (R. I.). 

East Scargo (Borden). 

East Tidal Bench Mark. 

East \Veyrnouth church. 

Eaton's Hill, flag. 

Eddy. 

Edgartown. 

Edgartown light-house, 1875. 

Edgartown spire. 

Edgeworth Mills, round chimney. 

Edward. 

Eel River, steeple; 

Egg Rock. 

Egg Rock light-house, 1877. 

Eldridge (Buzzard's Bay). 

Eldridge (Cape Cod). 

Elisha. 

Elm. 

Essex powder-house. 

Essex, red-top church. 

Facing Rock. 

Fair Haven, black spire. 

Fall River. 

Fall River 2, 1861. 

Fall River derrick. 

Fall River spire, 1861. 

Fall River tower, 1861. 

Falmouth. 

Falmouth, spire. 

Faneuil Hall. 

Fann·house, white chimney. 

Farm school-house, southeast gable. 

Fawn Beacon. 

Fay's Mount (Borden). 

Feeding Hills. 

l'age. Xames o:'" station~. 

354 

400 

400 

400 

400 

400 

400 

Feeding l-lills, Con~re~ation~t1 s1lire. 

Feeding Hills, Methodist spire. 

Ferry ·wharf. d1inu1cy. 

I·ish-housc, north gable. 

Fish Kock. 

Fitchburg lJf·pot. 

Fitchlmrg Round House. 

Flag-staff, corner of Dorchester street an<! turn-

400 pike. 

396 Florence. 

362 Florence, Catholic church spire. 

308 Florence, Con~regational church srire. 

356 Florence, Cosmian Hall, clock tn"·er. 

398 Florence, engine-house. to\Yer. 

346 Florence Manufacturing Cu. 's Mill, tower. 

344 Florence, :Methodist church, spire. 

384 Florence, school-house, tower. 

366 Folger. 

366 Folger (astronomical latitude ;,t::ition, 1866). 

366 Folly Hill. 

326 Forbes. 

384 Forked Panel. 

348 Fort Hill wharf, post. 

322 Fort Independence, flagstaff. 18(ir. 

322 Fort Lee. 

372 Yort Pickering light-house, 1877. 

358 Fort \Varren, west gable of house. 

384 Foster's wharf, post. 

384 Foxborough Baptist church, 'IVhite spire. 

314 Foxhorough Orthodox church. dark spire. 

314 Frederick. 

394 French. 

374 French's Hill. 

378 Fulton Wire Works, south chimney. 

378 Further Creek. 

38o Gallop Island, flag. 

380 Gallop lslarnl 2, 186o. 

380 Gambrel roof, northeast gable. 

370 Gardner's l'i eek. 

374 Gas Viorks, near Malden Bridge. 

330 ii Gas Works, north end of Boston. 

380 !! Gas \Vorks, Yentilator. 

342 Gay Head. 

334 Gay Head light-honse, 1835 (Borden). 

388 Gay Head light-house, 1843-1845. 

394 Gay Head light-house, 1875. 
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3~0 

358 

39(, 

330 

332 

402 

402 

402 

342 

334 

388 

388 

340 

34° 

334 

376 

340 
• 3(16 

36(> 

366 

368.:; 
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Index of stations in Mauachusetts.-continued. 
,---· 

K ames of stations. 

George. 

George's Island. 

Gem1an Hill. 

German Hill ( llorden). 

Gibbs Pond. 

Glass "\Vorks, east gahlr. 

Globe Yillage, chimney. 

Gloucester, cast church. 

1 G1oucebter, Uuiver:,ali~t church. 

Gooseberry J\"eck. 

(~oulrl's Transitory, 1865. 

Goyernoris Island. 

(;overnor·, Island 2, 1860. 

Governor's Island 3, 1877. 

Grain-mill, west chimney. 

Granby Congregational spire. 

Grand Junction, wharf. 

Grape Island, flag. 

Grave. 

Graves. 

Graveyard. 

Gray's wharf, long brick building. 

(;reat Aquavitct>, stone beacon. 

Great Boar's Head (N. H.). 

Great Brewster. 

Great Brewster 2, 1860. 

Great Haste. 

Great Hill. 

Great Meadow. 

Great Misery, flag. 

Great Point (Nantucket) light-house, 1835-1875. 

Great Quincy. 

Great Rock. 

Great Rock, spindle. 

Green Island, flag. 

Green Island 2, 186o. 

Greylock (or Saddle Mountain). 

Griffin's Island. 

Grover's Cliff. 

Guide l'ost, west end of mill-dam. 

Gumpus (Borden) (N. I-I.). 
Gurnet. 

i Gurnet (Plymouth) light-house (Borden), 1835. 

i Gumet (Plymouth) light-house, 1848-1870. 

i Hadley, }'irst Congregational church, spire. 

i Hadley, Second Congregational church, spire. 
I 

Page. Names of stations. 

386 Haines, N. Y. 

340 ' Halfway Rock, beacon. 

352 Hall. 

356 Hamblin's Hill. 

364 Hamblin's Mound. 

332 Hampden. 

378 Hampton (N. H.). 

316 Hampton Falls (N. H.). 

316 Hangman's Ledge Beacon. 

370 Harding's Beach (or Stage Harbor) light-house, 

338 1880. 

320 Hardy's Rock, beacon. 

324 Harwich belfry, 1835-1846. 

324 Harwich Port. 

326 Hasnebumskit (Borden). 

400 Hatch (Cape Cod Bay to Boston Bay). 

336 Hatch (Taunton River). 

344 Hatchet (Borden). 

384 Hatfield, Congregational church, spire. 

328 Hatfield, Smith Academy, tower. 

378 Hatfield, North Base (1832). 

334 Hatfield, South Base ( 1832 ). 

318 Hawe's Hill (Borden). 

308 Hayden's Hotel. 

328 IIaydensville, Catholic church, spire. 

328 Haydensville, Congregational church, spire. 

318 Helderberg (N. Y.J. 
370 Henry. 

304 Herbert. 

318 Herring Pond. 

3o6 Herring River, spire. 

322 High. 

386 Highland. 

362 Highland House, north tower. 

330 Highlands of Truro (Cape Cod) light-house, 1847. 

330 Highlands of Truro (Cape Cod) light-house, 1877. 

304 High Ridge. 

350 High school, cupola. 

:,:t22 Hilliard's Knob. 

328 Hingham, church with clock. 

312 Hingham, Great Plain church. 

348 Hingham, old church. 

348 Hingham, old Colony house, cupola. 

348 Hitchcock (Borden). 

402 Hog Island Harbor. 

402 Hog Island 3 (R. I.). 

Page. 

~~·~--~~~~~~~~~~~~~~--'~~~~-"-~-~~~~~~-~~~~~~~~~~~~~~~ 
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Inde.v of station.~ in Massa.chusetts.-contim1~d. 

l'i ames of stations. 

Hog Island tripod. 

Ilollancl's (H.) house, chimney. 

Holmes. 

Holmes' factory. 

Holmes' Hole (or \Vest Chop) light-house, 1835-

1845. 

Holmes' Hole (or West Chop) Jig-hi-house, 1875. 

Holmes' Hole, spire. 

1 
Holmes' Hole, windmill (Borden). 

I
I Holt. 

Holyoke, cit)' hall, tower. 

I Holyoke, engine-house, tower. 

/ Holyoke, French Catholic spire. 

I 
Holyoke, First Congregational belfry. 

I 

Holyoke, Second Baptist tower. 

Holyoke, Second Congregational tower. 

Holyoke, Saint Jerome's Catholic spire. 

I 

Holyoke, Windsor Hotel tower. 

Hopkins. 

Hoppin Hill. 

/ Hospital Point light-house, 1877. 

Hull, Oregon House, cupola. 

Hull, Steamboat Hotel, cupola. 

Hunt. 

Hyannis. 

Hyannis light-house, 1875. 

Hyannis, Universalist spire. 

Hyannis, west spire. 

Indian. 

Indian Brook. 

Indian Hill. 

Indian Hill flagstaff, 1878. 
Indian N..,ck. 

Indian Orchard, church spire. 

Indian Orchard, Congregational tower. 

Indian Orchard, French Catholic spire. 

India wharf, cupola. 

India wharf, post. 

Ipswich Beacon, 1849. 

Ipswich light-house, 1849. 

Ipswich, tall dark spire. 

Ipswich, Town Farm. 

Iron Bolt. 

Iron smoke-stack. 

Isles of Shoals (N. H.). 
Ivy (Ct.). 

Page. 

---------~ 

336 

396 

352 

332 

37° 
370 

370 

37° 
0 06 ·' 
398 

398 

398 

398 

398 

398 

398 

398 

36o 

388 

318 

344 

344 
382 
0 06 ·' 
362 

362 

362 

306 

352 

362 

310 

372 

400 

400 

400 

336 

336 

314 

314 

314 

312 

392 

332 
306 

304 

Names of stations. 

Jackson's Hill (Borden). 
I James and Pope's timber dock. 

J enksville church tower ( 1 ). 

Jenksvillc church tower (z). 

Jesse. 

Jilwn (Borden). 

Joe Sandford (Borden). 

Joe's Rock (Borden). 

' 
Johnson. 

Kettle Island. 

Kimball. 

Kimball's house, center chimney. 

King. 

King Oak Ilill, pole. 

King's Rock (Borden). 

K .. ing5ton. 

Kini:;ston spire. 

K.otayn1a 11ouse, north towi..:r. 

Lane's Cove, "·hite spire. 

Large chimney, with rail. 

Lawrence School, cupola. 

Legg's Hill. 

Lev;rett Congregational church spire. 

Lewis. 

Lewis' wharf, cupola. 

Leyden and Guilford (llonkn). 

Lincoln's wharf, post. 

Little Aquavit,;:;, pole. 

Little Compton 2 (Ehode lsland). 

Little Haste Beacon. 

Little Nahant. 

Little Ohl Town. 

Lombard Head. 

Londoner Beacon, 1849. 

Lone fir tree~ 
Long Island Head light-house, 1846-1860. 

Long Island Hotel, cupola. 

Long Island, south end, flag. 

Long Island, south end 2, i86o. 

Longmeadow, Congregational sµire. 

Long Neck. 

Long Point light-house, 1847. 

Long Point light-house, 1877. 

Long Point school-house. 

Long wharf. 

Long wharf 2, post, 1S60. 

295 

Page. 

30° 

34° 
400 

4uo 

3h6 

39~ 

376 

386 

382 

JI6 

384 

.)40 

384 

346 
'86 ·' 
348 

348 

36S 

312 

380 

34° 

318 

406 

35° 

33° 

394 

334 
318 

386 

318 

322 

312 

35 2 

314 

3SS 

320 

342 

342 

342 

396 

372 

354 

35° 
354 

.324 

324 

--------------------------'---------------·-------------·--



 

2U6 UNITED STATES CO.AST AND GEODETIC SURVEY. 

Inde.i: of stations in ]IJassachusetts.-continucd. 

~ame::; of station;~. 

Long wh::irf lmilding. 

1,oring's n1achine shop. wh~1rf. 

Lcffel'o Islam], pvle. 

I .uwell church ;~I ~on lc:1:). 

Lowell I Jepot, flagstaff. 

Lowell IJraw, tiagstaff. 

Lowell l'-oEH\1 IT11thl'. 

J,udlt>w. Congregatiunal l'lpin.:. 

Ludlow, .\ldllC•(li::it to\Ycr. 

Lulkiu', Hill. 

Lynn, Ea~t church, gre~n tower. 

Lynn. high rock. 

l.yun, \\'e.,L church, turret. 

:\lachine ::;hup, tall chirn1:e) on ridge-}Jult.:. 

' .\lcCarthv. 

'.llacL 

.\IcLcan s :\sylum, north dome. 

.\JcSparran \ 1,:. l.). 

.\laldcu Bridge. 

,\Lildcn J~ridgc. yellow house. 

'.\[aldcn church, tall opirc. 

'.lfa!dcn. yellow spire. 

'.\Ianchcster church. dark spire. 

T\l annersen. 

~Lu1ni11g1 s l-Iill. 

::i.Ianumd. 

:'11.rnoliclcl, old Cnitarian church. 

:\bple\rnod. 

\!arhlehead. black top church. 

'.l::trLlebcad light-house, I 818--1877. 

)larblcheail "'.'\eek, flag. 

~larb1el1ta(l H.ock. beacon. 

\larine Hospital, ilagstaff 

:Vlarsh (Cape Cod). 

'.br,h (Taunton River). 

'.lar,h and Jones (Borden). 

\hroton's '>!ill. 

Martha's Vineyard and Vineyard Sound. 

:'llartin. 

.:llarvin's cottage, cupola. 

:\la.son. 

Massachusetts, New Yo1·k, and Connect

icut Boundary. 

Massachusetts and Rhode Island Bound- 1 

ary. 

'.las.s:iclrnsetts North Hase. 

'.hssachusetts South Base. 

Mattapoisett. 

334 

334 

340 

312 

330 

330 

322 

322 

340 

394 

378 

330 

'20 ·' 
320 

320 

320 

332 
358 

378 
312 

Nam es of stations. 

Mattapoisett, gray spire. 

Mattapoisett ::-J eek. 

Mayo. 

'.llayo's Beach light-house, 1877. 

Mayo':; house, south chimney. 

Meadow. 

M eclfonl, tall S'Jnare chimney near Malden Bridge. 

l\Iedfonl, Unitarian church. 

l\lenauhant Hotel, west chimney. 

l\1 enauhant Landing, flagstaff. 

l\lcndal (Borden). 

Milk Island, tlai.;. 

1\!illrlam, regatta house, flagstaff. 

::'llilldam, yellow house, chimney. 

'\Iiller's River, head of, church. 

1\f ill Hill. 

:'\fill with conical cupola, chimney . 

Milton :\lills, tall church spire . 

'\Iilton, old church . 

:'11inot's Ledge light-house, 1847-1877. 

Mishaum Point. 

Mitchell's house ( astrouumical >lation,1845-1849). 

Molasha Hill. 

'.\ionadnock (N. II.). 

Monaunt Hill. 

Monk's Hill. 

Monomoy. 

Monomoy light-honse, 1835-1846. 

'\[onomoy light-house, 1867-1880. 

'\lonument church. 

:'\loon Head I. 

Moon Head z, 1860. 

More's Hill (Borden). 

Morrill. 

Morris Island. 

;'.1orris Island 2, 1880. 

l\1osquito. 

:'\found (R. I.). 

'.\fount Aubttrn. 

Mount Daniel (Borden). 

Mount Equinox (Vt.). 

Mount Esther. 

Mount Grace (Borden). 

Mount Holyoke IIotel, flagstaff. 

Mount Hope (R. I). 

Mount Hope 2 (R. I). 

Mount Lincoln. 

Monnt Rafinesque (N. V. ). 

Page. 

374 
374 
360 

354 

36o 

380 

326 

326 

368 

368 

370 

316 

336 

336 

336 

350 
380 

346 
346 

346 

370 

364 
366 

304 

368 

346 

352 

356 
356 

374 

340 

340 

392 

310 

358 
36o 

360 

376 

328 

386 

304 

392 

392 

402 

308 

376 

392 

304 



 

UNITED STATES COAST AND GEODETIC SURVEY. 

Index of stations in Jfassachusetts.-continueil. 

Names of stations. 

Mount Riga (or Ball Peak), (Connecticut). 

Mount Schaum. 

Mount Toby. 

Mount Tom. 

Mount Tom (Borden). 

Mount Warner. 

Mount Washington (or Mount Everett, or Bald 

Peak, or Dome Peak, or Taughanuc Mount). 

Mouth of :Merrimac, chimney of house. 

Mugget (Borden). 

Muskeget Island. 

Nahant. 

Nahant 2, l86o. 

Nahant (Borden). 

Nahant Hotel, cupola. 

Nameqnoil. 

Nantasket. 

Nantucket and vicinity. 

Nantucket Baptist church. 

Nantucket (Borden). 

Nantucket Cliff. 

Nantucket Cliff Range Beacon, front, 1875. 

Nantucket Cliff Range Beacon, rear, 1875. 

Nantucket (Great Point) light-house, 1835-1875. 

Nantucket, north towered church. 

Nantucket Range Beacon, 1875. 

Nantucket, south towered Unitarian church. 

Nashaquitsa Cliff. 

Nashawena. 

National dock builrling. 

Nauset Beach. 

Nauset Center light-house, 1846. 
Nauset Harbor. 

Naushon. 

Naushon (Borden). 

Naushon northeast. 

Naushon southwest. 

Naval Hospital. 

Navy Yard, battery. 

Navy Yard, chimney. 

Nealy's house. 

Ned's Point light-house, 1844. 

Neponset church. 

Neptune House, flagstaff. 

New. 

New Bedford Baptist church. 

H.Ex.18-38 

Page. 

392 

352 

406 

394 

394 

320 

J22 

326 

360 

306 

362 

364 
366 

306 

366 

366 

306 

364 

364 

364 

366 

372 

334 
356 

354 

354 
370 

376 

372 

372 
326 

328 

330 

332 

374 

344 
326 

378 

374 

N arnes of stations. 

New Bedford Beacon. 

.:\ew Bedford court-house (Borden). 

:\ ew Bedford Fort. 

r\"ew llraintrec, Congregational spire. 

:\'"ewbury, Belleville church. 

Newbury, Upper Green church. 

;'\'ewhuryport Academy. 

Newburyport, beacon on north pier. 

Newburyport, east light-house, 1850-1851. 

Newbur)'port, Federal street church. 

Ne"·buryport, Harris street church. 

!\ewburyport light-house (Borden), 1834. 

Newburyport light-house, 1878. 

r\"ewburyport, Pleasant street Unitarian church. 

Newburyport west light-house, 1850-51. 

New England Glass Company, chimney. 

New Falmouth. 

Nichols. 

Nix's .Mate. 

Kobska Point light-house, 1835-1875. 

No Man's Land. 

Monotuck Hotel, tower. 

Noota.>. 

Nootas (Borden). 

North Amherst, Congregational church spire. 

Northampton, Catholic church, tower. 

Northampton, Episcopal church, spire. 

Northampton, First Congregational church s!'irc. 

Northampton, Lunatic Asylum, tower. 

Northampton, Methodist church spire. 

Northampton, Round Hill, flagstaff, l 885. 

Northampton, Second Congregational spire. 

North Brighton, dark spire. 

North Dennis. 

North Dennis 2, 1868. 

North Dennis, gray spire. 

North Dennis, white spire. 

North Dighton. 

Northeast corner of Connecticut (Borden). 

North Falmouth, spire. 

North Gooseberry Island, flag. 

Korth Hadley, Congregational church spire. 

North Marshfield, Unitarian church spire. 

Korth Pcttick Island. 

North }'ettick Island 2, 1 86o. 

North Plymouth Rope Works. 

297 

374 
370 

372 
402 

310 

3!0 

310 

310 

310 

310 

310 

310 

310 

310 

310 

332 

374 
378 

340 
368 

368 

402 

308 

372 

404 
402 

402 

402 

402 

402 

402 

340 

356 

356 

356 

356 
380 

388 

374 
318 

404 

350 

342 



 

298 UNITED STATES COAST AND GEODE'rlC SURVEY. 

Inde;r of stations in 1lfassachusetts.-contin1UJd. 

North Pond. 

North Warner. 

".'\ames of stntions. 

North 'Vellfleet, Congregational belfry. 

North \Vellfleet, Methodist belfry. 

Northwest corner of Massachusetts (Borden). 

Northwest corner of Hhoc!e Island (llorden). 

North 'Neyrnouth church. 

Norton, dark red spire. 

Oak Hill. 

Observatory with reel roof, flagstaf{ 

Ocean House, cupola. 

Octagonal building. 

Old Harbor. 

Old Town. 

Ole! Town, church spire. 

One-story red building. 

Organ factory. 

Orleans. 

Orleans 2, 1868. 

Orleans Orthodox spire. 

Orne. 

Osterville. 

Osterville Point. 

Osterville spire. 

Otter street. 

Outer Brewster. 

Outer Brewster 2, 186o. 

Ox Pasture Hill. 

Packard. 

Padanararn. 

Padanaram, gray spire. 

Padelford. 

Paine'.s Hill observatory. 

Palmer's Island 1;ght-house, 1875. 
Palmer, Universalist church spire. 

Pamanset River. 

Pamet. 

Paradise Rock (Rhode Island). 

Parker's Hill. 

Pasque. 

Patuccawa (New Hampshire). 

Peaked Cliff. 

l'eaked Mount. 

Peck's chimney. 

Pelham, church spire. 

!'enikese. 

Page. 

354 

320 

332 

358 
308 
310 

334 

33° 
356 

352 

356 

J06 
362 
362 
362 

332 
338 

338 
312 

392 

374 
374 
384 

344 
376 
400 

374 
352 
386 

344 

372 
3o6 

352 

392 

332 
404 

372 

Names of stations. 

Penikese (Borden). 

Pepperell (Borden). 

Perry's Peak. 

Pigeon Hill. 

Pig Rock Beacon. 

Pine (Cape Cod). 

Pine (Taunton River). 

Pine Hill (Buzzard's Bay). 

Pine Hill (Rhode Island). 

Pine Tree Boundary, stone monument (Borden). 

Pittsfield, First Congregational church. 

l'laning mill, chimney. 

l'leasant Bay. 

Plum Island 1. 

Plum Island 2. 

Plum Island, magnetic station. 

Plymouth. 

Plymouth Cliff. 

Plymouth court-house (Borden), 1835. 
Plymouth (Gurnet) light-house (Borden), 1835. 

Plymouth (Gurnet) light-house, 1848-1870. 

Plymouth, national monument. 

l'lymouth pier head. 

Pocasset (Rhode Island). 

Pocasset spire. 

Pochet. 

Point Allerton beacon, 186o. 

Point Allerton, flag. 

Point Curve. 

Point Gammon. 

Point Gammon 2, 1875. 

Point Gammon light-house, 1835-1847. 
Point Shirley, foundry chimney. 

Poole's Ilill. 

Poplar Hill (Borden). 

'i Poplar Hill, stone monument (Borden). 

Powderhorn. 

j Powderhom 2, 1877. 

i Powder Point. 
I, !i Powers & Melville's elevator. 

"Powow. 
11 q Powow (Borden). 
I' . Ii Prentice's coal-wharf, post. 

!I Primaries .. 

!I Prince street, draw-tender's house. 

Proctor's barn. 

Page. 

374 
390 
304 
386 

346 

300 
384 
370 
376 
312 

392 

336 
356 
312 

312 

310 

348 
362 

348 
348 

348 

348 
348 
3o6 

374 

358 
342 

342 
332 

352 

358 

356 
328 
312 

312 

312 

3o6 

320 

348 

332 
3o6 

3o8 

334 

304 
334 

312 

------~-------------------------------------------------~ 



 

UNITED STATES COAS'r AND GIWDETIC SDlWEY. 

Index of stations in Ma.ssachusetts.-co11ti1111ed. 

Xamcs of stations. 

Prospect (New York). 

Prospect Chilmark. 

Prospect Hill (Connecticut). 

Prospect Hingham. 

Prospect House, cupola flagstaff 

Prospect Rowley. 

Prospect Somerville. 

Prospect \Valtham. 

Proven's Mount. 

Provincetown. 
1 

Provincetown Academy. 

Provincetown, Baptist church belfry. 

Provincetown, Methodist center church. 

Provincetown, Methodist centenary church. 

Provincetown, Methodist church, belfry. 

Provincetown, new L'niversalist church, spire. 

Provincetown, old Unive1»ali<t church, belfry, 

1835-1847. 

Provincetown, Orthodox spire. 

Provincetown school-liuuse. 

Quaker (Rhode Island). 

Quicksand. 

Quicksand 2, 1870. 

Quicksand (Borden). 

Quincy, Bent's Point church. 

Quincy, black top church. 

Quincy, stone church. 

Race. 

Race Point light-house, 1835-1847. 

Race Point light-house, 1877. 

Railcut. 

Railroad tripod. 

Rainsford Island, flagstaff, 1846. 

1 
Rainsford Island, flag, 186o. 

I Rattle, flag in tree. 

i Rattlesnake (Borden). 

I 
Red Brush. 

Richmond Hill. 

I
I Ridge. 

River. 

I
/ Riverside Press, chimney. 

Roach. 

I Rockheap. 

I 
Rockland House, cupola. 

Rock Point. 

I Rockport, red top church. 

Page. 

304 

366 

390. 

346 
368 

306 

JJO 
306 

392 

350 

354 

354 

354 

354 

354 

354 

354 

354 

354 

306 

372 

388 

3j6 

346 

346 

346 

352 

354 

350 

312 

340 

344 

344 

394 

394 

386 

378 

376 

380 

336 

384 

384 

346 

352 

314 

~ m11es of ~tatinns. 

Rock Rimmon. 

Round brick building, iron rod. 

Round building, ventilalor. 

!found Hill. 

Round Hill (Dumpling Rock) light-house. 

Rowley, chuYch .'-'pire wlth turret. ..... 

Rowley Marsh. 

Roxbury, Dr. l'utnam·s church. 

Roxbnry, Jamaica Plains, tall church spire. 

Roxhury, laboratory chimney. 

Roxbury, new l:nitarian church. 

Roxbury Oil \\'orb, chimney. 

Ryant Bush. 

Saddle Mount (Borden). 

Saddle Mount (or (;rey!ock ). 

Sagamore Head. 

Sailor's Home, cupola. 

Salem, Boward street church. 

Salem, South church, corner of Cambric.lge and 

Chestnut streets. 

Salisbury Beach. 

Salisbury church. 

Salisbury Marsh. 

Salisbury M:irsh (Borden/. 

Salt Island, flag. 

Salvage. 

Sampson (Borden). 

Sampson (CapP Cotl). 

Sampson (1-Iartha's Vineyarcl). 

Sandford (Connecticut). 

Sandwich, Orthodox spire. 

Sankaty Head. 

Sankaty Head light-house, 1867. 

Sargent's observatory. 

Sassacus. 

Scargo. 

School-l1ouse. 

School-house Hill. 

Scituate. 

Scituate light-house, 1834-1849. 

Scituate Unitarian church. 

Sconticut Neck. 

Scorton Hill. 

Scorton Neck. 

Scraggy N eek. 

Seabrook (New Hampshire). 

.l9~ 

332 
Jj2 

374 
312 

312 

342 

340 

342 

342 

342 

344 

334 

340 

386 

350 

:i82 

3i8 
322 

348 

350 

372 

352 

352 

374 

308 



 

300 U.NITED ST.AT.ES CO.AST .AND GEODETIC SURVEY. 

Inde.x of stations in 1Jfassachu.setts.-continued. 

Names of stations. Page. N an1e~ of stations. Page. 

--~----------·-----

Sears. 

Seaview House, north tower. 

Secondaries. 

Seconuary signal (Borden). 

Seymore's Hill (Borden). 

Shawaukcmo. 

Shed, upper gable. 

Shells. 

Shingle Hill. 

Shootflying. 

Shutesbury, Baptist church, 

Shutesbury, Congregational church spire. 

Shutesbury, house, chimney. 

Simmons 2, 1870 (Rhode Island). 

Sippican church. 

Sippican Neck. 

Sipson's Islanrl. 

Slade. 

Small red house on marsh, chimney. 

Small's Hill (Borden). 

Smith's (Edwin) barn, cupola. 

Somerset. 

Somerset 2, 1874. 

Somerset meeting-house 

Somerset spire. 

Somerset spire, 1861-1874. 

Somerville, church near Malclen Bridge. 

Somerville, church on hill. 

Somerville, red church. 

South Amherst, church spire. 

South Amherst, Manson's barn, cupola. 

South Bay, tripod. 

South Boston, dark-spire cross. 

South Boston Flats, A. 

South Boston Flats, B. 

South Boston Flats, C. 

South Boston Flats, D. 

South Boston Flats, E. 

South Boston Point. 

South Boston Reservoir. 

South Boston Sea-wall. 

South Danvers, tall spire. 

South Deerfield, Congregational church spire. 

South Dennis. 

South Dennis, north spire. 

South Dennis, south spire. 

394 
390 

364 

332 

360 

394 

306 

406 

406 

406 

386 

374 

372 
360 

378 

336 
352 
402 

378 

376 

38o 

38o 

380 

328 

328 

328 

402 

402 

334 

338 

338 
338 

338 

338 
338 

324 

338 

332 

318 
406 

358 

358 

358 

South Iladley, Congregational church spire. 

South Hadley, Female Seminary, observatory. 

South Hadley Falls, Catholic church spire. 

South Hadley Falls, Congregational church spire. ' 

South Hadley Falls, 1\iethodist church spire. 

South Pellick bland. 

South Pocasset spire. 

South Wellfleet, Congregational church belfry. 

South \Vellfleet, '\[ethodist meeting-house. 

Southwest corner of Massachusetts (Borden). 

Spectacle fslancl, flag. 

Spencer (Rhude bland). 

Sprague. 

Springtield Arsenal, clock tower. 

Springfield, court-house, tower. 

Springfield, First Baptist church spire. 

Springfield, Florence street :\[etho<list church 

spire. 

Springfield, Hope Congregational church tower. 

Springfield, North Congregational church spire. 

, Springfield, Saint Joseph's Catholic church spire. 

i Springfield, Saint Michael's church spire. 

i Springfield, South Congregational church tower. 

Springfield, State-street Methodist church. 

Springfield, water shops, tower. 

Spring Hill Academy. 

Spruce Hill (Borden). 

r Squam Head. 

Squantum. 

Squawbetty. 

Sguawbetty, nail factory. 

Squawbetty, white spire. 

Stage Harbor (or Harding's Beach) light-house, 

1880. 

Standard sugar refinery. 

Standish. 

Standish monument. 

State street block. 

Station south of Nau set lights. 

Steep Brook. 

Steep Brook church. 

Stone powder-house. 

Stonewall. 

Stout. 

Straitsmouth light-house, 1849. 

Straitsmouth light-house, 1851. 



 

UNITED STATES COAST AND GEODETIO SURVEY. 

Index of stations in Massachusetts.-Continued. 

N ~unes of stations. 

Strawberry Hill, barn. 

Strong. 

Studley. 

Succonnesset. 

' Succonnesset (Borden). 

Suffolk cordage factory, ball. 

Sugarloaf Hotel, north chimney. 

Sugarloaf Hotel, south chimney. 

Summer-house on high rock. 

Summer-house on hill. 

Sunderland, Congregational church spire. 

Sunderland school-house, tower. 

Sursuit Creek. 

Swampscott church. 

Swanzey belfry, 1843-1861. 

Swift's Hill. 

Sycamore. 

Tall chimney, north side of Mystic River. 

Tarpaulin Cove light-house, 1835-1845. 

Taughanuc Mount (or Mount Washington, or 

Mount Everett, or Bald l'eak, or Dome Peak). 

Taunton Iron Works, chimney. 

: Taunton River. 

Taunton Unitarian church. 

Telegraph. 

Telegraph Hill (Borden). 

Tempes Knob. 

Ten Hill farm, flag. 

Ten Hill farm 2, 1860. 

Ten Pound Island light-house, 1849. 

Terry. 

Thatcher's Island. 

Thayer's Ilill, yellow house, chimney. 

Third Cliff. 

Thompson. 

Thompson's Hotel. 

Thompson's Island, flag. 

Thompson's Island 2, 1860. 

Thompson's Island, pole near farm school. 

Thrasher. 

Three Rivers, French Catholic church spire. 

Tilton. 

Tinker's Island, pole on house. 

Truro Congregational church spire. 

Tuckanuck Island, north house (Borden). 

Page. Nan1es of stations. 

344 Tuckanuck Telegraph. 

360 Tudor cupola. 

350 Tuft's College. 

370 Tuft's Hill (Borden). 

370 Turkey Hill. 

342 Two-story house, smoke-pipe. 

406 Twopenny Loaf, flag. 

406 Union Chapel. 

320 Unkonoonuc (New Hampshire). 

342 Upper Harbor, inner Leacon. 

406 Upper Harbor, outer beacon. 

406 Varnish factory, chimney. 

358 Verification north base. 

322 " V crification south base. 

380 Vicinity of Cape Ann. 

370 Vicinity of Salem. 

384 Wachusett. 

326 Waite I. 

368 Waite 2. 

Walker. 

308 Walnut Hill (Borden). 

382 \Vareham, Baptist church. 

376 Ware's Hill, flagstaff, 1848. 

382 Warwick (Borden). 

378 ! Washburn. 

348 Washington spire. 

372 Watcha Pond. 

324 Watatick (Bor<len). 

324 Watatick State-line (Borden). 

316 Water tower_ 

378 Watertown, United States Arsenal. 

314 Water works. 

344 Waverly House. 

350 Webster's flagstaff. 

304 Webster's (Hon. D-) house, west chimney. 

310 Weeks' barn, center chimney. 

342 Weeks' house, chimney. 

342 Weetamoe. 

342 Weeweeder Pond. 

382 Wellington Hill, flag. 

400 Wenaumet Neck. 

308 West Bench-mark. 

320 West Boston Bridge, pole on draw. 

354 West Cambridge, tall spire with clock. 

366 West Chatham. 

301 

Page. 

362 

334 

324 

390 

344 
332 
314 

368 

304 

310 

310 

336 

388 

388 

312 

316 

304 

322 

322 

384 

394 

374 

320 
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302 tTNlTED ST.A.TES CO.AST ..A.ND GEODETIC SURVEY. 

Index of stations in Massacliusetts.-continued. 

Names of stations. 

West Chop. 

West Chop 2, 1875. 

West Chop (Holmes' Hole) light-house, 1835- i 

1845. 

West Chop (Holmes' Hole) light-house, 1875. 

West Duxbury, Unitarian church steeple. 

West Hampton, Congregational church spire. 

West Island. 

West Island 2. 

West Salisbury, church. 

West Salisbury, powder-house. 

\Vest Springfield, First Congregational church 

spire. 

West Springfield, Park street Congregational 

church spire. 

West Yarmouth, spire. 

Weymouth Great Hill. 

Whately, Congregational church spire. 

White. 

White barn with square window, cupola. 

White church spire. 

White, flag in tree. 

White house, chimney. 

White house, south gable. 

White's Hill. 

Whitmore. 

Page. ll .. Names of stations. 
II ----11-------------------
11 w. 370 : 1gwam. 

366 /i \Vilbraham, Congregational church spire. 
]' 

ii Wilbraham, Rich Hall, tower. 

[1 Wilbur. 

i
1 

Wild Harbor. 

1! Williams. 

402 ' Williamstown Congregational church (Borden). 

370 Wilson's (Foster) house, tower. 

374 Winchell's Mount (Borden). 

310 1, Windmill Range. 

308 i Wing (Rhode Island). 

i' Wing's Neck light-house, 1875. 

396 Winnisimet, church with clock. 

\Vinslow's factory, corner. 

396 :: Winthrop Head. 

358 
1 

Winthrop Head 2, 1877. 

346 Wood. 

Wood End light-house, 1877 . 

Woods. 

38o Wood's Holl. 

380 Wood's Holl, Episcopa1 church. 

396 Ii Wood's Hotel. 

368 Woodward',; Hill, flag. 

368 Worcester and Middlesex Counties. 
322 

1! Yarmouth Port spire. 

382 Yellow Pine (New York). 

Page. 

I 
i _________ ----------------------------------------------
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304 UNITED STATES COAST AND GEODETIC SURVEY. 

PRIMARY STATIONS. 

Station. 

Agamenticus, Me., astronomical azimuth and latitude station, 
1847. 

Thompson, astronomical azimuth and latitude station, 1846. 

Uakonoonuc, N. H., astronomical azimuth and latitude station, 
1848. 

Blue Hill, astronomical azimuth station, 1845. 

Wachusett, astronomical azimuth and latitude station, r86o 
(C. & G. S. & B.). 

Monadnock, N. H. 

Mount Tom, astronomical azimuth and latitude station, 1862. 

Bald Hill (Tolland County), Conn. 

Box Hill, Conn. 

Sandford, Conn., astronomical azimuth and latitude station, 1862. 

Ivy, Conn. 

Beaconpole, R. I., astronomical azimuth station, 1844. 

Great Meadow (C. & G. S. & B.). 

Copecut,astronomical azimuth station, 1844 (C. & G. S. & B.). 

Massachnsetts North Base, 1844. 

Massachusetts South Base, 1844. 

Manomet, astronomical latitude station, 1867 (C. & G. S. & B.). 

Greylock or Saddle Mountain. 

Mount Equinox, Vt. 

Mount Rafinesque, N. Y. 

Perry's Peak (C. & G. S. & B.). 

Yellow Pine, N. Y. 

Helderberg, N. Y. 

Prospect, N. Y. 

Latitude. 

.I II 

43 r3 24. 630 ; 

42 58 59· 864 I 

i 

42 12 43.941 

42 51 41. 174 

42 14 30. 798 i 

41 47 59.794 

41 27 42.801 

j 

41 52 18. 500 

41 59 42.468 

41 .P 45- 138 

41 43 17.245 

42 03 06.592 

41 54 49. 921 

43 09 57.98o 

42 47 21.155 

42 37 39.072 

43 25 17.949 

i 
Seconds in 

metres. 

76o. I 

1293.6 

1355. 7 

641. 4 i 

1270. 6 

950. 2 

798. 9 

1844.9 

1320.4 

570. 7 

13!0. 2 

1392. 7 

532. I 

203.4 

1540.·3 
I 

1194. 0 

434.6 

1789. 2 

652.9 

482.8 

886.4 

1205. 7 

554.0 

I ' 

Longitude. I Seconds in i 
I metres. j 

-------j~"---·-1 

II I I 

;o 41 32.907 

I 
70 43 49· 164 ! 

I 

71 35 19.38o I 
I 
I 

71 o6 52. 638 ! 

! 
71 53 lJ. 984 I 

72 06 30. 776 

72 38 55.056 

72 II 55.027 

72 27 21. 404 

72 56 59.304 

73 13 27.926 

71 27 01. 257 

71 13 02.292 

71 03 36.644 

71 12 24.871 

71 18 16. 114 

70 35 28. 128 

73 09 59.130 

73 07 02. 7ol 

73 36 58.818 

73 22 48.781 

73 40 27.902 

74 00 38.487 

73 46 04.570 

742.6 i 

1120. 4 ' 

439.0 

1207.3 

1262. I 

1266.9 

494· I 

1376.0 

644.0 

28.9 

52. 9 

572.0 

371. 3 

1347. 2 

61. 2 

1336.8 

1u5.3 

637.3 

102.8 



 

Azimuth. 

o ' II 

249 36 lZ..618 

300 09 32.872 

155 43 45· 770 
215 21 29.380 

203 54 04.099 

295 31 38. 891 

336 14 24.474 

252 07 57.590 

246 05 57.988 

212 37 17.232 

128 48 17. 330 

204 05 .01. 004 

162 03 16.319 

227 47 14.o69 

227 27 39.231 

19'i 00 11.934 

333 14 07. 820 

276 52 14. 769 
146 .so 05. 792 

228 55 19. 774 

123 44 56.597 

192 54 36.214 
IJ3 18 14. 851 

175 17 06.299 

2 34 36. 135 

72 44 05.443 

207 47 11. 966 
126 46 54. 946 

59 44 30.3o8 

126 18 34· 859 

253 35 57.679 
315 4t Ji 385 
292 Ol 2J. 100 

3 S4 40.434 

lJ~lTED STATES COAST AND GEODETIU ::o;UHVEY. 

PRIMARY STATIONS. 

I flack azimuth. To stations. · 

1----------»------·-----·--·--------

Distance. 

I o / n I I . . "'-~let res. 

1 

2 36 58.261 

70 12 57.351 

120 44 32.424 

335 24 30. 537 

35 37 02.480 

24 o6 13.358 

II6 02 52. 610 

156 23 24. 5 77 

72 29 12.028 

66 36 45· 098 

32 59 12. 085 

3o8 30 .11. 049 

24 17 34.496 

341 55 31. 984 
47 57 32. 578 

47 47 20. 351 

Ag-amenticus .... _ ... __ .. _ •. __ . . . . . . . . _ 

Agamenticus ................... ______ _ 

Thompson. 

Unkonqonuc 

Thomps"'n. 
Unkonoonuc ·---- _. _____ . ___ . ___ .. ___ . ___ .. 

Blue Hill 

Wachusett -------------------- ----- -----
l'nkonoonuc. 

Wachusett ------------------· ------------· 
Mona<lnock. 

Mount Tom ____ ···-- ______ ·--- .... ---.------: 

Wachusett. 
Mount Tom ___________ . ____ -----· _______ ... 

Hald Hill. 

Bo" Hill------------------------
16 12 15. 370 Mount Tom. , 

153 25 05. 059 Sandford ---------------- ·--· --· •. --------' 

97 23 oo. 053 Box Hill. 

326 32 28. 490 Wachusett ·----· ------------------ ___ . 

49 08 50. 124 Blue Hill. 

680.p. 91 

i7686. 65 

8146I. 91 

9407S. 51» 

54491. 94 

6oo93.82 

70700.04 

45164.53 

44548.68 

68470. 37 

sisn. 61 

47662.88 

62740. 03 

51616.87 

28797.50 

55707.02 

90171. 62 

50949. 29 

64330.97 

65656. jO 

36;n, 41 

3:! !! !~: ~: :~::~~~1~'.e -------- ---- ------. ----- ------1 ;~::~. ~: I 
~;; :: ~~: !~; :~::~:'.e --------------------- ---------- ;~!: ~~ I 
182 34 l 1. 112 Great Meadow ---------------- ____ 19193. II ! 

! 
252 34 18. 759 Beaconpole. 21123. 09 I 

27 51 o6. 916 MaSs. North Base----------·---------------- 17326. 376 I 
3o6 41 03. 861 Beacon pole. I 509 I. 32 j 

239 25 44 316 Copecut ... --------------- ___________ .. ____ 45185. 59 

305 57 32. 162 Blue Hill. 53642. 95 

74 19 02. 8o4 Monadliock -----· _____ . _____ _ 

136 02 35. 298 Mount Tom. 

112 42 40. 752 Monadnock -·--------------·--·-----------
183 52 50. 335 Greylock. 

90121. 17 

6u86. 51 

88g39. 22 

58886.79 
224 or 02.231 44 21 26,671 M.ount Equinox ___________________________ _ 

294 27 18. 781 114 45 37. 465 Greylock. 40539.34 

Lo~arit!in1s. 

4· 891_•34Cq. 

4. 91''954 1» 

4. 7?8S298 

+ .S49.fl97 

4. tJ4S~3.;.8 I 

4, l\_;55027 

4. 913H-J52 

4. 6;S1So3 

+ i975447 

·t· +593557 
,1. i45<r-">99 

+ 9550(>99 

4- i0iIJ82 

4.8084201 

4. S177.790 

4. 56558JI 

4. 7 37')4,;/ 

4. :!S.31454 

4. 3.!47575 

4- 238jOj/ I 

4.lj~/2i3 I 

4· 6550000 

4 7295127 
4. 95.18268 

4. 78<)(,557 

4. 949°'}33 

4· 770:..n;q 

4· 7Mi3386 

4. tX>7 ;~~7(i6 

IS4 43 48.875 334 34 13.448 Mount Rafinesque__________________________ 45258.32 4.655\io85 

2ro o6 22. 198 36 x5 U2. 456 Gteylock. 29757. 38 4. 4i35940 

18& l-0 l~.052 8 12 39.685 Mount Rafinesque ______________ -------~-- 1343:qo II, + 52.;1714 ! 

.287 47 OJ, 641 107 58 58. 575 Perry's Peak. ~5429. 20 

1 

4· 4°5332 7 

~.47 42-718 .fl1 03 45._635 MountRafinesqne_____________________ 36g65.44 4.5677959 

268 49 'l,t_ s,3 89 23 .;q.34 Greylock. 69261. 34 I 4. 8404909 . 

-~~· 279 118 29 .J6 .• 20I'.> .MoontEquinox ___________ ·-· -----------. 59941. 35 - -4· 777726-5 

1

j

1 
!tiJ:j1)'i°':,!9 ·. 170 oS 13.~1 Mount Rffinesque. 71335. 75 ) 4.8533073 

...... ~~·~·..;,;;..;;.::._~~----~~--''----~~~~~~~~~~~~~..!.-~~~--'-
'.JL•JIL.1&.' 19 



 

306 UNlTED STATE8 COAST AND GEODETIC ::;Ul{VEY. 

SECONDARY STATIONS. 

- ----- ~~-~- -----·-------

Station. . _J 
Patuccawa, N. H. 

Isles of Shoals, N. H., astronomical latitude station, 1847. 

Hampton Falb, N. H. 

Hult (C. & G. S. & ll.J. 

Pov.·o\\. 

Orne. 

Prospect Rowley (C. & G. S. & B.). 

Prospect Waltham (C. &G. S. & B.). 

Powder horn. 

, Cambridge Observatory, center of dome. Telegraphic longitude 
station, 1851 and 1872. 

Corey. 

Nantasket. 

Indian, astronomical azimuth station, 1845 (C. & G. S. & B.). 

Shootflying, astronomical azimuth station, 1845. 

Nantucket Cliff. 

Sampson. 

II 

43 07 13. 689 i 422. 5 

4~ 59 14.862 458.6 

42 54 44· 372 1369. 2 

42 30 IO. 264 316. 7 

42 42 19. I 54 591. 0 

42 23 18. 831 581. 0 

42 22 53.490 

42 20 33.376 1029.9 

42 18 15. 6<)0 484. I 

41 25 46.744 1442.0 

41 41 07. 334 226. 2 

41 17 35. 813 I104. 8 

41 22 .p. 830 1290.4 

Hyannis (C. & G. S. & B.), 4_1 37 53· 339 

Nantucket (Great Point) light-house, 1835-'75 (C. & G. S. & B.). 41 23 24. 345 75 I. l 

Cape l'oge light-house, 1845-'75. 41 25 16.028 494-5 

Spencer, R. !., astronomical azimuth station, 1844. 41 40 43.256 1334.4 

Quaker, R. l. (C. & G. S. & B.). 41 34 57.376 1770. l 

l'ocasset, R. I. (C. & G. S. & B. ). 41 39 09.420 290.6 

Cuttyhunk (C. ,\ G. S. & R.). 41 25 14.887 459·3 

0 I II 

71 II 51.318 

70 36 50.285 

70 53 51.877 

71 06 24. 872 

70 56 18.812 

70 57 54.451 

70 53 33. 128 

71 15 15·333 

jl 01 52. oo6 

71 07 43.885 

71 o8 02.199 

70 54 20.203 

70 40 40.699 

70 20 49.738 

70 o6 53.793 

70 29 02.471 

70 18 26.666 

70 02 46.056 

70 27 05.704 

71 29 40.685 

71 15 18. 337 

71 II 32. 364 

70 56 02. 646 

116o. I 

1139. 2 

II 76. 7 

566. 7 

427.0 

1243. I 

754.0 

350. 7 

1189. 3 

1003.9 

50.3 

462.8 

945.0 

1150. 3 

1251. 6 

57.4 

617. 3 

1070.0 

132.4 

941. 0 

424.7 

748.9 

61. 4 



 

U~ITED STATES CO.AST .AND GEODETIO SURVEY. 

,-----------------~-- ------- - -----------

Aiimuth. Back azimuth. 

,, /I 

254 15 15. 37 74 35 59.52 
64 34 34.63 244 18 33. 40 
12 53 01. 04 192 48 16.44 

166 19 50.29 " -346 16 37.16 

205 44 z6. 8z 25 52 5r. 44 

IJJ JO 41. 93 313 18 25.53 

0 45 57.22 180 45 38. 49 
275 55 18. 82 96 lO 36. 93 
328 48 07.28 148 56 36.04 

28 57 40. 16 208 50 48.74 

142 53 16.06 322 47 30.75 

237 so 41. 09 58 00 12.78 

J07 59 Ol. 76 128 05 37.47 

14 5 I 34. 25 194 48 37. 35 
329 30 20.54 149 35 58. 86 

20 24 II. 44 200 16 17. 33 

85 40 19. 75 265 31 18. 12 

18 IO 41. 64 198 07 19. 29 

94 22 19. 77 274 17 15.44 
356 25 24.69 176 25 59. 18 
232 22 39. 62 52 26 49· fl 
117 17 35. 42 297 12 43.55 

59 22 52.32 239 14 26.33 
156 II 49· 30 336 03 39.97 
187 25 18. 24 7 28 46.08 

135 30 04.33 315 20 51. 24 
44 17 20.61 224 04 IO. 56 

143 03 20. 31 322 53 34· 76 
156 04 20. 29 335 55 06.49 
!08 00 24. 87 287 38 05.47 
286 52 09. 96 I07 06 47. 50 

rn9 26 33. 38 289 18 51. 59 

151 03 58. 'I> 331 02 23. 89 

27 43 48. 12 207 36 46. 78 

28 12 03.52 208 09 19, 88 

142 38 50.g2 322 26 52.32 
92 56 29.40 272 47 30. 16 

207 12 12.72 27 17 56.82 

185 57 36.34 5 59 22.68 
262 22 17.91 82 39 38.36 

226 24 37.79 46 32 24. 14 
118 12 27.73 298 02 54.85 
150 41 04. 1.2 330 JO 44-ii9 
235 09 32.46 SS 14 48.14 

123 56 41. 52 303 43 55.71 
_162 33 26. 03 342 28 24.78 

SECONDARY STATIONS. 

To stations. 

Agamenticus _____________________________ . 

Unkonoonuc. 

Thompson ______ -------·------··-· ___ _ 

Agamenticus. 
Agamenticus ·--· . ___ -· ___ . ____ . ______ . ___ _ 

Patuccawa. 
Hine Hill __________________________ _ 

Thompson. 

Thompson _____ .--·--- _______ . __ .. --· 

Holt. 

Hult ____ ----·---· ______ .... __ ---- _____ . __ , 

Thompson. 

Thomµson ____ ---------------

Orne. 
Blue Hill. _______________ ·--- ____ ·--- ____ _ 

Beaconpale. 

Pro5pect Waltham-----·--·---------------. 
Blue Hill. 

Prospect Waltham _______ _ 

Blue Hill. 

Powclerhorn -------- ·---- ·---- ___________ _ 

Prospect Waltham. 

Blue Hill ______________ ·-----------------

Holt. 

Mano met 

Copecut. 

Indian-------------------------·--------· i 
1 

Manon1et. 

Shootflying . __ ·--- ·--- __ -· ------ ___ _ 

Indian. 

Nantucket Cliff ____ ---·- __ 

Indian. 
Shootflying __________ . _________ ·- _____ ·--

Sampson. 
Nantucket Cliff _________________________ . __ 

Shootllying. 

Indian--------------------------------·-· 
llyannis. 

Beacon pole • _____ .. _ - • __ - __ - _ . - - - - - - - - - - - - . ! 
Copecut. 

1 

Copecut ____ ----·-- -· ____ • ___ --- _____ --- __ . 

Spencer. 

Beaconpole _ ---- _. __ ·-- _ ·-- ____ --- _____ ·- • i 

Distance. 

, _______ -

}lfetres. 
42638.85 

J532J. 24 
42819. 83 

26990. 73 
38401. 12 

33647.75 
47647.90 
3rn66. 38 

32986. 27 
28515.06 

19272. 40 

22757. 45 
16887.32 

23266.58 

22723.08 

46606. 15 

18427.94 
22!04. 06 

rn356.65 
18844. 17 
10688. 86 

II 148. 73 

20055.70 

40906. 81 

55755. 26 
45458. 21 

396oi. 75 

33673. 18 
47668. 76 

49486.52 

32305. 24 

17192.59 

6839. 50 

31752. I<J 

12197. 72 

41309. 46 
18948.38 

26280.49 

35339.35 
36475. 19 

22393.41 

22634.29 

43666.53 

13397.89 
32270. 72 

35009.26 

307 

-----~-----

Logarithms. 

- -------""·"·----

4.6298055 
4.548o605 

4.6316450 

4.43r2146 

4. 5843439 

4:5269560 

4.6780438 

4.4922906 

4.5183332 

4.4550743 
4. 2849357 

4.3571235 
4.22756o7 

4.3667326 

4.3564673 
4.6684432 

4. 2654767 

4. 3444721 
4. 0152r9r 

4. 2751770 
4.0289312 

4,0472255 

4. 3022378 

4. 611795(> 

4. 7462858 

4.6576123 

4. 59771.14 
4. 52728.p 

4.6782338 

4.6944869 

4. 5092730 

4. 2353414 

3. 8350247 

·l· 5017737 
4.0862788 

4.616o495 

4. 2775p1 

4.4196335 

4.5482586 

4. 5619976 
4, 3501202 

4.3547668 
4.6401487 

4. 1270365 
4. 5088o86 

4- 5441829 
s------ ---- -- --- ----i 

L.....-------'-------_;_-------------------'---------·- ···-·---·-------



 

308 UNITED STATES UOAS'l' AND GEODE'l'IC SURVEY. 

SECONDARY STATIONS-Uo11ti1111ed. 

~tatinu. 

~uotas. 

East Rock, R. I. 

:\luu11l Hope, I<. I. 

.McSparran. R, L 

French 0 b J !ill (C. ~. c;, S. ~ R.) 

Hald l'eak (ur '\1ou11t \\'a>hington or Mount EYerett 01· Taugh
amic '\lmmt or }Jome Peak), (C. & G. S. & B.). 

Latitude.- - ---ii =~con~~:Ili·-:,n:itud:-- ii S:conds in 

1 
metres. , metre>. 

I : ------1--------1--
0 I II i 0 I II l 

41 32 13. 020 I 401. 6 I 71 07 25. 832 I 

41 27 04. 650 i 143. 4 I 71 I I 38. 340 

i I I 
41 40 26. 130 ! 8o6. I ! 71 14 26_ 20<) I 6o6.2 

41 29 46. 953 i 1448. 5 71 27 24. 7371 

42 25 38. 470 i I 187. 0 73 02 16. 4471 

573- 7 

375.9 

42 06 07. 301 225. 3 73 25 59· 109 I 1358. 2 
i 

COAST NORTH OF CAPE ANN. 

Great Jl0;1r', Head,."\. H. 42 55 05. 432 70 47 45. 932 1041. 8 

Scabruok, !\, 11. 42 52 29.586 913.0 70 49 06. 554 148. g 

Old Town. 70 51 00. 902 20. 5 

Crn11e J'\eck. 

Tilton. 42 40 53· 162 

llarnpton, !\. 11. 42 56 33· 94 1047. 3 70 49 37· 92 859. 8 

Halt's llill. 42 52 15.86 70 53 32.60 739.9 

42 51 57.08 

Amesbury Mills, tall white spire. 42 51 21. 38 

Bartlett. 137.6 70 55 23. 74 539. 2 

Sali>Jmry Beach. 42 50 49. JO 70 49 03.44 78. I 

Salisbury l\1arsh. 42 51 00. 88 212. 3 i 70 50 I I. 66 264. 7 

Safobury Marsh (Borden). 

Salisbury church. 

' West Salisbury, powder-house. 

.i 42 52 18. 68 576. 4 . 70 49 14. 68 333. 2 

• •• 0 33... • ..... 1 70 ,. ,.... ..... , 

42 51 22.: ______ 6_8~·~1 _ _:~-~~-J6_1_1166.0-



 

Azimuth. 

1---

309 04 33.44 

156 oj 33.63 

160 44 27.59 

278 46,25. 33 

6 47 22.05 

300 27 25. 96 

171 JO 21.59 

240 18 12.34 

I 55 40 41. 39 

88 41 oo. 95 

155 21 59.47 
187 00 04.08 

193 56 II. 7 

242 33 32. 4 

233 05 42.0 

84 II 25.5 

26 IO 38. 5 

146 12 55. I 

316 47 00.5 

195 53 51. 7 

296 29 39.7 
326 28 15. 6 

317 04 32 

59 36 12 

174 32 49 
81 15 08 

317 59 17 

348 03 49 

325 02 26 

348 48 32 

320 43 14 

30 58 23 
178 42 06 
102 00 42 

210 04 18 

28<) 30 46 

332 31 48 

17 38 24 

353 59 33 
III 59 o8 
118 30 16 

192 11 45 

UNITED STATES UOAST AND GEODETH.J SURVEY. 309 

SECONDARY STATIONS-Continuer!. 

Back azimuth. To stations. Distance. Logarithms. 

_______________ , -------- --·---· 
O / II' 

129 12 05.94 

336 00 49· 97 
J40 42 OI. 77 

98 56 44. 56 

186 46 47.42 
120 29 21. 52 

35 1 o8 51 · 35 
60 26 14. 04 

Cuttylrnnk _______________________ _ 

}>oc::u;set. 

<!uaker ____ _ 

Cuttyhunk. 
Quaker _______ _ 

Pocasset. 

. Spencer _____ -----·-------- .. 

Qualer. 

335 35 28.62 . Creylock _____ ·---------- ----- ---------

llfetres. 
20436.54 
14058. 13 

15450. 37 
21986. 15 

10213.98 

4666.63 

20491. o6 

19370. 85 

25595. 11 

4. 3rn4073 

4. 1479275 
4. 1889388 

4- 3421491 

4. 0091950 

3· 6690033 
4. 3115644 

4.2871487 

4. 4o81569 

268 27 09. 6o 1 'erry's Peak. 28181. 49 4. 4499639 

335 12 14. 80 Yellow Pine __________ -·--- ----- --- ____ 476oo.92 4. 6776154 

7 02 12. 09 l'erry's Peak. 35699. 39 4. 5526608 

·--·-·-----------·---··-------------.---·---------------·-- ·-·---------.. -------/ 

14 00 26.5 

62 40 59· I 

53 14 03.5 

264 06 31. 4 

206 08 55.2 

326 O<) 19.0 

136 50 2J. I 

15 55 22. 0 

u6 35 29. 4 

146 30 48. 2 

137 05 48 

239 33 19 

354 32 36 

261 13 15 

138 II 03 

168 05 42 

145 05 48 
168 50 II 

140 46 13 

210 56 15 

358 42 04 
281 55 46 

30 05 02 

109 31 32 

152 38 46 

197 35 29 

173 59 59 

291 55 58 
2g8 29 17 

J2 12 25 

COAST NORTH OF CAPE ANN. 

Agamenticus ________________________ ----- _ 

J sles of Shoals. 

Isles of Shoals---------·-------------------

Prospect Rowley ___________________ .. 

Powow. 

Prospect Rowley. ___ _ 

Powow. 

Railcut _____ ------------ -----------

Thompson. 

Great Boar's Head ______ ----------------- .. 

Hampton Falls. 

Hampton Falls----- ------------ ____ ---- _ 

Powow. 

Railcut_ ____________ ------------- ___ _ 

Prospect Rowley. 
Old Town-----. __ _ 

Prospect Rmdey. 

Old Town ________ ._ ___ ·-------------------

Crane Neck. 
Seabrook _____________ . ___ _ 

Seabrook ________________________________ _ 

Salisbury Beach. 

RaikuL-"-- ---------- -----· -------··-----· 
l'rospect Rowley. 
Old Town ____________ ---- .. ---- _________ _ 

Powow. 

Powow _______ ------ ----------- _ ------ ---· 

Hampton Falls. 

34954.4 
16737.2 
20860.3 

9863.0 

7853. 3 

12977. 7 

9925. 0 

11016. 7 

13139. 7 
9297.5 

3729.9 
6677. 5 

46o3.8 

3817.5 
35420. 8 

18226. 7 
11811.4 

17055.3 

9439.5 
8304.8 
3101. 8 

10104.2 

2949.2 

1643. I 

30443. 5 
19410. 3 

8265.9 

6850.3 

2258.9 

6386.8 

4.543502 
4.223682 

4.319320 

3.994007 
3.895050 

4. 113199 

3.996732 
4.042051 

4. 118587 

3.968368 

3· Sil 7° 
3- 82468 

3. 66312 

3.58178 

4. 549258 
4.26o7og 

4.07230 

4. 23186 

3.97495 

3.91933 
3.49162 

4.00450 

3.46970 

3.21567 

4.483494 
4. 288o32 

3. 91729 
3.83571 

3.35390 
3.80528 



 

310 UNITED STATES COAST AND GEODETIU SURVEY. 

COAST NORTH OF CAPE ANN-Contimtetl. 

----··-----

Station. Latitude. 
Seconds in Longitude. \ Seconds in 1 

metres. , metres. [ 
: 
-·· 

II " 
West Salisbury, church. 42 50 39.64 1223.3 70 55 01. 21 I 

1. 
231. 8 

Bra11dyhrow (Borden), N. JI. 42 50 00.04 ; I- 2 71 03 16. 19 367.7 

Morrill. 42 49 15. 65 483.0 70 51 o6.50 147.6 

Mouth of 1\1 errimac, chimney of hou,e. 42 49 13.63 420.7 70 49 18. 14 412.0 

Newbury, Belleville church. 42 49 o6.77 208.9 70 53 24.84 564.3 

Newbury, l:pper Green churcli. 42 47 58.56 18o7. I 70 51 46. 19 rn50. 5 

N ewhuryport, Pleasant street Unitarian church. 42 48 38.42 1185. 6 70 52 19. 21 436.4 

Newburyport, Harris street church. 42 48 31. 71 978.6 70 52 23. 74 539.4 

Newburyport, .Federal street church. 42 48 30.56 943· I 70 51 59.57 1353.4 

Newburyport Academy. 42 48 31. 79 981. I 70 52 28.89 656.4 

Newburyport, beacon on north pier. 42 48 49. 26 1520. I 70 51 28.43 645.9 

Newbur}pOrt light-house (Borden), 1834. 42 48 28.98 894.3 70 48 48. 39 1o99.5 

Newburyport, eaot light-house, 185<:>-'51. 42 48 26.93 831. 0 70 49 01. 34 30.4 

Newburyport, west light-house, 1850'-51. 42 48 26.90 830.0 70 49 06.92 157.2 

Newburyport light-house, 1878. 42 48 54.76 1689.8 70 49 10.42 236. 7 

Upper Harbor, inner beacon, 1878. 42 48 40.70 1255.9 70 51 59. vo 1356.2 

Upper Harbor, outer beacon, 1878. 42 48 41. 70 1286. 8 70 51 55. 25 1255. 2 

Bailey's wharf. 42 48 42.94 1325. 0 70 51 56.55 1284.7 

Ayer's Hill (Borden). 42 48 23.28 718.4 71 03 27.81 631. 9 

i Indian Hill, flagstaff, 1878. 42 47 03.22 99.4 70 56 54.40 1236. 4 

Thompson's Hotel. 42 47 57· 15 1763.6 70 48 48.56 1103. 4 

Old Town church spire. 42 47 58.49 18o4. 9 70 51 46. 19 1049· 5 

Plum Island magnetic station. 42 47 59-94 1849.7 70 48 49.34 nu. 1 



 

UNI'rED STATES COA8T AND t ;EODETW SUHVEY. 

COAST NORTH OF CAPE ANN.-Coutiuued. 

I 

1 Azimuth. i Back azimuth. 
I I 
1----------1----
1 0 I II I 
I 25 15 22 I 

I 
143 35 01 ' 

II 22 53 

I s 03 is 
! 358 44 26 

125 o6 07 

22 08 37 

117 51 47 

52 35 04 

143 04 17 

70 41 32 

r39 56 46 

8 lO 47 

62 13 IO 

63 02 46 

337 02 47 

167 32 48 

205 16 05 

170 42 05 

207 50 37 
352 50 58 

131 19 43 

325 59 24 

29 35 49 

32 18 10 

123 09 53 

JI 04 59 
l2J 30 20 

25 57 49 
120 04 20 

135 51 21 
228 14 48 

73 07 48 

226 34 43 

46 00 o6 

322 33 14 

309 39 56 
12 23 13 

282 01 28 

185 05 33 
41 40 13 

125 56 23 

190 21 ~8 

202 28 08 

40 47 12 

125 40 04 

o I II 

205 15 07 

323 34 o8 

191 20 45 

185 03 12 

178 44 30 

305 02 35 
202 07 27 

297 47 01 

232 31 36 

323 02 19 

250 36 57 

319 53 41 
188 09 57 

242 08 57 
242 58 36 

157 03 43 

347 31 32 

25 18 58 

350 41 09 

27 53 49 
172 51 17 

31I 16 26 

146 o6 04 

209 32 36 
212 16 49 

303 04 55 
211 03 42 

303 25 20 

205 56 34 

299 59 29 

315 48 25 

48 15 24 

253 07 45 

46 35 16 

226 00 04 

142 33 15 

129 46 40 

192 21 13 

I02 05 28 

5 05 57 
221 38 43 

J05 51 17 
IO 23 05 

22 30 51 

220 45 43 

J05 34 58 

i 
I To stations. 

1---------------
/ I ::~:L_ _____ -. --- ------------ --------- -

Holt ________ ---------------------· ---- ----

Ayer's Hill. 

Old Town -------- __________________ ------

Powow. 

Old Town __ 

Powow. 
Crane N eek _______________ . _______________ · 

Powow. 
Crane Neck ________________ _ 

Powow. 

Prospect Rowley·----·-----·--·----------
Crane Neck. 

Crane Neck-------------------------------, 
Old Town. 

Hampton Falb _______ --------------------

Great Boar's Head. 

Hi;.mpton .falls----------------------------· 
Great Boar's Head. 

Old Town ____ ----------------- ____ _ I --1 
Po~ow. • i 
~~:;~~:;;;.----------------- -- ------1 

I Old Town _________________________________ 1 

I ~;:;:~n--------------------- -----------cl 
I Powow. i 

Old Town _______________________________ --/ 

Powow. 1 
; 

Powow ---------------------------- .-----! 
Mon:ill. I 
Upper Harbor, inner beacon--------- ________ 

1

1 

Morrill. 

Upper Harbor, inner beacon------------- ----1 
Upper Harbor, outer beacon. I 

I Prospect Rowley _____ .------ ______________ -) 

H~ I 
~~:~:~n-----------··------- -- ---- ----.. -I 
Old Town__________ __ __ __ _ ______________ J 
Powow. / 

Hampton---- - --- ---- -- ---- - --- - -.-- - - --- -/ 
Great Boar's Head. 

l ~::~;~ll --------~-----------------------: 

Distance. 

Aletres. 
1200. 0 

2966.9 

217bo. 3 

2996. 7 

5&J4. 8 

btio5. 2 

6197. 8 

10bo1. 4 

8785.4 

6573. I 

9709. 7 

9616.6 

11823.3 

9572.8 
9386.2 

4829.5 

11813. 5 

1347(i. 9 

11050.4 

13740.7 

5027.9 

8777- 7 

24035.6 

13120. 8 

5086.5 
11802. 6 

5019. 3 

.Il75i· 4 

5737. 3 

11237. 0 

8445.2 

1619.8 

105.5 

1524.5 

99.4 
48.4 

17581. 9 

188o4.4 

8217.5 
9101. 9 

4525.4 
12023.5 

16r70. 4 

14258.7 

4578. 7 
12558.8 

311 

Logarithrm. 

3.47231 

4.338064 

3.4766.p 

3. 7637q 

3.93778 

3.79224 

4- 03348 

3.94376 

3. 81777 

3.98988 

4. 07274 

3· 98104 

3· 97249 
3 6S_190 

4.07238 

4. 12959 

4.06634 

4. q801 

3, 701.19 

3. 94_138 

4 38o855 

4. II7961 

3- 70642 

4. 07418 

J. 70064 

4.07031 

3.75871 

4- o5o65 
3.92661 

3.20945 

2.02338 

3. 18314 

I. 9976o 

I. 68518 

4.245066 

4.274260 

3.91474 

3.95913 

3.65566 
4. 10118 

4.2o872 

4. 154o8 

3. 66o74 

4. 09895 



 

I 

;;;12 UNITED STATES COAST AND GEODETIC ~UH.VEY. 

COAST NORTH OP CAPE ANN-Co11ti11ned. 

Station. 

Plum Island I. 

Plum Island 2. 

I Little Old Town. 

Dummer Academy. 

Wood's Hotel. 

Poplar Hill (Borden). 

Poplar Hill, stone monument (Borden). 

Ox Pasture Hill. 

Rowley Marsh. 

Rowley church spire with turrets. 

Byfield church, square tower. 

Gumpus (Borden), N. H. 

Ipswich Town Farm.· 

Proctor's barn. 

Manning's Hill. 

Lowell church (Borden). 

Latitude. 
: Seconds in 

n1etres. Longitude. ! Seconds in / 
i metres. i 
! i ..... ····-------- ,----------! - - ----1 

II 0 I II I I 
42 46 37· 02 u42. 4 70 48 17. 72 I 402. 8 I 

42 44 27. So 857. 8 70 47 33· 78 , 768. 4 

42 45 16.29 

42 45 23.87 

42 44 06.22 

, 
42 44 l I. 56 

42 44 17. 08 

42 44 37.76 

42 42 59.02 

42 44 19.04 

42 43 32.91 

42 43 03.92 

42 43 02. 03 

42 42 30. 26 

191. 9 71 15 22. IO 

356. 7 71 15 20.30 

527.0 70 52 55.00 

1165.2 70 50 16.33 

587. 5 70 55 53· 81 

1015. 5 7 I 21 46. 61 

121. 0 70 50 52. 09 

933. 8 70 48 23. 32 

732.9 

1354. 9 ·1 

354.7 

502.7 

461. 8 I 

125t. I I 
371. 4 

1224.0 

I06o. 5 

1185. 3 

1172. 3 

530.6 

I Marsh & Jones (Borden). 42 42 43.01 1351. 9 71 18 II. 19 254.6 

Pine Tree Boundary, stone monument (Borden). 42 41 50.26 1550.9 71 19 22.02 501.2 

VICINITY or CAPE AN l'f. 

--~-- ------~- ... 

I 
I 

42 37 42. 872 I 1322.7 70 38 58.400 1330.6 Railcut (C. & G. S. & B). 

I 42 39 24. 690 I 762.0 70 38 05. 772 r31.6 

I I 
I 

42 40 58.98 I 1819.9 70 37 46. 8o 1o65.4 I 

1 42 40'41. 55 ( 1282.·1 70 39 15.88 361.5 

I I 

Poole's Hill. 

Andrews' Point. 

Lane's Cove, white spire. 



 

UNITED STATES OOAST AND GEODETIC SURVEY. 313 

COAST :NOR'l'H OF CAPE ANN-Continued. 

Azimuth. Back azimuth. To stations. I Distance. Logarithms. 

I 

I 

0 . I II 0 ' II Metres. 
354 42 01 174 42 30 Tilton----------------------------------- io655. 9 4.02759 

76 15 24 256 13 33 Old Town. 3819. I 3.58196 

0 o8 24 18o 08 24 Tilton------------------------------------ 6623.4 3.82108 

64o809 244 04 05 Prospect Rowley. 9088. 7 3.95850 

88 13 40 268 08 14 Crane Neck------------·------------------ 109®· 9 4.03770 

50 42 39 230 42 20 Old Town. 842.1 2.92536 

ros 59 33 285 56 28 Crane Neck_---- ____ ---------------------- 6437. I 3.8o869 

353 42 48 173 43 o6 Prospect Rowley. 5499.0 3.74028 

353 36 21 173 36 49 Tilton ____________________________________ 8405.4 3· 92456 

51 45 19 231 41 44 ~~;~~-~~~~e~~--------------------------1 
9201. 5 3.96386 

310 25 20 IJO 31 25 16on. 5 4. 2o6219 

243 53 52 64 01 57 Ayer's Hill. 18072.9 4· 257029 

13 57 38 193 57 37 Poplar Hill ____ ------ _ ------ ------ ________ 169. 6 2.22936 

II5 II 39 295 07 50 Crane Neck ____ ----- ____________ .. - __ ------ 8461. 0 3.92742 

13 24 47 193 24 21 Prospect Rowley. 3740.8 3.57296 

331 59 52 152 01 42 Tilton ------ ---- _____ ------ ------ -------- 7848.4 3.89478 

46 19 49 226 17 35 Prospect Rowley. 6192. I 3. 79184 

298 57 47 119 01 16 Tilton ------ ________ . ___________ . ------- __ .. 8o12. 2 3·90375 

43 12 04 223 II 30 Prospect Rowley. 1687.3 3.22720 

243 16 39 63 19 58 Old Town------------- -----------~-----
7455.9 3.87250 

319 07 10 139 o8 45 Prospect Rowley. 4891. 8 3. 68947 

250 og 53 70 22 19 Ayer's Hill ____________________ ------------ 26540.4 4.423908 

294 03 36 114 14 01 Holt. 22998. 5 4.361700 

177 58 34 357 58 28 Old Town _______ .. __ ·--------------------- 5670. 7 3.75364 

69 21 42 249 19 53 Prospect Rowley. 3916.3 ·3. 59288 

81 47 59 261 43 27 Prospect Rowley·---- __ -------------------- 9234.9 3.g6543 

135 17 28 315 14 39 Old Town. 8o59.5 3. 90631 

339 38 26 159 38 59 Tilton------------------------------------ 3196. I 3.50462 

87 14 38 267 II o8 Prospect Rowley. 7059.1 3.84875 

157 31 24 337 29 36 Gumpus ----- ___ --"- __ ---- ____ ---- ________ 9514.5 3.978387 

271 57 58 92 o6 34 Holt. 17365.8 4· 23!)695 

107 II 57 287 09 31 Gumpus _____ :--~------------------------- 5130.2 3.71014 

9 51 48 189 51 IO Lowell church. 7384.6 3.86833 

133 55 29 313 53 51 Gu111pus·---------------------------------- 4567.2 

I 
3.65965 

224 16 58 I 44 J7 46 Marsh & Jones. 23o8.3 3.36328 

VI011111TI' OP CAPE .Al'fN. 

74 IO 58.4 254 07 41. 5 Thompson----·-------------------- --- ----- 6888.2 3.838105 

UJ 15 o6. 7 293 05 13.9 Prospect Rowley. 21667.7 4. 335812 

aG 53 33.8 aoo 52 58.1 
R.ailcllt ___________________________________ 

J362.8 3.526702 

57 20 o6.s s37 16 13. 6 Th!>mpson. 9297.4 3.968362 

It7 52 03 297 43 04 Old Town-------------------------------- 20422. 6 4.310u 

8g 17 09 z69 IO JI Tilton. 1338o.8 4. 12648 

40 07 :19 220 04 24 Thompson _______ ------------------------- 9666.4 3.g8526 

91 51 18 271 45 40 Tilton. u358.o 4.05530 



 

314 UNITED STATES COAST AND GEODETIC SURVEY. 

VICIBITY OF CAPE .AlfN-Continued. 

Station. Latitude. Seconds in Longitude. Seconds in 
metres. metres. 

0 I If 0 f If 

Choate. 42 39 SS· s2 1713.2 70 4S 40.So 929. I 

Ipswich light-house, 1849. 42 41 o6.81 210. l 70 46 07.32 166. 6 

Ipswich Beacon, 1849. 42 41 07.56 233·3 70 45 59.91 1363.9 

Ipswich, tall dark spire. 42 40 S3· 18 1641. I 70 50 II. 70 266.3 

Butler's Hill. 42 39 29.50 910.3 70 40 18. 33 417. 5 

Burnham Brown, flag. 42 39 32. 00 987.4. 70 49 25.88 589. s 

Burnham Essex, flag in tree. 42 39 01. so 46.3 70 47 04.48 102.0 

Annisquam Harbor light-house (C. & G. S. & B.), 1834-49· 4.2 39 43.02 1327. 4 i 
I 

70 40 55.29 1258.1 
I 

Annisquam, pole on rock. 42 39 26.92 830.7 70 40 39.62 902.4 

Straits.mouth light-house, 1849. 42 39 43.65 1346.8 70 35 22.52 512. 9 

Straitsmouth light-house, 1851. 42 39 44.37 1369.0 70 35 19. 15 436.1 

Twopenny Loaf, flag. 42 39 36. 8o n35. 5 70 43 oS.84 201. 3 

Rockport; red top church. 42 39 28.8o 888.7 70 37 og. 70 220.9 

Dogtown, Methodist church. 42 38 04.86 149.9 70 40 33.og 754.0 

Lulkin's Hill, flag. 42 38 16.o8 496.1 70 44 40.86 - 930.9 

Londoner Beacon, I 849. 42~38 o6. 26 193. I 70 33 59.33 1351. 7 
. 

Essex powder-house. 42 38 19. 16 591.2 70 47 18.24 415.6 

Essex, red top church. 42 37 59.g6 1850. I 70 46 53· 16 1211. 2 

Beacon Hill 1. 42 J6 24.94 769.6 70 38 43.01 g8o. 3 

Beacon Hill 2. 42 36 II. 74 362.2 70 38 38.64 88o.9 

Beacon Hill, magnetic station, 1849. 42 36 22. 79 703.3 70 38 46.85 1o67. 9 

Thatcher's Island. 42 38 10.94 337.5 70 34 46. 28 1054.5 

Salvage. 42 40 20.24 62+6 70 34 05.94 135.2 



 

UNITED STATES COAST AND GEODETIC SURVEY. 315 

VICINITY OF CAPE ANN-Continued. 

·"--
I 

Azimuth. Back azimuth. To !tations. Distance. I Logarithms. 

0 I " 0 I II Meh'es. 
294 01 :z6 114 05 59 Railcut ---------------- -------· ---------·· 10039.2 4.00170 

336 55 35 156 56 51 Thompson. 6492.7 3· 81243 

344 38 59 164 39 17 Choate_---------------- -- -- --- . ---------- 2281.2 3· 35816 

78 01 :z6 258 00 27 Tilton. 2028. 7 3.30721 

340 01 03 16o 02 32 Thom)J6on ---------------- ------ ---------- 8721.2 3.94058 

78 21 25 258 20 21 Tilton. 2198. s 3.34213 

3II 37 23 131 41 42 Thompson·------------------------------- 11664. 3 4.o6686 

6 31 01 186 30 35 Brown's Hill . 7686. 5 3.88573 .. 
331 01 SS 151 02 49 Railcut. ------ ____ ---- ---- -------- -------- 376o.6 3.57526 

42 54 41 222 52 18 Thompson. 7057.8 3.84867 

225 21 25 45 22.40 
Tilton ____________________________________ 

3564. 6 3· 55201 

304 20 44 124 24 32 Thompson. 9294.8 3.96824 

228 49 o6 48 50 03 Choate_---------------------------------- 2532.0 3.40346 

314 02 40 134 04 52 Thompson. 6193.3 3.79192 

35 21 o6 215 19 o8 Thompson·------------------------------- 6849.8 3.83568 

103 25 49 283 21 19 Tilton. 9343.9 3.97053 

324 18 14 144 19 23 Railcut -------- ---------- ---------------- 3953.0 3· 59693 

40 19 23 '220 17 15 Tliom)J6on. 6676.4 3· 82454 

81 04 12 261 02 21 Poole's Hill _____ -----------------~-------- 3764. I 3.57566 

125 17 43 305 16 05 Andrews' Point. 4024. 5 3.6o471 

8o 55 13 26o 53 20 Poole's Hill ___ ---· _ --------- ---- __ -------- 3843.2 3.58469 

124 25 05 304 23 25 Andrews' Point. 4074.6 3· 61009 

9 39 48 189 39 21 
Thompson ________________________________ 5474.0 3· 73830 

99 29 15 279 27 32 Choate. 35o8. 5 3.54512 

84 19 39 264 19 01 Poole's Hill ______ ·---------·------------- 1283. 3 3· 1o832 
I 

I 163 07 15 343 o6 50 J Andrews' Point. 2go8. 2 3.46362 

287 26 43 107 27 47 Railcut ------------------ ---------------- 2261. 6 3· 35442 

187 19 55 7 20 05 Butler's Hill. 2633.5 3.42054 i . 
337 SS II 157 55 46 Thompson __ ------------------------------ 3135.2 3.49626 

I 
71 41 23 251 37 13 Brown's Hill. 8861.9 3.94752 I 
83 59 02 263 SS 39 

Railcut ______________________ , ____________ 
6852.4 3.83584 

Il3 20 43 293 17 56 Poole's Hill. 6113.3 3.78628 

175 33 02 355 32 51 Tilton----------------------------------- 4766.3 3.67818 

216 44 04 36 45 IO Choate. 3710. 2 3.56940 

252 53 13 72 57 40 Butler's Hill----------------~------------- 94o8.9 3.97354 

299 51 o8 Il9 53 13 Thompson. 4835.3 3.6~ 

171 42 IO 351 42 00 Railcut __ ------ ----· ---- _ ------ ---- ------ 2430.3 3.38566 

94 19 rs 274 15 48 Thompson. 6g97.9 3.84497 

170 54 12 350 53 59 Railcut. ----------------- ---------------- 2847.7 3· 45449 

97 31 25 277 27 55 Thompson. 7138.9 3.85363 

232 48 30 52 48 33 Beacon Hill 1_ ---------------------------. to9.81 2.04o64 

81 26 49 261 23 58 Railcut----------------------------------- 58og. 3 3· 76412 

55 14 21 235 JI 44 Beacon Hill 2. 6447.7 3· 8o94o 

12 58 o8 192 57 41 Thatcher's Island ________________ ---------- 4093.8 3.61213 

72 35 49 252 33 o6 Poole's Hill. 5724· 3 3.75772 



 

316 UNITED STATES OOAST AND GEODNTIO SURVEY. 

VICINITY OF CAPE ANN-Contjnued. 

l Station. Latitude. I Seconds in I 
metres. 

Longitude. Seconds in I 
metres. 

I 
I 

0 I II 0 I II ' . 
Cape Ann north light-house (C. & G. S. & B.), 1834-'49. 42 38 21. 29 657. I 70 34 31. 03 707.0 i 

I 

Cape Ann north light-house, 1878. 42 38 21. 25 655.8 70 34 31. 05 101.4 I 

Cape Ann south light-house (C. & G. S. & B.), 1834-'49. 42 38 12. 82 395.5 70 34 31. 68 721. 81 

Cape Ann south light-house, 1878. 42 38 12. 82 395-5 70 34 31. 78 724. I 

Milk Island, flag. 42 37 41.64 1284.8 70 35 31.80 724- 6 

Salt Island, flag. 42 37 II. 38 351. I 70 37 26. 6o 6o6.3 

Gloucester, east church. 42 37 00.46 14.2 70 39 25.66 584. 9 

Gloucester, Universalist church. 42 36 47.66 1470.6 70 40 00.14 3.2 

Woodward's Hill, flag. 42 36 59- 74 1843.2 70 42 05. 96 135.8 

Clark's mountain, flag in tree. 42 36 59.50 1836.0 70 43 41.16 938.0 

Ten Pound Island light-house, 1849. 42 36 o6. 66 205.5 70 39 57.58 1312.6 

Eastern Point light-house (C. & G. S. & B.), 1834-'49. 

I 
42 34 49.14 1516. 21 70 39 53.90 1229.1 

VICINITY OF SALEM. 

Brown's Hill. 42 36 45. 688 i 1409. 7 70 50 49.984 u39. 3 

Coddon (C. & G. S. & B.). 42 30 59. 166 1825.7 70 51 17. 520 399.9 

Bolles. 42 35 05.95 183.6 70 47 35.44 8o8.3 

Folly Hill. 42 33 59.12 1824.3 70 54 48.20 1099. 3 

Beverly Rocks. 42 33 58. 78 1813.8 70 50 14. 98 341. 7 

Beverly, powder-house. 42 33 12.6o 388.7 70 52 33· 13 755.9 

Beverly, tall spire with turrets. 42 32 51.o6 1575.6 70 52 43. 52 993.8 

Bever)y Point, flag in tree. 42 32 59-04 1821. 8 70 54 15. 46 352.7 

Baker's Island light-house (C. & G. S. & B.) 1834-'77. 42 32 II. 53 355.8 70 47 IJ. 22 256. I 

Kettle Island. 42 34 01.26 38.9 70 43 22.00 501.8 

Fort Lee. 4231s+71 1688.2 70 52 28.94 66o.4 



 

UNITED STA.TES CO.A.ST .AND GEODETIC SURVEY. 

VICINITY OP CAPE .ANN-Continued. 

Azimuth. Back azimuth. ( To stations. Distance. 

1----1----1-----
I II 

79 00 49 
Ill 49 03 

58 00 48 
Ill 50 05 
81 22 42 

I14 28 16 

59 50 47 
ll4 29 05 
90 28 57 

56 56 22 

114 54 59 
41 44 50 
84 35 10 

205 23 24 
175 15 22 
219 32 31 
207 56 25 

252 41 17 

143 37 28 
258 14 39 
204 25 45 
265 00 51 
228 21 47 

193 16 31 

98 "31 09.& 
38 28 34.0 

123 52 53.2 

223 59 47· 4 
124 46 28 

240 07 13 

319 05 35 
31 03 47 
14 26 43 
56 07 28 

337 14 56 

52 32 04 
330 22 30 

SS 04 I'f 
312 18 45 
43 50 !1-0 

68 21 47 
107 42 21 
62 40 IS 

57 o6 o8 
•140 23 59 

66 35 04 

I 
I 

0 / ,, 

258 57 48 
291 46 38 

237 57 57 
291 47 40 
261 19 41 

294 25 51 

239 47 57 
294 26 40 
270 26 37 

236 54 15 

294 53 57 
221 44 01 

264 32 12 
25 23 42 

355 15 IO 

39 33 13 
27 57 38 

72 43 24 
323 34 50 
78 17 50 
24 26 25 
85 01 44 

48 25 15 
13 17 09 

278 20 36. 7 
218 23 46.9 

303 42 39· 3 
44 04 50. 7 

304 44 16 
6o 09 46 

139 07 57 
2II 01 41 

194 26 01 
236 02 18 

157 15 47 
232 28 26 
150 23 zS 

235 00 47 

132 20 45 
223 48 12 

248 19 01 

287 37 12 

242 34 54 
237 03 33 
320 22 25 

246 31 24 

1 Railcut ________________ --------- ____ ------

' Poole's Hill. 

Beacon Hill 1 ----------------------------

Poole's Hill. 
Railcut __________________________________ _ 

Poole's Hill. I 
I::~;:=:::. I -----------------------------1 
I ::~~:~~~l~-2~- ------ ------ ---------- ------

1 Railcut -------- _________ . ~-- _____________ _ 

I:;:?~-·~ ----------~- ---- --
1 :::::::.Hill--------------------------- __ :I 

J Butler's Hill-----------------------------
/ Railcut. i 

I :~::~.--- -------------- ---------- --------
i ::~c:: ~~!~-;------ ----------- ------------

! 

Thatcher's Island--------------------------!' 
Rail cut. 

VICINITY OP SALEM. 

Holt ---- ________ . ------- _________________ 

Orne. 
Holt ____ ---- ------ ---- ______________ -----

Thompson. 
Brown _______ ----·- ------ _________________ 

Thompson. 

Coddon ________ ---- ····-- ---- --- -- _ --- - -- - - -1 

Orne. I 
~:.on ___________________________________ I 

Coddon ----------------------------------· 
Orne. 
Coddon ___________________________________ 

Orne. 
Coddon __________ . ______ ------ ------ ------

Orne. 

Coddon ____ ·------------------------------
Folly Hill. 

Coddon __________ ----------- ···-------- ____ 

Baker's Island light· house. 

j ::. Hill ---~------ -------- --------------

Metres. 
62o6.4 
5268. I 
6771. 3 
5268.4 
6147.2 

5357.3 
6622.8 

5355. 6 

4707.5 
5082.3 
23o6.4 
2466. 5 

6o33.o 
1448.8 
501 I. 4 

2209.6 

5231. 4 

4476.5 
8956.9 
6581. 3 
326o.8 
18o6.3 

9377. 6 
5507. 9 

21536.5 

15576.8 

24899.7 
14712.3 

5398.5 
5948.3 

7344·5 
8241. 8 

5723. 0 
12635.7 
4464. 3 
9242.8 

3971. s 
8659. I 

5493.0 
7218. 4 
6o48.7 

10941. 6 
12218.0 

6230.9 
4982.9 
Bogg.2 

i. 
! 

317 

Logarithms. 

3.79284 
3.72165 
3.83o67 
3.72168 
3.78868 

3.72895 
3.82104 
3. 72881 

3.67279 

3· 7o6o6 
3.36294 
3.392o8 

3. 78o53 
3. 16102 

3.69996 
3.34432 
3.71862 

3.65094 
3. 95216 
3.81831 

3.51332 
3.25678 

3· 97209 
3.74099 

4.333174 
4. 192479 
4.396194 
4. 167681 

3. 73227 

3· 77439 
3.86596 
3.916o2 

3.75762 
4. 1016o 

3· 64975 
3.96580 

3.59895 
3.93748 
3.73981 
3.85844 
3. 78166 

4-03908 
4.o8700 

3.79455 
3.69748 
3.90844 

I 

I 
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VICINITY OF SALEM-Cont.inned. 

-.-~-~~~~-~-S~-.~--~-~~~~--l~~La-ti"-tu_d_e-.~-1-S-e-co_n_d_s_in~~-Lo--.-d--~\

1
Secondsin 

tatlon. metres. ngitu e. metres. I ~I ___ [ __ 

Legg's Hill. 

Manchester church, dark spire. 

Danvers Insane Asylum, tower 

Danvers Plain, tall spire. 

Danvers, New Mills, tall spire. 

!>outh Danvers, tall spire. 

Dexter's Point. 

Bowditch's Ledge Beacon. 

Great Misery, flag. 

Great Haste. 

Little Haste Beacon. 

Hardy's Rock Beacon. 

Dodge's Hotel, cupola. 

Hospital Point light·house, 1877. 

Fort Pickering light-house, 1877. 

Great Aquavitae, stone beacon. 

Little Aquavitae, pole .. 

Abbot's Rock, stone beacon. 

North Gooseberry Island, flag. 

Eagle Island, flag. 

Coney Island, flag. 

Salem, south chu~ch, corner of Cambridge and Chestnut streets, 

Salem, Howard street church. 

I '"" ;. ;, ;,:,, I o I 

42 29 23.30 

,, 
704.0 

I 934.3 70 •' ~.s, !/ 

I 1596. 6 10 5s 30. 82 

42 34 30.28 

42 34 51. 74 

474.8 

702.8 

I 
42 34 03. 32 I 

42 JJ 20. 70 

42 31 35.38 

42 32 53.8o 

42 32 25. 38 

42 32 50.20 

42 32 05.29 

I 423207.71 

42 32 11. 36 

42 32 02.86 

42 32 47.6o 

42 31 35.57 

42 31 34.58 

I 
42 31 49.48 i 

42 31 35.97 

42 31 31.21 

102.5 

638. 8 

1091. 7 

I66o. I 

1549.0 

163.3 

237.9 

350.5 

1073.2 

1526. 8 

II<19. 9 

963. l 

42 31 42. 8g 1323. 4 

42 JI 12.02 , 370.9 

42 31 :iS. 12 867. 7 

70 55 40. 55 925. 5 

70 47 49.23 1123.2 

70 5° 35· 95 820.4 

37.0 

70 53 49.30 u25. 1 I 
. I 
5'JI.3 

70 52 01.07 24.4 

70 51 13. 10 299.0 

1057.5 

70 47 39· 19 894.4 

70 48 49.24 • 1123.8 

337.3 

70 53 59· 36 135+ 8 
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VICINITY OP SALEM-Continued. 
-- I 

--
-I 

Azimuth. 

I 
Back azimuth. To stations. Distance. Logarithms. ! 

1 

I· 

----- - ~ --- I 
0 I II 0 I /I uietres. I 

103 33 33 283 30 35 
Orne _____________________________________ 6191. 7 3.79181 

I 225 48 19 45 49 49 Coddon. 4244. 2 3.6278o 

46 03 15 225 58 25 Legg's Hill_ ____________ -------- __________ 13638.6 4· 13477 ! 
6o 16 54 240 12 45 Fort Lee. 967J. 6 3.98559 I 305 56 IO 126 01 03 Coddon ---------------------------------- 12216.0 4.08693 I 

354 32 21 174 32 46 Orne. 8724.9 3.94076 ! 
307 og 31 127 12 o6 Fort Lee---------------------------------1 6566.6 3.81734 i 

273 36 19 93 37 20 Folly Hill. 2058.4 3.31352 I 

307 04 40 127 07 31 Coddon ---------------------------------- 7239.9 3.85973 

29 12 50 209 II 13 Orne. 6731. 8 3.82813 

195 04 03 15 04 38 Folly Hill _________________________________ 4593.0 3.66210 

28o 30 58 100 33 56 (',0ddon. 6106.9 3: 78582 

285 00 00 105 02 24 Baker's Island light-house------------------ 5033.3 3. 70185 

12 o6 52 192 o6 30 

j ~~;---------------------------------
3617.2 3· 55837 

52 57 21 i 232 55 37 4413. 8 3.64482 

79 36 48 259 34 15 5237.8 3.71915 

54 14 29 234 12 08 i Coddon ------------------------------·--- 5858.8 3.76781 

75 00 35 254 57 26 Fort Lee. 66o8.8 3.82012 

26 43 46 zo6 43 16 Codd on ------------------------------ 2284.0 3.3586g 

83 00 24 262 59 05 Fort Lee. 2676.9 3.42764 

24 IO 03 204 09 35 Coddon ----------------------------------
2318.0 3.36512 

81 og 48 261 08 32 Fort Lee. 26og.8 3.4166o 

85 12 52 265 09 51 Fort Lee--------------------------------- 6122.2 3.786g1 

log 45 35 289 41 00 Folly Hill. 9853.9 3.99361 

159 28 o6 339 27 26 Folly Hill-------------------------------- 3830.5 
I 

3. 58325 

277 48 22 97 49 16 i Fort Lee. 1851. 0 
I 

3.26740 

357 44 44 - 177 44 48 Coddon ---------------------------------- 3348.4 3.52484 

61 30 05 241 25 41 Orne. 10162.5 4.00700 

318 28 55 138 29 _24 Coddon -------------------- -------------- 1499.8 3· 176o3 

26 40 14 2o6 39 13 Legg's Hill. 4566.6 3.65959 

347 22 34 167 22 41 Coddon ---------------·------------------
1119. 6 J.04907 

114 o8 54 294 o8 13 Fort Lee. 1518.2 3· 18134 I 
5 14 47 185 ~4 44 Coddon ----------------------------------

1103.4 3· 04275 

1og 33 29 z8g 32 38 Fort Lee. 1836.8 3.26407 

337 02 09 157 02 28 Coddon ------------------------·---------
1685.9 3.22683 

27 53 02 207 51 51 Legg's Hill. 5102.3 3· 70777 

77 II O? 257 o8 34 Coddon -----------------------·---------- 5u1. 4 3.7o854 

141 07 20 321 05 35 Beverly Rocks. 5661. 5 3.75293 

73 43 39 253 41 59 Coddon ----------------------------------
3526. J 3·5473° 

rs6 45 24 336 44 z6 Beverly Rocks. 4955.9 3· 6g512 

46 43 17 226 42 35 Coddon -------·----------------------·--· 
X967.2 3.29384 

g6 48 27 276 46 56 Fort Lee. 3o83.5 3.48904 

276 o6.36 g6 o8 25 Coddon ---- ------ ----------- ___ ---·· ------ 3715.5 3· 57002 

349 00 .z6 t6g 00 45 I.egg's Hill. 3417. 0 3.53365 

r6o 02 50 340 02 00 Folly Hill-------------------------------- 4957.o 3.69522 

241 04 41 61 05 25 Fort Lee. t6g7. I 3.22972 
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VICINr.rY OP SALEM-Continued. 

I 
I 

Station. Latitude. I Secondsin Longitude. Seconds in 
metres. metres. 

0 I II I 0 I. II 

Derby's wharf light-house, 1877. 42 30 59.91 1848. 7 70 53 02. 54 58.0 

Marblehead light-house, 1848-'77. 
' . 42 30 19. 76 6o9.7 70 50 03.02 68.9 

Marblehead, black top church. 42 30 25.66 791.8 70 50 54· II 1235·3 

Marblehead Rock Beacon. 42 30 II. 95 367.7 70 49 34. 48 787.2 

1448.71 Marblehead Neck, flag. 42 29 46.94 70 50 29. 04 663. l 

I C.• bl .......... o; ,,,._ 42 30 43. 52 1342.9 70 48 55.42 1265.1 

Cat Island, east rock. 42 30 32.61 1006.2 70 48 45. 00 1027.3 

Boulder west of Salem turnpike. 42 30 21.92 676.4 70 56 07.38 168. 5 

Ware's Hill, flag-staff, 1848. 42 30 4'!;6o 1252. 7 70 54 32.79 748. 5 

Halfway Rock Beacon. 42 30 09· 38 289.5 70 46 31.40 716.9 

Brookhouse's house. 42 29 o8.56 264. l 70 53 13.76 314·3 

Ocean House, cupola. 42 28 53.73 1658.0 70 52 33. 64 768.3 

Tinker's Island, pole on house. 42 28 57.71 178o.8 70 50 07. 28 166.3 

Church spire summer-house. 42 28 55. 14 1701. 5 I 70 53 03. 45 78.8 

Summer-house on high rock. 42 28 05.o6 156.2 70 56 48. 86 1116. I 

BOSTON BAY. 

Nahant. 42 25 04. 764 147.0 70 54 18. 232 416.8 

Dorchester Heights. 42 20 03.428 105.8 71 02 35.910 822.1 

Deer Island. 42 21 01.282 39.6 70 57 30. 98g 709.3 

Governor's Island. 42 21 oS.312 256.5 71 00 39.030 893.3 

Boston State House (C. & G. S. & B.). 42 21 29. 596 913.2 71 03 51.040 1168, I 

Long Island Head light-house, 1846-186o. 42 19 48.132 1485.0 70 57 24- 123 552. 3 

• 
Powderhorn 2. 42 24 04-564 140.8 71 01 52.055 1190.5 
1877. 
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VICINITY OF SALEM-Continued. 

Azimuth. Back azimuth: To stations. Distance. Logarithms. 

0 I II 0 I II Metres. ; 

270 31 50 go 33 01 Cod<lon __________________________________ 2397.5 3.37976 
12 13 36 192 13 17 Legg's Hill. 3049.7 3.48426 

125 34 26 . 305 33 36 Coddon ____________ ------ ________________ 2090.7 3.32030 

228 39 22 48 41 18 i Baker's Island light-house. 5222. 3 3. 71786 

87 12 26 267 07 42 Orne------ ____________ -------------- ____ 96o8.6 3.98266 

140 58 41 320 56 03 Folly Hill. 8480. 5 3. 928.p . 
121 47 05 301 45 55 Coddon ··--------------- ----------------- 2767. I 3.44203 
134 25 24 314 21 52 

; 
Folly Hill. . 10019. 6 4.00085 

94 05 21 274 00 20 Orne_. ___________ ------------------------: 10195.5 4.00841 

153 35 42 333 35 09 Codd on. 2488.3 3.39590 
98 29 02 278 27 26 Coddon ____ ---··-------- __ . ---·----- ---- 3279.9 3. 51586 

II4 16 59 294 14 35 Fort Lee. 5345. 4 3. 72798 

103 15 34 283 13 51 Coddon -----------------------·---------- 3577 · I 3.55354 
162 07 16 342 06 15 Beverly Rocks. 6684.8 3.82509 
26o 07 o8 So IO 24 Coddon ___ ----------------- ---------- 6716.5 3.82714 

195 04 59 15 05 53 Folly Hill. 6941. 3 3. 84144 
262 39 34 82 41 46 i 

Coddon _____ ----------------------- 4494.4 3.65267 

329 19 IO 149 19 52 i Legg's Hill. 2773.3 3.44299 i 
90 og 53 270 02 II : Orne------------------ __________ ---------- 15595.5 4. 19300 

rn3 15 46 283 12 33 ' Codd on. 6710. I 3.82673 

106 34 15 286 31 05 ' Orne---------------------- ____ --------- . 6686.4 3.82519 
166 29 29 346 28 25 

! Folly Hill. 9220.8 3. 96477 i 
204 IO 29 24 II 20 i Coddon --·--------------------- ·--------- 4242.8 3.62765 

107 53 47 287 50 10 : Orne. 7697.3 3.88634 

99 39 40 279 37 22 Legg's Hill _____________ . _________________ 4715.3 3.67351 

156 50 14 336 49 27 Codd on. 4076.5 3. 61029 
' 7038.2 3. 84746 

i 
Iog 15 37 289 12 20 Orne _____ ·---------··--------------------

212 16 55 32 18 05 i Coddon. 4527.5 3.65586 
I 

I 

I 158 48 45 338 48 01 Orne ___________ -----_-------_--------·---- 4143.7 3.61739 

I 241 53 24 61 55 38 Legg's Hill. 5127.3 3· 70989 
----------- " ·-- - -~"·-----

BOSTON BAY. 

T--··-- -----------
I 

----

37 og II. 4 

I 
217 00 43·5 

I 
Blue Hill ________________ ------- __________ 28652.6 4.457164 

83 37 52.4 263 23 44.7 I 
Prospect Waltham. 28933. 7 4.461404 

z3 28 40.0 I 203 25 47.3 Blue Hill _____ ·------------------ --~- ------ 14781. 5 4.169719 
I 

I 109 12 15.5 ' 289 03 43.8 Prospect Waltham. 18394.8 4. 264695 I 

40 02 12. 6 I 219 55 54.7 I Blue Hill _____________ ·---- ------- ________ 20027. 3 4.301623 

99 59 07.6 279 47 10.3 I Prospect Waltham. 24720.4 4.393056 

162 57 02.7 I 342 56 13·5 I 
Powderhorn ________________________ ------ 5692. 4 3.755292 

301 31 02.6 121 35 17. 7 i Nantasket. 10178. 5 4.007682 

209 37 54.4 

\ 

29 39 14.6 \ Powderhom ------------------------------ 550~.9 3.740825 

14 24 17. 8 194 22 15.6 I Blne Hill. 16744, I 4.223863 

304 05 21. 5 124 07 25. 3 I Nantasket ___ ----- ·-- _______ ----- _____ ··-- __ 5086.7 3.7o6439 

44 SS 19. I 224 48 56.7 Blue Hill. 184<)7,4 4.266407 

18 10 42.7 198 07 20.4 Blue Hill_ ____________ -------------------- 22100.3 4.344397 

85 40 59-6 265 31 58.0 Prospect Waltham. 18426. 6 4.265445 
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BOSTON BAY-Continued. 

-----------------------

Station. 

!----------------~·----

· Blind Asylum. 

White's Hill. 

Great Qttincy. 

, Scituate ( c.,, & G. S. and B. ). 

Hayden's Hotel. 

Cat Hill. 

Blue Hill (Borden). 

Cambridge Observatory, west transit, astronomical azimuth sta
tion, 1867-1869. 

Cambridge Observatory Meridian mark (east Transit or Meridian 
Circle), I 845-1847. 

Nahant (Borden). 

Castle Hill (Borden). 

Ballard. 

, Waite 1. 

I 

f Waite 2. 

Little Nahant. 

! Egg Rock light-house, 1877. 

i Drca,1 Ledge Beacon. 

Swampscott church. 

Grover's Cliff. 

Lynn, east church, green tower. 

Lynn, west church, turret. 

Lynn, high rock, pole near swing. 

Egg Rock._ 

Latitude. 

0 I II 

42 20 07.037 

42 12 52.466 

42 16 29. 026 ' 

42 14 14.646 

42 15 10.370 

42 IJ 19. 178 

42 12 43.676 

42 22 53· 481 . 
I 

42 25 47.43 I 
42 25 40.21 

42 29 19.54 

42 27 17.56 

42 26 00.83 

42 26 20.43 

42 26 13.27 

42 26 00. 76 

42 27 23. 19 

42 28 o6. 14 

42 23 22.79 

42 28 07. 12 

42 27 45.71 

42 28 04·~ 

42 26 00.40 

Seconds in I 
metres. 

217.1 

1618.8 

895.6 

451.9 

320.0 I 
I 

591. 8 

1347.5 

1650. 3 

1463.5 

1240.7 

6o2.9 

54r. 9 

25.6 

630.6 

409.6 

23.4 

715.6 

189.4 

703.4 

219.7 

1410.4 

153.0 

12.3 

Longitude. 

0 I II 

71 02 32.861 

70 58 39.300 

70 57 o6.869 

70 49 51. 228 

70 ., , •• ,o I 
70 45 20. 317 

71 06 52.709 

71 07 44.478 

71 07 43. 52 

70 55 16. 96 

71 02 42. 12 

70 59 32. 57 

71 03 57· 96. 

71 01 13.14 

70 55 52.09 

70 53 54.02 

70 53 43· 54 

70 54 58. 40 

70 58 o8. 65 

70 56 16.41 

70 57 37.<>0 

70 56 52, IO 

70 53 53. 34 

Seconds in 
metres. 

752.3 I 
901.4 

157.4 

1174. 6 

461.4 

466.0 

1209.0 

1017. 4 

994.8 

387.6 

961. 8 

744.3 

1324.8 

300.3 

1190. 5 

1234 7 

994.8 

1334.0 

197.9 

374.9 

845·3 

1190. 2 

1219.2 



 

Azimuth. 

o I II 

108 48 23.3 

187 15 23. 6 
88 42 52.3 

2[0 44 56. 2 

229 13 32.3 

r7 36 16.5 
140 22 23.2 

78 13 24.3 

70 27 43· 3 

117 40 36. 5 

105 25 39· I 
158 12 59. 8 

116 03 16. 0 

18o 45 45.0 

268 47.9 

291 29 34 

2 31 33 
340 32 58 

33 41 13 

327 38 34 
IO 35 48 

299 39 55 
28 II 17 

321 12 13 

358 54 57 
283 47 28 
II ·59 02 

314 34 00 

64 17 z8 

144 30 58 
201 12 II 

IO JI I6 

88 47 00 

I9 24 43 

76 34 05 
348 50 00 

104 13 09 
16 18 44 

71 IO 38 

5 05 56 

71 47 35 
II 22 15 

68 16 00 

18 20 18 

98 20 14 
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Back azimuth. 

o I I~ 

288 39 49.5 
7155i.1 

268 37 20.8 

30 47 50.4 
49 15 24.4 

197 35 14.4 
320 19 22.3 

258 07 29.4 
250 25 21. 4 

297 25 13. 5 
285 22 37. 0 

338 12 19.6 
295 32 02. 3 

0 46 03.8 

88 47.9 

III 33 31 
182 31 20 

16o 36 37 
213 33 25 

147 47 13 
190 32 59 
119 43 27 

2o8 09 43 
141 13 38 

178 55 02 
103 52 o8 

191 58 36 
134 35 °3 
244 13 25 
324 28 16 

21 13 57 

190 30 53 
268 43 04 

199 24 07 
256 31 00 

168 50 25 
28{ IO 39 
196 I'J 28 · 
251 o8 26 

1S5 05 35 
251 46 17 

191 21 23 
24.8 14 12 
1g8 20 01 

278 18 54 

BOSTON BAY-Continued. 

I I 

l Distance. I Logarithms. ! To stations. 
I i I 

~-------------i-----~ i--~--~----------1 

Prospect Waltham-----··----------

Powderhorn 2, 

Blue Hill_---------------------- - . __ - _ ----: 
Nantasket. ' 
Nantasket ---- _ .. ___ ·-- ___________ . ______ . _ 

White's Hill. 
Nantasket _______________ • ________ --------

White's Hill. 
Scituate _____________________ . ___________ _ 

Nautasket. 

Scituate------------------ _______________ _ 

Hayden's Hotel. 
Wachusett_ ________________ ------ ____ ·-- .•. 

Holt. 

Cambridge Observatory (Dome) -------------

Powderhorn ------ ____ ---· ____ ·----- -----. 

Corey. 
Scituate_. _______ -··- _____________________ _ 

Blue Hill (Borden). 
Scituate_------------· _______ -· __________ _ 

Blue Hill (Borden). 
Nahant _. _____ ----- ____ -------- _________ • 

Powderhorn. 

Powderhorn ... ----··--------------· 
Boston State House. 
Nahant ____ ·--- _____ .... ____ . ____________ _ 

Powderhorn. 

' Nahant------------------··---------------

Powderhorn. 

Orne ------ ____ 2. -----· ----------- ·-------
Coddon. 

Nahant ·---------------------------------
Ballard. 

Little Nahant-------- _______ --------------

Ballard. 
Deer Island.---- ______________ • __________ _ 

Powderhorn. 

Grover's Cliff--------···-----·-------------· 
Ballard. 

Grovei-'s Cliff-----------------. ---------
Ballard. 

,)fetrrs. 
1842+ 5 
7388. 2 

II319. I 

116o7. 3 

5040.9 

7009.9 
9659.7 

12372.9 
5136.0 

12397.8 

6443.9 

3694. 7 
70702. 2 

47656. I 

13.571 

8639.7 

9699.3 
22428.5 

28773. 5 
33026.5 

31257.7 

4.265397 I 
3. 868539 I 
4.053812 \ 

4.064731 

3.702512 

3.845710 

3.984962 
4.092473 
3· 710626 

4· 093344 
3· 8og150 

3.567583 
4.849433 
4. 678118 

I. 13262 

~=:~Cliff----··------------------------\ 

8270.8 

6751.0 

4597.3 
8370.3 

9767.9 
4281. 9 
3012.0 

9135.7 

9457.4 
9877. 3 
4344· I 

7977- 2 

3691.9 
6440.8 

4450.5 
5269.6 

9140.5 

4735.4 
8144.8 
278o.o 
888o.6 

3947.2 
18o8. 7 

27'4-3· I 

3.93650 
3.98674 
4. 350801 

4.458992 
4.518862 

+ 494971 

3·91755 
3.82937 
366250 
3. 92274 

3.98980 
3.63164 
3.47886 

3.90074 

3.97577 
3· 99464 
3.63790 
3.90185 
3.56725 
3.80894 
3· 64841 
3.72178 

3.96097 

3.67536 

3.91088 

3.44405 

3.94844 
3.59629 

3· 25737 

3.43824 

I 
~~:n~~;--- -------- --- -------·-----···· 1 

~-~'--~-~---'-----
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Crusoe House, flagstaff. 

South Boston Point. 

Castle Island. 

Nahant 2. 
186o. 

Winthrop Head. 

Winthrop Head 2. 
18n. 

Tuft's College. 

Ten Hill Farm, flag. 

Ten Hill Farm 2. 

186o. 

Governor's Island 2. 

186o. 

Governor's Island 3. 
18n. 

East Boston. 

East Boston Point, flag. 

Station. 

East Boston Iron Works, chimney. 

' 
1 East Boston Reservoir. 

East Boston Reservoir 2. 

18n. 

East Boston Elevator. 

East Boston Dry Dock, post. 

; East Boston ship-yard, east wharf post. 
! 
i 
! East Boston, brick church, dark spire. 

! East Boston, granite church, dark spire. 

I 
I Long wharf. 

I 
186o. 

) 

Long wharf 2, post, 

BOS~Olf BAY -Continued. 

Latitude. 

42 20 13.02 

42 20 19.26 

42 25 04.80 

42 22 04. 07 

42 22 04.36 

42 23 50.88 

42 23 50.48 

42 21 og. IO 

42 21 08.84 

42 22 53. 13 

42 21 58. 24 

42 22 55. 76 

42 22 52.76 

42 22 52. 56 

42 21 47.59 

42 21 44.76 

42 21 50. 12 

42 22 26. 77 

4z 22 16.06 

4Z 21 37.65 

42 21 36.45 

Seconds in· 
metres. Longitude. 

O I II 

328. 6 70 58 07. 58 

401. 7 71 01 33· 45 

594· 5 I 71 00 45· 65 

148.1 70 54 18.33 

134. 5 70 58 08. 25 

828.2 71 07 13.85 

1557.6 ! 71 05 15.44 

28o. 8 71 00 42. 86 

272. 8 71 00 41. 12 

1639. 9 I 71 02 11. 74 

17g6. 9 71 01 44. 75 

1627. 9 71 02 og. 84 

1621. 8 71 02 og. 91 

1468. 4 : ' 71 02 15. 51 

lJ8I. I 71 01 54.81 

71 01 41. 59 

826.0 71 02 21.Sg 

495.5 

71 02 53.75 

71 02 S3· 54 

Seconds in: 
metres. 

173. 3 

1045.0 

419. I 

188.8 

316.7 

349.0 

353· I 

980.9 

941. I 

268.5 

rn23.9 

uo8.1 

225. I 

226.7 

354·9 

1254. 2 

951.7 

500.8 I 

I 
650. 7 i 

1229.7 

1225.2 



 

UNITED STATES COAST AND GEODETIC SURVEY. 

Azimuth. 

0 , ,, 

0 16 o6 

52 52 37 
126 53 40 

176 36 IO 

117 06 13 

167 41 31 

0 II 37 

79 54 21 

r25 46 32 

223 01 26 

59 09 16 

125 56 30 

275 r6 38 

319 40 15 

264 44 49 

336 08 53 
336 02 33 

112 30 50 

52 45 12 

163 43 45 

53 18 13 

163 20 40 

2g8 i3 01 
6 02 02 

Back azimuth. 

I II 

l8o 16 05 

232 50 o6 

306 52 07 

356 35 58 

297 04 08 

347 40 46 

18o II 36 

259 49 16 

305 44 00 

43 03 59 

239 06 18 

305 53 59 
95 20 15 

139 42 32 

84 47 o6 

156 O'J 50 

156 OJ JO 
192 29 30 

232 43 58 

343 42 58 

233 16 58 
343 19 52 

118 16 IO 

186 01 46 

315 40 50 l3S 41 34 

BOSTON BAY-Continued. 

Grover's Cliff_ 

Powderhorn, 

To stations. 

Boston State House. __ --------- ___________ _ 

Powderhorn. 
Boston State House _______________________ _ 

Powderhorn. 
Nantasket __________ ------ __________ ------

Powderhorn. 

Powderhorn ·--- ________ ------------ _ ----

Nahant 2. 

Blind Asylum----------------------------
Powderhorn 2. 

Powderhorn ____ ------------- ·-------·---
Boston State House. 
Pow<lerhom ______________________ --------

Boston State House. 

Boston State House------· ______________ _ 

Tuft's College. 

Blind Asylum _____ ------------------------

Powderhom. 

Blind Asylum----------------------------
Powderhorn 2. 

Deer Island _______________ . ______________ _ 

Dorchester Heights. 

Governor's Island---------- .. --------------
336 o6 12 156 06 52 Castle Island. 

177 48 15 357 48 13 Pow<lerhorn -------------------- ---------
26o 33 37 8o 36 05 Grover's Cliff. 

112 46 26 292 44 21 Ten Hill Fann 2 --------------------------

190 24 22 10 24 34 Powderhom. 

327 35 18 147 36 18 Governor's Island 3-----------· ------------

5 52 42 185 52 27 Blind Asylum. 
264 44 59 84 47 46 Winthrop Head 2 __________ .. ______________ _ 

7 17 54 187 17 42 'Blind Asylum. 

JSO II 57 170 12 II South Boston Point------------------------

16 o6 58 196 o6 .32 Blind Asylum. 

356 26 17 176 26 22 South Boston Point------------------------

Distance. 

Metres. 
5179.3 

6437. I 

3937.1 
716o. 8 

4766. I 

7119. 0 

12623. 2 

ro538. 5 
6369.4 

7630.4 

7055.7 

6322. l 

7391. 8 

7171.8 

4667.9 

4766.2 

4756.6 

2931. 3 

3163.3 

5643.8 

3190. 4 

5659.9 

7292.4 

5265.0 

2153· l 

3340.2 

2128.2 

5096.6 

46o3.4 

2256.5 

3790·7 
5134.0 

5681. 5 

3128. l 

2872.6 

3138.7 

3oo1. 9 

325 

3.71427 

3.80869 

3. 59518 

3.85496 

3.67816 

3.85242 

4. 10117 

4.02278 

J. 8o4IO 

3.88255 

3.84854 

3.8oo86 

3.86875 

3· 85563 
3. 66g12 

3.67817 

3.67730 

3.46706 

3. 50014 

3.75157 

3. 50384 

3.75281 

3.86287 

3.72r40 

3.33307 

3.52377 

3.328o1 

3.70728 

3.66308 

3· 35344 

3.57872 
3.71046 

3.75446 

3.49528 

3.45828 

3.49675 

3. 47739 

20 15 25 200 14 50 Blind Asylum. 3390. 3 3. 53024 

192 44 50 12 45 10 Powderhom ---- ____ ---- __ .. ___ ---- -- - - ---- 3097. 6 3· 49103 

rg8 58 51 18 58 59 East Boston Reservoir. 847. 7 2. 92826 

193 57 33 13 57 58 Powderhom ----------~------------------- 3453.6 j.53827 

200 35 15 20 35 28 East Boston Reservoir. 1209. 3 3· o8255 

197 17 16 17 17 58 Powdexhom ------------------------------! 4751. 5 3.67683 

286 21 o6 1o6 22 37 Governor's Island. I 3213. 4 3· 5o6g7 

197 o6 04 17 o6 45 Powderhorn ------------------------------! 4785.5 i 3.67993 i 

,____3_s_o~rs~s6~~--''---1-1_0_1_s~so~~...-!.-Bl~in_d_As~y-Ium~-·--~~~~~~~~~~~j~~2799.1 __ l~702 _ _J 



 

326 UNITED STATES UOAST AND GEODETIC SURVEY. 

BOSTON BAY-Continued. 

Station. Latitude. I Seconds in Longitude. Seconds in 
metres. metres. 

I 

0 I II I 0 I II 

Neptune House, flagstaff. 42 25 43.48 1341. 5 70 58 46. 76 1o68.9 

Naval Hospital. 42 23 22.58 696. 7 71 02 55. 94 1279.6 

Cushman's house, cupola. 42 24 59.35 1831. 2 71 00 44· 6o 1019.7 

Nahant Hotel, cupola. 42 25 og.20 283.9 70 54 19.84 453.6 

Stone powder-house. 42 24 00.40 12.3 71 07 00.17 3·9 

Grain mill, near turnpike, west chimney. 42 24 05. 18 159.8 71 05 51.68 II81. 8 

Brick factory, near Mystic River, cupola. 42 241132. 76 IOIO. 8 71 05 27.07 619.0 

Tall chimney, north side of Mystic River. 42 24 36. 17 I II6. I 71 05 21.94 501. 7 

Chelsea church. 42 24 32.98 1017. 5 71 00 26.28 6oo.8 

Chelsea bridge. 42 22 56.55 1744. 8 71 02 55.67 1273.5 

Chelsea, dark spire, cross. 42 23 40.47 1248. 7 71 01 54· 68 1250. 6 

Chelsea, white spire, martin-hole windows. 42 23 24.55 757.5 71 02 19. 91 455.6 

Chelsea, white spire, with clock. 42 23. 27.33 843.3 71 02 18. 18 415.8 

Chelsea, white spire, three tiers of windows. 42 23 36.20 1 u7.o 71 02 16. 13 368.9 

Chelsea, tall dark spire. 42 23 30.56 942.9 71 02 16.90 386.6 

Chelsea, brown tower. 42 23 28.98 894.2 71 01 46.40 1001. 31 

Edgeworth Mills, round chimney. 42 25 or. 38 42.6 71 04 JO· 87 705.8 

Malden church, tall spire. 42 25 38.84 1198. 3 71 04 01.56 35.6 

Malden, yellow spire. 42 25 38.75 1195. 6 71 04 01.44 32.9 

Malden Bridge, yellow house chimney, at toll-gate. 42 23 34.58 lo66. 9 71 04 09.58 219. I 

Malden Bridge. 42 23 11.41 352. I 71 04 13.50 JOS.8 

Medford, Unitarian church. 42 25 13. 97 431.0 71 o6 56. 23 1285.5 

Medford, tall square chimney, near bridge. 42 24 52. :zo 1610.6 71 o6 31. 54 7:1.1 
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BOSTON B.A Y-Continued. 

,-----------------------------------------:--------------! 

Azimuth. Back azimuth. To stations. 

1--------- ---~-----~-- --- ----- ------------

Distance. I Logarithms. 
1 

----;;;;~e2i2l1'7i8~.-!---1,I-- ~: ~4-I·-~-~-:- - ' o I II 

348 38 43 
54 16 33 

323 12 37 

354 59 41 
201 05 59 

309 51 38 
50 18 35 
79 08 42 

268 5~ 55 
12 31 59 

270 08 13 

298 40 39 
279 58 15 
85 43 56 

281 25 17 

83 35 4° 
66 00 00 

19 38 22 

179 32 09 

276 42 49 
93 52 08 

101 07 14 
IOI 17 IO 

105 59 02 

100 00 36 

349 50 57 
96 09 07 

353 52 27 

352 07 33 
104 22 14 

25 36 51 

173 21 32 

295 41 53 

74 03 28 

314 25 49 

30 18 36 

26 51 52 

63 15 04 
r83 22 12 

253 32 07 
143 o6 02 
281 36 35 
287 03 16 

9 53 45 
2a2 sJ 30 
51 02 48 

O I II 

168 39 09 
234 14 28 

143 14 o8 

174 59 57 
21 o6 48 

129 53 23 
230 l3 00 

259 03 37 
88 57 23 

192 3I I7 

<)O IO 55 
ll8 41 03 
100 00 40 

265 42 44 
IOI 27 39 

263 34 24 

245 59 02 

199 36 55 

359 32 09 
¢ 43 20 

273 49 52 
281 03 39 
281 15 12 

281 55 44 

279 58 36 
169 51 03 

276 07 06 

173 52 31 

172 07 38 
284 18 54 

205 36 41 

353 2[ 28 

115 43 40 
254 01 38 

134 27 t6 
210 15 54 
2o6 51 oz 

243 12 54 
3 22 20 

73 33 40 
63 07 38 

IOI 37 58 

107 06 41 

189 53 01 
102 56 38 
231 02 19 

Grover's Cliff ____________________________ _ 

Powderhorn. 

Governor's Island 3-------· ---- ·-- -------- 5152. 3 3. 71200 

Blind Asylum. ! 6o56. 8 3. 78224 

Ballard ____ ·---------------------- _____ 4571.0 3.66oo1 

Grover's Cliff. 4646. 8 3. 66715 

Dorchester Heights--------·--· ____ --------

Powderhom. I 
Powderhorn ------------------------------! 
Corey. 
Powderhom _____________________ . --- ____ _ 

Ten Hill Farm 2. 

Powderhom __ --------------------------
Tuft's College. 

Powderhom ________ -------- ________ ----··-

Tuft's College. 
Powderhorn _________________________ ------

Dorchester Heights. 

Naval HospitaL ______ ----- ______ ----- __ ---

East Boston Reservoir 2. 

Ten Hill Farm 2 ------··------------------
Tuft's College. 

Ten Hill Farm 2 -------------------------

Tuft's College. 

Ten Hill Farm 2-------------------------
East Boston Reservoir. 

Ten Hill Farm 2 ------ -------------- _____ _ 

East Boston Reservoir. 
East Boston Reservoir _____________________ _ 

Tuft's College. 
East Boston Reservoir_ ____________________ _ 

Powderhorn. 

Powderhorn ________ ----- ------------- ___ _ 

Tuft's College. 
Powderhom _____________ ------ ___ ---- ----

Corey. 

Ten Hill Farm 2 ------------ _____________ _ 

Tuft's ~ollege. 

Waiter -----

Powderhorn. 

Powderhom 2 ------- ------- ·------·-----· 

East Boston Reservoir 2. 

Powtierhom -------- ------ --------·--------
Corey. 

Powderhorn ----------------·------------
Tuft's College. 

14758.4 
ro529. I 

7048. 7 

6543.6 

4993.8 

2448.7 
4898. 0 

2575.0 
2146. I 

8830.2 

803.4 
1054. 2 

46o1. 7 

7438.4 
4og3.8 

6991. 7 

4u6. 9 

rn83.6 

4124.9 
1348.2 

1177- 7 
7oog.9 

1239.8 
IIog. l 

4031. 9 

3876. I 

4149.0 

10914. 7 

3744.7 
4927.0 

4520.5 
3280.9 

3627. I 

2886.6 

7277. 3 
8788.2 
6558. I 

1244. 3 

2.97534 

3. 69002 

3.41080 

3.33165 

3·94597 
2.90492 
3.02293 

3.66292 

3.87148 
3.61213 

3.84458 
3.61457 
3.03488 

3. 61541 

3· 12974 

3· 07105 
3.84571 

3.09334 
3.04497 
3.6o551 

3.58839 

3.61794 
4.038o1 

3. 57342 
3.69258 

3.655 19 

3.51599 

3.55956 
3.46o38 
3.86197 

3.94390 

3.81678 

3.09492 



 

328 UNITED STATES COAST AND GEODETIO SURVEY. 

BOSTON BA Y-Continned. 

Station. Latitude. Seconds in I 
metres. Longitude. 

Seconds in I[' 

metres. , 

------ --- --·------·--------- --------~----·--------- ------ '----------1-----------------------1 

Winnisimett, church with clock. 

Somerville, church on hill. 

Somerville, red church, 186o. 

Somernlle church, near Malden Bridge. 

Mount Auburn. 

Cambridge; Baptist church. 

Cambridge, Unitarian church. 

Cambridge, gas works chimney. 

Cambridgeport, Universalist church. 

Cambridgeport, observatory dome. 

Cambridgeport, redoubt, flagstaff. 

Cambridgeport, flagstaff near engine-house. 

East Cambridge court-house, cupola. 

East Cambridge, church near court-house. 

West Cambridge, tall spire with clock. 

Graves. 

Great Brewster. 

Great Brewster 2. 

186o. 

Point Shirley foundry chimney. 

Battery wharf. 

Guide Post, west end of mill-dam. 

Belle Isle. 

Navy-yard, battery near flagstaff. 

o I /I 

42 23 27.35 

42 23 12. 18 

42 23 11.98 

42 23 07. 43 

42 22 10.94 

42 22 34.42 

42 22 28.70 

42 22 24.35 

42 21 47.52 

42 21 19.o6 

42 21 45.58 

42 22 II. 95 

42 24 55. 63 

42 21 53.66 

42 20 01. 96 

42 20 01. 68 

42 21 31. 8o 

42 22 01. 32 

42 20 55.63 

42 22 57 .. 30 

42 22 2.). 97 

o II I 
71 02 18.18 415. 8 I 

I 
375. 8 :::1 
229.3 837.9 

337.6 71 08 40.37 923.7 

1o61. 9 

885.5 71 07 IO. 78 

751. 3 

71 o6 00. 88 20. I 

71 06 35.85 820.5 

737· I 71 06 17.21 393.9 

357.9 

368.7 III I. I 

353.5 

1716.6 

1655.7 70 52 12. 61 288.5 

6o.5 70 53 45.18 1034.3 

51. 8 70 53 45.22 1035.3 

70 58 20. 22 

40.8 71 02 59.22 

71 05 51. 00 

70 59 56.35_ 1289.0 

739.6 71 OJ o6.32 



 

U:NITED STATES COAST AND GEODETIC SURVRY. 

BOSTON BAY-Continued. 

~----------·--------- . 

I 'I 

Azimuth. 

I II 

154 17 08 
207 26 36 
322 18 52 

31 14 29 
215 28 48 

253 30 26 
334 02 24 
44 43 16 

249 22 13 
28o 52 45 
'248 52 47 
3o6 48 18 

247 5I 56 
305 26 41 

9 38 39 

187 53 52 IOI I2 49 

233 2I 10 

54 30 43 
171 28 IO 

57 02 27 

ll3 54 54 
59 42 43 

15I 29 IO 

55 33 4I 
89 40 36 

189 40 48 
229 28 28 

278 45 50 
348 14 01 

77 3I 26 
154 OI 54 

I3 45 IO 

rn9 3I 15 

123 59 32 
175 22 23 
65 02 36 

134 15.15 

201 59 27 

297 00 24 
223 01 36 
28g 48 56 
63 16 21 

128 IO 07 

zo8 40 14 

3~ 41 40 

Back azimuth. To stations. Distance. 

·1----------· ------!------.. ------------·-· ------- ------.. .-------
! 0 I I/ I . llfttres. 
I 334 I6 OI i Waite I-------------------· .... ___________ ! 

I :jt ~ ~ I ~=~::::~_::- __ : : __ :-:_ --_::: I 

73 33 o8 Powderhorn. [ 

154 03 45 Dorchester Heights __ ------------------ ----1' 
224 40 57 Corey. 

I 

I:;:~ ;:::~r~::;e~~~s;----------------- ------1 
68 56 20 Powderhorn ________________ ---------------' 

126 51 2I Dorchester Heights. I 
I 

67 55 31 Powderhorn ------------------ ____________ ! 

125 29 46 
IS<, 38 22 

7 54 07 
281 II 02 

53 23 58 
234 29 45 
351 27 44 

237 01 16 

293 53 18 
239 40 51 
33I 27 50 

235 3r .JI 

26g 38 00 

9 41 29 
49 30 29 

98 50 49 
I68 14 51 

257 27 5r 
334 00 29 
193 44 46 
28g 28 43 

303 54 05 
355 22 OI 

244 59 44 
314 12 52 

22 00 12 

117 01 59 
43 IO 17 

109 51 07 
243 13 43 
3o8 o8 49 

28 41- 04 

r24 43 19 

Dorchester Heights. 1 

I Corey __ ··----· ___ ·-- ____ ------------ ______ 
1 

Tuft's College. : 

Mount Auburn---------------- ____________ : 

Powder horn. 
Corey ______________________ ·--- __________ 1 

Tuft's College. i 
Corey-------- __________ ---· _____________ -! 
Mount Auburn. \ 

Corey ________ --------------- ____ ·-- _____ -I 
Tuft's College. i 
Corey._ .. _____ ---------- ________ ------_. --1 
Mouut Auburn. ! 

Waiter-------------~---------- ---------1 
Powderhorn. . 

I 

Powderhorn ---------··---------- __________ / 

Corey. I 
Deer Island ________________________ ------; 

Nahant. 
Nantasket ________________________________ : 

Deer Island. 
I 

Powderhorn ------------ _______________ .. __ \ 

Nahant 2. i 

Dorchester Heights---------- ____ --- -------1 
I 

Powderhorn. I 
I 

Powderhom ---------------- ---- --------· -! 
Governor's Island. 

Powderhom ------------- --··----· ---------i 
Dorcester Heights. · i 
Boston State House __ --------- .. ------ _____ -i 
Powderhorn. \ 
Powderhorn ______________________________ I 

Gcvernor's Island. 

5256.8 
1298.4 

7357-3 
5730. I 

1458.8 

5735.o 
6313.S 
6687. 3 

9978.8 
6742.5 

7739.8 
7771. 6 
7870.3 
7706. 5 

3473.2 
3815.8 

3720. l 

7094. l 

24~7.6 

5859. I 
2864.3 

3583.5 
4415.4 
5663.2 

5374.8 
5304.2 
7179.6 

5378.5 
10269. 7 
8265.5 

7463. 5 
6559. 5 
3375.5 
5483. 8 

13427.0 

9383.4 
6456.5 
6762.4 
4104. 8 
36o1. 2 

7995· 2 

474~. 4 
6o13. 3 
3364.7 
3541. 9 
4100.0 

H. B • .Kx. 18--'2 

329 

Logarithms. 

3.72072 

3· u341 
3.86672 
3.75816 
3. 16400 

3.75853 
3. 8oo29 

3. 82525 
3.99908 
3.82882 

3.88873 
3.8905I 

3.89599 
3.88786 

3.54073 
3.58158 

3.57056 
3- 85090 
3.38517 
3.76783 
3.45702 
3.55431 
3.64497 
3. 753o6 
3.73036 
3.72462 
3.85610 
3,73o66 

4- ou56 
3.9I727 
3.87294 
3.81687 

3.52834 
3. 73908 
4. 12798 

3.97236 
3.81000 
3. 83010 
3.61329 

3.55645 
3.90283 
3.67646 

3· 77911 
3.526<)4 

3. 54924 
3.61278 

----



 

330 UNITED STATES COAST AND GEODETIC SURVEY. 

BOSTON BAY-Continued. 

------~------

Station. me res. i 

Seconds in 
metres. 

Bird Island. 

-- -ll,---Latitude~ -ll~~~otnds in T Longitude. 

-----------------,~~ :.~,'.:: 11- 703 ~I ;. :.-,-5~-~-7-I --:-5.-5-

Bird Island Beacon. 42 21 18. o6 557. 21 71 01 15. 96 365. 31 

Navy-yard chimney. 

Apple Island, flag. 

Bluff Head, flag. 

Lewis' wharf, cupola. 

Faneuil Hall. 

Bunker Hill Monument. 

Bunker Hill, Catholic church, cross. 

Green Island, flag. 

Green Island 2. 

186o. 

McLean's Asylum, north dome. 

Watertown, United States arsenal, flag. 

Cushing's (J.P.) house, skylight. 

Breed's Island. 

State-street block. 

Prospect Somerville. 

Waverly House. 

Fitcbburg Depot. 

Lowell Round House. 

Lowell Draw, flagstaff. 

Lowell Depot, flagstaff. 

I Organ Factory. 

42 22 30. 04 I 926 91 71 03 09· 16 209. 6 

42 21 31. 551 I 973· s I 10 593"·43 

42 22 03. 82 117. 91 70 58 04· 53 

1463. 81 71 o3 oo. 02 42 21 47.44 

42 21 36.38 

42 22 35.05 

42 22 53.34 

42_ 21 II. 17 

42 21 11.14 

42 22 37.26 

42 21 42.72 

42 22 48. 57 

42 23 28.04 

42 21 33.64 

42 22 54.62 

42 22 17.56 

42 22 00. 36 

42 22 og.74 

42 22 05.14 

42 21 53.81 

42 21 44.45 

344.6 

343.7 

1149. 7 

1318. I 
I 

1498.6 l 

1038.0 

1685.3 

541. 8 

11.1 

300.5 

I 
158.6 

166o. 3 

71 03 40. 56 

70 53 33.01 

70 53 33. 02 

71 04 54. 68 

71 09 45· 97 

71 JO JO. 24 

71 00 30. 28 

71 03 08. 13 

71 05 37.88 

71 04 2.J. 39 

71 04 o8.40 

71 03 47.12 

71 04 58. 17 

742. 1 

103.6 

0: s 

542.4 

16.0 

755.5 

755. 7 i 

1051. 9 

234.2 

692.6 

186.0 

866.6 

1002. I 

952. 8 

535.2 

1331.1 

!~~~-----~~--~---~-~~-'---~---'------'-~~~-~~----' 



 

UNITED STATES COAST AND GEODETIC SURVEY. 

BOSTON BAY-Continued. 

------- -----------·- ---------- --------· 

Azimuth. Back azimuth. To stations. Distance. 

\ ________ _ ------------! 
' N 

93 24 I6 

I55 24 I8 
II I6 52 

38 46 46 

122 48 05 

130 4I o6 

288 34 24 

57 05 29 

323 5I 53 
59 08 37 

200 IO 00 

I II 

273 22 32 

335 "3 40 

I9I I6 40 

2I8 45 54 
J02 45 20 

310 J9 4I 

I08 35 4~ 

237 03 25 

143 54 24 

239 05 34 
20 IO 46 

290 30 07 110 JI 42 

204 37 00 24 38 02 

282 55 34 102 57 25 

22I 54 2I 41 55 34 

302 46 JI I22 48 33 

I23 09 36 J03 07 26 

1'/0 23 39 go 24 54 
11 I7 25 Igl I6 53 
86 49 02 266 46 22 

ll 17 26 191 I6 54 

ll5 IO 34 295 04 57 

191 J9 48 II 40 26 

237 o8 I8 57 IO 2I 

247 57 29 68 02 48 

287 I4 53 I07 I9 43 
258 I8 J4 78 24 IO 

324 54 20 144 55 46 
3o8 27 30 128 29 o6 

121 04 34 30I 03 39 
282 48 12 102 49 51 

343 ll 42 163 12 o6 

247 18 24 6'] 20 56 

256 s2 16 76 S4 05 

209 S5 13 29 SS 47 
293 S7 00 IIJ 58 OI 

213 IO 52 33 I2 o6 

281 18 00 IOI 18 58 

Boston State House ________ _ 

East Boston. 

South Boston Point-----------·----·-------
Blind Asylum. 
Tuft's College ___________________________ . __ i 
Ten Hill Farm 2. 
Dee; Island _______________________ .·-· ____ ; 

Dorchester Heights. 

Nantasket ---·---------- ....... --------
Dorchester Heights. 
Powderhom ____ . _ -·· _____________ _ 

Governor's Island. 

Powderhom .. _ 

[ Governor's bland. 

, Powderhorn _ --·· __ ·-- ___ ---------- ________ , 

Governor's Island. 
Tuft's College ___________ . _____ . ___ . ·-- ____ · 

East Boston Reservoir. 

Nantasket -------· -------------------- ____ · 

Deer Island. 

Nantasket ____ ----·· ____ -------------- ____ ! 

Powderhorn. 

\Vaite I-----·----------------------------
Powderhorn. 

Powderhorn --· _________ ·--- ------ _______ _ 

Dorchester Heights. 

Powderhorn ·----- ___ ·--· -----· ·------ ·---' 
Corey. 

Winthrop H'ead 2_ -------------------· ----, 

Powderhorn. ! 

Governor's Island 3-------------- ·--------
Blind Asylum. 

Powderhom 2 _______ ·---------------------I 

Naval Hospital. 
I 

Nl';al Hospital. _______________________ ·--- i 

East Boston Elevator. 

Powderhom2 ______ ·--------------- ·--· ----: 

East Boston Elevator. 

224 19 13 44 20 SS Powderhorn 2 ___________________ ·-·--· ---··, 

302 53 11 122 54 02 State Street Block. 

232 42 17 52 42 31 Waverly House_---------------- ·--------

283 3I 40 103 31 58 ! Fitchburg Depot. • 
Z75 IJ og 95 14 II ·1 East Boston Elevator ___________ -------- ___ _ 

304 53 26 124 53 52 / State Street Block. 
238 o6 o8 58 o6 56 j WavedyHouse ___________________________ _ 

~-2_54_1_9_s_s __ ~--'-4_20_4_1 __ ~\_F_it~ch~-~~-·--· 

Metres. 
3555.2 
3o65.6 

2046.3 
28Io.7 

6656.7 

38o8.4 

2932.2 

5003. 3 
8713.4 

7237.4 

451 I. 5 

3445. 2 

5033.7 
3867. I 

3716.8 

4941.4 
5276.8 

2536. 5 
552I. 2 

5455.3 
5520.3 

126og. 6 

6413.6 

4973.5 
11693.9 

10309.3 
11635. 6 

50CJ7- 4 

4150.0 

2183.5 

3450.0 

2791.4 

5598.1 

38o3.4 

2314.9 
2276.5 

4579.2 
2009.6 

4953.6 
205r.o 

632. I 
630. I 

2I04. 8 

1088. I 

1933.3 
1819.0 

331 

Logarithms. 

3.55086 

3.48651 

3.3I0<)6 
3.44882 

8.82326 

3.58074 

3.46719 

3.69926 

3.94019 

3.85958 

3· 65432 

3.53722 
3.70I89 

3· 58738 

3.57017 

3.69385 

3-722 37 
3.404-24 

3.74203 

3.73682 

3.74196 
4.10070 

3. 8o7JO 

3.69666 
4.06796 

4.01323 

4.o6579 

3.70735 
3. 618o5 

3.33915 

3.53782 
3. 44582 

3. 748o4 

3. 58o17 

3.36454 
3.35726 
3.66o79 

3.30312 

3.69492 

3· 3II97 
2.80076 

2.79943 
3.32322 

3.03665 

3.28630 

3.25982 



 

332 UNITED STATES COAST AND GEODETIC SURVEY. 

BOSTON BAY -Continued. 

-------------

Station. Longitude. Latitude.--·--\ ~~onds in I 
metres. I 

-------- '-------1----1----

Nealy's l1ouse. 

Otter street. 

Standard Sugar Refinery. 

South Boston sea-wall. 

Point Curve. 

Center. 

Two-story house, smoke-pipe. 

Powers & Melville's elevator, southwest gable. 

Coal shed, flagstaff. 

Octagonal building. 

Shed, upper gable. 

Iron smoke-stack. 

Glass Works, east gable of main building. 

New England Glass Company's chimney. 

Peck's chimney. 

Fitchburg Round House, tlagstaff. 

Round building, ventilator. 

Round brick building, iron rod. 

Brick factory. 

I 
Marine Hospital, flagstaff. 

i Winslow's fact~ry, corner. 

I i Holmes' factory. 
I 
I 
I 
j Crossing, sibTflal pole. 

l 
'----

1 I 
0 I /I • I 

42 2 I 22. 37 I 6go. 2 i 
I I 

I I 
42 21 21.48 I 662.8 l 
42 20 44.00 

42 21 18. 40 

42 21 14. 02 

I 
1357. 6 i 

I 
567, 71 

432. 61 

42 21 09.74 300. 5 

42 20 56.31 1737. 5 

42 22 59. 03 1821. 5 

42 23 o6.56 202.4 

42 21 37. 37 1153. 0 

42 21 57. 42 1771. 7 

42 22 22.65 698.9 

42 22 21. 35 658. 8 

42 22 51. og 1576. 4 

42 22 23.43 722.9 

42 23 14.8'\ 457.0 

42 23 45.12 1392.2 

42 23 02. 22 685. 0 

42 22 45.76 1412.0 

o I II 

71 o6 27. 13 

71 02 56.28 

71 04 40. 01 

71 02 39.20 

71 04 11. 87 

71 02 26.10 

71 04 41. 86 

71 04 40. 31 

71 04 10.02 

71 04 29. 82 

71 04 12. 8g 

71 02 43· 70 

71 03 53.96 

71 03 29.36 

I 
Seconds in 

metres. 

620.9 

569.9 

356.6 

995· I 

1288.0 

1o61. 5 

1212. 2 

435·3 

271.6 

597.0 

957.8 

922.3 

229.3 

622.4 

682.4 

999.6 

1234.4 

355.1 



 

Azimuth. 

0 II 

201 35 37 
251 28 54 

90 34 20 
181 20 39 
186 21 28 

319 23 35 

215 23 57 
276 00 32 

155 51 41 

245 12 19 
120 16 50 

193 56 28 

135 47 35 

220 09 43 

316 13 35 

345 56 58 

302 48 49 

142 13 40 

! 103 42 42 

. 1 
I74 17 53 
69 19 23 

145 16 59 

33° 49 39 
51 23 24 

277 03 24 

2~ 30 2'] 

54 13 31 
230 21 o8 

215 49 48 
190 15 36 

288 33 03 

35 53 55 

·~ 03 40 
261 24 53 

246 56 18 

282 05 40 

·259 z6 14 

299 57 14 
221 26 38 

318 50 oS 
235 23 O<) 

277 07 37 

213 55 07 
222 27 37 

294 13 4Z 
18 22 53 
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BOSTON BAY -Continued. 

----------·~----- -- -----------

To stations. I Distance. Logarithms. 
' : 

-----··---··-'·--·----------------1-----·-
Back azimuth. 

/ II 
1 

3fetres. · 
21 36 IO Prospect Somerville------------ : 3o61. 2 3. 48589 
71 29 54 

270 32 58 
I 20 40 

6 2I 33 

139 24 04 

35 24 16 
96 01 54 

335 51 33 

65 12 28 

300 16 43 

13 56 30 
315 47 12 
40 IO 20 

136 14 II 

165 57 09 

122 49 09 

322 13 29 
283 42 16 

354 17 50 

249 18 52 

325 16 51 

150 49 50 

231 23 04 

97 04 or 

u6 31 08 

234 ll 15 

50 23 02 

35 5° 36 
IO 15 41 

1o8 33 19 

215 53 46 

18 03 53 

81 26 45 

66 58 04 

102 07 14 

79 27 49 

119 58 37 
41 27 13 

138 50 28 

55 24 31 
91 08 47 

33 55 29 
42 28 43 

114 14 02 

·~ 22 48 

Organ Factory. 
Nealy's House _____ _ 

Lowell Round House. 

State Street Block ______ --------------------

Blind Asylum. 

East Boston Elevator----------------

Governor's Island 3. 
State Street Block ______________ -------·-----

South Boston sea-wall. 
i 

Point Curve _______________________________ i 

i South Boston sea-wall. 

Nealy's House----------
: Organ ·Factory. 

Waverly House _______________ .------ _____ _ 

Lowell Round House. 
East Boston Reservoir 2 ___________________ _ 

Naval Hospital. 

! 

Organ Factory _________________ ------------; 

Lowell Round House . 
Organ Factory ____________________________ _ 

Lowell Round House. 

East Boston Reservoir 2 -------------- -----

Chelsea Bridge. 
: Waverly House. __________________________ _ 

I 
I 

I Fitchhurg Depot. 
I . 
1 Corey __________________ ------------------

J Powderhorn. 

! Powderhorn 2 ___ -------··----------- ------

Naval Hospital. 
Waverly House ______ _ • Lowell Round House. 

[ State Street Block __ ------------------- ____ _ 

Governor's Island 3. 

Powderhorn 2_ ---------- ·----------------· 

East Boston Reservoir 2. 

/ Powderhorn 2----------------------------
East Boston Reservoir 2. 

Powderhorn 2. ---------- ------ ______ ------

East Boston Reservoir 2. 

I ::d::o: ~~~~~i~-2-.--------------------
1 Naval Hospital ____ ------------_-----------

I Powderhorn 2. 

------I 

2146.9 

2797.6 
1489.8 

l 541. I 

1502.2 

ll04. 8 

2815.8 

663.2 

322. 4 

262. I 

275.5 
1121. 6 

1944. 0 

1771. 8 

1567.6 

797.5 
625.5 
922.4 

1003.8 

1132. 8 

462.6 

76o.o 

895. 8 
1278. 0 

1540. I 

5696. I 

4998.7 
2796.5 

987. 7 
569. I 

521. 3 

1407.5 

3843. 7 
3921. 3 

3273.6 
3276.2 

3247.3 

1784. 3 
1174.6 

3387.5 
2399. I 

1369. 5 

3296.3 

729.8 

569.8 

3.33182 

3.44679 

3· l7JI4 

3. 18782 

3. 17674 

3. 04330 

3· 4496o 
2.82161 

2. 50846 

2.41849 

2. 440I1 

J. 04985 

3· 28870 

3.24841 

3. 19524 
2.90175 

2.79625 

2.96492 

3· 00166 

3.05415 
2.66516 

2.88082 

2.93740 
3. !0652 

3· 18755 

3.75558 

3.69886 

3.44661 

2.99462 

2. 75517 
2.71708 

3· 14844 

3.58475 

3. 59343 
3.51502 

3 51537 
3· 51152 
3.25146 

3· o69<)0 

3· 52988 
3.38005 

3· 13656 

3· 518o3 
2.86319 

2.75573 
I :::::y ::::e~~~:e~----- ----------

!--~~~~~~--'-~~~-~~~~ 

i 
i 
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BOSTON BAY-Continued. 

---------~----

I 
i Seconds in Seconds in/ 

I Station. Latitude. Longitude. metres. metres. 

1--- i 

I Gambrel roof, northeast gable. 

----1--
I 

0 II 0 II 

6o5. 21 42 22 18. 38 567. I ! 71 03 26.45 
I 

I Tudor cupola. 
I 

42 22 14.98 462. 2 i 71 03 39.81 910. 91 

! Gray's wharf, long brick building, northeast corner. 
I 

42 22 09.48 292.5 71 03 16.38 374. 8 ! 
I I 

-1 

I Prince street draw-tender's house, pole. 42 22 07.79 240.4 ! 71 03 35.91 821. 1 I 
I 
! 

I Draw, northwest comer, iron crane_ 42 22 05.92 182. 7 : 71 03 56. 41 1290. 71 I 

I I 

I Car-shed, northeast ventilator. 42 22 09.94 3o6. 7 ! 71 04 00. 51 I I. 7 I 
I 

I 
I 
i One-story red building, southwest end. 

I 
42 22 07.93 244.7 71 04 17.38 397.7 

National dock building, southeast comer. 42 22 02;92 90· I 71 02 33. 56 767.9 

Long wharf build!ng, lightning rod, 42 21 37. o8 1144. I 71 02 57.46 1314.9 

Cunard wharf, flagstaff. 42 21 50.o8 1545. 8 71 02 26.90 615.5 

Cunard wharf, flagstaff, I 87 7. 42 21 49. 98 1542.2 71 02 27.98 640.3 

Cunard wharf, pole, !86o. 42 21 50.37 1554.2 71 02 29. 04 ~.5 

Fawn Beacon. 42 21 17.58 542.4 70 56 32. 87 752. 51 

Deer Island Beacon. 42 20 23.44 723.2 70 57 18. 41 421.4 

Deer Island Hospital, cupola. 42 21 12.39 382.31 70 57 53· 15 1216.4 

Deer Island flag, 186o. 42.1 01. 24 38.3 70 57 30. 95 708.4 

Lincoln's wharf, post. 42 21 57.72 1781. 0 71 02 58. rs 1330.6 

Eastern avenue wharf, post. 42 21 50.10 1545.9 71 02 56.18 1285.6 

Loring's machine shop, wharf. 42 20 31. 6o 975.0 71 02 02. 70 6118 

Foster's wharf, post. 42 21 21.15 652.61 71 03 01. 36 JI. I 

South Bay Tripod. 42 19 31.0<J 959•3 I 71 03 46.58 1o66.6 

Prentice's coal wharf, post. 42 21 o8.76 270.3 I 71 03 11.58 265.0 

I 
Sailor's Home, cupola. 42 21 19. JO 

58g.3 I 71 03 o8.40 192. 2 
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BOSTON BAY-Continued. 

Azimuth. 
I 1 

_B_a_c_k_a_zi_m_u_th_·~1 To stations. __ ---i--D-is-tan~c-e.~T-Log::ms· __ i 
o I II o I II j Metres. I 

32 oo 48 212 oo 38 , Fitchburg Depot____ ------------· _ ~ 655.4 

8: ;: ;: ::: ;~ :~ I~:::::;;:~---------------------------: 
117 41:o6 297 41 02 lj, Wa~erly House. ' 

"04 02 03 244 01 46 FitchburgDepoL.-------------------------' 

JC>9 54 20 289 54 oo 1 Waverly House. 

29~45 18 209 45 14 i Fitchburg Depot_ ____ ----------------------

141 22 23 321 22 16 

212 26 57 32 27 04 

296 51 29 116 51 39 

233 s: 38 53 54 47 

304 22 o6 124 22 19 
247 14 31 67 14 52 
285 55 18 105 55 42 

9 23 o6 18g 22 59 

41 II 24 221 II Ol 

330 58 35 150 58 44 
66 27 19 246 27 12 

297 33 28 117 34 41 

3 35 13 1~3 35 07 
20 00 27 200 00 17 

61 13 56 241 13 29 

337 02 o8 157 02 45 

I 34 18 181 34 15 

203 41 31 23 43 02 

331 33 28 151 34 57 

1o6 47 40 286 45 25 
166 o8 48 J46 o8 40 

134 14 04 314 II 23 

214 24 o6 34 26 31 

133 29 12 313 26 16 

210 21 58 30 24 08 

Waverly House. 

Waverly House---------------------------': 
Fitchburg Depot. 

Waverly House---------· __ ----------------
Fitchburg Depot. 

Waverly House--------------------------
Fitchburg Depot. 
South Boston sea-wall ________________ ------

State Street Block. 

South Boston sea-wall ___ -------------------: 

State Street Block. 

: Governor's Island ... ___ . ---- __ ------ ------: 

! Dorchester Heights. 

South Boston sea-wall ____ -------------------

State Street Block. 

South Boston Point------------------ ______ i 

Blind A-sylum. 

Nahant 2---------------------------------: 
' Nantasket. 

Governor's Island.-----------------------

Deer Island. 

Powderhom ...... ____ ----------------------' 

Nahant2. 

, Po"Wderhorn _________ ---------------· ------

Nahant 2. 

201 o6 z8 21 07 IJ 1 Powderhorn ---- ___ --·--

350 22 35 170 22 52 Blind Asylum. 

199 27 40 19 28 23 Powderhorn ____ ---------------------------
350 28 12 170 28 28 Blind Asylum. 

42 19 59 222 19 39 Blind Asylum_·--------------------·------

237 39 07 57 40 01 Governor's Island 2. 
I 

276 40 45 96 42 18 Governor's Island 2 ______ ---------------~-- ! 
344 04 37 l~ 04 56 Blind Asylum. 

178 23 53 358 23 50 i Boston State House __ ---------------------- i 
236 40 43 56 41 33 j Blind Asylum. I 
26g 48 30 8g 50 IO i Governor's Island 2------------------------\ 
3o6 oo 41 126 or 27 / Loring'smachineshop. J 

__ ;_~_!_s_' :_:_~ __ _.__1_~_:_;_:_4_2: __ __:_1 _~_1_i:_:_:_os_:_~u-~-nd 2 - - - ~ - - - - - -- - - - -- - - -- - -- -1 

457·9 
452.8 

17!. I 

642.7 

73r. 3 

263.9 

385.7 

425.6 

379.0 

398.8 
523. 4 

767.9 
850.6 

1392.4 
I20I. 0 

659.1 
266.3 

2784. 7 
3297.2 

1036. 9 

1048.0 

3262. I 

3189.6 

7657. 0 

6382.0 
47g6.2 
1202.4 

7624. I 

8693.2 

8228.9 
8711. 6 

4199.4 
3464.0 

4404.3 
3224.6 

1025.2 
2163.0 

319I. 8 

2378.0 

3658.0 
2019.5 

3403.7 
1949.4 

3345. 2 

2367.7 

2.81649 

2.60076 

2.65594 

2.23314 

2. So8o3 

2.8~09 

2. 42143 

2.58620 

2. 628g8 

2.57869 

2. 6oo72 

2.71887 

2.88528 

2.92970 

3.14376 

3.07954 

2.81894 

2.42540 

3.44478 

3· 5r815 

3.01574 

3.02035 

3. 51350 

3.50374 

3.884o6 

3.So496 
3.68o9o 

3.oSoo6 

J.88219 

3.93918 

3· 91534 

3· 94010 

3.62319 

3.53958 

3.64388 

3.5o848 
3.01o82 

3.335o6 
3.50403 
3.37622 

3. 56324 

3.30525 

3· 53195 

3· 28g8g 
3,52442 

3.37432 
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BOSTON BAY-Continued . 

. -----~---- --------· -~----------------~-~~- -----t--

Station. 

i----· 

i 
I 

I 

Boylston School, cupola. 

Fort Hill wharf, post. 

Central wharf, cupola. 

India wharf, cupola. 

India wharf, post. 

Grand Junction _wharf, shears. 

Bay State Iron Wo~ks, north gable. 

Bay State Steam-Engine Works, wharf post. 

Adams' School, flagstaff. 

, Hog Island tripod. 

Gas works, north end of Boston, chimney. 

i Gas Works, near Malden Bridge, chimney. 

Miller's River, head of, church. 

Carpet-cleaning factory, ventilator. 

Mill-clam, yellow house, chimney. 

Mill-dam, regatta house, flagstaff. 

Planing mill, chimney. 

Varmsh factory, chimney. 

Riverside Press, chimney. 

Charles River tripod. 

Small red house on marsh, chimney. 

Cloverden. 

i 
Cloverden Observatory, astronomical 

telescope), 1855 and 1864. 
latitude station (zenith ( 

l 
)_ ------------------~- ! 

1
1 Seconds in Latitude. ! metres. 

// 

42 21 2J. 51 I 663. 7 

42 21 15.74 485.7 

42 21 32.54 1004.0 

42 21 29. IO 897.9 

4-2 21 28. 04 865. 2 

42 21 47.39 1462. 2 

42 21 45. 52 1404. 5 

42 21 57.86 1785.2 

42 23 30. 16 930.6 

42 22 01.90 58.6 

42 23 18.75 578.5 

42 22 44.o8 136o.1 

42 21 16.62 512.8 

42 20 56.22 1734.7 

42 22 16. 17 498.9 

42 21 49.54 1528.6 

42 21 09.41 290.3 

42 24 45. SS 1415. 6 

42 22 47.54 1466.9 

Longitude. 

" 71 03 09.02 

71 03 05.16 

71 03 05. 21 

71 02 59. 70 

71 02 59. 09 

71 02 22.93 

71 02 22.31 

71 02 09· 69 

71 01 59.08 

71 00 39.69 

71 03 2S.38 

71 04 29.70 

71 05 48.79 

71 04 39.93 

71 05 51. 67 

71 05 19.01 

71 07 17. 17 

7t 07 o6.33 

71 o6 57.05 

71 07 oo.28 

71 o607.72 

71 07 18.42 

71 07 17.6o 

I Seconds in 
metres. 

206.4 

118. I 

119. 2 

1366.2 

1352. 2 

524· 7 

510. 7 

221. 7 
I 
I 

1351. 91 
I 

907.8 

649.4 

679.41 

u16. 2 

913. 9 

1182' 7 

435· l 

392.9 

144.9 

1305.5 

6.4 

I 176.5 l 
421.4 

402.6 



 

Azimuth. 

o .I I/ 

340 II 10 

314 00 08 

273 35 38 

313 36 22 

322 43 43 

344 19 19 

319 55 36 

346 21 24 

319 44 02 

346 29 22 

338 44 39 
4 12 02 

153 44 39 

239 34 19 

343 47 22 

9 54 IO 

349 43 14 
12 44 48 

6o 46 02 

122 46 44 

66 28 25 

92 15 59 

133 06 00 

284 03 28 

245 1:j 43 

75 25 20 

73 56 29 

106 57 54 
l20 5I 39 

163 52 18 

75 25 22 

Il3 5:·. 40 
1 7 59 52 

181 04 15 

28 33 18 

107 04 15 

33 37 59 
173 34 21 

129 39 54 

177 05 02 
325 Ol 36 

68 46 32 

249 00 39 

10'/ 30 10 

154 OJ.I 

UNITED STATES COAST AND GEODETIC SURVEY. 

Back azimuth. 

O I I.I 

16o II 34 

134 01 12 

93 37 14 

133 37 04 

142 44 25 

164 19 41 

139 56 34 
166 21 42 

139 45 00 

166 29 40 

158 45 12 

184 I[ 55 

333 44 08 

59 35 27 

163 47 46 

189 53 54 
169 43 31 

192 44 25 

240 45 01 

302 45 55 
246 25 21 

272 12 29 

313 05 29 
104 05 02 

65 21 23 

255 23 24 

253 54 13 
286 55 12 

300 49 45 

343 51 23 

255 23 32 

293 50 24 

197 59 22 

I 04 17 

2o8 32 40 

287 03 12 

213 37 15 
355 34 10 

309 38 47 

357 04 53 
145 02 II 

248 45 47 

69 01 37 

287 29 53 
334 OJ.J 

BOSTON BAY-Continued. 

To stations. 

Blind Asylum_ --------------------------
South Boston Point. 
Governor's Island 2 __________ . _________ _ 

Loring's machine shop. 

Loriug's machine shop _______ . ·-- _ ·-· ___ . 

Blind Asylum. 

South Boston Point . ·---- ·-------------· 
Blind Asylum. 
South Boston Point _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ , 

Blind Asylum. 

South Boston Point·--------.. -------------· 

Blind Asylum. 

State Street Block--------------· __ ·-----· 

Governor's Island 3. 

South Boston Point ------ ____ ---· ___ .. _____ . 

Blind Asylum. 

South Boston Point-----------------------

Blind Asylum. 

East Boston Reservoir_ ___ ------------------

Powderhorn. 

Corey ____ -· ________________ -------- _ ----· 

Mouut Auburn. 

Ten Hill Farm 2 . ___ -------- --------------

East Boston Reservoir. 

Powderborn ______ ·--· ----------- ·-- ----- '. 

Mount Auburn. 

Corey_·--------------------------·--
Mount Auburn. 
Mount Auburn _________ _ 

Tuft's College. 

Corey _____ ---· ____ . -----· ---------------
Mount Auburn. 

Corey _________ ·-------------------------

Tuft's College. 
Corey _____ : _______________ --------------· 

Mount Auburn. 

Corey _____________ ---- __ ------ ---------- ,' 

Tuft's College. 

Mount Auburn----------·---------·--------. 
Tuft's College. 

Ten Hill Farm 2 ____ --------------------

Tuft's College. 

Somerville church, 186o -------------- ------, 
i 

Cambridge Observatory. · 

Cloverdcn ____________ . _______ -- -- -- ------1 

Distance. 

Mitres. 
2442. 5 
3041. 7 

3263. 2 

1974.7 

2362.9 

2740. 4 

3067. I 

26o5.4 

3033. I 

2570.4 

3124.4 

3104.9 

2369. 7 

2685. i 

2972. l 

3084.6 

3287 . .; 

2363.0 

1967.3 
6836.0 

7144. l 

1433. 2 

3298.5 

5959.4 
4056.4 

4818.3 

5751.9 

4496. 7 

6765.5 

3859.8 

5038.6 

3334.7 

4032.7 

2675.3 
2250.8 

2692.3 

4976.8 

2974.9 

6o99.7 
2o86.o 

1622.4 

2106. 2 

610. 7 

42.98 

337 

Logarithm~. 

3.38783 

3· 48311 

3· 51364 

3· 29549 

3. 37344 

3.43781 

3.48673 

3· 41587 

3.48189 

3. 41000 

3.49476 

·" 49205 
3· 37470 
3.42906 

3.47306 
3.48920 

T 51685 

3· 54477 

3· 37346 
3.29387 

3.83480 

385395 

3 15630 

3· 51832 

3· i75 20 

3· 6o814 

3.68289 

3. 75981 
3· 65289 

3. 83030 

3· 58657 
3.70231 

3.52306 

3.6056o 

3.42738 

3.35234 

3.43012 

3.69695 

3.47347 

3· 78-531 
3.31932 
3.21017 

3.32350 

2. 78582 

I. 63323 
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BOSTON BA Y-Contiuued. 

--- I 

Station. Latitude. Seconds in i Longitude. Seconds in 
metres. ! metres. 

I ----------· ---·---~ 

I 0 I II 
I 0 I If 

Agassiz Museum. 42 22 44. 52 I 1373· 7 i 71 06 56.04 1282.0 
i 

1265. 41 
i 

Gould's Transitory, 1865. 42 22 41. 01 ! 71 o6 57. 87 1323.8 
i I 

I I. 
Boston, Hollis street church. 42 20 59.42 

I 
1833. 3 i 71 03 53."15 1216.4 

I 
I . I 

Boston, Hanover street brick church. 42 21 49.90 I 1539. 6 ' 71 03 17. 44 399· l 

Boston, St. Mary's church, north spire. 42 21 54.82 1691.5 71 03 29.69 679.4 

Boston Neck, dark spire with clock. 42 20 26.77 826.0 71 04 25. 27 578.5 

Boston, Catholic cathedral, statue. 42 20 12. 67 390·9 71 04 25. 14 575.5 

Boston, Berkley street, yellow spire. 42 20 44- 13 136L 6 71 04 15. 42 353.0 

Boston jail, cupola. 42 21 43.26 

I 
1334.5 71 04 14.44 330.4 

Boston, State prison, cupola. 42 22 28.23 871. 0 71 04 08.84 202.2 

Boston light-house (C. & G. S. & B.), 1834-'47. 42 19 40.74 1257· 0 70 53 26. 18 599.4 

South Boston flats, A. ·• 42 20 21. 44 661.5 71 01 39.28 89g_ l 

South Boston flats, B. 42 20 21. 59 666.2 71 02 14.82 339· 3 

South Boston flats, C. 42 20 15. 97 492.8 71 02 35· 44 8II. 3 

South Boston flats, D. 42 20 30.32 935·5 71 03 o6. 10 139.6 

South Boston flats, E. 42 20 34. 38 106o. 7 71 03 15.65 358. 2 

South Boston Reservoir. 42 i9 58. 48 1804. 4 71 02 46. 56 ' lo66.o 

South Boston, dark spire with turiets, cross. 42 20 JI. 87 983.3 71 03 24.44 559.5 

West Boston bridge, pole on draw. 42 21 41. 49 128o. 2 71 04 26. 12 597. 7 

Charlestown, brick church, cross. 42 22 21.96 677.6 71 03 48. 32 1105. 5 

Outer Brewster. 42 20 29. 40 907.2 70 52•P·16 942.1 

Outer Brewster 2. A2 20 29· 33 
186o. 

905.0 70 52 41. 21 943.3 

Brighton, east church. 42 20 57. 83 1784. 3 71 og 13.03 a,15.3 



 

Azimuth. 

I II 

239 46 25 

104 II 43 
201 09 

266 26 51 

314 19 47 
289 28 50 

343 51 41 
209 o8 56 
277 28 18 

332 43 II 

118 51 24 

273 51 19 
325 27 19 
343 40 01 
86 21 40 

67 33 03 
98 00 50 

130 52 14 
149 01 56 
125 10 34 

173 12 42 

273 07 09 

223 37 47 
J33 37 36 
236 40 03 
142 42 44 

238 46 04 

150 39 04 
250 47 J3 
154 34 42 
253 42 12 

58 23 19 
188 52 41 

252 43 28 
15 o6 56 
66 59 46 

98 54 04 
219 59 52 

247 07 33 
28 48 29 
98 z8 oS 

117 sr 07 

165 21 30 

240 12 54 

28o 25 27 

UNITED STATES COAST AND GEODETIC SURVEY. 

Back azimuth. 

II 

59 47 08 
284 II II 

21 09 

86 29 02 

134 20 39 
109 30 37 
163 52 09 

29 IO 02 

97 29 08 

152 43 37 

298 48 32 

93 52 35 

145 27 45 
163 40 20 

266 19 07 
247 30 30. 

277 57 51 
310 50 09 

329 01 I[ 

305 04 53 
353 12 07 

93 07 45 

43 38 28 

313 36 31 

56 41 o8 

322 41 53 
58 47 22 

330 38 34 

70 48 52 

334 34 18 
73 43 58 

238 22 39 

8 53 o6 

72 45 17 
J95 o6 41 

246 57 20 

278 51 13 

40 OJ JO 

67 o8 39 
208 47 22 

278 24 50 

297 44 56 

345 20 25 
6o 17 51 

JOO 29 54 

BOSTON BAY-Continued. 

To stations. 

Somerville church, 186o 

Cambridge Observatory. 

Agassiz Museum ____ _ 

Governor's Island. ___________ . ___________ _ 

Dorchester Heights. 

Governor's Island ________ ._. ______ _ 

Dorchester Heights 
Powderhom 2 _________ . ______________ _ 

East Boston Elevator. 

South Bay Tripod . 

Mount Auburn. 

Blind Asylum -----· -------- ·-------------· 
South Bay Tripod. 

South Bay Tripod ____ _ 

Corey. 

Corey ______________ .---------------------~ 

Mount Anbum. 

Tuft's College----·-----------
Ten Hill Farm 2. 

Powderhorn __________ . _______________ _ 

Nahant. 

Castle Island ___ ·------------------
Governor's Island. 

Boston State House-------------

Governor's Island. 

_______ i 

Boston State House-----------------

Governor's Island. 

Boston State House 

Governor's Island. 

Boston State House 

Governor's Island. 

South Bay Tripod ______ --------------·-----

East Boston Reservoir. . I 
Governor's Island 2 ________________________ 

1 
South Bay Tripod. I 

. Corey------------------------------------
Mount Auburn. 
Powderhorn ______________________________ _ 

East Boston Reservoir. 
:Nantasket ________________________________ _ 

Deer Island. 

Powderhom 

Nahant2. 

Powderhorn ---------------------· 
Dorchester Heights. 

Distance. 

}J,fefrl'S. 

1683. 3 
II 2b. 9 

116. 2 

445 I. I 

247 I. 9 
3845. 5 
3420. I 

4584. 2 

i711.9 

1933.o 

6664.4 

2576.3 
1557.4 
2348.4 

5201. 6 

5641. I 

6144. 7 

5594.7 

2959.9 
14152.5 
rno68. 1 

1229.4 
1998.4 

3041. 9 
2624.2 

2855.8 

3II5. 9 
2098.4 

3564.7 
1886.5 

3734.7 
1613. 4 

5443.0 
·3872.8 

1942. 5 

5373. 7 
5888.4 

4138.0 
2445. I 

4708.4 
67o6.4 

14246. 9 

8785.0 
11620. 9 

9244.0 

339 

! ,ogaritim1:-,. 

3. 220ltJ 

3· 05~(q 

2. o6534 

3. 39~;03 

3. 584<15 

J.53404 

3.66126 

3.23349 

3. 2.Stu3 

3.82376 
3.41100 

"3- 19 7 41 

3 3707S 

3. 71614 

3.75136 

.>- 78850 

3. 74778 
3. 4il 28 

4. 150832 

4.002949 

3.08969 

3 3oo68 

3.48314 
3.41900 

3.45573 

3.49359 
3.32188 

3. 55202 

3. 27566 
3. 57226 

3· 20775 

3. 73584 
3. 58So2 

3. 28837 

3. 73027 

3.77ooo 

3.61679 

3.38830 
3.67287 

3.82649 

4- 15372 

3.94374 

4.o6524 

3.96586 



 

340 UNITED STATES COAST AND GEODETIO SURVEY. 

BOSTON BAY-Continued. 

----------- ---------------· - ----- ---------

Station. Latitude. I Seconds in Longitude. I Secondsin 
metres. 

1 

metres. 

---~-----------~--
-- !----

, 0 , II 
i 

0 ,, 
Brighton, west church, with clock. 42 20 56.25 1735. 5 71 09 20.29 464.4 

North Brighton, dark spire. 42 21 13.69 422.4 71 08 12.35 282.6 

Moon Head I. 42 18 22.20 684.9 70 59 23.o6 528, I 

Moon Head 2. 42 18 22.04 68o.o 70 59 23. 13 529.8 
186o. 

V'leeks' house, chimney. 42 20 21. 21 654.4 70 53 49.02 !122.2 

Weeks' barn, center chimney. 42 20 23. 48 724.5 70 53 52.86 1210. I 

Kimbal's house, center chimney. 42 20 19. 12 590.0 20 53 26. 75 612.4 

Machine-shop, tall chimney on ridge pole. 42 20 28. 60 882. 5 71 03 59· IO 1352.9 

Gas Works, ventilator. 42 20 50.28 1551.4 71 03 27. 18 622. I 

Fulton Wire Works, south chimney. 42 20 08.04 248.1 71 03 29.56 676.7 

Lawrence School, cupola. 42 20 28.78 888.o 71 03 12.88 294.8 

Railroad tripad. 42 20 52.37 1615. 9 21 02 57.82 1323.5 

James and Pope's timber dock, post. 42 20 32.51 1003. I 71 02 39.68 908.3 

Fort Independence, flagstaff, 186r. 42 20 18.90 583.2 71 00 44. 92 1028.3 

George's Island. 42 19 II. 16 344.3 70 55 42.32 969. I 

Barrel Beacon. 42 19 22.27 687.1 70 55 09. 18 210. 2 

Brookline, Dr. Pierce's church. 42 19 38. 18 1178. 0 71 07 52. 48 1201. 5 

Gallop Island, flag. 42 19 37.30 1150. 9 70 56 21. 48 491.7 

Gallop Island 2. 
186o. 

42 19 37· 97 1171. 5 70 56 23. 16 530.3 

Lovel's Island, pole. 42 19 48. 6o 1499.4 70 55 50. 36 1152. 9 

Nix's Mate. 42 19 53. 55 1652.2 70 56 40.94 937.2 

Sargent's observatory. 42 18 42.75 1319. 0 71 05 41. 40 948.1 

Roxbury, Jamaica Plains, tall chur~h spire. 42 18 36.44 I124. 3 71 o6 59.36 1359. 4 



 

UNITED STATES COAST AND GEODETIC SURVEY. 341 

BOSTON BA Y-Continned. 

,----------,------------------------~--

\ Azimuth. 

1-z:o L ;~ --
' 
I 291 32 25 

16o 03 03 

349 25 19 

307 35 18 

271 37 45 
162 09 04 

271 35 23 
lO 26 44 

64 21 41 

9 Ol 20 

63 40 25 

17 49 II 
121 05 47 

288 37 06 

350 49 29 
261 12 23 

lO 18 00 

271 21 22 

18 52 08 

250 03 59 

23 25 56 

26o 29 57 

337 46 47 
271 53 30 
348 45 22 

8o 43 26 

157 44 51 
312 17 29 

21 IO 17 

237 30 32 

331 21 57 

172 33 44 

225 03 19 
148 27 02 

257 59 01 
312 01 34 

6o 24 12 

132 14 23 

261 48 27 

266 17 44 

313 07 28 

136 39 04 

239 36 20 

158 15 58 

263 46 33 • 

Back azimuth. 

o f II 

6o 29 39 
Ill 33 18 

340 02 44 

169 25 26 

27 36 33 
91 41 09 

342 07 24 

91 38 47 
190 26 23 

244 17 56 
189 01 02 

243 36 43 

197 48 35 
301 00 o6 

I08 38 04 

170 49 37 
81 14 14 

190 17 47 
91 22 00 

198 51 57 

70 05 40 

203 25 33 
80 31 28 

157 47 04 

91 53 55 
168 45 27 

26o 42 53 

337 43 54 
132 18 24 

201 09 20 

57 31 29 
151 22 30 

352 33 37 
45 07 22 

328 26 15 

78 00 46 

132 02 57 

240 22 11 

314 13 15 

81 49 51 

86 19 42 

133 09 03 

316 37 29 

59 38 25 
338 15 16 

83 47 25 

To stations. Distance. Logarithms. 

<-----··---··-· --~-~--

Powderhorn ----·---·----- ·-· -·--------

Corey. 

Mount Auburn ·----- -----· _____ _ 

Corey. 

Deer Island _______ ------------. 

Nantasket. 

Powderhom __ _ 

Nantasket. 

Nantasket ···-------- ________ ---- _________ _ 

Moon Head 2. 

Nantasket _ ··---- --· ____ ---------· __ ------

Moon Head 2. 

Nantasket _ --· __________ ----- _. ___ ··- _____ _ 

Powderhorn. 

Blind Asylum _______________ ----·---·-----

South Bay Tripod. 

Governor's Island 2 _ ·--------------- -----

Sonth Bay Tripod. 

Blind Asylum ____ .-----------·. 

South Bay Tripod. 

Governor's Island 2 ________ ·-----·---------

South Bay Tripod. 
Governor's Island 2 ____________ ---· _______ _ 

Blind Asylum. 

Loring's machine shop ________ --------------

Blind Asylum. 

South Boston Point------------·----------

East Boston Reservoir. 

Nantasket ------ ---· ____________ ·--· _____ _ 

Great Quincy. 

Great Brewster ___ ------------------------

Nantaskct. 
Corey ______________ ··-· ___________________ _ 

Powder horn. 
Deer Island ____________________ -------- __ 

Great Brewster. 

:::s~:~-:~------------ ---------------1 
Deer Island ____ ---- __ ---- ----- - ---· -- ---- ! 

I 

~= ::::::· ________________ -··-· ·-------1 
Nantasket. I 
Corey.----------- --- .. -- ------ - -----------1 
Dorchester Heights. / 

Corey ____ -------------- ____ --··- ____ -----·- j 

1 Sargent's Observatory. 
I 

\ 
I 

Metres. 
II789. 6 

1921. 8 

1879.4 
1265. 3 

553IL 9 

6939. 7 
III07. 8 

6941. 3 

3938.2 
8488.3 

3992.4 
8440.0 

4000·3 

13494.3 
2083. I 

1797.5 
3805.2 

2483.6 

1298. 3 
120+ 8 

3652. 2 

1939.9 

3131. 8 

1511. 0 

847.0 

801. 3 

r 125. S 

5129. 7 
2542.8 

5364.3 
2280.0 

2340.4 

1717.7 

11647. 4 

3040.9 
3658. 6 

3791. I 

4740.8 

3214.9 

2895.6 

4032.3 
4416. 0 

4695.4 
4923. I 

3884.5 
1ig6. I 

4.07150 

3.28371 

3.27402 
3. 10221 

3.74342 
3. 84134 

4.04563 

3· 84144 

3.59530 
3.92882 

3. 6o123 

3.92 634 
3.60209 

4. 13015 

3· 3r872 
3.25468 

3.58038 

3.395o8 

3· 11338 

3.08090 

3· 56256 

3.28778 

3·49579 
3· 17926 
2.92790 
2.90380 

3.05145 

3· 71009 

3.40531 

3.72951 

3· 35793 
3.36929 

3.23495 
4.06623 

3.48300 

3.56331 

3· 57877 
3.67585 

3.50717 

3. 46174 

3.6o555 

3.64503 
3.67167 

3.69224 

3.58g33 

3.25434 



 

:342 ITNITED STA.TES OOA.ST A.ND GEODETIC SURVEY. 

BOSTON BA Y-Coutinued. 

I 

I Seconds .in / I Seconds in Station. I Latitude. Longitude. 
I I metres. , metres. 

! 
~------------------·~----- ---- ---·------1 i 

I 0 , ,, i 0 / ,, 

I 
: 

Roxbury, laboratory, chimney. ' 756.5 52.98 42 19 24. 52 i 71 05 1213. I 

I 
Roxbury, Dr. Putnam's church. 42 19 47.81 I 1475. I 71 05 24.96 I 571. 4 

i 
Roxbury, new Unitarian church. 42 19 42. II I 1299.2 71 04 51. 72 1184. I 

I 

! 
Roxbury Oil Works, chimney. 

I 1262.4 42 19 55. 40 

i 

1709. 4 71 03 55· 14 

Spectacle Island, flag. 42 19 38. 90 1200. 3 70 59 16.66 381. 4 
I 

Squantum. 18 13.89 
I 

428. 7 42 i 71 00 41. 57 952. I 

I 
Thompson's Island, flag. 42 19 14. 6o I 450.5 71 00 16. 12 36g. 2 

I 
I 
I 

Thompson's Island, pole near farm school. 42 19 07.56 233.3 71 00 26.01 595.6 

Thompson's Island 2. 42 19 07.88 243. l 71 00 25.65 587.4 
1860. 

Long Island, south end, flag. 42 18 39.52 1219. 4 70 ~8 37. 16 851. 0 

Long Island, south end 2. 42 18 39.6o I 221. 9 70 58 36.88 844.6 
186o. 

Long Island Hotel, cupola. 
I 

845.4 70 57 53.39 1222. 5 

I 
42 19 27. 40 

Farm school-house, southeast gable. 42 19 05.26 162.3 71 00 27.55 630.9 

Fort Warren, west gable of house. 42 19 13. IO 404.2 70 55 42.40 970.9 

Fligstaff, comer Dorchester_ street and turnpike. 42 19 47.62 146g.3 71 03 26.50 6o6. 7 

Suffolk Cordage Factory, ball. 42 19 38.04 "73· 7 71 04 20.24 463.4 

Point Allerton, flag. 42 18 37. 12 1145. 3 I 70 52 59· 36 135g.4 

Point Allerton beacon, 186o. 42 18 47.08 1452. 6 70 53 oo. 29 6.6 

Commercial Point wharf, flag. 42 18 00. 28 8.6 71 02 38.24 875.9 

Dorchester, Dr. Codman's church. 42 17 26.85 828.4 71 04 18.00 412.4 

Dorchester, church with clock. 42 18 29.6o 913.3 71 03 45.81 1049.2 . 
Summer-house on hill. 42 18 og. 13 281.8 71 04 35.65 816.6 

North Pettick Island. 42 18 o6.28 193.8 70 55 47.57 1o8g.6 .. 



 

UNITED STATES COAST AND GEODETIC SURVEY. 

BOSTON BAY-Continued. 

Azimuth. Back azimuth. I To stations. Distance. 

-------1----------1--------- ---- -------------- ---------
o I II 

212 30 40 

255 04 54 
Ill 20 56 

211 33 50 

109 57 24 
258 02 18 

259 II 56 
345 20 51 
99 26 00 

145 38 57 
142 14 36 

269 36 06 

II5 13 04 

171 30 00 

12 08 47 

120 06 31 

167 49 45 
28o 51 22 

199 05 54 
277 05 50 
156 01. 13 

2o6 26 25 

147 28 37 
205 16 44 

168 II 30 

280 16 09 

313 15 05 

72 42 46 

42 03 44 

243 58 o8 

249 59 19 

285 31 53 

70 21 32 

158 IO 17 

85 00 04 

128 53 46 

18o 48 II 

261 03 o6 

205 48 41 
253 39 z8 

zo8 55 54 
276 32 o6 

217 51 19 
268 24 26 

261 44 14 

156 19 52 

O , II 

32 33 22 

75 07 07 
291 19 IO 

31 36 I4 

289 55 16 

78 03 49 

79 12 51 

165 20 57 
279 23 46 

235 38 02 
322 13 19 

89 40 23 

295 l l 30 

351 29 45 
192 08 37 

300 05 04 

347 48 47 
100 55 28 

19 o6 39 

97 08 43 

335 59 02 
26 29 19 

327 25 56 
25 19 09 

348 ro 33 
100 20 16 

133 16 00 

252 40 17 

222 03 30 

63 58 44 

70 00 31 

105 32 16 

250 20 38 

338 09 46 

264 55 46 

308 47 48 

0 48 13 

81 04 25 

25 49 50 

73 41 54 
28 56 41 

96 34 10 

37 52 40 

88 27 04 

81 45 13 

336 J8 42 

! 
J Powderhom __________________ ------ ____ _ 

I ~:::;~:~e:_~~i~~:~·- . --- _______ . ---- _____ _ 

I Powderhorn. 

111 ~~=::;;~:~~~~:-:_~:- ~-- __ -. ~-~ ~~~~ ~~~-
South Bay Tripod. 

Dorchester Heights ______________________ _ 

Governor's lsla11d. 

Dorchester Heights __________ .. 

Nantasket. 
Dorchester Heights ________________________ : 

Governor's Island. 
Squanturn ____________ .. _________________ _ 

Dorchester Heights. 

Powderhom 

Nanta~ket. 

Deer Island_·------------- ____ ------------

Nantasket. 
Powderhorn ________________________ . ____ _ 

Nahant 2. 

Powderhorn _________________ _ 

Nahant 2. 

I~:::~~~~-----·----
Nantasket _____ --------------------------

Moon Head 2. 

South Bay Tripod .. 

Blind Asylu'?-. 
Blind Asylum ____ .--··· ___ . ______________ _ 

South Bay Tripod. 

Nantasket ------------------ ·----
Great Brewster. 

Moon Head 2 __________________ -------- ----

Powderhorn. i 
J ::::::~Heights------------------------) 

Dorchester Heights ______ ------------------! 
Squantum. [ 

~:::::~ H:ights ------ ------------ -----· 1 

Dorchester Heights_·------------------ --- - 1 

- --l 
Squantum. 
Nantasket _____________________ . __ 

Deer Island. 

,lfetres. 
10253.4 

4669.0 

3864.5 

9304. 2 

4639.0 

3178. 2 

1917.6 

775. 3 
4623.3 

3341. 4 
4275.0 

8735.3 

3537· 4 

3547.4 
1693.5 

3437.6 

9368.7 

8522. 8 

4629.0 

5931. 0 

10979·4 
13276.4 

10149.9 

11514. 9 

9438.9 

8551. J 

2584.8 

5295.0 
686.4 

1366.5 
2616. 3 

8oo. 2 

1965.9 
2820. I 

8802.0 

15623.9 

38oo. l 

2705. l 

5367. 0 

5165.6 

3308.0 

4247. 5 
4467. 0 

5363.6 
2022.2 

5896.0 

343 

Logarithms. 

4· 01087 

3.66922 

3.58709 
3.96868 

3.66642 

3.50218 

3.28275 

2.88946 

3.66501 

3.52393 

3.63094 

3. 94128 

3.54868 

3.54991 

3.22879 

3.53626 

3.97168 

3- 93058 

3.66549 

3· 773 13 
4.04058 

4. 12308 

4.oo646 

4- o6126 

3.97492 
3.93202 

3. 41242 

3.72387 

2.8366o 

3. 1356o 

3. 41769 

2. 90318 

3.29357 

3. 45026 

3.94458 

4. 19379 

3.57979 
3.43219 

. 3. 72973 
3.71312 

3.51956 
3· 62813 

3.65002 

3.72946 

3.30582 

3· 77056 I 
I 



 

344 UNITED STATES COAST AND GEODETIC SURVEY. 

!----

North Pettick Island 2. 

1860. 

South Pettick Island. 

Station. 

Rains ford Island, flagstaff. I 846. 

Rainsford Island flag, 186o. 

Hull, Oregon House, cupola. 

Hull, Steamboat Hotel, cupola. 

Strawberry Hill, barn. 

Neponset church. 

Hangman's Ledge Beacon. 

Forbes. 

Crow Point. 

Sagamore Head. 

Turkey Hill. 

Eaton's Hill, flag. 

Parker's Hill. 

Paine's Hill observatory. 

Thayer's Hill, yellow house, chimney. 

Bunkin Island, flag. 

Black Rock 

Grape Island, flag. 

Baker's Hill. 

Hingham, church with clock. 

Hingham, old church. 

BOSTON BAY-Continued. 

-~------

1 Latitude. I Seconds in l 
, I metres. \ Longitude. 

I I 

·-----1---:-~:-
1 0 ~ " II : 0 II 

! 42 18 o6.32 195.0 i 70 55 47.73 

I I I 
I ' i 
I 42 17 23.82 735 0 I 

, ,,., .,. ,, .#\:, I 

42 18 46.91 1447.41 

42 18 12. 14 374. 6 i 

I 
42 18 16.26 

42 17 22. 52 

42 l7 44.75 

42 14 25.68 

42 15 44· 08 

42 13 45.6o 

42 14 OJ. 56 

42 r6 51. 86 

42 16 oS.56 

42 16 07.28 

42 14 35.94 

• 

42 14 26.68 

501. 71 

694. s I 
I 

358. 5 I 
i 

138o.8 

1295.3 

754.7 

792.4 

136o. 0 I 

14o6.9 

1588. 7 

16oo. I 

224.4 

1058. 9 

70 57 07. 41 

70 57 07. 12 

70 54 47-44 

70 55 08. 29 

70 52 49.47 

70 57 39.22 

70 51 14. 22 

70 59 53.43 

70 46 49.45 

70 58 IO. 55 

70 54 02.85 

70 49 28.42 

70 55 27. 21 

70 54 28.47 

70 53 29.43 

I Seconds in I 
metres. 

1093. 3 

1183.5 

16. 3 

1086.6 

II33. 4 

I 21 I. 3 

1065. I 

326.0 

1133. 8 

g85. I 

652. 7 

343.0 



 

UNITED ST4'1TES COAST AND GEODETIC SURVEY. 

Azimuth. 

I II 

95 38 01 

143 01 03 

117 22 37 

193 50 21 

r72 35 15 

284 04 03 
76 IO 22 

146 24 19 

138 15 57 

182 59 34 

91 46 25 

139 21 34 

74 23 16 
128 17 29 

184 II 19 

237 24 42 

122 13 42 

181 46 36 

171 16 48 

242 42 23 
52 o6 28 

107 33 39 

91 08 35 

134 56 45 
74 18 26 

149 02 02 

238 28 21 

342 II 42 

57 38 54 
102 09 14_ 

218 09 50 

325 35 44 

19'i 42 21 

266 22 55 
8o 31 42 

171 15 41 

93 29 04 
120 25 58 

201 IO 25 

263 54 o8 

r33 52 31 
181 36 04 

125 23 58 

213 49 45 

124 57 22 

162 17 38 

Back azimuth. 

II 

275 35 36 

322 56 58 

297 20 55 

13 52 04 

352 34 59 

104 05 55 
256 08 50 

326 21 07 

318 II II 

2 59 54 

271 43 34 
319 17 02 

254 20 23 
308 16 28 

4 II 30 

57 26 10 

302 10 22 

I 46 42 

351 16 10 

62 47 18 

232 03 II 

287 31 24 

271 05 02 

314 55 04 

254 13 27 

328 59 57 
58 32 05 

162 12 32 

237 35 47 
282 07 12 

. 38 Ir 35 • 

145 36 27 

r6 43 04 
86 28 31 

26o 29 38 

351 IS 29 

273 23 56 
300 22 42 

21 II 10 

83 56 34 
314 50 44 

I 36 IO 

305 21 32 

33 50 52 

304 54 46 

342 17 17 
-----·~ __ _,__ __ _ 

BOSTON BAY-('ontinneil. 

To stations. 

Moon Head 2 -------------·. ----------·--

Powderhom. 

Moon Head 2 

Nahant 2. 

Deerisland _______ -------··--------------

Nantasket. 

Moon Head 2 

Powderhom. 

Powderhorn 

Nahant 2. 

Moon Head 2 ---------------- ·------------

Powderhorn. 
Great Quincy ___________________ _ 

Nantasket. 
Dorchester Heights ________ . ________________ . 

Squantum. 

Dorchester IJ eight•-- ______________________ _ 

Deer Island. 
Dorchester Heights. _______________________ _ 

, Nantasket. 
White's Hill ___ . ______________ . __ . _ 

· Great Quincy. 
Great Quincy ___ ... ______ . __ . ______________ _ 

Nantasket. 

White's Hill _________________________ -----/ 

Nanta<;ket. i 
Nantasket_ ____ . ----·-· -------· ___ ·-- _____ i 

White's Hill. : 
Prnspect Hingham _________________________ J 

' Scituate. l 
I 

: Great Quincy ______________________________ i 
White's Hill. 
Great Quincy ____________________ . _______ -I 
Scituate. ' 
Great Quincy ___________ . _________________ j 

Nantasket. ' 
Great Quincy ________________________ ._-· ... J 

Nantasket. I 

Nantasket_ ______________ ----- _______ . ____ -: 

Sagamore Head. 

Great Quincy _____ ·------------ ______ ------! 
Nantasket. 

I 
Great Quincy _________________ - . __ - - _ - ___ - - i 

I 
Sagamore Head. · i 

i Great Quincy _______________________ ------l 
Crow Point. J_ 

Distance. 

.Jletres. 
4957.5 

13848. 4 

3905.4 
14651. I 

4183.6 

3948. 2 

3208. 2 

11774. 7 

14585.8 

12750. 0 

5839. 7 
14175.6 
6124. 2 

2648.3 

5315.3 

3569.3 
8o29. 7 

6066. 7 
86o2.4 

11308.4 

8510. 8 

4817.0 

7261. 6 

4859. 7 
1o6o4.o 

82n.9 

8953.9 
5561. l 

7542.9 

4263.4 
5788.6 

2583.7 

5075.2 

II471. 5 

4275.2 
2617.0 

10525.0 

7751. 0 

4249· I 

5005.0 

5035.6 
6782. 7 
6112. 7 

4090·9 
6484. I 

2373.6 

345. 

I.ogari thms. 

3.69526 

4. 14140 

3.59167 
4. 16587 

3.62155 

3· 59640 
3. 50626 

4.07095 

4. 16393 

4. 10551 

3.76639 

4. 15154 

3. 78705 

3.42297 

3.72553 

3· 55258 

3.90470 

3· 78295 
3.93462 

4.05340 

3.92997 
3.68278 

3· 86102 
3.6866o 

4.02547 

3.91792 
3.95201 

3.74516 

3· 87754 
3.62976 

3.76257 

3. 4122+ 

3· 70545 
4.05962 

3.63096 

3.41780 
4.02222 

3.88936 
3.62830 

3.6994o 

3. 70205 

3.83140 

3.78623 
3.61182 

3· 81185 

3.37541 



 

346 UNITED STAT.ES COAST AND GEODETIC SURVEY. 

BOSTON BA Y-Coutinned. 

Station. Latitude. 

,, 
Hingham, Old Colony House, cupola. 42 14 51. 75 

Hingham, Great Plain church. 42 12 38.35 

Milton, old church. 42 15 12. 35 

Milton Mills, tall church spire. 42 r6 26.49 

Wellington Hill, flag. 42 16 59. 24 

Atlantic House, chimney. 42 16 03. 02 

' ' Rockland House, cupola. 42 rs 56.90 

Pig Rock Beacon. 42 16 44.04 

Quincy, Bent's Point church. 42 14 45. 75 

Quincy, stone church. 

; Quincy, black top church. 42 15 oo.66 

, Minot's Ledge light-house, 1847-'77. 42 16 II. 16 

; Cohasset church. 

Weymouth Great Hill, flag. 42 14 59· 38 

North Weymouth church. 42 13 46.46 

East Weymouth church. 

King Oak Hill, pole. 

Seconds in: 
metres. 

-----··--------. ----

I 

1596. 7 ! 

n83. 2 i 
! 

381. 0 : 

I 

81 7. 3 I 
i 

1827. 8 

I 
93·3 

1755· 5 

1358.8 

f4.II. 6 

131. I 

20.4 

344.3 

1099· 3 

1832. I 

1433.4 

1555· 0 

0 , ,, 
70 52 22.62 

70 53 04. 50 

71 04 50.38 

71 04 07.96 

71 05 44. 08 

70 50 53. 05 

70 51 I0.05 

70 56 22.65 

70 58 31. 97 

71 00 12. 98 

70 59 49. 90 

FROM OAPB COD BAY TO BOSTON B.AY. 

--------
I I Monk's Hill (C. & G. S. & B.). 41 57 39. 108 12o6. 7 70 43 23.3g8 

I Carolina Hill. 42 o6 58. szo : 18o5. 4 70 43 52.853 
I 

I I 
I I Prospect Hingham (C. & G. S. & B.). 42 II 34- 686 1070.2 70 51 27.166 

42 00 17. 8g6 552. 2 70 58 00. 109 , Sprague (C. & G. S. & B.). 

I 
1-----------· 

518. 5 

103.2 

1154. 8 i 

182.4 

1010.0 

1215.7 

230.3 

519.0 

732.9 

297. 5 

538.81 

1214. 2 / 

623.3 

2.5 



 

Azimuth. 

O I II 

128 52 51 

194 37 39 
236 o8 45 

3II 19 53 

156 05 43 

198 55 o6 

197 28 34 

234 57 19 

154 25 49 
217 09 14 

95 23 14 

130 47 57 
330 II 22 

I 57 01 

168 51 04 

224 45 27 

221 39 51 
301 08 21 

233 48 32 
.298 09 03 

233 51'57 

337 44 08 

58 34 57 
107 44 55 
247 40 IO 

300 37 12 

zo6 44 50 

3II 55 34 
58 02 II 

173 45 40 
189 II 15 

292 38 II 

64 59 51 

169 43 o6 

288 41 59.,6 

130 53 24.9 

357 44 58.0 
1o8 43 33.0 

309 12 12. 3 

95 50 00.1 

ll83 33 45.4 
t.52 03 25. 9 

UNITED STATES COAST AND GEODETIC SURVEY. 

Back azimuth. 

/ II 

308 SI 55 
14 38 01 

56 lo 55 

131 20 58 

336 03 34 

18 56 37 

17 29 36 

54 59 38 

334 24 16 
37 II 21 

275 19 03 

310 45 38 
150 12 15 

181 56 58 

348 50 18 

44 46 49 
41 42 40 

121 13 07 

53 52 29 

:118 14 56 

53 53 47 

157 44 55 
238 32 05 

287 39 03 
67 41 27 

120 39 09 

26 46 20 

131 59 00 

238 00 53 

353 45 24 

9 12 03 

112 40 55 

244 58 21 

349 42 38 

BOSTON BAY -Continued. 

To stations. 

Crow Point _______ . __ . ___________________ _ 

Sagamore Head. 

Scituate .... ______ ------------------------

Prospect Hingham. 

Corey ________ ---------- ----------- _____ · 

Dorchester Heights. 

Dorchester Heights ______________ . ________ _ 

Sqt1antum. 

Corey _______ .- _ 

Dorchester Heights. 

Great Quincy _________ _ 

Nantasket. 
, Scituate. ___________ . ____________________ _ 

· Turkey Hill. 

Deer Island 

Nantasket. 
Nan task et ______ .. ____ . _______________ . 

Prospect Hingham. 

Nantasket _____ ·-----· _________ ·----------. 

Prospect Hingham. 
! Great Quincy _____________________________ . 

, White's Hill. 
: Scituate . __ . _________ . _ .. ______ _ 

i Nantasket. 
: Ocean House __________ _ 

1 Cat Hill. 
i Nantasket _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ______ _ 

Prospect Hingham. 
W:h.ite's Hill ____________________ ---· _____ _ 

! Great Quincy. 

Nantasket ·---- ·----------------
Prospect Hingham. 
White's Hill _______________________ _ 

Great Quincy. 

FROM CAPE COD BAY TO BOSTON BAY. 

1o8 47 17. 3 

310 37 40.4 

177 45 17.7 
288 28 o6.8 

129 17 17. 2 

275 39 38. 4 

103 43 31. 8 

331 57 28.8 

1 Manomet _________________________ .. _ 

1 Blue Hill. 

Monk's Hill ____ --------------·------------

Blue Hill. 

Carolina Hill-------·--------------------
Blue Hill. 

Monk's Hill 

Blue Hill. 

Distance. 

Metres. 
2469.3 
2956. 2 

5336. I 

2973.9 
10836. 3 

9494.9 
7017.3 

5774 3 

7325. 5 

7132.3 

86o4."4 

6267. 6 

3635.6 
2816.4 

8<>90.0 

3983.3 
867+0 

11387. 5 

10012.0 

13683. 3 

4625.6 

4273. 8 

6892. l 

12637. 7 
2822.2 

4629.0 

6783.6 

944i· I 

3145.9 
5045.8 

IOl67.6 

6o63.9 

3390.7 

5334.0 

1156o. 9 

4276o. 3 

17273. I 

33418. 6 

13468.5 

21339.0 
20768.8 

26o68. I 

347 

Logarithms. 

3.39257 
3.47073 
3.72722 

3.47332 
4.03488 

3· 97749 
3.84617 

3.76150 
3.86484 

3.85323 

3.93472 

3· 79710 

3.56058 

3.44970 

3· 90795 
3.6oo24 

3.93822 

4.05643 
4.ooc52 

4. 13619 

3.66517 

3.63081 

3· 838352 
4- 101667 

3-.+5059 
3.66549 

3· 83146 

3.97530 

3· 49775 
3· 70293 
4.00722 

3. 18275 
3.53029 

3· 72705 

4- o62992 

4. 631041 

4. 237371 
4.523988 

4. 129319 

4.329175 

4.317410 

4.416109 



 

348 UNI'fED STATES COAST AND GEODETIC SURVEY. 

PROM CAPE COD BAY TO BOSTON BAY-ContinntJd. 

' 
Station. Latitude. 

1 Seconds in Longitude. i Seconds in: 
metres. metres. I 

-- --·---- -------·----~ -----· 
' 

Gu met. 
II II I 

I 
42 00 1i.398 I 351. i 70 36 o6.055 139. 4 \ 

Brant. 42 05 17.310 5J4·4 70 38 28. 702 659.7 

Whit~. 42 07 05.938 183. 2 70 41 24- 595 565. 0 i 

Alden (Borden). 41 49 48. 328 • 1491. I 70 57 02.790 
· 1 

64.4' 

Telegraph Hill (Borden). 42 o6 53. 638 . 1654. 9 , 70 41 50. 218 i 1153. 6 

Scituate light-house (C. & G. S. & B.)., 1834-1849. 42 12 17. 316 534. 3 70 42 58.736 1347.4 

StaudU.h. 42 00 50.77 1566. 4 70 40 58.21 1339.4 

i 
Standish monument. 42 00 50.24 1550. o · 70 40 57.66 1326. 7 1 

Plymouth. 41 57 24. 78 764. 5 ' 70 40 07. 93 182.6 

Plymouth Pier Head. 41 58 46.50 1434. 6 70 39 13.38 3o8.o 

Plymouth Court-House (Borden), 1835. 41 57 26.37 813. 5 70 40 02.23 51. 4 

Plymouth National Monument. 41 57 36.69 1132~ 0 : 70 40 34.87 8o3.o 

Plymouth (Gurnet) light-hou>e (Borden), 1835. 42 00 12. IO 373.3 70 36 04.33 i 99.6 

Plymouth (f;urnet) light-house, 1848--1870. 42 00 12 30 379.5 70 36 04.03 92. 7 

North Plymouth Rope \Vorks. 41 58 47.50 1465. 5 70 41 20. 16 464. I 

Kingston. 41 58 53. 29 1644. I 70 41 5+ 63 1257.6 

Kingston spire. 41 59 36.08 1113. 2 70 43 52.77 1214.6 

42 02 08. 10 249.9 70 40 24.05 553.2 

West Duxbury Unitarian steeple. 42 02 o6.65 205.2 70 41 33.44 769.2 

Duxbury, astronomical longitude station, transit, 1869-1870. 42 02 55. 18 1702. 5 70 40 10.¢ 252. I 

I 

I Duxbury Pier light-hoU£e, 1877. 41 59 14.94 461.0 70 38 56.57 1302 2 

i 
[ Pawder Point. 42 02 49. 15 1516.4 70 39 10. 75 247.2 

Eel River steeple. 41 56 15. 18 468.3 70 37 49.12 1131. 6 

I 
i --·- --------



 

UNITED STATES COAST AND GEODETIC SURVEY. 

FROM CAPE COD BAY TO BOSTON BAY-Continued. 

Azimuth. llack azimuth. 

" 0 " 

65 01 23. I 244 56 30.6 

139 31 49. 6 JI9 26 36. 9 

346 52 48.7 166 54 49.5 

25 38 52. 9 205 35 35. 6 

338 49 17. 8 158 53 16.4 

8 53 29. 3 I88 52 og. 7 

249 58 27.9 70 12 52. 2 

232 2I 54.6 52 JI 01.8 

337 04 39.9 157 08 55.7 

7 08 55.9 187 07 53.5 

347 I8 50. I I67 I9 53·3 

IIO 58 42.6 zgo 54 05.4 
28o I2 52 100 16 08 

32I 41 01 I41 44 42 

321 40 59 141 44 39 

29 38 55 209 37 18 

227 15 55 47 18 37 

95 37 36 275 35 25 
318 o8 22 138 10 53 

238 42 27 58 44 32 

297 43 29 117 46 32 

171 55 58 351 54 46 

297 13 46 Il7 17 II 

91 07 04 271 05 II 

354 21 IO I74 21 34 

65 00 30 244 55 36 

To stations. 

Monk's Hill _ _ _ _ ______ . _____________ _ 

Carolina Hill. 

Manomet _____ _ 

Monk's Hilt 

l Manomet ____ ------ -----· -··-- ____ .. __ 

Monk's Hill. 
Manomet __________________ . ____________ _ 

Monk's Hill. 
Manomet _ _ _ _ _ _ _ _______________ . _______ _ 

Monk's Hill. 

'Vhite _______________ .. _____ - - - - - - - - - - - - -

i Scituate. 
' Gu met ___________________ . ______________ _ 

Manomet. 
1\1.anomet ________________________________ ! 
Monk's Hill. J 

; Gumet ______ ------------ ---------- ____ . 

Monk's Hilt 

~==e:et ---- ---------------- - -------- i 
~~:::;~ ~~;l~- --------------------------, 

, Manomet ------ --------------------------! 
I Monk's Hill. 
I . 
1 Manomet ______ ---------------- ___ ·------ i 

Monk's Hill. I 

3!: ~ ~; ::: ~:: ::~~e~;l~~--- ---------------------·----1 

:: ; : :: :: !: =::: - ----:---:-·:·:- ----1 
253 I 5 01 73 18 54 Gurnet. \ 

264 09 52 84 15 04 Gumet ------ -----------------------· ----1 
349 23 13 I6g 23 33 Monk's Hill. I 

I 
330 25 04 150 28 22 Manomet _______ --r--------------- .. -----1 

26 27 35 zo6 25 35 Monk's Hill. j 

324 52 26 144 56 30 Manomet ------ --------------------------, 

3;: :! ~ :~: :; :: ~:::~e~~~~- ·---------------------------
51 43 52 231 42 57 West Duxbury Unitarian steeple. I 

324 14 45 144 17 04 Manomet ------ --------------------·-----i 
64 19 24 244 16 26 Monk's Hill. I 

158 47 31 338 46 01 White_-~------------·----•---------- ·---1 
191 56 15 II 56 43 Brant. I 

I 

\..---I-l:~;_;_:4_6 __ ..:..__~_8_;_;_;_! __ ..;.......~_:_:_e_~_~_-;~. -- -- -- -- --- ----- -- ·· -· --- ------1 

Distance. 

Metres. 
11110. 6 

16522.3 
18329.6 

15679.0 

22734.4 

17700. 8 

31749.7 
23827.8 

226o3.6 

172.42. 9 

9847.4 

IOI29. 5 
6831. 7 

12266. 5 

12245.9 

6784.7 

7578.4 

4523. I 

7777- 5 

5045· I 

7134.8 

17677- s 
7948.2 
3881. 8 

8476.6 

11155.8 

8482.2 

u164.o 

9983.4 
7679.4 

10737.2 

8377. 4 

10796.7 
3672.0 

138n. 5 

9269.2 
14628.8 

8633.6 

14957.9 
2416.6 

8219. 2 

6818.0 

3499.4 
4672.5 

7664.8 

8123. 3 

349 

Logarithms. 

4.045737 
4. 218o69 

4. 263152 

4. I95317 

4.356683 

4.247994 

4. 501739 
4. 377083 

4.354178 
4.236610 

3.993321 

4· 005586 

3.83453 
4.o8872 

4.o8799 
3.83I53 

3· 87958 

3· 65544 
3.8go84 
3.70.287 

3.85338 

4 24742 

3· 9002 7 
3· 58903 
3.92822 

4.04750 

3.92851 

4.04782 

3.99928 

3.88533 

4.03089 

3. 92311 

4.03329 

3.56490 

4. 14024 

3.96704 
4. 16521 

3.93619 

4· 17487 

3.38320 
3.9I483 

3.83366 

3.92939 
3.66g55 

3.88450 

3· 90973 



 

350 UNITED ST.ATES OOAST .AND GEODETIO SURVEY. 

FROM CAPE COD BAY 'l'O BOSTON BAY-Continued. 

' 

I 
Station. 

--·----~-----~-----

Latitude. 
!'Seconds in i 
:• metres. ! Longitude. 

! --- ____ ,___ _ ___ ,----1---------··-~---

I II 

i Seconds in 
metres. 

Webster' i flagstaff. 

Webster's (Hon. Daniel) house, west chimney. 

Lewis. 

Hatch. 

Third Cliff. 

Briggs. 

North Marshfield Unitarian spire. 

Scituate Unitarian church. 

Studley. 

Bonney. 

Coleman. 

fl 

42 04 39.21 

42 08 09.45 

42 o8 o8.48 

42 IO 49.78 

42 IO 02.49 ! 

42 08 30.I5 

42 I2 oo.6') 

42 08 I3·49 

42 03 10.50 

42 IO 42. 14 

CAPE COD BAY AND PENINSULA. 

Provincetown. 

Scargo. 

Chatham (C. & G. S. & B.). 

Mill Hill (C. & G. S. & B.). 41 46 34. 142 

Griffin's Island. 4I 56 I4. 374 

Race Point light house, 1877. 42 03 4+ 564 

Long Point light-house, I877. 42 01 59.467 

Wood End light-house, 1877. 42 OI I6. 6o8 

Cape Cod (Highlands of Truro) light-house, 1877. 42 02 2J. I65 

Billingsgate light-house, 1868. 41 52 18.221 

1209. 8 70 40 13.77 316. 5 

I489.o l 70 40 47.07 lo8I. 9 

291. 6 70 43 13.6') 314.4 

i 
261. 6 i 70 42 II.36 26o.9 

1536.0 70 43 OI. 94 44.5 

76.8 70 44 57.3I I3I5·5 

930. 2 I 70 44 29.46 I 676. 5 

21. 31 

I 
70 45 22.19 509.0 

4I6. 2 I 70 48 07.38 I68. 5 

324. o I 
! 

70 52 34.01 782.1 

1300.2 I 10 43 38.65 887.0 
I 

_____ i ----------' 

1053.4 

'!43·4 70 04 o6. 046 j 139.3 

1374 9 \ 70 14 36.98g .,850.4 

i 
1834. 8 i 

I 

5I2.4 I 
11+ 1 J 

: 

70 IO 09· oo8 I 207. 2 

70 II 38.491 I 885.7 

I 
I 

916. I 70 03 39· 8331 

70 04 09.871 227.6 

----------------·--·-------------------~--------'--------------'-----

562. I l 
I 



 

Azimuth. 

0 If 

338 27 38 
18 37 16 

168 31 40 

328 55 09 

182 J4 05 
Jo8 00 48 

315 5J 32 
330 53 39 

3 07 15 
342 03 27 

241 07 54 

J25 41 36 
167 21 18 

204 59 J3 
261 07 41 

329 OJ 24 

14J 33 42 
208 23 25 

185 37 46 
239 31 24 
197 19 o6 

135 34 38 

67 31 32.8 

17 54 15.3 
178 50 07. 6 

66 35 20.7 
105 45 02.0 
75 04 18.8 

74 45 44.4 

153 13 22.7 

141 59 15.2 
342 SI 22.2 

62 37 00. I 

ti 38 05.1 

71 34 23.9 
20 59 38.6 

72 33 29.5 
18 52 17.5 

74 19 09.7 
JI I2 18. I 

32 12 30.4 

332 o8 25.9 

UNITED STATES COAST AND GEODETIC SURVEY. 

FROM CAPE COD BAY TO BOSTON BAY-Continued. 

Back azimuth. To stations. Distance. 

0 ,, 

-1-----------------
' 158 30 49 I - i Manomet ______ . -------------------------

Metres. 
17925. 9 

I 

2 34 15 
·128 02 01 

135 56 01 
150 54 IO 

162 04 J2 
61 09 II 

145 42 45 
347 20 59 

25 00 32 
81 og 17 

149 04 04 
323 JI 28 

28 25 16 

5 38 31 
59 37 13 
17 19 33 

315 33 28 

247 15 24.4 

197 47 55.4 
358 49 47. I 

246 28 41. 5 

285 J7 01.9 
254 51 15. 5 
254 J8 36.3 

33J 05 52.7 
321 54 24.5 
162 54 01. 7 

242 23 03.0 

191 J3 56.3 
251 17 27. 8 

200 52 31. 0 

252 17 33.4 
198 46 og.7 

25J 57 53.2 
211 00 50.8 
212 o8 03.8 

152 II 07. 9 

! Monk's Hill. 

I 
:~:e~ ~~~~:.------------------------- ----
~cituate light-house _. ------ ·--- ___________ _ 

I:!:: _________________________ -----------
1 ~::~- ---- ------ -- ---------- -- - --

1 Third Cliff __________________ ------ _______ _ 

1 Lewis. 

Briggs-----------------------------------
Third Cliff. 
Scituate light-house . __________ • ___________ _ 

White. 

Prospect Hingham------------------- _____ _ 

Scituate Unitarian church. 

Prospect Hingham-----------------------
Carolina Hill. 

\Scituate light-house-----------------------

! Scituate Unitarian church. 

CAPE COD BAY AND PENINSULA. 

Manomet ---- ------------ ---------------- i 
Shootflying. 
Provincetown ____________________________ , 

Shootflying. 

Scargo •. -----------------------·· ·-------·' 
Hyannis. 

Scargo ____________________ ------------··---: 

Provincetown. 

Provincetown _______ ----------------------; 

Mill Hill. 

Manomet _ ------ •• ___ . ______ ---- ·--- __ ----

Shootflying. 

Manomet ____ ----·-------------- ---------· 
Shootflying. 

Manomet·--------------------------------
Shootflying. 

Manomet_ ______ • ___ - - - - -- -- __ . - -- --------

Shootflying. 

Scargo ______ ------ ----------------------
Mm Hill. 

IJ676. 3 

4334.8 
4290.9 
7655. 6 
3181. 0 

7352.4 
2208.5 

4954.6 
7259. I 

3023.3 
4222. 2 

2920. I 

4753-7 
JJ30.9 

1o6o4. 5 

7717. 7 
7970.0 

156JI.8 
13891. 5 
3076.0 

3J9J·9 

36og5. I 

42821. 5 

34746.5 
15119.J 
17321. 8 
28226. 4 

153g6.6 

J4J8o.9 
16224.2 

18731.8 
32465.0 

42747.2 
36893.J 
41J6I. 8 

34527. 5 
39416.5 
45668.2 

45974.5 
17340.0 
12004.8 

351 

Logarithms. 

4.25348 
4.IJ597 
3.6J6g7 

J.63255 
3.88Jg8 
3.50256 
3.8664J 

3· J44IO 
3.6g501 
3.86o88 

3.48o48 
3.62554 
3.46540 
3.6770J 
3· 52256 
4.02549 
J.88749 

3· 90146 
4· 194m 
4· 14275 
3.48798 

3-5J07° 

4· 557448 
4.631662 

4· 540911 
4.1795Jo 
4.238592 
4.450655 
4.187426 

4.536317 
4. 2IOl6J 

4· 272579 
4· 511415 

4· 630907 
4.566947 
4.616599 
4.538165 

4.595678 
4.659614 
4.662517 
4- 239050 
4.079357 



 

352 UNITED STATES COAST AND G~ODETIC SURVEY. 

CAPE COD BAY AN'D PENINSULA-Continued. 

German Hill. 

Point Gammon. 

Monomoy. 

Rock Point. 

Orleans 2. 

1868. 

Atwood. 

Hamblin's Hill. 

Station. 

Bonme's Hill (C. & G. S. & ll.). 

Small's Hill (Borden). 

Peaked Cliff. 

Holmes. 

Scorton N eek. 

Mount Schaum. 

Scorton Hill. 

Indian Brook. 

Blacldish Creek. 

Hamblin's Mound. 

Cambria. 

Highland. 

Pam et. 

Stout. 

Lombard Head. 
I 
\Race. 

L_ 

Latitude. 

41 35 37. 6o2 

41 47 32. 585 I 

41 45 II. 393 

41 41 49.931 

41 44 oo. 8r8 ! 

42 00 35. 256 i 

41 55 26. 564 j 
I 
! 

41 44 19. 130 ! 

· 41 45 25. 096 I 

41 43 17. 2571 

41 54 28. 86 

41 56 '4· 18 

41 59 14. 88 

42 01 41. 33 

42 00 14.91 

42 04 og. 52 

41 55 51. 66 

42 04 50. 41 

----- ---·------~ 

Seconds in 
metres. l 

862. 7 

I 
153. 2 ! 

116o. 0 i 

399· 5 

1005. 4 

351. 6 

1540. 4 i 

25. 2 i 

968. I 

819.5 

I 
I 

590. I I 

774· 2 

532.4 

936.7 

1l9o.4 

437. s ) 

459· I : 

1275.2 

46o.o 

293.8 i 

1593.9 I 

1555·3 

Longitude. 

o I II 

70 12 35. 978 i 

70 15 39· 322 l 
! 

69 59 03. 358 I 

70 02 10.298 

70 32 25. o6o i 

70 32 39· 017 

70 23 41. 434 

70 00 23.41 

70 OJ 04.8o 

70 02 47.46 

70 00 45· 13 

70 02 47.49 

70 04 52. 68 

70 07 32.83 

6g 58 51. 02 

70 12 !16.65 

Seconds in 
metres. 

832. 0: 

910.3 

578.5 

899.0 

951. 8 ! 

1154. 7 : 

I 
957.7 

539.9 

110. 6 i 

i 
1093. 2 I 

I 
1038. 8 ! 

I 
I 

1092.4 I 
I 

1212. 3 I 
! 
I 

754-7 I 
I 
I 
I 

1175. 4 i 
l 

61z. 5 I 

l ~~~~~~~~~-



 

Azimuth. 

o I II 

50 48 53.8 
267 49 25.5 
207 35 IO. 2 

249 15 22.7 
96 45 26.8 

181 43 24- I 

67 57 38. 2 

264 IO 55.2 

65 36 34· I 

330 13 40. I 

246 44 03.6 
80 25 13.7 

312 14 51. 6 

255 42 43.2 
158 03 37.6 
263 08 42.4 

78 56 l !. I 

353 44 IO. I 

162 15 35.5 
310 23 26. 8 

95 30 15.8 

358 33 33· l 

144 36 32. 7 
126 02 17.2 

283 23 55.2 
159 06 04.8 

III 45 18.9 
128 45 07.0 

47 40 05 
149 39 44 

35 52 16 
127 56 42 

26 55 23 

137 18 43 

357 50 55 
u6 17 58 
102 52 48 

IO IO 23 
121 00 07 

227 II 31 

304 50 27 
341 59 52 
50 21 46 

95 32 23 
334·12 03 
28o 33 II 

UNITED STATES COAST AND GEODETIC SURVEY. 

CAPE COD BAY AND PENINSULA-Continued. 

Back azimuth. 

JI 

230 45 00. 7 
87 58 36.0 
27 37 12. I 
69 26 34.7 

276 34 25.5 

I 43 34· I 

247 53 35·9 
84 14 01. l 

245 33 57.9 
150 14 og. 9 

66 46 55. 0 

26o 20 57. 0 

132 18 42.3 
75 $1 38. I 

337 59 26.5 
83 28 04.2 

258 33 55.2 

173 45 32.5 
342 13 33· 3 

130 31 09.8 
275 28 22. 8· 

178 33 42.4 
324 29 21. 2 

305 57 08.2 
103 28 oo.8 

339 05 01. 4 

291 40 33.6 
308 39 18.2 

227 33 07 
329 37 15 
215 45 46 

307 54 41 
2o6 50 01 

317 13 00 

177 51 20 

296 IO 53 
282 47 05 

190 og 31 

300 55 47 
47 12 55 

124 53 38 

162 02 IO 
230 20 17 

275 28 53 
154 u 47 

1.00 36 28 

To stations. 

Hyannis __ ------ ____ ---- _______ ------ ____ _ 

Chatham. 
German Hill. _____________________________ _ 

Chatham. 

Point Gammon----------------- __________ _ 

Chatham. 
Scargo ________________ _ 

l\Iill Hill. 
Rock Point ______ .. ____ _ 

l\Iill Hill. 
Mill Hill _________________________ . __ . 

Scargo. 

Hyannis ___________ ,------------ ---------

Scargo. 
M:mornet_ _______________________________ _ 

Mill Hill. 
Man om et_ ____ . __________________________ _ 

Mill Hill. 
Manornet _ .. __________________ • _______ • ___ _ 

Shootflying. 

Manornet ___________ . ____ --------- --------

Peaked Cliff. 
Man om et • ____ .. _ .. __ .. ______ • __________ • __ _ 

Peaked Cliff. 

Scorton Neck __ 

Peaked Cliff. 

Mount Schaum _____ _ 

Peaked Cliff. 
Scargo ___________________ ----- ___________ . 

Griffin's Island. 
Scargo ______________ . ______ - _____ • __ • __ - _ . 

Griffin's Island. 
Scargo __________________________________ _ 

Provincetown. 

Mill Hill ___ .-----------------------------
Provincetown. 
Provincetown _. _______ ---- ___ --- _________ _ 

Griffin's Island. 
Provincetown _________ . _____________ ··- ___ _ 

Highland. 

Highland.-------------------------. 
Griffin's Island. 

Blackfish Creek . ________ ------------ ------

Griffin's Island. 
Provincetown _____ • __ ·-··-. ··-- ____________ _ 

Stout. 

Distance. 

.kfetres. 
10472.5 
19150.7 

9156.0 
24996.8 
23219.7 

11515.9 

9o6y.5 
6478.3 

5944. 5 
2077. 2 

6469.6 

903+4 
10849.8 
19167. 8 
23218. 0 

40583.2 
46903.2 
26I05. 9 

13843.3 
21 IIJ. 8 

3914.5 
12813.4 

25737.7 
13241. 9 

876o.8 
6152. 4 

w659.6 

15499.0 

19580.6 
10154.8 
23071.2 
5295.2 

24616.6 

17401. 7 

23487.6 
16299.1 
12101. 9 

10248.5 
ro405. I 

3925.1 

7997.8 

15412.7 

4003.6 

7291. 6 

3493-9 
6871. 0 

358 

Logarithms. 

4.020052 
4. 282185 

3.961704 
4. 397885 

4. 365856 
+ 061299 

3· 957585 
3. 8I1459 
3. 774116 
3. 317471 
3· 810878 

3.955902 

4.0354~3 

4.282573 
4. 365825 
4.608346 
4.671202 

4.416739 
4. 141240 

4.324567 

3.592678 
4. 107665 

4· 410570 
4.121950 

3.942544 
3.789046 
4.027742 

4. 190304 

4. 291826 

4· 006671 
4. 363070 

3.723886 
4.391228 

4.240591 

4.370839 
4.212164 

4.082854 
4.01o659 

4.017248 

3.593847 

3.902968 
4· 187879 
3.6o245 
3.86282 

3.54331 
3.83702 

----··------~--·---------'----------- --............ -- ...... -------·--- -------'-------------.. --·- --·-- ---

H. Ex. 18--45 



 

354 UNITED STATES COAST AND GEODETIC SURVEY. 

CAPE COD BAY AND PENINSULA-Continned. 

Station. Latitude. Seconds in Longitude. ! Seconds in I 
metres. ! metres. 

i 

0 II II 

Truro Congregational spire. 41 59 54.o6 1667.9 70 03 18. 44 424.4 

Long Point sehool-house. 42 01 21. 71 669.8 70 IO 55· 15 1268.8 

Long Point light-house, 1847. 42 01 59.12 1824. I 70 IO o8.87 204.0 

Race Point light-house, 1835-'47 (C. & G. S. & B.). 42 03 44. 36 1368. 7 70 14 36.98 850. 2 

Mayo's Beach light-house, 1877. 41 55 49.82 1537.2 70 02 05.66 130.4 

Provincetown Methodist Center church. 42 03 12.55 387.2 70 II 05.52 126.9 

Provincetown Methodist Centenary church. 42 02 52. 44 1617.9 70 II 26.78 615.9 

Provincetown Baptist church, belfry 42 03 27. 45 847.0 70 IO 39· 74 913. 7 

Provincetown old Universalist church, belfry, 1835-'47 (C. & G. 42 02 51. 02 1574.2 70 II 26.99 620.7 
S.& B.). 

Provincetown new Universalist church, spire. 42 03 02.08 64.2 70 II 19.94 458.5 

Provincetown Orthodox church, spire. 42 03 04.03 124.3 70 II 17.61 405.0 

Provincetown Methodist church, belfry. 42 03 o6.52 201. 2 70 II 17.82 409.8 

Provincetown school-house. 42 02 41. 17 1270. 2 70 II 36.90 848. 61 

Provincetown Academy. 42 03 09· 78 301. 8 70 II 14.50 333.4 

Cape Cod (Highlands of Truro) light-house 
B ), 1835-'47. 

(G. and G. S. and 42 02 23. 18 715.2 70 03 39. 84 916.4 

North Wellfleet Metho~ist belfry. 41 56 19.66 6o6. 5 70 01 48.95 1127. 6 

North Wellfleet Congregational belfry. 41 56 09· 64 297.4 70 01 16. 48 379.7 

South Wellfleet Congregational belfry. 41 54 32.07 989.5 69 59 07. 10 163. 6 

South Wellfleet Methodist meeting-house. 41 54 24.54 757.1 6g 59 07. 72 177. 9 

llillingsgate light-house (C. & G. S. & B.). 
1835-'47. 

41 51 38.77 1196. I 70 04 16.72 384. 8 

Nauset Center light-house, 1846. 41 51 38.63 1191.8 6g 57 05.42 125.0 

Eastham Congregational spire. 41 50 28.28 872.5 6g 58 54. 33 1253. s 

Nauset Harbor. 41 47 22.72 701.0 6g 56 46.So 1o8o. 6 



 

Azimuth. 

o I /I 

1o6 31 31 

192 o8 24 

221 55 45 
315 09 21 

221 42 59 
142 23 51 

283 45 20 

235 45 30 
350 54 53 

29 44 47 

67 33 °7 
18 17 33 
68 10 02 

17 55 23 
253 IO 38 

325 49 18 

245 45 57 
320 17 18 
248 15 14 

321 30 48 

248 37 37 

321 47 43 
249 23 o8 
321 57 04 
244 04 18 

318 56 :j8 

250 05 53 
322 23 05 

97 33 o6 

3 02 OI 

343 25 IO 

87 03 21 

355 03 18 

92 09 o8 

87 SS 18 
I14 38 28 

92 50 20 

116 15 52 
328 27 18 

34 01 25 
24 03 21 

54 48 SS 
SS 43 46 

146 05 15 
146 49 16 

72 03 28 

UNITED STATES COAST AND GEODETIC SURVEY. 355 

CAPE COD BAY AND PENINSULA-Continued. 

Back azimuth. To stations. Distance. Logarithms. 

----------------- ·-------·----------

o / II 

286 30 28 

12 o8 45 

41 58 01 

135 x3 54 
41 44 43 

322 23 03 

IOJ 47 JI 

55 46 57 
170 56 12 

209 38 57 
247 16 49 
198 II 03 
247 53 58 
197 49 07 
73 12 43 

145 53 41 
65 48 34 

140 22 13 

68 17 46 
141 35 38 
68 40 o8 

141 52 32 

69 25 39 

142 01 53 

~ 07 01 

139 02 00 

70 o8 21 

142 27 52 

277 27 57 
183 01 43 

163 25 39 

267 OJ 49 
175 03 26 

272 07 15 

267 53 59 
294 35 08 
272 49 0.2 

296 12 33 

148 30 05 

213 S'l 03 
204 OJ 20 

234 39 46 

235 35 49 
326 01 47 
326 46 52 
252 OI 15 

! ' 

Pamet ------------- I ~~~~~·8 
Highland. ---·--- ----------------1 3385. 7 

Stout--------------------------·------- _ 1 6961. 3 
Griffin's Island. I 13364. 8 

Stout------------------------------------! 5390. i 
Provincetown. 2700. 2 

Provincetown ___________ -------- ____ ------

Race. 

Mill Hill 

Scargo. 
Manomet_ __________ -· ___________________ _ 

Shootflying. 
Manomet_ ___ _ 

Shootflying. 

Stout ____ ----------

Griffin's Island. 

Stout------------·----------- _____ _ 
Griffin's Island. 

Stout-----.!------------------------- _____ _ 
Griffin's Island. 

Stout-----·------------------------------
Griffin's Island. 

Stout------------------- ________ _ 

Griffin's Island. 

Stout------------
Griffin's Island. 

Stout------------------------------------
Griffin's Island. 

Provincetown---------- .. -
Griffin's Island. 

Blackfish Creek------ ___ ------------------
Griffin's Island. 

Blackfish Creek------·--------------------! 
Griffin's Island. 

Blackfish Creek---------------------------
Griffin's Island. 
:BlackJlsh Creek __________________ ----------

Griffin's Island. 

Mill Hill -----· _____ ---- ____ ,__ -----. 

Scargo. 

Mill Hill ____ -.------ --- -----· ------ ------
Sca.rgo. 

Scargo ------------ - ---- ------------ ·--- --
1 Griffin's Island. I ~i~i~k -----------------------------

4650. 7 
3623.8 

17361. I 

24412. 4 

36462.5 

43049.2 

35775. 7 

42307.4 
4489. 3 

16144. 3 

5904.0 

15899. 5 

5621. 7 
16o61. 2 

5549· I 

16o75.4 

5526.3 
16138.6 

6239.0 

15814.8 

5420. I 

16171. 3 

1o686.3 

11395.2 

3566.5 
3162.8 

3120.7 
3909.0 
2714.2 

7577· 3 
2701. 5 
7664.0 

11024. 9 
16233.9 
10286. I 

23309.4 
20007' 6 

12870.9 
9130.2 

4858.7 

3.35446 

3· 52965 
3.842693 
4. 125962 

3. 73164 

3. 43140 

3.66751 

3.55917 
4.239578 
4.387610 

4.561846 

4.633965 

4.553588 
4.626416 

3.652174 
4.208018 

3. 771144 

4.201383 
3.74986g 

4· 205779 

3.744224 
4.206162 

3.742436 
4. 207866 

3.795118 

4. 199064 
3.734005 
4.208745 
4.028828 

4.056720 

3.55224 

3· 50007 
3. 49425 

3.59207 

3. 43363 
3.87951 
3.43161 

3.88446 

4.042373 
4.210423 

4.012249 

4.36753 1 

4- 301194 
4· J09610 

3.96o48 
3.68652 



 

356 UNITED ST.A.TES COAST .A.ND GEODETIC SURVET. 

CAPE COD BAY AND PENINSULA-Continued. 
___ ,. _______ --·-----------------------

Station. Latitude. ' Seconds in , Longitude. i Seconds in 
metres. I metres. 

-- - -- ~------------1----- ---i ! !---
0 I " 0 I II 

Station south of Nau set lights. 41 51 10.90 336. 3 69 57 00. 54 12. 5 

Eastham. 41 49 26.09 So.i.9 70 00 14.92 344-3 

Orleans. 41 47 32.47 1002.2 70 00 51. 46 u88. 2 

Brewster. 41 46 12.76 393.7 70 04 46.46 1073.1 

Pleasant Bay. 41 44 34.89 1076.4 69 58 39.64 916.0 

Nauset Beach. 41 44 05.66 174. 6 i 69 55 34.32 793· I 

Brewster Unitarian spire, 1846-'68. 41 45 43.24 1334.0 70 04 57.32 1324. I 

Orleans Orthodox spire. 41 47 04.86 149.9 69 58 30.20 ·697.4 

North Dennis. 41 44 42.24 1303. 2 70 12 29.82 689.0 

. North Dennis, white spire, 1846-'68. 41 44 13.77 424. 8 70 II 35.41 818.3 

North Dennis, gray spire, 1846. 41 44 14.85 458.2 70 II 32.53 751. 7 

North Dennis 2. 41 43 29.20 goo. 9 i 70 12 04. 70 1o8.6 
1868. 

l Bass Hole. 41 42 49.98 1542. 0 I 70 14 15.54 358.4 

: Monornoy light-house (C. & G. 8. & B.). 
1835-'46. 

41 33 35· 02 i 108o. 4 ' 69 59 40.76 i 944.5 

Monomoy light-house, 1867-'80. 41 33 33.78 1042. I 69 59 39.02 go4.2 

Point Gammon light-house (C. & G. S. & B.). 41 36 35.00 1079. 8 i 70 16 00. 19 4.4 
1835-'47. 

; East Scargo (Borden). 41 44 00.87 26. 8 70 10 16.39 ' 378.8 

: German Hill (Borden). 41 41 27. 90 86o. 7 ! 70 12 36.07 834. I 

· Barnstable. 41 41 48. 82 15o6. 2 70 18 25. 58 I 591. 5 

! Barnstable, Unitarian spire. 41 42 02.46 75· 9 ! 70 17 57. 67 1333.4 

i 
Barnstable light-house, 1846. 41 43 21. r6 652.8 70 16 53· 34 

I 
123z. 9 I 

I 

I 
Barnstable, west spire. 41 41 54.89 16g3. 4 70 23 03.28 i 1s.s I 

407.8 \ Barnstable court-honse (Borden), 1835. 41 42 o6.02 185. 7 70 18 17.64 
I 

I 



 

UNITED STATES COAST AND GEODETIC SUHVEY. 

Azimuth. 

0 ' " 

357 25 22 
:z6 45 49 

358 00 57 
57 29 IO 

67 04 26 

178 37 43 
226 24 12 
264 08 22 
151 r6 22 
2o6 42 18 

IOI 54 35 
I26 03 IO 
223 27 28 

256 47 43 

150 59 17 
67 or 50 

I 2I 45 
284 46_I3 

I24 56 48 
255 41 00 

I22 33 44 

256 34 52 
200 II 59 
226 27 41 

JI7 41 47 
239 00 37 
129 II 02 

184 31 43 

115 33 14 
I84 22 IZ 

207 35 IO 

141 27 I3 
90 o6 05 

12I 49 17 
IOI 40 35 

129 46 43 

0 II 54 

274 31 03 
278 o6 44 

236 SS 34 
JOO 23 IO 
257 16 32 

84 37 59 
16o 51 43 
278 26 16 

136 36 20 

CAPE COD BAY AND PENINSULA-Continn<'<l. 

Back azimuth. 

o I II 

177 25 31 
2o6 43 45 
178 01 02 

237 22 07 

246 57 47 

358 37 34 
46 27 13 
84 II 28 

331 15 24 
26 43 33 

281 52 32 
306 00 08 

43 30 36 
76 so 56 

330 58 07 
247 00 46 
I81 2! 41 

104 47 20 

304 56 I2 

75 41 30 
302 33 o6 

76 35 20 
26 12 I9 

46 28 31 

137 42 53 
59 02 54 

309 02 28 
4 32 18 

295 I9 IO 

4 22 46 
27 37 26 

321 24 01 

26g 53 29 

30I 32 29 
28I 29 34 

309 31 28 
18o u 53 

94 34 56 
g8 10 18 

56 59 12 
120 26 OI 

77 ~ 34 
264 37 12 
340 51 18 
98 JO 03 

316 24 53 

To station.. 

Nauset Harbor ___________________________ _ 

Mill Hill. 
Mill Hill _______________________________ _ 

Scargo. 
Scargo __________________________________ _ 

Blackfish Creek. 
Eastliam _________________ ----- __________ _ 

Mill Hill. 
Mill Hill ________________________________ _ 

Nauset Harbor. 
Pleasant Bay ________ .. ____________ _ 

I Mill Hill. 

: Eastham---------- _____ ------------- _____ _ 

Mill Hill. 
: Eastham _______________ . ______ -·-- _______ _ 

Mill Hill. 
German Hill ________________________ -----· 

Scargo. 

North Dennis ______ -----· ______ ----------

Scargo. 
North Dennis ____________ ----· ______ _ 

Scargo. 

North Dennis wh. sp 

Scar go. 
German Hill _____ . ______________ ·--- __ _ 

Scargo. 

German Hill ____________ ---·--------------

Chatham. 
Shootllying ___________________ _ 

Chatham. 

German Hil ------ ________ ------ __ _ 

Shootflying. 
Bourne's Hill ________________ -------- _____ _ 

1 
Manomet. 
Bourne's Hill ______ -· __________ . ____ .. ___ _ 

Manomet. 
Hyannis ______________________ -------· _____ ' 

1 
German Hill. . 
German Hill _______________ . _____________ · I 
North Dennis. 
German Hill _____________________________ _ 

Scargo. 

Hamblin's Hill ____________ -----·----------

Scorton Hill. 

Ge_nnan Hill (Borden)----------------------, 

Manomet. _______ ...._ ______ ~----------·· -------

Distance. 

Afetres. 
7047.4 
9561. 2 

5308.0 

17399.0 
15012.7 
12850. 3 

8653.6 
6488. 7 

4195.9 
5796. 6 

4376.6 
7788. 6 

9475·7 
6887. 7 
4982.9 
2427.4 

5995. 4 

2389. 5 
1533.5 
1087.2 

1570.2 
1014.8 

1532.4 
2387.0 
3421. 0 

5545·5 
23128.5 

I5340.9 
32576. 3 

15375.5 
1-0198. 8 

10746.7 
26235.9 

40993.4 
23494.7 
41134. 9 

7264. 8 

8109.9 

75I4. 7 
9040.3 
6899.2 
86n. 7 
I634.2 
2689.9 

7985. 4 

34559.6 

357 

l .ogarithms. 

3.84803 
3. 98o51 
3.724927 
4.240525 

4· 176459 
4. ro89I2 

3.937I9 
3.81216 
3.62282 

3· 76317 
3· 64114 
3. 89146 
3.9766I 
3.83808 

3.69749 
3.38514 
3. 77'i 82 

3. 37831 
3. 18569 
3.03631 

3. 19596 

3· oo637 

3. 18536 

3.37786 
3. 53415 

3· 74394 
4. 364148 
4. 185851 
4. 512902 
4. I86830 
4.008550 
4.031276 
4.418896 
4.612714 

4.370970 
4. 6142!0 

3· 86I23 

3· 90902 

3.87591 
3.95618 

3.8388o 

3.93509 
3.21331 
3.42974 
3· 902294 

4.53856g 



 

358 UNITED ST.A.TES OOA8T AND GEODETIC SURVEY. 

CAPE COD BAY A.NP PENINSULA-Continued. 

1 Barn cupola. 

Yarmouth Port spire. 

Sursuit Creek. 

Morris Island. 

Harwich Port. 

\Vest Chatham. 

South Dennis. 

South Dennis, north spire. 

South Dennis, south spire. 

Herring River spire. 

Point Gammon 2. 

1875. 

i Mannersen. 

' Bass River. 

Station. 

Bass River light-house, 1875. 

I West Yarmouth spire. 

; Fish-house, north gable. 

Harwich belfry (C. & G. S. & 11.). 
1835-'46. 

Marsh. 

Eldridge. 

Poch et. 

Sampson. 

Old Harbor. 

Camp. 

' I 

I L t't d ; Seconds in I L "tud 

-l--a~~--i-met~::_/ __ o_n_g' e. 
: I 

O I II ' I II 

I 41 42 15. 22 469. 6 I 

I 
I 41 42 24· 82 765. 7 
! 

70 14 37. 13 

I 

41 45 32.41 999.7 70 08 37.40 

909. 5 0 57 34· 14 

41 39 51. 30 1582. 6 70 04 06. 57 

41 40 09.42 290. 6 70 01 42. 19 

41 39 06. 59 203. 3 70 08 12. 40 

41 40 34. 25 rn56. 6 70 09 24. 49 ! 

41 40 13.01 

41 37 04.96 153· o 70 15 39· 3z 

41 41 31. 14 96o. 7 70 12 16. 86 

1185. 9 70 12 12. 13 

41 39 06.44 198. 7 70 IO IO. 84 

41 38 59.08 

41 41 12.39 382. 3 70 04 35. 97 

41 43 51. 92 16o1. 7 69 SS 39· 95 

41 44 34.88 1076. 0 69 58 39· 69 

I 233. 3 6g 56 26. Dg 

41 45 21. 74 

41 42 19.94 615. I 6g 56 01. II 

41 43 59.58 

I Seconds in I 
1 

metres. I 
I I 

I "'I 858.4 I 

I 
864.0 i 

I 
I 

152,0 I 

976.0: 
: 

286.9 

566.5 

546.8 i 

I 
59· 7 : 

I 

910.3 

I 
28o. 7 I 

250. 8 

1o81. 3 

831. 8 

923.3 

9·9 

768.4 



 

UNITED STATES COAST AND GEODETIC SURVEY. 359 

CAPE COD BAY AND PENINSULA-Continued. 

-- Azimu:--1 ~:ck a::~th. ---·- ·------ ~: st:ons. 
---~-~-~-----

1-------r '--
o I II 

83 49 25 

49 37 32 
302 02 40 
235 20 18 

73 56 30 
54 49 36 
16 06 39 

158 29 38 
318 05 16 

72 18 56 

232 07 35 
336 18 53 
296 50 45 

70 06 o6 

53 22 17 

93 44 52 
55 07 21 
95 08 22 

64 IO 07 

95 04 58 
II l 05 16 

136 IO 50 

29 43 22 

51 53 24 
173 58 38 
59 00 07 
63 47 16 

146 51 58 
II2 03 12 

72 38 29 
109 o6 46 
246 38 09 
63 37 12 
72 21 27 
49 22 13 

129 04 40 

287 40 46 
2 16 20 

348 22 43 
38 39 36 

326 07 40 
57 46 43· 
76 53 24 

138 39 13 
272 29 21 

345 22 32 

1 I II 
263 45 58 Hamblin's Hill. ____________________________ _ 

229 36 21 
122 04 01 

55 22 49 

253 53 55 
234 48 oS 

196 05 40 

338 28 49 
138 08 37 
252 II 16 

52 09 31 

156 20 39 
II6 56 50 
250 Ol IO 

233 18 o8 

273 37 16 
235 OJ II 

275 00 46 
244 04 23 

274 55 47 

291 03 25 
316 07 23 
209 41 07 
231 49 18 
353 58 22 
238 57 50 

243 43 38 
326 50 34 
291 58 31 

252 35 23 
285 05 44 

66 39 46 
243 29 50 
252 12 15 
229 20 08 

309 OJ 42 
107 4-2 46 
182 16 14 

168 23 14 
218 38 07 

146 08 34 

237 45 37 
256 51 33 
31!> 37 28 
92 51 56 

165 23 02 

Shootflying. 

German Hill------------------------· ..... 
: Scargo. 

' North Dennis------------- ____ ---- __ ------ i 

: Scargo. 

Monomoy ···---------"-------- ---- ---- ---- 1 

Chatham. 

, Monomoy -------------------- ------------. 
Point Gammon. 

1 
Chatham---------------------------------, 

Monomoy. 

Monomoy ______________ -----· ··-----------

Point Gammon. 
'Point Gammon ______________________ ------

Shootflying. 

Point Gammon ________ ------- ......... ___ _ 

· Shootflying. 

: Point Gammon----·---·-------------------, 
/ Shootflying. 

Hyannis _____ . ____ ------ ____ .. ______ .----- ' 

, Shootflying. 

i Point Gammon 2 _____ . ---· -------- _______ _ 

Hyannis. 

German Hill ______ --------- -----------·--
Point Gammon. 
Point Gammon 2 ______________ • ___________ _ 

Mannersen. 

Shootflying ___ ---------------------------
Hyannis. 
Bass River._--------- ____________________ _ 

South Dennis. 

Point Gammon·----------------------- --· 
Hyannis. 

Chatham----------.----------------------·· 
Mill Hill. 

Marsh ____ -------------------------------
Chatham. 
Marsh ---·· ____________ ----- _______ . __ ----

Eldridge. 
Marsh ----. _____ . _______ ---- ____ -·- ______ _ 

Eldridge. 
Chatham ______ . ________________ --- . ---- _ 

Eldridge. 

Marsh---------------------------------·-- J 

IC~·-· i 

Distance. Logarithms. 

-------·-----

llfetres. 
7219.9 3.85853 
3232.7 3· 50957 
3305.2 3.51919 
6386.0 3.80523 
5588.8 3.74732 
3744. 2 3.57336 
7446.3 3.87194 
4683.6 3.67058 

10512.6 4. 021710 
16833.7 4.226180 

5091. 7 3· 7o686 

9156.7 3· 96174 
1425 I. 9 4· 153874 
11003. 9 4. 041547 
10813. 4 4.033962 
15882.2 4. 200912 
10602. I 4.025392 
15932.0 4.202270 
1329I. 6 4. 123578 
19205. 7 4.283430 
4151. 6 3. 618211 

10368. 8 4.015727 

9454.6 3.975644 
10879. 4 4.036604 
5259. I 3.72091 

5595.9 3· 74788 
8476.6 3.92822 

5331. 5 3· 72685 
w555. 6 4.023482 
6788.8 3.831790 
2253.2 3.3528o 
3674. I 3.56515 

17143.5 4.234100 
20176.7 4.304850 

5741. 0 3.75899 
7943.8 3.gooo3 

4359.9 J.63948 
5o6g.o 3.70492 
5293. 3 3.72373 
4941. 7 3.69388 

3337.3 3.52340 
2711. 0 3.43313 

397r. 3 3.59893 
5546.8 3.74404 
5396.8 3.73214 
4109.0 3.61374 



 

360 UNITED STATES OOAS'f AND GEODETIC SURVEY. 

CAPE COD BAY AND PENINSULA-Continued . . 
-----~------

Station. Latitude. 1 Seconds in 
n1etres_ 1 Longitude. 

! Seconds in\ ' 
I metres. ! 

--· -------·-----'-------1 

Basin. 

Shells. 

Pine. 

Mosquito. 

Cove. 

Strong. 

Crow's Lookout. 

Sipson's Island. 

Namequoit. 

Mayo. 

Cumming's (D.) flagstaff, 1868. 

Mayo's south chimney. 

i 
' Hopkins. 

Sears. 

Morris Island 2. 
188o. 

Chatham spire. 

Chatham Congregational belfry, 1846. 

Chatham Congregational spire, 186S-188o. 

Chatham flagstaff, I 868. · 

Chatham, south light-house, 1846. 

! Chatham, south light-house, I 88o. 

! Chatham, north_ light-house, 18&>. 

' Stage Harbor (or Harding's Beach) light-house, 188o. 

0 I II 

41 39 48.50 

41 37 52.8o 

41 40 08.56 

41 39 26.91 

41 36 56. I8 

41 43 12.48 

41 43 06.96 

41 44 og.28 

41 45 26.54 

41 46 00. 17 

41 47 12. 17 

41 47 20.68 

41 46 02.05 

41 44 38.30 

41 39 29.25 

41 41 02.79 

41 41 15. 97 

4"1 40 58. 54 

41 40 43.77 

41 40 17.00 

41 40 17.30 

41 40 18. 28 

41 39 31. 55 

----- ···----------- ~--~- -·- - -- - -

0 I II 

1496.2 69 56 41. 66 963.8 

1628.8 69 57 41. 45 959.4 

264. I 69 59 35.48 820.8 

830. I 6g 57 32. 6o 754.3 

1733. I 69 58 35.r7 814.3 

385.0 6g 57 29.61 684.5 

214. 7 69 58 25.46 588.5 

286.0 69 57 52.03 1202.4 

818. 8 ! 69 57 42. 48 981. 3 

5. 2 • 6g 57 IO. 44 241. I 

375· 5 i 69 57 04. 36 100. 7 

638. 0 i 69 56 45.8o 1057. _; 

63. 2 70 02 51. 54 1190.5 

II81. 6 70 07 57.og 1319. I 

902.4 6g 57 34. 17 790.6' 

86. I 69 57 39.g6 924.2 

492. 7 6g 58 18.40 
I 

425.5 ! 

18o5. 9 : 6g 57 41. 72 i g64.9 ! 

1350. 3 6g 57 23. 51 543.8 

524· 5 i 6g 56 58.48 1352.8 

533· 8 6g 57 01. 50 34.7 

564.0: 6g 57 01. 27 29.4 

973.4 6g 59 .OJ. 16 7J. I 



 

Azimuth. 

o I /I 

14z 09 09 

191 20 43 
168 05 40 

195 43 12 

199 03 58 

z78 44 09 

114 19 58 
158 26 56 

166 46 22 

2o6 17 09 

244 20 43 
308 23 oz 
250 03 14 

293 28 57 
208 04 01 

279 56 25 

217 54 IO 

315 5z 01 

38 05 3z 
104 26 o6 

318 19 54 

358 28 32 

340 04 17 

5 15 47 
224 44 29 

255 23 01 

236 29 35 

251 44 27 

IIJ 22 58 

158 32 16 

133 04 16 

73 38 48 

147 o6 53 
66 28 52 

59 38 29 
136 14 23 

136 27 51 
212 42 05 

29 22 o6 

138 41 16 

85 40 57 
139 23 IO 

85 12 34 

139 01 37 

1!4 33 14 

271 58 o6 

UNIT.Jm S'l'ATES UOAS'r AND GEODETIU SURVEY. 

CAPE COD BAY AND PENINSULA-Continued. 

Back azimuth. To stations. I Distance. 

~-----'-------~·----~-l~,__~~-
o I II 

3z2 07 45 
II 21 10 

348 04 55 

15 44 19 

19 04 29 

98 46 05 

294 18 36 

338 26 o6 

346 45 42 
26 18 24 

64 21 56 
128 24 01 

70 05 04 

II3 30 33 

28 04 35 

99 57 53 
37 55 01 

135 53 22 

218 04 33 
284 24 08 
138 20. 20 

178 28 35 

16o 04 30 

185 IS 37 

44 45 49 
75 24 51 
56 JI 42 

71 49 40 

293 ZI 37 

338 31 27 

313 03 30 

253 36 07 

32 7 o6 33 
246 26 36 

239 37 13 
316 13 39 

316 26 SS 
32 43 00 

209 21 42 

318 40 03 

265 39 15 
319 22 02 

265 10 51 

319,00 26 

4 33 24 

91 59 05 

1 

Chathan1 ----------------------------·----! 
Old Harbor. 

Chatham----------------------
Old Harbor. 

Chatham--------------------------
Basin. 
Pine __ .. _____ _ 

Chatham. 
Pine ___________ _ 

Basin. 

Marsh _________________ ------------·-----

Old Harbor. 

Marsh _______ ---·------------------------

Old Harbor. 

Sampson-------------------··-- _________ _ 

Marsh. 

~~:~~~ ------ ---- ---- ------- ------- -------1 
Eldridge---------------------------------
Mill Hill. 

Pochet ________ ---------- ________ ----------

Sampson. 
Pochet __________________________________ _ 

Sampson. 

Orleans 2_ --· ------ ___ ---· ________ --------

Mill Hill. 
Rock Point ____ . ____ . ---- ______ ---- ------

Mill Hill. 
Pine ________________________________ _ 

Chatham. 

~~~a~~:~1-.--- .. -----------------------[ 

Chatham-------------·-------------------

West Chatham. 

Pine ______ -----

Chatham. 

Chatham---------------------------------
Old Harbor. 
Morris Island ___________________ ---·------

Chatham. 
Pine_ ..... ______ ---- __ • __________ ------ ___ _ 

Chatham. 
Pine------ ........ _________________________ _ 

Chatham. 

Chatham --- .. __ -__ .. ---.- ___ . -- --- - .. -- - - .... -· 

Morris Island 2. 

l'rfetres. 
4775. 5 
4765.4 
7501. 4 
8562. 5 

3334· 3 
4068.6 

3119. 8 

4769.9 

6og7. 3 

5930. I 

2811. 6 

2610. 3 

4069.3 

3638. 7 
2533.6 

3099· I 

2871. 6 

4066.6 

3343.0 
4209.9 

1329.4 

3408.0 

1335.8 
3685.0 

3933.3 
3928.0 

5292.0 

II431. 1 

3057.5 
4689.5 
2165. I 

5840. 2 
1276. 1 

5141. 8 

3049.9 
2228.5 

2849.0 

3526. I 

1682.2 

3849. 1 

3572.2 

3796.5 

358o.o 

3777. 3 
43o6.6 
206o.2 

361 

Logarithms. 

----------

3.67902 
3. 678rn 

3.87514 

3.93260 

3· 523m 

3.60945 
3.49412 
3.67851 

3. 78514 

3. n306 

3.44895 
3.41669 

3.6o952 

3. 560<)5 

3.40373 

3.49124 

3.45813 

3.60923 

3· 52414 
3. 62427 

3. 12367 

3.53250 

3· 12574 

3· 56644 

3.59476 

3.59417 
3.723618 

4.058202 

3.48536 

3· 67n3 

3. 33549 
3.76643 

3· ro589 

3· 71111 

3.48429 
3.34802 

3.45470 

3· 54730 
3· 22588 

3.58536 

3· 55293 
3. 57938 

3.55388 

3· 57718 
3.63414 

3·3139 1 

----------·-------

H. Ex. 18-4.6 



 

362 UNITED STATES COAST AND GEODETIC SUR'\~EY. 

CAPE COD BAY AND PENINSULA-Continned. 

--~-----~-----·------··- ---------·--

Station. Latitude. Seconds in Longitude. ; Seconds in 
metres. metres. 

-- -------------

" II 

Hyannis, west spire. 41 39 05.77 178.0 70 17 15.21 351. 9 

Hyannis, Universalist spire. 41 39 14.38 443.6 70 16 56.08 1297.; 

Hyannis light-house, 1875. 41 38 IO. 79 332.9 70 17 20. 20 467._5 

Bishop and Clerks. 41 34 27.44 846.5 70 15 01. 96 45.4 

Bishop and Clerks light-house, 1875. 41 34 27.52 849.0 70 15 02.04 47.3 

Breakwater, east end, spindle. 41 37 27. 31 842.5 70 17 34.06 788.5 

Great Rock, spindle. 41 37 03.52 108. 6 70 17 IO. 38 240.3 

Marvin's Cottage, cupola. 41 38 04.00 123. 4 70 18 12.06 279. I 

Marston's Mill. 41 38 49. 68 1532· 7 70 24 56. 98 1318.6 

Osterville. 41 37 52. 16 16o9. 2: 70 22 57. 14 1322.6 

' 

Osterville, spire. 41 37 42. 08 1298. 2 i 70 23 09.29 215.0 

Osterville Point. 41 37 02. 13 65. 7 i 70 22 IO. 70 247· 7 

Collier's Ledge. 41 35 48.36 1492.0 ! 70 21 o6.69 154·9 

Centerville, church. 41 38 44. 94 1386.4 70 20 49. 27 1140. 2 

Indian Hill. 41 52 48. 13 1793.4 70 32 01. 75 40.4 

East Plymouth. 41 52 58. 09 1792. 2 70 32 01. 74 40. l 

Plymouth Cliff. 41 49 40.62 1253. 2 70 32 37.24 859.4 

Sandwich ')rthoclox spire. 41 45 28.35 874. 6 ! 70 30 00.45 10.4 

Spring Hill Academy. 41 44 58.86 1815. 9 70 27 36. 58 845.2 

NANTUCKET AND VICINITY. 

Tuckanuck Telegraph. 411814.507 447.5 70 15 o8.473 197. 1 I 
i 

70 IO 43· 165 1004. 9 i 

-~-1 
Clark's Cove. 

·---------------~----------- ·-------



 

Azimuth. 

' " 
36 30 26 

127 05 57 
39 59 35 

336 00 24 

'II -' 00 21 

70 43 07 
146 54 23 

194 35 06 

143 17 05 

196 17 28 

123 24 36 
284 32 29 
146 oo 32 
268 47 12 

232 05 49 
297 14 29 

190 i2 51 

233 23 02 

278 08 03 
166 26 30 
266 56 07 

207 00 l4 

253 02 21 

193 54 og 

t82 16 53 
252 39 14 

295 44 23 

179 51 2S 

3 44 24 

136 II 00 

298 19 57 

324 39 06 

287 53 J8 

314 01 42 

149 24 54 
286 06 57 
100 17 06 

134 34 II 

275 52 33· s 
172 4B 38. 0 

231 57 02.5 

I •31 01 s6. 1 L __ 

UNITED ST.ATJ<.JS COAST AND Ol<~ODETIU SURVEY. 

CA:Poil COD BAY AND PENINSULA-Cot> tinned. 

Ilack azimcth. 

0 ' I/ 

216 29 J8 

3°7 03 34 
219 58 35 
156 01 15 

131 OJ 28 

250 42 23 

326 50 32 

14 36 43 
323 14 49 

16 19 18 

303 24 01 

104 33 45 

32 5 58 06 
SB 48 12 

52 0 9 45 
117 16 IO 

IO 13 20 

53 25 46 

98 12 53 
346 25 39 
86 59 14 

27 01 47 

73 04 50 

13 55 O' ,) 

2 17 04 

72 42 51 

IIS 45 58 

359 51 28 

183 44 oS 

316 08 42 
118 34 05 
144 46 34 
108 07 49 
134 09 33 

329 23 18 

106 10 30 
2&> 14 57 
314 30 59 

95 58 oo. 0 
3;2 46 26. 8 

51 59 ,J3. 8 
310 59 01. 6 

·ro stationb. 

Hyannis_ -- - - -

Shootflying. 

Hyannis_ -- -- ------ --- --- ---------
Point <~ammon 2. 

Point c;ammon 2. ··---- -----------
Hyannis 

Shoottlying .... _ .. 

Cerman Hill 

Hyannis ....... - - -- - - - .. - -- - - - - ---- - - - - - - -

Manntr~en. 

Hyannis_ -- --------------- --- -- ----- ----
Point Gammon 2. 

Shootliying ------------------ -- - -- --- - -

Point l;ammon 2. 

:J\.lannersen ___________ ------------·------- . 
l 'oint ( ~a.mn1on 2. 

Hamblin's Hill ...... ---- - -- --- -------- ----
Shootftying. 
Point Gammon ______________________ -·-----

1 

Hamblin's Hill. 

Hyanni>. --------- -------------------
Shootflying. 

Hyannis. ______ ...... ____ . -------- --------

Shootflying. 

Shoot flying ______ 
.... --- - ---------------·--

roint Gammon. 

llyannis. ------ ----~-----------·--· 

Shootftying. 

Peaked Cliff __________ ---- - ------ ------
Manome\. 

Scargo _____ ---------
---··------~---------

Shootflying. 

Scargo ------------ --------- --~ ---- ------
Shoottlying. 

Peake<! Cliff ......... ·--------- ______ ------

Scorton N eek. 

Mount Schaum --·---· ------------ .... ------
Pea,ked Cliff. 

NAl'frU"CKET AND VICINITY. 

i Nantucket Cliff ________ .... _______________ : 

l lyannis. 

Nantucket Clitt _____ . __ ---· ___ ----- ____ .... 

Tuckanuck Telegraph. 

!Ji stance. 

JIJetres. 

2779. 8 
6220.4 

3262.7 

4370.0 

:;o94.9 
1629.9 

14731. 2 -13406.6 

7923. 2 

I 3617 . .) 

1458.8 

2744.2 

9074.4 
2108. s 

10410. 6 

39ii·4 
y,50.6 

7124. ! 

10239.3 

7546.2 

6551. l 

7108.0 

5421. 5 

7793.3 
9848. 5 
7940.2 

3664.4 

4392.9 

8247. 3 

6867.9 

33391. 9 
26864.0 

31746.8 

22758.0 

6560. 3 

76;9.6 

454o.9 

9347· 6 

u570. 8 
36657.0 

6777.2 
8182. I 

363 

Logarithms. 

3. 44402 

3· 79382 

3· 51358 
3· 64048 

3.49064 
3. 21216 

4. 168237 

4. l 27318 

3· 898898 

4- 134090 
3. 16401 

3.43842 

3.95782 

3: 324°3 
4.017478 

3.599598 
,). 75209 

3.85273 

4- 0!0269 

3· 877728 
3.81632 

3.85175 

3.73412 
3.89172 

3-99337 
3.89q83 

3· 56400 

3.64~75 

3.91631 

3.83683 

4. 523641 

4. 429170 

4.501700 

4. 357135 
3. 8Hi92 

3- 88534 

3· 65714 

3.97070 

4.o63364 

4. 564157 

3· 831053 
3.912864 



 

:-H>4 UNITHO Sl'ATES UOAST AND GEODHTIC SURVEY. 

NANTUCKET AND VICINITY-Continue!. 

- - "---- , 

Station. Latitude_ I Seconds in Longitude. Seconds in I 
metres. metres. 

-- ---------1 --------

1153.71 
0 I I/ I 0 I I/ 

Windmill Range. 41 16 40.219 
I 

1240.8 70 o6 49. 575 
I I 

I 

\Veeweetler Pond. 41 14 35. 284 

I 

1088. 4 70 05 37. 923 883. I 

, 

Gibbs' Pond. 41 16 SJ. 650 I 1655. l 70 01 3r.•457 732.0 

Squam lfeacl. 41 19 33. 485 I 
I 

1032.9 6g 59 56.052 1303.5 

~antucket south-towered Cnilarian church, 1835-1875 (C. & 41 16 56. 717 I 1749.7 70 05 58.o86 135i. 5 
G. S. & B.). 

I North Pond. 41 17 38. 41 1184. 9 70 IO 32. 15 748. I 
I , 

! 
Sankaty Head. 41 16 59. 91 I 1848. I 6g 57 53. 41 1242.9 I 

I . 
Sankaty Head light-house, 1867. . 41 17 01.21 

I 
37.3 6g 57 56.52 1315.2 

Forked Pond. 41 14 15.94 491. 7 70 01 03.65 85.0 
i 

I•urther Creek. 41 16 39.72 1225. 2 70 14 o6.85 159. 4 

Muskeget Island. 41 20 14- 11 435· 2 70 17 58. 47 1359.5 

Mitchell's house (astronomical station, 1845-1849). 41 16 59.45 1833.9 70 06 00. 50 II. 6 

Shawaukemo. 41 17 01. 8o 55.5 70 03 04.82 II2, 2 

HlutL 41 17 31.40 968.5 70 o6 26. 77 622.9 

! 
Coatue Point 2. 

1875. 
41 18 05.39 166.3 70 04 39.87 927.6 

Coatue Point. 41 19 o6.62 204. 3 70 02 57.07 1327.3 

Folger. 41 17 17.01 524.7 70 o6 1_6. 56 385.3 

Folger (astronomical latitude station, 1866). 41 17 16. 94 522.6 70 o6 16.,5-6 385.3 
High School cupola. 41 17 05.98 184.4 70 o6 12.76 2g6.9 

Nantucket Baptist church. 41 16 52.66 1624.4 70 o6 07.00 162. 9 

Nantucket north-towered church. 41 17 09.94 3o6.6 70 o6 o8. 22 191. 2 

.Hrant Point light-house, 1867-1875. 41 17 23.:ro 715·7 70 05 34.61 8o5.3 

Nantucket Range Beacon, 1875 (discontinued Aug. I, l88o). 41 16 23.92 

I 
737.9 70 04 42-86 997.6 



 

UNITED STATES COAST AND GEODETIC SURVEY. 365 

NANTUCKET AND VICINITY-Continued. 

I I 
I 

i i 
Azimuth. Back azimuth. To stations. Distance. Logarithms. I 

I 
: 

i 

I I 
------, 

0 I II 0 I II Jl.fetres. I 

65 40 37. 8 l 245 38 03.7 Oark's Cove ______________________________ 5967.9 3· 7i 5823 I 
176 43 31. o 

I 

356 43 28. 2 Nantucket Cliff. 1717.8 3· 2 34985 
156 36 16.3 336 35 29· l Windmill Range.---·---. _____ -··---- --- - --- 4199.6 3.623209 
IOI 07 33.2 281 04 12.0 Clark's Cove. 7242.4 3.859885 
171 49 Ol. 3 351 48 12.0 Nantucket light-pouse ____ ---- ______________ 12177. 0 4.oS5540 

86 49 33·5 266 46 03.6 Windmill Range. 7415.0 3· 870110 

69 33 15. 4 249 28 39· 7 Nantucket Cliff ______________ .. _____ -------- ro373.3 4- 015918 
' 

24 14 32.5 204 13 29. 5 Gibbs' Pond. 5407· 3 3.732982 
132 56 28. I 312 55 51. 3 Nantucket Cliff ______ -----_-------------- __ 1770.6 3. 248117 

28.0 20 29 34.8 " Nantucket light-house. 12764.6 4. 106008 zoo 27 

270 53 05 90 55 29 Nantucket Cliff _______ -------------------- 5o8r. 4 3. 70598 
3 26 50 183 26 43 Clark's Cove. 4263. 0 3· 62972 

148 57 26 328 56 05 Squam Head __ ----------------------- ____ 5530.2 3· 74274 
95 04 58 274 59 02 Nantucket Cliff. 12622. 9 

I 

4· IOI 16 ! 

150 21 43 33° 18 32 Nantuc~et light-house----------·----------- 13602.2 4. 13361 I 

9..;. 55 35 274 49 51 Nantucket Cliff. 12547.3 4. 09855 

II8 57 34 298 53 46 Windmill Range ___________________________ 9201. l 3.96384 

95 2I 42 275 18 41 Weeweeder Pond. 6414. 6 3· 8o717 
297 15 37 117 17 51 Clark's Cove ________________ -- ---------- 5334.4 3.72709 
250 03 39 70 o6 or North Pond. 5314.0 3. 72542 

287 28 07 107 35 27 Nantucket Cliff ____ ,_---------------------- 16213. 6 4.20988 
294 47 16 114 52 II North Pond. ll439· 0 4.05838 
132 o8 17 312 07 42 Nantucket Cliff ____ .. __ ··-----------------·- 1671. 9 3.22322 

62 32 40 242 32 o8 Windmill Range. 1286.9 3· 10953 
101 09 36 281 07 05 Nantucket Cliff ______ .---- _______ ----··-. ___ 5430.3 3.73482 
182 o6 55 2 07 07 Nantucket light-house. u8og. 2 4.07222 

205 12 51 25 15 17 Nantucket light-house __ . ___ -------- __ ------ 12036.8 4.08051 

28o 58 31 ,.. IOI 00 44 Shawaukemo. 4787. 2 3.68oo8 

3II 33 44 131 34 47 
Shawaukemo ______________________________ 2956. 2 3.47074 

67 og 07 247 07 56 Bluff. 2699.4 3· 43127 

298 55 46 118 59 07 Sankaty Head __ ·------------.----·-----·--· So7J. 6 3.90707 

334 05 39 154 o6 36 Gibbs' Pond. 456o. 2 3.65898 

123 48 13 303 47 48 Nantucket Cliff ______ ·----_-------------. __ 1042.4 3. 018o2 

325 31 22 145 31 34 South-towered church. 759.7 2.88o62 

I8o 00 0 00 Folger---------·---------·-------------- 2.234 0.34911 

165 24 52 345 24 49 Folger_---------------------------- --- -- 351. 6 2.546o2 

309 56 45 .129 56 55 South-towered church. 445·4 2.64877 

140 43 44 320 43 13 Nantucket Cliff ____________ ·--------------- 1719.8 3.23548 i 

238 54 03 58 54 09 South-towered church. 242.4 2.3846o 

329 S9 12 149 59 19 South-towered church. __________ -----------_ 470.9 2.67292 

138 20 34 318 20 29 Folger. 291. 8 2.46504 

IOI 46 38 281 46 04 Bluff.----- -- --- -- ----- ----··------------- 1240.1 3·"9345 

224 22 18 44 22 54 Coatue Point 2. 1821.0 3.26o30 

.•Jo 43 50 310 4Z 41 Bluff _____ --------------------------------- 3190.8 

I 
3.50390 

·242 52 o6 62 S3 II Shawaukemo. 2563.5 3.4o884 



 

3U6 UNITED STATES UOAST AND GEODETIC SURVEY. 

NANTUCKET AND VICINITY-Continued. 

' ! 
! Seconds in Latitude. [ Seconds in i Longitude. I metres. i I nietres. 
! 

Station. 

----------- !-----·--·--1-----
0 I " 0 I II I 

! Nantucket Cliff Range Beacon (front), 1875. 

Nantucket Cliff Range Beacon (rear), 1875. 

Nantucket (Borden). 

: Tuckanuck Island, north house (Borden). 
,# 

I 

: Brant Point light-house {Borden), 1835. 
i 

41 

41 

41 

41 

41 

17 37.96 1170. 9 : 

17 35· 55 1096. 6 : 

17 39.86 1229.6 

r8 38. Sr 1197. 2 

17 24.48 755.r 
' i 
! 

MARTHA'S VINEY ARD AND VINEY ARD SOUND. 

--- ·------·-------------------- ·---

i Prospect Chilmark (C. and G. S. and B.). 41 21 56. 838 1753·5 

Davis Hill. 41 JI 24.305 749·9 

' Desert Hill. 4I 29 28.731 886.4 

East Chop 2. 41 28 04.635 143.0 • 
1875. 

Cape Poge. 41 25 I I. 499 354.8 

West Chop 2. 41 28 52. 6r 1622. 9 
1875. 

i Watcha Pond. 41 20 52. 19 16o9.9 

I Nashaquitsa Cliff. 41 20 00.34 IO. 5 

I n·- ,,,,,. 4r 20 47.35 1460.6 

1596. 9 I Edgartown. 41 23 51. 77 

I Edgartown spire. 41 23 r8.64 575. 0 

I Edgartown light-house, i875. 41 23 27.29 84r. 9 
I 

I MoWho Hill. 41 20 29.02 895.2 

Gay Head. 41 20 50. JO 1243. 2 
I 
I 
I 

\ Gay Head light-house (Borden), 1835. 41 20 54.54 16&2.4 

/ Gay Head light-house, r843-45. 
! 

41 20 54· 10 
/ 

1668. 9 

'---·- I 
-

70 06 24.12 56r. 3 

70 o6 25. IO 584.0 

70 06 39· 85 927.2 

70 15 55.41 1288.8 

70 05 35.81 833.3 

I 

70 44 s1. 049 I II86. 3 
I 
I 
i 

7° 39 39· 245 i 910. 0 
I 
I 

70 44 2I. 354 i 495.3 

I 
70 33 50. 903 i II8I. 2 

I 
70 27 03.747 87.0 

70 35 58.26 r351. 6 

70 36 38.35 89r. 5 

70 44 27,30 634.7 

70 31 34.16 794.1 

70 32 55.¢ 1299.9 

70 30 55.88 1298.2 

70 30 12.76 296.4 I 

70 48 38.50 895. I 

70 50 13.96 324.5 

70 so 09.J6 217.6 

70 50 o8.54 198.6 



 

Azimuth. 

I II 

250 45 18 

283 30 14 

249 23 03 

16 59 59 
207 04 02 

323 51 45 
277 57 28 
282 42 49 

107 40 01 

31 JJ 25 

219 19 40.2 

i 266 18 36. 5 

1

.# 302 56 44. 7 

I 7 48 07.7 
-2 50 03.3 

323 II 30. I 

127 2I 09· 5 
65 56 35· I 

119 30 31. 7 
93 21 19. 8 

132 25 13 

296 35 19 

99 55 21 

148 14 21 

171 16 11 

256 52 02 

96 40 26 

126 04 56 

78 01 14 

108 14 05 
82 40 02 

108 38 42 

149 23 47 
310 38 40 

242 50 46 

130 33 23 
135 1-1 46 

235 28 19 

134 24 32 

235 38 30 
134 23 19 

235 33 50 

UNITED STATES COAST AND GEODETIC SURVEY. 

NANTUCKET AND VICINITY-Contmued. 

Back azimuth. 

o I It 

70 46 27 
I03 32 26 

69 24 13 

196 59 58 

27 06 37 

143 52 13 

98 03 35 
102 49 23 

287 39 19 
211 II IO 

To stations. 

! Coatue Point 2 _______ _ 
I 
i Shawaukemo. 

Coatuc Point 2 ------------ _ --------------

Bluff. 
Nantucket light-house _____________________ _ 

South·towered church. 
Nantucket __________________ _ 

South-towered church. 
Nantucket ________________ _ 

South-towered church. 

Distance. 

Metres. 
2568.9 

4769.8 
2615.6 

133.9 

11936. 3 

1647.9 
13052. 0 

14249. 8 

1563.8 
1001. 2 

MARTHA'S VINEY ARD AND VINEY ARD SOUND. 

39 22 25.8 

86 29 03.5 

123 05 03.7 

187 47 27.0 

182 49 43.7 

143 13 56.2 

307 17 18. 7 

245 52 03.8 

299 26 02.2 

273 12 19.3 

312 22 47 

116 36 43 

279 49 55 
328 I I 41 

351_15 55.5 
77 02 13. 5 

276 31 39 

305 58 55 
257 53 21 
288 08 58 

262 30 50 

288 32 15 

329 21 22 

130 39 26 

62 53 16 

310 28 30 

315 IO 56 

55 34 38 
314 20 38 

55 44 46 
314 19 25 

55 40 05 

Indian _____ . _______________________ ----- _ 

Sampson. 

Cape I'oge light-house __ -------------------

Indian. 

Prospect Chilmark ___________ _ 

Indian. 

Davis' Hill _____ . ______ ----- ____ _ 

Indian. 

East Chop z ------------------------------
Indian. 
Davis' Hill ______________________________ _ 

East Chop z. 

Prospect Chilmark------------------------

Indian. 
Prospect Chilmark ________________________ _ 

Sampson. ________________ I 
Prospect Chilmark ________ . 

Indian. 

Prospect Chilmark ___ ----------------------

Indian. 

Prospect Chilmark ----·-- ------ ____________ _ 

Indian. 

I;;ast Chop z . _______ ---------- __ ----- ·----
Sampson. 

Prospect Chilmark_-----------------------

Cuttyhnnk. 

Cuttyhunk ______________ ------------------

Indian. 
Cuttyhunk ______________ -------- ______ ----

Indian. I 
Cuttyhunk ------·------------------------- i 

Indian. 

9172. 2 

22088.2 

20852. I 

10511. 0 

13958. 0 

8551. 3 
1016o. 2 

10420.2 

10856.5 

19001. 4 

6940.6 

3304.9 
11624. 9 

1o6<)o. I 

3635. 8 

22o67. 3 
18646.6 

15701. 8 

16989.9 

11361. 4 

19570.4 
14331. 0 

9942.8 

2152. 9 

5941. 0 

13575.0 
u500. 6 

16156.6 

11484.4 

15994. 5 
11507. 5 
15986.0 

367 

Logarithms. 

3.40974 
3.67850 

3.41757 
2. 12675 

4.07687 

3.21693 
4. 11568 

4- 15381 

3. 19417 

3.00051 

3.962471 

4.344161 

4.319151 
4. ozr646 

4- 144824 
3.932032 

4.006go4 

4.017875 

4.035691 
4.278786 

3.84140 

3.51916 

4.o6539 
4.02898 

3. 56o6o 

4. 34375 
4.27o6o 

4- 19595 
4.23019 

4.05543 
4.2916o 

4- 15628 

3.99751 

3.33303 

3.77386 

4- 13274 
4.06072 

4- 2o835 

4.o6o11 

4.20397 
4.o6og8 

4. 20374 



 

368 UNITED STATES UOAST AND GEODETIC SURVEY. 

MAR'l'HA'S VINEYARD AND VINEYARD SOUND-Continued. 

Stations. 

Gay Head light-house, 1875. 

East Chop. 

East Chop Telegraph. 

East Chop light-house, 1875. 

Tarpaulin Cove light-house, 1835-'45 (C. and G. S. and B.). 

Kotayma House, north tower. 

Observatory with red roof, flag-staff. 

Prospect House, cupola, flag-staff. 

Union Chapel. 

Highland House, north tower. 

Seaview House, north tower. 

No Man's Land (C. & G. S. & B. ). 

Bowman's Point. 

Bowman's Hill observatory. 

Nobska Point light-house, I 835-'75 (C. &. G. S. & B.). 

White house, south gable. 

White house, chimney. 

Menauhant Hotel, west chimney. 

Menauhant Landing, flagstaff. 

Wood's Holl, Episcopal spire. 

Davis Neck. 

Mona.unt Hill. 

I 
\ .Saml"'on (Borden). 

I 

Latitude. 

o / II 

41 20 54.59 

Seconds in i 
metres. · 

1684.0 

41 28 04.72 145.6 

41 28 13.44 414.5 

41 21 30. JO 928. 5 

41 26 12. 76 393· 6 

41 26 41. 34 I 1275. 2 

41 J2 38. Io I 175· 4 

41 32 09· o8 28o. I 

-~ 

----~---, 
L .t d l Seconds in I ongt u e. metres. i 

---~~;158 1-:~' 
70 33 SJ- 91 rt8I. 3 

70 33 49.00 

115. I 

70 45 28.74 666.8 

70 30 19.67 457.2 

433· 5 

70 34 45. 39 1053. 6 

70 33 31. 05 

70 33 36.17 

70 33 23. o6 535. 2 

70 48 49.20 1145. 4 

135· 4 

70 36 04. JZ JOO. I 

70 39 20.20 

70 35 43.10 

70 39 IO. 00 231. 8 

41 33 OI. 00 30. 8 70 33 og. 76 226.2 

41 32 59.68 1841. 2 . 70 33 o8. 92 zo6. 7 

41 31 19. 86 612. 7 70 39 48. 10 1115. 3 

41 3J 05.51 752.7 

41 22 41. 51 I 28o. 5 'fO 29 02. 66 61.8 



 

Azimuth. 

1-~:---::-

1

, 216 50 44 

255 20 32 

I 
326 03 48 

65 54 57 
99 28 08 

128 57 22 

127 14 39 
114 41 44 

303 03 03 

355 37 28 
118 48 51 

219 01 41 

82 30 29 

278 17 44 

2o6 II 43 

284 27 19 

162 39 15 

323 39 05 
326 13 56 

68 53 54 

295 36 42 

72 51 45 

151 35 57 

203 52 57 

331 47 15 

26 47 39 

358 50 38 

65 27 54 

II 02 33 
68 40 29 

343 19 41 
28 05 44 

315 30 25 
10 07 22 

329 35 o8 

38 01 31 

329 34 26 

38 09 42 

305 58 51 

6 46 37 

340 36 44 

35 57 42 
345 46 00 

39 57 48 
86 JO 32 

109 28 44 

UNITED STATES OOAST AND GEODETIC SURVEY. 

MARTHA'S VINEY ARD AND VINEY ARD SOUND-Continued. 

i Prospect Chilmark. 
I Sampson.------------ ___________________ _ 

I Indian. 

I Naushon --------------------------------

! Wood's Holl. 

I Davis' Hill ________ . __ ·----·--------------

! West Chop 2. 

I :::::c~-~~~l~~:~.----------- -- -----------
: Indian ______ .---·. _________ . ___ .. 

i Sampson. 

I Indian ______ . __________ --------------------

1 Cape Poge. 
I 
I East Ct.op 2 ________________ --------------

! 
! Cape Poge. 

[East Chop 2 -----------

!Sampson. 

I Sampson_ ------· ------------------------
Indian. 

Cape Poge ...... ----------------------- ___ _ 

Indian. 
Cuttyhunk _________ _ 

Prospect Chilmark. 
1 Sampson---------------------------------
! Indian. . 

West Chop 2 ____________ ---- ·-------------

Davis' Hill. 

Indian_-------. ____________ --------------

Desert Hill. 
East Chop 2 ____________________ ----------

Indian. 
East Chop 2. ___________ ---- ________ ------

Indian. 
Cape Poge. __ .. _________ ---· _____________ _ 

Indian. 
CapePoge _______________________________ _ 

Indian. 

1 
East Chop 2 ----~-------------------------

\ ::;:n -·--· -------- ----------- ·- ---- ·---
Indian. 

Sampson _ ---- ---- ___ . __ -- - - -- -- -- ---- -- -- , 

Indian. I 
Prospect Chilmark - ---- ---- -------- -- -- ____ I 
_Indian. I 

Distance. 

fifetres. 
24294. I 

7604. 3 

12005. 8 
10422.0 

15154. I 

rn5u. 6 

9736.4 
2893.2 

7979.2 
II48o. 7 

16457.4 

2848.4 

6136. 3 
13022.7 
2864.2 

11070. 8 

1545.3 
10529.6 
11442. 7 

I0565. 7 

9768.3 

1o633. 6 
21162. 2 

13671. 3 
2o810.4 

14157.3 

6957-9 

5477- 7 

9759.3 

7499.3 
9074.0 

14672.7 

rn566.o 

11981. 5 
16790. 0 

16997. 3 
16745.2 

16')77.4 

10243• I 

10348.8 

20031. 3 
16292.6 

19848. I 

17649.4 
22082.6 

17191.4 

H. Ex. 18--47 

369 

Logarithms. 

+ 38550 
3.881o6 

4.07939 
4.01795 

4· 18o53 
4.02167 

3.98840 

3.46138 

3.90196 

4.05997 
4.21636 

3.4546o 

3.78791 
4. 11470 

3.45700 
4.04418 

3· 18901 
4.02241 

4.05853 
4.02390 

3.98982 
4.02668 

4.32556 

4.13581 
4. 31828 

4. 15098 

3. 84248 

3.7386o 

3.98942 

3.87502 

3. 9578o 
4. 16651 

4.02391 

+ 07851 

4. 22505 

+ 23038 
4.22389 

4.22987 

4.orn43 

+ 01489 
4.30171 

4. 21199 

4. 29772 

4.24673 

4.34405 

4.23531 



 

370 UNITED STATES COAST AND GEODETIC SURVEY. 

MARTHA'S VINEY ARD AND VINEY ARD SOUND-Con tinned. 

I 

I 
Station. Latitude. 

1-S-u_c_co_n_n-es_se_t-.~~~~~~~~~~~~~~~~ 
0 fl 

41 33 31. 43 
I 
I 

I Succonnesset (Borden). 41 33 34. 76 

I I 
I Seconds in I 
\ metre1t. I 
: I 

I 
969. 6 i 

) 

Longitude. 

o I II 

70 28 36.29 

70 28 31. 66 

I Seconds in I 
I metres. 

840.9 

I 
733.6 

West Chop. 41 28 54.29 

w72. 4 ! 
i 
i 

1674. 8 I 
I 

70 36 18. 04 j 418.6 

Cape Poge light-house (Borden), 1835 .. 

, Holmes' Hole spire. 

I Holmes' Hole wind-mill (Borden). 

I . 

I
! Holmes' Hole (West Chop) light-house, 1835-'45 (C. & G. S. 

1 

& B.). 

I 
Holmes' Hole (West Chop) light-house, 1875. . 

I Cotuit Neck. 

41 25 18.54 

41 27 15. 15 

41 27 14.81 

41 28 57.66 

41 28 51. o6 

41 35 JI. 16 

I 

571. 91 

467. 31 

456. 8 I 

1778. 7 

1575. I I 

961. 3 I 

I 

70 27 03.40 

70 36 20. 18 

70 36 20. 71 

70 36 IO. 78 

70 36 00.96 

70 26 44- 25 

BUZZARD'S BAY. 

I 
Falmouth (C. & G. S. and Borden). 41 35 53· ll4 1638. 6 I 70 37 05. 477 

Naushon. 41 29 25. 030 772. 2 70 44 33. 38o 

Mishaum Point. 41 30 56. 112 i 1731. I 70 57 16. 438 

Swift's Hill. 41 34 02. 457 75. 7 70 38 30. 704 

West Island. 41 34 56. 619 1746. 6 'fO 49 20. 791 

I 
Angelica Point. 41 38 28. 974 894. 0 70 45 55. 351 

Pine Hill (C. & G. S. and Borden). 41 42 31.126 g6o.2 70 33 58.6o8 

Wood's Holl. 

Great Hill (C. & G. S. and Borden). 41 42 33· 278 1026. 6 70 43 20. 441 

Mendal (Borden). 41 42 03. 029 93. 4 70 53 00. 021 

New Bedford court house (Borden). 41 38 03. 723 n+ 9 7o SS 52. g61 

Dartmouth (C. & G. S. and Borden). 41 34 II. 594 357• 7 71 01 47• 5J8 

79.0 

468.4 

48o. 7 

250. I 

22.3 

ro24.9 

126.9 

774.4 

381, I 

71 I. 3 

128o.9 

1354- 9 

964.0 

472.8 

0.5 



 

UNITED ST.ATES CO.AST AND GEODETIC SURVEY. 

MARTHA'S VINEY ARD AND VINEY ARD SOUND-Coutiuned. 

------------------- - ~ ---------

Azimuth. 

O / II 

I 44 18 

49 35 50 

240 17 24 

109 46 24 

46 31 14 

94 45 47 
29 46 21 

92 42 02 

309 38 06 

65 44 56 

222 49 07 

231 32 49 

46 47 36 
94 II 22 

95 45 48 

133 03 46 

249 o6 38 
7 42 26 

183 30 32.8 

246 40 36.4 
64 18 42.8 

220 53 15. I 

278 57 06. 3 

350 45 14. 3 

77 40 44.5 
44 31 29.:? 

276 16 15. 3 

264 05 20.4 

308 J4 05.4 

291 21 18. 3 

277 59 36.0 

175 08 52. 8 

87 00 55.3 

114 30 11. I 

28 56 16.9 

324 51 59· 0 

7 45 54.3 

297 14 08.2 

0 32 35.8 

278 40 15.8 

334 IO 48,7 

264 39 02.7 

Back azimuth. 

o II 

181 44 OI 

229 27 50 
60 24 06 

289 40 43 
226 28 20 

274 40 19 

209 45 02 

272 33 01 
129 42 56 

245 42 04 

42 54 18 

51 44 41 

226 44 37 

274 05 48 
275 40 17 
313 Ol 21 

69 12 08 

187 40 54 

3 31 37. 5 
66 51 24.7 

244 11 06. 5 
40 5S 12. I 

99 05 31. 9 

170 46 03.2 

257 28 Ij. 9 

224 27 28.7 

96 23 26.7 

84 13 28. 5 
128 39 00. 6 

I 11 27 10. 2 

98 o8 20.8 

355 07 53· I 
266 49 16.1 

294 23 47.0 

208 47 51.3 
144 56 08.2 

187 43 53.1 

II7 24 42.6 

18o 32 29.4 

98 52 44· 6 

154 14 37. 2 

84 55 z6.4 

Ti> stations. 

I 
Sampson _____ - - - - -- - . -- -- -- -· - -- - --- - -- - - i 
Indian. ! 

. I 
! Hyanms _____________ --- ----- -------- - --- ! 

Falmouth. 

Indian _________ ----- ___ ---· ____ ----------
i 

rfaushon. i 
Sampson (Borden) __________ --- ---- -- -- ---· I 
Indian. I 
Sampson _________________ - -·--------· ----i 
Indian. ! 

I 
Succonncsset (Borden)_ --------------------1 
H . i yanms. 

1 

Indian _____ ·--- ____________ --------------! 
Naushon. I 
Desert Hill _____ --------------------·-----! 

~;:~n:i~l~- -- -- -- --- - ---- ---- ---- ---- ____ I 
Sampson. 

BUZZARD'S BAY. 

Manomet_ ________________ ---- ______ _ 

Shoottlying. 

i ----1 

CuttyhU:nk --------------------------------: 
Falmouth. 
Naushon ______ . 

Cutty hunk. 
Mishaum Point _____________ _ 

Naushon. 

Swift's Hill. 

Falmouth. 
Swift's Hill _______ .. __ .. __ _ _ _ _ _ _ _____ . __ _ 

Falmouth. 

Shoottlying ----------
Manomet. 
Mishaum Point. __________________________ _ 

West Island. 
Cuttyhunk __ • ________ .• ___________ ...... _ .. 

Falmouth. 
Cutty hunk . _____ . ___ • _ . ____ . _____________ _ 

Falmouth. 
Cuttyhunk ___________________ _ 

Falmouth. 

Cuttyhunk ____ -------- -------------------· 

Falmouth. 

Distance. 

Metres. 
20049.3 
22088. 2 

16123. 2 

12645.3 

8404.8 

11530. 5 
5580.3 

18997.7 
13207.2 

6634.4 

15991. 6 

31745.9 
8598. 4 

11690.4 

11665.9 

6g26.9 

12327.9 

23949. 7 

36646.7 

24574.7 
17761. 7 

15846. 9 

17919.2 

10665.3 

26719.4 

11997. 9 

15153. I 

17120. I 

13176.7 

13176.0 

18423.8 

24386. I 

24493.7 
14745.2 

36580.9 

15089. 5 
31388.6 

24862. 7 

23720.2 

26413.3 

18389.0 

34473-0 

371 

Logarithms. 

-------1 
4· 30210 

4. 34416 

4.20745 

4. 10193 

3.92453 
+06185 

3· 74666 
4.27870 
4, 12081 

3.8218o 

4. 20389 

4. 50169 

3.93442 
4.06783 
4.06692 

3.84054 
4.ogo888 

4.379300 

4· 564035 

4.390489 

4.249485 

4. 199944 
4.253320 

4. 027971 

4.426827 

4.0791o6 
4, 180503 

4. 233507 
4. 119807 

4· 119784 

+ 265378 

4.387143 

4.389055 
4. 168651 

4, 563254 

4. 178675 

4.496772 

4.395548 
4.375118 

4.421821 

4.264559 

4·537479 



 

UNITED STATES COAST AND GEODETIC SURVEY. 

BUZZARD'S BAY-Continued. 

---------- ----··-----~- ------ -- -·-·-·------~----' 

Station. Latitude. Longitude, i Seconds in / 
' metres. j 

i---------- ------- ------- ------- ! 
! 

II II 

I Eldridge. 41 31 46_ 109 1422.4 71 05 08_269 191_ 7 

I Gooseberry N eek. 41 29 20. o83 i 619.6 71 02 19,612 455.o 
I l 
I 
I I Almy. 41 30 42. 286 : 1304. 5 i 71 01 49,855 1156. 0 

I Quicksand_ 
I 

41 30 01. 683 i 51. 9 71 07 12. 194 282.8 

I 
32 13. 094 i l Nooto.s (Bordcnj. 41 404.0 71 07 25.874 599.8 

I 
102. 8 i I I'asque. 41 26 S7- 82 1783.8 70 50 04.43 

! 

I Sconticut Neck_ 41 35 02.65 81. 7 70 51 20.39 472, 2 
! 

Round Hill. 41 32 24.79 764.9 70 SS 50. 59 1172. 6 • 

I 
Clark's Point. 41 35 34. 15 10s3.1 70 S4 03_ 69 85_4 

New Bedford Fol't. 41 37 27.o6 834.9 
. 
70 54 lO. 37 240.0 

Wild Harb<ir. 41 38 22.19 684.7 70 39 09.05 209.5 

Wenaumet Neck. 41 40 58. 14 1793·7 70 39 41.00 948.2 

Sippican N eek. 41 40 35.93 1108. 4 70 42 58.05 1342.6 

Tempes Knob. 41 42 58. 46 18o3. 6 70 39 48.84 1128. 9 

Indian Neck. 41 43 33-27 1026. 4 70 41 27. 05 625.2 

Cromeset Neck. 41 43 41. 74 1287. 6 70 43 20.57 475·5 

Long Neck. 41 44 20.21 623.6 70 38 45.42 1049. 5 

Rack J{iver Harbor. 41 43 18.58 573. 3 70 36'50.49 1167.0 

Hog Island Harbor. 41 36 15.84 488.6 70 38 57.00 1319.8 

Nashawena. 41 25 3o.97 955. 4 70 52 o6.61 153.5 

Naushon, southwest. 41 27 01. 82 56. I 70_47 19.97 463.5 

Nausbon, northeast. 41 30 35.72 1101. 7 70 42 48.91 1134. 2 

41 26 58. 17 1794. 6 70 SS 26.91 624.7 

-----------------------------------'------------''---'----_;._----' 



 

UNITED STATES COAST AND GEODETIC SURVEY. 

Azimuth. 
. 
I 

Back azimuth. 

------·---·-1--- - -·· 
o II 

104 36 20. 2 

46 13 oo. 8 

247 07 31. I 

310 48 37. 4 

63 52 05.2 

321 23 15. 1. 

221 43 16.3 

175 32 19.6 

244 58 18.0 

309 04 44.8 

69 08 02 

126 17 56 

317 47 31 

19 52 38 

289 23 19 

232 05 55 

28.i 23 43 

.22 59 12 

318 31 21 

357 27 24 

65 56 09 

353 40 19 

352 45 42 

62 03 03 
46 20 26 

171 51 55 

44 52 33 

8o 59 49 

295 19 04 

54 46 40 

275 40 40 

359 55 02 

2¢ 53 16 

62 35 50 

290 12 39 

81 13 19 

351 34 38 
8o 27 22 

192 24 47 

235 29 35 

117 38 05 

169 II 04 

131 34 55 
223 09 26 

270 03 07 

14 36 00 

II 

284 34 49.0 
226 08 42. 4 

67 IO 52. 0 

130 52 47.0 

243 45 35.4 
141 27 05.0 

41 44 38.4 

355 32 JO. 6 
65 02 02.4 

~29 12 17.3 

249 04 05 
306 13 10 

137 52 01 

199 49 31 

109 30 48 

52 08 54 

104 25 31 
202 58 01 

138 33 14 

177 27 28 

245 49 23 

173 40 44 

172 46 29 

241 58 54 
226 18 28 

351 51 40 

224 50 27 

26o 57 28 

115 20 09 

234 45 24 

95 41 56 

179 55 02 

116 56 27 

242 32 47 

110 14 33 
261 og 00 

171 34 56 
26o 20 28 

12 26 37 

55 34 35 
297 31 a9 

349 og 44 
311 30 35 
43 12 18 

90 o6 40 

194 35 36 

BUZZARD'S B.A. Y-Continued. 

-- ----- ----------

To stations . 

Nootas. -· ---- -------------------- ----··---
East Rock. 
Mishaum Point_ ___________________ _ 

Cutty hunk. 

East Rock ______ ------

Cuttyhunk. 

Eldridge _____________ --------------------

Nootas. 
1 Dartmouth-------------------------------

Cuttyhunk. 

Cuttyhunk ------------- ------- ·----------
Mishaum Point. 
Naushon ________________ . ___________ _ 

Cuttyhunk. 

Naushon _____________ -----··---------

Sconticut Neck. 
Sconticut Neck _______________ _ 

Round Hill. 

! 

Sconticut Neck _____________________________ ; 

Clatk's Point. 

West Island------··------- ____ ·-----------

Swift's Hill. 
Swift's Hill ________________________ _ 

Angelica Point. 
Angelica Point ____________________________ ' 

Great Hill. 

. Sippican Neck------------------------------ I 

i Great Hill. ~ 
I Tempes Knob---------- ---------

' Great Hill. 
I Indian Neck_ ____________________ _ 

I Great Hill. 

I Pine Hill ---------- _ --------- ------ ------
1 Great Hill. 

i Pine Hill ______ ------ --------------------
' I Gr~a~ Hil~. 
l Swifts Hill. ___ ·--------------------------
! West Island. 
I :::h~~~nd _____________________________ _ 

j Mishaum Point_ _______________ ------------

\ West Island. 

\ West Island---- ____ -----------------
! I Swift's Hill. 

• Pasque ·---------------------------------

! Cuttyhunk. 

Distance. 

life/res. 
3295.3 

12540.9 

7630. 2 

n566. o 

1521+ 7 
12920.4 

4317. 0 

4o64. 2 

8651. 3 

20438.7 

8902.3 

12429.7 

14053.7 

19277. 9 

16654. I 

7932. I 

3905. 4 

6345.4 

5945,0 

3486. 7 
15519.6 

8062.0 

12927. I 

98o7.5 

5671. 8 

3657. I 

6203. I 

4952.8 

25 I I. 5 

3208.6 

2636.5 

2112. 5 

7434.8 

7162. I 

4234.9 
9122.2 

4159. 7 

14652.4 

17869.8 

12758.5 
15612. I 

14913.2 

12135.8 

8746.4 

7485.3 

3292.5 

373 

Logarithms. 

3.517897 

4.098329 

3- 882535 
4.063182 

4. 182265 

4. 111276 

3.635184 

3. 6o8975 

3.937o81 

4- 310454 

3.94950 

4.09446 

4. 14779 
4. 285o6 

4.22152 

3.89939 

3· 59166 
3.80246 

3- 77415 

3.54241 

4. 19088 

3.90644 

4. 1r150 

3.99156 

3.75372 

3.56314 

3.79261 

3.69485 

3.39993 
3.50631 

3.42102 

3.32479 

3.87127 

3.85504 

3.626/4 

3. ¢o10 

3. 61906 

4.16591 

4. 25212 

4· rn58o 

4· 19346 

4. 17357 

4.08407 

3.94183 

3.87421 

3.51753 



 

374 UNITED STATES COAST AND GEODETIO SURVEY. 

BUZZARD'S BAY-Continued. 

------------ -~ ~--------

Station. 

1------~---
I Penikese {Borden). 

t Padanaram. 

Padanaram, gray spire, 

New Bedford Baptist church. 

New Bedford Beacon. 

Fair Haven, black spire. 

l'amanset R1ver. 

Monument church. 

Pocasset spire. 

South Pocasset spire. 

Scraggy Neck. 

North Falmouth, spire. 

Falmouth, spire. 

Mattapoisett N eek. 

Mattapoisett, gray spire, 

Sippican church. 

Wareham Baptist church. 

Charles Neck. 

West Island 2. 

i New Falmouth. 

Ned's Point light-house, 1844. 

Dumt>ling R?c~ (Round Hill~ light-house. 
(C. & G. S. & B.), 1835-44. 

Clark's Point light-house (C. & G. S. & B.). 
1835-'44. 

Latitude. 

O I II 

41 26 58. 19 

41 35 39. 27 

41 35 20. 12 

41 38 12.37 

41 36 33.62 

41 31 41. 30 

41 44 32.45 

41 41 41. 55 

41 39 59. 28 

41 38 33 32 

41 33 14.95 

41 39 43.93 

41 42 09. 92 

41 40 21. 61 

41 35 25.og 

41 33 42.42 

41 32 17.88 

·1

1 

Seconds in 1• . I Seconds-·;:-Longitude. i metres. metres. 

i i 

620.8 650.1 

381. 6 855.9 

1037.2 70 53 28. 73 

302.6 70 54 18.85 436.2 

70 59 30. 99 

IOOI. I 70 35 49.73 1I49· l 

422. 7 

5z8. I 

182§.8 70 39 15. 57 JOO. I 

1027.9 70 37 07. 29 168. 7 

70 37 1::1. 52 290.1 

l 
1436.7 70 48 ll. 30 261. 5 

1355. 2 70 49 12.28 

3o6.o 70 45 47· 88 

666. i 1041. 8 

774· I 70 49 04.85 II2. J 

1308. 7 70 37 52.42 1214.6 

103.0 70 47 46. 11 

551. 6 70 SS 19. 09 442.5 

1057.5 'JO 54 03.91 



 

UNITED STATES COAS'r AND GEODETIC SURVEY. 375 

BUZZARD'S BAY -Continued. 

Azimuth. Back azimuth. To stations. Distance. Logarithms. 

0 I II 

276 OI 55 

0 I I! ' Afetns. 
96 II 43 Indian __________________ -----------------: 20695.7 4.31588 

14 31 35 19~ 31 12 Cutty hunk. I 3292.2 3.51748 

272 33 21 92 35 02 Clark's Point_ ____________ ------------- 3524.9 3.54715 

350 o6 28 170 o6 58 Round Hill. 6090.5 3- 78465 

262 36 50 82 38 26 Clark's Point ------ ----------------------- 3372. I 3· 52790 

350 52 30 170 52 55 Round Hill. 5478.6 3· 73867 

316 33 12 

9 43 15 

136 40 33 Naushon ________ ------ ___________ -------- 22385. I 4- 34996 
189 42 09 Mishaum Point. I 13654. 9 4· 13529 

313 20 41 133 22 06 Sconticut N eek. __________________ . _______ . 4087.9 3· 6II50 

23 49 00 203 48 37 Clark's Point. 2005.3 3· 30218 

324 23 42 144 25 41 Sconticut Neck ___________________ . 7100. 2 3.85127 

355 49 08 175 49 18 Clark's Point. 4815.2 3.68261 

255 15 59 75 18 25 ' Round Hill _______ -------------------------- 5282.3 3.72282 

294 03 39 114 05 08 Mishaum Point. 3417.3 3.53368 

31 38 53 • 211 38 13 Back River Harbor __________________ . _____ . 2676.6 3.42759 

84 42 15 264 40 18 Long Neck. 4C'jj. 2 3.61036 

110 50 II 290 45 30 Cromeset Neck ____________________________ 10442. 9 4.01882 

Il5 48 03 295 44 38 Indian Neck. 7'J26.7 3.89909 

89 58 14 269 53 51 Sippican Neck---------------------------- 9142.0 3· 96104 

132 39 30 312 37 13 Tempes Knob. 6475.7 3· 81129 

357 07 03 177 07 07 Wild Harbor ______________________________ 2999.2 3· 47700 

102 24 46 282 22 18 Sippican Neck. s26g.3 3· 72175 

115 01 z6 294 57 33 Sippican Neck---------------------------- 8953.6 3· 95200 

89 25 16 269 19 25 Angelica Point. 12221. 9 4.o8714 

49 21 48 229 20 09 Wood's Holl __________ ---------- __________ 4552.6 3.65826 

SS 16 57 235 12 05 Naushon. 12442. 6 4.09491 

297 09 35 117 16 00 
Swift's Hill _______________________________ 15119. 6 -4· 17954 

341 54 20 161 56 45 Naushon. 16276. I 4.21155 

305 17 09 125 24 15 Swift's Hill ________ ---------·---------- ____ 18210.8 4· 26o33 

I 16 23 181 16 17 .West Island. 8866.3 3· 94774 

284 35 42 104 39 46 Wenaumet Neck ----------------· 8768.4 3· 94292 

326 01 32 146 o6 22 Swift's Hill. 18125.9 4- 25830 

294 40 30 114 44 38 Back River Harbor-------------------------- 949r. 8 3.97735 

330 32 52 150 35 07 \Venaumet Neck. 9530.8 3.97913 

295 19 33 115 23 16 Wild Harbor ______ ------ ____ -------- _____ . . 86o3.o 3.93465 

25 05 27 205 04 40 Angelica Point. 3836.7 3.58396 

217 42 OJ 37 44 09 Angelica Point ______ -------- --------------- 7171. 5 3.85561 

298 05 II 118 II 25 Wood's Holl. 148o2. 3 4. 17033 

33 34 24 2IJ 33 [2 Wood's Holl ______________________ ------ __ 4576.6 3· 66o54 

49 32 05 229 27 39 Naushon. 12225.6 4.o8727 

305 46 12 125 52 21 Swift's Hill ____________________ ----------_ 1586o. 2 4.20031 

345 55 52 i65 58 00 Naushon. 1839r. 6 4.26462 

4 26 03 !&4- 25 34 
Cuttyhunk __________________ .. ---- _______ . 13o88. 5 4. 11689 

47 10 39 227 09 21 Mishaum Point. 3710. 5 3.56943 

z8o 00 58 100 04 o6 West l&land ------------------------------ 666o.2 3.82349 

'fl'] 29 12 2o'J 27 04 Mishaum PoinL 9672.1 3.98552 



 



 

Azimuth. 

o I II 

330 46 42 

42 o6 35 

133 10 45 

178 04 33 

135 31 30 
110 20 25 

2 48 50 

17 10.04 

334 55 53 
316 37 24 

175 31 13 

299 36 00 

353 46 48 
83 08 51 

31 55 58.6 

307 30 33.8 
62 15 31.6 

6 47 47. 5 

342 42 37.5 

225 39 19.2 

157 13 25. 6 

25 46 07.3 

33 42 01. 7 
91 03 50.6 

7 44 52. 7 

338 27 33. J 

117 57 10. 9 

67 22 33.6 
44 24 16.2 

3 53 43· 5 
92 00 50. 6 

71 00 27.8 

22 23 25.9 

59 28 21.2 

277 15 24- I 

• ~ 31 o6.4 
28 44 oo.6 

340 56 43.0 

245 42 og.5 
:.!OS 14 48. 9 

12!j 59 14 I 

48 4> 57.4 

UNITED STATES COAST AND GEODETIC SUJWBY. 

• BUZZARD'S BAY-Continued. 

Back azimuth. 

o I II 

150 49 44 
222 02 25 

313 03 51 
358 04 22 

315 23 59 

290 o8 59 
182 48 II 

197 o6 58 

155 02 20 

136 44 II 

355 31 04 

119 43 23 

173 47 08 

263 03 57 

i 
To stations. 

I - -
i Swift's Hill 

: West Island. 

I Nootas ·----· 
, Mishaum I'oint. 

[New Bedford court-house-------------------
1 I Dartmouth. 
/Indian ______________________________ _ 
! 

Desert Hill. 
i Prospect Chilmark _______ . ___ _ 
I 
i Desert Hill. 

i Nootas (Borden) -------------

: Cuttyhunk. 
l 

Nootas (Borden) ___ _ 

Quaker. 

TAUNTON RIVER. 

D;stance. 

Metres. 
12977. 5 

1J91I. 3 

19888.9 

I 1228. 7 

22452.8 

25555.2 
27881. 8 

21973.5 
32016.2 

20716.7 

4065. I 

I 7881. 7 
6345.6 

377 

Logarithms. 

4. 11319 

4· I 1432 
4.29861 

4.05033 

4.35127 

4. 40748 

4.44532 

4. 34190 

4. 50537 

4.31632 

3· 6ogo7 

4.25241 

3.80247 
4.01415 

·- -·-·-------------
2II 51 27. 3 

127 34 04.6 

242 II 25. 8 

186 47 12. 8 

162 43 38. 9 

45 40 55.4 
337 12 36.3 
205 44 43.3 

213 40 45.0 

271 01 44. 5 
187 44 21. 4 

158 28 18.6 

297 SS 47.3 

247 19 49. 3 

224 21 24.6 

183 53 36.2 

271 59 28. 7 
250 57.34.9 
202 22 58.0 

239 26 31. 4 

97 16 o6.8 
168 31 21. 2 

208 43 35.5 

16o 57 00. 7 

65 43 09· I 

28 15 30.8 

305 58 48. 3 
228 't,) 49· 8 

! McSparran _______ .. ______ . _________ .. __ 

j Quaker. 
I Pine Hill ___________ _ 

I Quaker. 

I Quaker-------------· .. -----· ___________ _ 

I Mount Hope 2. 

! Mount Hope 2 _____ ·-------- ___ ...... ____ _ 

\ Quaker. 
j Mound_______________________ ... ______ _ 

j Mount Hope 2. 

! Mound ____ ------- _______ -------------

Chase. 

Gardner's Neck·---·---~-------·------· ___ _ 

Mount Hope 2. 

Mount Hope 2 -----------· ·--------- . __ _ 

City. 

I Somerset 2. ------- ___ ---- _______ . ________ _ 

Gardner's Neck. 

Calvary _____ ------------- _ ·--- ---------

Somerset2. 
Steep Brook ----. ___________ .. ______ .. __ .. 

Calvary. 

Wood ______ -··-. _________ ----- ·--- -- . - -- --

Steep Brook. 
Steep Brook _____________________ .. _____ .. 

Bluft'. 

Bluft' __ ---- --- _____ .. ---- . _ -- ----. ---· _ - _ --

BUI'll5. 

17933.0 

9270. 7 

9668.8 

10226. I 

7208.4 

468r. 3 

4432.8 

6736. 7 

4815.6 

4387 3 
8o85.9 

4305.9 

3290.3 

6189.9 

8526.8 

3719.3 
2847.4 

6351. 4 

2540.8 

4427. 2 

1494.9 

2590. I 

18og. I 

1878.3 

2270.3 

3075.6 
I 105. 4 

3125. 4 

4.253654 

3· 967114 

3.985375 
4,009711 

3.857842 
3.670366 

3.646681 

3.828449 

3.682651 

3. 642195 

3.907727 

3.634o6o 

3.517238 
3.791686 

3.9~0786 

3. 570466 

3.454456 
3.8o2868 

3.404971 

3.646127 
3. 174610 

3.413318 

3· 257462 

3.273754 

3· 350075 
3.487933 

3.043521 

3.494898 

B. Bx.18 '8 



 

378 UNITED STATES COAST AND GEODHTW SUH.VEY. 

Station. 

Depot. 

Terry. 

Richmond Hill. 

Mack. 

Marsh. 

Nichols. 

. New. 

Bare Top. 

Assonet. 

Graveyard. 

Schoolhouse Hill. 

Beveled Barn, ball on cupola. 

Telegraph. 

Florence. 

High. 

Brown's Hill. 

Hl.ackbearcl. 

1''all River. 

Fall River 2. 

1861. 

Mattapoisett. 

~ Globe Village chimney. 

, Slade. 

Somerset. 

TAUNTON RIVER-Continued. • 

I 
I .atitude. ; Seconds in : 

,, 
41 46 31. 092 

41 46 31. 456 

41 48 2j.290 

41 47 30.986 

i 
41 47 38. 184 i 

4i 48 25. 970 i 

41 49 33. 063 : 

41 48 52.846 

41 47 25.348 

41 49 34. 476 I 

41 50 01. 412 

41 50 12. 731 

41 50 59.358 

41 50 57.520 

41 40 28.88 

41 42 39.25 

41 .p 39· 74 

41 41 lj. 27 

41 43 41. 20 

metres. 

959 3 

97o. 5 

841. 9 

956 .. 0 

1178. 0 

8o1. 2 

1020. I 

1630.4 

782. I 

1o63. 7 

43.6 

392.8 

1831. 3 

78o.3 

1210. 9 

1226. 0 

1248. 6 ! 

532. s I 

Longitude. 

o II 

71 07 15.o68 

71 o6 43.o6g 

71 07 02.325 

71 07 33.8o2 

71 o6 59· 357 

71 o6 58.418 

71 07 28.940 

71 o6 17.556 

71 07 09· 139 

71 o6 50.326 

71 o6 58.'033 

71 o6 29.1l91 

71 o6 27.655 

71 IO 58. 83 

71 o8 A5·54 

71 o8 45.38 

71 12 51.76 

71 10 23.84 

71 10 09· 12 

' ' ' ' 
' ' 
, Seconds in \ 
1 metres. j 

' ~----1 

348.0 i 
I 

994.71 

1000.6 

53.7 

78o.5 

1370.2 

1348.2 

10. 2 

1313· 3 

405· I 

210.9 

1t6o.9 

1338.8 

61l9. 6 

638.61 
I 

1300.s j 

1049. I 

551. 3 

210.8 .. ,. . I 
. ____ , ____ l_: __ ·_44_07_·_6o_L-.-234-........:·-5...il _____ --' __ ·_So_· 0-1 

71 10 o6.49 



 

Azimuth. 

o I N 

356 57 38. 7 

JO 27 26. 5 
53 29 I I. 9 

89 07 59.4 

349 40 28. 9 

338 42 55.8 

rsr 24 r4.9 

346 23 17. 4 

286 59 19. 2 

171 43 29.2 

92 18 o6. I 

28 20 44. 5 

:z7 04 23. 4 

0 36 00.7 

132 50 39.4 

71 38 48. 7 

127 52 24. 6 

178 15 22. I 

9 o6 57.6 

302 09 17. 4 

63 14 12.5 

34 17 48. 5 

:ZI 09 55· 2 

286 20 51. 3 

16 47 28.6 

337 04 22.0 

14 25 12.9 

201 54 48. 2 

96 51 41.2 

59 18 59.4 

34 05 25.2 
137 35 32.0 

17 33 47 

89 00 23 

62 29 50 

JO 48 42 

37 24 38 
62 25 28 

327 14 22 

27 47 47 
74 18 n 

126_53 58 

H 56 22 

44 40 17 

325 19 15 
41 ao ro 

UNITED STATES COAST AND GEODETIC SUH.VEY. 

Back azimuth. 

0 If 

176 57 41. 4 

210 26 21. 4 

233 28 27.4 

269 07 38. I 

169 40 47.7 

158 43 36.t> 

331 23 47.5 

166 23 30. 3 

1o6 59 40. 2 

351 43 22. 8 

272 17 36. 8 

208 20 21. 5 

207 03 53.4 
I8o 36 00. I 

312 50 oo.8 

251 37 40. I 

307 51 13. 6 

358 15 19. 7 
189 o6 48.0 

122 10 16.4 

243 13 24.9 

214 16 51. 3 

201 09 42.0 

to6 21 :z5. 7 

196 47 16. I 

157 04 43.9 

194 25 05. 5 

21 54 53. 3 

276 51 27. 6 

239 18 40.7 

214 04 30.5 

317 34 41. 5 

197 33 25 

268 58 05 

~2 z6 03 

210 46 51 

217 23 <l9 
242 21 41 

147 15 37 

207 46 44 

254 15 30 

Jo6 52 20 

192 SS 27 

224 37 26 

145 20 09 

:UI 17 17 

'l'AtTNTON RIVER-Contimwd. 

Ridge _____ _ 

Burns. 

Bluff .. _ .. _ 

Depot. 

Depot_. __ 

Terry. 

Richmond Bill 

Terry. 

To stations. 

Mack_____ __ .. 

Richmond Hill. 

Richmond Hill .... ____ ...... __ _ _____ _ 

Man;h. 

Richmond Hill 

Nichols. 

New •. -------

Richmond Hill. 
Richmond _________ .. ___________________ , 

Bare Top. 

Richmond Hill .. __ ... _ .. 

Bare Top. 
Graveyard ________ .... __ .•. 

Richmond Hill. 

Graveyard ... __ . __ 

· School-house Hill. 

Beveled Barn __ __ 

School-house Hill. 

Beveled Barn _. ___ _ 

Telegraph. 

Telegraph .. 

Morence. 

bluff_. __ .. 

Richmond Hill. 
l'ocasset. __________ . ____ .. ---- _ 

Mount !lope. 

- -- - - - .__ i 

-- I 

Mount Hope .. _ .... __________ .. __________ .. , 

Pocasset. 
1 Blackbeard _ .. ___ _ 

Mount Hope. 
Blackbeard. __ . _________ . _________ ---·--

Mount Hope. I 
I ::~~:.--- -------- ---- ---- - --------1 
: Pocasset ____ .---- --- ---- -------- ---- ------11 

Mount Hope. , 
I 

Fall River z -------- -_ .. ------ ------ ----1 
Mount Hope. ! 

Distance. 

,tfefres. 
17&>.4 

4451. 6 

1915. I 

739· I 

3643.9 

3835.2 

1978. 5 
1889.7 

76o.o 
1531. 0 

1016.3 

1675. I 

2278. 9 

2070. I 

1824.8 

2502.8 

• 3113. 5 
2700. s 
2099.4 

2412.8 

1845.0 

3514. 7 
1265.6 

1240.4 

1502.6 

1941. I 

1029.0 

4764 

474._8 

754-9 

3381. 4 

2590.9 

2571. 2 

4797. 7 

88&+.4 

7536. 0 

5o81. 7 

8894.5 

4827.4 

4685.0 

5823.7 

4276. 5 
86o3. 2 

8459.o 

3Z95· 8 
9096.2 

379 

Iktgarithn1s. 

3.250528 

3.648517 

3.282192 

2.868720 

3.561567 

3.583785 

3.296337 

3.276386 

2.88o792 

3· 184964 

3.007025 

3.224034 

3.357718 

3· 315990 

J.261220 

3.398432 

3.493253 

3- 431485 

3· 322089 
3.382516 

3- 266oo1 

3.545888 

3. 102298 

3.093570 

3· 176844 
3.288o45 

3- 012409 

2. 677CJ72 

2.676518 

2.877910 

3- 529096 

3· .p3448 

3.41014 

3.68103 

3.94863 

3.87714 

3· 7o6or 

3· 94912 

J.68371 

3.67071 

3. 76520 

3.63109 

3.93466 

J.92732 

3· 51 7"6 
3· 95886 



 

i380 UNITED STATES OOAST AND GEODETIC SURVEY. 

TAUNTON RIVER-Continued. 

------- --------- ----~----------------- ------~--------~~- -r-·-----1 

Station. 

.Fall River spire, 1861. 

Fall River tower, 1861. 

Fall River derrick. 

Dodge's stable, turret. 

Durfee cupola. 

Swanzey belfry, 1843-61. 

Somerset meeting-house, 1843. 

Somerset spire, 1861-74. 

Somerset spire. 

Beacon. 

Large chimney with rail on top. 

White barn with square window, cupola. 

Ferry wharf chimney. 

Mill with conical cupola, chimney. 

White church spire. • 

Steep Brook churct.. 

Assonet fiat topped church, west gable chimney. 

Farm-house, white chimney. 

AJisonet spire. 

North Dighton. 

Meadow. 

River. 

Burt. 

Latitude. Seconds in I ,ongitude. I Seconds in i 
metres. I metres. · 

,, - ______ , " I I 
41 42 06. 87 211. 9 71 09 15. ()() I 346. 8 I 

41 40 56.33 

41 45 03. 22 

41 44 II. 54 

41 42 16.82 

41 42 13.6o 

41 43 28.38 

41 42 34.30 

41 43 o6.66 

41 45 08.92 

41 44 30.40 

41 47 30.26 

41 47 45.95 

41 SI II. 22 

26. 7 i 71 09 25. 42 I 587. 7 , 

596. 0 i 71 09 56. 72 

1737.9 

II21. 8 

99· 3 

356.0 

359· I 

551. 7 i 

I 
518. 9 ! 

I 
419. s I 

875. 6 I 
I058. 2 i 

I 
205. 5 i 

j 
21s. s I 

I 
937. s I 

I 
933· 6 ! 

I 
937. 911 

1417.8 

448.0 ! 
i 

346. 21 

UIJ. 2 I 
I 

131 I. 4 

71 IO 40. 24 930. 71 

71 13 30. 90 713.9 

71 IO o6. 89 159.2 

71 IO o6. 86 158.5 

71 10 29. 71 686.9 

1:211.0, 

1010.0 

71 IO 46.90 1o84.2 

71 O<) 22. 27 

71 08 32. o6 740.7 

1o65. 8 

71 04 15.24 351. 8 

71 04 53. 04 1224.3 

71 04 o8.oo 

71 o6 39·39 908.7 

71 o6 II. g6 275.9 

71 o6 17.02 392.5 

886. l \ 

··---·----------------'------L-------'-----\--------'------J 



 

UNITED STATES COAST AND GEODETIC HURVEY. 381 

TAUN'l'ON RIVER-Continned. 

Aiimuth. Back azimuth. To stations. Distance. Logarithms. 

------- ------- --------- ---:------1---~-
o ' II 

66 40 21 
104 42 21 

67 14 17 
104 23 01 

6o 45 46 

176 07 59 

79 54 51 
188 03 03 

61 38 o6 

143 23 46 

337 25 52 
8 30 40 

326 32 10 

40 47 20 

288 38 52 

40 49 02 

I9 08 IO 

334 49 03 
190 29 02 

346 27 34 

33 52 o4 
222 40 14 

14 13 39 
26o 26 02 

337 35 05 
241 14 14 

239 26 I2 

27 n 38 

347 03 32 

214 49 32 
15 56 36 

136 39 13 
136 22 56 

IJO 07 57 
114 00 13 

88 37 07 

75 49 35 
104 24 32 
2B 20 12 

331 19 41 

99 <>9 07 
67 32 27 

37 4-8 21 
351 20 JI 

43 40 09 
109 45 z8 

0 II 

246 36 54 
281 39 57 
247 IO 57 
284 20 44 

240 42 47 

356 07 53 

259 52 21 
8 03 24 

241 34 32 
323 23 03 

157 27 33 
I88 30 03 

146 33 04 
220 44 27 

108 40 13 
220 46 IO 

I99 08 03 

I54 49 22 
IO 29 16 

166 27 41 

213 51 46 
42 41 25 

194 13 15 
8o 27 08 

157 35 24 
61 16 02 

59 27 03 

207 II 00 

167 03 50 
34 50 00 

195 56 23 
316 38 46 
316 21 46 

290 05 38 
293 59 28 

268 35 13 
255 48 22 
284 22 09 

.xi8 20 04 

157 19 47 
:s79 o8 49 
247 3:s 01 

:sr7 48 o6 

171 20 34 

223 39 54 
289 45 00 

Mount Hope ________________________ . _____ . 

Mattapoisett. 

Mount Hope ______ . _____ -----_-----

Mattapoisett. 

Mount Hope ___ . _________________ ----------

Somerset. 

Mount Hope ______________ --------------

Slade. 
Mount Hope _____________ -· __ 

-- ---- ! 

Slade. 
Blackbeard _____________ _ 

Mount Hope. 
Fall River__ _ _ _ _ _ _ _ 

Mount Hope. 

Calvary.-----------

I Mount Hope 2. 

Bluff_------ ________ -----_·---_---- _______ ; 

Ridge. 

Somerset 2---------·- _____ -------- -·-----

City. 

City---------------

Calvary. 
City __________ • _________________________ _ 

Calvary. 
City _________________ • ______ • ___________ . 

Calvary. 

Calvary---·--------·---------------------
City. 

Calvary----------------------------------! 
Bluff. j 

~::.o.~ ----------·----·-----------------1 

Bare Top ___ ----------------- -----------
Richmond Hill. I 

~~:~~~~~~---------------------------/ 
Assonet ------ ________ -- - • ____ - - ---- ---- --1 
Richmond Hill. I 
Telegraph ·--- __ ---- __ • ___________ ---- ____ 1 

High. I 
North Dighton ____________ ---------------- 1 

Telegraph. I 
North Dighton ____________ ---------- - ---J 
Meadow. I 

~:::~w --------· -·----·---~------------) 
I 

Metres. 
7840. I 

5117. 4 

7545.7 
4925.0 
7143. 6 

3348.0 
5309. I 

5137. I 

8448.5 
2492. I 

9165.2 

8643.7 
3412. I 

9183.I 
2 971. 7 
9173.8 

763. I 

1514.3 
2736.6 
1048.9 
11o8.1 

366o.5 

3329.4 
2312.6 
1686.2 

4267.4 

2073. l 

2874.9 
2789.0 
1713.4 
1590. 8 
1387.2 
3520.4 
5116. 8 

1702.9 

3932.4 

2 593·3 
5132.7 

351.5 

568. 5 
640.9 

957.7 
84!· 7 
775.8 
746.5 
671.7 

3.~432 

3· 70905 

3.87770 
3. 6g241 

3.85392 

3.52479 
3.72502 

3· 71072 

3.92678 

3.39657 
3. g6214 

3.93670 

3.53302 

3.96299 
3.47300 

3.96255 
2.88258 

3· 18o20 

3.43722 
3.02074 

3.0446o 

3. 56355 
3.52236 
3.36410 

3· 2269<:> 
3.63017 

3.31663 
3.45863 

3·44545 
3.23386 
3.;20161 

3. 14213 

3.54658 
3.7o8g9 
3· 23119 

3.59466 
3.41384 

3.71034 
2.72552 
2.75471 
2.8o679 

2. 98124 

2.92517 

2.88g75 

2.87302 
2.82715 



 

382 UNITED ST.A.TE8 <JO.A.ST AND GEODETIC SURVEY. 

TAUNTON RIVER-Continued. 

·-----------~-----· 

Station. Latitude. I Seconds in Longitude. Seconds in 
metres. metres. 

i--------·----·i 
II I 0 II 

Herbert. 41 51 45. 41 J 

I 
1401. 0 71 05 46. 99 1o83. 8 

i 

Carpenter. 41 51 36.08 IIIJ. 2 71 05 33.64 775.9 

Clark. .. J.I 51 52. 70 1625. 9 71 05 13. 14 303.0 

Whitmore. 41 52 12. 51 386.0 71 05 31. 91 735·9 

Birch. 41 52 08.52 262.8 71 05 04. 66 107.4 

Thrasher. 41 52 22. 47 693. 2 71 05 16.73 385.8 

Hunt. 41 52 38.99 1203.0 71 05 30. 23 ~7-0 

Williams. 41 52 43.o6 1328.6 71 05 52. 70 1215. I 

Cupola. 41 52 31. 55 973.4 71 05 48. 05 11o8.,o 

Schoolhouse. 41 53 14. 12 435.6 71 05 38.83 895.2 

Hatch. 41 53 01. 44 44.4 71 05 13.98 322.3 

Taunton Iron Works, chimney 41 52 54· II 16~.4 71 05 38. 55 888.8 I 

Johnson. 41 53 20.81 642.0 71 04 43.52 1003. 3 

French. 41 53 35.6o 1098.4 71 05 34.67 799.2 

Taunton Unitarian spire 41 54 04.57 141.0 I 71 05 19.92 459· I 

Frederick. 41 53 41. 36 1276.2 71 04 27.12 625. 2 

Mason. 41 54 29.24 902.2 71 04 JI. 14 256.8 

Wilbur. 41 S4 40 . .30 1243. 4 71 05 u.67 268.8 

Bradford. 41 54 17.32 534-4 71 04 38.04 876.8 

Brickyard. 41 54 33.09 1021.0 71 04 45.01 1037.3 

I Briggs 41 54 56.20 1733. 9 71 03 49."46 1139.8 

Dean. 41 54 37.32 1151. 5 ) 71 04 15.35 353.7 ' 

Hall. 41 54 22.37 6go.2 71 04 16. 29 315·5 



 

• 

Azimuth. 

0 , ,, 

6 42 32 
67 26 24 

58 21 35 
133 03 51 

42 41 36 

73 56 24 

324 42 IO 

22 35 52 

IOI o6 18 

21 50 45 

327 07 o6 

48 44 38 

2 42 27 

328 34 19 

333 02 13 

283 37 30 

240 47 46 

163 12 14 

349 38 09 

18 27 19 

124 19 56 

57 35 II 

43 44 19 

337 37 55 

So 48 42 

49 36 14 

8 14 23 

291 o8 53 

20 49 46 

328 07 57 

120 28 55 

30 48 59 

14 00 20 

64 22 05 

330 J2 37 

9 47 o6 

.132 27 34 

67 50 14 

109 SS 26 

341 43 51 

75 29 JO 

43 01 34 

79 II 03 

40 17 00 
182 42 12 

72 43 37 

UNITED STATES COAST AND GEODETIC S0l{VEY . 

Back azimuth. 

, " 
186 42 30 

247 26 04 

238 21 24 

313 03 42 

222 41 22 

253 56 01 

144 42 23 

202 35 42 

281 o6 00 

201 50 39 

147 07 14 

228 44 28 

182 42 26 

148 34 28 

153 02 27 

103 37 45 
6o 47 58 

343 12 JI 

16g 38 15 

198 2] IO 

304 19 39 

237 34 45 

223 44 IO 

157 38 01 

26o 48 05 

229 35 54 

188 14 20 

III og 27 

200 49 36 

148 o8 21 

300 28 20 

2l0 48 48 
194 00 og 

244 21 19 

150 33 07 

189 47 00 

312 27 12 

247 49 46 

28g 55 o8 

161 43 56 

-255 28 35 
223 01 02 

259 IO 43 

220 16 45 

2 42 t3 

252 43 22 

TAUl!fTON RIVER-Continued. 

To stations. Distance. 

i 1~----
1 

Metres. 

I:;:~.--------------·----------- ----------! ~~::; 
•Burt _____ .. _____________________ J 432.8 

I Herbert. j 421. 4 
I I 

/ Caq.enter ------ ---------------------- ---- j 6g1. 3 

1, ~~:~~-----------------------------------! ~:::: i Herbert. j 905. 5 
I Whi ' 6 i Clar~ore ----- --------------------------1 5:;:: 
j Birch------------------------------------ 512. 5 
' h' I I W itmore. I 465. 7 

! Whitmore---------------------------------\ 817. 7 
' Thrasher. I 597. 3 

Whitmore------------------------ 1057. 3 
Hunt. 533· o 

I 
Hunt------------------- --- -------------- \ 
Williams. / 

Hunt ..... ------------------
Williams. 
Schoolhouse ____________________ _ 

Williams. 

Williams ---- ---- _________ . ____ .... ---- ---

Hunt. 
SchooUwuse ___________________ . _________ _ 

Hatch. 

Schoolhouse ____ _ 

Johnson. 
French. ________________ --------------- ___ _ 

Johnson. 
Unitll!ian spire ____________ . _____ --- ______ _ 

Johnson. 

f'rederick -----------------------------! .. 
Unitarian spire. 

Frederick-----·---------- ____ ----------·. 

I 

~~~:;:~-s~-i~~---_ --- __ ----- ___ -------- ---1 
Unitarian spire. 
VVilbur __________________________________ . 

I Bradford. 
VVilbur. ______________ ..... ___ . ________ • __ • 

J3radford. 

Brickyard-----. ____ ------------ ____ ------

B~ford. 

Dean - - ------- ----- ....... ---- -- ---- - - ----
Bradford. 

470.6 

37J. 0 

I IOI. 8 

1010.2 

693,9 

1057.6 

471. 7 
504.3 

1291. 9 

922.2 

~-6 
1264.4 

956. 3 

151l9.6 

1412. 2 

738.0 

1522.4 

1758.6 

2088.4 

I 118. 7 

1050. 5 

rn.p.3 

653.6 

512. 3 

1957. 0 

1640.9 

6gs.9 
8o8.9 

461.7 

524.9 

883 

Logarithms. 

2.71464 

2. 875 II 

2.63631 

2.62473 

2.84344 

2.90978 

2.87444 

2.95691 

2.8o639 

2. 72c74 

2.70969 

2.668o7 

2. 9126o 

2. 77619 

3· 02418 

2.72671 

2.67263 

2.56937 
3.04210 

3.00440 

2.84126 

3· o2432 
2.67363 

2. 70270 

3. IU22 

2. 96483 

2.82583 

3· 10190 

2.98o58 

3· 20129 

3. 14991 

2.868o5 

3· 18253 

3.24517 

3.31g82 

3. 04870 

3.02141 

3.01798 

2.81531 

2.70949 

3· 29r59 

3.21509 
2.84253 

2.90787 

2. 66435 

2. 72006 



 

384 UNITED STATES COAST AND GEODETIO SURVEY. 
• 

TAUNTON RIVER-Continued. 

' Seconds in_ I 
Station. Latitude. \Seconds in Longitude. 

: metres. metres. I 

-1 -------
0 II I 0 fl 

Eddy. 41 54 24.83 

I 
766. I 71 03 58.18 1341. 0 

King. 41 54 22.66 I 699. I 71 03 49.49 1140. 6 

I 
I 

Waterworks. 41 54 II. 20 I 

I 
345.6 71 03 50.62 1166. 8 

Alex. 41 54 07.o8 I 218.5 71 03 34.97 8o6.o 
I 

Martin. 41 54 23. 42 722.5 71 03 28.48 656.4 

· Padelford. 41 54 o8.02 247.4 71 03 12.26 282.6 

Henry. 41 54 23.12 713.3 71 03 12.80 295.0 

Pine. 41 54 12. 54 386. 8 71 02 58. 18 1341. 0 

Walker. 41 54 23.22 716.4 71 02 57.83 1332.8 

Woods. 41 54 19.08 588. 7 71 02 44.92 1035. 3 I 

Edward. 41 54 F '•j 327.9 71 02 46. 50 1071. 8 

Roach. 41 54 08.44 26o.3 71 02 27.97 644.5 

Grave. 41 54 04. 71 145. I 71 02 38.62 890.2 

Elisha. 41 53 58. 58 18o7. 3 71 02 23.21 534.8 

Cord. 41 53 56. 12 1731.4 71 02 36.6o 843.6 

Kimball. 41 53 4B· 39 1493.0 71 02 27. II 6Z4·7 

Elm. 41 53 51. 72 1595. 7 71 02 17.50 403.3 

Sycamore. 41 53 37· 91 116g. 7 71 02 20.91 481. 9 

Rockheap. 41 53 44· 16 1362.5 71 02 12. 70 292.7 

Maplewood. 41 53 27.74 855. 8 71 02 12. 91 297. 5 

Stonewall. 41 53 34.o8 1051. s 71 02 °"'" 19 g6.6 

Washburn. 41 53 25. 41 740 71 01 56.49 1302.3 

Squawbetty. 41 53 20. 27 625.4 71 02 05.70 131.4 



 

UNITED STATES COAST AND GEODETIC SURVEY. 

Azimuth. I 

'"-1 
79 41 52 I 

134 14 33 i 
8g 09 53 

127 II 24 

184 13 03 
144 44 n' 

109 26 12 

145 IO 31 
87 13 00 

16 30 30 

141 49 32 
86 48 50 
91 28 52 

358 27 39 
134 04 48 

66 42 12 

89 29 00 

I 23 19 

113 14 34 

56 34 44 

146 05 44 
187 58 22 

~ 59 14 
IJO 02 37 
135 09 46 
244 53 41 
118 02 32 

100 II 07 
256 12 23 

207 39 o6 

137 30 30 
195 58 12 

65 o6 39 
-14-8 07 26 

190 27 13 
156 o8 24 

III 25 45 

# 28 02 

18o 33 26 

149 33 50 

107 03 15 
4$ 46 OJ 

100 45 14 

146 26 17 

233 14 00 
1.W, 12 05 

Back azimuth. 

0 ./ ,, 

259 41 40 
314 14 22 

269 09 30 
307 II 07 

4 13 04 

324 43 54 
28g 26 02 

325 IO 21 
267 12 46 
196 30 26 

321 49 21 
266 48 35 
271 28 42 

178 27 39 
314 04 38 
246 42 03 

z69 28 50 
181 23 19 

Z93 14 25 
236 34 35 
326 05 36 

7 58 23 
278 59 02 
JIO 02 26 

315 09 41 
64 53 48 

298 02 22 

340 II 04 

76 12 32 

27 39 12 
317 30 24 

15 58 15 

245 o6 33 
328 07 2Z 

IO 27 15 

336 o8 20 
291 25 35 
224 27 57 

0 33 26 

329 33 45 
287 03 04 

225 45 SS 
28o 45 03 
326 26 12 

53 14 o6 
324 12 00 

ll. Ex. 18--4.9 

TAUNTON RIVER-Continued. 

I To stations. 

I 
I 

I Hall_ ______________ -------------·---------

1 Dean. 

I ~:~. ---- - ---- --------------------------

1 ~::~.------------------ ---------------~--

!Waterworks-------··--·------------------: 

I King. 

I King---·--------------·----------·--·---
i Alex. 
i Martin _______________________ ------------

'.Alex. 

Martin _____ ·----------------------------- i 
Padelford. 

Henry.-----------------------------·---· 
Padelford. 

Henry. __ --------·------------·---------
Pine. 

\Valker _______ . __ ---------· ---- ------ ___ _ 

Pine. 

Walker ------ ---------------- ---- --------
Woods. 

Edward. ____ .-----·.----------- _____ .----

Woods. 

Edward.---------------------------------
Roach. 

Gmve ··-··. --------- -------------------· 
Roach. 

Elisha ......... ---- ---- ---- --------------
Roach. 

Cord • ----- ------ ··--- - --- -- ---- ----- _ ----
Elisha. 

Kimball __________ -------------------------

Elisha. 

Elm. --- • ----- ---- ----. _ ---- .... ---- ------
Kimball. 
Kimball. _____ • __________ 

7 
__ ---· ------- -----

Sycamore. 

Rockhcap . ----- ------------ ---- ------ ----
Syc..more. 

Sycamore ---------· ____ •. --·· -------- ----
Maplewood. 

Maplewood. ______ .. ·---------------------

Stonewall. 
Washburn ________________________ ----·----

Maplewood. 

Distance. 

Mi!lrts. 
424.2 
552. 2 

617.8 

748.0 

354.6 
987.0 
382.5 

585.9 
484.8 
526.2 

004-7 
524. I 

361. 4 

466.2 
46<). I 

353.3 
345.0 

32 9·5 
323.9 
366. I 

468.0 
263.2 

432.3 
510. I 

257.4 
271. I 

402.3 

323.3 
317. 8 

428.9 

323.7 
327. I 

244-3 

249.2 

433·3 
353.5 
357.0 
270.3 
5o6.8 
364.0 
403. I 

28o.5 
385.2 
321. I 
265.0 

2B4.2 

385 

1 Logarithms. 

2.62764 
2. 74213 
2. 79085 

2.87393 
2.54978 
2.99426 
2.5826o 

2.76785 
2.68552 
2. 72n6 

2.78155 
2.71942 
2 ·55794 
2.6686o 

2.67128 

2. 54813 

2.53783 
2.51792 
2. 51035 
2. 56361 

2.67026 

2.42027 
2.63582 
2.70765 
2.41o69 

2.43316 
2.00458 
2. 50962 
2.50217 
2.63238 
2. 51015 
2.51465 
2.38793 
2.39658 
2.63679 

2.54839 
2.55264 

2.43179 
2. 70481 
2. 561 II 

2.6o538 

2.44790 
2. 58571 
2.50658 
2.42318 

2.45356 



 

386 UNITED STATES COAST AND GEODETIO SURVEY. 

TAUNTON RIVER-Continued. 

---------

I Seconds in I Station. Latitude. Longitude. Seconds in 
! metres. \ metres. 
! I 

i i 
0 II I 0 I II 

I I 
442.8 i Jesse. 41 53 11.99 370.0 I 71 02 19.21 

! 

i 
i Hampden. 41 53 20. 15 621.6: 71 02 23.86 550.1 

! 

i I 

'. Weetamoe. 41 53 08.94 275.9 i 71 02 30.19 6g6.o I 

! 
Sassacus. .p 53 19.88 613.4 71 02 35· 87 827.0 : 

' Canonicus. 41 53 10.26 316.6 i 71 02 47.30 1090· 5 

: George. 41 53 17.58 542.4 71 02 48. II 1109. 2 

I Squawbctty nail-factory, chimney. 41 53 12. 16 375. 2 : 71 01 54.03 1 245· 7 

: Squawbctty, white spire. 41 52 57· 37 1770. 2 ! 71 01 39.97 921. 6 

Bryant's Hill. 41 49 39.79 1227. 6 : 71 04 43.71 1008. 7 

! Pigeon Hill. 41 50 58.24 1796. 9 ' 70 59 44. 57 1028.2 

MASSACHUSETTS AND RHODE ISL.AND BOt1lllD.ARY. 

42 oo 03. 257 I I 

26 43. 1591 : Beaconpole (Borden), R. I. 
I 

ioo. 5 \ 71 993.2 
i I i 

! 
22 23. 4591 ; Red Brush (C. & G. S. and Borden). 42 01 49· 546 I 1528. 7 ! 71 539.6 

i 
.. , ..... ,. I I I 

, Oak Hill. r58o. 8 ! 71 16 43· 230 I 996.3 

i 
13 04. 034 i ; Mansfield, old Unitarian church. 42 01 23.432 722.9 71 92.8 

I 
i ' 
'Wing, R. I. 41 35 23.225 716. 7 71 II IO. 352 239.8 

Paradise Rock, R. I. 41 30 05. 511 169.9 71 IS 45.504 1055. 3 

Simmons 2, R. I. 41 29 32.-078 98g.7 11 09 J+665 I 8Q4. I 
1870. 

I 

Little Compton 2, R. I. 
1870. 

41 31 12. 440 383.7 71 ll 01. 694 39·3 

l Joe's Rock (Borden). 42 01 52.99 1634.9 71 24 17.24 396.6 

: Great Rock (C. & G. S. &: B.). 41 51 p.36 !j98.4 71 17 15.47 356.8 

; King's Rock (Borden). 41 45 22.82 704.0 71 16 17.z7 399.0 



 

UNITED STATES COAST AND GEODETIC SURVEY. 387 

TAUNTON RIVER-Continued. 

-------------------------------------- ~-----
Azimuth. 

0 " 

230 37 51 
196 38 25 

'227 07 27 

336 56 24 
202 52 37 
249 36 27 
268 rs 21 

338 47 35 

275 52 15 
221 36 52 

255 53 41 
355 15 09 
172 o6 OI 

132 55 44 

156 14 33 

139 59 20 
352 31 05 
116 28 58 
67 11 06 

100 14 13 

229 16 01.8 

131 55 21. 2 

322 22 16.3 

58 30 07. 5 
148 46 29.5 
J-07 21 19. 9 
359 SI 21.8 
22 39 42.8 

154 o8 19.3 
82 07 08.5 

213 Ol 28. I 

314 II 29. 3. 

96 52 18. 7 

32 15 .j.2.2 
72 36 29.8 

326 53 33· I 
317 20 II 

229 58 58 
. 19 20 33 

354 56 55 
130 32 00 

198 13 SS 

Back azimuth. 

o I/ 

50" 38 00 

16 38 .:?9 

47 07 34 
156 56 27 
22 52 41 

69 36 34 
88 15 29 

158 47 39 
95 52 26 

41 36 59 

75 53 49 
175 15 IO 

352 05 59 
312 55 36 
336 14 22 

319 59 03 
172 31 50 

296 23 25 
247 05 47 
280 05·21 

To stations. Distance. Logarithms. 

------------ ----------

Squawbetty ______________________________ _ 

Maplewood. 
Maplewood_·--_------ ______ . ___ ------ ___ _ 

Jesse. 

i Hampden--------------------------------
Jesse. · 

Hampden __ .. ----------- ____ ·------------
Weetamoe. 

Weetamoe _ ------------------------------
1 Sassacus. 
, Sassacus _________________________ ·--------

Canonicus. 
! w hb ~ as um ... -- .. - ... ~---··--------------------, 
[ Squawbetty. 

! Wash bum------_----- ______ .-- .. -----------

Squawbetty. 
Copecut __________________________________ _ 

Great Meadow. 

Richmond Hill ____ ·------------- .. ------- i 

Great Meadow. 

Metres. 
402.9 

5o7.3 

344·4 
2n6 

375.3 
270.0 

276.9 
361.8 
396.6 
397.0 
291. 2 
226.6 

412. 7 
367.4 
945.1 
922.6 

II903. 6 

12844. 3 

u989. 7 
18692.2 

2.6o524 
2. 70526 

2.53711 

2. 43705 
2.57436 
2.43132 
2.44234 
2.55852 
2.59836 
2.59875 
2.46415 

2.35523 
2. 61564 

2.56515 
2.97549 
2.96501 

4.07568 
4. 10871 
4.07881 
4.27166 

MASSACHUSETTS A.ND RHODE ISLAND BOUND.ARY. 

49 29 20.0 
311 37 08. 9 
142 28 31. 5 
238 27 01.6 

328 42 41. 9 

127 23 47.4 
179 51 23. 0 

202 37 16.2 

334 o6 09.2 
262 04 23.9 

33 04 30.6 
134 14 12. 9 

276 48 13.0 
212 14 20. 3 

252 33 21. 7 
146 54 30.8 
137 27 42 
50 IO 40 

199 lJ 48 
174 58 13 
310 26 SI 

18 16 05 

\ Blue Hill (Borden)_,. ____________ ----------

! Hasneburnskit. 

Great Meadow-------------- __ -----· _____ _ 

Beaco'1poJe. 

Red Brush ____ ---------- .... ---- ----------
Great Meadow. 

Great Meadow------------------.----------
Oak Hill. 
Monnt Hope. ___ -----_-------_; _______ . __ _ 

Quaker. 

Wing ·--- ___________ ----- ----- ----- _____ . 

• 1 East Rock. 

l Paradise Rock __ ---------- ---- ---- ---· ---
East Rock. 

Par&dise Rock ------------ ---------
Simmons 2, 

Great Meadow------~------ .. -----·-------
Blue Hill (Borden). 

McSpanan. ------------------------------
Quak~. • 

College Hill . -----------------------------
Great Meadow. 

36o36.o 
50107.9 
2u93.4 
1498.8 

15097. 5 

6409.0 
15991. 0 

13110. 8 
10386.6 

5799.2 
11693. 8 

8oot.3 

8663.3 

5377.9 
6897.9 
36g6.o 

22963.8 
31285. 6 

42668.3 
3o816.3 

14066. s 
14369. I 

4. 556737 

4.699906 
4.326202 

J.874993 
4. 178904 

3.8o6791 

4.203876 
+ 117630 

4.016473 

3· 763371 

4.o67957 

3.903161 
3.937683 
3.73o6i3 
3.838715 

3· 567735 
4. 361044 

4,495344 

4.630105 
4.48878o 
4· 148187 

4.157430 



 

388 UNITE}) STATES COAST AND GEODETIC SURVEY •. 

MASSACHUSETTS AND RHODE ISLAND BOUNDARY-Continued. 

j ___ _ 
I 

I 
j Burnt Swamp (Borden). 

I 
i Bald Hill (Borden). 
I 
i ! Ahtmpond (Borden). 

i . 
[ Mount Dame! (Borden). 

I 

Station. 

! Northwest corner of Rhode Island (Borden). 

I 
! Northeast corner of Connecticut (Borden). 

I I Water tower. 

! 
1 Hoppin Hill. 

Foxboro' Baptist church, white spire. 

Foxboro' Orthodox church, dark spire. 

I Norton, dark red spire. 

Lone fir tree. 

Attleboro' Catholic church. 

Verification south base (Borden). 
·1836. 

Verification north base (Borden). 
1836. 

Quicksand 2. 
1870. 

I Seconds in j' I Seconds in Longitude. I metres. I metres. 

--0-,--,-,--1 1--0-,--,-,--t, 
42 01 o8. 36 I 257. 91 71 22 54. 53 I 1254- 6 

I 
I 

1364. 3 I 71 42 35. 59 

447. 7 j 71 45 45. 24 

Latitude. 

42 02 44. 22 

42 01 14. 51 

818.4 

1040.8 

42 01 41. 54 1281. 6 71 48 10.30 236.9 

42 00 29. 15 71 47 58.92 1355.8 

42 01 24.82 

1435.3 71 19 21. 66 

41 57 52. 71 1626_3 71 20 52. 27 1203.6 

42 03 51. 18 1579· I 116.3 

42 03 54.65 1686. I 71 15 o8, . .J4 

41 58 10.49 323.6 71 10 55. 37 1274.9 

41 54 57.45 71 13 43.32 

41 56 54.14 71 17 22.6o 520. s 

41 50 13. 04 402.3 71 21 28.68 661.8 . 
41 54 25.94 8oo.3 71 21 20. 68 476.6 

1740.0 I 71 07 09· 16 

I 
WORCESTER AND MIDDLESEX COU'NTIEB . 

. -

Hasnebumskit (Borden). 42 18 05. 114 157. s I 71 53 50. 811 1163.8 
I 

Fay's Mountain (Borden). 42 14 23. 786 733.9 71 37 42.540 975.3 

Mugget (Borden). 42 o8 02.120 65.4 71 57 %6.236 6o2.6 

Watatick (Borden). 42 41 48.553 
I 

1498.1 71 53 34. 870 793.7 . 
Hatchet (Borden). 42 01 J9.6o 1221. 8 72 04 46.74 1075.2 



 

UNITED ST.A.TES CO.A.ST .A.ND GEODETIC SURVEY . 

.J.14'ASSACBUSETTS AND RHODE ISLAND BOUNDARY-Cont.inned. 

Azimuth. Back azimuth. To stations. Distance. 

________ , ________ , ----~- ----·------------------------'--------

o I II 

125 54 18 
209 20 39 

151 27 14 
219 12 18 
16o 22 24 

274 40 34 
284 01 II 

89 56 35 

95 26 56 
173 17 09 
164 50 30 

275 40 05 

326 03 18 
89 21 52 

238 51 18 

3lI Jo 58 

7 44 06 

69 37 30 
7 25 57 

68 56 54 
16 15 22 

52 32 16 

346 57 II 

87 22 17 

215 35 33 

321 59 33 

169 49 19 

247 14 49 

313 25 31 
I 21 22 

IlJ 31 48 

77 28 34 

o I If 

JDS 53 23 
29 21 00 

331 19 40 
69 36 15 

340 16 58 

94 53 18 
104 02 48 
269 45 28 
275 15 41 

353 17 01 

344 50 26 

95 41 38 
146 07 32 

269 16 45 
58 56 31 

131 16 12 

187 43 00 

249 32 36 

187 24 54 
248 52 02 

1g6 13 57 
232 28 24 

166 57 38 

267 20 17 

ZS 38 26 
142 02 27 

349 47 26 
67 17 38 

133 28 14 
181 21 17 

293 29 14 
257 26 58 

i Joe's Rock _____________ ---------------------

! Red Brush. 
Hasnebumskit_ ____________________________ , 

Blue Hill (Borden). 

hasnebumskit -----------------------------, 
Beaconpole (Borden). 

Alumpnnd _ ------ -----------------------
Hatchet. 

Hatchet_---------------------------- ___ _ 
Mount Daniel. 

Mount Daniel _ ------- .. ·---. _____ ----- _____ l 

Alumpoud. , 

Great Meadow---------- -------- ---------- t 

Beaconpole. 

Mansfield spire ____ ------------------------

Great Meadow. 

Oak Hill---------------------------------
Red Brush. 

[.Oak Hill . ________ ---------- ----- - ---- ---- \ 
i Red Brush. . 

I Great Meadow----------------------------·; 
i Oak Hill. I 
I ' 
\Great Meadow------- --------------------' 
I Oak Hill. : 

Mansfield spire ____________________________ · 

Great Meadow. 
Joe's Roek. ____ •• -----. _____________ • ____ _ 

Great Rock. 

I ~::~~c:~:: :~::~~~~--------------------· 
/ Little Compton 2 ------ ------ ------ _______ _ 

's· 

Metres. 
2348.4 
1458.0 

32365. I 

52578. I 

33114. 0 

26372.0 

3438. 3 

22921. 2 
23288.5 
2248.8 

534.4 
321). 9 

15665.3 

rn578.7 
12586. 4 

14398.9 
1681). 3 

rn757.7 
16907.5 
rn725. 3 
10455.6 

10099. 5 

4190. 3 

4150. 5 

!0220.7 

9747. 2 

21942.r 

6333. I 

77/!q. 7 
7804.4 

5880.7 

3457.5 I immons. 

~~~~~~~-'------~----'------~~~~-~~~--~--'--~~--· 

239 36 o8.5 
278 27 55.5 
273 59 30.2 

330 14 03.6 

188 18 25.2 
194 51 10. 2 

358 48 56. 7 

275 r3 04--5 
:ao6 17 02 

271 34 57 

"WORCESTER AND MIDDLESEX COUN'l'IES. 

6o o8 10. 2 

98 59 30. 6 

94 20 13.4 
150 21 25.8 

8 21 15. 0 

14 53 35. 0 
178 49 IO. 8 

95 45 02. 6 
26 24 22 

91 47 41 

I Holt_ _______________ ---------------------

\ Blue Hill (Borden). 
1

1 

Blue Hill (Borden) ------------------------

! Beaconpole (Borden). 

· Wachusett_ ___ .. ------ ----------- --- ------

H asnebumskit. 

WacbusetL _____ ----- ----- - ----- --- • --- - -

Holt. 

Hasnebumskit --------··----- -------------

Alumpond. 

75169.6 
65353.2 
42534.6 

30567.4 

39873.9 
19250.0 

23078.5 
64741.2 

33931. 2 
26272.3 

389 

Logarithms. 

3.370766 

3· 163751 
4· 5wo77 

4.720805 

4· 5200I1 

4· 421144 

3· 536350 

4· 36o238 

4.367142 

3.35196o 
2. 72786 

3· 5o676 
4. 19494 
4.02443 

4.09990 
4· 15833 
4.2256o 

4.03172 
4.22808 

4.03041 

4.01935 

4.00430 

3.62224 

3.61810 

4.00948 
3.98888 

4· 34128 
3· 8o161 

3.89141 

3.89234 
3.76943' 

3· 53876 

4.876o42 
4.815267 

4.628742 

4.485258 
4.6oo688 

4.284430 
4.363207 
4.811181 

4.5306oo 

4.419498 J 



 

390 UNITED STATES CO.AST AND GEODETIC SURVEY. 

WORCESTER AND MIDDLESEX COUN'l'IES-Continned. 

Latitude. Seconds in Longitude. Seconds in 
metres. metres. Station. 

0 I/ Q , ,, 
! 

: Chandler's Hill (Borden). 42 16 15.20 469.0 71 47 II. 43 i 261. 9 

Tuft's Hill (Borden). 42 19 OI. 54 47.5 72 05 04.56 1044 

Hawe's Hill (Borden). 42 27 26.43 815.6 72 07 07. 17 163. 8 J 

Pepperell (Borden). 42 42 12. 64 390.0 I 71 35 12.59 286. s I 
I 

Watatick State line (Borden). 42 42 40. 93 1263. 0 i 71 53 55.73 1268. 2 i 
I 
I 

MASSACHUSETTS, NEW YORK, AND CONNBOTICU'f BOUNDARY. 

I I i • 
435. 8 : I Saddle Mountain (Borden). 42 38 14 125 73 09 58. 908 ~ 1342. I , 

I 

! 
j Becket (Borden). 42 18 06, 712 207. I 73 08 46.817 1072. 3 ; 

' 
J Alander Mountain (Borden), New York. 42 05 IS. 057, ' 464.6 73 30 18.725 430.4: 

I Seymore's Hill (Borden), 42:03 27.856 859.5 73 06 14. 729 338.7 
i 

Jackson's Hill (Borden). 42 IO 20. 198 623.2 73 00 50.109 n50. I 

, Spruce Hill (Borden). 42 40 12.597 388. 7 73 04 09.889 225. 2 

Berlin Mountain (Borden), New York. 42 41 31.5g6 974. 9 . 73 17 IO. 504 239. I 

I 

Clarksburg (Borden). 42 44 03.571 IIO. 2 \ 73 09 33.739 767.5 

Haines, New York. 41 54 37. 741 It64. s 73 34 08.072 186.0 

Prospect Hill, Connecticut. 41 58 45. 109 1391. 8 : 73 23 o6.278 144.5 

: Northwest corner of Massachusetts (Borden). 42 44 45.25 1396.3 73 15 54.17 1232.1 

i Williamstown Congregational church (Borden).* 42 42 48.76 150+ 6 73 12 36.94 840.6 

Washington spire. 42 21 57.78 1782.7 73 o8 39· 78 910.2 

Connecticut line (Borden). 42 02 58.78 1813.6 73 29 42.92 
I 

986.9 
I 

Southwest corner of Massachusetts (Borden). 42 02 59.61 1839. 2 ! 73 31 18. 72 430.4 

1231. 41 Brace Mountain monument, New York. 42 02 39.91 73 29 34.88 8o2.4 

j 
•Modem po91don di.ffenmt. 



 

UNITED STATES COAST AND GEODETIC SURVEY. 391 
WORCESTER AND MIDDLESEX COUNTIES-Continued. 

---------------~------------------------------------- ---~------ ----

Azimuth. 

o / /I 

284 42 59 
42 53 31 

220 18 51 
276 22 23 

91 22 4Cf 

143 15 31 

46 05 29 
88 24 23 

271 51 o6 

92 13 32 

244 23 09.6 
301 16 03. 2 

124 33 50. 2 

212 37 01.2 

254 51 24.0 
231 o6 28.0 
JOO 21 11. 6 

172 40 46.2 

77 27 05. 2 

142 49 56.9 
354 30 28.6 
65 20 16.3 

277 44 JO. 6 

.JOI 45 19.7 
314 00 24.4 

3 02 39· I 

278 25 49· I 
207 49 42. 6 

31I 46 39· I 
63 27 59.2 

278 25 05 

326 08 30 

292 36 43 
6g 05 53 

.101 31 58 
176 33 56 

168 SS 36 

2:21 28 19 

Jg8 15 36 

270 39 os 

Jo8 58 39 

22 56 37 

Back azimuth. To stations. 

-------------------------
o I // 

104 49 22 

222 46 38 
40 26 50 

96 29 56 
271 13 19 

323 05 53 
225 53 17 

268 II 56 
92 03 48 

271 56 22 

Fay's Mountain---------------------------

Mugget. 
\VachusetL _________________ ---- __ ----

Hasnebumskit. 
Packard __________________________________ i 

Mount Grace. 

: Wachusett ___ ----------------------------

Watatick. 
Pepperell _____ _ 

\Warwick. 

Distance. 

1ifetres. 
13485.4 
20745.5 
25082.6 
15528. 8 
19287.6 

32483.4 

34279.5 
25099. 7 
25575.5 
34576.3 

MASSACHUSE'l'TS, NEW YORK, AND CONNECTICUT BOUNDARY. 

64 34 50.2 
121 31 33. 9 

304 24 22.9 
32 41 24.2 

74 54 18.0 
51 20 55.7 

280 07 57.9 
352 39 04. I 

257 IO 12. 8 

322 44 36.5 

174 31 45.3 
245 16 19. 8 

97 52 59.S 
121 50 12. 2 

134 04 04.0 
183 02 22. 0 

98 39 37.2 
27 55 09.8 

131 53 05.5 
243 20 36. 9 

98 29 23 
146 12 JI 

Il2 42 27 
249 02 48 
287 22 2s 

356 33 03 

348 SS 12 

41 30 49 
18 16 16 

90 40 09 

129 02 59 
202 53 35 

I Jilson ________ ------------ ________________ :'. 

i More's Hill. 

I
' Perry's Peak_________ -----------------

::~:~~:k~~~--- ------ ------- ---- --------: 
I I I Becket. l =:::;~ak_ _____________________ ---------
1 Bald Peak ______________ -------------------

: Becket. 
:French's Hill ____________ . ________________ . 

Saddle Mountain (Borden). 
Spruce Hill_ _____________________________ _ 

Saddle Mountain (Borden). 

Spruce Hill _______________ ... ____ --·-- ------ · 

Sa.ddle Mountain (llorden). 

lVJ--------------------------
Bald Hill. 

Ivy-------------------------·--------------
Haines. 
Clarksburg ___________ ---- ________ ---- ___ _ 

Saddle Mountain (Borden). 
Spruce Hill ______________________________ _ 

Berlin Mountain. 

Perry's Peak ------ ---- ------ __ -----. ------
Greylock. 

Alandcr Mountain ______ -----------_---- __ _ 

Bald Peak. 

Alander Mountain ______________ -----------

Connecticut Line. 

Prospect Hill ___________ --- ------- - ·-- ------

Haines. 

26o68.6 

36786. 1 

23375.2 
16555.7 
618o.o 

38or9.9 
27665.0 

27340.2 
35522. I 

18o73.9 
27096.2 

8750. l 

r7939. 2 

u564. 5 
10253. l 

10798. I 

28911. r 
24o67. 6 

17884.7 

17047.9 
8748. 3 

14527.9 
12507.8 

6666. I 

20355.8 
30179. 4 

4284.5 

7765. 5 
-:-401. 0 

2203.3 

115o8. 2 

16151. 5 

Logarithms. 

4. 129863 
4.316924 

4.399372 
4- 191138 
4.285278 
4. s rr662 

4.535034 
4.399669 
4.407824 

4.538778 

4. 416n7 

4.565684 

4.368755 
4. 218949 
3. 790991 
4. 58oou 

4.441930 
4.436801 

4.550499 
4.257051 

4.432908 
3.942012 
4.2538o2 

4.063128 
4.010854 

4.033346 
4.461065 
4.381432 
4.252482 

4. 231672 

3· 94-1924 
4.162204 

4. 097180 
3.823870 
4.308689 
4.479710 

3.63190 
3.89017 

3.64355 
3.34308 
4. o61009 

4· 208214 



 

392 UNITED STATES COAST AND GEODETIC SURVEY. 

MASSACHUSETTS, NEW YORK, AND CONNECTICUT BOUNDARY-Continued. 

I Station. Latitude. 

j __ . 

I Iron Bolt. 

i Se~~~~~.in I Longitude. I s:~~~~.in I 
·-~~~~~~~~~~~-~~~~~/ 1~~~~1~~~1 

I 1810. 21 7~ :9 4:
1

62 g8o. I 

o I II 

I Rya.nt Bush. 
i 

/ Ball Pea~ (or Mount Riga), Connecticut. 
I 
I 
/ Corner Stone, New York. 

/ Pittsfield First Congregational church. 

i 

42 oz 58.67 

42 03 04.05 

42 00 43.33 

42 02 58.38 

42 26 56.1 

I 

i 125. o I 13 28 56. 63 1302. 3 . I 
1336. 91 73 27 57. 84 1330. 8 

18or. 2 

17JI. I 73 15 09.6 219.3 

CONNECTICUT RIVER VALLEY. 

'. Mount Grace (Borden). 

i Packard (C. & G. S. & Borden). 
! 

· More's Hill (Borden). 

l Jilson (Borden). 

i I Colonel"s Mountain (Borden). 

I Hilliard's Knob (C. & G. S. & Borden). 
! 
l 
j Mount Lincoln (C. & G. S. & Borden). 

i 
! Proven's Mountain (C. & G. S. & Borden). 
! 

i Hitdrcock (Borden). 
r 

J Dug Hill (Borden). 

i 
I Wiucbell's Mountain (Borden). 

I Peaked Mountain (C. & G. S. & Borden). 

I I High Ridge (C. & G. S. & Borden). 

i Mount Esther (C. & G. S. & Borden). 

l I Hatfield North Base (C. & G. S. & Borden). 
I 1832. 
! 
i Hatfield South Base (Borden). I 1832. I 

42 44 18. 050 

42 14 09.353 

.p 18 20. 230 

42 21 49.379 

42 12 25.341 

42 03 29.137 

42 02 50.935 

42 26 55. 1231 

42 27 JO, 190 I 

42 22 20.843 

I 
72 21 20. 8o3 ~ 

72 21 II. 087 

72 47 02.631 

556. 9 • 72 52 45. 496 
i 

288. 6 i . 72 JJ 58. 354 

624.31 

I 
72 JO 38.374 

72 25 24. 533 

228. I I 

781. 8 72 56 27. 159 

899.0 72 54 o8.oo6 

72 20 26.198 

1700. 9 72 43 o6. 613 

314.4 

fi.t3. 2 

473.5 

253.3 

6o. I 

1034.8 

394.8 

814.2 

i 
623.0 i 

<m.5 

151. I 

99;.2 

u66. a 



 

UNITED STATES COAST AND GEODETIC SUR.VEY. 393 

MASSACHUSE'l"l'S, NEW YORK, AND CONNECTICUT BOUNDARY-Continue<!. 

Azimuth. Back azimuth. To stations. 

_______ , ___ -------

0 II 

310 35 JO 

21 35 58 
314 42 34 

24 41 02 

298 29 53 
37 07 Io 

37 22 17 

336 39 53 
73 35.4 

198 41. s 

300 08 27.7 
268 56 16. 8 

265 13 52.2 
r79 30 r5.6 
270 28 23. 4 

234 14 46.6 
276 45 o6.5 
345 32 45.2 
225 14 28.7 

255 09 35.0 
196 29 36. 4 

128 13 z5.3 
48 o6 01.3 

110 49 51. 4 

213 04 51.r 

171 13 15. 3 

156 z6 58. o 

187 34 55. 3 

252 32 49. 3 
204 14 47.2 

259 43 42. I 

169 04 46.z 
130 24 12.0 

153 57 05.2 

345 S4 04.9 
312 47 36. s 
296 :u o8.9 
J3ll 03 21. 5 
309· 34 24- 2 

3J6 34 37.0 
273 28 21.7 

r8o 48 S3·9 

0 It 

130 39 35 
201 33 00 

134 46 28 

204 37 34 
n8 33 08 

217 03 03 
217 22 04 

156 40 45 
253 30.2 

18 45.0 

120 27 29.3 
89 15 06.4 

85 32 44. 7 
359 30 09.0 

90 45 50.9 
54 32 09· 8 

97 o6 24. 9 

165 36 37. 3 
45 28 27.2 
75 23 07.2 

16 35 53· 0 

308 02 21. 8 

228 02 29.9 

290 35 15. 8 

33 12 40. 8 

351 IO 03. 3 
336 20 22. l 

7 36 00.5 
73 00 10.8 
24 2l 07.4 

79 51 J8.4 
349 OJ 12, 8 

310 II 48. I 

333 50 14. 2 
165 56 54· 3 
132 56 00. 8 

116 31 SS· 7 
14;! 09 36.4 
129 42 02.3 
156 38 43.2 

93 36 04·3 
0 48 58.9 

, Prospect Hill _____________ --·--------------
' Haines. 
l Prospect Hill __________________ -----------

Haines. 

, Prospect Hill ........ ----·----------------- .. -
Haines. 
Brace Mountain Monument_ _________________ 

Ball Peak. 

Perry's Peak.-----. ______________ ·-··-------. 

1 Saddle Moµntain. 

CONNECTICU1' RIVER VALLEY. 

I 
~ Wachusett ------

1 Watatick. 

Wachusett ------------
Mount Grace. 

Packard----------------------------------: 
Mount Grace. 
Mount Grace ____ --------------- _______ _ 

i More's Hill. 

: Wachusett ·------------------- -------------: 
! Hasnebumskit. 
l 

f Mount Grace------------------------------; 
i More's Hill. ! 
l 

I Hilliard's Knob ________________ ------------

' More's Hill. 

Hilliard's Knob 

More's Hill. 

Mount Lincoln. 

Colonel's Mountain. 
, Hilliard's Knob ___________________________ _ 

i More's Hill. 

1 

::;~·~1~ountain -------------------------

! ::~:;:~~~~~-- ---- ---------- ------ ·---. 
! Mount Tom------------------ ----- ------

1 Hilliard': Knob. : 

1 Mount Lincoln. ___ ------------------------: 

I =~~~;n~~:b·_ --------------------------

! Hilliard's Knob. 

I ::~:~:::~::.------------ ------------

Distance. 

hietres. 
12015. 5 

16619.8 

11349· 8. 
17188.3 

7637.8 
14139.4 

717.0 

4537.5 

10944· 
22090. 

44545.8 
37926.2 

38434.0 
25565.5 
35450.4 

43248.9 
43202. 4 

31382.9 
40021. 7 
28614.2 

44707.3 
28623.7 

9657.6 
31731. I 

29323.7 
42730. I 

33739.0 
16869.6 

37151. 7 
3z4o6.6 
166o4.o 

16849.9 

33385.7 
31930.0 
23677. I 

23354.8 
22223.2 
20720.6 
20158. 7 
21042. 0 

15736. 8 
n890. I 

Logarithms. 

4.079741 
4.220626 

4.054989 
4.235233 
3.882970 
4. 150430 

z.855553 
3· 656682 

4. 03916 

4· 34419 

4.6488o7 

4.578939 
4.584715 
4.407654 
4.549622 

4. 635975 
4.635508 

4.496693 
4.6o2295 
4.456582 
4.650378 
4.456726 
3.984869 
4· 501485 
4· 467219 
4.630734 
4.528132 
4. 227104 

4.569979 
4.49702z 
4- 220212 

4.226597 
4.52356o 
4 504199 
4.374328 
4.368375 
4.3468o6 
4.316403 
4.304463 
4.323086 

4· 196918 
4.075184 

i 
I 

i 
I 



 

3!H UNITED STATES COAST AND GEODETIC SURVEY. 

CONNECTICUT RIVER VALLEY-Continued. 

Station. Latitude. Seconds in Longitude. metres. 
' ' 

--------~ ----~ -:----!-----
o I II o I II 

: Rock Rimmon. 42 14 23. 142 714.0 72 26 29.066 

' Facing Rock. 272. s I 

! 
72 27 34· 996. 

Feeding Hills. 42 03 52.203 1610. 7 72 40 SJ. 754 

McCarthy. 42 04 13. 049 i 402. 6 72 30 17. 177 

Brush. 42 09 03. 891 ' 120. I 72 39 39· 619 

; Crafts. 42 12 46. 510 : 1435. I 72 38 20. 46o 

, Shingle Hill. 42 23 23. 355 720. 6 ' 72 41 59. 471 

: Mount Warner. 42 22 48.389 1493· I 72 34 22.J24 

North Warner. 

Amherst College chapel. 42 22 15. 291 471. 8 72 31 o6. 965 

Dickinson. 42 z5 JI. 485 I 971. S 12 30 26. 662 

Mount Tom (Borden). 42 14 30. 8o 950. 3 72 38 55· 12 

Walnut Hill (Borden). 42 39 o6.03 186. I 72 46 29.42 

Bear Mount (Borden). 42 35 13. 62 420. 3 72 25 32. 8g 

Warwick (Borden). 42 43 21. 57 665. 6 17· 19 14. 26 

Leyden and Guilford (Borden). 42 43 55· 29 ! 1700. I 72 38 24. 79 

1 Rattlesnake (Borden). 42 01 59· 59 i 1838. 6 72 24 28. 62 

Secondary signal (Borden). 42 02 23. 04 710. 8 72 54 07. 82 

i Boundary Rock (Borden). 42 01 53· f4 1661. I 72 16 18. 42 

' Connecticut line signal (Borden). 42 01 55. 98 1727. 2 72 20 46. 14 

Rattle, flag in tree. 42 01 59. o8 1822. 8 72 24 28. 67 

i 
i Wigwam. 42 o6 26. 00 8oz. 2 72 24 45· JO 

; Dumpling. 

I , 

I Seconds in l 
I metres. I 
, I 

I I 

8o2.7 

1235·9 

394·9 

.136o. 3 

5o6.1 

410.2 

159. 41 

1263.7 

749.9 

324.4 

i 

179.9 I 
423.8 

1o61. 4 

1036. 2 



 

Azimuth. 

" 338 39 I l. l 

9D 51 39· 2 

332 38 27.8 

99 16 27.0 

273 43 01. 4 

187 51 49. 5 
28o 30 22. I 

148 05 32.5 

293 21 39· 7 
241 25 18. 5 

3o6 34 38.0 

259 34 36.4 

300 53 52.0 

345 34 o8.7 

95 55 49· 6 
22 IO 4z.2 

94 36 55.7 
22 10 48.9 

354 50 26.6 

98 04 10.4 

I 09 17.8 

983119.2 

273 43 13 

2 05 27 

262 31 58 

:u6 49 36 
65 20 01 

39 42 05 

305 57 45 
28o 51 30 

312 24 16 

IOJ IO 15 

164 21 55 

170 14 25 

252 58 43 
107 12 20 

189 23 30 
230 23 30 

270 35 55 
117 19 00 

153 58 09 
170 48 09 

318 05 16 

IJI 40 OJ 

359 50 24 

UNITED STATES COAST AND GEODETIC SURVEY. 

CONNECTICUT RIVER V.ALLEY-0ontinuerl. 

Back a>.imuth. To stations. Distance. 

- -----------!--- ~-------~ ---- -· --~ ----
0 " 158 43 14.6 

27043 17.7 

152 43 15.5 

279 08 49.9 

93 56 43·7 

7 53 09.2 
100 36 58. 0 

327 59 44.9 

II3 34 33· 0 
61 34 og.5 

126 46 38.6 

79 42 34. 5 
121 01 30.8 

165 36 12.9 

275 50 41. 3 
202 07 38. 5 

274 JI 44. 6 

202 07 42. 3 

174 50 45.9 
277 56 50.6 

181 09 09.9 

278 22 46.4 

93 43 13 

182 05 02 

82 48 58 

156 52 33 

245 05 29 

219 40 39 
126 15 21 

IOI OJ 04 

132 32 59 

282 58 19 

344 17 47 
350 12 52 

73 o6 39 

287 09 34 

9 23 59 
50 z6 58 

90 38 54 
297 15 07 

74 00 52 

350 46 59 
138 08 09 

311 35 58 

179 50 25 

: Peaked Mountain ________ . ________________ _ 

Mount Tom. 
Peaked Mountain ___________________ _ 

1 Mount Tom. 
Peaked Mountain _________________ _ 

Mount Tom. 

Peaked Mountain_ .. -------. ____ ·-·--- ___ . 

Mount Tom. 

Peaked Mountain __ .-----. ____ ---·- ___ _ 

Rock Rimmon. 

l'eaked Mountain ____________ ---------· ___ _ 

: Rock Rimmon. 

Hilliard's Knob----------·----·-----------: 
Mount Tom. 

'Shingle Hill ________________________ ---·-·, 

1 Mount Tom. 

) Shingle Hill--·---------------------------! 
Mount Tom. 

, Hilliard's Knob ___________________________ 
1 

, Shingle Hill. 
1 Hilliard's Knob ___________________________ I 

' High Ridge. i 
Mount Tom. ____ . _______ ------------ ______ , 

I More's Hill ______________________________ _ 

~ Mount Grace. 

\ Packard.-··- ____ .. __ -· ____ ----- ________ ---

1 More's Hill. 
I 
I Mount Grace _________ . ---------------·--

, Wachusett. 
Mount Grace ___________ •• _____ . ___ • __ • ___ _ 

i Bear Mountain. 
Proven's Mountain.------ _____ .. __________ _ 

Hilliard's Knob. 

DugHill _________________ ··- ·----· ---- ----' 

Proven's Mountain. 

Peaked Mountain ________ ·-----------------· 

Hitchcock. 
Hitchcock _____ . __ --------_._. ___________ .. 

i Boundary Rock. ' 

I McCarthY------·-··-··- -----·----·---------, 
: Peaked Mountain. 

I Rock Rimmon -----------------·----------
\ Peaked Mountain. i 

,Vetres. 
22925.3 

17105.5 
21458. ! 

15798.5 
28290. 3 

19890. 9 

13822. 8 

22464. 4 

28894. 5 

20640.6 

30764.4 
16584.6 
1818o. I 

16966. I 

10517.5 

16576.9 

10591. 5 
16830.3 

7282.3 

15074.5 

13309.2 
1756o.6 

1519.5 

20779. 0 

34637. 2 

15201. I 

32424.9 

45o8.2 

44023.0 

23734.9 
23836. 5 

25223.4 

31424.6 

18857.3 
17082.3 

5965.5 

6o53. 7 

9269.4 

6158.9 

9017.4 
58o1. 6 

14913. 9 

8913. 3 
11o85. I 

13992. 7 i ~:::=::.;~.-------------- ·-----------_' ~-- ---

:195 

I 
-- --- - -~----

Logarithms. 

------ ----- --- --~ 

4. 36o315 
4.233136 

4. 3.>1592 
4. 198615 

4.451638 

4.298654 

4. 140597 

4. 351496 
4.46<;i816 

4.314723 

4.488o48 

4.219705 

4. 259595 
4.229581 

4.0219r4 

4.219502 

4.024958 

4. 22tio91 
3.862266 

4· 178243 
4. 124152 

4. 244539 
0. 18170 

4.317624 

4· 539543 
4. 181875 

4. 510879 

3.654000 

4.643680 

4.375388 
4.377242 
4.4018o4 

4.497269 

4. 275479 

4· 232546 

3· 775644 
3.782023 

3.967053 

3.789505 

3.95508 

3.76355 

4· 17359 

3.95004 

4.04474 

4· 14590 



 

396 UNITED STATES COAST AND GEODETIC SURVEY. 

CONNECTICUT RIVER VALLEY-Continued. 

·- ·-----------------------------------------~-----. 

Station. Latitude. i Seconds in : Longitude. Seconds in 
metres. metres. 

- ------~ ----- : -·~-. , ____ 
If 0 I // 

Fish Rock. 42 IO 35.96 lfO<J. 5 72 47 57.78 1326. I 

White. flag in tree. 42 12 02.27 70.0 72 29 47. 53 1090. 5 

Longmeadow, Congregational church spire. 42 03 00.83 25.6 72 34 56. 24 i 1293.3 

East Longmeadow, Congregational church spire. 42 03 51. 49 1588.7 72 30 45.62 1048.9 

Feeding Hills, Congregational church spire. 42 04 04. 15 128.0 72 40 45.48 1045. 6 

Feeding Hills, Methodist church spire. 42 03 58. 94 1818.5 72 40 44.54 1024.0 

Holland's (H.) "house, chimney. 42 05 05. 04 155.5 72 42 14.89 342. 2 

Springfield, water-shops tower. 42 05 51. 94 16o2. 6 i 72 33 50. 44 1159. I 

: Springfield, Florence street Methodist church spire. 42 o6 01. II 34.2 72 34 03. 72 85. 5 

i Springfield, Hope Congregational church tower. 42 o6 38. 69 u93. 8 i 72 33 55.63 1278.1 

i Springfield, State street Methodist church. 42 o6 19. 18 
I 

591. 8 72 34 53.36 1226. I 

Springfield Arsenal, clock tower. 42 o6 26. 48 817.0 72 34 54.70 1256.8 

Springfield, South Congregational church tower. 42 06 o8. 04 248. I 72 35 00. JO 2.3 

Springfield. First Baptist church spire. 42 06 JO, 88 335.7 72 35 04. 19 ¢.3 

, Springfield, North_ Congregational church spire. 42 o6 21. 77 671. 7 72 35 13.45 309.0 

' Springfield, court-house, tower. 42 o6 01. 4-8 45· 7 22 35 21. 02 483.0 

Springfield, Saint Michael's church spire. 4-2 o6 15. 20 .j.69.0 72 35 05. 10 u7. 2 

Springfield, Saint Joseph's Catholic church spire. 42 o6 o6.63 204.6 72 35 10.64 244.5 

West Springfield, Park street Congregational church spire. 42 o6 23. 52 725. 7 73 37 n.54 z65. I 

West Springfield, First Congregational church spire. 42 o6 52.18 I 1610.0 72 37 JI. 94 733.8 

Chicopee, Catholic church spire. 42 o8 40.26 1242. 2 72 36 :zo. 25 465.0 

Chicopee, town hall spire. 411o854.65 1686. 2 72 J6 25.94 595.6 

Chicopee, French Catholic church spire. 42 o8 49. n 1515. 2 72 35 3+ 15 784.1 

-·------·----·------· 



 

Azimuth. 

o I '' 

239 44 56 
295 46 19 
IlO o6 02 

235 56 32 
2o8 20 o8 

250 49 33 
90 o8 46 

r50 22 34 

27 18 57 
268 51 09 

45 33 07 
268 12 47 

205 48 47 
320 18 r6 

6g 14 56 
126 28 31 

67 og 25 
l26 II 46 

311 48 34 
6r 54 44 

JOI 29 lJ 

61 20 OJ 

126 36 16 

159 45 30 
298 35 34 

62 45 25 
61 59 46 

130 10 57 
59 29 28 

16o o8 o6 

62 29 05 
161 46 '20 

61 II 42 

129 33 38 
297 25 40 

62 17 27 
171 01 46 

172 22 48 
39 53 23 

144 ll 52 
9904o6 

235 26 36 
33 25 33 
93 41 04 
94 38 54 

152 29 31 

UNITED STATES COAST AND GEODETIO SURVEY. 

CONNECTICUT RIVER VALLEY-Continued. 

Back azimuth. 

O I I/ 

59 51 OI 

II5 58 II 

289 59 55 
SS 58 Ol 

28 25 04 

70 52 40 
270 01 59 

330 r7 o6 

207 18 51 
88 58 10 

225 33 01 
88 r9 48 
25 50 31 

140 r9 IO 

249 IO IZ 

3o6 24 37 
247 04 50 
300 08 01 
13I sr 00 

241 50 04 
12I 32 r6 

241 15 59 

3o6 33 05 

339 4~ 49 
IJ8 38 42 
242 4r 28 

241 55 52 
310 07 53 
239 25 40 
340 06 00 

:%42 25 22 

341 44 19 
241 07 49 

309 40 34 
117 28 57 

:%42 13 37 
35I 00 36 
352 22 02 

219 51 o8 

J24 IO 26 
279 OI 52 

55 32 28 
213 :Z2 34 

273 38 54 
274 J6 09 

332 27 40 

To stations. 

' Mount Tom ______ ----- _ ---------- -------· i 

McCarthy. 

Mount Tom_---- __ ----. ___ -------- ____ ---- J 

Facing Rock. j 

Facing Rock. _____________________________ J 

McCarthy. : 
! FeedingHills _____________________________ j 

i Mount Tom. : 

; Feeding Hills. __ ,_, __________ ··--- ---· --· 
, McCarthy. 

' Feeding Hills ______ _ 

McCarthy. ! 

Brush •• -----------------------------·----
Feeding Hills. 

, Feeding Hills ___________________ ·---------

, Brush. 
! F ceding Hills ___________ . ________________ _ 

I I Brush. 

: McCarthy-----------------· --- -----------
Feeding Hills. 

" McCarthy-----------·---------- .. --------
; Feeding Hills. 
: Brush ________ ---- ____ . _____ -· ______ ---- __ 

'Mount Tom. 
McCarthy -·- ... ·---- _____________________ _ 

Feeding Hills. 

Feeding Hills ____ ------------------------
Brush. 

'Feeding Hills _______________________ _ 

Crafts. 

Feeding Hilla ____ ·---·----·-----------
1 Crafts. 

j Feeding Hills·--------· __________ _ 

Brush. 

: McCarthy---------------------------------
Feeding Hills. 

Mount Tom·--- _____ ------ __ ------------- j 

Crafts. 

Feeding Hills ______ ----··------------., •••• -\ 

Brush. 

Brush·------------------------ ----·-----i 
Facing Rock. J 

Feeding lrills _____________________________ j 
I 

Brush. i 

~:--------------~--------------------, 

Distance. 

ilfdrrs. 
14404.6 

27075.7 
r3367.5 
3668.6 

2r322.6 

679r. 9 

r398r. 7 
22702.3 

4r4.9 
14447. [ 

297.0 

14429.8 
8187.3 
2920.6 

10407. 8 

9970.3 
10229.4 

9556.7 
6738.0 

10896.8 

7445.8 
9443.4 
8149.3 

15928. 9 

7407.5 
9r45.8 
9102.9 
8277. 7 
9081.6 

12623.5 
8625.8 

13158.3 
9148. I 

8r75.8 
76o1. 0 

8910.7 
15221. 2 

n922. 3 

7235.2 
sou. 3 

4635.5 
14627.8 

11177. 9 
4456.4 
5654.7 
8259.6 

397 

Logarithms. 

4· 15850 
4.43258 
4. 126o5 
3.56450 

4· 32884 
3.83199 

4· 14556 
4· 356o7 
2.61793 

4· 15978 
2.47277 

4· 15926 
3.91314 
3.46547 
4.01736 

3.99871 
4.00985 
3.98o31 
3.82853 
4.03730 
3.87191 

3.97513 
3· 91II2 
4.20219 

3.86967 
3· 96122 
3.95918 

3.9r791 
3.95816 
4.Io1r8 

3· 9358o 
4.1.920 

3.96133 

3· 9r253 
3.88o87 

3.94991 
4· 18245 
4.07636 

3· 85945 
3.69995 
3.66610 

4· 16518 
4.04836 
3.64898 

3. 75241 
3.91696 



 

398 UNITED STATES COAST AND GEODETIO SURVEY. 

CONNECTICUT RIVER VALLEY-Continued. 

I 

Station. Latitude. : Second• in ! Longitude. Seconds in 
1 

metres. ! 1t1etres. 

i ! 
'· 

I Chl<op<• ''"''"' riok •plre. 

I 
0 I II 0 I II 

42 08 50.25 1550. 4 ' 72 36 36.77 844.3 

· Chicopee Falls, Catholic church spire. 42 09 42.82 r32r.2 ! 72 34 51. o6 u72. 2 

Chicopee Falls, Congregational church spire. 42 09 <15. o6 773. 2 j 72 34 51. 70 u86. 9 i 
I 

Chicopee Falls, New Baptist church spire. 42 09 26.08 8o4.7 72 34 54· IO 1242. 0 

Chicopee Falls, Methodist church spire. 42 09 25. 50 786.8 72 35 oo. 37 8.5 

Holyoke, St. Jerome's Catholic church spire. 4:z lZ 34. lO 1052. I 72 36 31. 76 728.6 

Holyoke, Second Congregational church tower. 42 12 18. 36 566.5 72 36 39.50 906.2 

Holyoke, Second Baptist church tower. 42 12 24.78 764.6 i 72 36 48.58 u14.4 

Holyoke, French Catholic church spire. 42 Il 56. 88 1755.0 72 36 23.26 533.7 

Holyoke, engine-house tower. 42 12 46.50 1434. 7 72 37 31.98 733.6 

Holyoke, First Congregational church belfry. 42 l2 41. 16 1270. 0 72 37 49· 36 1132.3 

Holyoke, Windsor Hotel tower. 42 12 23.07 711. 8 72 36 22.72 521. 21 

Holyoke, city hall tower. 42 12 24.32 750.4 72 36 28. JO 644,.6 

Baptistville, First Baptist church spire. 42 JI 42. 04 1297. I 72 37 49.05 1125.4 

East Bench Mark. 42 12 53.96 1664.9 '/2 36 10.22 234.4 

East Tidal Bench Mark. 42 12 53· 95 1664 6 72 36 10.40 2,38. s 

West Bench Mark. 42 12 4+ 22 1364.4 72 36 14.10 323.4 
I 
I 

) South Hadley .Falls, Catholic church spire. 42 13 13. 03 402.0 72 36 05.58 128.0 

I South Hadley Falls, Methodist church spire. 42 13 00. 9:z 28.4 72 35 56.42 1294. I 
I • ! South Hadley Falls, Congregational church spire. 42 12 58.25 1191. 2 I 72 35 56.56 1297.3 

I South Hadley Female Seminary observatory. 42 IS 21.78 I 72 34 40. 88 672.0: 937• I ' 

I 

! South Hadley, Congregational church spire. 4z 15 31. 59 97+ 1 I 72 34 31. z6 716.5 
' . 

·~01 I Wilbraham, Rich Hall tower. 42 07 27. 68 72 25 SS. 10 1265.6 

! 
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CONNECTICU'l' RIVER VALLEY-Continued. 

--------- -· -· -------------------------------------- -,-- -----c-------

Azimuth. 

o I II 

95 44 26 

161 55 45 
79 44 58 

139 43 38 
84 23 o8 

142 23 44 

142 34 33 
235 39 35 

143 30 17 
235 58 02 

98 44 o6 

137 37 29 

110 33 59 

142 44 57 

107 38 49 
143 r7 13 
119 40 28 
143 46 12 

90 01 30 
149 22 51 
103 01 32 
155 59 S2 

254 43 22 
263 17 so 
104 52 52 

139 II 47 
16o 05 32 

259 10 44 

24 09 27 
128 20 16 

85 36 52 
128 22 27 

131 42 45 
19(} 32 57 

75 12 24 
121 42 23 
82 21 08 

124 c6 50 

83 4S o6 

124 55 03 
46 26 38 

74 SS 02 

45 55 II 

72 47 38 
4S o6 14 

98 59 09 

Back azimuth. 

O I JI 

275 42 23 

341 54 36 
259 41 44 

319 41 17 

264 19 55 
322 21 24 
322 32 14 

55 44 30 

323 28 03 

56 03 01 

278 42 53 

317 35 53 
290 32 51 
322 43 26 

287 37 47 
323 15 48 

299 39 09 

323 44 30 
270 00 57 
329 21 55 
283 01 II 

335 59 08 

74 50 01 
83 23 44 

284 51 37 
319 IO 08 

340 05 II 

79 17 36 
204 09 15 
308 18 25 

265 35 25 
308 20 36 

311 40 57 
16 33 00 

255 10 SJ 
301 40 29 
262 19 31 

3<>4 04 so 
z63 43 29 

304 53 03 
200 24 II 

254 52 II 

225 52 37 
2s2 44 41 
z25 03 19 

278 49 51 

To stations. 

' I I Brush ______________ ---------------------- i 
: Crafts. j 

i Brush_.,----------------------------------j 
I Crafts. i 

Brush-------------------------------·---- I 
I ------------------------------I 

Crafts. 

Crafts __ 

Facing Rock. I 
Crafts ___ . ________ ------ ______ ---------··-- I 

, Facing Rock. 1 

i Crafts·---------------·------------------- I 
\ Mount Tom. ! 

Crafts.-----------------------------------
i Mount Tom. 

Crafts __ •. --- - - --- ----- --- ---- - -- - - - - - -· -- -
Mount Torn. 
Crafts ___________________________________ _ 

Mount Tom. 
Crafts ______ . ________ ----- ____ .. ______ ----· 

Mount Tom. 

i Crafts .. - __ ------------ -------- ----------
; Mount Torn. 

!i Rock Rimmon ----·-------------- ·--------
! Facing Rock. 

Crafts _______ • ____ • ___________ . ___ • ______ _ 

i Mount Tom. 

[Crafts ____ ·------------------------------
! Facing Rock. 
! Holyoke City HalL ______________________ _ 
I l Mount Tom. 

i Crafts ________ ·---------------------------

!Mount Tom. 
, Mount Tom. ___________ ----- ________ .-----

\ East Bench Mark. 

I Crafts ______ ----------·--- ---------------
i Mount Tom. 
I 
! Crafts ____ ------ ____ ..••• ------------. __ ._ .. 

I Mount Tom. 

i Crafts •• --- • __ - • ---- ------ ____ -- -------. --

1 Mount Tom. 

f Crafts _______ ----------. --- - -- ----- ---- ---- 1 

I :::~~~: __________ ---- ------ ------ ____ : 
! Mount Tom. i 
I ==~y ----------------------- ·----·----1 
I -

Distance. 

Metres. 
4219. 4 

7668.3 
6732.9 

7430.4 
6642. 6 

7847.8 
7789.1 

22197.z 

7716.8 
12326.2 

2522.7 

4875.3 
2473.4 
5135. I 

22lr. 6 

4851. 2 

3094.0 
5889.0 
1112. I 

3740.3 
732.3 

3703.4 
14109.8 
12186.8 
2666.9 

5156.6 
2115. s 

14338.7 
1002. 3 

4818.8 

2992. l 

4815.4 

4943.7 
313.5 

3200.7 
4567. I 

3333.7 
4947.0 
3220. 5 
4991. 0 

6949.8 
6o35.6 
7319.0 
6331. 7 
8504.7 

19166.8 

Logarithms. 

3.62525 
3.88470 
3· 82820 

3· 87101 
3.82234 

3· 89475 
3.89149 
4.o8626 

3.88744 
4.09083 
3.40186 
3.688oo 

3.39329 
3.71055 

3· 34471 
3.68585 

3.49052 
3. 77004 

3.04616 

3.57291 
2.86470 
3.5686o 

4. 14952 
4.08589 
3.426oo 

3· 71236 
3.32548 
4. 15651 

3.00098 
3.68294 

3· 47597 

J.68263 

3.694os 

2. 49621 ! 
3· 50525 
3.65964 

3-.SZ293 
3.69434 
3.52121 

3.69819 

3.84197 
3.78o72 

3· 86445 
3.8o152 
3.9:zg66 
4.z8255 



 

400 UNITED ST.A.TES CO.A.ST .A.ND GEODETIO SURVEY. 

CONNECTICUT RIVER VALLEY-Continued. 

I i I Seconds in I Station. Latitude. : Seconds in ; Longitude. metres. i j metres. I 
I 
! 

0 0 , fl 

5o8. 5 l 
I fl 

Wilbraham, Congregational church spire. 42 07 16.48 72 25 54- 87 I r26o.4 
i 

i 161.6 Indian Orchard, church spire. 42 09 32.02 988.0 i 72 30 07. 04 

Indian Orchard, French Catholic church spire. 42 09 33.30 1027. 4 ! 

i 
72 29 59.96 1376.5 

Indian Orchard, Congregational church tower. 42 09 24.98 770. 7 i 72 30 25.45 584.3 
I 

Jenksville church tower (1). 42 09 31. 91 9'4-6 72 29 o6.70 153.8 

Jcnksville church tower (2). 42 09 30.19 931. 5 I 72 28 58.94 1353. I 

Wilson's (Foster) house, tower. 42 12 50.94 1571. 7 72 38 oS.34 191. 3 

Ludlow, Congregational church spire. 42 II 30.41 938.3 72 27 37.86 868.7 

Ludlow, Methodist c)lurch spire. 42 II 29.10 897.9 72 2:J 09. 72 223.0 

Palmer, Universalist church spire. 42 09 28.o6 865.8 72 19 3S· 91 824.4 I 

Three Rivers, French Catholic church spire. 42 II 00. 72 22.2 72 21 21. 30 488.8 

Granby, Congregational church spire. 42 15 22. 87 705.6 72 31 04. 12 94.4 

Belchertown, High School tower. 42 16 37.90 1169.4 72 24 II. 95 27J. 8 

Belchertown, Baptist church tower. 42 16 40.81 1259.2 72 24 04.66 1o6.8 

Belchertown, First Congregational church spire. 42 16 42.68 1316. 9 72 24 05.98 137.0 

Belchertown, Methodist church tower. 42 16 42. I2 1299. 6 72 24 10.26 235.1 

I Easthampto;,,, Williston Mill tower. 42 16 27.69 854.4 72 39 33.42 765.9 

Easthampton, Methodist church tower. 42 16 15.79 487.2 72 40 22.28 510.6 

Easthampton, Williston Seminary gymnasium tower. 42 16 13.85 427.4 72 40 16.00 366.7 

Easthampton, First Congregational church spire. 42 16 20. 74 639.9 72 40 17.24 395.1 

Easthampton, Payson Congregational church spire. 42 16 12.02 370.9 72 40 22.78 522.0 

Easthampton, town hall tower. 42 I6 16.66 514- I 72 40 21.85 500.7 

Easthampton, Williston, Knight & Co.'s chimney. 42 16 00.90 27.8 7a 40 u.40 261.3 



 

UNITED STATES COAST AND GEODETIC SURVEY. 401 

CONNECTICUT RIVER VALLEY-Continued. 

Azimuth. Back azimuth. To stations. Distance. : ogarithm::;. 

---- -----·-··----- ---·- ----·-- --

0 I II II Jifetns. 

100 00 08 279 50 55 8rush __ . _______ - ·- ------ - -- - - - - - -- -- - - - 19225. 7 + 28395 

168 04 21 348 03 14 Facing Rock. I I I I 2. 2 4. 0.1580 

127 19 10 307 13 15 Mount Tom ____ - - - - - -- - - - -- - 15:22. 6 4. 18240 

207 31 44 '" -1 33 26 Facing Rock. 7544.8 3. 8i765 

126 50 08 306 44 09 Mount Tom __ . _____ . __ 15327. 8 4. 18548 

266 33 18 26 34 55 Faci11g Rock. 7436.0 3.87134 

I 19 44 45 299 39 26 Crafts __________ -------- ----- -· --------- 12549. 3 4.09862 

209 30 18 29 32 13 Facing Rock. j937.8 3.8997o 

1!5 20 33 295 14 21 Crafts . _______________ . 
- - - -- - -- - - 14054.3 4. 14781 

197 26 40 17 27 41 Facing Rock. jOI(i. 2 3. 84610 

us 13 46 295 07 29 Crafts _____ . ____ - -- - - - - - ---------- - -- - - 14238.4 4. I5.H6 

195 55 31 15 56 27 Facing Rock. 7015.8 3.84608 

63 45 50 243 45 42 Crafts __________ - - - -- - - ------------------ 310.u 2.49132 

16c 49 44 340 49 12 Mount Tom. 3262. I 3.51350 

181 13 57 I 13 59 Facing Rock ________________ -,,.. ·----------- 3037.7 3.48254 

109 46 36 289 39 01 Mount Tom. 16499.9 4.21748 

109 IO 42 289 02 49 Mount Tom_-----·---------------------- __ 17121. 8 4.23355 

169 19 54 349 19 37 Facing Rock. 3131. 5 3-49575 

5 23 32 185 22 58 Peaked Mount .. ____ . ___ . _ ----. ___ . ______ . 12306. 9 4.09015 

145 33 27 325 32 52 Dumpling. 2109.8 3.32424 

312 22 58 132 23 34 Dumpling---------- ... .. ·--- -------------- 1659.4 3.21995 

131 31 45 311 28 18 Rock Rimmon. 9425. s 3.97432 

310 45 31 130 47 52 Facing Rock .. --- - . - -- - - - - - - 6331. 8 3.80153 1· 

45 22 21 225 16 35 ·Hrush. 16631. I 4. 22092 

79 07 04 2;8 57 JO Mount Tom _________ - -- -- - - - - - . - 20618.6 4. 31.p6 

130 06 58 310 00 II North Warner. 18126.8 4. 25832 

69 51 12 249 41 38 Crafts __ .. _ .. _. _ 20909.8 4.32035 

37 56 33 217 54 56 Rock Rimmon. 5385.3 .l· 73121 

78 47 27 258 37 29 Mount Tom. ____ ._ ---- ----------- 20780.7 4.31766 

lJ6 49 58 316 45 15 College Chapel. 14079.9 4. 14860 

78 47 04 258 37 08 Mount 'Tom _____ ----------- --- 20681. 4 4. 31553 

137 10 30 317 05 49 College Chapel. T 4025. 2 4. 14691 

227 II 24 47 17 05 College Chapel_ .. __ . 15790. I 4 19855 

346 17 23 166 17 49 Mount Tum. :;712. 4 3.56966 

214 12 44 34 16 4(, Mount .Wamer . _ .. __ .. _. _ ... __ ----------- 14654. I 4.46596 

328 18 27 148 19 26 Mount Tom. 3806.9 :;. 58057 

228 22 a6 48 28 36 College Chapel_._. ___ - - - - 168o5.8 4.22546 

329 43 44 149 44 38 Mount Tom. 3681. 4 3.566o1 

214 10 30 34 14 29 Mount \Varner .. ____ ..... _____ -- - . - --- - -- 14463. l 4. 16o26 

330 56 39 150 57 34 Mount Tom. 3879.9 3.58882 

213 59 41 34 03 44 Mount \Varner----· ------------- --- ------ -- 14757. I 4. 16goo 

327 12 51 147 13 56 Mount Tom. 3714· 6 3· 5699 1 

214 14 23 34 18 25 Mount Warner-----------·-------- 14626. 5 4. 16514 

328 38 47 1¥3 39 45 Mount Tom. 3824.6 3 58259 

112 25 41 32 29 36 Mount Warner _____ ------ ------ --------- 14901. 2 4· 17322 

327 41! 01 147 48 52 Mount Tom. 3285. I 3.51655 

B. Ex. 18-51 



 

402 UNITED ST.ATES CO.AST .AND GEODETIC SURVEY. 

CONNECTICUT RIVER VALLEY-Continued. 

Station. Latitude. I Seconds in Longitude. Soro•& i• 1 metres. metres. 
I 

- --- ---- ------.~----- --- -- ------- -"- -- ----~-

n II 

\Vest Hampton, Congregational church spire. 42 18 16.57 511. 3 72 46 32. 39 741. 9 

Northhampton, First Congregational church spire. 42 19 09.25 285.4 72 37 53. 14 1216. 9 

Northhampton, Second Congregational churcli spire. 42 19 04.62 14.2. 6 72 38 04. 32 98.9 

Northhampton, Catholic church tower. 42 19 38.61 1191. 3 72 38 02.98 68.2 

Northhampton, lunatic asylum tower. 42 18 52. 16 1609.4 72 38 51. 00 u68. o 

Northhampton, Methodist church spire. 42 19 rn.72 330.8 72 37 59.58 1364.3 

Northhampton, Episcopal church spire. .J.2 19 16.38 505.4 • 72 37 42.57 9H·8 

Northhampton, Round Hill flagstaff. 42 19 27.53 I 849.4 72 38 22.38 512. 4 

Nonotuck Hotel tower. 42 16 47.86 1476.7 72 37 15. 19 348. I 

Connecticut River Lumber Company's chimney. 42 17 29.65 914.8 72 37 1+ 30 327. 6 i 

Mount Holyoke Hotel flagstaff. 42 18 02. 12 65.4 72 35 17.62 403. 6 I 

I 

South Amherst, Monson's barn cupola. 42 20 36.78 1134. 9 72 30 24.64 564.0 

1 

South Amherst, church spire. 42 20 25.45 
i 

785. 3 : 72 30 13.94 319. I 

Smith's (Edwin) barn, cupola. 42 zo 56. 34 1738.4 72 33 10.66 2#.0 I 
Hadley, First Congregational church spire. 20 30.88 952. 8 i 72 35 20.81 42 476. 4 I 

Hadley, Second Congregational church spire. 42 20 33.90 I rn46.o 72 35 47.72 1092. 3 

New Braintree, Congregational church spire. 42 19 01. 16 35.8 72 07 35.90 822, I 

I Florence, engine-house tower. 42 20 04.52 139· 5 72 40 19. 43 444.8 

Florence, Catholic church spire. 42 19 56.78 1752.0 72 40 07.03 16o. 9 

I 
Florence, Congregational church spire. 42 19 54. 16 1671. I 72 40 30.00 686.8 

I Florence, school-house tower. 42 19 SL 98 16o3.8 72 40 33.41 764.9 

I Florence, Methodist church spire. 42 20 07.18 221.5 72 40 25 22 577.4 

I Florence, Cosmian Hall clock tower. 42 20 09. 26 285.7 72 40 26.55 007.8 
I 



 

Azimuth. 

" 303 34 o6 

308 19 17 
144 18 16 

215 31 06 
216 21 12 

7 50 24 
220 46 46 

142 03 IO 

239 24 52 

0 39 28 

144 51 55 
238 52 18 
142 22 22 

215 01 27 

221 33 38 

242 30 51 

151 57 16 

199 35 25 

201 49 39 

223 37 30 

IJ7 IO J2 

188 IO 44 

126 47 27 
162 19 52 

127 51 18 

16o 18 31 

!IO 36 02 

154 41 24 

120 17 45 

197 33 25 
121 36 46 

205 15 25 

30 38 05 

71 49 19 

159 32 42 
252 15 01 

236 o6 48 

350 41 o6 

237 24 20 

347 41 26 

. 347 10 50 

163 12 19 

16o 23 43 

z39 03 37 
16o 27 36 

253 03 JO 

UNITED STA.TES OOA.ST AND GEODETIC SURVEY. 403 
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------------- ----·-- ----~--- -----~-~-----------/----------- - ---··----

Back azimuth. 

0 " 123 39 14 
128 36 49 

324 15 30 

35 33 28 
36 23 42 

187 49 50 

40 49 15 
322 00 31 

59 30 05 
180 39 25 

324 49 14 

58 56 56 
322 19 29 

35 03 42 
41 36 20 

62 35 44 

331 54 05 

19 37 21 

21 51 35 

43 4r 37 
317 06 02 

8 II 21 

306 44 47 
342 19 24 

307 48 31 

340 17 55 
290 30 o6 

334 40 36 

300 13 16 

17 34 04 
301 32 36 

25 16 23 

210 29 27 

251 36 37 

339 31 35 
72 21 lJ 

56 10 40 

170 41 54 

57 28 28 

167 42 30 

167 II 56 

343 II 21 
340 22 40 

59 07 41 

J40 26 34 

73 09 47 

To stations. I Distance. Logarithms. 

I 1--
! Jj,.fttres. 

Mount Tom _____ .... ---------------------, 12583. 5 
Peaked Mount. 
Shingle Hill _________________________ _ 

Mount \Varner. 
i Mount Warner ___________________________ _ 

Mount Tom. 

Mount Warner ______________ ------ .. ------ 1 

Shingle Hill. 
College Chapel . ___________ ... ______ . __ .. __ 

Mount Tom. 

Shingle Hill ____________ ------------------' 

College Chapel. 
Shingle Hill _____________________________ . 

Mount Warner. 

Mount 'Varner----------------------------; 

. College Chapel. 

! Shingle Hill _______ ·------------- ______ _ 

! Mount \Varner. 

Mount \Varner---------- ____ -------

College Chapel. 
Shingle Hill _____________________________ _ 

Mount v,· arner. 

' Mount \Varner----------------------------. 

College Chapel. 

Mount Warner-----------------------· 

College Chapel. 

Shingle Hill-------------------------- •.. ; 

Mount Warner. 
Shingle Hill ____________________________ I 

Mount Vv amer. 
Shingle Hill __ .. __________ _ 

Mount Warner. 

Peaked Mountain. ___ . -- - - I 

Rock Rimmon. 
Shingle Hill __________ _ 

College Chapel. 
Mount Warner _____ . _________ .. ____ . __ 

Mount Tom. 

Mount Warner---------------------------

Mount Tom. 
1 Mount Tom ___ _ 

Shingle Hill. 

Shingle Hill ___ ··-------------------------

Mount Warner. 
Shingle Hill _____________________ ~--------

College Chapel. 

45910.3 

9657.2 
83ocj.4 

8575.3 
8_528. I 

7735 7 
8796.7 

12333.4 
8064.7 

9534.5 
l ro29. 4 
9625.0 

7290. I 

8285.0 

11230.5 

13829.9 
118oS. 6 

10596. 2 

l2I8I.8 

13522. 3 

8923.8 

6784. I 

3190. I 

7190.8 

3599.6 
12922.3 

3824. 8 

10560. 9 

4-1-50.J 

9984.8 

4589.0 

34764.8 

27346.4 
6548. 2 

13272.7 

9504. 7 
!0192.5 

9989.6 
1021 I. 5 

1016~. 7 

6813.0 

6425.S 

9685.0 

6354.9 
13384. 7 

4.66191 

3.98485 

3.9r957 

3. 93325 

3.93085 
3. 88850 

3· 94432 
4. 09108 

3. 9o659 
3.9j930 

4. 04255 

3.98340 

3· 90255 

3.91831 

4.05040 

4. 14082 

4.07220 

4.025r5 

+0S571 

4· IJI04 

3.95055 

3.83149 

3. 5038o 

3.85678 

355626 
4. 11134 
3. 58261 

4.02370 

364839 

3.99934 
J.661j2 

4. 54114 

4.43690 
3.81612 

4. 12296 

3.97794 
4.00828 

3·99955 
4.00909 
4.00701 

3.83334 

.l 80793 

3.98610 

3· 80311 
4. 12661 

----·-·-·---··--



 

404 UNITED STATES COAST AND GEODETIC SURVEY. 

CONNECTICUT RIV.ER VALLEY-Continued. 

I 
--, 

Station. Latitude. ; Seconds in Longitude. I Secondo in l 
I 

n1etres. I metres. 

- -- ----- - ~·--- ·----- -- - I ·~I 
I 

I 0 " If i I Florence Manufacturing Company's mill tower. 42 19 53.57 1652.9 72 40 44.64 1022. o I 
I 
! Hattield, Congregational church spire. 42 22 13.68 422. I 72 35 50.97 u66. 2 I I 

I 
I ! Hatfield, Smith Academy tower. 42 22 15.68 483.8 72 35 44. 70 !022. 8· I 

North Hadley, Congregational church spire. 6o8.2 42 23 19. 71 72 34 52.02 1189. 9 I 
I 

Haydens\'ille, Catholic church spire. 42 22 22.87 705. i 72 41 53.7o 1228.6 

Haydensville, Congregational church spire. 42 21 15.34 473.3 72 41 39.08 894- 4 

Amherst, College Hall. 679.4 
t· 

42 22 22.02 
! 

72 31 14.42 329.9 

Amherst, Williston Hall tower. 42 22 17. 76 548. 0 72 31 06.59 150.8 

Amherst, \\'alker Hall tower. 42 22 18. 21 561. 9 72 31 02.82 64. 5 

Amherst, Episcopal church spire. 42 22 29.76 918.2 72 31 09.o6 207.3 

Amherst, Congregational church spire. 42 22 32.07 989. 5 72 31 oo.6o 13· 7 

Amherst Agricultural College drill-hall lower. 42 23 17.o6 526.4 72 31 43.56 996.4 

Amherst Agricultural College flagstatl 42 23 21. 69 669.3 72 31 42.64 975.4 

Amherst Agricultura.l College belfry. 42 2' .) 26.31 811. 8 72 31 46.50 1063.6 

Amherst, Lawrence observatory equatorial cover, center. 42 22 17.06 526.4 72 31 10.05 229.9 

Amherst City, Methodist church tower. 42 24 50.34 1553. 2 72 30 32. 79 749.7 

Pelham church spire 42 23 32.30 996. 6 72 24 17. 34 396.6 

North Amherst, Congregational church spire. 42 24 36.74 1133. 6 72 31 52.29 1195· 7 

Dickinson's (Charles R.) barn cu1x>la. 42 25 23.87 736.5 72 31 49.77 1137. 8 

Deacon Elihu's barn tower. 42 26 o6.46 199. 3 72 35 22. 8o 521. l 

Whately, Congregational church si>ire 42 26 17. 07 526.7 72 38 07.34 167.8 

Co1 way Township, southea,t corner. 42 z7 30.25 933· 4 l 72 39 28.34 647.5 

I 
Chestnut Hill. 42 24 34.29 1058. 0 ! 72 39 40.12 917.4 
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CONNECTICUT RIVER VALLEY-Continued. 

I_ 
·--, 

' 
Azimuth. Back azimuth. To stations. Distance. Logarithms. I 

' " 0 r ,, Metres. 

I 345 50 28 165 51 42 Mount Tom _________ --------------------- 10270.7 4· OllDo 

165 II 14 345 IO 24 Shingle Hill. 6695.8 3.82580 I 
242 12 25 62 13 25 Mount Warner------ ------------------- 2297.6 3.36128 I 
131 07 17 311 02 23 High Ridge. 13215.4 4. 12108 

I 147 51 26 327 48 37 Mount Esther _____ -------------------- ____ 10735.0 4.03080 I 
241 52 50 61 53 46 Mount 'Varner. 2141. 9 3. 33080 I 

135 4-9 00 315 45 36 Mount Esther _____ -- --- --------------- 9921. 8 3.99659 
236 09 o6 56 12 05 Dickinson. 7304.5 3.86359 

175 57 26 355 57 22 Shingle Hill ______________________ 1870.9 3.27204 

344 17 34 164 19 34 Mount Tom. 15129.3 + 17982 
192 17 42 12 18 52 Mount Esther __________ • __________________ 11207. 0 4.04949 

343 13 55 163 15 45 Mount Tom. 13035.3 4. 11512 
36 00 30 215 55 20 Mount Tom ______ ------------------------- 17963.9 4.25440 

100 44 44 28o 42 38 Mount Warner. 4370.8 3. 64056 
6 21 56 186 21 56 College Chapel--------------------- 76.6 I. 88{29 

IOI 56 49 281 54 37 Mount Warner. 4572.3 3· 66o13 
IOI 33 34 281 31 19 Mount Warner ______ ·--·-----------------_ 4653. 9 3· 66782 

187 53 30 7 53 54 Dickinson. 6020.6 3. 77964 

353 S1 42 173 51 43 College Chapel_ __________________________ . i 449. l 2.65232 

97 25 58 277 23 48 Mount Warner. I 4454.0 3 64875 
I 

15 43 02 195 42 58 College Chapel_ ___________ --------------- 537-7 2.73054 

96 15 14 276 12 58 Mount Warner. 4637. 6 3.66629 

31 21 50 211 17 00 Mount Tom _______ ------------ ____ --·- _____ 19008.2 4.27894 

79 35 20 259 33 36 North Warner. 3590.7 3. 55518 
338 16 30 158 16 54 College Chapel_ _______ • ________ ... ____ . ___ . 2205.6 3. 34352 
77 25 42 257 23 57 North Warner. 3639. 7 3. 56ro7 

337 33 55 157 34 22 College Chapel_ _____ 
-----------~----------

2370.8 3.37489 

74 53 59 254 52 17 North Warner. 3587.9 3· 55484 
105 37 40 285 35 34 North Warner_ ______ ·---- ___ ------ _________ 4463. I 3.64964 
189 23 18 9 23 47 Dickinson. 6o8o.8 3.78396 

SS 36 oo 235 33 28 North Warner ____________ ---------- ·----- 6242. l 3. 79533 
186 18 04 6 18 08 Dickinson. 1277. I 3· 10624 

50 20 -.s 230 IO 58 I ::::t~::~~~ -------- ---- ---. -------- -- -- 26137. 3 4.41726 

85 23 33 265 16 47 13784. l 4· 13938 

27 24 42 207 19 58 i MountTom _______________________ 21053.8 4.32333 

105 32 45 285 25 10 High Ridge. 15995- 2 4.20399 

36 36 34 216 34 54 North Warner _______ ------ __________ ------ 5683. 3 3. 75460 

262 56 42 82 57 38 Dickinson. 1914.5 3.28206 

61 00 49 240 56 22 Shingle Hill ______________________ -------- 10372.7 4· 01589 

107 35 36 287 32 33 Mount Esther. 6516.3 3.81400 

277 33 SS 97 39 os 
Dickinson ____________ ·--- ________________ 10624. 0 4.02629 

319 45 54 139 48 29 North Warner. 8124.7 3. 90981 

319 59 IO 140 02 39 North Warner _____________ ---··-- __________ II044. 3 4. 04314 

44 09 32 2~ 09 14 Mount Esther. 862.5 2.93578 

SS 31 54 235 30 20 Shingle Hill ________________ .------------- 3866.2 3.58728 

132 39 07 312 36 48 I High Ridge. 6416.2 3.80728 
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CONNECTICUT RIVER VALLEY-Continued. 

Station. Latitude. I Seconds in / Longitude. Seconds in I 
metres. ! metres. 

I 
! 

) Battlecock. 
0 " I 

0 / /I 

42 23 02. 75 84. 8 i 72 46 25. 47 582.7 

i i 
! Leverett, Congregational church spire. 42 27 07.80 240.7 I 72 30 06.90 157. 7 

i 
I 
I 

Sunderland, school-house tower. 42 28 02. 32 71. 6 ! 
I 

72 34 44. 74 1022. I 

Sunderland, Congregational church spire. 
i 

42 27 57. 91 1786. 9 I 72 34 49. 70 1135. 4 

I 

Mount Toby. 16.32 503.6 
I 

72 32 16. 28 371.8 42 29 

Shutesbury, Congregational church spire. 42 27 II. 85 365.6 72 24 37.34 853.2 

; Shutesbury, Baptist church spire. 42 27 10.31 318. I 72 24 36.46 833, I 

Shutesbury, house, chimney. 42 27 42.20 1302. I 72 24 41. 6I 950.7 

Hoyden's (Col.) barn cupola. 42 28 58.00 1789.6 72 36 5I. 15 1168.3 

I 
1379. 6 ! South Deerfield, Congregational church spire. 42 28 44. 71 72 36 27. 16 620. 4 ~ 

I 

I 
Sugarloaf Hotel. south chimney. 42 28 13. 00 401. I 72 35 32.98 753.4 

Sugarloaf Hotel, north chimney. 42 28 13.30 410,4' 72 35 33.08 755.7 



 

Azimuth. 

I II 

264 00 39 

326 48 44 

36 28 33 
88 48 56 

356 17 IO 

79 47 51 
355 32 19 

78 05 46 
13 20 26 

69 39 19 

73 36 47 

89 56 46 

73 43 54 
<JO 04 36 

56 13 19 

71 29 35 

51 34 43 
66 II 14 

344 38 12 
58 25 02 

350 02 31 

76 59 25 
44 4-0 II 

76 56 24 

UNITED ST.A.TES COAST .A.ND GEODETIC SURVEY. 407 

CONNECTICUT RIVER VALLEY-Continued. 

To stations. I Distance. Logarithms. Back azimutli. I 
--------~-- ! ~------ ---- --------- ______ ! ______ . -------

0 I II 

84 03 38 

146 53 48 
216 25 44 

268 40 IO 

176 17 28 

259 42 12 

175 32 40 
258 02 20 

193 19 04 
249 34 10 

253 25 04 

269 46 27 

253 32 II 

269 54 16 

236 o6 50 

251 17 55 

231 32 39 
246 07 00 

164 39 39 
238 22 42 

170 03 22 

256 54 19 

224 35 50 
256 51 18 

i 
Shingle Hill ______________________________ I 
Mount Tom. 
North Warner_ ____________ _ 

High Ridge. 
North \Varner_ _____________ . _____________ . 

High Ridge. 
North Warner_ _____ .. ·------ _____________ _ 

Mount Esther. 

North \Varner_ ____________ -------- ______ . 

Mount Esther. 

Shingle Hill ______________ ------------· 

Mount Esther. 
Shingle Hill ________________________ _ 

Mount Esther. 

North \Varner__~-------·----------- ___ ---·_ 

Shingle Hill. 
Mount Esther ____________________________ _ 

High Ridge. 

North Warner·---------------------------

Mount Esther. 
North \Varner_ ___________________________ _ 

High Ridge. 
Shingle Hill_. __________________ _ 

High Ridge. 

Metres. 
6u8. o 

18865.6 

9659.6 
17821.7 

9472.0 

I 1653. I 

9344· 2 

712!. I 

l206o.4 

I 1170. 7 

24846.2 

20960.4 

24853. I 

20980.2 

15861. 3 

25034. 6 

5351. 4 

9378.4 
I II58. I 

5565. 7 

9930. 7 
10639.5 

12571.6 

10639.5 

3.78661 

4.27567 

3.98496 
4. 25095 

3.97644 
4.06644 

3.97054 

3· 85255 
4.08136 

4.048o8 

4. 39526 

4.32140 

4. 39538 

4.32181 

4.20034 

4.39854 

3. 72847 

3.97213 

4.04759 

3· 74552 

3.99698 
4.02692 

4.09939 
4.02692 
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Index of stations in Rhode Island. 

i 
Names of stations. Page. Names of stations. Page. I 

I 

i--~------·----- --'---· I 

I 
I 

Bunker Hill. I Achilles. I 434 434 
I 

I 

Ajax. 434 Burnt Swamp (Borden) (Mass). 432 '! 
Alurnpond (Borden) (l\lass.). 432 Bushy Hill. 436 

Anderson's barn. cupola. 424 Buttonwood House, cupola. 426 

Anthony. 416 Butts. 416 

Apponaug, spire. 428 Butts 2. 416 

Arnold. 418 Calf Pasture Point. 424 

Austin. 432 Castle Hill. 428 

Babcock. 426 Castle Island Beacon, 1843. 428 

Balch's house, north chin1ney. 416 Champlin .. 412 

Bald Hill (Borden) (Mass.). 432 ~hurch's Point. 416 

Barber's Heights. 422 Church's Point 2. 414 

Barker. 416 Coal Mines, middle chimney. 422 

Barn, cupola. 430 College Hill. 412 

Barn, west gable. 424 Commons. 434 

Barn, white cupola. 426 Conanicut North. 422 

Batty. 420 Connimicut. 426. 

Batty's farm. 418 Copecut (Mass.). 412 

Beacon pole. 412 Cormorant Hill. 436 

Beacon pole (Borden). 432 Cornell. 416 

Beavertail light-house, 1839-1843. 428 Cranberry Hill. 432 

Deavertail light-house, 1869. 422 Cranberry Hill 2. 434 

Bentley. 438 Cuttyhunk (Mass.). 412 

Big Hill. 436 Davis' (0.) house, east gable, chimney. 438 

Black beard (Mass.). 416 Diamond Hill, tree. 436 

Block Island. 412 Dumplin. 422 

Block Island, derrick. 436 Dumplin 2. 422 

Block Island north light-house, 1838. 434 Dunn's house, white chimney. 438 

Block Island north light-house, 1874. 436 Dutch Island, flagstaff, 1868. 430 

Block Island southeast light-house, 1875. 436 i ~ Dutch Island light-house, 1868. 430 

Blue Hill (Mass.). 412 1; Dyer's Island. 428 
1. 

Border Hill, topographical pole. 438 II East Rock. 412 

Boston Neck. 430 i Eel's Hill 2 (Ct.). 436 
'I 

Bristol court-house. 428 II Fair Grounds, tower. 414 

Bristol, Methodist church. 424 II Fall River (Mass.). 418 

Broad Hill. 412 ,I Fish-house, chimney. 430 

Browning's house, chimney. 430 ll Fogland Point House, north gable. 414 

Browning's (W. T.) house, center chimney. 438 Ii Fort Adams, flsigstaff, 1843. 428 

Brown's (E.) house, chimney. 438 lj Fort Adams, flagstaff, 1869. 424 

Brown's house, cupola. 420 I Fort Hill. 434 

Bullock's Neck. 418 I Fort Independence. 418 

Bullock's Neck (Borden). 418 \\ Fort Independence 2. 420 

Bullock's Neck 2. 418 I Four Corners, belfry. 416 



 

UNITED s"rATES COAST A.ND GEODETIC SUHVEY. 

Index of stations in Rhode lalana.-co11ti11ued. 

Names of stations. Page. :-iames of stations. 

Fox Island. 428 Lawton's house, flagstaff 

Fox Island, house, chimney. 430 Liberty pole. 

Fox Point, rolling mill, chimney. 420 Little Compto~. 

Frost (Ct.). 436 Little Compton church spire. 

Gibbs. 416 Little Compton 2. 

Gibbs 2. 414 '. McSparran. 

Goat Island light-house, 18.B. 428 (; McSparran 2. 

Gould Island. 428 Massachusetts North Base (Mass.). 

Gould Island, barn cupola. 422 Massachusetts South Base (Mass.) 

i Governor's Island. 434 Meetinghouse Hill. 

Great Meadow (Mass.). 412 Meetinghouse Hill 2. 

Great Rock (Mass.). 432 Miantonomy. 

Green Hill. 432 Montauk 2, N. Y. 

Green's barn, cupola. 430 Mound. 

Green's Point. 426 Mount Daniel (Borden) (Mass.). 

Griswold's barn, south cupola. 416 Mount Hope. 

Halfway Rock. 428 Mount Hope (Borden). 

Hall. 426 Mount Rope 2. 

Hall's (Ben.) house, west chimney. 424 Munroe (Bordenj. 

Hamilton's Mills, cupola. 430 Narragansett Bay. 

Harris' barn, east cupola. 438 Narragansett church. 

Hazard. 422 Nayatt light-lwuse, 1843. 
1 Hazard's (A. P.) house, center chimney. 438 Nayatt light-house, 1863. 

Hazard's Castle. 438 i\ Neutaconkanut. 

1 Hector. 434 JI Newport, Belmont's hou>e, cupola. 

I
! High Hill. 416 11 Newport, Bronson's house, Aagstaft. 

High Rocks. 422 !,!! Newport, Catholic church, spire. 
'I 

1 
Hiscox. 434 i[ Newport church. 

/ Hog Island. 428 Ii Newport, Ocean House. 

) Hog Island 2. 424 /J New Weeden. 

I Hog Island 3. 422 11· Nootas (Mass.). 

! Hope Island. 426 \
1 

Nootas (Borden) (Mass.). 

1

1

1 Hope Island, barn. 426 ii Northeast comer of Connecticut (Borden). 
if 

; Rowland's barn, cupola. 416 ;I North Popasquash. 

i Hull. 422 :! Northwest comer of Rhode Island (Borden). 

I James. 436 II North Windmill. 
1 I: 

I
. Joe Sanford (Borden) (Mass.). 4z8 'i Noyes' Neck. 

Joe's Rock (Borden) (Mass.). 432 \1 Noyes' Point. 

I Joshua Champlin. 432 jJ Nye's {R.) house, white chimney. 

I 
Kenyon. 434 Ji Paine. 

Kenyon's (H. G.) house, center chimney. 438 iJ Pappoose Squaw. 

I Kettle Point. .po i Pappoose Squaw 2. 

I King's Rock (Borden)( Mass.). 432 
1 

Paradise Rock. 

I 
Kingston church spire, 1838-1869. 434 Patience. 

Killllicut. 4z!i I\ Pawkhungemock church. 

I
i .Knapp's Point, house, chimney. 438 Pawtucket dark spire • 

. Lantern Hill (Ct.). 412 Jj Pawtucket spire (Borden). 
I II 
1~~~~~-~~~~-~~~~~~~~~~~~~~~~~~~· 

H.Ex.18-52 

409 

!'age. 

412 

412 

432 

434 

422 

436 

414 

432 

412 

418 

414 

432 

420 

430 

426 

426 

418 

424 

424 

424 

422 

424 

434 

412 

414 

432 

426 

432 

414 

434 

432 

438 

436 

426 

424 

414 

428 

434 
418 

418 
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Index of stations in Rhode Island.-CMttinued. 

Names of stations. Page. Nam es of stations. Page. 

-----~~-··· 
- i 

Pa wtµ et. 418 ii Quonsett 3. 422 

Pawtuxet Beacon, 1843. 420 ,I Red Brush. 432 p 
Pawtuxet (Borden). 418 ii Reynolds. 428 

i Pawtuxet church spire, 1863. 420 I Rhode Island and Massachusetts Bound-

Pawtuxet spire, 1843. 420 I ary. 432 
I 

Peirce's barn, cu~a. 436 

11 

Rocky Point. 426 

! Peleg Tiff. 432 Rocky Point Hotel, chimney. 426 

Pierce's barn. 420 I! Rose Island. 428 

Pine Hill. 422 Ii Rose Island flagstaff. 424 

Pocasset. 412 I Rumstick. 426 
I 

Point Judith. 432 Sable Point. ,p8 

Point Judith light-house, 1838. 434 Sakonnet Point. 416 

Point Judith to Knapp's Point. 432 Sakonnet River and Mount Hope Bay. 414 

Pojack. 428 Sanders' (E.) house, chimney. 438 

Pomham. 420 Sandhill. 436 

Pomham Beacon, 1843. 420 Sandy Point. 424 

Poorhouse, belfry. 428 Sandford's Mill, cupola. 430 

Poorhouse, northeast gable. 430 Schoolhouse, chimney. 430 

Portsmouth, belfry. 416 Secondaries. 412 

Portsmouth Grove, flagstaff. 424 ii Seventh-Day meeting-house, north chimney. 438 

Potter's (A.) house, chimney. 424 I\ 
Shannock. 434 

Potter's (Dr.) house, chimney. 424 
11 

Shaw's (Peter) ham, cupola. 414 

Potter's (Widow) ham. 416 Sherman. 434 

Potter's windmill, shaft. 430 11 Sherman's house, chimney. 428 

Primaries. 412 

I 
Sherman's (J. P.) house, center chimney. 436 

Prince. 428 Signal flag. 430 
I 

Prospect Hill. 418 I Simmons. 414 

Providence, Baptist church. 420 I Simmons 2. 414 

Providence, Congregational church. 420 Ii Slate. 422 

Providence, High street church. 420 Ii Slate Hill flagstaff, 1869. 414 

Ii Providence, Quaker College. 420 i Smith's barn, cupola. 430 

Providence River. 418 Ii So"h Port=oo<h, Ep"'°"l oh•reh, '""''· 414 

Providence, Unitarian church, 1843. 420 ! South Portsmouth, Union church, tower. •1-14 

Providence, Unitarian church, 1863. 420 I South Rock. 428 

Provi<knce Vitriol Works, chimney. 
I' 

420 I Spar Island. 416 

Prudence. 422 Spencer. 412 

Prudence Jsland light-house, 1861. 430 Stargut Island, house, northeast gable. 420 

Prudence Island light-house, 1869. 424 Stevens. 418 

Prudence South. 422 l Sugarloaf Hill. 436 

Prudence 2, 1869. 422 11 Tefil's barn, cupola. 430 

Quaker. 412 :I Telft's house, chimney. 424 

Quicksand (Mass.). 
I 

414 ,! Telegraph. 422 

I Quicksand (Borden) (Mass.). 414 fl Telegraph 2. 422 

I Quicksand 2 (Mass.). 414 11 Tiff. 432 

Quonochontaug. 434 . Tiverton, cupola. 416 

Quonset!. 422 I Topogmphi<>lpol•-.-·-· 438 . 
Quonsett 2. 424 Topographical pole 3. 438 



 

UNITED STATES COAST AND GEODETIC SURVEY. 

Index of stations in Rhode Island.-continued. 

Names of stations. 

Topographical pole 4. 

Topographical pole 6. 

Tower Hill church. 

Toweset. 

Toweset Neck (Borden). 

Vaughn's house, cupola. 

Verification, north base (Borden) (Mass.). 

Verification, south base (Borden) (Mass.). 

Village Hill. 

Vue de l'Eau Hotel. 

Wakefield church, gray spire. 

'i 'Vakefield church, white spire. 
Wakefield, flagstaff. 

Warren Beacon, 1863. 

I Warren, Methodist spire. 
lw_ . l arren, spire. 

! Warwick Beacon, 1843. 
! 
j Warwick light-house, 1843. 

II Warwick light-house, 1863. 

, Warwick Neck. 

\ Watch Hill. 

I Watch Hill light-house, 1838. 

I Watch Hill light-house, 1873. 

I Watson's house, chimney. 

Page. 11 

:l.~-4;-l'j- Weeden. 

. 438 i Wells' Hill. 

Names of stations. 

436 West. 

416 Westerly. 

418 

430 

418 

418 

434 

420 

436 

436 

436 

426 

426 

428 

426 

426 

424 
426 

412 

434 

436 

424 

• 

1: 
i! 

I 

West Island, New York Club, flagstaff, 1869. 

Wharton's (Dr.) house, east chimney. 

White house, north chimney. 

White house, west chimney. 

\Vhitman. 

Wickford. 

Wickford Academy. 

Wickford Baptist church. 

Wickford light-house, 1843. 

Wickford light-house, 1868. 

Wickford, spire. 

Wilbur. 

Wilbur's windmill. 

Wilcox. 

Windmill. 

Windmill 2, 1869. 

Wing. 

Yellow barn, cupola, Narragansett Ray. 

Yellow barn, cupola. 

Yellow house, west 
0

chimney. 

411 

Page. 

432 

436 

424 

438 

416 

438 

426 

436 

412 

420 

430 

430 

428 

430 

428 

434 
416 

432 

416 

414 

414 

426 
438 

426 



 

412 UNITED STATES COAST AND GEODETIC SURVEY. 

PRIMARY STATIONS. 

Station. 

Blue Hill, astronomical azimuth otation, Massachusetts, 1845. 

Copecut, astronomical azimuth station, Massachusetts, 1844 (C. 
& G.S.&B.). 

Beaconpolc, astronomical azimuth station, 1844. 

Great Meadow, Massachusetts (C. & G. S. & B.). 

Massachusetts North Base, Massachusetts. 
1844. 

Massachusetts South Base, Massachusetts. 
1844. 

/I 

42 l 2 43. Sl41 

41 43 17. 245 I 

41 59 42.468 

41 52 45. 138 

42 03 06. 592 i 
! 

41 54 49· 921 

Seconds in: 
Longitude. metres. 

0 II 

1355· 7 71 o6 52.638 

532. l 71 03 36.644 

1310. 2 71 27 01. 257 

1392. 7 71 13 02.292 

203.4 71 12 24.871 

1540. 3 71 18 16. 114 

----------· .. 
SECONDARY STATIONS. 

--------- ----------~--~-~----- - -"·~·-- -------------- ------------------

! Spencer, astronomical azimuth station, 1844. 41 40 43.256 1334· 4 ! 71 29 40. 685 

Quaker (C. & G. S. & J3.). 41 34 57.376 1770. 1 71 15 18.337 

Cuttyhunk, Massachusetts (C. & G. S. & B.). 41 25 14.887 459. 3 70 56 02. 646 i 

McSparran. 41 29 46.953 1448. 5 71 27 24.737 

• 
Pocasset (C. & G. S. & B.). 41 39 09.420 290.6 71 II 32.364 

East Rock. 41 27 04.650 143.4 71 II 38.340 

Nootas, Ma 0,sachusetts. 41 32 13.020 401. 6 71 07 25.832 

Block Island. 41 IO 32. 077 989. 5 71 35 30. 644 

Broad Hill. 41 24 39.953 1232. 5 71 33 42.824 

Champlin. 41 29 16. 000 493.6 71 46 47.766 

LatJtern Hill, Connecticut. 41 27 37. 929 1170. I 71 56 40.826 

Watch Hill. 41 18 49.932 1540. 4 71 51 17. 201 

College l-Iill. 41 50 18. 850 581. 6 71 24 00.627 

Mount Hope. 41 40 26. 130 8o6. I 71 14 26.209 

Whitman. 41 40 33.889 1045. s 71 27 19.357 

Seconds in 
metres. 

1207.3 

847.1 

28.9 

52. 9 I 

572.0 

371. 3 

573.7 

748.9 

889.9 

598.8 

714.3 

994.6 

II08. 2 

947.5 

400, I 

14. s 

6o6.2 

447.6 



 

UNITED STATES COAST A.ND GEODETIC SURVEY. 413 

Azimuth. 
i 

Back azimuth. 

:-----~-·---!--------
0 II 

175 17 06.299 

228 55 19.774 

313 02 37.562 

123 44 56.597 
192 54 36. 214 

2 34 36. 135 

72 44 05.443 
207 47 I I. 966 

127 46 54.940 

185 57 36. 34 
262 22 17.91 

226 24 37. 79 

118 12 27. 73 

123 56 41. 52 
162 33 26.03 

171 IO 2I.59 

240 18 12.34 

150 41 04. 12 

235 09 32.46 

16o 44 27.59 

278 46 25.33 

309 04 33.44 
156 03 33- 63 

197 33 03.29 
227 16 59. 28 

5 29 19.04 
222 46 57.27 

335 30 49.75 

267 51 56.97 
316 51 IO. 25 

257 32 43. 91 

304 46 59.34 
155 15 02.20 

253 23 o8.32 

7 o6 04.o6 
6 47 22.05 

300 27 25.96 

276 41 44. 91 

0 21 29.76 

355 14 55.237 

49 08 50. 124 

133 18 14. 851 

303 35 35.905 
12 58 43.781 

I 82 34 I I. I 12 

252 34 18. 759 

27 51 o6.916 

306 41 03. 861 

5 59 22.68 

82 39 38.36 

46 32 24. 14 

298 02 54.85 

.303 43 55. 71 
342 28 24. 78 

351 08 51. 35 
6o 26 14.04 

330 30 44.69 

55 14 48. 84 

340 42 OI. 77 

98 56 44.56 

129 12 05.94 

336 00 49.97 
17 38 24 22 

47 32 44.86 

185 28 07.89 

42 51 07. 57 

155 38 16.93 

88 04 47-49 
137 05 08.88 

77 39 16.69 

124 57 23. 39 
335 I[ 28. 24 

73 30 27.63 

187 03 48.37 

186 46 47.42 
120 29 21. 52 

96 52 14.43 
18o 21 26.18 

PRIMARY STATIONS. 
------------·------------·--~·----r- ----··----~--

To stations. Distance. ! 
________________ ! 

i 
Blue Hill ___________ ----------------------

1 
Blue Hill ________________________________ _ 

1 Copecut. 

j Beaconpole ------------------------------

! lllue Hill. 
I 
i Great Meadow---------------·------------ 1 

Beaconpole. 

North Base-------------------------------: 
I 

Beacon pole. 

_1',fetres. 

54694.51 

36777. 41 

44425.23 

23223. 72 

37951. 70 
19193. 11 
21123.09 i 

i 
17326. 376 l 
15091. 32 i 

i 

Logarithms. 

-------

4.7379437 

4· 565581 I 

4.6476297 

4.3659318 

4.5792312 

4. 2831454 

4.3247575 
4.2387077 

4.1787273 
------------------------ ------~----

SECONDARY STATIONS. 

I 
1 Beacon pole ___________________ . __ . _______ _ 

: Copecut. 
I 
I Copecut -------------- ____ -------- --------

' 
1 

Spencer. 

Quaker ____ ------------------------------

Copecut. 
Spencer _________________________________ _ 

Quaker. 

Beaconpol" _ ------ -----------------· -· ___ _ 

Copecut. 

Quaker ____ ------------------------------

Cuttyhunk. 
' Cuttyhunk _______________________________ _ 

Pocasset. 

McSparran _______ ---·· ____ ---- ________ ----

East Rock. 
Block Island _____________________________ _ 

McSparran. 
Block Island ____________________ - - - - - - - ___ _ 

McSparran. 

Block Island __________________ .------------

Champlin. 

Block Island _______________ ----- -- ---- ---

Lantern Hill. 

Great Meadow------------------------ ___ _ 

McSparran. 

Pocasset. 
Pocasset_ _______ _ 

Quaker ____ --------------------- --------, 

_________________ ! 

McSparran. 

35339.35 
36475. 19 

22393.41 
22634. 29 

32270. 72 

35009. 26 

20491. o6 

19370.85 

43666.53 

13397.89 

15450.37 
21986. 15 

20436. 54 

14058. 13 

37376. 15 
45250.01 
26276. 50 

12911. 69 

3808o.36 

26995. 50 

43293.35 
14089.65 
26863. 71 ; 

17940.44 

15841. 36 

38298.07 

10213.98 

4666.63 

22o63.36 

19959.02 

4. 5482586 

4.5619976 

4. 3501202 

4.3547668 
4.5088o86 

4· 5441829 
4. 3115644 

4.2871487 

4· 6401487 

4· 1270365 

4· 1889388 

4.3421491 

4. 3rn4073 

4.1479275 

4.5725945 
4.6556187 

4.4195676 
4. ll0<)830 

4. 58070!0 

4.4312914 
4. 6364212 

4· 1489001 
4.429166o 

4.2538331 

4. 1997926 

4.58317ti9 

4.0091950 

3.6690033 

4.3436717 

4- 3001393 
I 

'..__~~~-~-_!__~---~--'--~-~--~-~---------'-~-----~----



 

414 UNITED STATES COAST AND GEODETIC SURVEY. 

SAKONNET RIVER A.ND MOUNT HOPE BAY. 

I I Seconds inl 
Station. Latitude. 

Seconds in I Longitude. metres. 
I 

! metres. 
i 

0 I // 0 I II I 
! Simmons. 41 29 32.288 996.2 71 09 34· 214 i 793.5 

Quicksand, Massachusetts. 30 01. 683 
I 

282.8 41 51. 9 71 07 12. 1941 

I 
Nootas (Borden), Massachusetts. 41 32 13.094 404.0 71 07 25. 874 I 599.8 

Wing. 41 35 23.225 716.7 71 II IO. 3521 239.8 

Paradise Rock. 41 30 05. 5II 169.9 71 15 45.504 rn55. 3 

Windmill 2. 41 32 33.559 1035.2 71 I I 50. 508 II70. 6 
1869. 

Simmons 2. 41 29 32. 078 989. 7 71 og 34.665 8o4. I 
1870. 

Little Compton. 41 31 12.385 38_2. 2 71 II 00. 7o6 i 16.3 

Little Compton 2. 41 31 12.440 383.7 71 II 01. 694 39.3 
1870. 

Little Compton, church spire. 41 30 33.635 1037. 5 71 IO 18.351 425.5 

Church's Point 2. 41 30 09· 917 305.9 7I 12 21. 012 487.2 
1869. 

South Portsmouth, Episcopal church tower. 41 32 50.304 1551. 9 71 15 42.342 981.4 

South Portsmouth, Union church tower. 41 33 30.179 931. l 7I 15 21.902 507.8 

Slate Hill, flagstaff. 41 32 22. 154 683.6 71 15 56. 410 1307. 4 
1869. 

Fair grounds, tower. 41 31 16. 6o8 512.3 71 16 27.837 645.4 

Gibbs 2. 41 29 39.540 1219.7 71 16 28.381 658.2 
1869. 

Fogland Point House, north gable. 41 33 42. 896 1323.4 71 13 I I. 652 269.9 

I North Windmill. 41 35 16. 013 494.0 71 15 16. 018 371.0 

Mount Hope 2. 41 40 26. 515 818.0 71 14 26.094 6o3.6 
1874. 

Mound. 41 38 14.042 433.2 71 13 11.906 275.4 

i I Quicksand 2, Massachusetts. 41 29 56. 40 1740. 0 71 07 09· 16 212.4 
1870. 

[ Quicksand (Borden), Massachusetts. 41 30 01. 73 53.4 71 07 12. 18 282.5 

l Shaw's (Peter) barn, cupola. 41 29 14.50 447·3 71 o8 45· 72 lo00.6 

I 



 

Azimuth. 

o I II 

210 58 02.0 

J2 19 IO. I 

175 32 19.6 

74 37 19. 5 
309 04 44.8 
n4 53 04. 2 

154 08 r9.3 
82 07 08. 5 

213 OI 28. I 

314 II 29. 3 

132 40 28.7 

50 03 00. 5 
96 52 18. 7 

32 15 42. 2 

139 19 18.0 

249 23 57. 3 

72 36 29.8 

326 53 33· I 

139 30 46.0 

139 59 16. 9 
189 03 55.5 
88 22 38.6 

188 04 23. 9 

0 49 36. 4 
181 45 30.8 

76 59 33.1 
356 33 58.4 
266 26 40.9 

67 54 33.6 
335 53 02.3 

231 o8 26.9 
120 40 10.9 

318 40 21. 9 
128 04 07.4 

5 20 12,2 

113 13 14. I 

62 15 31.6 

6 47 47. 5 
157 IJ 25. 6 
25 46 07.3 

113 31 48 
77 28 34 

175 31 13 
299 36 00 

HS 31 56 
239 59 56 

UNITED STATES COAST AND GEODETIC SURVEY. 

S.A.XONNET RIVER Al'lD MOUNT HOPE BAY. 

Back azimuth. 

II 

JO 59 27. I 

212 17 47.9 
355 32 IO. 6 

254 35 45. 4 
129 12 17.3 

294 47 50.8 
334 o6 09.2 
262 04 23. 9 

33 04 30.6 
134 14 12. 9 

312 38 10.8 

230 00 24.7 
276 48 13.0 
212 14 20.3 
319 16 27. I 

69 26 19.8 

252 33 21.7 

146 54 30. 8 

319 27 27.0 
319 58 48. 2 

9 04 15. 7 
268 20 23. I 

8 04 39.8 

18o 49 34· 3 

I 45 33.2 
256 54 45.0 
176 34 05.6 
86 29 24.0 

247 53 07.7 
155 53 30.4 
51 o8 55.3 

300 38 44. 5 
138 41 15. 7 

3o8 02 43·4 
185 20 10.7 

293 10 57·5 
242 II 25. 8 

186 47 12. 8 

337 12 36.3 

205 44 43·3 
293 29 14 
257 26 58 

355 JI 04 
ll9 43 23 
295 31 24 
6o 01 00 

To stations. 

--~-~-------- ·--------·· 

Nootas _____ -----· ------· --------·---------, 
· East Rock. 

Nootas ______ --------------------·--- ·---i 
: Simmons. 

· Cuttyhunk ___ . ------ ______ ---- _ ------ ____ . 

. Quaker. 
: Mount Hope ______________________ --------

. Quaker. 
Wing __________________________ ----- _____ : 

East Rock. 

· Quaker ____ ---------------------·--------! 
Paradise Rock. 

Paradise Rock .. _.------------------------! 
East Rock. 
Quaker _______ _ ____ ._ ---------- ----: 

· Nootas. 
Paradise Rock • _____________________ ----- _ i 

" Simmons 2. I 
' Quaker ____ --------------------·--------- i 

Little Compton 2. 

Windmill 2. _____________ ------------------! 
Paradise Rock. 

Quaker.·--------------------------------
! 

Paradise Rock. 

Quaker ____ ------------· --- ----------· 

Hull. 

Paradise Rock -------- --··--- -------- ------ • 
Windmill 2. 

Miantonomy ---------- --------------------! 
Paradise Rock. : 

Paradise Rock---------------------------- 1 

Miantonomy. 

Windmill 2_ --·-· ----· ---------------------

Quaker. 

Quaker ____ ••. ------------ ---------· 

Prudence 2. 

Pine HilL---------------------------· __ .. 
Quaker. 

Mount Hope 2 __ ------------ ---------- •..•• 

. Quaker. 

Little Compton 2 ••. __ ------- ------ _______ _ 

Simmons 2. 

Nootas (Borden) -------------------------
[ Cuttyhunk. 

I ~==~ ~---- ------ ------ ------ --------

Distance. 

,Vetres. 
5783. 7 

5388. 9 

4o64.2 

3416.7 

20438.7 
12064. 5 
ro386.6 

5799.2 
11693. 8 

8o<>I. 3 

6548. I 

7109.8 
8663.3 

5377.9 
9155.9 
5321. 2 

6897.9 
3696.0 

10702. 7 
1563. I 

4487. 5 
4744.8 

3959. 6 

5084.5 
2691. 3 

10333. I 

4223. I 

5710. 7 

3243.5 
2403. I 

1277. I 

3479.5 
2848.2 

3727.6 

577.5 
5185.4 
9668.8 

10226. I 

4432.8 

6736.7 

588o.7 

3457.5 
4o65. I 

17881. 7 

1258. 2 

2586. I 

415 

Logarithm,. 

3. 762207 

3.731504 
3.6o8975 

3· 5336o9 
4.310454 
4. 081508 

4.016473 

3.763371 
4.067957 
3.903161 
3. 816II4 

3.851855 
3.937683 
3· 73o613 
3· 961700 
3· 726012 

3.838715 

3.567735 
4. 029492 
3. 193998 
3.652007 
3.676216 

3.597650 
3· 7o6246 
3.429967 
4.014232 

3.625628 

3. 7566g1 
3. SllOIO 

3.38o;-63 
3· 1o6234 

3· 541511 
3.454567 
3.571424 
2.761554 

3.714779 
3.985375 
4. oog7u 

3.646681 
3.828449 

3. 76943 
3.53876 

3.6ogo7 

4· 25241 
3.09976 
3.41265 



 

416 UNITED STATES COAST AND GEODETIC SuRVEY. 

SAXONNET RIVER AND MOUNT HOPE BAY-Continuetl. 

Wilbur's windmill. 

'Vest Island, New York Club, flagstaff. 
1869. 

Griswold's barn, south cupola. 

Howland's barn, cupola. 

Lawton's house, flagstaff. 

Portsmouth, belfry. 

Potter's (Widow) barn. 

Four Corners, belfry. 

Balch's house, north chimney. 

Butts. 

Butts 2. 

1861. 

Anthony. 

' Blackbeard (Massachusetts). 

Toweset. 

Spar Island. 

Tivorton cupola. 

Barker. 

Cornell. 

I 
i Windmill. , .. 
I 

i Church's Point. 

l 
I Gibbs. 

1 Sakonnet Point. 

High Hill. 

II 

751.7 71 II 02.56 

41 27 oo. 81 25. 0 71 II 59· 03 

41 32 58. 69 1810. 7 71 !4 20. 83 

41 32 04. 17 128. 6 71 II 46. 08 

41 37 33.40 

41 36 13.34 411.5 711453.67 

41 33 18. 00 555- 3 71 12 17. 07 

41 34 31. 52 972 3 71 II 22.41 

41 29 00.51 15. 7 71 16 20. 91 

1722. 7 71 15 o6. 56 

41 36 55. 74 

41 40 28. 88 891. 0 7! IO 58. 83 

41 41 59.23 1827. 3 71 14 33· 74 

41 41 17. 40 536. 8 71 13 14. 68 

41 37 30.25 933. 2 71 12 50. 91 

41 38 23.01 709. 9 71 12 06. 65 

41 37 18.96 584. 9 71 09 16. 52 

41 32 33.62 

41 30 00.12 3· 7 71 12 23. 96 

1131. 9 71 16 29. 18 

59.4 

1370. I 

rn68.3 

1133. 5 

1242.7 

395.5 

519. 1 

151. 9 

173.2 

431.4 

r36o.8 

78o.2 

339.5 

153. 9 

382.4 

1170. I 

555.7 

1o6g.8 

1378. I 

I 
~~~~~~~~~~~~~~~~~~~~~~~-'-~~~~~~~~~~~~~~~~~~~~~~ 



 

UNITED STATES COAST AND GEODETIC SURVEY. 417 

SAKONNET RIVER AND MOUNT HOPE BAY-Continued. 

Atimuth. Back azimuth. To stations. Distance. Logarithms. 

0 I II 0 I II Metres. 
263 19 56 83 20 54 Simmons 2 _____ ___ : __ -------------------- 2052.8 3.31235 
l8o 20 '14 0 20 45 ' Little Compton 2 3334.4 3.52301 

97 II 32 277 o6 o6 i Telegraph 2------------------------------- 11522. 0 4.o6153 
137 20 18 317 17 48 Paradise Rock. 7751. I 3.88936 
224 41 o8 44 43 14 Wing _____ --- ----- ___ ------ _ -- ___ ---- ---- 627J. 6 3.79752 
282 31 47 102 33 37 Windmill 2. 3569.2 3.55257 
r37 23 28 317 2l 07 Quaker ____ ------------------·----------- 7262.8 3· 86IIO 
173 32 27 353 32 24 Windmill. 912.6 2.96o26 

330 22 04 150 23 09 Wing·----------------------------------- 4619. 7 3.66461 

351 40 00 171 40 39 Windmill 2. 9348.8 3.97076 
327 56 31 147 58 33 Windmill 2 ----------------- -------------- 7998.7 3.90302 
286 37 13 106 39 41 Wing. 5398.1 3.73224 
126 08 50 306 o6 50 Quaker ___ .------------------------------ 5199.9 3.716oo 

335 48 52 155 49 IO Windmill 2. 1502.8 3· r76go 
189 56 02 9 56 IO Wing------------------------------·----- 1619.7 3· 20943 

IO 08 44 190 o8 25 Windmill 2. 36g6.7 3· 56782 
202 16 16 22 16 39 Paradise Rock -------------- -------------- 2167.1 3.33589 
67 08 25 247 05 52 ·Telegraph 2. 5810.1 3.764r8 

297 33 40 117 36 17 Wing---------·-------------------------- 6171. 2 3. 79037 
4 16 17 184 16 09 Quaker. 3665.1 3.56408 

104 45 03 284 41 25 Pine Hill_ ____ ---------------------------- 7858.5 3.89534 
188 22 00 8 22 27 Mount Hope. 656o. 5 3.81694 
36 14 21 216 13 09 Butts------------------------------------ 4226.5 3.62598 

153 04 38 333 03 53 Mount Hope. 3452.6 3.53815 
17 33 47 197 33 25 Pocasset---------------------------------- 2571. 2 3.41014 
89 00 23 268 58 05 Mount Hope. 4797.7 3. 68rn3 

299 15 58 Il9 18 20 Blackbeard _____ --------------- ___________ 5698.5 3.75576 
356 31 47 176 31 51 Mount Hope. 2877- 5 3.45902 
46 17 39 226 16 51 

\fount !lope ______________________________ 
2z88.9 3.35963 

125 13 50 305 12 57 Toweset. 2237.8 3.34983 

35 54 53 Zl5 53 15 Quaker---------------------------------- 5822.2 3. 76509 

157 53 23 337 52 zo Mount Hope. 5857. 2 3.76769 

34 59 so 214 57 43 Quaker-------------------------·--·------ 7742.3 3.88887 

139 38 41 319 37 o8 Mount Hope. 4985.6 3.69772 
62 30 03 242 26 03 Quaker---------------------------------- 9448.9 3.97538 

137 t9 03 317 17 33 Pocasset. 4636.9 3.66623 

132 39 z9 312 37 o8 Quaker---------------------------------- 6547.7 3. 816og 

166 07 II 346 05 26 Mount Hope. 15016. 9 4. 17658 

156 13 52 336 II 56 Quaker ________ .------------------------- 10021. 4 4.00093 
171 40 II 351 38 50 Mount Hope. 19520.0 4. 29048 

59 54 34 239 52 42 Hazard __ ,---·---------------·------------ 4516.4 3.65479 
tu 03 32 302 02 07 Miantonomy. ' 3509.6 3.54526 

16o 55 58 340 53 37 Quaker----·-----------------------------/ 15050. l 4. 17744 

171 21 24 351 19 38 Mount Hope. I 24646.2 4.39175 

140 28 21 320 26 49 :::~ ~~;~----- ---------- --------------1 5054.8 3· 70370 

171 52 00 351 51 02 14183.4 4· 15178 

JI. .. 18--..--63 



 

418 UNITED STATES 00.A.ST .A.ND GEODETIC SURVEY. 

SAXONNET RIVER AND MOUNT HOPE BAY-Continued. 

I 
i 
[-- ---- --

1 Mount Hope (Borden). 
I 
I 

Station. 

!, Joe Sanford (Borden), Massachusetts. 

: Fall River (Massachusetts). 

I 
1 Toweset Neck (Borden). 

' 
Latitude. Seconds in 

: metres. 
i 
I - --1 

0 I /I 

41 40 27. 55 849. 9 

41 35 37.56 u58. 7 

41 42 39. 25 1210. 9 

41 42 45.02 1388. 9 I 

I 
---------- --·-------- -

PROVIDENCE RIVER. 

--- ---------

Pawtucket dark spire, 1885. 41 52 53· 95 1664.5 

Pawtucket spire (Borden), 1836. 41 52 36.04 1111.9 

Arnold. 41 45 14.48 446.7 

Kinnicut. 41 47 47.84 1475.9 

Fort Independence. 41 47 34.44 1o62. 5 

Neutaconkanut. 41 48 41. 08 1267.4 

Batty's Farm. 41 45 34·90 1076. 7 

Prospect Hill. 41 49 44.64 1377. 2 

Bullock's Neck (Borden). 41 44 42.27 1304. I 

Bullock's Neck. 41 44 42.90 1323.5 

1 
Bullock's Neck 2, 1863. 41 44 43.00 1326.6 

I 
/ Verification South Base (Borden), 1836, Massachusetts. 41 50 13.04 402.3 

I Verification North Base (Borden), 1836, Massachusett;. 41 54 25.94 Boo. 3 

I I Stevens. 41 44 44. 13 1361. 5 

46 02.38 I Sable Point. 41 73.4 

436.8 I Pawtuxet (Borden). 41 45 14. 19 

' j Pawtuxet. 41 45 56.So 1752.4 

I 

Longitude. 

0 I II 

71 14 26. 15 

71 07 55.53 

71 08 45.54 

71 13 36.28 

-----~----- -----

71 23 05.06 

71 22 53.84 

71 23 41. 75 

71 21 57.48 

71 23 33· 38 

71 28 03.06 

71 24 35.8o 

71 24 20.85 

71 21 35· II 

71 21 27.69 

71 21 35.16 

71 21 28.68 

71 21 20.68 

71 22 56.05 

ii 22 o6. 14 

71 23 41. 72 

71 23 13.95 

Seconds in 

i 
metres. 

: 

004.9 

1286. I 

I052.8 

838.7 

116.7 

1241. 5 

964.6 

1327. I 

770.7 

70.6 

827.0 

481. I 

Sii. 2 

639.8 

812.3 

661. 8 

476.6 

1295· I 

141. 8 

963.9 

322.2 



 

Azimuth. 

I II 

300 55 58 
6 46 05 

353 46 48 
83 08 51 
62 29 50 

'30 48 42 

271 29 33 

15 l3 08 

156 40 20 -

271 03 51 

173 37 47 
284 06 07 

304 39 29 
30 10 50 

322 32 00 
29 05 o6 

316 12 33 
2 33 58 

288 15 00 

316 32 36 

140 13 05 
201 20 43 

344 43 53 
69 07 15 

3o6 19 38 

334 JO 54 
107 28 18 

151 15 51 

357 34 42 
322 48 48 
169 49 19 
247 14 49 
313 25 31 

I 21 22 

271 03 49 

327 39 00 

343 42 2 1 

25 31 56 
177 20 36 

288 35 09 

263 43 23 

349 33 01 

UNITED STATES COAST AND GEODETIC SURVEY. 

SAXONNET RIVER AND MOUNT HOPE BAY-Continued. 

Back azimuth. 

1 ____ ~-------~-I 
------T-o-st-au-·o_n_s_. ______ I __ ~~~~:uce. 

o I It 

120 57 54 
186 45 30 
173 47 08 
263 03 57 
242 26 03 
210 46 51 

9l 32 46 
195 12 35 

Pocasset_ ____________ ·- _ ------- __________ _ 

Quaker. 

Nootas (Borden) __ _ 

Quaker. 

Mount Hope ____________ ------------------· 

Pocasset. 

· Fall River _________ ------------------------
Mount Hope (Borden). 

PROVIDENCE RIVER. 

Metres. 
4688.3 

10258.0 

6345.6 
10331. I 

8884.4 

7536.0 
6723.7 

4394.4 

419 

Logarithms. 

3.67102 
4. 01106 

3.8o247 
4.01415 

3.94863 
3. 87714 
3.82761 
3.64290 

------------------
336 37 42 
91 IO 33 

353 36 51 
!04 09 53 
124 45 39 
210 o8 25 

142 37 00 
209 01 32 
136 18 37 

182 33 52 
I08 18 00 

136 35 30 
320 10 47 

21 21 25 

164 44 25 

249 04 47 
r26 26 19 

154 15 04 
287 26 49 

331 14 27 
177 34 46 
142 49 37 

349 47 26 
67 17 38 

133 28 14 
181 21 17 

. 91 04 43 
147 39 58 
163 42 42 

205 31 23 

357 20 23 
1o8 36 33 

83 44 o8 

169 33 13 

I --·----- ------Beaconpole _______ ----------

Great Meadow. 

Joe's Rock----------------- ____ ---· ____ _ 

Great Rock. 

Mount Hope ________ --------------- ------. 

'Whitman. 
Jl.Iount Hope _____________________________ _ 

Whitman. 
Mount Hope _____________________________ , 

Arnold. 

Fort Independence _______ ·--·--------------

Arnold. 
Neutaconkanut ___________________________ _ 

Fort Independence. 

Fort Independence ___ ·--------------- _____ _ 

N eutaconkanut. 
Pocasset_--· ________________ ------·-- _____ _ 

Quaker. 
Arnold _____________________ ·--- ____ ------

Fort Independence. 
Connimicut ________________________ . _____ _ 

Nayatt light-house, 1863. 

Joe's Rock-----------------·------·-----_ 
Great Rock. 
Great Rock _______ • _____ ---- ______________ _ 

Verification South Base. 
Bullock's Neck 2 ________________ ----------

Connimicut. 
Bullock's Neck 2 _________________ ·---------, 

Stevens. j 
College Hill ________________ -------------- i 

Bullock's Neck (Borden.). I 

Sable Point ____ -------------- ·------------l
1
./ 

Stevens. 

13728.4 
13901. r 

17290. 3 
8046.8 

15622.8 
10012. 0 

1716o.1 

15315.8 
18290.3 

4322.4 
6556.6 

87]7. 3 
7476.9 
396o.o 
4163.0 

5490· I 

173u. 8 

20039. 7 

3247. r 
6oJ6.3 
3129.0 
z8o2.3 

21942. I 

6333. I 

7787. 7 
7804.4 
1869.4 

3741. 5 
2551. 6 
2675.5 

9409-4 

3086.2 

1575. 6 

2279.9 

4. 13762 
4.14305 
4.2378o 

3.90562 
4. 19376 
4. 00052 
4. 23452 

4. 18514 
4. 26222 

3· 63572 
3.81668 

3.94336 
3.87372 
3. 59769 

3.61941 

3· 73958 
4.23834 

4. 30189 

3. 51149 
3- 78o77 
3.49541 
3· 44751 
4.34128 
3. 8o16r 

3.89141 
3.89234 

3.27170 

3.57305 
3· 4o682 
3.42740 

3.97356 
3.48942 

3· 19745 

3·35792 



 

420 UNITED STATES COAST AND GEODETIC SURVEY. 

Station. 

Fort Independence 2, 1863. 

I 
Kettle Point. 

I Brown's house cupola. 

I 
i Pawtuxet church spire, 1863. 

I 
I 
[ Vue de !'Eau Hotel. 

' 
f Stargut Island house, northeast gable. 

I 
I Pierce's barn. 

I 
I Fox Point Rolling Mill, chimney. 

I 
j Pomham. 

i Pomham Beacon. 
1843. 

1 Pawtuxet spire. 
i 1843. 

I Pmrid~re. BapW< oh"cl" 

I 
Providence, Unitarian church. 

1843. 

I Providence, Congregational church. 

j Providence, Quaker College. 
I 

I Providence, High street church. 

i 
! Providence, Unitarian church. 

I
I !863, 

1 

Providence V1trfr1l Works, chimney. 

I
I Pawtuxet Beacon. 

1843. 

PROVIDENCE RIVER-Continued. 

Latitude. 
[ Seconds in i 

metres. 
I ---------- - ,------1 

/ I/ I I 
41 47 34.41 1061. 6 I 

I 
! 

41 47 46. 34 1429.7 

I 
41 45 04.44 137. o I 

I 
41 45 59. 12 1823. 9 I 

I 
41 47 15.82 I 488.1 

41 47 10.00 308.5 

41 48 22.47 693. 2; 

41 48 59.70 1841. 8 

41 46 42. 15 1300.4: 

41 46 35.13 1083. 8 

41 45 59.34 1830.7 

41 49 38.92 1200. 7 

41 49 27.89 86o.4 

41 49 12. 90 398.0 

41 50 00. 56 17. 3 

41 49 05.73 176.8 

41 49 27.88 86o. I 

41 49 49.56 1529.0 

41 45 35.56 IO<J7• I 

1--------------~----~ 
NARRA.GANSE'l''l' BAY. 

I• 

41 34 JO. 541 I 942. I I 
I I I 

41 32 13. 240 I 408. s I 
I 
I 

Wickford. 

Batty. 

Longitude. I Seconds in 
metres. 

1 ___ 

I 
/ /I 

71 23 33.49 773- 3 

71 22 41. 04 
I 947.6 

' 
71 23 24. 20 559· I 

71 23 30.53 705.2 

71 22 05.09 u7. 5 

71 22 55.92 1291. 3 

71 22 59· 79 138o. 2 

71 23 55.82 1288.3 

71 21 28.04 647. 6 

71 22 27.08 625.5 

71 23 30. 50 704.6 

71 24 32.12 741. 2 

71 24 19.99 461. 3 

71 24 50. 78 1172. 0 

71 23 56.34 1300.0 

71 25 16. 25 375· I 

71 24 20.o8 463.4 

71 25 21. 92 505.9 

71 22 50.95 1177. 0 

___________ J 

i I 
71 28 02.688 ! 62. 3 I 

! 

839.91 
! 

71 22 36. 2JO : 

I 



 

Azimuth. 

o II 

324 36 03 
351 28 30 

345 53 40 
372 40 41 
225 14 44 

284 42 17 
178 40 04 

267 01 52 

33 07 23 

105 42 04 
130 58 06 

197 02 04 
338 46 28 

27 41 27 
322 39 36 

348 54 53 

319 54 55 
48 48 16 

34 44 o6 

140 05 19 

309 12 13 
27 48 II 

313 48 55 
0 38 48 

320 34 00 

14 08 o8 

318 20 19 

12 o6 47 

323 19 35 
15 02 07 

304 20 32 

319 53 34 
323 52 IO 

342 55 07 
315 39 24 
329 00 56 

61 Ol 12 

165 02 50 

354 15 15. 0 

239 47 37.2 
56 01 21.0 

119 16 28.8 

UNITED STATES COAST .A.ND GEODETIO SURVEY. 421 

PROVIDENCE RIVER-Continued. 

Back azimuth. To stations. Distance. Logarithms. 

-------·!----------------- ----- ----------
O I II 

144 37 01 
171 28 43 
165 54 03 
192 40 19 

45 15 36 
104 43 30 
358 40 02 

87 02 48 

213 o6 37 
285 41 05 

310 57 41 
17 02 14 

158 46 40 

207 41 05 
142 40 26 
168 55 08 

139 59 36 
228 46 4i 

214 43 16 
320 04 35 
129 18 15 

207 45 39 
133 50 38 
18o 38 46 

140 40 35 
194 o6 09 

138 27 15 
192 05 o8 

143 25 55 
194 59 52 
124 22 lS 

139 54 43 
143 53 16 
162 55 38 

135 41 ii 

149 02 o8 

241 00 38 
345 02 22 

174 rs 40. 2 

59 56 39,4 
235 58 og.7 
299 12 52.3 

/Sable Point_ ____________ ---------------·-- i 

[ Pawtuxet. 
I I ~:~~~~t _______________________________ , 
I Sable Point ______________________________ - i 

Bullock's Neck 2. 

Fort Independence 2 ________________________ _ 

Sable Point. 

Pawtuxet. ----------------------- _________ 
1 

i Fort Independence 2. 
I , Fort Independence 2 ____________ ----------

i Kettle Point. 

Kettle Point _____ _,_.----------------------: 

Fort Independence 2. 

Kettle Point ____ --------------------------- i 

Fort Independence 2. 
:M.ount liope _____________________________ _ 

Arnold. 
Arnold ___________________________________ j 

Fort Independence. 

Mount Hope __ -----_ ·--- __ ------ -----· ___ _ 

Whitman. 

Kinnicut ----------. ______ ------- ·----- ___ _ 

Batty' s Farm. 

Mount Hope------------------------ .. 

Whitman. 

Mount Hope--------·----------------·---

WhitJUan. 

Mount liope ________ ------ ----· -------- ---

Whitman. 

Kettle Point---------------- __ .. ·--------

Fort Independence 2. 

I 

Kettle Point __ : _____ -----------------· ____ i 

Fort Independence. \ 

Kettle Point -------- ------ ------------ ---- j 

~::~=~~~~~~~~:~--------·---------------! 
Fort Independence. 

NARRAGANSETT BAY. 

I ~:~!~p~~----------------------------· 
l ~~~=~ -- ·-----------·----------------

.Metres. 
3483.0 
3045. I 

3307.0 

3463.9 
2539. I 
26o5. 0 

2941. 0 

195 I. 8 

2910.8 
2120.2 

1149. 0 

u72. 7 

1195. 9 

1674.5 
2846.6 
2681. 4 

15153. 7 
4105.4 
3027.6 

2385.6 
16247.3 

11349. 3 

4947.9 
7529. 4 

21624.2 

16987.9 

z1734.5 
16376. 5 
22081. 6 

18101. 3 

4340.2 

3683.0 
3878.2 
3662. I 

5314. l 

4862.8 

1341. 6 

3796.5 

8793. I 
21854. I 

8o69.9 
8670.5 

3.54195 
3.48360 

3· 51944 
3.53957 
3.40468 
3.4158o 
3.46850 
3.29044 
3.46401 
3.326;\8 

3· 06o31 
3.06919 
3.07769 
3· 22388 

3.45432 

3.42836 
4. l8o52 

3.61336 
3· 48110 
3.3776o 
4. 21078 

4.05497 
3. 69442 

3.87676 

4.33494 

4.23014 

4. 33715 
4.21422 

4.34403 
4. 25771 

3.63751 
3.56620 

3· 58863 

3.56373 
3.72543 
3.68689 

3.12763 

3.57938 

3.944141 

4.339532 
3.906866 

3.938043 



 

422 UNITED STATES COAST AND GEODETIC SURVEY. 

NARRAGANSETT BAY-Continued. 

------·----------- ------ ---~- -

Seconds:T j Seconds in 
i Station. Latitude. Longitude. 

·I 
metres. I metres. 

--·--------~---------~----- ---~--~~ -· --- ------- --- - ~ ~---·-! 
0 I ,, 0 II 

Prudence. 41 36 24. 417 : 753. 31 71 18 42.589 986. 2 I 

15 59. 6371 
I 

Slate. 
: 

41 32 21.0II 648. 2 ! 71 1382.3 
I 
I 

.Miantonomy. 41 30 37.049 II42. 91 71 18 37. 433 868. I 

I 

Hazard. 41 28 23. 251 i 717· 31 71 19 17.586 4o8.1 

Telegraph. 41 27 47. 828 1475.5 71 20 I I. 632 269.9 

: Telegraph 2. 
. 1869. 

41 27 47. 279 ; 1458.6 7I 20 I I. 6o8 269.4 

Pine Hill. 41 38 00,469 14.5 71 20 35· 8o6 828.7 

Hull. 41 32 14,564 449.3 71 22 36.229 839.9 

Dumplin 2. 41 28 45.694 1409.6 71 22 07. 834 181. 8 
186g. l 

! Dumplin. 41 28 45.682 1409.3 71 22 07. 859 : 182.3 

McSparran z. 41 29 47.786 1474.2 71 27 24. 350 564.8 
1869. 

Barber's Heights. 41 31 44.871 1384.3 71 25 28. 100 651. 3 

Bcavertail light-house. 41 26 57.895 1786. J 71 23 59.574 1382.7 
1869. 

' Prudence 2. 41 36 22.230 685.8 71 18 41. 808 g68. I 

1869. 

High Rods. 41 37 47. 56o 1467.2 71 26 o8.78o 203.2 

Quonsett. 41 35 26.582 820.1 71 24 33.702 78o.6 

Quonsctt 3. 41 35 17. 032 525.4 71 24 :z3.203 537.5 
1868. 

; Prudence South. 41 34 44.455 1371.4 71 19 32.957 763.4 

Conanicut North. 41 34 24.861 767, I 71 22 19.870 46o.3 

· Newport church. 41 29 '14.456 446.0 71 18 49· 7o6 1153. I 

Hog Island 3. 
1874. 

41 38 40.481 1248. 8 71 16 50.822 1176.0 

Coal Mines, middle chimney. 41 37 09.940 3o6.6 71 16 26.833 621. 2 

Gould Island, barn cupola. 41 32 02.029 62.6 71 20 41.058 951.9 



 

UNITED STATES COAST AND GEODETIO SURVEY. 

NARRAGANSETT BAY-Continued. 

Azimuth. Back azimuth. To stations. Distance. 

1--------1--------i---·---------------'-----··-
0 ,, 

299 33 45· I 

34 57 28.3 
73 24 24. 5 
88 32 34. 5 

JI8 12 46. 4 

82 50 46. I 

147 OJ 21. 4 

192 42 43.7 
138 43 23.9 
202 42 20.5 

202 38 03.4 
178 04 18.5 
3J 55 58. 6 

307 30 33.8 
337 51 03.2 
298 29 46.6 

303 44 25.8 
234 50 J9·3 
234 50 20.2 
104 26 59· I 

235 50 41. 0 

284 35 32. 5 
36 44 41. 2 

257 02 09. I 

137 49 26.9 
85 56 27. 0 

359 27 15. 2 

299 02 03.2 

334 27 45.0 
6 46 35.5 

257 35 29.7 
335 27 35.8 

12 56 44. 6 
336 13 28. 8 
266 o6 36.5 

JOO 35 43·4 
119 24 25. I 

41 29 J6.6 

82 00 34· I 

34 00 07.0 

342 42 37.5 
225 39 19. 2 

.·us 47 41. 3 

43 1404.9 

98 15 10. I 

312 26 o8.3 

II 

119 36 00. 7 
214 54 53. 2 
253 16 50. 3 

268 28 11. 5 

298 10 08. I 

262 44 56.6 

326 59 09.7 
12 43 IO. 3 

318 38 II. 6 
22 43 22.9 

22 39 05.8 
358 04 18.5 
211 51 27.3 
127 34 04.6 
157 52 39. 0 

118 32 24. 9 

123 45 42.8 

54 52 38. 7 
54 52 39.6 

284 23 29. I 

55 53 52.0 
104 39 02.2 
216 43 24. I 

77 04 03. I 

317 47 II. 3 

265 53 25. 7 
179 27 18. I 

il9 04 18. 3 

154 30 00. I 

186 45 45. l 

77 39 2?..8 
155 28 53. 7 
192 56 01. 5 

156 14 39· 8 

86 og 25.5 
28o 32 23.8 

299 23 03.2 
22[ 27 II, 7 

261 51 40.3 
213 49 o6. 0 

162 43 38.9 
45 40 55. 4 

158 48 26. 8 

223 og 59.8 

278 r3 53·7 
132 27 30.3 

Quaker _____________ . _ . _ . ___ - - . - - - - - - - - - -

Batty. 

McSparran -------------------------------- · 
Batty. 

Batty -------------------- ---· -- -----------: 
McSparran. 

Batty------------------------------------, 
Miantonomy. 
Wickford _____ ·---. _________________ .. ____ , 

Miantonomy. 
Miantonomy ________ ---- __ ---- .. __________ , 

Telegraph. 

McSparran ____________________ ---------

Quaker. 

1 Telegraph 2 ____ -------------- ------------

Miantonomy. 

Telegraph 2 ------------------ ------- ----

Miantonomy. 
Miantonorny ____________________ ---- ------

1 McSparran. 

Hull_ __________ ------- ___ . ____ ------_---·-_ 

Dumplin 2. 

McSparran :: ___________ --· --· -------· ------

Hull. 
McSparran ___________________________ _ 

Meeting-house Hill 2. 

Miantonomy ______ -----------·----- ------

Quaker. 

Batty ____________ . --- - . -· -- - . ------ -- -- --

McSparran. 
Prudence _________________________________ _ 

Batty. 

Barber's Heights ------ ---- __________ ----- _ 

Hnll. 

Quaker---··-----·-----------------------
Quonsett. 

Qnonsett 3 ------------------------------
Barber's Heights. 

~:~~-;~:~d~---------------------·-------1 
~:::r~:;-2~-------------- ---------- ----1 

I 
<;!uaker ----------------------------------! 

I 
Hull. I 
Hull_----------- _____ ---·------- ________ -- j 

l\liantonomy, ! 
I 

Metres. 
5439.6 
9452. 5 

16581.6 

9196.3 
6281. 8 

12326.9 
8459.8 
4231. 5 

16542.5 

5659.5 
5674.9 

17.0 

17933.0 
9270. 7 
8902.0 
6301. 2 

3243.6 
5968.3 

5969.0 
7590.2 
8o70.9 
7588. I 

4507.2 
4o88. 3 

7074.4 
6376.0 

1o649.6 

5390.8 
11429. 0 

14931. 3 

8324.8 
6556.5 
6715.9 
6150. 9 

5911. 8 

7086.6 

3279.2 

6587.3 
18888.0 

41721. 0 

7208.4 
4681. 3 
4386.6 

12500.8 

2697.7 
3884.5 

423 

Logarithms. 

3.735563 
3.975545 
4.219627 

3.963615 
3.7g8o84 
4. ogo855 
3.92736o 
3.626497 
4.2186o2 

3· 752775 
3.753957 
I. 229518 
4.253654 
3· 967II4 
3.949488 
3.799420 
3· 5r1027 
3.775849 
3.775899 
3.88o253 

3· 906923 
3· 88o150 

3· 653900 
3. 6r 1543 
3. 849691 
3.8o4547 

4.o27335 
3. 731653 
4.058oo8 

4. 174096 

3.920374 
3.816672 

3· 827105 

3.788937 
3. 7717r7 
3.850438 
3. 515766 

3.818707 
4.276186 

4.620355 
3.857842 
3. 670366 
3. 642125 

4.096g38 
3· 430991. 

3.589335 



 

424 UNITED STATES COAST AND GEODETIC SURVEY. 

NARRAGANSETT BAY-Continued. 

Station. Latitude. Seconds in Longitude. I Seconds in 
metres. metres. 

I 

0 I II o ! II ! 
Hall's (Ben) house, west chimney. 41 35 08.267 255. 0 i 71 16 414. 3281 957· 3 I 

I 

I 

Prudence Island light-house. 41 36 28.93 892. 6: 71 18 30. 35 I 702. 7 
1869. I 

I 

Teft's house, chimney. 41 28 OI. 34 41. 3 71 27 37.94 I 88o.4 

Watson's house, chimney. 41 28 22.37 ~.21 71 26 05. 70 
I 

132.3 
I 
I 

Barn, west gable. 41 28 35. IO 1o82. 8 i 71 23 28.36 657.9 

Pottex's (Dr.) house, chimney. 41 27 00. 95 29.3 71 26 30.46 707.0 

I Potter's (And.) house, chimney. 41 30 29.go 922.5 71 21 38.6o 895. l 

Newport, Ocean house. 41 28 53.~ 1642. s ! 71 18 30.59 709.7 

Newport, Catholic church spire. 41 28 49.o6 1513.5 71 18 49.38 u45. 6 

Newport, Belmont's house, cupola. 41 27 52.17 1709· 5 71 18 22.46 52i. I 

Newport, Bronson's house, flagstaff. 41 27 51.76 1596.8 71 21 28.23 655.0 

Rose Island, flagstaff. 41 29 47.52 1466.0 71 20 34· 30 795·4 

Fort Adams, flagstaff. 41 28 45.88 1415.4 71 20 20. 25 46g.7 
186g. 

Anderson's barn, cupola. 41 33 41. 31 1274.4 71 17 23. 46 543.5 

Portsmouth Grove, flagstaff. 41 35 13.o3 401.9 71 17 13. 73 318.0 

Weat. 41 38 44.42 1370.4 71 15 42.00 972.0 

Pitppoose Squaw 2. 
1861. 

41 39 15. 20 468.9 71 18 02.45 56. 7 

i 

Hog Island 2. 41 38 40.48 1248.8 71 16 50. 79 1175. 4 
1861. 

Bristol, Methodiat church. 41 40 15. 39 474.8 71 16 31.88 737· s 

Quonset!: 2. 41 35 16.go 521.4 71 24 23.02 53]· 2 
1863. 

Calf Pasture Point. 41 37 40. 62 lz53. I '/I 24 18. 99 439.6 

Warwick light-house. 41 40 01. 43 44- J 71 22 43.28 1001. 3 
1863. 

Sllndy Point. 41 39 43.29 1335·5 71 24 37; 14 859.2 



 

Azimuth. 

I II 

279 54 26.2 
I29 I7 IO. 8 

0 52 02 

302 24 02 

28 09 39 

I85 29 03 

48 I7 04 

262 33 03 

64 02 17 

26o 04 23 

242 02 42 

166 21 04 

II 54 .. 8 

338 04 42 

49 02 56 

177 og 47 
•140 20 05 

I84 45 22 
22I 30 IO 

107 32 35 
217 50 02 

151 05 47 

240 34 35 

48 41 34 

89 52 52 

353 40 19 

159 55 33 
69 45 51 

53 38 50 
IJ6 18 37 

78 44 54 
209 II 34 
286 16 34 
246 21 21 

122 51 55 

225 43 54 
263 29 II 

350 09 00 
226 IO 12 

299 21 34 

263 13 13 

335 26 26 

321 39 47 
27 01 20 

257 59 47 

35340 00 

UNITED STATES UOAST AND GEODJ<jTlU SUHVEY. 

Back azimuth. 

O I II 

99 55 21. 3 
309 I5 50. 8 

180 51 57 
122 26 09 

208 09 02 

5 29 I2 
228 15 26 

82 35 41 

243 58 55 
80 05 16 

62 05 36 

346 20 28 

I91 54 29 

158 05 40 

229 01 49 

357 09 42 

320 17 35 

45 30 

41 31 54 
287 30 06 

37 51 55· 
331 05 21 

6o 35 52 
228 40 32 

269 51 41 

173 40 25 

339 54 41 
249 42 24 

233 35 16 

316 17 39 

258 41 39 
29 12 24 

106 18 07 

66 23 45 

302 51 07 

45 45 30 

83 30 35 

170 09 49 
46 12 43 

119 22 56 

83 15 41 

155 27 45 
141 41 12 

207 00 16 

78 OI 03 

173 40 12 

NARRAGANSETT BAY-Continn<'rl. 

To stations. 

Quaker _______ _ 

Prudence 2. 

Miantonomy ______ -----·----·-------- ___ _ 

Quaker. 

Meeting-house Hill 2 ___ _ 

McSparran 2. 

Meetinghouse Hill 2 ___ _ 

Dumplin 2. 

Meeting-house Hill 2 ______________ _ 

Dumplin 2. 

Dumplin 2 __ ..... _______________________ _ 

McSparran 2. 

Dumplin 2 _____________ ------------ _____ _ 

Telegraph 2. 

Telegraph 2 _____ . __________ . _________ • __ _ 

Miantonomy. 
Hull_ _________ _ 

Miantonomy. 
Paradise Rock ______ ------ ________ _ 

Dumplin 2. 

M iantonomy _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _________ _ 

Dumplin 2. 

Miantonomy _____ -· ____________ _ 

Dumplin 2. 

Dumplin 2 ____________ -----· ___ _ 

Telegraph 2. 

Prudence _________ . ________ . _____________ _ 

Hull. 
i Hull ______ _ 

Prudence 2. 

Pine Hill ______ . __________________________ _ 

Mount Hope. 
' West ________ _ 

Mount Hope. 

Pappoose Squaw 2 ___ _ 

Mount Hope. 
'Mount Hope ____________________ ----------

Quaker. 

I Pine Hill _________ ------------------------ i 
I 
i Conanicut H. 

Pine Hill ____ -----------------------------
/ Conanicut N. 
! Pine Hill ________________________ _ 

I Calf Pasture Point. 
j Warwick light-house, 1863 ___ ---· ________ _ 

I Calf Pasture. 

Distance. Logarithms. 

Jifetres. 
1951. 5 3· 290379 
36o4.5 3- 556849 

10856.7 4.03570 
5268.0 3- 72164 

2735.3 3.43700 
3298.8 3- 51836 

4597.7 3· 66254 

5566.0 3.74554 
7879.8 3· 89651 
1896. 7 3- 27800 

6898.4 3- 83875 

5296.5 3.72399 

3285.5 3- 51660 

5407.6 3· 73300 
]404. I 3.49193 
3206. 6 3- 506o4 
8238. I 3- 91583 

3342. 7 3.52417 

5493.8 3.73987 

5483.9 3· 73909 
6457.8 3. 81008 

1900. 7 3.278qo 

]III.6 3.49298 
2889.0 3.46074 

2496.2 3· 30727 
1818.8 3- 25978 

5285.7 3· 72310 

7727.2 3. 88802 

9282.3 3- 967t-,5 

2952.6 3.47021 

6933.8 3. 84097 

3594·7 3.55566 

3385.9 3- 52967 

5460. 3 J. 73722 

1974. I 3- 29536 

4670.4 3.66935 

2925.7 3.46623 

9957.7 .l· 99816 

7289.9 3. 86272 

3273.2 3.51497 

5202.2 3- 71619 

6639.6 3.82214 

4757. 0 3.67733 

4876.2 3.68808 

2692.8 3. 43020 

3807. 9 3. 58o68 

--~----------·-------



 

426 UXlTED STA'l'gS UOAS1' AND GEODE'flO SURVEY. 

NARRAGANSETT BAY-Continued. 

Station. Latitude. 
Seconds in Longitude. 

Seconds in 
metres. metres. 

0. / II II 

i ;ree11'~ l\1iut. 41 41 03.6o 11 I. I 7r 24 43. 18 998.6 

flqpc lsla1Hl, liar11. 4r 36 09.97 307. 6 7r 22 00.42 .9· 7 

Buttonwood house, cupola, 41 41 19. 12 589.9 7r 25 58.28 1347.8 

\" ellow barn, cupob 41 4r o1. 77 54.6 7I 27 r3.58 314. I 

\\'hitc house, nortl1 chimney. 41 40 46.09 1421. 9 71 27 04. 36 100. 8 

North l'opasfjuash. 41 40 54.61 1684.8 7r 18 r2.28 284.0 

Nayatt light-house. 4r 43 30.64 945. 3 7r 20 21. 88 505.7 
1863. 

Rocky l'oint. 41 4r 29.72 916.9 71 21 50.06 u57. 6 

Pappoose Squaw. 41 39 15. zo 468.9 71 18 02.52 58.3 

Rumstick. 41 42 24.05 742.0 71 r8 07.76 I 179.4 

Connimicut. 41 43 01. 67 5 I. 5 71 21 29.44 68o.5 

Babcock. 41 42 44.36 1368.5 71 18 24.8o 573- 3 

Hall. 41 43 12.o6 372. I 71 17 05.59 129. 2 

Rocky Point Hotel, chimney. 41 41 21. 91 675. 9 71 21 56.52 1307.0 

1 Barn, white cupola. 41 42 22.66 6g9. I 71 16 55.43 1281. 5 

'Varren Beacon. 41 42 48. 74 1503.7 71 17 37.24 86o.9 
1863. 

Warren, Methodist spire. 41 43 48.78 1504. 9 71 17 02.72 62.9 

Yellow house. west chimney. 41 43 41. 87 1291. 7 71 19 23.20 536.2 

! Warwick light-house. 41 40 01. 44 44.4 71 22 43.33 1002.4 
1843. 

Warwick Neck. 41 41 21. 10 650.9 71 22 49.72 1149. 8 

Warwick Beacon. 41 39 25. 02 771. 9 71 23 36. 17 836.9 
1843. 

Nayatt light-house. 41 43 30.09 928.3 71 20 :u. 31 515.6 
1843. 

Hope Island. 41 J6 10.30 317.8 71 21 59.62 138o. 6 



 

Azimuth. 

0 II 

304 39 24 
356 46 12 

7 54 34 

lJl 05 36 

297 58 12 

327 35 03 
269 OJ J2 

303 46 08 

26o 35 38 

299 37 17 
31 44 02 

7-5 21 32 

J28 05 13 

I 48 45 

280 46 43 

323 07 45 

334 26 35 
246 21 44 

344 06 08 

22 51 08 

240 12 58 

3!0 40 30 

355 o6 38 

97 O<) 07 
19 59 16 

64 59 00 

208 50 37 

279 12 17 

107 57 24 
171 14 25 

12 57 44 

82 59 53 
16 40 04 

83 05 13 

342 21 51 

75 40 26 

266 09 57 
312 16 52 

278 14 24 

34 58 26 

261 31 15 

16 33 28 

335 59 58 

6o 37 47 
233 00 40 

283 34 10 

UNITED STA1'ES COAST ANIJ GEODETIC SURVEY. 

Back azimuth. 

--,--

/ " 
u4 40 44 
176 46 16 

187 54 21 

311 04 04 

I18 'Xl 22 

147 35 57 
89 05 12 

123 47 52 
80 37 12 

119 38 55 
211 42 27 

255 18 32 

148 06 39 

181 48 36 

100 51 38 

143 12 05 

154 28 25 
66 24 08 

164 08 01 

202 49 30 

6o 13 43 

130 42 41 

175 06 46 

277 07 04 

199 58 32 

244 58 07 

28 51 40 

99 14 46 

287 56 25 

351 1+ 18 

192 57 21 

262 59 21 

i96 39 18 

263 03 00 

162 22 38 

255 39 47 
86 15 28 

132 21 48 

98 19 59 

214 56 14 

81 37 21 

196 30 56 

156 03 20 

240 33 IO 

53 05 41 

103 38 36 

NARRAGANSETT BAY- Continued. 

To stations. 

Warwick light-house, 18G3 _________________ _ 

Sanuy l'oint. 
Conani cut l\ ___ . _______ . ____ . ___________ . _ , 

Calf l'asture Point 

Warwick1ight-house, 1863 ______ ------- ___ _ 

Sandy Point. 

Green'.s Point _ 

Sandy J'oint. 

Gr~en's Point_. 

Sandy Point. 
Pine Hill_ ____________________________ _ 

Warwick light-house, 1863. 
North Popasquash _________________________ ; 

Pine Hill. 

Mount Hope ______________ ---------------- i 
Quaker. 

Quaker ________ .... ________ ·--- _____ ------

Mount Hope. 

Quaker _______ --------------------------

Pine Hill. 
, Nayatt light-house, 1863 ___________________ _ 

North Popasquash. 

North Popasquash ____ ------- ______ -------

Connimicut. 

North Popasquash ____ _ 

Babcock. 

Nayatt light house, 1863 ___ ·---------------
North l'opasquash. 

Babcock _______________ -----------------· 

Hall. 

North Popasquash _ --------------· ___ __ 

Babcock. 
North Popasquash _______________ _ 

Nayatt light-home, 1863. 

North Popasquash ----------------- __ _ 

Nayatt light-house, 1863. 
Mount Hope _____________________ _ 

Quaker. 

Mount Hope ______________ _ 

High Rocks. 
Mount Hope _________________ _ 

McSparran. 

Quaker-------- ___ _ 

Whitmall. 

Mount Bope 

Quaker. 

---------------~~----

Distance._ 

.3/drts. 
3372.0 

248r. 5 

3273. 9 

3501 '! 

34i9·:.:; 

4354-3 

3309.G 

3918. I 

631<>.o 

6479. 8 

r019r. J 

10451. 5 
I 5122. 7 

8815.8 

5461. 7 

14327. 2 

8823.5 

r799.2 

6012.6 

3398.3 

4301. 5 

4512.3 
2020.8 

4534.4 

5254. I 

217r.9 

1542. l 

3613. l 

1107. s 
5foS. 9 

46)€>. 8 

541+· 5 
139()· () 

I 1525. 0 

13932. 2 

1176S. 7 

8038.4 

12S62.o 

18603.3 

17_,11.3 

lIO(XJ. 8 

t3130.S 

9562.7 

427 

3.5271\9 

3.39472 

3.51506 

3.&2900 

3- 70022 

3- 5-f.+30 
3. 5 .. p4S 

3- (>3~()2 

3.519jS 

3.593oS 

3.80044 

3- S115<> 
3.753(}0 

4. oo.S::3 

4.0191S 

4. 17~:l>.1 

3·9+52" 

3.73733 

4- 15616 

3. 94564 

3· 25508 

3. 77906 

3.53126 

3.63362 

3. 65440 

3. 30552 

3· 65652 

3· 72058 

3.33683 

3- 188!0 

3.55788 

3.0444S 

3.748S8 

3· 66622 

3.j3356 

3· 14601 

4. 06164 

4. 14402 

·\- 07073 

3· 90517 

4. 10931 

4.26959 

4- 2383_; 

4- 04414 

4- 11829 

3.98058 



 

428 UNITED STATES OOAST AND GEODETIU SURVBY. 

NARRAGANSETT BAY-Coutinued. 

-·---------- --·· --------~--- - - -------~-- - - - ---------- ----,-------- --- ---------- ------
' ' 

Station. Latitude. Seconds in Longitude. ! Seconds in i 
metres. ! metres. : 

- ------------- ------ ----~-- ----~------- .. -- ------··- - -~-----------~---, 

II // 

Pojack. 41 39 04.92 151. 8 71 24 27.97 647. 2 

Warren Spire. 41 43 48.47 1495.3 71 17 04. 14 95.7 

Bristol court-house. 41 40 12. 66 390.6 71 16 25.67 593.8 

Wickford Spire. 41 34 23.40 721. 9 71 27 00.02 o. 5 1 

Wickford light-house. 41 34 15.92 
1843. 

491. I 71 26 22.64 524.6 

Patience. 41 39 33.47 1032.6 71 21 24.58 568.7 

Appunaug spire. 41 41 55.84 1722. 7 71 27 30.08 695.6 

Hog Island. 41 38 40.38 1245. 7 71 16 50.58 1170. 4 

Castle Island Beacon. 41 39 13.97 431. 0 . 71 17 12. 20 282. 3 
1843. 

Castle Hill. 41 27 53.02 1635.7 71 21 28.So 668. 3 

Fox Island. 41 33 16. 24 501. 0 : 71 25 04.48 103.8 

Dyer's Island. 41 34 57. 25 1766. 2 ! 71 17 55.49 1285.4 

Goat Island light-house. 41 29 36. 09 1113. 4 ! 71 19 39· 10 907.0 
1843. 

Poorhouse belfry. 41 30 26.86 i 828. 6 71 19 43· 31 1oo6.5 

Fort Adams, tlagstatl. 41 2847.51 1465.7 71 20 14. 24 330.4 
1843. 

Gould Island. 41 32 04.30 132. 7 71 20 42.02 974· I 

South Rock. 41 34 26.66 822. 5 1 71 25 03.67 85.0 

Halfway Rock. 41 33 49.82 1537. 0 71 19 58.34 1351. 8 

Beavertail light-house. 41 26 56.86 1754.2 71 23 59.42 1379.3 
183<;-'43. 

! Rose lslancl. 41 29 48. 20 1487. 0 ! 71 20 34.44 798.8 

Prince. 41 44 34.61 1o67. 7 71 18 56.22 1299. 0 

Reynolds. 41 33 45· 55 1405. 2 i 71 26 52. 10 1207. 2 

Shernrn.n's house, chimney. 41 33 47.42 1462.9 71 22 24- 25 S61. 9 

··-~---~~---- -



 

UNITED STATES COAST AND GEOUETW SURVEY. 429 

Azimuth. 
i 
I Back azimuth. 

I ------- 1------
o r rt 

124 42 23 

259 44 36 
29 04 31 
67 13 21 

261 26 23 

350 53 24 

3 50 43 
266 14 46 

9 50 54 

IOI Ol 23 

26o 25 56 

315 05 56 

307 15 07 

354 23 59 
225 39 21 

342 44 59 

341 34 39 

239 52 35 
113 05 22 

252 57 27 
119 03 13 
228 02 03 

52 09 12 

205 30 08 

217 14 33 

347 28 32 

258 21 59 

351 o6 14 

2TJ 35 44 

299 38 44 

199 00 42 
265 28 01 

320 17 23 

20 46 04 

50 51 37 
342 29 29 

86 49 38 

137 46 58 

89 48 21 

325 46 02 

320 49 12 

57 29 25 
2JO 41 46 
295 18 28 

135 o6 o6 

5 J2 04 

fl 

J04 40 29 

79 51 16 

208 57 39 

247 06 32 
81 27 42 

170 54 09 

183 50 27 
86 22 32 

189 50 13 
281 00 17 

So 30 34 

IJ5 IO 00 

127 23 13 

174 24 06 

45 40 57 
162 46 00 

161 35 55 
59 54 26 

293 01 26 

72 58 54 

299 01 14 

48 09 07 
232 06 06 

35 32 27 

37 15 14 

167 28 46 

78 22 43 
171 06 31 

33 36 48 

Il9 39 22 

19 02 01 

85 JI 08 
140 19 01 

200 44 30 

230 49 52 

162 30 23 

266 46 36 

317 44 42 

269 43 49 

145 46 53 

140 52 II 

237 23 50 

50 43 25 
Il5 21 18 

315 04 47 
185 JI 56 

NARRAGANSETT BAY-Continue<l. 

To stations. 

\\.1hitn1an -----····----------- _ ------ -------·

Mount Hope. 
McSparran _______________ _ 

Whitman. 

Mount Hope ________ ---·· ___________ ------

Quaker. 
C\1cSparran _____________ ------ ___ . ________ ; 

Quaker. 
McSparran _______________ _ 

-------------- i 

\Yickford. ! 

Mount Hope _______ ---------------------- i 
Quaker. 

Quaker ____ ---------- .. -------------------/ 
· Vi'hitman. 

Mount Hope ______________________________ : 

Quakei;. 

Quaker ____ -----

Mmmt Hope. 
1 McSparran _______ . _____________________ _ 

Hazard. 
Wickford _______ _ 

Mount Hope. 

Batty-----·---------- ____ ----------------. 
C\Iount Hope. 
Miantouomy ------ ______________________ _ 

Hazard. 

Miantonomy ______________ -------- .. _ 

Hazard. 

Miantonomy ------ _________________________ ; 

Hazard. 

Prudence ____ ---------------- _____ ·------

Slate. 

Batty ______ ------------------------- __ _ 

! McSparran. 

·Batty _____ ----------------------- -----· 

Miantonomy. 
'Meeting-house Hill ________________________ _ 

McSparran. 

McSparran_ ------------------ ___________ .. 

Hazard. 

Mount Hope _________ -------------------· · 

Whitman. • 
Quonsett 3 _ -------------- _______ _ 

Hull. 

Quonsett 3 ___ ------------ ________ --------

Hull. 

- -·-----------

Distance. Logarithms. 

Jlfetres. 
4822.5 3.68327 

14145.6 4· 15062 
29688.6 4.47259 
15469. 6 4. 18948 
279+ 5 3.44630 

9851. 0 3.99348 
8547.9 3.93186 

16289.2 4- 21190 
8421. 5 3.92539 
236I. 6 3.37320 
9813.9 3· 99184 

12018.2 4.07984 
21294.6 4.32827 
2540.4 3.40491 
4668. 7 3.66920 

7203.4 3.85754 
8343. I 3.92133 
4438.0 3.64719 
8975. I 3.95304 
3184.5 3.50304 
4723. 0 3.67422 

19856.4 4.29790 
824J. 2 J.9r599 

11243. 7 4.05091 
2362.9 3.37344 
2301.8 3.36206 

1559.8 3· 19306 

3859.9 3· 58658 

4057.6 3.6o827 

r512.7 3. !7976 
8488.5 3.92883 

6566.0 3.81730 

5349.5 3· 72831 

9227.8 3.96510 

4718.6 3.67381 

6235.8 3. 79489 
6382.2 3.80497 

7087.6 3.85050 

9517.0 3.97850 

3169.6 3· 50100 

9886.0 3.99502 

13800.7 4. 13990 

4457. 0 3.64904 
656o.8 3.81696 

3903.2 3· 59142 

2878.3 3·45913 



 

480 UNITED STA'fES OOAST AND GEODBTIC SURVEY. 

NARRAGANSE'l'T BAY-Continued. 

~---- ----- -----· - ---------~--

I 
I I Seconds in i Station. Latitude. i Seconds in I Longitude. 

I 
_ metres. I 

:__:"'°' ~1 !--------- 1---- ,--1 
I o II 0 II 

i 772. 3 , School-house, chimney. l 41 32 18.i5 563.0 71 22 33.32 

I . I 
Barn, cupola. ! 41 32 08. 72 269.0 71 22 36.98 857.3 

I 
Dutch Island, flagstaff. 41 30 19. 30 595.4 71 24 04. 75 IIO. 2 i 

1868. 

' Potter's windmill, shaft. 30 56. 30 1736.9 22 28. 66 664. 6 
I 

41 71 I 
I 
I i Dutch Island light-house. 41 29 48.28 1489.5 71 24 17.18 398. 5 I 1868. 

i Narragansett church. 41 29 33.6o 1036.6 71 25 33.46 776.2 
' i 

I Tefft's barn, cupola. 
I 

41 31 32.92 1015. 6 71 25 34.92 Sog.6 
I 
I 
\ Hamilton Mills, cupola. 41 32 57. 49 1773· 6 71 26 17.05 395. 2 

I 

i Sanford's Mill, cupola. 
,I 

41 33 05.93 182.9 71 26 53.50 1239.9 

Fox Island, house chimney. 41 33 15. 00 462. 8 71 25 06. 59 152. 7 

Wickford Academy. 41 34 06.68 zo6. l 71 27 21. 19 491. 0 

Wickford Baptist church. 41 34 19.58 6o4. l 71 27 05. 35 123.9 

Fish House, chimney. 41 34 41. 97 1294.8 71 26 51. 84 1200.9 

Smith's barn, cupola. 41 36 00. 02 o. 6 I 71 25 23.04 533.6 

I 
Wickford light-house. 41 34 15.92 491. I 71 26 22. 59 523·4 

1868. 

G1een's barn, cupola. 41 33 42. 34 1306. 2 71 26 31. 25 724. I 

Vaughn's house, cupola. 41 34 25.62 790.4 71 27 45.68 1058.3 

Poor-house, northeast gable. 41 35 21. 98 678. I 71 24 50.76 n75. 7 

Browning's house, chimney. 41 32 oo. 82 25.3 71 25 49. 54 1148. 5 
I 

Signal flag. 41 35 32. 16 992. I 71 25 42. 20 
977·4 I 

Boston Neck. 41 28 19.oS 588.6 71 26 05.43 126.0 i 
I 

Prudence Island light-house. • 41 36 21. 34 658.4 71 18 14.46 I 
334.9 I 

1861. 

I 



 

Azimuth. 

' ff 

UNITED ST.A.TES COAST .A.ND GEODETIC SURVEY. 

Back azimuth. 

NARRAGANSETT BAY-Continued. 

i 
I 

To stations. 1 Distance. 

1----
! fi!et1·es. 

4180.6 Barber's Heights---------------- ·---------1 
I 
! Quonsett 3. 

Barber's Heights-------------------------- I 
Quonsett 3. I 
Quonsett 3- -----------------~--- -------- [ 
H~. I 

:::;~r's Heights __ -----------------------· I 

Barber's Heights-----· --------------------1 
Quonsett 3. 1 

Quonsett 3 

Hull. 

i Quonsett 3- ---------------- ·------------' 
Hull. 

Quonsett 3- ______ ------------------------. 

Hull. 

Hull ______________ ----------------------

Barber's Heights. 

Quonsett 3- ------------------------------
Hull. 

6o74.9 

4034.6 

5309.6 

9195.2 

4105. 6 
4422. I 

2420.9 

3955· I 

10143.3 

10719. 4 

6446.0 
7110. 8 

4337.4 
5048.7 

5287.3 
6169.9 

3189.3 
3896. 8 

3952.6 

4659.9 

7454.9 
4153.2 

431 

Logarithms. 

3.62124 

3· 7~35.i 

3.60580 

3. 80000 

3.96356 

3.61338 

3· 64563 
3.3S398 

3· 59716 
4.00618 

4.03017 

3. 80929 

3. 85192 

3.63j23 

3· 70318 

3· i232J 

3· 79028 

3. 50370 

3. 59071 

3.59688 
3.66838 

3. 87244 
3.61838 

3.86529 

3.80093 
3.24066 

3· 71262 
3.66586 

3.52467 

3. 75052 
3.61944 

3.59200 

3.69474 

3· 77055 ! 
2.81719 I 

I 

3.81748 I 
I 

3.80452 I 

2. 84471 
I 
! 

3· 70979 



 

4:32 UNITED STATES COAS1' AND GEODETIC SURVEY. 

RHODE ISLAND AND MASSACHUSETTS BOUNDARY. 
-----~------·· -------------------

Station. 

Beaconpole (Borden). 

Red Brush, Massachusetts (C. & G. S. and Borden). 

Joe's Rock, Massachusetts (Borden). 

) Great Rock, Massachusetts (C. & G. S. and Borden). 

King's Rock, Massachusetts (Borden). 

Munroe (Borden). 

Burnt Swamp, Massachusetts (Borden). 

Bald Hill Massachusetts (Borden). 

Alumpond, Massachusetts, (Borden). 

Mount Daniel, Massachusetts (Borden). 

Northwest corner of Rhode Island (Bord en). 

Northeast comer of Connecticut (Borden). 

Latitude. 

/ // 

42 00 03. 257 : 

42 01 49· 546 : 

42 01 52.99 

41 51 32.36 

41 45 22. 81 

41 46 34.35 

42 01 08. 36 

42 02 44.22 

42 01 14. 51 

42 00 29. 15 

42 01 2+ 82 

1059. 8 

257. 9 : 

1364. 3 

447. 7 

1281. 6 

899. 4 i 

765. 8 

PROM POINT J"UDITB TO KNAPP'S POINT. 
-------------------·· 

Wilcox. 41 21 23. i98 715.5 

Green Hill. 41 22 24. 700 I 762. 0 ' 

' Peleg Tiff. 41 23 18. 746 578.4 

Noyes' Point. 41 19 46.309 1428. 7 

Cranberry Hill. 41 20 53.226 1642. I 

Joshua Champlin. 41 22 16.387 505.6 

Tiff. 41 27 48. 562 1498. 2 : 

Meeting-house Hill. 41 26 45. 316 : 1398.0 

Austin. 41 24 25.282 78o.o, 

I 

Weeden. 22 50.890 
I 

41 1570. 0 i 
I 

Point Judith. 41 21 54.836 
I 

1691. 8 1 • 

I 

I I 

Longitude. 
I
! Seconds in 1 

metres. ! 

0 

71 

71 

71 

71 

71 

71 

71 

71 

71 

71 

71 

71 

71 

71 

71 

71 

71 

71 

71 

71 

71 

71 

71 

---- ----!-----! 
I II 

26 43· 1591 

22 23. 459 

24 17.24 

17 15.47 

16 17. 27 

19 05.61 

22 5+ 53 

42 35.59 

45 45.24 

48 10. 30 

47 58.92 
48 04.20 

43 59.859 

35 s1. 593 I 
I 

48 40.4181 

45 19.443 

47 22. 770 

39 55.332 

32 15. 700 

28 33.931 

28 44.899 

33 15. 241 

29 17. 941 

I 
993· 2 ! 

539. 6 i 
I 
I 

396. 6 I 
I 
I 

356. s I 
! 
I 

399. o I 

I 
129. 6 ! 

l 
125+ 6 ! 

818. 4 

rn40. 8 

236. 9 

1355.8 
96.6 

1391. 4 

u99. o 

939.0 

452.0 

529.3 

1285. 8 

36+ 3 

787.5 

1042. 9 

354.4 

417.0 



 

Azimuth. 

o I II 

305 28 55.0 
348 15 oo. 0 
322 22 16.3 

58 30 07.5 
317 20 II 

358 58 34 
19 20 33 

354 56 55 
198 13 55 
130 32 00 

322 36 12 

346 14 23 
125 54 18 
209 20 39 
282 40 55 

274 40 34 
237 35 26 
255 51 38 
284 01 II 

173 17 09 
275 40 05 
164 50 30 

329 24 30.3 
165 02 57. 7 

358 43 39.4 
8o 33 10.8 

193 20 20.5 
125 40 31. 8 

144 32 JI. 7 
2II 45 12. 8 

258 53 JI. 3 
158 o6 29.8 

344 o8 44.7 
58 27 35.9 
97 40 25.0 
8 05 19.3 

110 46 50.4 
61 41 38.0 

183 22 22.4 

93 46 II. I 
16g 13 01. 9 

245 05 59.4 
189 23 18.8 

10'] 25 57· 0 

UNITED ST.A.TES CO.A.ST AND GEODETIO SURVEY. 

RHODE ISLA.ND AND MASSACHUSETTS BOUNDARY. 

Back azimuth. 

I f/ 

125 38 03. 8 
168 16 48.8 

142 28 31. 5 
238 27 01. 6 

137 27 42 
178 58 45 

199 13 48 

!74 58 13 
18 16 05 

310 26 51 
142 41 14 
166 16 54 

305 53 23 
29 21 00 

102 51 37 

94 53 18 

57 37 37 
75 SS 31 

104 02 48 

353 17 01 
95 41 38 

344 50 26 

To stations. 

, Great Meadow----------------------------: 
College Hill. 

Great Meadow---------------------------
Beaconpole. 

, Great Meadow--·-- ____ -----------·----. __ _ 

College Hill. 

~1cSparran ------------------------------
Quaker. 

Great Meadow.--------------- -- ---------- i 

College Hill. 
Pocasset_ _____ . ___ . _________ . ____________ _ 

Quaker. 
Joe's Rock ________ . ______________________ _ 

Red Brush. 

, Beaconpole (Borden) _______ ------·-----. ___ _ 
i Beaconpole (Borden) _____________________ _ 

Bald Hill. 

, Bald Hill_-- .. _----------·----.------------
Alumpond. 

Mount Daniel--------------------·--------: 
, Alumpond ________________________________ i 

i Mount Daniel. 

FROM POINT JUDITH TO KNAPP'S POINT. 

149 30 o6. 2 
345 01 o6. 6 

178 43 s3.2 

200 27 48. I 

13 21 3S· I 

305 35 14.0 
324 29 58.9 

31 46 05.4 

78 SS 45· 4 
338 05 38.5 
164 II 39· 3 
238 24 OI. 7 

277 30 47.4 
188 03 J0.6 

290 44 23.6 
241 38 13.6 

3 22 29. 7 
273 42 54.0 

349 12 43. 7 
65 o8 58. I 

9 23 40.6 
287 23 20.l 

I Blocklsland ___ --------------------------! 
i Champl!h. I 

1, Block Island ________________ . ________ c ___ _ 

i Wilcox. 

J Champlin------------------------------·--, i Lantern Hill. 

1 Peleg Tiff_ ------------------------------! 
[Wilcox. i 

I Wilcox---------·------------------------
: Peleg Tiff. , 

Block Island _ ---- ___ . ________ --- ______ --- • I 

: Noyes' Point. 

I Champlin-------------------·-------------
! Block Island. 

Tiff--------------------------------------
Broad Hill. 

• 
1 

Meeting-house Hill _______________________ _ 

Broad Hill. 

Broad Hill ____ ------------------------~---
Austin.. 

I ~~~ei:_---------------------------------- I 

Distance. 

Metres. 
23244.3 
18415. 5 
21193. 4 
7498.8 

22963.8 
21420.4 
42668. 3 
30816.3 
14369. I 

14066.5 

17267.9 
22136.4 

2348.4 
1458.0 

22466.8 
26372.0 

5166.4 

7935·5 
3438.3 
2248.8 

3211. 9 

534.4 

23323.0 
15098.2 
21989.3 
11505. 8 
11327. 4 
13725. I 

8o48.2 

3515.3 
48o6.8 

4838.4 
22583.9 

8843.5 
20413. 3 
32295.0 

5504.7 
8148.6 

4327.6 
6934.5 
3425. I 
6922.6 

4704.3 

5779·4 

B.Ex.18 55 

433 

Logarithms. 

4.366316 
4. 265183 
4.326202 

3.874993 
4.361044 
4.330828 
4. 630105 
4.488780 

4. 157430 
4- 148187 

4.237240 

4. 345107 
3.370766 
3. 163751 
4.351541 
4. 421144 

3.713189 

3.899574 
3.536350 
3.351960 
3.50676 
2.72786 

4. 367785 
4. 178g25 
4. 34221I 
4. 060917 
4.054131 

4· 137517 
3.905700 
3.545962 
3.681858 

3.684705 

4.353799 
3.946623 

4.309913 
4.509135 

3· 740734 
3· 911083 
3.636248 
3.841015 

3.534672 
3· 840270 
3.672496 
3.76188o 



 

434 UNITED STATES COAST AND GEODETIC SURVEY. 

FROM POINT JUDITH TO KNAPP'S POINT-Continued. 

Seconds in! 
! 

Station. Latitude. Longitude. Seconds in I 
metres. 

I 
metres. I 

I 1----: 
i 0 fl i 

0 I II 

I Point Judith light-house, 1838. 41 21 39.884 1230. 4 : 71 28 54. 732 : 1272. I 

i i 
I Sherman. 41 30 16.938 522. 6 71 30 56. 024 : 1299. 2 

I Wilbur. 41 29 29.630 914. I 71 38 32. 536 ; 754.7 

I 
I Shannock. 41 28 05.190 100. I 71 38 21. 488 : 498.6 

I 
Kingston church spire, 1838-'69. 41 28 48.goo 1508. 6 71 31 33.541 778. I 

I 
30 20.058 618. 8 . 50 25.464 • i Pawkhungernock church. 41 71 5go. 5 

I 
I 

899.4 I ! Block Island North light-house, 1838. 41 13 29.152 71 34 33.050 i 769.8 
i 
I 
i Watch Hill light-house, 1838. 41 18 13. 6g5 

i 
422.5 71 51 32. 255 I 750.4 

I 
Quonochontaug. 41 19 59· 986 1850. 7 71 42 37. 329 . 867.9 

Meetinghouse Hill 2. 41 26 43. 175 1332. 0 : 71 28 33.552 778.8 
1869. 

New Weeden, 41 22 54.286 1674. 7 71 33 16.313 379· I 

Governor's Island. 41 21 19. 416 599.0 71 39 12.292 285.7 

Kenyon. 41 23 25.332 781.5 71 37 01. 430 33.2 

Ajax. 41 20 •35. 864 IIo6. 4 71 41 17.404 I 404.6 
I 

Bunker Hill. 41 23 10.163 313.5 71 39 16.346 379.8 

Hiscox. 41 21 29. 185 : goo. 3 71 42 14. 556 i 338.3 
I 

Noyes' Neck. 41 19 46. 490 ! 1434.2 71 45 19. 841 : 461.4 

Commons. 41 21 15. 213 469.2 71 43 54- 697 1271.4 

Village Hill. 41 20 54· 173 1671. 3 ! 71 44 59.291 1378.3 
I 

Hector. I 
976. 1 I 478.4 41 19 31. 659 : 71 47 20.571 

I i 

530.0 I Cranberry Hill 2. 41 a<> 53. 397 l ... , .. I 11 47 22. 199 I 
187J. I 

71 48 47- 545 I Achilles. 41 19 15. 355 ! 473• 7 I 1105.s j 
i i I 

Fort Hill. 41 20 Ol;z66 I 39· I I 71 49 15. 1291 351.81 

I I 



 

I 

Azimuth. 

80 35 r8.7 

187 54 33.3 
20 26 23.0 

85 13 12.8 

87 56 57.6 

323 00 45.7 
100 34 53.0 
273 25 29. I 

51 38 32.4 

92 20 29.7 

291 21 14. I 

3313411.2 
iI3 02 21. 8 

13 48 28. 3 

197 23 37. 0 

302 21 57.4 

244 37 59. 8 

330 24 24. 8 

247 04 21. 6 

195 44 21. 8 

75 49 09. 6 

169 18 15.0 

246 37 45.6 

62 48 52· I 

319 03 00. I 
38 04 10.2 

245 II 43· I 

59 13 46.8 

261 29 48.8 

286 24 21. I 

274 03 07. 5 

IO 53 36.2 

263 41 53. 3 

i8 IO 36. 7 

35 53 04.6 
322 I2 49.6 

296 50 48.4 

l2 53 29.0 
:z6o 44 01. l 

76 51 26.6 

26g 34 32.9 
358 49 22. I 

258 44 04. 7 

77 r8 58. 3 
288 54 49.8 

52 13 49.6 

I 

·i 
I 
i 
I 

UNI'.fED STATES COAST AND GEODETIC SURVEY. 

FROM POINT .JUDITH TO KNAPP'S POINT-Continued. 

Back azimuth. 

,, 
26o 20 32.0 

7 55 32.8 
200 24 32. 6 

265 02 42. 2 

267 51 29.5 

143 03 57-5 
28o 29 17.6 

93 29 31. 3 

231 30 18. 7 

272 IO 24. I 

I II 23 38. 4 

151 38 26.3 

292 51 19. 4 

193 47 50.4 

17 23 46.9 

122 32 31. 3 

64 42 27.9 
150 29 o6.2 

67 o8 37.0 

15 45 07.6 

255 47 27.0 

349 17 57.5 
66 39 58.2 

242 46 36.7 

139 03 46. 3 

218 02 43· 7 

65 13 05.8 

239 12 54- 0 

81 31 18.0 

I06 26 36. 4 

94 05 07.9 

190 53 21. 2 

83 43 40.6 

258 o6 40.8 

215 52 08.4 
142 13 40.7 

116 52 22. 2 

192 53 15.4 
8o 45 20.8 

256 48 50.4 

8g 36 07. 7 
178 49 23. 6 

78 46 21. 9 

257 17 19. 5 
1o8 56 05.4 

232 12 29.0 

To stations. 

Watch Hill _______________________________ / 

McSparran. 

Broad Hill-----·------------- ----------
Champlin. 
Champlin. __________ . _____________ . ______ _ 

Broad Hill. 

Champlin------·----------------- --------i 
Tiff. I 

i 
Wilcox ·--- ____ ------ ------------- _______ ! 

Champlin. 

Champlin --·-----
Wilcox. 

Watch HilL ------------------------------\ 
Block Island. 

Watch Hill ____ .. __ ... ____ . __ --- ____ . _ ----

Block Island. 
Green Hill _______________________________ ' 

Block Island. 

Dumplin 2 -------------------------------- ~ 
McSparran 2. 

Green Hill .. --------·--------------------, 
Broad Hill. 

Green Hill-------------------------------
Quonochontaug. 

Green Hill-------··--·--------------·-·---! 
Governor's Island. 

Governor's Island_·-------------------·--

Quonochontaug. 

Kenyon __________ .-----------·-----------, 

Green Hill. 

Governor's Island ___ • __ .-----_--------- ___ _ 

Quonochontaug. 
Quonochontaug _______ . __________________ _ 

Watch Hill. 
Noyes' Neck _____ ----- ____ -------- _______ _ 

Qnonochontaug. 

Quonochontaug --------------------------
Noyes' Neck. i 

Noyes' Neck ____ --------------------------: 

Watch Hill. 

I Village Hill------------------------------

' Hector. i 
I Noyes' Neck ______________ -------------- -- · 

I 

Watch Hill. ' 

Distance. 

Metres. 
31652.2 

15170. 7 
11093. 4 

22155.9 

11495.9 
II 184. I 

11948.0 

8504. 1 

22123.6 

21226.2 

5422.6 

18827.2 

25381.3 

5625. 0 

II7L 5 
26537.2 
10435. I 

20139.9 

9716.8 

5917.4 
3722. 0 

3317.5 
5081. 0 

5359.9 
2476.3 

4933.3 
3203. 9 

2163.0 

3169.3 
4960. 2 

4247.4 
2802.2 

38o1. 9 

8492. 5 

3377. 9 

2936.2 

3699.9 
2142.0 

2844. 7 
5652. I 

3336.4 
2522. I 

4925.0 

3568. I 

2816. 2 

3592.o 

435 

1 

Logarithms. 

4. 500403 
4. 181007 

4.045066 

4-345490 
4. 06o544 

4.0486oo 

4· 077295 
3.929627 

4.344855 
4.326872 

3.734205 
4.274787 

'I· 404514 
3.750121 

3· o6S736 

4.423855 

4. 018497 

4.304057 

3.987524 

3· 772130 

3.570778 
3. 520814 

3.705945 

3.729159 
3.393801 

3· 693142 

3.505679 

3· 335o61 
3.500969 
3.695502 
3.628128 

3. 447503 
3.580004 

3.929034 

3.528653 

3· 467788 
3.568188 

3.330816 

3.454031 
3.752212 

3· 523274 
3.401765 

3.692405 

3· 552439 
3.449669 

3.555339 I ~:~~-~~~~------------------------------· 
,j:_~~~~~~...!.....~~~~~~.....:.!~~~~~~~~~~~~~~~~-'-~~~~~~~~~~~--
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PROM POINT JUDITH TO KNAPP'S POIN'J.'-Continued. 

- -----~-~-~------------

I Latitude. I Seconds in [ Longitude. Seconds in I I Station. 1 metres. i metre>. 

----·--------·------·------- i---
i . i 

75· 61 
i II 

1776.0 I 
0 ' " i Frost, Connecticut. 41 20 57.572 71 51 03.250 

i I I 

I I 
I Watch Hill light-house, 1873-'86. 18 14. 192 I 754.6 41 437.8 i 71 51 32.432 

Eel's Hill 2, Connecticut. 41 22 49.868 1538.4 71 51 04. 352 IOI. I 

1838. 

Montauk 2, New York. 41 03 54.383 1677.7 71 54 18. 505 432.0 
1874, 

Paine. 41 09 18.853 581. 6 71 33 44.990 1049.0 

Block Island north light-huuse, 1874. 41 13 39· 66o 1223.4 71 34 34. 736 SQ9. l 

Block I.dand (southeast) light-house, 1875. 41 09 IO. 120 312.2 71 33 08.391 195.6 

Jam_es. 41 32 41. 81 1289.8 7I 39 52.97 1227.6 

Bushy Hill. 41 12 43.99 1357.0 71 33 40. 56 944·9 

Tower Hill church. 41 28 02.85 87.9 71 27 35.23 817. 5 

Big Hill. 41 23 26.36 813. 3 71 46 08.49 197.3 

Wells' Hill. 41 25 56. 65 1747.7 71 45 15.92 369.6 

Diamond Hill, tree. 41 25 46. 62 1438.3 71 46 28.73 667.0 

Cormorant Hill. 41 23 37.22 1148. 2 71 49 03.45 8o.2 

Sugar Loaf Hill. 41 26 04.96 153· [ 71 30 40.02 929.1 

Wakefield flagstaff. 41 26 05.03 155. I 71 30 40.05 929.9 

Wakefield church, white spire. 41 26 24. 25 748.2 71 30 ll. o6 256.7 

Wakefield church, gray spire 41 26 25.58 789.2 71 29 50.95 1182. 8 

' Peirce's barn, cupola. 41 25 34.oS 1051. 4 71 28 50.74 u78.1 

1 Block Island, derrick. 41 09 10.01 3o8.8 71 33 o8.8o 205.2 

i 
I Sandhill. 41 21 40.62 1253. 2 71 42 17.39 404-2 

White house, west chimney.: 41 23 20.46 631.2 71 29 18.66 433 .• 6 

I Sherman's (J.P.) house, center chimney. 41 23 25.18 776.8 71 31 45.62 1059. 9 

I 



 

Azimuth. 

o I If 

304 38 OI.8 
4 42 40. 8 

187 39 57. 9 
224 01 IO. 6 

138 42 24.9 
2o6 32 46. 3 
188 40 43.8 
244 53 56. 6 

70 56 IO. I 

132 31 57.8 
56 55 18.4 
12 41 29.9 

71 55 20.9 
127 19 59· 9 

56 36 34 
15 19 54 

114 45 02 
32 14 IO 

86 09 o6 
18 52 41 
86 12 36 

20 04 51 

44 17 46 
14 45 32 
33 51 20 

353 47 56 
62 32 IO 

316 47 47 
248 o6 52 
213 25 47 
213 29 16 

246 59 19 

255 31 45 
48 29 45 

253 II 03 
6o 49 58 

190 36 17 

110 35 24 
71 55 22 

127 27 07 

77 17 45 
8 29 52 

79 21 SS 
III 48 21 

65 40 25 
130 17 05 
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FROM POINT JUDITH TO KNAPP'S POINT-Continued. 

Back azimuth. To stations. Logarithms. 

-------;------.. ---·-------! 

o I " 

124 39 13.2 
184 42 31. 6 

74017.3 
44 02 41. 4 

318 38 42.3 
26 35 36.l 
8 42 43.2 

65 o6 18.3 
250 42 39· I 

312 30 48. 2 

236 42 19.5 
192 40 53· I 

251 41 25.9 
307 18 26.3 
236 31 59 
195 17 II 

294 33 25 
212 12 58 
266 06 00 

198 47 27 
266 10 56 
200 04 02 

224 15 31 

194 44 57 
213 49 53 
173 48 09 
242 30 50 
136 48 02 
68 o8 16 

33 27 56 
33 31 25 
67 00 42 

• 
75 32 50 

228 29 26 

73 II 54 
240 49 26 

10 36 28 

290 34 12 
251 41 26 

307 25 34 
257 16 37 

r88 29 39 

259 17 35 
291 45 26 

245 39 25 
310 15 48 

Fort Hill ________________ _ 

1 
Watch Hill. 
Frost __________________________ -- ____ ----

• Fort Hill. 
Lantern Hill _____________________________ _ 

Champlin. 
Watch Hill _____________________________ . _ 

Block Island. 

Montauk 2 ___________ --· ---------- --------

Block Island. 
Montauk 2 ______ .. ________________________ _ 

Block Island. 
Montauk 2 _ _ _ _ .. _____ .. ___________________ _ 

Block Island. 

Champlin ______ ------ _______________ -----

Wilcox. 

Watch Hill ___ ._. _____ ---------- - ---- - ----

: Block Island. 
! Tiff _______________________________ ... ____ _ 

· Block Island. 

Peleg Tiff-------------------------------
Cranberry Hill. 

Peleg Tiff -------------------------------- 1 

Big Hill. 

Peleg Tiff-----· ____ ----------------------
Big Hill. 

: Eel's Hill 2. ____________ -------------- ----

Peleg Tiff. 

Meetinghouse Hill 2 ___________ -----· _ -----

McSparran 2. 

McSparran ----------------------·--------
Meetinghouse Hill. 

j Meetinghouse Hill 2 ----------------------

Sugar Loaf Hill. 
IM . h . eetmg ouse H11l 2 ____ ·------------------

Sugar Loaf Hill. 

Meetinghouse Hill 2 _ ---------------------

' Sugar Loaf Hill. 
Montauk 2 _____________________ ----- ------

• Block Island. 
Wilcox _________________________________ _ 

Quonochontaug. 

Green Hill-------------------------------
Broad Hill. 
New Weeden---- ___ --------------·-------

Broad Hill. 

Metres. 
3055.6 
3951.0 
5o85.7 

4594.5 
11833.3 
13318.8 

2794j.9 
29031. 3 
30471. 9 
3342. I 

32985.2 

5931. 6 
3II95· I 

4170. 2 
u525. 2 

21705.5 
27063. 9 

48ro. 3 

6523.6 
34250.0 

3537.6 
5029.7 
6803.5 

4794.4 
5492. 2 

4352.3 
3166.3 

781. 7 
3163. 8 

8238.4 
82ro. 8 

318o. 7 

2337.8 

897. 7 
1877. 0 

1304.7 
2168.5 

2710.3 
31184. 6 
4164.6 

2441. 7 
3138.8 

#9291. 2 

66o8.6 

2312.8 

3568. 5 

3.485095 
3· 596705 
3· 706351 
3.662237 
4.0731o8 
4· 124466 

4.446349 
4.462867 

4.483899 
3.524013 

4· 518320 
3· 773168 
4.494086 
3.620162 

4.06165 

4.33657 
4.43239 
3.68217 

3.81449 
4.53466 

3.54871 

3· 70154 
3.83273 
3· 68073 

3.73975 
3.63872 

3· 50055 
2.89303 

3· 50021 
3.91584 
3.91438 

3·5°253 
3.36881 

2.95312 

3.27347 
3. u550 
3.33615 
3· 43302 

4.49394 
3.61957 
3.38770 
3.49676 
3.968o7 
3· 82011 
3.36413 

3· 55248 
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PROM POIN'J.' JUDITH TO KNAPP'S POINT-Continued. 

-- .. ~--- ---- ----- ----------------------- ----------~--------------~---------------

Station. Latitude. 
j Seconds in i 

Longitude. Seconds in I 
I metres. metres. 1 

- - --- ··----- -~--------- - ------/ 
0 N 0 II 

; Topographical pule 4. 41 23 59· 28 I 1828.8 71 32 40.78 947:3 I 
Hazard's (A. P.) house, center chimney. 41 24 34. 68 rn69.9 71 33 04. 20 97. 6 I 

I 
Topographical pole 6. 41 24 oo.68 21. 0 71 33 JI. 32 121. s I 

, \ 

Browning's (W. T.) house, center chimney. 41 ..z3 12. 44 i 383.8 71 34 36.28 843.0 I 

Topographical pole 3. 41 23 17.94 553.4 71 35 17. 72 41 I. 7 I I 

Topographical pole, near post-road. 41 23 41. 82 129(>. l 71 35 54.6o 1268. 5 I 
I 
I 

Seventh-Day meeting house, north chimney. 41 23 36.04 I Ill. 8 I 71 36 30.00 697. o / 

i 
Kenyon's (H. G.) house, center chimney. 41 22 56.41 1740.2 71 37 o6. 67 155· 0 i 

! 
Liberty pole. 41 21 41. 54 1281. 5 71 37 21. 90 509· 0 i 

I 

I 
Border Hill, topographical pole. 41 23 26.74 824.9 71 JS 29.70 690.0 I 

I Yellow barn, cup<ila. 41 22 31.40 I 968.7 71 37 26.6o 618. I I 
Harris' barn, east cupola. 41 22 19. 74 6ocj.o l 71 40 22. 64 526. I \ 

Westerly. 41 21 59. 88 1847.3 71 40 52.84 1228. I 

Davis' (0.) house, east gable chimney. 41 20 56.91 1755. 6 I 71 44 09.26 215. 3 i 
Brown's (E.) house, chimney. 25. 62 

I 
41 19 54.22 1672. 7 71 45 595· 8 ! 

I 
Bentley. 41 21 51. 91 16o1. 4 ; 71 45 33.28 

I 
773.41 

• Nye's (R.) house, white chimney. 41 21 54·53 1682.3 71 46 28. 12 653.5 

Knapp's Point, house chimney. 41 18 22.53 695. I 71 53 07.63 177.5 

Dunn's house, white chimney. 41 21 o6.38 196.8 71 46 07.44 172.9 

i Sanders' (E.) house, chimney. 41 20 26.32 812.0 71 44 46.6o 1o83.4 

Hazard's Castle. 41 24 55.10 1699.9 71 27 28. 37 658.9 

Wharton's (Dr.) house, east .. chimney. 41 24 56.65 1747.7 71 27 16.49 382.9 

------------------~-· 



 

Azimuth. 

II 

56 40 03 

I3I 03 I4 
5 II 36 

44 08 23 

47 45 24 
I67 34 08 

49 55 28 
96 44 20 
25 36 20 

95 24 41 

358 19 03 

7 l 5 l 46 

337 55 14 
65 39 56 

187 46 28 

299 16 37 

188 27 01 

237 36 !I 

271 I2 12 

297 30 02 

199 21 47 

275 20 24 

318 41 14 
21 40 20 

298 05 41 
12 25 04 

249 30 46 

309 23 50 

236 34 37 
267 22 57 

336 04 48 

54 40 27 
J12 OI 50 

33 58 57 
2II 09 CY] 

251 46 20 

209 28 58 
283 22 00 

218 38 47 

285 o6 JI 

115 51 31 
226 15 27 

151 26 12 

178 50 II 
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FROM POINT .JUDITH 'l'O KNAPP'S POINT-Continued. 

-------··----

Back azimuth. To stations. Distance. 

i ----i----- -----------!------

0 " 

236 37 57 
JII 02 33 

185 I! 28 

224 06 32 

227 43 51 

347 34 00 

229 54 38 
276 42 44 
205 35 58 
275 23 32 

178 19 05 

251 51 02 

157 55 39 

245 39 35 
7 46 JI 

II9 17 27 

8 27 15 

57 37 II 

91 13 IO 

117 31 47 
19 22 04 

95 21 27 

138 42 00 

201 39 44 

n8 06 47 

192 24 48 

69 32 02 

129 24 51 

56 36 43 
87 24 48 

156 05 10 

234 39 IS 
132 02 49 

213 58 21 

31 IO 29 

71 47 33 
29 29 21 

103 22 45 

38 39 21 

105 07 56 

295 49 24 
41> 18 59 
331 25 21 

358 50 o6 

! 
Green Hill _______________________________ ! 

Broad Hill. 

New \\Teeden ------------ ·----------------- 1, 

Green Hill. 
Green Hill ________________ . _________ . __ _ 

Broad Hill. 

Green Hill-----------·--------·------------, 
Kenyon. 

Green Hill-------------·-----------------
Kenyon. 

Green Hill 

Kenyon. , 

Green Hill-------------------------------- j 

Kenyon. 

Kenyon ______ . ---------------------- ----
Green Hill. 

Kenyon __________ .-----··-·--- ------------ \ 

Green Hill. 

Kenyon __ -------------·-----------·------
Green Hill. 

i Kenyon ______________ ------------------ __ 

i Grt:en Hill. 
: Governor's Island --------- _______________ _ 

J Ajax. 

I Governor's !~land------------------------
Ajax. 

Hiscox_·---------------------------------' 
Quonochontaug. 

Hiscox ____ ---·· ____ -----------------------' 
Quonochontaug. 

Village Hill -~--------· -------- ------------ . 
Cranberry Hill 2. 

Village Hill------------------------------: 
·, Cranberry Hill 2. ! 

Frost------------------------------------ i 
• Watch Hill. , 

I 

Bentley-----------------------------·--·--; 
Village Hill. 
Commons ________ ------ ____ ---- ____ ---- __ 

Quonochontaug. 
' Sugar Loaf Hill _____ ---- _____ . ________ ----

Dumplin 2. 

Meeting-house Hill 2 

McSparran 2. 

lffetres. 
5307.4 
1910. 9 

3109.8 

5586.0 

44o3.3 
1240.7 

2287.3 

3395.8 
1821. 5 

2420.3 
2380. 2 

1633.8 

2374.9 
Sor. 3 

900. 3 

2000. 3 

3237. l 

2485. 7 

2051. 6 

4142.5 

1763.6 

2217.4 

2477.1 

3447.9 
2649.5 

265J. 9 

2846.3 

2766.4 

5321. I 

3917.2 

1948.4 
3120.8 

2780.4 

2274.0 

5589.6 

2704.3 

1613.5 
1628.4 

1931.7 

31r3.5 

4944.6 
10294. I 

3741. 7 
8983.2 

Logarithms. 

-----·-- -. -1 

3· 72488 

3.28124 

3. 49273 

3. 74710 

3. 64378 

3. 09366 

3.35933 
3.53094 
3. 26o42 

3. 38387 

3.37662 

3.21321 

3.37564 
2.90379 

2.95441 

3. 30109 

3. 51016 

3.39544 
3.31 209 
3.6I726 

3.24639 

3.34585 

3·39394 
3.53756 
3.42317 

3.42389 

3.45428 

3· 44191 

3.726oo 

3·59297 
3.28968 

3. 49427 
3.44410 

3.35679 

3.74738 
3.43206 

3. 20776 
3.21176 

3.28595 

3· 49325 
3.69413 
4.01259 

3.57306 

3.95343 
------ ----
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APPENDIX No. 9. 

RESULTS DEDTTCED PHOM THE GEODETIC CONNECTION OF THE YOLO HASE Lll'\E WITH THE PIU
MARY TRIANGULATION OF CALIFORYIA. ALSO A REDUCTION ANU ADJUSTl\JgN'r OF THE ])AVlD
RON Ql:AmnLATERALS FORMING PART Or' THAT TRIANGULATION. 

By CHARLES A. SCHOTT, Assilitant. 

PREFATORY NOTE. 

In this paper on the re1mlts of higher geodesy as applied to the primary triangulatio11 of Cali
fornia, AsRistant Schott has given a full exposition of the method employed on the Survey for tl1e 
computation of triangulation of the first order, and a more complete explanation than has hereto
fore been presented of the manner in which weights are ap1)lied to ohscn'ed directions. 

Appendix No. 14, Report for 1864, gives au account of the method as then introduced by Mr. 
Schott and nsed by him for discussing the results of tlie geodetic conuection of the Epping base 
with the primary triangulation of the New England States. 

In the paper now presented two new steps are introduced not believed to l1ave heen hitherto 
taken in any triangulation, viz, tl1e iutroductiou of a correction to latitudes for curvature of the 
•·ertical, and the reduction of horizontal directions to the sea-level of the station observed upo11. 
These reductions required a knowledge of the heights of the stations already given in Appendix 
No. IO, Report for 1884. The introduction of these refinements was justified by the magnitude 
and rwcuracy of the work. 

COMPUTING DIVISION, 

CO.AST AND GEODE'.l'IC SURVEY OFFICE, 

December 31, 1885. 
Up to the present time the geographical positions on the charts published by the Survey of th<\ 

region about Sau Francisco depended npou two preliminary base lines, measured respecti\·ely in 
1851 and 1853, and upon a series of triangles covering the immediate coast line. This work was 
executed principally by the late Assistant R D. Cutts. When later it became necessary to pro
vide for a more comprehensive scheme of triangulation, which was not only to satisfy the require
ments of the western coast but also to form a part of that grander scheme of the geodetic cou
nection of the snrn'.ys of the Atlantic aud Pacific coasts, the western part of the WOI'k was placed 
in charge of Assistant George Davillson, under whom it has 1Jeen prosecuted from 187G to the 
pl'esent time. In DeeemlJer, 1884, the field-work was so flu complete as to admit of the introduc
tion of the primary base line measured by him in 1881 in Yolo County, in the valley of the Sacra
mento River, and to compute and adjust that part of the triangulation known as the Davidsou 
quadrilaterals, also to connect the same with this base and introduce the astronomical determiua· 
tions, so as to form standard geodetic data to answer for the main and subordinate triangulations of' 
California, as well as for its extension across Nernda iuto Utah. It is proposed to giYe a tolerabl_y 
complete account of the computations, in view of the importance of the work, and to take this 
opportunity of exhilJiting the method adopted by the Survey in dealing with the reduction of tirst
class field-work, possessing an accuracy and magnitude not surpassed anywhere. It is, however, 

H. Ex.18---56 441 
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with that step only which effectR the ascent from the base to the first primary line that we are 
here chiefly concerned. 

lteferring to plate No. 16 of this Report, entitled" Progress of the Transcontinental Triangu
lation," it is intended to deduce the length and probablP. error of the primary side'' Mount Helena 
to Mount Diablo," California, as derived from the Yolo base-measure and from the angular meas
ures at the connecting triangulatiou points, and which it is the immediate object of our paper 
to exhibit; next, to do the same for the primary side" Mount Nebo-Tushar," Utah, as derived 
from the Utah Valley base (as yet unmeasured); and finally to compute or adjust as a whole the 
primary triangulation intervening between these sides and stretching over California across Nevada 
to the middle of Utah, a distance but little short of 600 statute miles (or about 950 kilometres), 
from Mount Helena, California, to Mount Nebo, Utah. 

The accompanying figure was taken from the plate referred to, and shows that the connection · 
of the base with the primary side is 
made through a well-shaped or well
conditioned figure decomposable 
intoseveralquadrilaterals,andbav
ing a compact area with Vaca as a 
central station. The length of the 
base• is, roughly, 10! statute miles, 
or about l 7k kilometret!, and the 
length of the primary side is nearly 
67 statute miles, or 107! kilometres. 
Every one of the trigonometrical 
points is an astronomical station 
for latitude and azimuth, as are 
also the adjacent primary stations, 
Mount. I1ola and Round Top. 

Two theodolites were used in 
the measure of the horizontal direc
tions; diameters of graduation, 20 
inches ( 50 cm.). They are provided 
with three reading microscopes, 
and have an eye-piece micrometer 
for repeating the pointings in con
uection with the same circle read
ing. The horizontal circle was 
used in twenty-three positions, and 
ordinarily between two and three 
series were taken in each position 
of the circle, each series consisting 
of pointings and readings of each 
object in succession and in the di-
rection of increasing circle read-
ings, with reversal of the telescope 

· RE Yolo l1nse 

(the same pivot remaining in contact with the same Y it rested on before reversal), and followed by 
similar successive observations of the objects in a direction the reverse of that first used. After the 
several ocular pointings were reduced to a mean value and the circle readings were corrected for 
rnn of screw of microscopes, the measures of the Yarious series were adjusted to give the most 
probable values of the several directions, together with their probable errors. Tllis 8tation or local 
adjustment was made in a<icordance with Bessel's method developetl in his "Gradmessung," pub
lished iu 1838, but stopping short at the point where the local weight-equations are formed, which it 

---·--~-~-----------------------

*See Appendix No. 11, Coast ,md Geodetic Survey Report for 1883. 
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was 11ot proposed to carry over to the general figure adjustment-an essential difference presently 
again to be referred to. An account of the local adjustment of observed directions i;; given in 
Appendix No. 33, Coast Surve.v Report for 1854, pages 71-76, and in many later works;" hcmce there 
appears to be no need for repeating it here. The probable error of a single measure of a diuectiou 
(i.e., the mean value derived from series, telescope direct, motion forward, and tieries telescope 
reversed, motion backward) is found by 

e1 = J 0.455 2,' 6 z 

n-s-d+l 

where .::E 6 z =the sum of squares of di:tferences,t n =number of observations, s =number of series, 
and d =number of directions. The probable error of a resulting direction is 

J
----- 0.:455 .::E 6 2----

Ri = (8-=-ff(diagonal coefficient) 

All the pointings were on heliotropes. To the following abstract of resulting directions and 
their probable errors at each station, there has been added a further correction for elevation of the 
observed object above the Rea horizon, and due to the non-intersection of the verticals iu the same 

~ h ~-~ 
point of the axi11 of tbP. spheroid; this correction t is: y · R sin 2 a cos2 <p, where e2 = a~- , 

h =the elevation of the ouserved point, R, =the ra.dius of curvature in the plane ilerpendicular to the 
meridian, <p = the latitude of the station occupied, ancl a= the azimuth of the line of sight counted 
from south in the direction of west to 3600. For the Clarke spheroid of 1866 and the vicinity of the 
parallel of 390 we have log e2 = 7.8305 and log R = 6.8054, and dividing the expression by sin 1" we 
ha•-e with sufficient accuracy the correction in seconds 0".000109 sin 2a cos2 <p. h, where his ex
pressed in metres; hence, finally, 0".000066 sin 2a. h. The heights of the stations are given in 
Appendix No.10, Coast and Geodetic Survey Report for 1884. 

Abstraat of the horizontal directions resulting from the local adjustment at eaah of the stations compos
ing the Yolo base-net of triangulation.§ 

SOUTHEAST BASE. Occupied in 1880 with theodolite No. rr5. G. Davidson, observer. 

--·---- ----, -----r-----1 

Object. Resulting direc- Probable I Reduction I Resulting i 
ti on. error. ltosea-level.f _ _:ond~ I 

I ; ,, fl I fl I I/ I 
/ Northwest base. 0 00 00.000 ±0.043 I - . 0021 59. 9981 
) Marysville Butte. 15 32 39· 320 . o85 -. 002 I 39. 318 
I I Pine Hill. 89 51 47. 540 .o69 I +. 0231 47. 5631 
\ Mount Diablo. 204 49 35. 777 .085 +. 021 35. 798 I 

I Vaca. 252 41 55- 204 .079 +.045 55· 249 ! 
I I 

1 
Monticello. 310 54 36.564 .074 -.0461 36.518 ! 

_I - ' I 
---~--------------- ----

• Jo'or instancl': T. W. Wright's Treatise on the Adjm1tment of Observations, New York, 1884, Article 146; Dr. 
W. Jordan's Vermest1tmgsku11de, 1878, Vol. II, ~ 38; Col. Clarke'" Geodesy, Oxford, 1080, Chapter IX, Artiefo 8. 

t See Coast Survey Report for 1864, App. No. 14, Jill· 120-123. Ill the formullll (11. 12'..!) for the probable error of a 
resulti11g direction the euhstitution of B - 1 for 8 will give a more correct. value. 

+See for instancH Clarke's Geodesy, p. 113, and Jordan's Geodesy, Vol. ll, p. 317. 
11 These abstracts includll some directions to secondary objects which entered into the adjustment, but they 

omit all subordinat;e directioll8 as irrelevant to the prel!ent purpose. 
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Ab11trnct of tlw horizontal directions resulting from the local adjustment at each of the .~tation11 cotn[JOS· 
ing the Yolo base-net of triangulation-continued. 

NORTHWEST BASE. Occupied in 1880 with theodolite No. II5. G Davidson, observer. 

Resulting direc· I Probable Reduction Resulting 
Object. tion. error. to sea-level. seconds. 

0 ' " " " II 

-
Southeast base. 0 00 00.000 ±0.038 -.OOI 59.999 

Mount Diablo. 20 04 24.623 .080 +.008 24- 631 

Vaca. 47 20 34. 153 .067 +.042 34. 195 

Monticello. 103 42 21. 384 .059 +.007 21. 391 

Marysville Butte. 200 07 47. 730 . 075 +.005 47. 735 I 
I 

Pine Hill. 283 13 29.522 .069 
I 

+.005 29.527 
I 

VACA. Occupied in 1880 with theodolite 1' o. I 15. G. Davidson, observer. 

I Southeast base. 0 00 00.000 ±0.064 +.001 ! 00. 001 

i Pine Ifill. 12 12 58. 103 .080 
I 

58. 132 ' +.029 I 

Mount Diablo. 109 03 23.738 .083 -.040 23.698 

Mount Tamalpais. 166 20 42.497 . 107 +.052 42. 549 

Mount Helena. 248 47 I I. 185 . 103 -.082 II. IOJ 

Monticello. 288 18 44.230 . 108 -.032 44. 198 

Marysville Butte. 318 15 04.533 .098 +.020 04.553 

Northwest Lase. 334 38 38. 7ll .073 +.003 38. 714 

MONTICELLO. Occupied in 1880 with theodolite No. 115. G. Davidson, observer. 

i I 
I -

Mount Helena. 0 00 00.000 ±0.052 I -.003 59.997 
Marysville Butte. 116 50 54.208 

I 
+.035 .073 

I 54.243 

Pine Hill. 175 09 43.409 .o53 I +.005 43.414 

Northwest base. 175 30 36.288 .051 I .ooo 36.288 

Southe:iSt base. 202 42 51. 850 I .084 
i 

51. 849 

I 

-.001 

Vaca. 252 48 57. 2541 .066 -.026 57.228 

I Mount Diablo. 253 17 07. IIJ . 107 -.041 07.072 

1 
Mount Tamalpais. 292 27 41. 105 I 

.o62 I +. 039 41. 144 
I I 

MOUNT DIABLO. Occupied in 1876 with theodolite No. 5. G. Davidson, observer. Re-occupied in 1884 with theodolite 
No. I 15. R. A. Marr, observer (G.D., chief of party). 

Mount Helena. 0 00 00.000 ±o.o66 -.o82 59· 918 
Monticello. 20 03 30.643 • O<JO -.032 30. 611 

Vaca. 20 19 59.505 .098 -.024 59.481 

Azimuth mark. 25 49 17.204 { .092 l 
-.010 17. 194 

.074t\ 

Northwest base. 38 39 og. 129 . i1st .000 og. 129 

Marysville Butte. 38 40 30.881 ·094 +.005 30.886 

Southeast base. 43 24 20.921 . 1o6t i .ooo 20.921 
i 

N oTE.-The directions m&rked by a t depend on the probable error ± ".074 of the azimuth mark during the sooond oocupa.tion. 
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Abstract of tlw horizontal directions rc.~ulting from the local adjustment at eacli of the stations cmnpos
ing the Yolo base-net of triangulation-conti1wed. 

MOUNT DIABLO-Coutiuued. 

i Resulting direc- Probable I Reduction ! Resulting 

Obj_::~-----1 ti on. error. ltosea-level.i seconds. 

II II 

I --1 
II I I /! I 

Lola. I 73 06 31. 834 ±0.089 I + 178 I 32. 012 

Pine Hill. I 76 14 00.524 . 106 I .041 00.565 

Round Top. I 97 32 04.551 . 107 I +. 1741 04.725 
Macho. 180 16 12.207 . IIIt -.078 I 12. 129 

Mount Bache or Loma Pricta. 22 06.404 .084t i I 
211 ! 

Sierra Morena. 249 16 39.858 . 092t 
Mount Tamalpais. 310 12 09. 22G .095 -.008 09. 218 

Ross ~fountain. 
' 

339 08 13.637 . o87t 

MOUNT HELENA. Occupied in 1876 with theodolite No. 5. G. Davidson and W. Eimbeck, observers. 

Mount Diablo. 0 00 00.000 =0.058 -.073 59.927 
l\1ount Tamalpais. 33 43 57. 142 . 071 -.004 i 57. 138 
Snow Mountain, east. 208 37 44. 912 .059 
Azimuth mark. 225 16 49.643 . 052 +.007 49.650 
Marysville Butte. 265 31 14.523 .078 +.042 14; 565 
Lola. 281 54 43.341 .o83 +· 13j 43.478 
Pine Hill. 303 14 IO. 280 .o83 +. 004 1 10.284 

Round Top. 305 18 41. 177 .074 +. 005 41. 182 

Monticello. 306 46 16.071 .076 - 002 16.069 
\raca. 340 03 44· 142 . 113 -.045 44.097 

MOUNT TAMALl'AIS. Occupied in 1882 with theodolite No. 115. c;. I>aYidson, observer. 
·--------~---~-------------

Mount Diablo. 0 00 00.000 ±o. o53 -.Oii 5-9. 989 

Macho. 23 47 56. 302 .064 ' -.068 56.234 

SierrrMorena. 61 37 29.923 . 076 

Ross Mountain. 230 31 28. 940 . 0)0 
i 

Mount Helena. 263 31 35. 075 .086 - . 006 35.069 
Monticello. 289 01 42.852 . 072 +· 045 42. 897 i 

Vaca. 307 25 02. 177 .062 +.048 02. 225 

LOLA.* Occupied in 1879 with theodolite No. 115. G. Davidson, obserYer. 

Azimuth mark. 

Lassen's .Butte. 

Pah-rah. 

Mount Como. 

Round Top. 

Pine Hill. 

Mount Diablo. 

Mount Helena. 

Marysville Butte. 

Snow Mountain, east. 

Mount Linn. 

o oo oo. ooo : ±o. 043 

13 22 42. 494 

114 46 59.230 

173 IO J2. 427 

212 23 00.222 

267 17 07. 756 

271 17 55. 376 

300 07 03. 738 

311 5 I 09. 936 

321 58 42. 323 i 
I 

340 58 41. 684 l 

. IIJ 

.074 

. 082 

. 109 

.084 

.059 

. 059 

.094 

. 073 

.086 

-. 1 57 

-. 137 
+.039 

+. 075 

+.062 

+.016 

::~:~II 
55. 451 

03.800 

09. 952 l 

I 
---.-T-hi_s_sta.ti_o_n_was __ ad_d_e_d_to-co_m_p'-le_te_th-,-re-sul-ting-chl-m-f-o-r-th-e-Dt.-VI-.d-so-n-q-u-a-:-dr--:il-at-eral~s-. --
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Abstract of the horfaontal directions resulting from the local adjustment at each ~f the stations cumpo11-
ing the Yolo base-net of triangulation-cuntinu.ed. 

ROUND TOP.* Occupied in 1879 with theodolite No. n5. G. Davidson, observer. 

Object. 

Azimuth mark. 

Lola. 

Mount Como. 

Mount Grant. 

Mount Conness. 

Macho. 

Mount Diablo. 

Mount Helena. 

Pine Hill. 

Snow Mountain, east. 

Marysville Butte. 

' Resulting direc- Probable : Reduction 1 Resulting 

tion. __ err_o_r_. -ltosea-levelts:onds~-

o , H i // I // I " 
o oo oo. ooo ' ±o. 032 I -. 159 s9. 841 

I -. 119 I os. 399 7 25 05.518 

76 26 26.411 ! 

! 
122 47 32. 511 ' 
169 47 29. 6o8 i 
254 03 23. 038 i 
270 44 49. 863 . 

298 32 16.332 

301 58 42. 947 ! 
316 57 47. 335 ' 

.062 

.o6o 

.078 

.068 

.053 

.051 

.065 

.061 

.047 

' ' ! 

+.082 i 
+.062 

-.003 

-.006 

319 00 33- 594 . 069 -. 029 ! 
------ ---- --- ----- __ i ~-----

23.120 

49.925 

16.329 

42.941 

,.This station was added to complete the resulting data for the Davidson quadrilaterals. 

Since the introduction (about 1847 or 1848) of the application of the method of least squares 
to the adjm;tment of the principal triangulations of the Survey, the separate treatment of the sta
tion adjustment from that of the figure or net adjustment has been adhered to. After the condi
tions subsiRting between the measured directions at a station had been satisfied, these adjuste1l 
directions were simply introduced with equal weight in the net adjustment, the same as if they had 
been the direct result of observation. The method proposed by Bessel in 1838 of introducing the 
weight equations obtnined in eonuection with the station adjustment into the figure adjustment, a 
process which complicates the reduction very cousiderably, has been generally followed without mod
ification; others have preferred the more simple and, in our opinion, the better method followed by 
us which appears also to have been favored by Gauss, of keepiug these processes separate. Our rea
sons for preferring the latter method (supplementing it, however, with the introduction of a special 
system of weigh ts), and apart from its recommendation of greater simplicity, ma:t;.be stated as follows: 
Iu the second operation or net adjustment new and distinct sources of error appear of a magnitude 
exceeding even the errors inherent in the first operation. It is almost the universal experience 
that the average corrections to the observed directions due to the net adjustment surpass in mag·
nitude those due to the local adjustment, a fact which is explained by the presence of lateral 
refraction in the rays of light, the constant part of which deflection enten; into the geometrical con
ditious of the net, and the uariable part only becomei; apparent in the station conditions. Besides 
the disturbing influence oflateral refraction, errors having their origin in the effect of local devia
tions of the vertical, imperfect cent€ring of the theodolite or in slight eccentricity of the heliotrope, 
in outstanding systematic graduation errors of the circles, and in other causes, tend to increa.se 
the corr~ctions 11eeded in the geometrical treatment of the trian;:ulation. To make these second cor
rections fully dependent on weights introduced from conditions only subsisting locally would seem 
to be of doubtful propriety; at any rate it would appear to be a sound principle to remove contra
dictions which had developed in observatious constituting a distinct operation, and which depend ou 
distinct sources of error, at once within the limits of that operation, and not to carry the conditions 
and weights into a second operation, which subjects the observed quantities to additional corrections, 
and which qualities depend on sources of error of a character and size different from those in the 
first operation. However correct the Besselian proceeding is from a theoretical point of view, there 
is, nevertheleMs, great danger tbat the results may be distorted by improper weights. .At :first, in 
Coast Survey practice, all directions iu the net-adjustment were given equal weight, but in 1864 
greater precision was attempted by the introduction of distinct weights dept111ding mainly on the 
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accuracy of the local measures, but not ignoring the new conditions arising from their combination 
in triangles and other figures; in short, the weights to the directions were made to consist of two 
part.s, a variable one and a constant one, the latter to be furnished by means of the combination 
of triangles. 

Investigations of the laws of lateral refraction hitherto made are mostly confined to short 
lines, an<l a Yaluable contribution to our knowledge of the su~ject may be expectett from a discus
sion of our observations in connection with the great primary triangulation between California 
a11d Utah. ~~n interesting discussion on the "Influence of lateral refraction on horizontal angles" 
was lately (188~) published by Dr. A. Fischer.• His general results may be summp,fl up as follow.<;: 

The existence of lateral refraction as affecting the horizontal angular measures is proved 
directly and indirectly, the former by certain discrepancies in the observations, the latter by clos
ing errors in the triangles or other figures; the influence of the distance of the observed object 
on the magnitude of the de\·iation i8 small; the higher the line of sight above the surface the 
smaller the lateral refraction may be expected to be. The principal factors determining the mag
uitude of the de,•iation are those depending on the condition of the atmosphere respecting dis
tribution of density and temperature, both in a statical and in a dynamical sense. The lateral 
refraction appears to be subject to a daily ,·ariation, and he brings out the fact, from the triangu
lations of Englaud and of Prussia, that the short lines are more seriously affected than the long 
ones, in consequence of their generally closer proximity to the ground and the consequent denser 
atmosphere, and recommends the greate.~t triangles possible. 

Witp the largest triangles measurable there are the additional advantages of a smaller number 
of stations within a given area, and the greater accuracy with which the azimuth may be trans
ferred from line to line. 8hould greater accuracy be demanded in the measures of horizonal direc -
tions than at present attained with our instruments, it may possibl~· be secured by a combinat1011 
of da,y and night observations. This would eliminate the greater part of the p,ffect which persists 
as a constant deviation during the time of insolation, but which lateral refraction may be supposed 
to change sign during the tirue of nocturnal radiation. 

DETERMINATION OF WEIGHTS TO DIRECTIONS IN THE ADJUSTMENT OF THE TRIANGULATION. 

By tbe process adopted in 1864 we require to know the relative magnitude of the observing 
errors (at a station) and of the combination (to triangles and polygons) errors, respectivel_\·. To 
this end we need the closing errors of the triangles, and umisequeutl,r al8o a knowledge of the splier
ical excesses. For the computation of the length of sirl1-18 of triangles W(' emplo;v J,egendre's the
orem, exteudcd, if required. It has been provetl that spheroidal triangles, as well as spherical tri
ang·les, may be computed by means of this theorem without sensible error (Clarke's GeotleRy 
Chapter V). It will make no difference whether the sides of the spheroidal triangle be co11ceive1l 
as ellipti{~ arcs, as lines of alig·nment, or as geodetic Imes. 'I'he following expres8ion for the spher
ical excess e will iipply to the largest triangles yet measured: 

ab sin U' [ 1 J 
£ = 2---c---I'' 1 + 94----Y ( az + b2 + c2) PP1 sm .. r 

where p = radius of curYature of the meridian and Pi = radius of cunrature in the plane perpen
dicular to th•1 meridian at a point situated at the ceuter of the triangle. The sides a, 1>, care 
expresse,1 in metres and the value8 of log p and of log p1 are tabulated in Appendix No. 18, CoMt· 
Snn:e~· J{eport for 1876. C' is the plane angle of the triangle between the side8 a and b. 'l'he value 
of tbe first term is talmlated for the argument rp(thelatitnde) in Appendix No. 7, Report for J,'i84. 
The seeoud term, involving the square of the sid1•s (an•I an average radius, r), sel!lom come.<; i11to 
U8e. Even in the largest triangle of the Survey, l\Iount Shasta, Mount Helena, r~ola, whose si1les 
are l:'IB, 167, a.ml 190 stlttntc miles, respectively, or 214, 269, and 306 kilometres (liea.rly), the term 
involving the squares of the sides is but 0.00022, aml when multiplie<l with the factor or first 
term, 14211.696, it becomes 0".031; and in all cases it suffices to distrilmtA1 the excess eq1wlfy over 
the three angles. 

• Prussian Geodetic llllltitute, Berlin. 
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Table of closing errors of the trianylcs forming tlie Yolo base-figure, arranged in the order of the size 
of tlte triangles. 

No. 

--

I 

2 

3 
4 

5 
6 

I 
7 
8 

i 

9 
IO 

II 

I 12 
I 
I 13 
I 14 i 

15 I 
16 i 

i 11 I 
: 18 i 
1191 

I 
I . 

Triangle. 

'.\fount Diahlo, Monticello, Vaca. 

Monticello, Northwest base, Southeast base. 

Vaca, Northwest base, Southeast base. 

:\!ount Diablo, NorthwesL base, Southeast base. 

:\!onticello, Northwest base, \'aca. 

Vaca, Monticello, Southeast base. 

.\fount Helena, :\1onticello, Vaca. 

Mount Diablo, \'aca, Northwest base. 

Mount Dia\Jlo, Vaca, Southeast base. 

Mount Tamalpais, ~Ionticell(J, \·aca. 

Mount Diablo, l\Iount Helena, \'aca. 

;\fount lliablo, Monticello, Xorthwest base. 

Mount l>iablo, l\fonticello, Southeast base. 

\ unt al ais i\ n I la " . fo 1 am p. , l lou t I cl ct , . Tont1cello. 

:\fount Diablo, '.\Iuunt Tamalpais, Vaca. 

Mount Diablo, Mount Helena, Monticello. 

Mount Tamalpais, \fount Helena, \-aca. 

Mount Diahlo, Mount Tamalpais, Mount Helena. 

Mount Diahlo, Mount Tamalpa1s, Monticello. 

\ 
I 

;;g=sumof 
observed 

angles-11'.'. 

" -0.786 
I +0· 433 
j 0. 232 

0.624 

2.652 

2.451 

3.892 

4. 196 

4.588 
! 

4.893 r· 
2.798 
6.o62 i 

i 
6.253 

' 
7. 750 ! 
6.878 

7.476 
8. 751 

12.831 

12.557 

E 

,, 
0.062 

I· 247 
l. 273 

l. 350 
2.382 

2.408 

3. 113 
4.018 

4.095 
4.822 

5.401 

6.463 

6.566 

8.099 
8. 170 

i 

i 

' ! 

I 
I 

8. 4521' 
9.808 

12. 577 ' 

I2. 930 I 

Closing error. 

::!E-E 
+ 

// 

----
---·-

--- -
----
0.270 

0.043 

0. 779 

0. 178 

0.493 
0.071 

----
-- --
----

o. 254 

::E-t 
-

---
/I 

0.848 

o. 814 

I. 041 

0.726 

-- --
·----

.. --
----

-- --
--- -
2.603 

0.401 

0.313 

0. 349 
I. 292 

o. 976 

I. 057 

o. 373 

I 

Vii' e luwe the sum of t1Je squares of tlrn closing errors 15.053; hence the average closing error 

/15.tn:~ ( 8 ) .I 11 f 1 · • 0.890 - " 2 b • -V --rn - = ± 111
• 9! a11u the proba J e error o a < irect.1011 -V'ir x 0.614<> = :l: 0". 45; ut rn conse-

fJ nencc of one larg·c residual,"" 2".60.3, in tlrn ahov<~ table, this a,·erage value is injuriously affected, 
and we prefer to r~j<·ct it; we then have the probable error of a direction = :± 0".187 =et. 

W c next square tile 1>robahle error attache<l to mtcb of the thirty-four observed directions as 
given in the preceding ahstraet of mea1·mreR, aml find tJ1c smn of the squares equal to 0.220; lieuce 
the nverage probable error of au obsened direction 

.. /q7! = ±0".081 = e • 

.Now by compari11g the values of e, aJl(l of c1 we meet with the ordinary expcrie11ce t11at e
1 

is 

larger than e., in the p1·ese11t case more than twice as large, though the ordinary ratio iR rather 

hl\]OW ]~. 

The n1l11e of c1 i11cl111JPR the pure ohserviug error; hence we Rlrnll luwc the pure com billation 

error by the exprmu;io11 cc= v ~ .:..:.--e; = ±0".169, which is a co11st~u1t quantity for the figure uu<ler 

consideration, rtntl is to lw eombine•l with every probable error of ol>servittion e
8 

in or<ler to ol1tai11 

the appropriate probahle error awl consf'']Uent weight of each directio11 as needed for the figure 
a<ljustmeut. \Ve have 

1 1 
e' = e: + e:; hence the wuight or ? = e'-+ (0.169)' = p. 

8 

•Dae to abnormal oa11868. 
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The following- taule contaius for each direction (the 11nmbers refer to those in the diagram) the 

square of the pure obseniug error and the reciprocal of the weight or ! : 

"' . . 0 ... 
I ,..., V 

-.;:i 

-~ ~ 
Cl"' 

3 

4 

5 
6 i 

8 

9 
IO 

ll 

12 

13 

14 

15 
16 

17 

2 e 
8 

.0072 

62 

55 
18 

14 

64 

45 

35 

53 
41 

69 
I 14 

106 

ll7 
26 

71 

44 

. 0358 

348 
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344 
414 ! 
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336 
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Remarks. 

Ratio of minimum to maximum weight 300: 418, 
or I : I. 4 nearly, but had we used weights de
pending on the station measures alone the ratio 
would have heen 14: 132, or I: 9. 4 nearly. and 
the value of the method here adopted depends 
chiefly on the fact that it permits of a proper 
degree of equalization of the weights. 

At the same time it is apparent that the value of 
ec is somewhat uncertain, but it may vary be
tween rather wide limits without injuriously af
fecting the solution. 

100 . J 
For convenience of computing, /' rnstead off 

is introduced in the adjustment now to be ex
plained. 

------------
Adju.-;tment of a triangulatio11-net ()r of mnditiotied obsen•ations. 

·we sllall l1ere ouly hri!'liy re<_;apitnlate the leading formula-, applicable to the case, inclusive 
of rlrnse for compnt.iug the prohable error of a function of the adjusted quantities. 

Suppmw we !Jan» as tlJP direct 1·es111t nf ohsern1tion tliP m quautities 11 12 13 14 

'which are co1111t•ctt·d by n 1~011ditio11s, and lt~l .t 1 .1·2 .r, .i·4 be 1heir most probable 
Yalues ( 10 he fonr11l h,\· appl»i11g t hP mPthod of least ;;quares): al,,;o let r 1 t'2 i•" t\ be 
the corrections to the observation;,;, so that iu g·e11eral ;c; = l; + ·i\, an1l remembering that neceHsa 
ril,\· m > 11 in order that any adjnst111e11t ma.\ t:'xist at all, then thetie comlitions ma,\· he expressed 
by n rquatiom; of linear form. tltmi: 

<11X1 + 112X2 + a,x" + a4.t·, + 

b1X1 + b2.X2 + b3X3 + b4J::4 + 
C1X1 + C2:l:2 + C3.l'3 + C4.t:4 + 

=0 
=0 
=0 

The ob1ierved values l, will not safo{v these Pqnationl", hut will exhibit discrepancies w,, 
whence we write the n conditional e11mitio11s 

a1V1 + O,zV2 + a.3V3 + U4V4 + 
b1V1 + bzV2 + b3v3 + b4V4 + 
C1V1 + (JzV2 + C3t'a + C4V4 + 

+w1=0 

+ W2 = 0 
+ W3=0 

where the sign of w; is to be taken iu the sense of ob;,;erved value minus true value. Let Pi pi Pa 
p4 be the weights of the qtrnntities l1 12 Z3 14 then the quantity [p. vt•J 
must be made a minimum. This leads to the equations of correlateti which coutaiu the (as .ret) 
unknown multiplierti C1 C2 ()3 Tl1ese correlate equations are: 

P1V1 = a1C1 + h1C2 + c1C3 + 
P2V2 = ~01 + l>tCz + eii03 + 
p3V3 = ~01 + b3Cz + C3C3 + 
etc. 
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Sub8titutii1g; the value" of r in the ('Onditioual equatious there result the normal equations: 

[aa] C 1 + [ 1111
] C" + [~ 1·] C:i + 

)! Ji Ji 

for tlu•se we prefor to write after putti11g· 11 = ~ p 

i[u. aajC1 + fu. nb]C2 + [u. au]C3+ 
~ + [ 1i. lib] C2 "'.f [u. be\ C3 + 
l +[n.cc]C3 + 

+ 

+ u·1 = 0 

+ 1C:i = () 

+ 1C1 = 0 
+ w.., = 0 
+ U'3 = 0 

Solvi g t~ese equatioll;;; the values ()ft\ become known, and com;eqnentl.Y also tile values of 

t\ and J~. 

vVe have furthel' the 11Jeau error of an oli1M•rvatio11 of t.Jw weig·bt one, m1 = J[pov] and the . n 

J[pl;·;·] 
probable error of tlrn same r 1 = 0.0745 n · The sum [pvr] is fonud by means of the individ-

ual corrections to tl1e obsen·ed values and is cheeked by the relation : [pvv] = - [ wC]. 
To fin<l the weight all(l prohahle f~rror of an adj11sted value of an obscrvatiou, ah;o the weight 

P of any function F of the adjas;ted observations, we suppose 

which functio11 ca1111ot confain all tl1t• .r:'s b~1t mtly 111 - n of them. The coefficients f, are found by 
parti<tl differentiation," dz: 

We next form the sums: 

6F -j 
. d. - l 

X1 

oF --- =/3 etc . 
d,l'3 

[ 1J [¥J [-jf J etc. 

and comhine tllese with tlrn former normal equatiorns, at the same time introdnciug a IH'W set of inde· 
terminate coefficie11ts Hi. It,, Ri, etc .• in tlie place of the former 0 1, U2, C:i. etc. Then the require· 
ment of the conditioned mini111nm leads to tlie followiug so called (by Gerliug) tram;fer-equatious: 

f (1,, aa.] H1 + [u. ab] U2 + [u. ac] R 3 + 
\ + [u. bb] Ri + [u. be] R 3 + 
l +[u.cc]R3 + 

+ 

+ [u. af]=O 
+ /u.b/]=0 
+ [u.cfj=O 

Their solution furnishes the transfer-coefficients Ri, and consequently also the values F, by 
meam; of the relations: 

F1 = /1 + a1 1~1 + b, R2 + C1 Ra + 
Fz = f2 + a<J R1 + b2 H2 + ~ ~ + 
F3 =f1 +as R1 + b3 R2 + ~ R3 + 
F • = / 4 + a. Ri + b. R2 + C4 Ra + 
etc. . . . . . . 

"In the absence of a specia.1 Jett.er t·o indicate this, CJ is here s11bstituted. 
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and finally we have the reciprocal of the weight l' of t.lw functiou F h,v 

J~ = iu. FFJ 

also the mean error of F, or 

and the probable error of F, or 

The mean error of an~' one value of x, that is, of tlH" i:esnlt of any i.rin·n ohserYatio11 after a<l
jnstment, is determined iu the same way by regardiug .r; a.-; a fuuctio11 F, of the ohsen·atior1s. 

Application to the a({j1t.~tment of the Yoh> base-net. 

The number of cont! itions in tlw Yolo base-uet is 17; oft hese 11 are rplated to angles and G Io 
ratio of sides. Corrections to tlirectious arP indii~akd hy placiag the nu111bers within pare11theses. 
In the log's of the i,;ines nine places of decimals arn n,.;etl, aml the 11111nhens for logarithm1 1ift'n 
ence of l" are t.mt off at the sixth place of decimals. 

Oonditfonal equations. 

1 (4)- (3)+(16)-(15)+ (8)- (5)-0.814=0 
~ (3) - (:!) + (10)- (14) +(LI) - (16) + o.o-t;) = o 
3 (4)- (:!) + (10)- (U) + (7) - (5)-1.0H =II 
4 (6) - (fi) + (4) - (I)+ (2G) - (2;3) - 0.7:!G = 0 
5 (7)- (6) + (11)- (D) + (:!5)- (24) + 0.178 = 0 
6 (3) - (1) + (18) - (IG) +(:!Ii) - (:!3) __: O.:H3 = 0 
1 (HJ)- (17) + (14> - (12) + (:33) - (:t.n + 0.071 = o 
8 (20)- (19) + (3:!)- (;H) + (:"m) - (27) - o.:34fl = 0 
9 (20)-(17) + (14)-(I:-I) + (28) - (27) + 0.77\1=0 

10 (24) - (22) + (29) - (28) + (13) - (11) - 2.()0;) = () 
11 (22) - (2l) + (:34) - (31) + (30)- ('.?n) + 0.2.1-1 = () 
12 + 1.960G (2)-1.30-!8 (:-l)-0.6558 (4) + l.!1400 (;i)- ;;,:HOS(;)+ U008 (1:'\) + 0.474;) ( 1:>) 

-1.7604 (Hi)+ 1.2861 (17) + 1.04() = 0 

13 + 1.90!4 (1)- 1.2486 (2) - 0.6558 (4) + 1.D-!OU (5)- 4.lhfi (6) + 2.1447 ( 7) + 1.416i (21) 
- 6X193 (25) + 4.9426 (2G) - 2 . .'iOH = 0 

14: + 1.90-14 ( 1) -3.2092 (2) + l.3048 (3) + l.7UO! (lfl) -:.!38.7;3i4 ( 17) + 25G.H970 (18) 
+ 43\:1.1792 (23) - <±±4.1218 (24) + 4.!l426 (2u) + rns.01:) = o 

15 + 1.9044 (I) - 3.2092 (2) + 1.3048 (:3) + 1.71304 ( W) - 4.:JO I :i (I 7) + 2.5·.111 ( l!I) 
+ o.7609 (21)- 5.70.15 (2-t)+ 4.fl42ti (26) + 6.:n:·rn ('.t!)- 1.944-1 (:13) + unos (3.1) 

- 5.817 = 0 
16 + O. 7609 (21) - 5.6818 (22) + 4.9209 (24) + 4.2;362 (28) - 5.8U4H (W) + 1.5484 (30) 

+ 2.1886 (31)-3.7994 (33) + 1.6108 (34) - 3.964 = 0 
17 + 3.1922 (17) - 2.5411 (19)- 0.6511 (20) + 3.:!065 (27) - 4.7.54H (2") + I .5484 (30) 

+ 2.1886 (31) - 6.3336 (32) + 4.1450 (33) -1.205 = () 
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------~------- ------------

, Correc-
lions. 

Vy 

Vu 

v 

v 

v 

"II 

' 
C1 

- ------- -1 --- -~-~--

3· 58 

3.48 

3.41 

3.04 
3.00 

3.50 

3.31 
3.21 

3.39 
3.27 

3.55 
4.00 

3.92 

4.03 
3. 12 

3.57 
3.30 
4.00 

3.24 

3· 13 

3· 76 

3.30 
3.67 

3.82 

+ 18 

3.98 
3.44 
4. 14 

3.20 

3.36 
3.6o 
3.38 
3.24 

3.14 

-I 

-I +1 
-t I 

-I 

+1 

+1 

I 

;, 

I -I 

-I 

-I 

+1 

Correlate equations. 

c. c, C., c, 

-I -I 

I -1 
-~ 1 

+1 --f I 

-I -I 

+r -I 

+1 +1 

-1 -I 

+r 
+1 

-1 
-I 

+1 

-I 

- I -I 

-1 

-I 

-I 

-I 

+1 

c" 

-I 

+1 

-I 

-1 

-1 



 

C12 

+1. 9606 

-1. 3048 

• -o. 6558 

+1.9400 

-3. 3408 

+1.4008 

+0.4743 

I. 76o4 

+1. 2861 

• 
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c" 

+i. ')044 

-1. 2486 

-o. 6558 

+1. 9400 

-4.0847 

+2. 1447 

+I. 4167 

-6. 3593 

i 

Correlate equations. 

CI< 

-----~-

-t- I. 9044 

3.2092 

I. 3048 

+ I. 76o4 

-258. 7574 

+z56. 9970 

+439· 1792 

-444. 1218 

+ 4 9426 

+I. 9044 

-3. 2092 

+1. 3048 

+2. 541 I 

-5. 7035 

+o. 76o9 

-5. 6818 

+4. 9209 

+4-2562 

453 

-2. 5411 

-0. 6511 

I -5. 8046 

I +1. 5484 I +1. 5484 

I 
• +2. 1886 I +z. 1886 

I I I : +6.3336 I I -6.33361 

I I . : -7.9444 I -3. 7994 I +4· 1450 ' 
' I I I 

l------:------i--------~6108 ·--~~1-----1 
I +1.046 I -2.809 I +198.013 I -5.817 i -3.964 I -1.205 . I 
! __ I ' I I 
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Normal equations . 
c, c c c. c 

I 1----1-----------.····----I---·- ------ ------
+19.35 ! - 6.98 I+ 6.04. + 6.04 - 6.98 . 

+21. 06 i + 6. 75 : + 6. 98 - 7. 33 ' - 7.33 
I +19.49: 
i 

+ 6.04 + 6.70 

- 7.68 + 7.56 

+zi. 75 
+22. 2I 

,• 
I-· 7.37: 

I 

+21.r9 - 6.62 + 7.33 i 

+20. 15 + 6. 57 ! 
+zi. 96 · -· 8. 06 

I 

I 
I 

+21. 93 - 6. 50 

+zo.36 

, . ______ _i_ _______ L __ _ 
These equations were solved by Mr. M. H. Doolittle by the method 

Resulting values of c,. 

• 

C1 = + .033900 

f12 = + .023593 

C3 = + .010217 
u, = + .043760 

Cs = + .066122 

c6 = -· .01rn25 

C7 = + .019388 

C8 = + .009930 

Residuals a.re all between - .0001 and + .0001 • 

c 9 = + .039218 

C10 = + .163816 

011 = + .036790 
Crn = + .0175652 

U13 = + .0002761 

C14 = - .000088967 

C1s = + .0198674 

016 = + .0120203 

On= + .0161153 
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Yolo base-net. 

111 c,. :--~-a --1--·--· c,. ____ _ 
- 6. 6321 : - 7. 8136 .: + !. 8353 

I 
I - o. 7435 , + 4. 3451 844. 5667 , 

: -25. 6g46 + 3. 6305 + 
I - 7. 8136 I + 17. 3256 + 
' I 

-II. 0580 i - IO. 5983 + 

+ I. 8353 ! + 12. 8538 I -

- 4· 2441 I + 

. - 4· 2441 + 
+ 5.4II8 

I!. I68o , 

12. 8538 

1696. 5453 ' 

572.7811 
I 

i 

853. 8994 . 

853.8994 

1696. 5453 : 

+ 
+ 
+ 
i 

+ 
+ 

!+ 

I. 8353 ' 
4. 8622 : 

l I. 1680 

12.8538 

21. 7874 : 

l I. 0185 

24.7193; 

13.1744 

14. 1950 

i 
+g2. 2459 - 19. 6370 IIJ6. 9650 : - 57· 021 I 

+378.5667 2279. 3390 + 93. 2905 

+1946641. 9064 +13512. 216o 

: + 719. 5657 

-+ 
+ 

-- -~----1-----

18.7978 

12. 3101 

2.6763 

17.6207 

I T IO. 5343 + 

i 
I 

', 

+ i6.o699 i + 
28.9190 

43. 2878 + 
19. 6853 ' I. 3524 . + 

0. 6546' - 2. 6763 I + 

...:- 13. 5481 + 

0.814 = 0 

0.043 = 0 

I. 041 =·o 
0.726 = 0 

''· 178 = 0 

0.313 =O 

0.071 =O 

0.349 =O 

0. 779 =O 

2.6o3 = 0 

0. 2541=0 

1.046i=o 
i 

' 26. 6309 I 2. 809 I = 0 

- 8348. 5296 -2725. 8177 : +198. 013 i = 0 
I + 0. 9067 - 308. 5131 ' - 5. 817 i = 0 

+ 464. 2463 1. - I09. 5101 ! - 3. 9641 = 0 

: + 401. 3992 ; - I. 205 = 0 
_______________ ! ______ --~-~-----------

devised by him, Mr. A. Ziwet assisting in the solution. 

Resulting values of v . 

II II 

V1 = + .0206 V12 = - .0776 

V2 = - .2199 i•13 = + .4884 

V3 = - .0639 Vu=+ .14ll 

'll4 = + ·2316 V15 = - .0798 
'!l5 = - .1598 VJ6 = + .0911 

Vs = - .0822 V17 = - .0773 

'!l7 = + .0604 Via= - .1368 
. Va = + .1878 V19= + .0615 

Vg = - .2588 V20 = + .1210 

V10 = + .1106 V21 = - .0471 

ti11 = - .3468 V22 = - .6446 

II 

V23= - .1018 

V24 = + .3187 
Vu;=+ .0861 

V213 = + .5236 

V21= + .0083 
1'20= - .6213 

V29 = + .1832 

V30 = + .3034 

V31 = + .0535 

'V32 = + .0484 

V33= - .3801 

'!l34 = + .2768 

455 
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'Ve have for check [p. 1•n] = 0.6245 aud - r wC] = 0.6249, which shows a satisfactory accord. 
The mean error of an ohserve1l direction of unit weight equals 

,/~f p = ± 0".192 

a.nd since the a\·erage reciprocal of weight equal,,; :t51, the arnmge weight of a direction is 0.285 ; 
hence the mean error (after tigure-aLljust 111e11t) of an obsen·ed direction of avernge weight'"' 

1111 0.1!!2 
111 = 7]~ = v.~85 = ± 0".35H 

also the correspomling ltlean error of an obser•·e1l rtnf/le of a\·erage weight.= 0.359 V2 = ± 0".508 
We liave furth\~r the probable error (<tftflr adju,,tment) of an obser\•ed direction of average 

weight,+ r = 0.6745 m = ± 0".242, also tlie corresponding pl·ohable m·ror of an obsen·ed angle of aver
age weight = .2±2 .../::.!. = ± 0".34:3 

The mean error m of au atlju;;tetl angle is a quantit,1 which has been adnrntageously used to 
serve as a pr;lCtical basis of comparison of the :rn1·.nracy of triangnlations, and may be taken as a 
con nmient a\·eragt' measure for that purpose. 111 mag-nitnde it does 11ot exm~ed I" for the best work 
executed, arnl that limit may be takt•n to separatt' the best from modt•rately gornl work. In the fol
lowing taule those vafoes of m, not our own, wen• taken from Jordan's work (Verrnessungskuude), 
Vol. II, § 50. 

Davidson, Coast and Geodetic Snrve,\·~ Yolo base-net, California, 1876-'84 
Gauss, Sun·ey iu Hanover - . __ .. _. _.. . __ . _____ .. . . _ _ _ .... 
v, 1\lorozowicz, Snn·e.Y of Prussia si11ee 1867 _ . _.... . . . . . ..... 
Andrae, Sm·,·ey of Denmark .... __ . _. _ .... __ ... _. __ _ 
Bessel aud Ba_yer, Surn~~- in East Prussia, 18:38 ... __ . _. . . . 
Boutelle, Coa8t and Geodetic Survey, N 1rn· York State, 1880-'8:~ 

m = ± 0".51 
0.59 
0.62 
0.71 
0.72 
0.99 

As a work of secoudary accnrac_y we 11rny rnentiou here tlie 80·called "horseshoe" triangulation 
of Eastern Penns.vh·ania by the Coast and Geodetic Sllrvey, 1875 to 1882, for which m = :I:: l".75 
For the British Onlnauce Surv<>.y, m = ± 2".21 

Determination of the proba.b/e error r!f tlie w{ju.~ted length of the p1·imar.11 side, llfount Helena to illount 
Diablo. 

:From the relation, side Mount l:Ielt~na to .:'11ollllt Dial~lo = 

Yolo base ;.;iu (~ - I) ;.;i11 (7 - 5) ;.;in (13- 11) 
X sin ( 10 - H) s111 (:Ml - 24)-8-in (:!ti - :!8) 

we have: 

(<'=log sin(:! - 1) +log sin (7 - 5) +log sin (13 - ll) - log l'in (10- 9) - log sin (26- 24) 

- log sin (2!J - 28) t. oF M t M . 1" t 
, i = dxi = p .co a::i = I SIU CO X; 

which may be taken from logarithmic tables (in units of tbe 6th place of decimals). The values 
of h are as follows: 

f I= -1.9043 
f 2=+1.9043 
f 5 = -1.9400 
f 7 = + l.9400 
f 9 = + 4.4428 
/10 = - 4.4428 

/11 = + 2.4854 
fi3 = - 2.4854 

f u = + 4.9427 
/ts = - 4.9427 
f za = + 5.8045 
/z9 = - 5.8045 

·~~~~~~~~-~~~~~~~~~~~~~~~~~~-

*This may be roughly r.ompared with the expression .J[~] = .Ji:.'i:-~ = :± 0" .364, which is practica.lly the 1111ome 

Mt the above value of m. 

t The prohablf! error of an average direction may be ro11ghly compared with the value derived from the closing 
errors of the 19 triangles, which we have found to be:!:: 0".245, and which compares well with the above valne, 
r=:l::0".~2 
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It will not be required to write out in full the transfer equations; it suffices to substitute in 
the normal equations R, for o, and to replace the absolute numbers in the last vertical column by 
the following numbers: 

[u.af]=+ 5.820 [u.if]=+ 33.773 
[u. bf] = - 21.155 [u.if] = - 42.290 

etc. = - 23.975 etc._=+ 18.574 
=- 7.034 =- 19.750 
= -18.698 =- 89.258 
= -12.855 = - 8516.995 
- 0 =- 239.169 
- 0 =+ 303.008 

- 114.263 
The solution• of the transfer equations gave the values of R, 

R1 = - .611 R 9 = + .666 
Ra = + .352 R 10 = + 2.5 
Ra = + 2.43 R 11 = - .215 
R, = + .096 R 12 = + 1.34 
R5 = + .57 R 13 = + .122 
Rs = - .258 R 14 = + .000 507 
R, = + .273 R 15 = + .675 
Re = + .246 Rrn = - .52 

R11= + .565 
The above values left reasonably small residuals. The values of F 1 =./;, + a1R1 + b Ri + c,R3 

+ ..... were next found; they are : 
FI= - 0.224 
F2 = - 0.570 
F 3 = - 0.162 
F 4 = + 0.956 
F 5 = - 1.019 
F 6 = - 0.972 
F 7 = + 0.725 
Fs=+l.266 
F 9 = + 1.443 
F10 = -1.661 
F 11 = + 0.555 
F12 = --0.273 
F13 = - 0.651 
F 14 = + 0.587 
F15=+1.246 
Frn = -1.874 
F11 = - 0.095 

We next form the values u FiF, and 

weight, or~ 

Fie= - 0.128 
Fl9 = + 0.306 
F20 = + 0.544 
F21 = + 0.333 
F22 = + 0.240 
F23 = + 0.482 
F2, = + 0.410 
F 25 = - 0.302 
F26 = -1.163 
F21 = + 0.899 
F 22 = - 0.930 
F29 = - 0.070 
F30 = + 0.101 
F31 = + 0.068 
F32 = + 0.670 
F33 = - 0.772 
F34 = + 0.035 

find [u. FFJ = 74.469 which is the reciprocal of the 

The meanerrorofthefunction ormF =---5~~ = m1 v[u. FFl = 0.192 v74.469=:I::1.654 expressell 

in units of the sixth place of decimals of the logarithm of the side. The probable error is con
sequently 

"The solution was effected by Mr. Doolittle; pa.rt of the former solution of the normal equations ca.me again 
into uae. 

H. Ex.18-58 
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From the triangle-side computation we have: 

Log distance Mount Helena to Mount Diablo 

Also distance Mount Helena to Mount Diablo 

5.032 332 465 
± 1 116 

107728m.959 
± 0.277 

To the above uncertainty is yet to be added the probable error arising from that of the 
measure• of the base line itself; the la.tt.er value was ± Oni.00957, hence the corresponding proba
ble error of primary side Mount Helena to Mount Diablo : 

0.00957 Primary side = 0.00957 107729.0 = ± om.0589 
base 17 486.5 

hence total probable error 

= " ( .059)2 + ( .277)' = ± Qm.283 

and the same when expressed in units of the sixth place of logarithms = ± 1.141 It also cor

responds to 
380 

\
00 

part of the length, which for our line is 66.94 statute miles, or 107. 73 kilometres, 

and equals a probable error of ± 0.17 inch per statute mile, or± 2mm,63 per kilometre. 

Triangle-side computation. 

This part of the reduction requires no further explanation. The results are as follows: 

I Stations. Observed IC.mctiom Spherical Spherical! Plane angles [ Logarithms. I angles. angles. 

'"'=· 1'""'"-~· i 
0 , ,, ,, ,, I 

" 
Yolo, Northwest Base to Southeast Base. '{ +o. 010 ±24-

17486.512 4. 2427 0319 
Vaca. 25 21 21. 287 +o. 369 21. 656 0. 424. 21. 232 o. 3683 1309 i 

I. Northwest Base. 47 20 34.196 +0.220 34.416 0.424 i 33.992 9. 8665 35851 
Southeast Base. I 107 18 04. 749 +0.452 05.201 0, 425 I 04. 776 9. 9798 9145 

--
I. 273 

Vaca to Southeast Base. 30029. 78 ·\ 4. 4775 5213 
Vaca to Northwest Base. 38985. 91 4. 5909 0773 

Yolo, Northwest Base to Southeast Base. 4. 2427 0319 

Monticello. 27 12 15, 561 I +o, 171 15. 732 0.416 15.316 0.3399 28o1 

2. Northwest Base. 103 42 21.392/ -j-0.348 21.740 0.415 21. 325 9.9874 5381 

Southeast Base. 49 05 23.48o1 +0.295 23.775 0.416 23. 359 9.8783 7077 
--
I. 247 

Monticello to Southeast Base. 3716o.80 4. 5700 8501 

Monticello to Northwest Base. 28906.93 4. 4610 0197 

Monticello to Southeast Base. 4. 5700 8501 

Vaca. 71 41 15. 8o3 -0.031 15.772 o.8o2 14.970 0.0225 7048 

3. Monticello. 50 o6 05.379 --0.168 05. 211 o. 8o3 04.408 9. 8848 9663 
Southeast Base. 58 12 41. 2~ -j-0.156 41. 425 o.8o3 40.622 9. 9294 1712 

--
Vaca to Southeast Base. , '""I 30029.78 4-4775 5212 

I 
Vaca to Monticello. 

I 
33271. 52 .... 5220 7261 

*Coast and Geodetic Survey Report for 1883, Appendix No. rr. 
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Triangw-side computation-continued. 

Stations. 

Northwest Base to Vaca. 

Monticello. 

Northwest Base. 

Vaca. 

Monticello to Vaca. 

Monticello to Northwest Base. 

Northwest Base to Southeast Base. 

Mount Diablo. 

S· Northwest Base. 

Southeast Base. 

Mount Diablo to Southeast Base. 

Mount Diablo to Northwest Base. 

Vaca to Northwest Base. 

Mount Diablo. 

6. Vaca. 

7. 

Northwest Base. 

Mount Diablo to Northwest Base. 

Mount Diablo to Vaca. 

Vaca to Southeast Base. 

Mount Diablo. 

Vaca. 

Southeast Base. 

Mount Diablo to Southeast Base. 

Mount Diablo to Vaca. 

Monticello to Northwest Base. 

Mount Diablo. 

8. Monticello. 

9. 

Northwest Base. 

Mount Diablo to Northwest Base. 

Mount Diablo to Monticello. 

Monticello to Southeast Base. 

Mount Diablo. 

Monticello. 

Southeast Base. 

Mount Diablo to Southeast Base. 

Mount Diablo to Montii:ello. 

I 
I 

I . i ' I 

I 
Observed I Spherical : Spherical!' Plane angles : I 

angles. 
1
Corrections./ __ a_ng_I_es_. _ excess. and distances. Logarithms. ! 

l--0-,--//--,1 II // -,-,-- I 
77 18 20. 940 1 +o. 003 

' 56 21 47. 196: +o. 127 

46 19 54.516 --0.400 

4 45 11.792 +0.437 

20 o4 24. 632 I +o. 078 

155 10 24. 200 I +o. 211 

18 19 09.648 ---0. 233 

I 34 24 44. 984 -o. o8S 

27 16 09.564 +o. 143 

23 04 21. 440 +o. 205 

r09 03 23.697 -0.457 

47 52 19.451 --0.241 

I 18 35 38. 518 +o. rSS 
! 77 46 30. 784 i ---0. 057 

! 83 37 56.76ol +0.270 

23 20 50. 310 

I 50 34 15. 223 
lo6 04 6o. 720 

+0.625 

--0.228 

-<>.o84 

20.943 

47.323 

54· u6 

12.229 

24. 710 

24.4r1 

21. 645 

23.240 

19. 210 

38. 7o6 

30.727 
57.030 

50.935 

14.995 

6o.636 

o. 794 I 
o. 794 i 

0. 7941 

2. 382 

0.450 I 
0.450 I 

o. 450 I __ I 

L 350 I 

I 
I. 3391 

I. 340 I 
I. 339 

4.095 

2. 154 

2. 154 

2. 155 
--1 
6.463 

2.189 

2. 189 

2. 188 
-I 
6.566 

20. 149 

46. 529 

53.322 

4· 5909 0773 I 
o. 0107 47791 

9· 9204 1709 ! 

9. 8593 4645 

33271. 52 4. 5220 7261 

289o6. 93 4· 4610 0197 

4. 2427 0319 

11. 779 I. 0816 2825 

24. 26o 9. 5355 77 35 
23.961 9.6231 1971 

72428. 38 4. 8599 0879 

886o3. 56 4. 94745115 

08.076 

43.556 

08.368 

4. 5909 0773 

0. 5026 4762 

9· 8538 958o 

8. 6610 2528 

886o3. 56 4. 9474 5u5 

56830.39 4.7545 8o63 

20. 28o 

21. 875 

17.845 

4. 4775 5212 

o. 4o68 3319 

9· 9755 2348 

9. 8701 9532 

72428. 38 4. 8599 0879 

56830. 39 4· 7545 8o63 

36.552 

28.573 

54· 875 

4.4610 0197 

0.4964 1144 

9. 9900 3773 

9· 9973 1204 

886o3. 56 4· 9474 5 rr4 

90IOO. 14 4. 9547 2545 

4. 5700 8501 

48. 746 o. 4019 7948 

12. 8o6 9· 8878 4429 

58. 448 9· 9826 6096 
i 

72428. 38 4. 8599 o878 

90100. 14 4. 9547 2545 
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Stations. 

Monticello to Vaca. 

Mount Diablo. 

Triangle-side comptttation-Oontinued. 

angles. : orrec wns.. angles. ! excess. : and distances. 
i ' \ 

I 
I 

Logarithms. j Observed i.c r : Spherical 1 .. Spherical: Plane angles II 

:-:--··-,-,-: --;-: '-"--•--,,--1 1-----1 
I ! 4• 5220 '1261 II 

0 16 28.870 i -l··0.4200 '29.2900 0.021 29.26<jo i 2.3191 1240' 

JO* Monticello. \ o 28 09. 844 -o. 06o7 ~ 09· 7833 I o. 021 09. 7623 \ 7· 9133 9562 

II. 

12. 

lJ .. 
I 

15. 

Vaca. 1119 15 20. 500 +o. 4887 i 20. 9881 ~1 20. 9687 1 8. 1135 4044 

Mount Diablo to Vaca. 

Mount Diablo to Monticello. 

Monticello to Vaca. 

Mount Helena. 

Monticello. 

Vaca. 

Mount Helena to Vaca. 

Mount Helena to Monticello. 

Mount Helena to Vaca. 

Mount Diablo. 

Mount Helena. 

Vaca. 

Mount Diablo to Vaca. 

Mount Diablo to Mount Helena. 

Mount Helena to Monticello. 

Mount Diablo. 

Mount Helena. 

Monticello. 

Mount Diablo to Monticello. 

Mount Diablo to Mount Helena. 

Monticello to Vaca. 

Mount Tamalpais. 

Monticello. 

Vaca. 

Mount Tamalpais to Vaca. 

Mount Tamalpais to Monticello. 

Mount Helena to Monticello. 

Mount Tamalpais. 

Mount Helena. 

Monticello. 

i 
i 
1 
j 33 I7 28. 028 

I I07 l I 02. 769 

i 39 31 33· 095 

-o. 630 : 27. 398 

+o. 198 i 02. 967 
i 

-o. 347 ! 32. 748 

20 19 59.563 +0.963 

19 56 15.830 -f-0.805 

l 139 43 47.405 +0.835 

I 

20 03 30.693 +0.543 

53 13 43.858 -f-o. 175 

: 1o6 42 52.925 +0.258 

18 23 19.328 --0.429 

39 38 43.916 -f-o. 139 

! 121 58 or.649/ +0.219 

i 

I 

60.526 

16.635 

48.240 

31. 236 

44.033 

53· 183 

18.899 

44.055 
01.868 

07.823 

41. 364 
18. 912 

Mount Tamalpais to Monticello. ! 
Mount Tamalpais to Mount Helena. J 

25 30 07.828i -0.005 

86 57 41.o6gt -t-0.295 
,, ,, .... ,.

1 

~ .. ,, 

*This triangle is of no practical value. 

0.062 

I 

I. 038 \ 

I. 037 i 
I. 038 i 
---' 
3. 113 

I. 8oo ; 

I. 800 ; 

l. 801 I 
5.401 I 

! 

I 
2. 817 i 
2.817 

2. 818 i, 

--1 

8. 452: 

I 

I 

I 
I. 6o7 II 

I. 6o7 

I. 6o8 I 
! 4. 822 ; 

I 
i I 

I 2.699 \ 
I I 

: 2.100 I 
2. 700 i 
--1 
8. 099 

56830. 39 4. 7545 8063 

90100. 14 4. 9547 2545 

26.360 

or.930 

31. 710 

4· 5220 7261 

o. 26o5 1745 

9· 9801 6777 

9. 8037 4467 

57910. 57 4. 7627 5783 

38577.56 4.5863 3473 

4. 7627 5783 

58. 726 o. 4590 7588 

14. 835 9· 5327 4692 

46. 439 9· 8104 9875 

56830.39 4.7545 8o63 

107728. 96 5. 0323 3246 

4. 5863 3473 

2s. 419 I o. 4647 4453 

41. 216 I 9· 9036 4619 i 

50. 365 
1

9. 9812 5320 / 

i 
goroo. 14 ! 4·9547 2545 

107728. 96 I S· 0323 3246 

14· 5220 7261 

17.292 10.50106594 

42. 448 i 9· 8o48 4153 

00. 26o l 9· 9285 7792 

i 
67294.5814.8279 8008 

89478.04 I 4.9517 1647 

4· 5863 3473 
I 

05. 124 I o. 3659 9303 

38. 664 l 9· 9993 8871 
I 

16. 212 19· 9657 3403 

89478. 04 ( 4. 9517 1647 
I 

8z8o6. oo l + 918o 6179 
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Stations. 

I 
/ Mount Helena to Vaca. 

Triangk-si<k computation-Con tinned. 

Observed 
angles. 

i 
;corrections. SphericaJ:Spherical Plane angles ! L 'th / 

angles. i excess. iand distances.
1 

ogan ms. I 

----------:---1 I --J 
, II : . \ 

! i 4. 7627 5783 / 
j o ' II II ,, 

16.1 Mount Tamalpais. 

Mount Helena. 

Vaca. 

I 43 53 27.156 --0.434 

53 40 13.041 -j-0.925 

82 26 28.554 -j-0.566 

i 
26. 722 J 

I 
13. 966 I 

3· 269 : 23. 453 i o. '590 9500 I 
3· 26<) 

1 

10. 697 ! 9. 9061 2725 i 

Mount Tamalpais to Vaca. 

Mount Tamalpais to Mount Helena. 

Mount Tamalpais to Mount Helena. 

Mount Diablo. 

17. Mount Tamalpais. 

18. 

Mount Helena. 

},fount Diablo to Mount Helena. 

Mount Diablo to Mount Tamalpais. 

Mount Tamalpais to Monticello. 

Mount Diablo. 

Mount Tamalpais. 

Monticello. 

Mount Diablo to Monticello. 

Mount Diablo to Mount Tamalpais. 

Mount Tamalpais to Vaca. 

Mount Diablo. 

Mount Tarnalpais. 

Vaca. I 
I 

Mount Diablo to Vaca. I 
Mount Diablo to Mount Tarnalpais. __ _ 

49 47 50.700 --0.597 
96 28 24.920 -to.223 

33 43 57.211 -j-o. 120 

69 51 2). 393 --o. 054 

70 58 17.092 -j-0.229 

39 IO 34.072 -j-o. 198 

70 07 50.263 -j-0.366 

52 34 57.764 -f-0.657 

57 17 18.851 -to.269 

29.120 3. 210 . 25. 850 : 9. 9962 os91 I 
9.808 , I 

67294. 58 i 4. 8279 8oo8 

50. ID3 4. 192 ' 

25. 143 4. 193 

57.331 4. 192 i 

21. 339 

17. 321 

34. 270 

---, 
12. 577 i 

4.3!0 

4.310 
', 4. 310 ! 

---' 
12.930 

50. 629 2. 724 

i 58. 421 2. 723 ; 

19. 120 i 2. 723 !, 

8. 170 

_ ____ ! ___ _ 

828o6. 00 i 4. 918o 6180 

45. 9n 

20.950 

. 4. 9180 6179 'i 
' I 
: O. II70 4767 i 

9. 9972 2300 

53• 139 I 9. 7445 2821 

rn7728. 96 ; 5. 0323 3246 

6o205. 7 I 4. 7796 3767 

i 4. 9517 1647 ; 

17.029 : o. 0274 1654 

13. OI I I 9· 9755 9243 

29. 96o 9. 8oo5 0466 

90100. 14 4. 9547 2544 

6o205. 71 4. 77g6 3767 • 

\ 

4. 8279 8oo8 ! 
47 · 905 I o. 0266 5687 : 

55· 698 . 9. 8999 4368 ; 

16. 397 1 9. 9250 007 3 . 

i 
56830. 39 4. 7545 8o63. 

6o205. 71 f 4· 7796 3768 i 

The following four triangles (approximately adjusted) are given here with reference to remarks 
on standard latitude and azimuth, further on: 

Stations. 

Mount Diablo to Mount Helena. 

Mount Lola. 

20. Mount Diablo. 

Mount Helena. 

Mount Lola to Mount Helena. 

Mount Lola to Mount Diablo. 

Oabsngervlese.~---i::ec::~.-;a;n~gel-~e·s~.al Sp~=ricalj Pl==~ngles 1 L--~ 
excess. i and distances.' ogan ms. 

I 

o I II ,, 

28 48 68.349 ! --0.030 

73 o6 32. 761 . -o. 326 

78 04 76.~ --0.177 

II 

I 
68. 319 I' 19. 080 
32. 435 19. o8o . 

I 
76. 487 I 19. o81 t 

I 57-241 i 

I 

- --------- -----

49· 239 

13.355 

57.4o6 

213872.4 

218703.6 

5. 0323 3246 

: o. 316g 865 

. 9· 98o8 358 

9. 9905 370 

5. 3301 548 

S· 3398 56o 
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Triangle·s,ide computation-Completed. 

Stations. 

I 
I Mount Diablo to Mount Helena. 

I Round Top. 

21. 1 Mount Diablo. 

I Mount Helena. 

Round Top to Mount Helena. 

Round Top to Mount Diablo. 

Mount Diablo to Mount Lola. 

Round Top. 

22. Mount Diablo. 

Mount Lola. 

Round l'op to Mount Lola. 

Round Top to Mount Diablo. 

Round Top to Mount Helena. 

Mount Lola. 

23. Round Top. 

Mount Helena. 

Mount Lola to Mount Helena. 

Mount Lola to Round Top. 

I 
Observed I' angles. Corrections. 

~~~~- ____ ! 

I/ // 

27 47 26.404 -f-0.504 

97 31 65.474 ~0.457 

54 41 18.96o -f-0.250 

96 40 15.474 -f-0.026 

24 25 32.713 --0. 131 

58 54 55.366 ---0. 155 

87 43 63.715 --o. 184 
68 52 49.070 ---0.478 

23 23 57.704 ---0.427 

i 

I 
Spherical I 
angles. I 

// 

26. 908 

65. 017 
19.210 

I 15. 500 ' 

32. 582 .1 

55.211 

63. 531 
48.592 

57.277 

Spherical i Plane angles I L 'th 
excess. : and distances. ogan ms. 

i 

----
II 

17.045 

51. 135 j 

14.431 

14. 431 1 

14. 431 I 
43. 293 

....... 1.I 

16.467 

16.467 
---1 
49.400 

09.863 

47.972 
02. 165 

229100. I 

188566. I 

5. 0323 3246 
o. 3314 541 

9· 9g62 386 
9.9u6 771 

5. 36oo 252 

5. 2754 637 

5. 3398 56o 

01. o69 I o: 0029 468 
18. 151 9. 6164 224 

40. 78o 9· 9326 610 

91038.5 
188566.2 

4· 9592 252 
5. 2754 638 

5. 36oo 252 
47. o65 o. 0003 410 

32. 125 9· 9697 886 

40. 810 9· 5988 589 

213872. 4 5. 330! 548 

91038. 5 4. 9592 251 

The sides as here computed may advantageously be regarded as lines of alignment. These Jines 
have the property that for every point in the line the vertical plane at that point passes, when pro
duced, through the terminal points, or, in other words, the azimuthal difference, at any point, of the 
initial and terminal points is 18()0. This line has, therefore, an advantage over the geodetic line, 
inasmuch as the first and last linear elements coincide in direction with the respective normal plane 
sections at the termiual points; hence the line of alignment enters directly into the measures of 
horizont.al directions, whereas the geodetic line deviates abruptly from the normal section, generally 
by one·third of the angle• contained between the two plane sections, one vertical at the first st.a· 
tion and p88Sing through the opposite one, the other vertical at the opposite st.ation and passing 
through the first. 

Formula for the computation of geodetic latitudes, longitudes, and azimuth& sufficiently precise for aides 
of the "largest triangles that may be directly measured. 

In Appendix No. 7, Coast and Geodetic Survey Report for 1884, are contained the formulre and 
tables ordinarily employed in the Survey for the computation of geographical positions a.nd their 
mutual azimuths. In the application of these formulre seven-place logarithms are used, and the 
results obtained possess all needful precision, provided the length of side or distance between two 

•The geodetic line supposed drawn between Lake Tahoe and tbe Colorado River station and forming part of the 
boundary between California and Nevada, is 404. 7 statute miles, or 651.2 kilometrtll! in length; for this line we have 
calcnlated the angle at the southern end between the plane vertical section and the initial elemoot of the curve to be 
0".82 and the corresponding angle at the northern end to be 0". 73, the angular difference between the two 86()tion11 being 
three timee these amount.<i, re11pectively. Near the middle of the line these two plane 1100tions paes each other at a 
distance oC im.829, or very nearly 6 feet. 
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points does not much exceed 10, or, roughly, 69 statute miles or 111 kilometres, and the forrnulre 
may even be used up to 100 statute miles when moderate accuracy suffices. The primary triangu
lations of California, Nevada, and Utah are on so large a scale that a stricter expression for the 
numerical computation is demanded. Among the different solutions of the problem we prefer the 
one given by Lieutenant-Colonel Clarke,• which was employed in the computation of the larger 
triangles of the Ordnance Survey of Great Britain, and 1tlso in the computation of the verification 
and extension of the arc of the meridian at the Cape of Good Hope. The method is found con
venient even without specially prepared tables, such as accompany the Coast and Geodetic Survey 
formulre, two of which tables, however, could be utilized if extended to 8 or 9 places of decimals; 
this number of decimals is demanded by the extended formulre for the numerical logarithmic work. 
The surface of development is the spheroid, the dimensions of which were published by Ohuke in 
1866, and which was found to be more nearly conformable to the earth's figure (and to the surface 
of the United States in particular) than the Besselian spheroid previously employed. 

Let cp, il be the latitude and longitude of the given point, a the azimuth and s the distance 
to the second point, then the latitude cp', the longitude "A' and the reverse azimuth a' may be com
puted by the following formulre: 

fJ 
8 e2 fP sin2 1" + -6--(l _ ,..-) cos2 m cos2 a r sin 1" ., .,,. 

e2 02 sin l" . c =4 (l:-=-e2f cos2 <p sin 2a 

sini (y -0) a 
tanz (a1 + C- L1 il) =sink (y +0) cot 2 

1 COSz (y - 8) a 
tani (a + I;+ L1 il) =cosfly + &) cot 2 

1 s . sini (a' + I; - a) [ fP sin2 1" 2 1 J 
<p - <p =p sin 1" siiifla1 + c +a) 1 + ~- oos i (a - a) 

The distance s is the length of either of the elliptic arcs from the first to the second, or from 
the second to the first point, and differs only infinitesimally from a line of alignme1it and from a 
geodetic line between the same points. r is the normal, extended to the minor axis, for the girnn 
point or latitude, or 

a 
r 

(1 - & sin1 ip)"Z 

and pis the radius of curvature of the meridian for the middle latitude i ( cp + cp1) or 

a (1- e2) 
p=--~---=-

(1 - ,; sin2 cp)f 

(see our factors A and B, report of 1884-). ()is the angle subtended at the foot of the normal or 
axis by the curve /1 and it suffices for most distances, unless extremely great, to put 

e=-.-srsm1111 

the second term in the expression of fJ being very small. The angle C, also, is always a small 
quantity. We put y = 900 - <p, the colatitude, and L1 il = il' - il, the difference of longitude. The 
azimuthal angles a and a'+ Care those within the polar triangle the solution of which is contained 
in the third and fourth of the given expressions and these angles are readily changed to conform 
to the azimuths of the line a.s usually reckoned in the direction from the south meridian westward 
to 3600. If Bo be the length of a.n a.re whose amplitude is µ and whose radius of curvature for the 

•See hi1 work on Geodeity, Ox!Ord, 1880, but in particnlar the Ordnaaoe Survey of Great Britain, London, 1858 
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middle point (mean between the terminal points) is p0 t.hen with greater precision than in the above 
formulm 

µ = ~o -(!!:)3 e2 COS 2 <p 
Po 2_ 

but this term in e" will seldom come into nse. Using 8 places in the logarithms, e:, <p and .6 l may 
be stated to 3 places of decimals in the i.econds, with 9 place logarithms one place further may 
be had. 

For convenience of reference we add the following constants and their logarithms: 

a= 6378206m.4 (6.80469857] a,: b = 294.98: 293.98 

b = 6356583m.8 [6.80322378] 

a2 - b2 
e2 = -- af - = 0.00676865~0 

1 - e2 

a(l - e2) 

ti' sin2 l" 
6(1-&) 

e" sin 1" 
4(1-e") 

sin2 1" 
12 

sin 111 

Ct .830502511 

r9.99705042J 

[6.80174898] 

[6.42645] 

[i.91697] 

[8.29197] 

[4.68557487] 

For the longest line in the Yolo base-figure, Mount Helena to Mount Diablo, the difference in 
the results by the two methods, and when 8 place logarithms are employed in the computation 
is just appreciable, viz, in latitude 0".001, in longitude 0".003, and in azimuth 0''.002 

There remains the computation of the geographical position of each point; for this purpose 
we need a standard geodetic latitude <p0, a standard georletic azimuth «o, and the introduction of 
the telegraphic longitude l, there being but one station. 

Determination of standard geodetic data for tke computation of geogmphical positiom. 

Including the stations Mount Lola and Round Top, which are the easternmost points of the 
Davidson quadrilaterals, we have nine stations, at each of which the latitude and azimuth were 
determined astronomically, and we shall take the mean results derived from all of these observa
tions for the formation of the standard values <po and a 0• 

The direct results of the astronomical observations for latitude require two corrections-one 
the reduction to the station point !;:,,, the other the correction for curvature of the vertical or the 
reduction to the sea-level. The heights required for the latter purpose are given in Appendix No. 
10, Coast and Geodetic Survey Report for 1884 (Mount Lola being 2796.4 m, or 9175 feet, and 
Round Top 3173.5 m., or 10412 feet high). For the expression of the curvature between the sea 
level and the altitude of the station we have (see Clarke's Geodesy, pp. 101-102) 

o<p = - r si: 1'' (~m - e' )sin 2<p 

Putting 
5 
2 m - e' = 0.0052• and log (r sin l") = 1.4:90 

then for!. the height in metres, and ocp the correction in seconds, we have for the latitude cp 

ocp = - .000167 h sin 2<p or [,.6.212] !. 

for the average latitude 390, the number within brackets being a logarithm. 

•Q. Zaoha.riae, in his Principal Geodetic Pointa (German tralllllation by Dr. Lampe, Berlin, 1878), prefers the 
vaJn11 0.00513 
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Geodetic or standard latitude, cp0 of Mount Helena, far tke Davidson quadrilaterals. 

I i 
i ~o. J Astronomical station. 

' I 

i--i---------
1 I I I 1 Southeast Yolo Base. 

i 2 i Northwest Yolo Base. 

I 3 i Monticello. , I 
4 i Vaca. 

5 'I Mount Diablo. 

6 I Mount Tamalpais. 

7 I Mount Helena. 

8 i Mount Lola. 
1 

9 I Round Top. 

I 
I 

Year of 
observa

tion. 

l)bserved 
astronomical 

latitude. 

Probable 
error. 

Reduc-
tion to Reduc-
U'n tion to 

station. i sea-level., 

' , ___ ----- ------1-----

1880 

1880 

1880 

188o 

1876 

1882 

1876 

1879 

1879 

I // 

38 31 34.52 

38 40 37.34 

38 39 46,51 

38 22 23.38 

37 52 49.59 

37 55 19,04 

38 40 01. 02 

39 25 57.98 

38 39 46.89 

,, 
±0.06 

±0.07 

±0.09 

±0.06 

±0.06 

-0.45 

- o. 13 

-0, 31 

+0.37 
o.oo 

±0.08 -0.04 

±0.06 +0.47 

::::o.o6 -o. 22 

±0. 08 I +o. OI 

-0,00 

-0.01 

-0, 15 
-0. 12 

, 0, 19 , 

-0. 13 

--0. 22 : 

-0.46 I 

-0.52 

Resulting 
seconds 

of 
latitude. 

A. 

Adopted 
geodetic lati

tude. 

G. 

II o I tr 

38 31 35· 41 

38 40 38, 03 

38 39 43- 85 
23.63 38 22 27.02 

49, 40 , 37 52 48. 70 

18.87 37 55 20.69 

01.27 38 40 04.26 

57.30 39 25 53·34 

46. 38 ' 38 39 43· 64 

Mean. 

A-- l;, 

-1. 34 

-o. 83 

+2. 20 

-3. 39 

+o. 70 

-1. 82 

- 2 ,99 

+3·96 i 

+2. 74 

-0.09: 

The mean difference A - G is small, approximating to zero, as it should do. We therefore 
retained :ind adopted for the present <po for Mount Helena, 38° 40' 04".26, with a probable uncer
tainty of ± 0".59 The average local deflection in the meridian is about 2".2 

Geodetic or standard azimutk, a0 of direction Mount Helena to Mount Diablo, for the Davidson 
quadrilaterals. 

i \I Observed , b bl Reduc- I 
I, No. I' Station occupied. , To station observed. astronomical i Pro a e, tion to 

azimuth. i error. !sea-level.I 

,--11--·-~-----1 . °' " '--,-,-'--,-,-
: I Southeast Yolo Base. , Northwest Yolo Base. I 163 07 13. 51 I ±o. 18 . oo 

::z I Northwest Yolo Base. Southeast Yolo Base. I 343 05 02. 35 I ±o. 16 - . oo 

3 j Monticello. Mount Helena. I 91 04 25. 16 ; ±o. 21 . oo 

4 I Vaca. Southeast Yolo Base. 235 38 36. 44 ] ±o, 28 + . oo 

S I Mount Diablo. Mount Helena. I 144 28 16. 13 ! ±o. 15 

6 Mount Tarnalpais. i Mount Diablo. 274 15 15. 39 , ±o. 14 . 01 
I 

7 I Mount Helena. Mount Diablo. 324 01 24. 86 i ±o. 19 

8 I Mount Lola. Mount Helena. 67 21 62. 57 ±o. 17 . 16 

91 Ro=d Top. M=< Hcl=. 99 S8 SJ.'1 ±9. '3 

H. Ex. 18--59 

Resulting 
seconds 

of 
azimuth. 

A'. 

Adopted 
geodetic 
azimuth. 

GI. 

i 
I ! t'-G'. 

II o I // II 

-1.56 

' -I. 68 

13. 51 I 163 07 15. 07 

02. 35 343 05 04.03 

25. 16 

36.44 

16. 13 

15.38 

24.86 

62.41 

SJ. 51 

91 04 23.79 

235 38 33.47 

+1. 37 

+2.97 

' 144 28 15. o6 +1. 07 

274 15 15· 71 : -0. 33 

i 324 01 31.04 f -6. 18: 

i 67 21 59.55 i +z.86 

j 

I 

' , 
90 58 53· 01 ! +o. 50 , 

Mean. l~J 
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The mean differemw, is 8nfticieutly near to 0 to make it desirable to retain for the present the 
old value, and we adopt for the present a 0 , Mount Helena to Mount Diablo, 324° 01"31".04 ± 0".H4 

This Yalne will slightly change after Mount Lola anrl Round Top shall have been finally ad. 
justed. The average local difft,reuce i11 azimuth is about 'l/'. l 

.At the stations :\lonnt Diablo aml )fount Helena the astronomical azimuths were referred t() 
a mark, arnl not to a triang-ulatiou poiut, aud the same is the case at Mount Lola and Rouncl Top. 
The reference to tlte;.;e stations in the preceding table would therefore be iu a measure arbitrary, 
since the ,-alne mn,,;t depend on the ~Hljustmeut of the directiomi of the figure, but by applying a 
correction which is tbe mean of all corrections to the lines at the station the reference of the 
astronomical meridian tot he geometrical figure of the triangulation is effected with respect to all 
the directions; thus, for the two stations in question: 

.At Mount Diablo: 

Observed azimuth of mark (Clayton), go 42' 25".92 W. of N. ± 0".10; 
hence astronomical azimuth of mark . _ , _ ..... - - . • .... - - - . , __ .. _. 170 17 34.0S 

170 17 34 . .07 a.nd, when reduced to the sea-level . . . . . . . _ ...... _ .... - . - - ..... - .. 

" 
At Mount Diab lo thte mean correction to the 6 adjusted directions is + ".023 ( ± .ll ); 

this, added to the observed geodetic direction of tlw azimuth mark 
(250 49' 17".194), gives (sei· table below) _., _ ... _ .. , ........ . 2ii 49 17.211 

359 r.9 59.273 Hence, with the corrected direction to Mount Helena (see below) 

the angle between the mark antl .Mount Helena, afljusted .... - _ -- . 25 49 17.94 
And the astronomical azimuth referred to Mount Helena becomes, as given in the 

preceding table .. __ .. _ .. - . . . . .. __ ...... _ .. _ .... _ _ . _ . . . . • . . 144 28 16.13 
Similarly at Mount Helena: 

Obsen·ed azimuth of mark (Woods) 90 18' 14".36 E. of N. ± 0".14 189 18 14.36 
Same reduced to sea-level _... . . . . _.. _. __ .. _ .. _. __ .. . 189 18 14.37 

Mean correction to 4 adjtrnted directions at 8tation - ."032 (± .13): 
.Angle between the mark and Mount Diablo, adjusted - _ ... _.. 225 16 49.62 
.Astronomical azimuth referred to Mount Diablo .. _. . .... __ . _. 324 01 24.86 

a.s given in the preceding table. • 

We have also the following table of adjusted directions at these two stations: 

At Mount Diablo. 
Directions to-

, Mount Helena.• 

· Monticello. 
1 ·vaca. 

Azimuth mark (Clayton). 

Northwest Base. 

Southeast Rase. 

Mount Tarnalpais. 

Result of 
station adjust

ment. 

0 I II 

359 59 59.918 

20 03 30.611 

20 19 59.481 

25 49 17. 194 

38 39 09. 129 

43 24 20.921 

Corr'n. 
Figure ' Final 
adjust- seconds. , 
ment. 

At Mount Helena. 
Directions to--

i Corr'n. I 1 Result of i F" y· 1 • . : 1 re 1 ma 
station adjust- I d~ t . d 

ment. I a JUS • ! secon s. 
I ment. 

II II 

-·- - ··-----,------1------
1 1

1 

0 I II ! II ,, 

Mount Diablo. i 359 59 59. 927 'I+ . I8J 6o. IIO -.645 59 273 
- . 102 30. 509 

+ '319 59.8oo 

(17. 217) 

+ .086, 09. 215 

+. 524 21. 445 

Mount Tamalpais. ! 33 43 57· 138 + . 303 57· 441 

: Azimuth mark (Woods). 225 16 49· 650 I i (49· 618)

1 Monticello. 306 46 16. o69 I+ . oo8 I 16. 077 , 
: Vaca. 340 03 44. 097 - . 621 ! 43· 476 I 

--1 ' 

310 12 09. 218 : - .047 09.171 
1 

Mean. i - . 0321 
1 

·-·-··-· .. ·-·· --------·----··--- ....... -.. _ .. _1_.~_I I 

, ____ , 
Mean. '+ 0.023: 

Tables of rmmlting adjusted directions were prepared for all stations, since the respective 
mean corrections are to be applied to all other subordinate directions not yet adjusted before they 
can be submitted to the process of the nex:t figure adjustment, which ordinarily is of a secondary 
character. 
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For the standard longitude of the triangulation about the Yolo Basf" we have to retain, at 
present, the telrgraphic longitude of San Francisco, rstatiou at w· arshi ngton :square, Yiz: A = 8h onw 
38°.34, see Coast and Geodetic SmTey Report for 1884, Appendix No. 11, p. 4'..'.4, and derive from 
it for Mount Heleua the value A0 = 1220 38' 01".41 

These geodet:c data, rpo, ao, Au, are snhject to changes hereafter, hut gPt!Prally stanclanl aata 
are best retained, and the small corrections noted, so long as the clianges do not exceed the re
spective probable errors of these quantities. The rt'snltiug gl'olktic po;;ition,.; are appemled. 

The above is respectfully submitted by 
CHAS. A. SCHOTT, 

Assistant, ,in charge Computing Di11faion. 

Geodetic results of the Dat•idson quadrilaterals, introduci11g tlte Yolo Base into the Primary 1'riangu
laUon of California. 

, Mount Helena. 

: Mount Diablo. 

i Vaca. 
I 
; Monticello. 
I 

I Southeast Yolo Base. 

I 
I Northwest Yolo Base. 

I 
I Mount Tamalpais. 

i 
I Round Top. 

I Mount Lola. 

VICINITY OF YOLO BASE, CALIFORNIA. 

Stations. 

[Developed on tile Clarke spheroid of 1866.J 

l,atitude. 

II 

38 40 04. 260 

37 52 48.700 
38 22 27.016 

38 31 35.408 

37 55 20.689 

38 39 43. 636 

39 25 SJ. 342 

Seconds in 
metres. 

131. 4 

l 50!. 4 

s.u.o 

1352. 0 

I 172. 5 

637.8 

1345.5 
1645,0 

I==== 
From station. 

Mount Diablo. 

Vaca. 

Monticello. 

Southeast Base. 

Northwest Base, 

Mount Tamalpais. 

Round Top. 

Mount Lola. 

Azimuth, 

I II 

144 28 15. 065 

124 25 44.948 

344 41 56. 708 

343 53 20.825 

91 04 23. 793 

55 49 09.875 
114 01 51. 300 

343 05 04, 028 

86 47 25.767 
221 40 17. 291 

274 15 15.712 

90 58 53.01 

339 37 56.02 

Back azimuth. -To stations. 

0 I // 

324 OJ 31. 040 Mount Helena. 

304 05 14.405 Mount Helena. 

164 48 15. 590 Mount Diablo. 

163 57 17.696 Vaca. 

270 47 47.007 Mount Helena. 

235 38 33.468 ! Vaca~ 

293 47 15.614 Monticello. 

163 07 15. 075 Southeast Base. 

266 34 59.882 Monticello. 

41 59 15.828 : Vaca. 

94 40 24.961 Mount Diablo. 

269 20 II. 83 : .Mount Helena. 

159 51 41. 6o J Round Top. 
I 

Longitude. 

II 

Seconds in 
metres. 

I 22 38 01. 410 34. I 

121 54 51.948 1269.7 
122 05 05.607 136. I 

121 48 02. 176 52. 7 

121 51 32. 220 778. 9 : 

122 35 48, 774 : 1191. 3 : 

120 00 04, 997 120. 8 i 

120 21 55. 496 1327. 3 : 

Afdres. 

107728. 96 5. 0323 3246 ' 

579w. 57 4. 7627 5783 
56830. 39 4. 7545 8063 

3327 I. 52 ! 4· 5220 7 261 i 

385]7. 56 4. 5863 3473 
30029.78 4.4775 5212 

37160.80 4.5700 8501 
17486.512 4. 2427 0319 

28906.93 4. 4610 0196 

6729+ 58 4.8279 8008 

6o205. 71 4.7796 3767 
229wo. 1 5. 3600 252 

91038. 53 4.9592 252 
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APPENDIX No. IO. 

O~ GEODETIC RECONNAISSANCE. 

By CHARLES O. BOUTELLE, Assistant. 

The a-0companying memoir on Reconnaissance is intended to supply such information as my 
long experience suggests on a subject uot fully treated in any text-book on Geodetic Surveying 
which has come under my notice. 

It is not inteuded to supersede any portiou of Appendix No. 9, Report of 1882, on the field 
work of the triangulation, hut rather to enlarge and illustrate that portion of it which treats of 
Reconnaissmwe, h.r examplPs rlra.wn from actual casPs occurring in the usual routine, and by bring
ing out very full.\· the principles, theoretical and practical, wllich should govern in carrying on this 
ver,y difficult, responsible, and laboriouoi i)Qrtion of Coast and Geodetic Survey duty. No depart· 
ment of professional labor calls for the exercisfl of a higher order of ability, or better repays 
thorough execution. 

REOONNAISSANCE.-PRIMARY TRIANGULATION AND BASE LINES. 

Primary triangulation over any extended geographical area should be so laid out and con
ducted that its results should approach as near to absolute precision as the present condition of 
scientific research, tlleoretical, instrumental, and practical, will permit. No refinement in observa
tion or reduction should be omitted which it is possible to supply. It should start from a Base so 
selected as to ground as to present the fewest natural obstacles to the passage of apparaturs of the 
most delicate nature over l\Ver.Y part of it. The length of this base should not be less than from 
eight to twelve kilometers, while its direction and terruinals should be so 8elected as to admit of 
the formation upon it of triangles of gradually increasing sides, as the configuration· of the sur
rounding country may admit. 

OF BASE LINES. 

The terminals of a base line need not of necessity be intervisible from the ground, provided 
they can be rendered so from elevations of twelve to twenty meters. At no one of the primary 
bases of the Coast Survey at Bodie's Island, North Uarolina, at Edist-0 Island, South Carolina, at 
Epping, Me., or at the Atlanta Base, were the termini intervisible from the ground. 

While the nearest approach to a level plain iis decidedly the most favorable for a baie line, it 
is not an essential. 

In the earlier bases measuretl in tlrn Southern States near the ocean, small grades were always 
to be bad, and the number of level plaues largely predominated; but at the Epping Base, in Maine, 
measured i_n 1857, gradients of 1 in 20, or of an angular value of 30, were adopted with entire suc
cess. In 18n, when prolonged search in the viciuity of Atlanta, Ga., developed only greatly un
dulating surfaces, a base·line was finall.r selected, with gradients as large as 50, or 1 in 11.5. This 
base, which was 9.3 kilograms in lengtl1, was divided into no less than 270 difforent planes, ranging 
in their slopes from level to 5°. It was measured three times, and the a11paratus upon the second 
measure was carried in the opposite direction to that of the first and third, so that ascending slopes 
upon the first were descending slopes upon the second, yet the accord of the two measures was so 
nearly perfect as to demonstrate that the apparatus could be well an<l. safely used upon so diver
sified a surface. With the new primary-base apparatus, used at the Yolo Base, in Oalifornia, the 
maximum grade was slightly greater, or 50 21'. At this base, also, two measurements were made 
in opposite directions, with the same result. 
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In both these bases small sharp hollows were crossed upon trestle-work, which in former bases 
had been considered inadmissible. Embankments of crib-work were also used to advantage at 
Epping in 1857 and at the Atlanta Base in 1873. 

These points will be useful in searching for future base lines, and will enable the observer to 
pay greater attention to the base connections, both in respect to geometric conditions and to grad
ual development. Examples of the best forms of such connections may be seen upon sketch No. 3, 
accompanying the Coast and Geodetic Sm·\·ey Annual lfoport for 1884. The first primary base of the 
surYey was measured by )lr. Hassler in 1,"34, near the sea-beach of Fire Island. It was liable to be 
destroyed by the encroachment of the sea upon the land, and it was ingeniously transferred from 
the ''Measured Base" to the Interior 01· " ~fountain Base" upon Long Island, extending from ''West 
Hilb" to "Ruland" by a quadrilateral of good proportions, whence another quadrilateral, with 
graduall.Y increasing sides, carries the system across Long Island Sound to anotber longer side 
from '' ·w ooster" to Sandford, and f'urnislrns bases for extending the reticulation in both directions 
along tbe coast and also into tl!e interior. 

Anotller example of base connection, ha\·ing e,·ery element of geometrical precision which 
could be asked for, may be seen upon tl!e same sketch, at the Epping Base, in Maine, where the 
terminals connect with the three subsidiary stations, ''Burke," "Pigeon,'' and '' Tuuk," and grad
ually enlarge the Rides to the dimensions of the primary triangulation. Still another example of 
gradual expausio11, through quadrilaterals, may be seen upon sketch.No. 11, l~eport for 1884, where 
tue measurNl "Yolo Base" is carried iu two quadrilaterals of good slmpe from tile plain to the 
mountain summits. 

RECONNAISSANCE FOR STATIONS OF A PRIMARY TRIANGULATION. 

With bases measured and the base-connection established, the next step is a reconnaissance 
for the extension of the primary triangulation by the selection of the most suitable points in the 
proposed system of triangles. 

Certain general principles must of necessity govern this work, which is one requiring the exer· 
cise of skill and good judgment combined with readiness in the application of geometric princi
ples in the most varied forms of practical application to surveys over large areas. 

These priuciples are-
(J) Primary trfaugulation should be carried on with the fewest possible number of stations 

which the configuration of the country wtll allow, and at the same time preserve the highest order 
of precision. This is best attainable by a system of quadrilaterals with every point intervisible; 
and next by a s_ystem of hexagons or pentagons where each exterior point sees a central interior 
station but does not necessarily see every other exterior point. 

(2) Primary stations should occup.> crests of ridges, or the highest accessible summits of 
mountain ranges. This is especially nece1-1sary in the United States, whose population and re
sources are so rapidly increasing. ~.\.!though the particular object of the work in hand may be 
simply to connect certain points more or less distant by a geodetic chain, yet in a few years that 
very chain may of necessity be enlarged in every direction to meet demands for more precise inte
rior surveys. If the highest summits are cltol'len at first, even at greater first cost of time, labor, 
and money, theu when the time arrives (as it surely will) for extending sm·veys in new directions 
the old bases will be the best possible under all circumstances. 

The writer desires to especially impress this point upon future obsen•ers, who will be tempted, 
as he has l>een (and too often yielded), into selection of some point, not a crest but near one, con
venient of access, cleared of forest timber, aml filling every condition needed for the work imme
diately in hand. I cite one case to show bow this bas cost largely in the end. 

In 1845 a primary triangulation was laid out to connect Washington with the Kent Island 
base, near Annapolis. A point, " Soper" (see sketch 4, Coast Survey He port of 187 4), was chosen 
because it involved lines of least cutting for connection with stations in and near the capital city, 
and could be occup~ed, at small cost, without elevation of the 30-inch theodolite which was used 
at the station. 

In 1868 the attempt to carry a chain of primary triangles through the fiat and densely wooded 
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country close upon the seaboard, south of the Chesapeake, was abandoned, and it was decided to 
continue th1· chain which then extended from New Bruu1'wick to Yirg·inia, along the first rauge of 
hills parallel to the sea-coast, which was the origin. of the "Blue lfolge triang·nlation." It wa8 
attemptefl to use the work already execnte1l npo11 Washington and a.hove referred to; hut careful 
reconnaissance developed tlle fact that the station Soper conl<l uot lie made to look we,;terly, wllile 
only 3 miles nortliwest of it was a ridge 11Parly 100 feet higher, which commanded the entire conn. 
try in every direction, and was the crest lierween the Chesapeake and Potomac. To remedy the 
mistake of 1845 iu the later work cost the Coast Survey several thousand dollars. This is one of 
many such cases. 

(~{) In tlie older works upou geodesy ::mo is prescribed as the smallest admissible angle in a 
primary cbaiu. But since the datt> of most of tlwse works the degree of attaiuable precision in the 
observations of directiom; 11as been largl'ly i11creased, until the probable errnr of an oliserved 1lirec· 
tion in primar;v triangulation now rarel,v exceeds 0".2, an<l a change of 0".5 in each angle of a 
triangle so badly shaped tl1at one angle should be 12.'>0 and tlw other (opposite the Lase) ouly 
150 would cause a change i11 the resulti11g Ri<leR of om.07 for each 10 kilonwters of lengtli, and this 
difference wonld be large]~· reduced in the adjustment of au~- ,,~·stem of quadrilaterals of which such 
a triangle would form a part. V.'hilP, tben·fore, thP greatei\t earn should he taken to obtain only 
"well-conditioned" triangles, yet the only cac;e wl1t>rP the rule of nothing le8s that 3()0 should he 
rigidly adhered to is the case of a siugle chain a<lmittiug of 110 check betwt>en measuretl basf's. 

(4) An es.~eutial point in reconnaissm1m> i,;; tlie detPrmination hl·~·ond the possibility of tlouht 
of the inten·isibilit~· of e,\'er;y pr1mar;\· linP PSsPntial to the Rcheme. This is often a \'eQ· difficult 
and douhtfol mattn whPre the lines of sig-lit are from GO to l'.?O kilometNS in length, and the 
weather is thick arnl haz,L Patimit waiting for a hsolntP certainty, howeYer a11noyiug or Yexa
tious, or whatever hardship it may entail, is better than to allow an;v 1loubt to cloud r<'ported 
res.nits aud perhaps cause serious delay and loss of time, which is money, to the obserw·rs who 
will succeed the reconnoitering party. 

(5) Permanence of position for primary statious is an ol~ject to be carefully looked to, P~pecially 
near the sea-coast where inroads of the ocean are possible, or in places where excaYatious may be 
marle or huilclings erected. Jn atlditiou to the mmal umlerground and surface marks, a round of 
angles upon prominent near o~jects, natural and artifi<'ial, will often serYe to rec1wer and identify 
a long disused station. 

Not many years ago the writer hail occasion to reco,·er a primary station upon tlie i8la11d of 
Nantucket, originally made a quarkr of a century before, by an agsif~tant man~· years dt•ceased. 
He was conducted by two residents of the island to the "exact site'' of the former flignal. 

He bad with him the original description, accompanied with angles upon certain chnrcheR and 
light· houses, of which four, he was informed, were the same he now beheld. Ou setting up his 
instrument and obsen•ing the angles he at once saw and said to the venerable men who had accom. 
panied him that their memoril:'s were at fault. That waR not the hill on which the station bad been 
made. They scouted the idea of a mistake on their part, and were indignant that a Rtranger 8honld 
be better informed than they who had spent their lives near the place. Pa~·iug no furtlwr attention 
to them, the instrument was removed to another ri<lge nbont a third of a mile distant. \\here, after 
half an hour of tentative observation, he directed his men to dig for the underground 111ark placed 
there 25 years ago, which they quickly discm·ered within 3 feet of the place he had iud1ca,ted, to the 
unconcealed astonishment. and mortification of his well-meaning hut mistaken informants. This 
incident emphasizes the fact that the recorded description of the :,;tation, witltout the ob.~erred angle.~, 
would not have sufficed to recover the station, since the external aspect of the two hills was ,-ery 
much alike. 

Assuming that geodetic surveys will, sooner or later, be extt>nded over eYery part of the vast 
territory of the United States, it is of the highest importance that each triangulation point shall 
be so marked, and the record of the marking made so. clear and definite, that the exact gite may be 
recoverable during succeeding centuries. Topo11;rapbical features may change witl1 adnmciug 
population and wealth. New maps will he wanted. They may he quickly and read1J~· supplied 
if only the old trigonometrical stations, or a part of them, may be reproduced. At thi,; moment a 
new topographical survey of the State of Massachusetts is in progress. No new great triangulation 
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is necessary, for enough of the triangulation of 1832 to 1840 is found to furnish bases for supplying 
the new secondary and tertiary points required. For a more detailed descrijltion of methods of 
marking stations, see .Appendix No. 9, Heport for 188:.!, ''Field work of tlie Trianf?·ulation," pages 
159 and 160. Thus the officer making the recomrnisRauce for a triangulation should bear in mind, 
in selecting and making his stations, th<1t bis work is not for an immediate present purpose only, 
but that it may furnish bases for future centuries. 

Primary triangulation presents difft•reut phases and encounters widt>ly yaried difficulties, de-
pending upon the character of the country it traverse8. Of these are-

1. Triangulation across bays and lakes, like DelawlJ,re or Chesapeake Bays. 
2. Over open country, nearl.r le\·eJ, as upon prairies. 
3. U\·er a comparatively level farming country, partially woo1led. 
4. Over a hilly and wooded country, with parallel ridges of nearly the same ekvation. 
5. Over a hilly or mountain conn try, with elenttions of irregular beiglit. 
Taking these up in the orrl<>r named, the first bring1; up at once tht• limitatiom; of lengths of 

8ides, depending on the eleYations to he found on each sidA of the bay or lakP. HPrP it is import
ant to consider a point esse11tial to precision of.observation. It is that no primary li1ie, across water, 
or over a le,·el country, should approach nearer thau ten feet to tlH; 1'nrfacp of the point where the 
line of sight become8 tangent to the cu1Te ot the earth's surface. It i" apt to encounter a disturbed 
stratum of air very likely to deflect it lateraliy as well as vertimtll,\-, as also veQ' difficult to see 
through. vVhere the elevatious of the two stations abo,·e the water behreen them, and t.l1eir dil"· 
tance from each other, are approximately known, the question of their interd1;ibilitv ma;v- be quickly 
soh·ed b~· an application of the following rule, which is easy to renwmher: It assumes a coefficient 
of refraction= 0.07. The curYature (and refraction combined) in feet is th'e lnmdrt>•l and sev
enty-four tho11sa11dths of the square of the distance in statute mil1's, or U/ = 0.57 4 D 1112 , and recip· 

rocally D m = ~~~{4 : To apply this in practice, the distance from Egg Shoal to Long Shoal Poi"llt, 

near Cape Hatteras (Coast and Geodetic Survey Report for 1884, Sketch No. 5), i8 22.3 miles. 
Both stations are 12 feet ahoye Pamplico Sound. 'Vhat eleYation will be reqnired at each end to 
carry the line of sight 12 feet ahoYe the surface of the water T As the heights of the two stations 
are equal the line of sight will be tangent to the earth's curve at the midway point, or 11.15 miles 
from each end. The height required will tl1erefore = 0.574 x 11.152 = 71.4 feet. Ii now the signal 
at Egg Shoal be raised to a height of !lO fei>t ahove the ground, where will the line of sight become 
tangent to the curve, aIHl what elevation will be required at Long Shoal Point Y 

The tangent point will be /_~[~ = 12.52 miles from Egg Shoal, or 22.30 -12.52 = 9.78 miles 
'\j0.514 

from Long Shoal Point, where the height requirerl will be 0.574 x !).782 = 54.9 fert. Therefore, a 
telescope 55 feet above the ground at either station will be sure to see a Rigual !lO feet above the 
ground at the other station, and the liue of sight will he sure to pass at least 12 feet above the 
surface of the Round at the tange11t point. 

I give now an example of a difforent nature. In making the reconnaissance for extension of 
the primarJ· triangulation across MaRsaclrnsetts, it became important to make a station 11pon Uape 
Ann which should see Manomet Hill in Plsmouth across l\lassachusetts llay. A triangulation 
point of the l\~assachusetts State Sun·ey, called Railcut Hill, had beeu found in that survey to be 
205 feet above the sea, while Manomet Hill was 304 feet high. The distance between the two was 
48.5 miles. Were they intervisible, or could they be easily be made so Y 

By the foregoing formula the "portee" or distance from Manomet to the tangent point was 

=~ ~~~ = 26.2 miles. This left 22.3 miles for the remaining distance and 0.57 4 x 22.32 = 285 feet 

for the height required at Cape Ann. It was evident that a higher point than Railcut must be 
sought for. It was found at Thomson's Hill (Coast and Geodetic Survey Report, 1884, Sketch 3). 

The general formula is: Uurvature a11d refraction = (1- 2 m) ~~where R = mean radius of 

the earth; K = distance, and m =coefficient of refraction. Log. R in feet may be taken as 
=. 7.3199507, or in meters log. R = 6.8039618. The coefficient of refraction is assumed at 0.07 m, 
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which represents its mean value in the horizon from a large number of obserYations 1Jotl1 on tlte 
sea-coast and in tlle interior. If K is expressed in feet or meters, then for any distance 

Log. curvature and refraction in feet= log. K' ft.+ ~.3135'.!. 
Log. curvature an<l refraction in meters= log. 1(2 m. + 2.8'.!!t51. 
The followiug tables repl'eseut the Yalues of these quantities in feet for each mile of distance 

up to 80 miles, and for meters in each kilometer of distance up to 80 kilometern. 'fhe close ap
proximatiou to truth of tlie rule first ghe11 may Le seen hs comparing its result with that of the 
table; 0.574 x 802 = 3670.6 feet, or within 1 foot of the talrnlar Yalue for so g1<:>at a distance aH 80 
miles. Its value iu reeonuah;i;ance consists in its ready ap11licatiou 011 the grou11d, wh('B away from 
log. tables and reference books : 

Tables of i 1alue8 of currature and refraction. 

Distances in 1niles, curvature and refraction in feet. I Distances in kilometers, curvature and refraction in meters. 

M. i Feet. 1: M. 

-2-1 ::d:: 
3 ! 5· 17 ii 23 I ., 
4 I 9· I9 

11 
24 

5 i I4. 35 ii 25 
6 : 20. 66 ~, 26 

I II 
1 I 2s. 12 ! 27 

8 I 36. 73 28 

9 i 46. 49 29 
i 

IO 57· 40 30 

II 69. 46 31 

I2 82. 66 32 

I3 97. 00 33 

14 II2.49 34 

15 129. 12 35 

16 146. 90 36 

17 165. 83 37 

18 185. 92 38 

19 207. 15 39 

20 229. 53 40 

Feet. .M. 

253. 06 41 

277.74 42 

303. 56 43 

330. 53 ' 44 ! 

358. 64 : 45 

387.90 46 

418.31 47 

449. 87 48 

482. 59 49 

5I6.46 50 

Feet. 

1012. 25 
I06I. 03 

11 IO. 95 

I162.02 

I2l4. 24 

1267. 61 
1322. I2 

I377· 78 

I434·59 

551. 47 

587.62 
624.92 

663.36 

702.94 

743.67 

5 I I492- 55 

52 I5S I. 66 

53 I6II. 92 
54 167J. 33 

55 1735.89 

56 ' I799· 59 

785.55 : 57 1864.43 

828. 59 I 58 i 1930. 41 

872. 78 59 1997.54 

9I8. 12 6o 2065.81 

M.: 

71 

72 

73 

74 

75 

77 ,1 

78 . 

79 
8o 

Feet. K . 

2135.23 
2205. bo : 2 

2 277.5'2 3 

2350. 40 4 

2424. 43 5 

2499. 61 6 

2575.93 7 

2653. 40 8 

2732. 01 9 

281 I. 77 IO 

2892.68 II 

2974. 74 ! 12 

3057.95 13 

3142.31 14 

3227.83 15 

3314. 49 16 

3402. 29 17 

3491. 23 18 

3581. 32 i 19 
3672. 55 ; 20 

--~---'--·--'-------------------- -·-- -----·----

"\leters. 

0.07 

0. 27 

0, 61 

1. 08 

I. 69 
2.43 

3. 31 

4. 32 

5.47 
6. 75 

8. 17 

9. 72 

I I. 4I 
13. 23 

15. 19 
17. 29 

19. 51 

2!. 88 

24. 33 

27. 01 

I.;:. Meters. 

21 29. 78 

22 32. 69 

23 35- 73 

24 3S. 90 

25 42. 21 

26 45- (>5 

27 49. 23 

2S 52. 95 
29 56. So 

30 60.78 

31 6+ 90 

32 i 69. 16 

33 73- 55 

34: 78.07 

35 82. 83 

36 87. 53 

37 92. 46 
38 97.52 

39 107 72 

40 108. 06 

K. "\Ieters. 

41 I 13. 53 

42 119.13 
43 124. 87 
44 r30. 75 

45 136.76 

4C, I 142. 90 

47 149. 18 

48 155· 60 

49 162. 15 
50 168. 84 

51 175. 66 

52 182. 61 
53 189. 7I 
54 196. 93 

' 55 204. 29 

56 211. 79 
57 219. 42 

58 227. 19 

59 235. 09 
60 243. 13 

Values of c·urvature and refraction for sho1·t distances. 
----------------------·---- ------------ ---

K. [ l\!eters. 
I 

61 2)1. 30 

62 259. Go 

63 268. 05 

64 . 276. 63 

65 285. 34 

66 294. 19 

67 303. 17 

68 312.29 

69 '. 321. 54 

70 . 330. 93 
I 

71 i 340. 45 

j2 350. IO 

73 359. 90 

74 : 369. 82 

75 379- 89 

76 390. 09 

77 400. 42 

78 4IO. 89 

79 421.49 

fo 432. 23 

Distances in yards, cunature and refraction in feet. Distances, ctrrYature, and refraction in meters. 

Yards. 

50 

IOO 

150 

200 

250 

300 

35° 

400 

450 

500 

Feet. Yards. 

. 0005 550 

.0019 6oo 

. 0042 650 

. 0074 

. 01I61i! 

. 0167 ii 

. 0227 !I 
Ii 

. 0296 if 

.0375 ii 

.046311 

700 

750 

8oo 

H. Ex.18-60 

:Feet. 

. 056o 

.o669 

. 0783 

. 0908 

. 1042 

. u86 

. 1 339 

• 1501 

. 1672 

. 1852 

Yards. 

1050 

1100 

1150 

1200 

1250 

1300 

.1350 

1400 . 3631 
1450 : . 3895 

1500 .4168 

.Meters. 
-----1~----

Dist. 

50 

IOO 

200 

250 

300 

35° 
400 

450 

500 

·Curv.and 1 

J.{efr. 

. 0002 

. 0007 
I 

. 0015 ! 

::::II . 
. 0061 ' 

. 0083 i 

I' 
. 01081, 

. 0137 I 

. 0169 i· 

Meters. 

Dist. 

55° 
6oo i 

650. 

700 

750 

800 

850 

900 

95° 
1000 

'curv.and 
Refr. ' 

. 0204 

. 0243 

. 0285 

. 0331 

. 0380 

. 0432 

. 0488 

. 0547 
·.o6og 

. 0675 

Meters . 

Dist. 

1050 

1100 

1200 

1250 

1300 

1350 

I400 
1450 

1500 

icurv. and/
1 

Refr. 

. 0744 

.os11 I 

. 08931 

.0972 

. rn55 I 

. I 141 

. 123I 

. 1324 

: :;:: I 
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In an opP11 levp] country, where no natural or artificial ohstacleR interfere, the triangulation 
may h(• lai1l out with reference onl:r to the ln•igl1ts of 1<tructure8 erected and the gPometrical con
ditiou1< iun>h-ed. If a uHil'orru lleig:l1t above gTotmd of 70 fppt be assumed for the iustrurnent and 
signal, a11d the line of sight is rnadt> to pass 10 feet alHffe the surface at the tangent-point, a single 
serit's of 1warly l'l}Hilateral triauglcs \Yi th Ride8 about !!O miles in length ma,Y he made. This would 
he the !lest ,.;~·stem to a<lopt iu a lt>n•l woodNl country wl1ere avenues are required on every line, 
as i11 a dmin of triangles across th!:' Florida Pc11insula, where the triaugulation starts from a base 
011 tlie Atlantic Ri<le, to meet and be clieeked b,v anotlwr baRe upon the Gulf Bide. But iu a level 
and open ('otmt1·.v a syRtl'm of rprndril.ttt•ral:s with i:;ides of about l;i miles a11d diagouals of 21 will 
011ly requin' one 111on• station for e,·cry 30 milei,; of progrei,;s, and will more than gain this expense 
and labor in tlte ad1litio11al precision acquirerl. 

In a level cotmtr.r which is cnlfrrnte1l and wher!:' woo<l land is \'aluable, very careful recon
m1issa11ce is 11ece:,;sary to an>i<1 Rtrikin!!' insuperable ol>stacle8, as houses a111l ornamental trees. 
If thP eountry is int!:'rsccte<l fi>· 11avip:able creeks, as upon the sea islands of South Carolina anu 
Georgia, chains of seeornlary tria11gles along the water courses have proved tlie best resource. 
About ten yPan: ago I plarnw1l a mPthod of connecting the Atlanta and Edisto Ba:ses, hy extern!· 
i11g a chain of trim1gles from 11ear "Cnrraliee" Station. iu North Georgia, along the \'alley of the 
Sanumah Hin;r, with stations upon the hills 011 eaeli side a;,; far as Augusta, where the "rolling 
country" PIHb, a111l tl1enc!:' hy measureuwut upou the Augusta aIH1 Port R.oyal railroad, a distance 
of 80 miles, lo a co111H'Ctio11 with the eoast triaugulatim1 at Beaufort, S. U. This method of meas
urement was proposed hy Assist:rnt .T. E. Hilganl in Appendix No. !J, Report for 1867. I Lave 
alway.~ co11side1·e<l it practieahlt• upon railroaus liaviug- oul,1 a slight iiercentage of curvature, where 
the dirl'ction may ht' carefully kept up hy a11gnl:u measurements and obsen·ed azimuths. The 
railroad h('l"l' narne<l l1as one straight liuc of Mi miles in length, wldch is half the whole distance 
to ue measured. 

lll a hilly and woodecl country, with parallel ridges of nearly the same eleYation, Uie skill and 
rer,;onrcPs of the rl'connoitcring ofiicN are Sl'H'rely tried. A Hecondary triaugulation may he easily 
lai<l out, since the sides may he carried from ridge to l'idge across the intervening valle.rs. But 
tile, longer sides required for prinrnry triangles must cross these wooded ridges ai various angles, 
awl to ascPrtaln with certainty the il1tervisibilii,\· of distant points or tlw possibility of rendering 
them int!•ryi:;dble is often exceedi11gJ,,- diflicult. 

The best method is that of au apJ>roximate seconclar.r triangulation with a gradienter or (if 
oh1:wn·atio11N mu;;t lw rnn<le from tops of tr!:'es) \Yith a sextaut, starting, of courst', from some known 
base. A computation of approximate trianglf' sideH, cornuiue!l hy liuear co.ordinate;; from the 
meridian of tlie i,;tartiug point aml kept up a8 tile reconnaissance prog-resRes, will best den,lop 
hot h t lw po1's1 ble tria nglt's and the geonwtrieal Hg urn bt•Ht suited to the gronnu. Approximate 
yertil-al a11gles will giYe dift'pr(~llc!:'s of le\-el close e11ongh to decide on ele\'ations Iikels to be needed 
to Ne!' oYer i11t('J'H'J1i11g ridges, and ali,;o to ascertain wliich are the highest crests of each ridge. 
Proceeding with care in this rnauner, it will be fouud that certain points.are so situated, both in 
position, eleYatiou, au<l accessibility, that tl1ey must be primar.v stations. Others again prnsent 
equal advalltageH, and may be clwse11, that is, Borne one of them may be, while others, which had 
appeared at the outset as ,·ery prominent from their abrupt alld sharp ele\'ation abm·e the general 
]eYel, falk into insignificauce before loug and gradual slopes, which finally overtop all others. 

Keepiug iu mi11d the priuciple heretofore set forth, that." primary station8 should occupy the 
higilest crests,'' aud pati{·ntly laboring to disco,·er and identify wl1at are the highest crests, it will 
be found, when tLese are cliseon>.retl and counected hr approximate linear co-ordinates, that they 
am snseeptible of such linear counections as will, at least cost of time and money, develop iuto the 
best ohtaiuaule H~·stem of primary triangulation. Hence follow two rules for recounaissance in 
such a difficult conn try as 1 am describing, viz: First, search for tile crests or highest points of the 
highest ridg('S aud connect them hy an a1>proximate series of small triangles from a known base. 
Seeon<l, endeavor to render the sdected points intervisil1le bJ avenues across wooded intervening 
ridges, or by building high enough to see over them, or both combined. I would cite Northern 
Alabama as a. uota ble e~ample of the kind of country I have described. 

Primary triangulation over a hilly or mountain country with isolated summits of nnequal 
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height will, as a rule, admit of the fewest po8sible number of stations with the longest possible 
sides, as in the great "Davidson" quadrilateral in Oalifornia, where one diagonal is 143 miles long 
and the area of the quadrilateral is over 61600 square miles. These great distances are not attain
able east of the Rocky Mountains, as neither topographic nor atmospheric conditions admit of 
them; but the principle of the choice of the highest summits with the fewest possible number of 
stations bas been carried out in the primary triangulation along the coast from Narragansett Bay 
to the Bay of Fundy, a distance of about 400 miles, covered by 9 quadrilaterals, or about 45 miles 
to each quadrilateral. 

The conditions governing the choice of stations in the chain of triangles connecting the Kent 
Island and Atlanta Bases were of an entirely different character. The very level and densely 
wooded character of the sea-coast son th of Chesapeake Bay forced the great chain of primary tri
angulation back to the first range of hills parallel to the coast, which was the Blue Ridge, and the 
plan adopted wat1 to make the back tier of stations upon the Blue Ridge and the front tier nearest 
the coast upon the outlying foot-hille as far southeasterly as intervisible stations could oo found. 
From these conne!ting chains of smaller triangles were to be made with the sea-coast bases at 
Bodies', Edisto, and Dauphin Islands. As a matter of necessity nearly every quadrilateral here 
took an elongated form, with the longer sides along the mountain ranges and parallel to the sea
board. 

Omitting the smaller eeriee required to reach the mountaine from Annapolis, the distance of 
602 miles between the two bases is covered by 16 q11adrilaterall4, having an average length of about 
38 miles from each long side an\l 25 miles for the short side of ea.ch quadrilateral, with the longest 
side 82 miles and the shortest side 20 miles. 

In this form of rooonnaisi;ance, as in that preceding it, the tiret step to he taken i11 a general 
e:xamina.tion of the country, fixing its most prominent features in the mind of tbe observer, most 
careful watch being kept of the different phases presen~d by the principal elevations as seen from 
different points of view. Here rapid outline sketches inserted in the note-book will be found of 
great service in identifying t.he same point under.different rJ.Spects. 

This general reconnaissance also helps in acquiring a habit of self-orientation, by which, on 
reaching a mountain summiti with an extended ooup d'aJil, the eye will at once recognize and cor
rectly locate the most. salient points of view. 

This is followed by a close reconnahisance, with tile advantage that certain points ot' special 
prominence have been reeognized as belonging to the class of station8 that must be taken, thus re
ducing the work t-0 an examination of those which may be taken. As these must of necessity bear 
certain geometric relations to the "must-be" stations, the general region to be more carefull.v 
looked to is narrowed, and the work to be done more sharply defined. 

The best method is that described on the preceding page. Start from a known base, and make 
an irregular approximate triangulation; that is, wherever a cleared hill presents itself which is 
accessible visit it and observe angles upon all prominent objects in sight. If no known station is 
visible, observe the magnetic meridian as a reference point. The best instrument for the purpose 
is the gradienter, which is light, small, and compendious, enabling one to get very good a1>proxi
mate elevations with its micrometer. Early in the work some of the points seen and observed 
from the known stations will be observed, and it will be possible to compute the positions of one 
or more of the points visited. 

TJm:U:·POINT PROBL:Elll. 

If only the positions may be known to within 150 meters, it will be sufficient to insure their 
presence:within the field of view of the t.elescope if they are in sight. The "three-point" problem 
may be used to advantage if as many u three or more known points are approximately observed. 
Where the known positions are projected on a reconnoitering map, the position of the point of 
observation may be approximately ascertained by plotting the observed angle upon tracing muslin 
and fitting the three or more diverging lines to-hit the observed station, as usual in hydrographic 
work, with the three-arm protractor. But where the position of the point is wanted in proloogin1 
thA reoonnai888oce, it may be aomp11ted. AP. eumple is here ~ven. 
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~~t View Tree Mountain, near W arrentou, Va., the following angles were observed upon three 
known stations-Bull Run, Clarke, and Marshall. Required, the position of View Tree: 

At Vieu TrelJ. 

o Meters. 
1. Bnll Run =A= 0 00 i Bull Run-Clarke = c = 68!61 
2. Clarke = B = 102 Hl l\farsball-Olarke = a = 54435 
3. Marshall = C = 2-!3 30 .Marshall-Bull Run = b = 44916 

log = 4.8.3544 
log = 4.73588 
log = 4.65240 

. ( a E<in P' ) Formula of Retluct1on (1) cot X =cot R b--·~-P~R+ 1 (2) Y = R - X 
Slll COS 

0 

Known angle ACB = 0 = 86 33 4 
Observed angle BPC = P = 81 11 0 and CP1.A = 116° 30' & R = 3600 - P - P' - U = 750 45'.6. 

Marshall-Clarke = a= 54435 = 4.73588 • ~1·1-;fA-s,ill.Tu:in Marshall-Bull Run= b = 44\)16 co-ar = 5.34760 / 

0 //; 
p1 = llG 30 sin= 9.95179 c 

'j>' I , 

p 
R 

D 

= St 11 co-ar sin = 0.0051GMarsha)l ----------?-1>'~ Tree 

- 75 45.6 co-ar cos = 0.()0909 / 

+ 4.4Gl9 
+ 1. 

5.4619 

= 0.64952 

= 0.73734, 

I 
I 
I 
I 
I e 

R = 75 45.6 
cB P = X = 35 48.5 

cot = 9.40446 
cot= 0.14180 

I 
I 
I 
I 
I 
I 

cAP' = Y = 39 57.l Whence the angles at Marshall 
PcB = u:J 00.5 are deuucec.l and ACP' = 230 32'.9, 
and the sides may be computed as usual. 

TWO•POINT PROBLEM. 

I 
I 

It sometimes bappPns that only two triungulation points upon elevated peaks, difficult of 
access, are visible from lt comparatively level and lower region where a reconnaissance is being 
made to lind tbe bPst points to counect with ti.tern. 1'.,.here any two lower hills see each other, and 
also the two higher stations, thte direction and distance l>etween which is known, the positions of 
the two unknown points may be determined, as follows: Let A. and B represent the two known 
points, and C and D the two unknown ones. 

At 0 measure ACB, ACD, BCD. .A. n 
At D measure CDA, CDB, ADB. ~ /f 
Assume a length for the side CD and on this assumed base com- \ , ,, / 1 

pute the triangles AUD and BUD; theu, with two sides and included \ '"' ,/ 
augle giYen, compute ACB aud ADB. Having thus found the an· \ "' // 
gles in the quadrilateral ABCD, substitute the true length of AB \ '-, / 
and re·compute tbe triangles, th us obtaining the true position of tbe \ "'-..,,.:_ 
points C and D. ' / "- 1 

\ / "- I Proceeding in this qianner, from the known data at the out.set, \ / ~ 
it will be possible in any country like that here described to accu. ~:__--~ 
mulate approximate data which will enable the observer to lay out o 
a scheme of triangulation best adapting itself to the configuration of the country while also best 
conforming t-0 the requisite geometric conditions. 
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I have found the meth0tl of keeping np a system of linear co-ortlinateR so n><efol in this work, 
that I add examples of its prosecution and nse. Instenil of usi11g tlie azimuths of thl' triangle 
sides o!Jserved I li:rve USPll tl1eir angles with the assumed meridian for greater eouYeuieuce of 
computation. 

The exa.mplf~ given is from a reconnaissancP in :XorthPni Alaba.nrn7 to determiue the best iiosi· 
tious for the stations 11ext we;;t of the known ;;tatiorns, 'YiL-;on, Uo1Ye, aull Smitlier;;; al;;o, m:; the 
reconnaissance progressed, a;; to the possibility of rell(leriug interYisible the point '' Tauyard" 
from V\~ilson and Hmn'. Rowe is ll!ade the ;;tarting voiut, a1lll the directions from that point are 
angles with its meridian. All otlwr directions are ta ken m; angles \\"it!J parallels to the rneri1lian 
of Howe. The distances are taken from com1mtatious of approximate trianglt>s, w1iic11 are llere 
omitted. 

Computation of linear co-ordinates. 

[D = directions. K = di.stance~ in meters. J 
--------~- -----~-- - ------·- -~--------.--- ----

From where to where. D : LogsinD Log cos D Log K K cos ll Log K cos 
Ksin D Loi;;Ksin 

I> D 
---·---- ·--- ----- ----- ---------- -~~-- -----

I II 

' 

Mttl'rs. 31'-·/ers 
Rowe to Smithers. KW. r5 20 48 9.42269 9· 9S423 4· 50326 30725 4.48749 8432 3.92594 

Wilson. SW. 63 39 06 9.95236 9.64721 +4/S5; 13359 I 4. 1257~ 26973 4.43093 
Capshaw. NW. 3'.! "'? 23 i 9.72S70 9. 926Ci4 4.56335 30902 4.4S990 19591 4. 29205 
Madkin. ]\'"\\'. 3i 43 57 9· 78(i~3 9· 89811 4. 25342 LPi5 4. 15153 10969 4. 04015 
Trinity Flag. 

; 
82 9· !)9619 

: 
3· 8-19(>4 KW. 25 34 9. 11993 4. 7297 1 ~073.5 5n99 4. ;2590 

I 
' 

Wilson to Trinity Flag. N'\V. S2 04 3z 9· 891198 9. 7SS6r 4. 5~173 20433 4. 3103.i 26224 4.4rg71 
Madkin. NE. 30 IO 00 9, 70115 9. 936So 4. 50309 '") ..... ,..., .. 

~' ~"~).) 4.43989 16004 4.20424 
Looney. SW. 82 I1 ·' 30 9· <)9599 9 r312.1 4. _16539 3950 3.596b3 28932 4.46138 
Pen it. KW. ', 87 25 14 9.99956 8. 653.:") 4. 679(•3 2152 3.33zS9 47774 4.67919 

i 
Capshaw. KE. ! 9 28 IO 9.21622 9· 99404 4. (•519S 44261 4. (·4<•02 7.182. 5 3.86S20 
Smithers. KE. 22 4S 39 9. 5SS+S 9· q64(i3 4. (17965 44084 4.64428 18541 -1.26S13 
Athens church. NW. 1S 08 00 <J.49308 9.97788 4, 65223 4:c66S 4. 63011 1397 \ ·t· 11531 

Smithers to Capshaw. NW. 89 05 ,,),) 9· 99995 8. r9971 4.047G5 176. :::::. 2473(1 II 153 4. 04760 
Athens church. SW. '{-

V/ 30 25 9· 99959 S. C13S4j 4. 512.;<) 14 1 5· 3· I )0~)6 32515 -1. '120S 
Peuit. I S\Y. i;- 41 39 ~). 9209() 9. 7 2790 4.S9465 41932 4. G2255 6Ci315 4- 821(11 

i 
. , 

Tanyar<l. 
I 

S\\'. 7 5 49 30 9.98657 9. 38896 4.860S2 17774 4.24978 .. o.,.-o 4. E-:-ti.39 I ~>I 

Comlli11i11g the al.Jm·c results, we olltaiu the following table of the nnrn ber of meterH that each 
point is uortJ1, south, or west of Bowe: 

Stations. N. s. E. "\\". 

--------- -------' 

.ilfeters. 11.fdcrs . .tlftfrrs. 

Rowe. 0 0 0 

Smithers. 30725.0 S432. o 

Capshaw. 30902. 0 19590.5 
Wilson. 13359.0 2('9i 3- 0 

Pe nit. I1207. 0 74747. 0 
Tanyar<l. 1295r.o 78802. 0 

Trinity Flag. 7074.0 53198. 0 

Madkin. 14175. 0 10969.0 
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UNITED STATES COAST AND GEODETIC SURVEY. 

Sketch ~lwwiug Recounaissance for extension of I'rimary Triangulation in Northern Alabama. 
1 

Sea 1o = fioO:ooo 

These positions wheu projl~cted iu their appropriate squares, as iu the sketch, show that Tan
~·ard must see \Vilsou in order to complete the seheml~ of triaugulatiou up to the side Tan,yard
Peuit. 'l'liis line crosses Tri11it~- Hiclge ahout 4 rniks SS\V, from Triuity flag-tree, which is near 
the northern end of the ridge. The whole ridge is heaYily wooded and broad, and cannot be seen 
over from the ground at either Wilson or Tanyard. From the table we obtain directions and dis· 
tances from Tanyard to \Vilson and Rowe: 

Tanyard N. 

Wilson S. 

12951 W. jS802 

13359 w. 26973 

I Tanyard 

Ro,ve 

=N. 12951 W. 78802 

0 0 

Tanyard north of Wilson= 26310 W. 51829 =· 4. 71457 Tanyanl north of Rowe= 1295 I W. 78802 

=4-42012 

Wilson to Tanyard NW. 63° 05' IO" tang= 0.29445 Rowe to Tanyard NW. 80° 40' oo" 

=4.Il230 

tang= 0.78424 

sin = 9.9502 r 

Distance Wilson to Tanyard = 58125 meters =4·76436 

or 36.12 miles. 

Distance to Rowe to Tanyard 

or 49.62 miles. 

9.99421 

= 79860 meters= 4.90233 

It will be noticed upon the sketch that the line most neede<l ('ranyard-Wilison) intersects the 
line Smithers-Penit Yery close to the top of Trinity Riilge. Calling the point of intersection x, we 
get approximate distances by computing the two triangles-

Smithero-Wilson = 4.67965 Smithers-Tanyard = 4.86o82 

x = 59° I I' (concluded) 

Smithers= 34° 53' 

Wilson = 85° 561 

Wilson - x = 31848 meters. 

Smithers - x = 55375 meters. 

co-ar sin = 0.066 IO 

sin 9.75733 

sin 9.99756 

=4·50308 

=4·74331 

x = 120° 49' 

Smithers I 8° 081 

Tanyard 41° 03' 

Tanyard - x-= 26303 

Smithers - x = 55501 

co-ar sin= o.o6610 

9.49308 

9.81738 

=4·42000 

=4-74430 
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The approximate heights above sea are-

H.owe = 1402 feet, an(l at Smithers the approximate zenith distance of tops of trPes at 
x =HOO 24' 5(i", whicll giYes approximate eleYatious of tops of trees at 
x = 870 feet. 

·wnson =, 1185 feet. 
Smithers= 14!!0 feet, Telescope at \Vilson = 70 feet above statioll poi11t, or 1255 feet ahon sea. 
Tanyard = 850 feet, Heliotrope at \1ilson, 8.i fel't a\J(J\E' station point, or 1270 fed abon sea. 

Telescope at Tan.rard, 101 feet aboYe l'tation point, or !l51 feet ahon· sea. 
Eeliotrope at Ta11yard, lOG feet ahoYe station point,or iWG feet allow sea. 

A reduction of these qu:mtities sllows tlrnt tlle liIH' Y\'ilsou-Tan,Yan1 will pass ahont 40 foet 
aboYe tbe trees upon the inten·euing ridge, as represented b~· Uie point x, and the line is practi
cable at tlie elevations named. 

Approximate computations mid tulJJps likl' tLm;e here gi\·en are of very great sen·ice where 
long lines are sought for, in iusnring certainty of pointing· the iPlcscope in thick and hazy weather. 
As has been before state(l, approximatious to within I 00 to lJO meters will suffice to imrnrc that the 
poiuL looked for is within tl1e tieh1 of Yiew, aml much te(lions "sweeping"' and possible doubt as 
to tlle point looked for being ,,isiblc will lie arnidctl. 

Of comse in tile leYel plaiu,; and prairies, and the densely woode!l swamps of the \Vest aud 
Sonti:J, no sucb methods of en~11 approximate prt>ci,.;ion are possihh·, a111l 0111,Y a careful exami11atio11 
of every part of e\·er,v line will rend(~r i11ternsil1ility cel'tain. Cio1'e exami11ation of the best local 
maps obtainable will always show where the Yarions a11d diverging watt>r-courses head, and the 
highest grounll will, as a rule, he found in tllat viciuity, and will lielp to uarrow the field of 
personal research. 

In all the different forms in wliich primar.r triangulation is to be laid out, and whate,·er may 
be the ground to be eovern(l, tlie obsen·er uecdR to set before !1in1self dearly the })(lints to he 
aimed at, the principles to l>c applied, a11d thP methods tu !Je punrned. A quick eye aud read . .
perception, with a habit: natural 01; acquired, of Relf.oriflntation-by whieh I mean tlte faculty of 
knowing at auy point Yi8itctl for the first timl' just w!Jne to look for other poiuts iequisite to till' 
work in hand-will best llelp to ;;ecuri11g a full knowledge of the country, and will suggest the best 
methods of laying out the work. 

Very full notes and sk@tches should accompany eYery journal of recounaissauce. Every point 
which may aid a successor should be carefully noted arHl reconled. Among- theise some of the 
most important are tlie meam; or acee.ss ; comlitiuu of roath; or pathts to lie trn n'letl; what tracks 
must be opened in the final occupntiou or tbe statiou; the estimakd cm;t in time, labor, and 
money of occup_yiug the station; JH"Obable amount of damages to be paid, if any; names of the 
persons liYing near the station, am! a sk<>tch showing tlwir reside11ees; tlw uame au<l rel>1i<1ence of 
the owner, and whether his Yiews as to ti:Je use of his laud arc fa,·orable or otherwise; the nearest 
post-office, aud place from wllmrnc supplies may be procured; whether the party ocenpyiug the 
station may be hoanlell nea,r it, or if au eucamprnent will be requitsite; aud (if a lil'liotropc or 
night-signal, or both, are likely to be needed) where a proper man for tlie work may be found. 
Indeed it is impossible to be too minute in descri11tions of the selectt•t1 stati011;;. 

The best im;trumcuts are a gradienter, with ,4eYel, microuwter, aud magnetic needle. Tliis 
small and compendious instrument eompri;;es in itself C\ery cs~ential reqn1Rite for a reconnaiss;u1ce 
where obserYations ma;v he 111at!e upou thL· ground, and tht• sides 1!0 uot exc1~cd '.!.) miles in leugth. 
For longer sides it will be best to add a recounoiteriug t1•lescope and staml. A tape-line 100 feet 
long, of the kind which has wires wo\·en into the marked lineu, is ahw needed. 

For reconnaissance in a wooded country, where obserYatio11~ must be from tree tops, a 
small 6-iuch sextaut, with telescolJe ttttachetl, of the form rnm most m;e<l iu hydrograpl:Jy, will be 
better than the usual pocket sexttrnt. This and a good SP.\"glaRs and a prismatic compass are 
all the instruments 1weded. A set of spurll, like those u;;ed 11;v telegmph liut'mcn, will he fonud 
useful, as will also a coil of manila rope, about 100 feet long, and stroug enough to bear the weight 
of a man, With a ball of mar!iup, aud another of strong twine, and a suppl,Y of different colored 
material for flags. A horse and CO\'ered wagon, with one active, intelligent mau, of the class who 
can "turn their hands to anything," and :vho are not afraid to go aloft, will complete the outfit 
requisite for a reconnoitering party. 
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SELECTION OF STATIONS FOR SECOND.ARY .A:ND TERTI.Al1Y TRIANGULATIONS. 

llecounaissance for sf•Jpetion of i:;tations to he occnpiPd a;.; 1wco]](]ary triangulation points 
im:olYeR a R\•arcb of a n•ry 1li1i't·re11t Hat nn• frnrn that we liaYe been crnrnidering. While primary 
trhmgulation con•rs the country with tl e fewest possible nurnlH•r of triangles, each haYing the 
largest vosi;;il,Je area, tlw objt>ct of the seeornlar.r work is to rnnltipl~- stations for the use of the 
topographer arn1 11,Ydrograplwr. 

As these statious al>ut upoll and are co1111eded with the }Jrimar,r iotati011s, and any error intro. 
duced will not he urnltipliea aml extelllkll, the sarne l'lahorate methods of obsen-atiou are not 
necessary. The le11gtl1 of ttim1gk :,;ides rarely exceeds 25 kilometers, arnl the awrage length is 
uot more tli;rn 10 kilomet(·rs. 

'rlie 1·rco111iaissa11cr for a sf•condary triangulation he<·ornes, tberefore-
(1) A selection of points of the first onlu \Yhid1 shall start from long primary bases, and 

slwrten thr si<ks of tlie tri:rnglt».: wliile co11mia1Hli11g thP country to lw sune,yed in detail by the 
topograplt<'l' and !iytlrog1apl1<·r-. Tliese poi11ts sl1nuld hP all <wcnpied, and the triaugles should 
close with aYernge error;.; 11ot c:xcc·e<ling one to two i-;ecomls to au angle. 

(2) Secondary tria11g11la tion points oft lie ;;re01Hl order, liaHed upon the primary and first order 
pointi;, am1 i;o locak<l a1< to cornrnalld PH'!'.\ prorniliPll( o1ijt•ct Yisibk, or ''liiclt may be rendered 
Yisilile for ob:,;e1Tation from two or more stations. Suflicient precision will be attained if tl!e 
second orclPr tria11glPs elo;;:e within t11rPP seco1Hlo; to m1 auglt'. 

(3) 'l'ertiar;r triangulation points, to he ob,.;ern•d upon and uot oc('npied. These should include 
every promi11e11t poiut, such a:; elnnd1 spiH'R, cupo1m;, cbi1111w~·s, flags iu prolllineut trees, im1ecd 
eYer_ylhiug wl1ich will multiply 11s1'ful <lnta for the topogrnplier to have correctly plotted on his 
plane-table :<beet, or the h~·tlrngrapher to "angle" npo11 iu <ktermini11g the J>ositiou of hi:,; boat 
while ROlllHliug·. Of tl1ese points tltere cannot he too many, and in a difficult country, as upon 
portions of tlw bold aud rocky ,.;]Hm'R upou the :Maine coast, or upon the raeifie, eYery device pos. 
Rihle to multiply tliese "tertiary points" should be tried. Large white crosses and triangles 
painted npo11 rock.r hlufl:S make Yt·r.r ll!'Pl11l poi11t:-:. Flagl' in pro111i11ent trPes al:-:o. In tbe ease of 
using trP('S tbt·~· ma;\· lie markl•d for fntnre n·ferenc<' by cutting large triangles through the bark 
aml into the wood n11011 the tr('e at it;.; lJa,.,e. 

'i'he ofiieer charged with t11is work sl1ould Rpeciully bear in mirnl that his duty does not consist 
in laying out wPll-:,;lmpcd and s~·mmetrirnl series of trim1gles. 'i'be iorm of ea<~h secondary tri
:mg·Je ii-; nf comparathel,1· little conscqueuce, cxce11t where it forms part-of a :;y:-:tern for extending 
a work OYer a rtgioll "hern 110 primary triangulatiou is <.;arried, ai-; upon part:,; of the 1''lorida coast. 
Jn all ot!Jer places symmetry of form sl1ould be made to give plac<' to tile multiplication of tertiar:r 
points from •rell-iwkcti.•11 sr·c01H1ar~· 01ie,.;. 

·wiH:re possihle tltree lirws from secondary stations o;houl<l he made to com'erge upon each 
tntiar~· point, in order to l'lH·ck t'rrors of ob!'ervatiou which rnay possibly creep in, and which 
could not be dett>eted wl1ere there i8 only a single triangle. 

8iugle readings, din· ct and ren•rstd, are sufficient iu oliserviug upon tertiary poiuts where the 
iustrnmPnt nsl'll reml:; to lO secomls. 

Yery careful dt•seriptiou,.; sllould hp made iu tile nott•- book of both reconnoitering officer and 
oh:,;en·er ot' all tntiary 11oi11t8 oh~PI'YP<l upon!" This is of grPHt importance whern the triangula
tion ii' largt·ls i11 adYall<'e of the other pmties. But it i8 aim necessary ill y]ew of future surn•ys 
in foture ;1·pars. l'romille11t tcrtiar,v poiuts obsflTcd iu the .Massachusetts Trigonometrical Surve;1·, 
made lJetwet·1i l 8:l4 mul 1840, are being itlentifietl aud used in the restuYey of that State now in 
progress. 

The sketches Nos. 2i aml 28, which follow, illustrate all the altove rnrieties of secomlary tri
angulation. Jn the finit, npo11 the coast of l\Ia:,;sachusetts, the country is hil1y and compara
tin~I;1· 01w11, and large nnmlwrs of h'rtiar,r points are easily rletermined. 

Iu the second, UJlOll the coast of South Caroliua, uo natural elevations of 20 foet can be fouud, 
wl1ile forest tre;•s ahonn<l and points for the topographer and hydrographer are had with difficulty.• 
But, as a rule, there is a triangulation point for eYery square mile. 

• At.tm1tiou is called to tlte nse of the witle avenues opened upon the primary lines in furnislting secondary bases. 
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In this memoir I have avoided theoretical discussions and only set forth practical details. For 
full discussion of the geometrical and mathematical principles involved, I refer to Assistant 
Schott's Appendix 20, Report of 1876, on the "Adaptation of Triangulation to the various condi
tions of configuration and character of the surface of the country, and other causes." Also to 
''Clarke's Goodesy," vol. 1, 8vo., Oxford, 1880; and to" Jordan's Geodesy," vol. 2, 8vo., Stutt~art, 
1877; and "Principal Geodetic Points, and their Co-ordinates," vol. 1, 8vo., Berlin. The two last
named works are in German. 

In conclusion, the writer desires to say that be has embodied tn this paper an experience of 
over forty years, covering every department of Coast and Geodetic work. If he has succeeded in 
bringing together information useful to his comradell and liUCCelilsors, be will have aecomplished 
the end sought for and will be amply repaid. 

The SUPERINTENDENT 

U. S. COAST AND GEODETIC SURVlilY. 

H. Ex.18-61 

C. 0. BOUTELLE, 
Assistant. 
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APPENDIX No. 11. 

A PLEA POR A LIGHT ON SAINT GEORGE'S BANK. 

By HFJNRY MI'l'CHELL, Assistant, 

To our late Superiuteudent, I'rof. J. E. Hilganl, a.s a member of tbe Light-House Board, I 
made a communication some mo11th>1 since concerning the necei;i;ity of lighti; upou the summit of 
Saint George's Bank. Perhaps in all m.Y expp1·ie11ce as a coast snrn•:rnr I have never felt that I 
was doing more Christian service than wheu compiling tilt' notes that I hpg· leavP to repeat below. 

Although the position of Cape Sable was accurately d«termilled iu 1755, the' whereabouts of 
the George's was still a myster,r at the beginning of this century. Dr. Franklin had declared it111 
latitude, a.nd his conclusion was correct, lmt he di<l uot Yentnre to mentio11 it>1 longitude, and the 
charts that adopted his latitude put the shoals 3i) milt>;.; out in lougiturle. Oue ha;.; hnt to glance 
at the chart to guess how much mischief such a11 error of positiou rnust hase caused. The charts 
of that time did not agree, happily, so that tbe navigator did not t.rnst. them, a;; he now does, im
plicitly. But as the charts impron, the day and night marks of slloal8 beeome not less but more 
essential. The na,·igator hai; now a (•hart. t11at lw knows is corre<Jt, aml trn lays down his course 
with the slightest possible <leflectiou from a straight line, an•I as he shavei,; the dangerous reef or 
shoal he expect.'! to find a warning mark, for there is time and property and life to be saved, and 
the whole community shares the risk and the danger. Should it, not be a surprise then to us that 
the greatest danger on our coast, and the one feared by the largest number, perhaps, of seamen, is 
unmarked and undistinguishable except h.Y it8 hideous roar whrn the ship is already within its 
breakers' 

Saint George's Bank lies at the threshold of the Gulf of Maine, and its summit is called 
distinctively "George's Shoal," or "The Georges." Twenty miles westwaro of the Georges is the 
"Cultivator Shoal." Upon the Georges there are two spots of 12 feet given by chart, while upon 
Cultivator Shoal there is not less than 18 feet. (See Annual Report Coast and Geodetic Survey, 
1879, Appendix No. 10, for physical con<litions.) 

If we draw a line from the Nantucket South Shoal light-ship to Brazil Rock, off Cape Sable, 
we find Cultivator Shoal 12 nautical miles outside (seaward) of this line, and the 12-foot. limit of the 
George's 22 miles outside of the same line. These shoals then are outside of the Gulf of Maine 
and beyond the general trend of the coast. 

Again, if we draw a line from Hatteras to Uape Sable, which passes 150 miles seaward of 
Sandy Hook (at the apex of the great bay, of which our line is the chord), we still find George's 
Shoa.1 a salient protruding into the ocean. 

It is 100 miles from the nearest land, Chatham, Cape Cod. Its situation relative to the conti
nent is like that of Sable Island, and, like this island, it would long· ago have been lighted if dry 
land. As a shoal it is far more dangerous tbau it would he as au island, and therefore it is shunned 
and feared except by fishermen who are obliged to brave its dangers. 

lf we dra.w a line from Nantucket light-ship to Cape Race (Newfoundland), it passes about 6f 
miles out.side (southward) of the Cultivator Shoal, hut 1t passes dire,ctly over George's Shoal 
between the 18 and 24 foot contours, where the lightest draught vessel can rarely pass in safety 
because of breakers. Thus we see that George's Shoal, an untn<vrked danger, lies in the skorU8t water 
route between New York and Liverpool (and other ports of Northern Europe), and the fear of it 
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makes voyages longer and more anxious. But for this, vessels that now go wide out to sea, mak
ing a great detour, would run coastwise within Sable Island, which is well lighted. As it iis, unless 
Halifax or some other port of Nova Scotia is to be visited, vessels run far southward. Still, even 
under present conditions, vessels from Europe haul in to make Nantucket light-ship, and if they 
do so f'lkilfully they pass within 10 miles of the 12-foot spot on George's Shoal. 

A line from Nantucket light-ship to Sable Island eastern light passes 10 or 11 miles outside of 
i.:be Cultivator Sboal and 4 or 5 miles outside of George's. Now, parallel to this line at a safe· 
sighting distance from Nantucket Shoals and Sable Island lights, a ship's course would still be 
only 10 miles off George's-near e'M'ILf}h to ~ee an MdVltary light-ship, if our Government could not 
afford a more generous spark. 

It is not alone the direct danger from this lion in the path that we would present as a reason for 
a warning light, but the advantage also of the light itself as a guide. With this warning and 
guiding light the European commerce of New York would gain time and reduce its risks; and in 
less measure, but still to an important degree, the ocean commerce of Boston, Sa1em, Newbury. 
port, Portsmouth, Portland, Bath, Bangor, Saint John, &e., would be benefited. 

In our remarks, thus far, we have not considered the fishing fieet. 
One easily sees that the shortening of time, however slight, and the diminution of risks however 

small, as affecting the grand ocean commerce, must command att;ention. But it is not so obvious 
that small fishing vessels that seek these shallow waters can receive benefits from a local light to 
any extent deserving consideration, especially as their fishing ground covers 500 square miles of 
"George's Bank." 

It must be remembered, however, that the fishing fleet of the Gulf of Maine numbers over 600 
sea-going vessels of 30 to 300 tons ea<ih, with average, perhaps, 70 tons. Of these there may be at 
times 400 fishing on the George's or crossing the shoals en rout,e to more distant grounds. These 
400 vessels carry about 4,000 men, all working on shares, and presenting the most just and most 
useful form of co-operative industry that our country offers. The vessels seeking Provincetown 
Harbor, the nearest good shelter, sometimes number 500 by ftCtnal count. 

We may conceive of the Georges fleet (of 100 vessels perhaps) as gathering in t.owards the 
summit of the Bank, as near as would be safe, without very definite boundaries or uniform dis
tribution of vessels. The light that we propose, and the powerful horn placed at the nucleus of 
this fleet, would reach a very considerable part of the vessels and serve to maintain their reckoning. 
In the present state of things not only do skippers form a very indefinite idea of the where
abouts of the shoals when fresh from port, but after a few days' cruising they not unfreqnently 
lose their reckoning altogether. We submit that the sight of a light on George's SboaJ, or the 
sound of a horn from that much dreaded spot, would enable many a fishing vessel to stand away 
for port, when the storm threatens, instead of attempting to ride out the gale a;t anchor or lie-to 
with fear of dragging upon the shoal or fouling with another of the fleet. ''Though none of our 
fisheries are exempt from peril, it may safely be said that the winter ood fisheries on George's 
Bank and the trawl fishery, especially that for haddock and halibut in wint.er, are the most dan
gerous of all." These words we quote from the "Fisherman's Own Book," and from this book, 
and other sources, we learn that in 1879 Gloucester alone lost 13 vessels and 143 lives; in 1882, 4 
vessels with 51 lives, and in 1883-'84 18 vessels and about 180 lives. I give the figures for a few 
years only and only for the Gloucester fleet, which covers but tw0-thi:ms of the interest of fisheries 
on the Georges, perhaps. 

It is impossible to say what proportion of tbeae vessels might have run int.o port, ha.d they 
known their exact whereabouts, or bow many times, for fear of being caught thus in a. dangerous 
neighborhood, the fleet has unnecessarily left the fishing ground. One need not spooalate upon 
the economical relations of the case, the srory is bad enough as it stands! 

Here we have a breaking shoal lying exactly on the shortest route from New York t;o the Brit
ish Channel, and near the routes of a.U the ocean commerce of Massachusetts Bay and the Bay of 
l<'undy, with no warning light! Moreover, it is the resort of a great fleet of winter fishing vessels 
that lose their reckoning, a.nd thus their ehance of making a safe harbor in the gale, because no 
signal upon the shoal gives them tlie correct bea.rinp ud distances of the numerou port.s which 
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lie around them. They often do not know which direction from them the summit of the shoal lief\ 
and are afraid to move from the position which thick weather and darkness finds them in. 

Mr. C. H. Farley, chairman of the harbor commission of Portland (writing nnofficially, it. 
should be said), mentions that "the Dart was the largest privateer of the war of 1812. She 
sailed from this port and was lost on George's. The brother of the captain was a prominent mer
chant of Portland, and ever after that disaster, as long as he lived, advocated tht' building of a 
monument on that shoal. The bones of all who have perished them would make a monument 
higher than that on Bunker Hill; and the property Jost would pay for one of Ailvee, if not too 
high." 

:My proposition, less equivocal than that of the printeersman's brother, is, that to our brotherR, 
the fishermen and peaceful traders who have died for us on George's Shoal, l<>t UR rai>ie a monu
ment in the form of a light-house and fornish it with it fog-horn to utter one perpetual wail. 

HENR.Y MITCHELL, 
Goa.st and Geodetic Sm·ve.y. 
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APPENDIX No. 12. 

COMPARISON 01'' TRANSVERSE SECTIONS Th THE DELAWARE RIVER, BETWEEN OLD NAVY-YARD 
AND EAST END OF PETTY'S ISLAND, FOR THE YEARS 1819, 1843, AND 1878. 

By HENRY L. MARINDIN, Assistant. 

UNITED STATES COAST AND GEODETIC SURVEY, 

Boston, Mass., Marek 301 1885. 

DEAR SIR: I have prepared and desire to submit herewith a report on Transverse Sections in 
the Delaware River, between Old Na'\""y- Yard and East End of Petty's Island, compared for the 
years 1819, 1843, and 1878. 

The following comparison of the changes in the transverse section of this part of the Delaware 
River was undertaken because it embraces the principal part of tbe harbor of Philadelphia, and 
although comparisons have been made before by giving the shift of the river bed by volumes, no 
showing bas been made by means of profile of cross-section. The importance of this part of tl1e 
river may be inferred from the fact that it co>ers both of tbe Windmill Island chanuels, also 
Smith's Island Bar, and both of the channeh1 around Pt>,tts's Island. The selection of tl1e trarns
verse sections was determined by the position of the sounding lines of the surve:y made by McClure 
in 1819. These sounding lines were run, in most eases, so as to give a fair cross-8ection of the 
stream, although not at equal distances apart. 

The changes are represented on the accompanying six plates, which explain themselves in a 
great measure. Some Qf the notable chauges I will call your attention to briefly. 

From Section 1, off Old Navy-Yard, to the present southern extremity of Windmill Island, the 
cross-sections reaffirm the discovery, in a preceding comparison of depths, of the increase of depth 
on the shoal ground south of Windmill Island. The wharf line indicates a general advance into 
the stream, with a corresponding deepening in the channel and an easterly movement of the west
erly slope of the shoal, with an exception at Section 3, where this slope has remained stationary for 
the three epochs. Here at Section 3, off Pier 36, it would seem that the compensation for the 
advance of the wharf line was obtained wbo11y by t,be disappearance of the apron shown as exist. 
ing in 1819 on the city front (see Section 3). Another feature of this cross-section is the disappear
ance of the dry-ground end of Windmill Island, already alluded to in another report. 

From cl'Qss-section 4 to 9 we have the comparison of both of the Windmill Island channels. 
We may continue to notice the advance of the wharf-line, more marked however, between the 
years 1843 and 1878. This advance has in most cases been followed by an increase of channel 
depth, which is an improvement only where the depth is insufficient; but here-the depth exceeds 
the wants of commerce, so that a questionable improvement was obtained at the expense of width 
of water-way where navigable room was already restricted. The depth along the island front has 
remained without change. 

In the ·eastern channel the marked advance of the Jersey shore, by its occupation by wharves, 
bss also been followed by increase of channel depth. 

From Section 9 to 12 we have cross-sections over Smith's Island Bar. The advance of the 
wharves on the Philadelphia front is still maintained. A great importance attaches to this part of 
ib.e harbor from the fa.et brought out by the resurvey ma.de by the United States Engineer Depart-
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ment, under Oolouel Ludlow, in 1882, that the bar was shifting towards the Philadelphia shore at 
an alarming rate, in one case 300 feet since the survey of 1878. While this is troe of _the crest of 
the bar off the foot of Callowhill street (shown in cross-section 12), which was, I believe, the point 
indicated by the resnn·e~-, the examination of cross-sections 11, 10, and 9 would indicate the oppo
site tendency, tbatof a retreat of the western slope of the Bar towards the Jersey shore. The width. 
of channel-way between the Bar and the Philadelphia Rhore remains the same, as the shift of the 
Bar was either followed or preceded by the advance of the wharves in the same direction. 

At Section 9, off tile foot of Market street, and at Section 10, off the foot of Arch street, the 
increase of channel depth following the advance of the wharf line is not so decided as was the case 
along the froutage south of Mark et street; the easterly shift of the western slope of the Smith's 
Island Bar is probably the effect of tbe advance of the wharf line along the city front. The infer
ence to be drawn from the inspection of the changes shown in the transverse sections 9 to 12 might 
be that Smith's Island Bar is shifting, but more especially above Arch street, from there to the 
Elbow at Cooper's Point. 

Cross.sections 13, 14, and 15 show the changes at the Elbow at Cooper's Point. The encroach
ment 011 tl1e channel by tlie building out of the wharves is still apparent, but the large sectional 
area in this bend was not affect~d to such a degree as the part of the stream below this point. 

Tbt• remaining cross-sectionA from No. 16 to 21 give the changes in the north channel of Petty's 
Island, and those from No. ~2 to 29 show the same for the south channel along the Jersey shore. 
1 had intended to deduce from these sections the comparative value of the two channels for the 
1liffere.nt dates of the surveys, but will have to postpone this inquiry to a future occasion for want 
of time. 

Trusting tbat these plats may be of use in the future study of the changes and projected 
improvements for this part of the Delaware, I respectfully 1mbmit them. 

Very respectfully, 

Prof. J.E. HILGARD, 

Superinteiident Oo<ist and Geodetic Survey." 

HENRY L. MARINDIN, 
A11ristant Ooa11t and Geodetic 8t1,r1'tty. 
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APPENDIX No. 13. 

ON THE HARMONIC ANALYSIS OF THE TIDES AT GOVERNOR'S ISLAND, NEW YORK HARBOR. 

By "W"ILLIAM FERREL. 

w ASHINGTON, D. c., June 30, 1884. 

Srn: I have the honor to submit the following report on t.be harmonic analysis of the hourl,\
co-ordinates of the heights of the tides at Governor's Island, in New York Harbor, for the years 
1876-1878, inclnsive. The situation of the tide.station with regard to the entrance to the harbor 
and the hydrography of the vicinity can be best understood by a reference to the accompanying 
sketch (No. 35). The hourly co-ordinates, measured from the curves of the self.registering tide
gauge, were furnished to. me by Mr. R. S. Avery, chief of the Tidal Division. The series was 
nearly perfect, only a few co-ordinates having been supplied by interpolation. 

The methocl of analysis was the same as that followed heretofore, the principles of which were 
explained, and rules, formulre, and examples of the various reductions given, in Appendix ~o. 11 
of the Report of' the Coast and Geodetic Survey for 1878, in which were discussed the tilfos of 
Penobscot Bay. We shall, therefore, present here, for the most part, the results merely of the 
analysis, since to give the work in detail, with examples of the various reductions, would be in a 
great measure a repetition of what has already been published. 

As the tide-station of Governor's Island is only about 20 miles from that of Sanely Hook, there 
is not only a very great similarity in the tides of the two stations, but the amplitudes of all the 
se11arate components are very nearly ·the same for b"oth. The epochs, however, at Governor's 
Island, as was to be expected, are somewhat greater, being such as to cause the tides to be about 
29 minutes later tba.n at Sandy Hook. The tides, therefore, do not seem to be much affected b.r 
waves coming through Hell-Gate from the tides in the Sound above. 

The three years included in thiR analysis are the same as the first three of the six years em
braced in the analysis of the Sandy Hook tides. It is interesting to compare the results at the two 
stations for each of these three years, and observe how nearly the amplitudes of the se,·eral com· 
ponents agree, with the exception of a very small regular and proportionate difference, aml al1>0 the 
epochs of these components. To facilitate the comparison of the averages of the amplitudes and· 
epochs of the two analyses, those of Sandy Hook are given here by the side of those of Gornrnor's 
Island. 

RESULTS OF THE ANALYSIS • 

. The amplitudes and epochs, as given in the following results of the analysis, have all the 
rednctions applied, so that one year is comparable with another and .with the mean of all, and the 
small dUferences from year to year are simply such as result from an incomplete elimination, with 
only one year's observations, of a.II the abnormal disturbances arising from winds and changes of 
barometric pressure, and a.Iso in some measure from unavoidable imperfections of the obsen·ations. 
It is seen, however, that the differences in the amplitudes from year to year are extremely small, 
and likewise between each year and the average of all. The epochs also agree very well in all 
C&t!e8 in which the amplitude is sufficiently large to determine them, but of course when the am
plitudes are very small there are great uncertainties in the values of the epochs as brought out in 
the analysis, and a. nice agreement cannot be expected. 

H. Ex. 18-62 489 



 

490 UNITED STATES COAST AND GEODETIC SURVEY. 

M TIDE. 

! I i I Sandy! 
1876. 1877- '. 1878. I Mean. j H k 

I I ' 00. 

i-- --1----:----i----i-- ---1-
; A, = I o. 023 : o. 027 i o. 035 j o. 028 ! o. 025 

. e, = i 1250 160 ' 3480 ---- i 
A,= i 2. 153 ! 2. 147 2. 152 : 2. 149 2. 246 

e1 = i 231°. 8 230°. 5 230°. 6 : 231°. o 217°. o 

As= / o. 023 O. 029 
1 

o. 018 , o. 023 o. 027 
I I 

o. o86 : o. 082 

3280 ! 3300 

0.071 i o.o68 

82° I 86° 

i e3 = i 2100 , 2o60 I 1890 : 2020 

IA.=i 

1~= 
0. o84 I 0. 075 

334° I 329° 

o.o66 j o.o66 I 
90° 85° 

0.021 

335° 

----------- ·-------

e1 = 
A•= 

I e~ = 
IA3=1 

I
I~.= I 
A.=' 

I~. 
I 

,---
IA·=· 

£ =· 

I
A.=' 

''• = ! 

I I 

jA1=1 
lti = 
! I 

I f 

S TIDE. 

o. 033 ; o. 045 0. 050 I 0. 042 0. 032 
2420 

0.408' 

254°.7 

0.045 i 

99° I 
0.036 ! 
71° 

o. 317 

1050.5 

0.129 

66°.s 

o. 163 

1o8°. 8 

223° 

0.416 I 

238° i 234° 235° 

o. 427 I o. 411 o. 455 
256°. 2 ' 

0.037 

87° 
0.051 

61° 

26oo. 5 ,, 257o. I ! 245°. 9 

o. 043 o. o.p I o. 045 

87° i 91° 77° 
o. 0361 o. 041 I o. 038 i 
8oO 700 I 690 II 

I I 

K TIDE. 

6. 322 0.322 

1o60. 3 i to6o. o 

o. 118 ! o. 114 

510.s , 370.0 

0 TIDE. 

o. 156 i 
I 

101°. I I 

P TIDE. 

0 •. 320 i 0. 334 ' 
10$0 • 9 ! 90°· I 

1 I 
o. 120,' o. 129 

51°. 9 i 37°. 4 I 
I 

o. 156 I' o. 170 : 
IOJ", 2 g6°. 5 

I

I A1 =I o: 101 0. IJS o. 093 0. 105 o. 103 

•• = j 102°. 9 105°. 6 103°. 9 104~~----103°. 8 

L TIDE. 

l I I I I j' I A,= 1' o. JOO I 0.114 o. og6 0. 103 ' 0.092 I 

I ts = 64° 67° j. 52° 61° l 31° I 
I I I 1 

·---~---~--~----~---



 

r- -------~------ --------

,\'/,·,·t111 .<;fro t1'1.li_(/ 

f'us1t1o!ls of· 7i-,f,, (;ult_</<'-" 

11/ (;01 .,,,·1111/'.' I. a11d S1111d 1· 

.\ ('11· ];,,-/, Jfa1·bo1· 
I 

'·l,u)p ·•(ii)-r;,,,J 

· ....... •" 
.- ..... , .. ·· 

/,' 
<1 I )iri.' I I ti 11 

,iiuuUcai ,\bk., 

YIJ·R A. H:J Y 

1. 0 W"K R Ai--

i)t"<1t1k !\ 11 

ll ,,
() 

I"°:\.-

~..;.:..:._ ___ -~ •81iFf--=- -·--=-=;:i-o-""''"'V"!.=·==c:=--;11,---. • ' 

-··--------- -· ------------------------~~~ --- ~j 



 

UNITED STATES COAST AND GEODETIC SURVEY. 

AnaZy.riB-Continned. 

N TIDE. 

I 

I r876. i 1877. r878. Mean. Sandy ' 
Hook.'. 1---:---: - -- ,---- :---, 

I 
A, = I 0. 46i \., o. 482 i o. 497 o. 48o i o. 490 '! 

e1 = ' 210°. 7 I 2o6°. 5 . 210°. 8 209°. 3 i 198°. 7 ; 
I_ - -- ---- -- -~~-- ---- ---- - ------ -~----------

., TIDE. 

o. 155 ' 
! 2030 

HEIGHT OF MEAN LEVEL. 

---- I, 

491 

It was not thought worth while to extend the analysis to several other smaller cornpouents of 
which the amplitudes are less than one inch in the Sandy Hook tides, since, oa account of the near 
agreement of those above, mostly with the amplitudes and epochs of the Sandy Hook tides, there 
could be no sensible differeuce in these smaller components. 

If we take the amplitudes and epochs of the four })rincipal semi-diurnal components and like
wise of the three diurnal components, for both Governor's Island and Sandy Hook, we have the 
following relations between them : 
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If to the amplitudes of Governor's Island we add one-twentieth part we get those of Sandy 
Hook, iu both the diurnal and semi-diurnal components, within one-fifth of an inch, and much less, 
exce1lt in the case of the semi-diurnal solar component, and the greatest difference without this 
reductiou, which is in the case of the meau semi-diurnal lunar component, is only 0.097 of a foot. 

Ju the epochs the difference is 14° for the mean lunar semi-diurnal component, which should 
luffe much the greatest weight in the determination 011 account of its comparatively large ampli
tude, but the aYerage of all is 120.u. Iu the principal diurnal component it is 150.s, though in the 
two other very small components, with amplitudes so small that tht1 epochs cannot be accurately 
broughtont i11 theaualysis, they are much less. Putting, therefore, the geueraldifferenceoftheepochs 
for both diurnal and semi-diurnal components at 14°, as given by the principal semi-diurnal com
ponent, this girns 28 lunar or about ~m solar minutes for the time that the tide occurs at Governoi:'s 
Island after the time of the tide at Sandy Hook. Considering the small difference in the ampli
tudes of the co1hponents of the two stations, this is the only correction required to reduce the tide
predictions of Sandy Hook to those of Governor's Island with sufficient accuracy for any practical 
purposes; but if thought desirable the height of the tide above or below mean level can be dimin
ished one-twentieth, a correction which would amount on the average to one-tenth of a foot. 

These results, therefore, show that it will be unnecessary to make separate tide-predictions by 
means of the machine, or otherwise, for both Sandy Hook and Governor's Island, but that the lat
ter may be obtained from the former with sufficient accuracy by simply adding 29 minutes to the 
times. 

The heights of mean le\"el, A 0, above the zero of the tide-gauge, indicate that this zero changed 
its level at the rate of 0.26 feet, or about 3 inches, in two years, a.s there seems to be .a gradual 
increase in the values of A 0 for the several years. 

DETERMINATION OF GENERAL CONSTANTS. 

In the tidal theory there are certain constants which have to be determined from observation 
for each tide-station, as explained in Appendix No. 11 of the Report of the Coast and Geodetic 
Survey for 1878. From the theoretical relations of the three principal diurnal comt>or1ents given 
in section 31 of that Appendix we get from the results of the analysis for Governor's Island the 
following three Pquatious: 

o.320 - o.6 oµ= (.5306-13.1 oµ) (1 + .230E) Ao 
.157 = .3813 (1 - .230 E) Ao 
.105 = (.1730 -13.6 o µ) (1 + .196 E) Ao 

The solution of these equations gives 

oµ=-.0005 A 0 =0.505 E=-0.788 

In making out the preceding conditions it was assumed that the moon's mass µ is equal 
0.0125 of the earth's mass. The preceding conditions give a correction for this assumed mass of 
o µ = - .0005. With this correction we get 

1 
µ = 0.0125 - .0005 = 0.012 = 83 

for tlie moo11's mass. This, we have reason to think, is about its true mass, but the result mnst 
be regarded as being in some measure accidental, for the amplitudes of the diurnal tide are too 
small in the Atlantic Ocean to obtain an accurate determination of the moon's mass; and, besides, 
these relations are generally disturbed by shallow-water components of the same period, where 
there are sensible components of this sort, as there are, except in very deep water. 

From the relations of the first two equations in section 32 of the Appendix referred t.o above, 
we get with the epochs of K 1 a.nd 0 1 in the preceding reaultil 

1000.9 == Lo+ 130.18 G 
1030.2 == Lo-180.18 G 
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From these we get Lo=104°.5 and G=O.l. From the ftrst of these we get 

1040
·5 =7 ho rs nearl 140.492 ll y 

for the mean time by which the diurnal tide follows the upper transit of the mean moon. The 
value of G, above, indicates that the maximum of the diurnal tide follows the maximum of the forces 
by 0.1 of a day. 

From the relations of section 33 in the Appendix, referred to above, we get, with the amplitudes 
of these components in the preceding results, 

.1931 c=(.4852-36.2) (l+.425 E) 

.0573 c=(.1256-3.2 oµ) (l+.460 E) 

.2218 c= .1922 (1-.228 E) 

The solution of these equations gives , 

oµ=.0025 c=l.0750 

The :first of these, as a correction for the moon's mass, give11 

E=-1.117 

for the moon's mass. The preceding conditions, which are essentially those used by Laplace, have 
always given a mass too large, the mass ohtainerl by Laplace being about 7\. But the declination 
inequality wl1ich enters into these conditions is only 1..5 inches in amplitude, and hence it is too 
small to base a reliable determination upon it. 

The constant c being greater, as usual, than unity, indicates that the amplitudes of the smaller 
component, in being superimposed upon the mean and principal lunar component, are decreased 
about one.thirteenth, from the effect of friction being as a power greater than the firs• power of 
the velocity. 

From the relations of the first two equations of section 34: of the same Appendix, we get 

2310.0 = L0 

2570,1 = L0 + 24P.4G. 

With the value of L0 in the first equation, we get from the second G = 1.07, which indicates 
that the maximum of the semi-diurnal tides follows the maximum of the forces by 1.07 of a day. 

With the value of L 0, we get 

2310.0 - 7 97 h - 7h 59m 2iso.9i:;4 - . ours -

as the time by which the high-water of the lunar semi-diurnal component follows the transit of the 
mean moon over the meridian. 

None of the preceding general constants differs much from those obtained in the same manner 
from the results of the analysis of Sandy Hook. 

I have the honor to be, very respectfally, yours, 
WILLIAM FERREL. 

Prof. J. E. HILGARD, 

Superintendent Coast and Geodetic 8urt1ey. 
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APPENDIX No. 14. 

REPORT ON DEEP-SEA CURRENT WORK IN THE GULF STREAM. 

By Lieut. J.E. PILLSBURY. U.S. N •• AIOIOistant. 

LETTERS OF INSTRUCTION, 

COAST AND GEODETIO SUB.VEY 0FPICE, 

Washington, January 27, 1885. 
SIR: As soon as the steamer Blake and the hydrographic party under yo11r charge a.re 

ready, you will please proceed to the Straits of Florida. and execute the following hydrogra.phic 
work: 

I. Run lines of soundings, &c., from the east coast of Florida and in the northwest Providence 
Channel, according to the scheme that will be furnished to you. 

II. Obtain a series of observations for currents in the Gulf Stream between Cape Florida and 
Gun Cay, Bahama Banks, followed by a similar series between Cape San Antonio and Yucatan; 
this to be followed by other observations at the first station. 

The latter observations need only be taken at part of the stations first occupied, but should 
be made at another phase of the moon, in order to study, as far as practicable, such tidal action as 
may exist. 

You will endeavor to reach Hampton Roads before Jnly 1. 
The Hydrographic Inspector will furnish you with pr~jections and other data requisite for 

the execution of the work. 
Yours, respectfully, 

Iiieut .. J.E. PILLSBURY, u. s. N., 
Assistant Coast and Grodetic Surtieg, 

J. E. HILGARD, 
Superintendent. 

Oomnia.11-ding Steamer Blake, Navy-Yard, Washington D. 0. 

DETAILED INSTRUCTIONS. 

COAST A.ND GEODETIC SURVEY OFFICE, 

Washington, January 26, 1885. 

DEAR BIR: In carrying out the instructions of the Superintendent dated January 27, instant, 
you:wm be guided as far as possible .by the following considerations: In runuing the lines of 
soundings on the Florida. coast and in the northwest Providence Chaunel it is desirable to take 
serial temperatures in crossing the Gulf Stream, but in the event of ba<l weather coming oo, neces
sitating an abandoning of any line, it is not advisable to expend much coal in the endeavor to exe
cute this part of the work, as tbe primary object of the season will be to make complete current 
observations, and nothing should be allowed to hazard the success of that undertaking that can he 
foreseen. 

In taking the current observations it is desired to obtain a complete series at five or seven sta-
, 495 
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tions across the G11lf Stream between Oape Florida and G11n Cay, Bahama Banks, of snrfa.ce, fifty 
fathoms, and at some depth between that and the bottom, occupying each station twenty-four or 
more hours at points at which it is possible to anchor. 

Between Cuba and Yucatan the depth of water will probably prevent anchoring in a pa.rt of 
the passage about sixty-five miles in width. On this part you will make at least one drifting 
observation, making three trials from the same point, with buoys for surface-currents and also for 
sub-currents at fifty or more fathoms depth. 

One series in the Str.aits of Florida and one to the westward of Ouba are necessary, but it is 
very desirable also to make a second trial in the former, occupying one of the first stations at a 
different phase of the moon. In this second trial the weather will probably be more settled, and 
it is advisable to endeavor to make observations at one point for a long interval rather than to. 
occupy more stations for shorter lengths of time. 

Very respectfully, 
C. M. OHESTER, 

Oomma.nder, U.S. N., and Hydrographic Inspector Coast and Geodetic Survey. 

Lieut. J. E. PILLSBURY, u. s. N., 
Commanding Steamer Blake, Washington, D. 0. 

REPORT. 

U.S. COAST .A.ND GEODETIC SURVEY, 

Steamer Bl<ike, October 5, 1885. 
SIR: I ha\fe the honor to make the following report, of the season's work at Gulf Stream cur

rent observations, in obedience to the instructions of the Superintendent, dated Jannary 27. As 
this is the first sea.sou in which the party under my charge has been engaged in ooservations of 
this character, and as I believe it is the first attempt by any party to use the methods which were 
used by us, and also because I think that the student of the results should have a full knowledge 
of the met.h0tls, I veuture, even at the ri~k of submitting a rather voluminous report, to explain 
the instruments used to obtain the observations and the manner of using them. 

The object of the cruise was to anchor in the deep water of the Gulf Stream, and to observe 
the currents from the vessel so anchored. The first thing therefore to do, was to devise a method 
of' anchoring the vessel expeditiously, with certainty, and with safety to the vessel and appliances. 
The Blake was formerly fitted with dredging gear, and for the sake of economy all the parts of this 
apparatns which could be used were incorporated in the arrangements made for anchoring. With
out stopping to explain the reasons for discarding various ideas which were presented for over
coming the enormous strains in anchoring, or to give the reasons why oortain other ideas were 
adopted, I will at once give a description of the gear used. It was thought to 1be absolutely 
necessary to relieve the sudden strain (due to the motion of the vessel) on the anchoring cable. 
To do this a heavy spar or boom (s, illustration 36, fig. 3) was attached by a goose-neck t,o the 
pawl-bitt (t) in the bow. This boom was held up by a steel-wire rope or topping-lift (a) at an angle 
of about45o. The topping.lift rove through a large block (v) at the masthead, and thence through 
another large block on the deck, the same distanCP. abaft the mast that tne end of the boom WM 

forward of it. At the end of the Jift abaft the block was attached an arrangement of rubber 
butters about 8 foot long, into which was hooked a powerful puwhase. It will be seen that upon 
any weight coming on the end of tbe boom . the strain wtt.s transferred by straight thrust to the 
pawl-bitt, a straight thrust downward on the mast, and a pull_ forward on the rubber bufters com
pressing them. 

This arrangement worked admirably with great straim:1, but the pitching of the veBBel, camring 
the wire-rope toppiag·lit't to continually move the sheaves of the two blooks over which it rove,, 
necessitated a. change. The rubber accumulator (w) was then placed betw~ the boom and the 
topping-lift, and DO trouble was afterward experienced. The anchoring line at first used, ormtiler 
tried, was the old dredge-rope of galvanized steel wire. This was a Iitt.l~ more than I .illeh 
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in diameter, but it was soon discarded as being altogether too weak, and another oue of if and ~ 
inch diameter used. This line was carried on the old dredge-reel, and led from it to the ma.in 
reeling engine, and thence through a large leading block (x) at the outer eud of the ooom. 'l'he 
leading bloeks were of very heavy make, with sheaves nearly 2 feet in diamPter. During the 
cruise four of the straps of these blocks showed signs of giving way, but the weakness was dis
covered in time, so that no accident happened. 

The operation of anchoring was as follows: The anchor (about 700 pounds in weight) w~ 
bung by the anchoring-rope fr-0m the end of the boom; at the signal, the men at the reel-brake 
and reeling-engine brake eased tllem slightly and allowed the rope to pay out, keeping as nearly 
as possible an even speed of ab-Out 60 or 70 fathoms per minute. Upon tbe anchor touching the 
b-Ottom, if it was not paying out faster than this, the rope would stop running, and the register 
being read, the depth was known. The rope was then paid out slowly, the anchor dragging 
along the bottom and the ship drifting. If the anchor nipped, the boom would immediately come 
down more or less, depending upon the current, and the rubber buffers would compreSl3. After a 
certain scope was out, generally about twice the depth, the rope was secured by a screw clamp, .so 
88 t-0 relieve the strain on the reeling-engine and reel. We found that in heaving in we collld 
always t;ell when the anchor ceased to hold on the bottom by the jumping of the boom. With SOO 
or more fathoms of rope out, the time of heaving in and securing the anchor was generally less 
than 45 minutes, including getting in the jackstay (which will be explained further on), the ship's 
engines being used ro st;ea.m a.bead, so as t-0 ease the strain. WHh but little current the reeling. 
engine could heave in the anchoring.rope more than 50 fathoms per minute. 

The instrument devised by me to obtain the strength and direction of the currents at any 
depth consi8t.s of a frooJy.moving rudder of thin metal (a). (See illustration 38, figures 1 and 2.) 
On the front of this, and attached to the rodder, is a set of four m~tal cones (b}, placed at the extrem
ities of two arms or spokes which are at right angles to each other. The cones are attached to the 
arms in such a way that the center of the base of each is equidistant from the center of the spokes, 
and the apices of all point in the same directfon with reference t-0 the spokes, so that when in the 
current the base of the cone above the axis is towarcls the current and the apex of the cone diamet
rically opposite. At the axis of the system is a small ·shaft turning in points, and by a worm on 
it turtiing as it revoh·es differe11tial wheels (c) which register revolutions. 

Below the rudder is a oompas~ bowl (d) and needle hung in gimbals, and a device (e) by which 
the needle can be lifted and clamped at any time. The rod performing this (f) runs through the 
stem on which the rudder swings, and attached to the same rod a system of levers (g), fast to the 
rudder, clamps its motion in a notched ring (k) surrounding the rudder at its middle. .A.ttacb~ 

ro the levers are two horizontal wings or fins (k), so arranged tha.t when the instrument is moving 
upward through the water the pn.>ssure of the water on them will clamp the rudder in the notched 
ring a.nd will lift, the compass neetlle, thus fixing the angle between the rudder and needle, and it 
remains fixed as long as the instrument bas an upward motion. .Above the rudder is a small pro
peller (l), arr1mged in such a way that it will give downward motion to its shaft when the meter 
bas upward motion. The shaft moves through the center of the rudder shaft, and communicates 
by a small st;em to the fius and levers described. The office of this propeller is to lock the tins after · 
they have already clamped the needle and rudder. The whole arrangement worked well, the pro
peller looking when palled through a space of 15 fathoms at good speed. The working parts of 
the met.er are inclosed in a. strong metal frame, which is hnng in trunnions or gimbals (m), so that 
by attaehiog a weight at its lower end (n) it remained in a vertical position. 

A value for the divisions on the regist;er or the number of revolutions of the speed indicator 
per knot oould be obtained only by comparisons with the log, and every opportunity was taken to 
make the oompari$on. .A 21-foot pole was used iDstead of a log chip, and the meter was lowered 
to 3g fathoms. Some of the register readings with currents of a.bout half a knot as shown by the 
pole were about 100 turns Jess than with a stronger clll'rent, but it was thought that this discrep: 
-.ncy was due t.o eTfOl' of pole rather tba.n error of meter, and therefore an average of all wa.s 

. a.et)epted. When it is remtm1bered that 100 turns of the speed indicator in any case are less tha.n 
ooe..t.onth of a knot, the error of the mean, it will be seen, can be bnt little. The meter as at first 
made had a amall wing attached t.o the rudder, which was intended to hold the speed indicator 

H.&.18--G3 
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from turning as it was lowered, and another device on the propeller stem for st,opping it when the 
propeller was screwed down in hoisting. The fear of uncertainty of action of the former led tQ its 
abandonment, and with the latter the speed of hoisting cause1l sncll a variation in the amount of 
water through which it should he pulled to loek that I was Jed to discard it also, and to depend 
altogether on a correction to be applieil. 

The speed indicator turning a given number of revolutions when passing through a given dis· 
tance in water, the correction due to hoisting and lowering could be known, and also knowing the 
speed of the intervening currents between the surface and the point of lowering and the time, the 
speed of the av-erage current was taken as the one causing the error. The two forces turning the 
speed indicator were, the upward flow of the water in lowering a given distance and the downward 
flow in hoisting the same, and the mean horizontal flow from the time of touching the water to_the 
time of stopping, and from the time of starting to hoist until the meter was out of water. 

These forces were given a value in terms of revolutions, one being the base of the triangle and 
the other the perpendicular, and from Bowditch table II the hypothennse taken. For example, 
the meter being lowered to 15 fathoms in a mean curre11t of two knots, the time of lowering being 
20 seconds and the time of hoisting 25 seconds, the nnrnber of revolutions in 45 seconds in a two• 
knot current would be 26; the nnmber caused by lowering and hoi:,;t.iug through 15 fathoms would 
be 30. From Bowditch table II we take out 40 as t.he corrention to be subtracted from the register 
reading to give the number of turns caused by the current at the depth required. In order to test 
the regularity of revolution, at some of the stations every alternate observation was made at the 
same depth, under the supposition that in short1ntervals of t.ime grea.t changes in velocity will not 
take place. These curves are surprisingly regular, all(l as the observations were taktJn for this test 
at 130 fathoms depth, where the correction is large, the regularit,r of the curves confirms in a meas· 
ure the accuracy of the method of correction. It hardly seems possible that there can be au error 
in the greatest correction of 10 revolutions, which would be less than one one· hundredth of one 
knot. 

In order to prevent the meter from being swept astern by the force of the current the following 
arrangement was provided: A strong wire called a jack-stay was attached to a boat anchor and 
three shot and sent to the bottom after the ship's anchor was down. The ship's anchoring rope 
was then veered so that the vessel dropped astern until thejack->1tay wire was np and down; the 
meter was then attached to this wire by a metal ro(l and roller called a traveler. It was found 
that it was very difficult to keep this jack-stay from dragging over the hott.om ; it was therefore 
abandoned and the following substituted : When the ship's anchor was on the bottom a piece of 
line, the length of which depended on the depth of water, was attached to the anchoring rope; at 
the other end of the line were attached three shot. and the jack-stay wire, and both the jack-stay 
and anchoring rope veered !I.Way together. The line was only to act as an anchor on the jackstay 
to prevent it dragging, and the weight of the shot to keep it vertical. It wai;; found to work very 
well. 

The meter was lowered attached to the jack-stay wire by the traveler as described. The meter· 
wire was swept aft., forming a considerable curve with the greater depths, and it was a matter of 
doubt as to what w1is the actual depth of the meter below the surface. As deep as 100 fathoms 
the actual position was found by using a Bassnett's sounding-rod, which is a register of depth de
pending upon pressure. The proportion of wire to pay out to carry the meter to a certain depth 
was thus known for all but the greater depths, and with these judgment was used based on the 
experience of the others. At 65 fathoms from 6 to 30 fathoms more had to be veered. At 130 
fathoms, from 20 to 60 fathoms additional. 

The actual depth of the meter as giveu in the record I believe to be correct to within -0 per 
cent. Greater depths conld have been obtained if we oould have used heavier weightiS on the 
meter, but having out the one instrument I hesitated to do anything that would risk it until the 
sea.son was successful in the amount and kind of the work attempted. The effect of the bight or mid· 
die of the wire being swept aft by the current would be t.o raise the meter above tbedeptb desired 
into a stronger current. The register wonld then show all the 11.o.ctuationa in the eob-eurrent.s that 
were found on the surface. The trnstworthio088 of the meter in the sub-ettrrenta i8 shown by the 
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variations, for in many instances the velocity of the sub-current did not increase or decrease with 
the surface, although in most instances it did. 

The most serious difficulties in connection with the meter were these: 'fhe compass-needle 
was gold-plated, silver-plated, and covered with shellac, and iu spite of these coverings the rust 
would come through; the needle became pitted and lost its directiYe force somewhat, but the latter 
was corrected by remagnetizing it by means of the Brush dynamo. The rust collected about the 
pivot a.nd in a short time blunted it su that the needle woultl hardly move. Whenever a series of 
observa.tiom; were completed, and oftentirne:,; in the middle of a series, the meter wa.s taken up and 
the pivot filed and the needle cleaned. Considera.hle trouble was experienced from sea-nettles, 
with which at times it seems the Gulf Stream abounds. These nettles are in appearance about 
like sewing-silk, and if one of them became attached to the registering gear in any way it1i1 motion 
was retarded. A thorough inspection was made each time, and if there was any doubt of the cor
rectness of the reading of the register the observation was duplicated. Of course there are some 
errors which may have escaped notice, but every care was exercised, and, I believe, the errors are 
very few. The meter was only experimental-that is to say, it being the first of its kind, there was 
no certainty that it would work. It was found, however, that with the exceptious mentioned (dis
carding the arrangement for locking the speed indicator), but one other change was necessary, 
which was to substitute a propeller with three blades instead of two. One or two additional 
changes have been made with the new meters, by which they can be taken apart more easily, but 
these are not essential for accuracy. · 

The original instructions received from your predecessor, dated January 27, directed me to mske 
a series of observations in the Gulf Stream between Fowey Rocks and Gun Cay, to be followed by 
similar observations between Cuba and Yucatan, and these to be followed by another series at the 
first station. I first made five or six trial anchorages fort.he purpose of testing the gear, and iu 
one of these, near the Yucatan Bank, I discovered evidence of tidal a.ction at 75 fathoms depth. 
Surmising that perhaps a thoroughly exhaustive examination at Fowey Rocks could not be made, 
under certain circumstances, in the time allotted, I requested yon, through the Hydrographic In
spector, for authority to modif'.y the scheme lai<l out, if I should deem it for the best interest of the 
sur>ey, after I had made the first set. of observations. On the first set I felt confident that tidal a.c· 
tion was noticeable, or at any rate something caused a fluctuation in the strength of the daily flow. 
I also found that the axis of the stream was not situated near the position supposed by Professor 
Bache. I found, too, that the strength of the current at 80me station~ was on the surface, while 
in others it was below, aud the contrary re:,;ults I attributed to laok of observations. My conclu· 
sions were, therefore, that exhaustive research at one place would give more positive results to the 
survey in the cause of science and hydrography than only a partial examination at two places, and 
I trust that as ~on examine the record yon will consider that my decision was well taken. It was 
my intention, in laying out a scheme of action to follow in taking the observations, to occupy cer
tain stations at about the first and third quarters of the moon, and again at new and full moom~, 
at exactly the same rela.tive times at each. Oould I have had good weatuer this scheme could 
have been carried out, but unfortunately good onlinary weather does not mean good anchoring 
weather in 500 fathoms of water. I found it impossible to follow any scheme exactly. With a 
moderate easterly breeze the west side of the stream was too rough; with a westerly one the east 
side had to be avoided. In any place we had to get under way at a squall if it was thought to be 
•vy. I presume many times that we did get under way we could have remained, but with no 
duplicate gear on board I wa,s afraid to risk carrying it away until I had made a successful season. 
I feared, too, in ease of au accident, there might be some loBB of life. The anchoring rope with a 
strong current was probably standing a strain of eight or ten tons, the topping-lift and bnfi6rs even 
i. greater strain, and with these forces distributed abo11t the ship ou both sides and aloft, if any
thing did go it could hardly mi88 injuring some one, if not worse. As the season progressed, and 
the weak points in the anchoring gear had been strengthened as defects appeared, we were at last 
able to ride through squalls of oonsid.erable force without fear of carrying away anything. 

I presume in the future there will be .ma.ny series of current observations across the Gulf 
Stream, and as this is the narrowest part of the stream, 1 have given it the name of "Gross Section 
A» (see sket.e.b. 37}. The ourreut stations I numbered in snooessi.on from west to east-1, 2, 3, 4, 5. 
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The second time I occupied a station I gave it, in addition to a number, a letter, thus, la,2a, &c., and 
the third time, lb, 2b, &c. (See sketch 38). The same number indicates observations ta.ken at about 
the same position. The observations were taken at 3z, 15, 30, 651 and 130 fathoms, and at one or two 
stations at 2 fathoms and 210 fathoms. D11ring the earlier part of the season the meter wa.s allowed 
an interval of thirty minutes to register at all depths, except in some instances, when dupl~ate ob
servations were taken. Dtiring the latter part of the season the observations at ~ fathoms gen
erally took fifteen minutes, at 15 fathoms twenty minutes, and other depths thirty minutes. It was 
thought that the multiplication of an error in the record of the currents of the upper strata, where the 
total correction in any event would be small, would give results of the same correctness as in the 
lower strata, wl1ere the corrections are large. In other words, the error at 3z fathoms multiplied 
by 4- would be as correct as the error at 130 fathoms multiplied by 2. 

The observations for velocity taken on stations 1, 2, 3, 4, and 5 are more liable to error than 
on the other stations, for the reason that during these observations the propeller was used to lock 
the velocity apparatus, and an uncertainty exists as to the exact length of time required to com. 
pletely lock. It is thought, however, that the greatest possible error due to this defect would be 
expressed by a number of revolutions equal to one-third the depth at which the observation is· 
taken-that is, at 30 fathoms, a possible error of ten revolutions, and RO on. On all other stations 
it is believed that an error of ten revolutions would be excessive on even the greatest depth. 

Efforts were made to obtain temperatures at the various depths by attaching thermometers to 
the uieter wire, but they were not successful. The meter wire had a continual vibration when in 
use, and the index of the thermometers (Miller-Casella) would become shaken up, in some in
stances even into the bulb. The Negretti-Zambra thermometers were found to turn by the force 
of the current in too short a time to allow them to register properly. The observations for teru
J>erature were consequently given up during the latter part of the sea."!on, and it is proposed for next 
season to have a small rubber arrangement made by which the vibration will be overcome and the 
thermometers register correctly. 

The appended curves of currents at same depths (illustrations 41 to 46, inclusive) repr~~nt the 
actual observations plotted according to time and revolutions of the meter. In strict truth, our 
whole knowledge of' the currents is confined to the observations, and perhaps it is unwarranted to 
connect the points by curves instead of straight lines. I believe, however, that the curves more truly 
represent the actual change, or the condition of the currents at any time. On these sheets, near 
the middle or at the lower edges, are shown the times of the meridian passage (upper transit,) of 
the moon, and the declination each day. All times are local apparent time. 

On these curves doubtful observations a.re inserted, bnt are connected by light dotted lines. 
The vertical curves in heavy black broken lines (illustration 43) are the means of the actual obser. 
vations; those in lighter broken lines are constructed from the means ta.ken from the curves of veloci
ties at the same depth. Illustration 40 shows the approximate declination of the moon during the 
season, with the position of each station with reference to the declination and phase plotted at its 
proper place. · Illustration 39 shows the profile of the bottom on the upper half, and below is a curve 
which represeutt1 a portion of ihe monthly variation iu velocity of the current at No.1 station. The 
points are plotted on the co-ordinates of the moon's declination a.nd velocity, the mean of the surface 
velocity and the approximate declination for the middle time being ta.ken. From this curve, which 
inclmles declinations from about 60 south, increasing to the greatest southing, and thence to about 
mo north, it will be seen that apparently the velocity remains nearly constant until the greateet 
declination is reached, when it increases rapidly until a day or two after the greatest south
ing, and then decreases again, probably to go through the same fluctuation with northern dec
lination. That this is an invariable rule there are no means of determining with only the meager 
data thus far obtained, and I have only introduced this curve as an assistance in laying out 
a scheme for future investigation. That there is a diurnal fluctuation in the velocity of the stream 
l think cannot l>e doubted, and it would seem that this daiJs variation may have given rise 
to the commonly accepted theory that the axis of the stream varies in position, sometimes 
daily. The axis of the stream, or the line of maximum velocity, may change somewhat, but the 
evidence of this change in any of our observations is wanting, with the exeeption poeaibly of 
station No. 5, where a difference of nearly one knot was observed with the same declination of 
the moon on different months. So many other factors may combine to eauae ftu.ctnationa, aueh .. 
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strong easterly or westerly winds in the Gulf of Mexico, banking up or reducing the level of the 
fountain bead; the same to the north ward and eastward beyond the Little Bahamas; much dif
ference in barometric level between the Gulf of Mexico and the Atlantic, &c., that the evidence 
from one observation at station No. 5 I do not consider in other light than a variation to the rule. 
The observations taken for many days at station No. 1 seem to point to a fairly regular flow, and 
I think it probable that any abnormal cause will affect the whole surface flow, only to retard 

- or accelerate the velocity, and not to change the position of the line of greatest velocity abruptl_y, 
or, indeed, to any very great extent. 

The velocity of the surface current at times was less than the velocity of the sub-currents. 
On line lb this is particularly noticeable, where, in every instanoe, at about the time of the mini
mum daily velocity, the surface speed feU below that at 15 fathoms, and at times below that at 30 
fathoms. In other words, the amount of the daily fluctuation was greatest at the surface. That 
this was caused by local winds there is no evidence. During this week the winds were light and 
blowing from no one direction longer than a few hours, and at times when the wind was northerly 
the velocity was greatest, and when southerly the current was weak. In fact, I could discover no 
connection between the velocity of the current and tb:e wind, either at the time it was blowing or 
afterwards, which would cause the variations in the flow of the former. It will be seen from the 
vertical curves (illustration 43) that (while the surface velocity fell below the sub-surface at times) 
the mean velocity at the surface was greater than any of those below. The mean depth of the 
water at the stations used in vertical curve "B " is about 350 fathoms, and for curve "A" 204 
fathoms. Continuing the curves it will be seen that they reach zero velocity at about the time 
they reach the bottom. 

This, however, does not sel'm to be true, for the vertical curve of station 5a, 8howu on illus
tration 45. At this station the velocities of the sub-currents are more nearly equal to the surface 
than on any other etatiou, and the daily changes are Jess. I regret that there are any apparently 
unreconcilable results in the record obtained, but perhaps when it is studied by some of the 
scientific gentlemen who have devoted their lives to this and kindred subjects, many points which 
seem to be inconsistencies now will°be solved, and with the addition of the record of one or two 
more successful seasons at the same place some of the laws governing this wonderful river of 
the ocean will be made plain. 

Too much credit for the success of the season's work cannot be given to· the officers of the 
vessel. They performed their dut.y in every particular with the grea.test care, zea.t, and int.elli
gence, and in work so continuous it is a wonder that there are not more erroneous readings or 
recordings than there seem to be in this record. 

Respectfully, &c., 

Mr. F. M. THORN, 

Superintendent Coast and Geodetic Survey. 

J. E. PILLSBURY, 
Lieutenant, U. S. N., 

Assistant Coast and Gwdetic Survey. 
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APPENDIX No. 15. 

NOTE ON A DEVICE FOR ABBREVIATING TIME REDUCTIONS. 

By C. S. PEIRCE, Assistant. 

The simple suggestion that I wish to make is that by m ultiplyiug the obsen·ed times of transit 
(after applying a provisional correction aud subtracting the right ascension) by the cosine of the 
declination, the field reduction is much facilitated, and tlle labor of tbe least.square reduction is 
decidedly lessened. This arises from two circumstances: First, that the azimuth, level, aud colli· 
mation coefficients are much quicker taken out, and for uorthem stars quicker used; and sccoml, 
that the weights to be assigned to tlle observations ham a small range and art» readily applied, 
while in a rough reduction they may be omitted wirhont <lisa1lvantage. 

The following are the values of the coefficieu ti:;: 

· Azimuth. 

: Level. 

: Collimation. 

Old way. N'ew way. 

sin.; sec J 

cost; sec a 
±sec& 

sin ( 

cos' 
±I 

The old coefficients have to be taken out of a table of double·entry (which is always disagree
able), and this table extends over eight pages <]lrnrto at least. The new coefficie11b> are takeu 
instantly and with greater accuracy from a single· page tliret'-place table of sines and co,.;i11es. The 
ohl table is of no use for an;r otht:'r purpose, hut Urn little table of trigonometric fnnct iom; is in Yalu
able for a thousand purposes, and ought to be at en·1-y uhsern'r's elbow, wbt"ther this way of reduc
ing time.observations is used or not. The olil coefficients have often thre:>e significant figures, emu 
when ouly two places of decimals are used; lmt tl1e new ones uever exceed uuity, and a two-by-two 
place multiplication tahle, such as Wnhlo's, is all tllat is required with them. 

The weights of times of transit of stars of different declinations, according to the researches 
of Mr. Schott, agreeing with the formula of Dr. Albrecht, arti given by the formulrn 

1 
P = 1 (36)2 

2 0 
for the C. S. large instruments, + !IB tan 

1 
P = 

1 
(63)3 2 0 for the C. S. small instruments. + 

80 
tan 

--··---

The weights for D = d cos o, or the residual times multiplied by the cosines of the declinatiom1, 
are the above multiplied by sec1 o, which gives 

p = 0.663 + o.!:n cos 2 0 for the large instruments, 

p = OJU + o.~9 cos ~ 0 for the small instruments. 



 

504 UNITED STATES COAST AND GEODETIC SURV.EY. 

'l'hus, for tlie large iIH<truments, the weight ranges only from 1 at the equator to 3.06 at the 
pole, and for the rmiall iustruments from l to 1.6. The olcl way of reducing observations, as if all the 
time~ lrnd t·qual weight, is entirely inadmissible e'Teu in a rough field-reduction. Rut after mnlti
pl)·ing hy cos o, observatio11s with the small iustruments may he treated as of equal weight; while 
with large inRtrume11ts, in a not "\"Cr)· refined reduction, we may use the rule that P = 1 from the 
equator to 4J 0 of declinatiou, r = 2 from 410 to 70°, and P = 3 from 7110 to the pole. It will never 
be worth while to use more than one place of decimals for the weights, which are given in the fol
lowing table: 

l>ecli- I' . i p Decli· p . 7 p nation. nation. 

0 

0 [. 00 0.70 50 I. 65 I. 15 
1. or 0. 71 55 I. 82 I. 27 

IO I. 03 o. 72 6o 2.02 I. 41 

15 l. 05 0. 74 65 2. 24 I. 57 
20 I. 09 0. 76 70 2.47 I. 73 

25 I. 14 o.8o 75 2.69 I. 88 

30 I. 20 0.84 So 2. 88 2.02 

35 I. 28 0.90 ss 3.02 2, II 

40 I. 38 0.97 90 3.06 2. 14 

45 I. 51 I. 06 

In a field-reduction, the unknown chronometer correction being small, the azimuth will be 
determilled in each position by a north and a south star, and the residual D calculated for each 
star. This is corrected for aberration, and then the simple half difference of the mean residuals 
in the two positions of the instrument is the collimation, while the half sum (taking only high stars) 
is the chronometer error multiplied by the cosine of the latitude. 

In reducing b;y least squares, we have the same quantities to calculate as by the old way; but 
these are obtained in a different manner, as shown by the following formulre. The multiplications 
are generally easier by the new method. 

Qtl.antitiea med in least &quare work. 

p=P cos'& 
pA = P cos o sin C 
pV= ± P coso 
pd=PD cos o 

pA2 = P sin2 I; 
pAC= :I:: PsinC 
pAd =PD sin C 
pC2 =P 
pVd= PD 

./p.d= ./P. D. 

The following is an example: On 1885, April 5, I observed time with transit No. 5 (large size), 
at Key West, latitude+ 24° 3~'· The correction of the chronometer bad been found to be 

April 3, I()h sid. t. 
April 4, l()h sid. t, 

-+- 12°.07 
+ 11•.34. 
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It W881 therefore, supposed to be about+ 10-.611 on the 5th at lOh, with a diminution of 0-.01 
every twenty minutes. The level was observed as follows: 

I 

I Clamp E. 

i 
! Clamp W. 

---- --------~----- -

Corrected 
for pivots. i 

----1----- -------i- __ , --
! ' 

c 

II h. m. d. d. S. 

' 9 18 : - 19. I 20. 7 i. =-0.420 I} s. 
9 48 : - 14.3 ! - 15.9 : =-0.323 ': --0.372 

9 52 - 22. 4 I - 20. 8 = - o. 422 } 
IO 48 - :ZO. 4 - I8. 8 : = - O. 382 -0. 402 

_i ----- ---·-- --'--------· ----'----·---- ___ _I 

The stars observed, with their constants, were as follows: 

-·------------- ·-----------------------·-------·-

Star. Approx. 0 cos 6 cos' sin~ p. time. 

i---- ----·-·· ----------·------ ---

Clamp E. 
h. m. • 

l Argus. 9 14 
i - 58.8 + 83.3 . 518 . Ilj . 994 2.0 

(j Ursre Majoris. 25 : + 52.2 - 27.6 . 613 . 886 - - .463 I. 7 
' I IO Leonis Minoris_ 28 -+- 36.9 12.3 . 8oo . 977 . 213 I. 3 I 

0 Leonis. 35 + 10.4 -r 14.2 .984 . 969 -;- . 24; I. 0 

i e Leonis. 39 + 24.3 + o. 3 . 911 I.()()() ..L . 005 I. I 
: 

Leonia. 46 + 26.5 .895 µ 
" 

I. 9 .999 - . 033 I. 2 

Clamp w. 

ti' Hydrre, 59 12. 5 -;- 37· I . 976 ! . 798 -t . 6o1 1.0 

r1 Leonis. IO 13 + 20.4 + 4. 2 . 937 . 998 + .073 I. I 

9 H Draconis. 25 + 76.3 - 51. 7 . 237 .620 . 785 2.7 
41 Leonis Minoris. 37 + 23. 8 ...L 0. 8 . 915 I.()()() + .014 I. I 

fj Ursre Majoris. 55 + 57.0 - 32.4 . 545 .844 - .536 I. 9 

--··--------------

We begin the computation with two zenith stars observed in the two 1iositions. The following 
gives the data and computation: · 

i 
,---
! Chron. time. 

I Assumed correction. 

I: 
It-• 
I 

I<'-·>-" 1
6coa{ 

Apprm. azimuth. 

h. 
9 

9 

9 

ClampE. 
r Leonia. 

m. .. 
39 10. 65 

+ 10.61 

39 21. 26 

39 :zo.92 

+ 0.34 

+ 0.31 

0.37 

o.o6 
.oo 

o.o6 
o.o8 

Clamp W. 
41 Leon. Min. 

f---- ---·--·---
h . m. s. 
10 37 01. 63 

+10.58 ' 

10 37 12.21 

10 37 II. 47 . 

+ 0.74 

+ o.68 

- 0.37 

+ 0.31 ! 

- 0.01 
I 

+ 0.30 
l 

+ o.&8 ! 
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The mean between the final figures or t ( - o•.08 + 0•.28) = + o•.10 js the chronometer error 
multiplied by the cosine of the latitude. Multiplying by the secant, or 1.1, we get + o•.11 as the 
first approximation to the clock error. We therefore assume that instead of + 10•.60 at lOb, the 
error was + 10-.49, with a diminution of 0•.01 every 17 minutes. 

We now proceed to find the azimuth. The data and computations are as follows: 

Chron. time. 

Correction. 

a 

it-a 

I (t-a) cos 6 
I 
~ bcos~ 

sin ( 

CLAMP E. 

'Argus. 0 Ursre Majoris. 

h. m. s. h. m. •· 
9 I 3 53· 76 9 25 0. 55 

IO. 52 J.. IO. 51 
1----

9 14 04.28 : 9 25 II.06 

9 '4 2. 98 f 9 25 I I. 25 
:-----1----

+ I. 30 I - o. 19 

--~~1--=-~ 
- 0. 0.) : - 0. 33 

-----;-----+ 0. 62 i o. 45 
i 

o.99+ 

The difference between + 0".62 and - 0-.45 or +1•.07 is due to the difference between the two 
1.07 . . 

sines or+ 1.457. Hence, a = 1•457 = + 0•.734. Similarly, m the other position, we have the fol· 

lowing data and calculations: 
CLAMP W. 

,------~------,- --

i 
I Chron. time. 

' Corr. 

a 

t-a 

,.• Hydme. 9 H. Draconis. .J llrs'" Majoris. 

h. m. s. h. m. s. h. m. s. 
9 59 23. 91 IO 25 9· 92 10 54 45· 70 

:--'~~.~~1-~0.46 . 

9 59 34.40 IO 25 20.J9 IO 54 56. 16 

9 59 33.51 IO 25 2L 17 IO 54 55·93 ------·---- ----J + 0.89 - 0.78 + 0.23 i -----1 
I {f-a} COS fl + 0.87 - o. 19 

: b cos' - 0.32 - 0.25 i 
I 

+ 0.55 
·----i 

; - 0.44 ; 

i Sin C + o. 6o1 - 0.785; 
i 

Oombining with v Hydrm, :flrst, 9 H. Draconis, we get 

+•.99 
4= +1.386=0-.714 

a.nd second, fJ Ursre Ma.joris, weo have 
+0-.76 

4 = +1.137=0-.66S 

+ 0.13 

- 0.34 

- 0.21 

- 0.536 

AB the former ata.r has a weight of S and the latter of 2, we conclude 

a=:+0-.686. 
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Applying this value of the azimuth to the high stars, we get the following results: 

------- ·---- ---- ---c--------------------------;---------------

Clamp E. 

10 Leonis Minoris. 

<> Leonis. 

e Leonis. 

µ Leonis. 

Chron. time. 

----- .. ___ 

h.m. s. 
9 2? 01. 73 

34 52. 22 ' 

39 10.65 

46 04.68 

Corr. Seconds 1 

of a t-a 

s. 
+10. 51 12. 17 +0:07 

+10, 51 02- 31 +0.42 

+10. 50 20.92 f-o. 23 

+10. 50 14. 91 +a. 27 

Level. Az. 

-0. 36 +0.16 

--0. 36 -0.18' 

-0.37 0.00 

-+-0. 24 -O. 37 +0.02 
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-0, 14 

-0. 13 

--0. 16 

-0.11 ____ , 
Mean. ; -O. 14 

Corrected for aberration. 0.16 

Clamp W. 

Leon is. 10 13 29. 71 +10.48 39.58 +0.61 +o. 57 -0.40 -0.05 +o. 12 

41 Leonis Minoris. 37 or. 63 +10.47 l I. 47 +0.63 +o. 58' -0.40 -0.0l +o. 17 
I 

Mean. +o. 14 

Corrected for aberration. +0.12 

It therefore appears that the collimation i8 + 0•.14 and the additional chronometer correction 
+ {)8,02, making the correct.ion at 10\ + 10".51. We now apply these corrections to all the star:s, 
with the following re~mlts: 

---------·---------- -----··-----

Star. (t-a) Az. Level. Coll.and D p r-a cos tf Ab. 

---------
Camp F. 

l Argus. -~- I. 32 --L 0. 68 - 0. 73 j' -- 0.04 + o. 12 --L 0.03 2 

fJ Ursoe Majoris. o. 17 + 
! 

' + + - - O. IO o. 34 I - o.33 o. 12 0.03 2 

! 10 Leonis Minoris. + 0.09 + 0.07 + 0.16 ! - 0.36 + 0. 12 
' 

- 0.0! 

0 Leonis. ·+ 0.44 + 0.43 - 0. 18 - 0.36 + 0. 12 + 0.0! I 

e Leonis. + 0.25 + 0.23 + 0.00 - o.37 + o. 12 - 0.02 

µ Leonis. + o. z9 + 0.26 + 0.02 - 0.37 + 0.12 ! + 0.03 I i 

Clamp w. 

I tP Hyd=. + 0.91 + 0.89 - 0.42 - 0.32 - 0.16 - 0.01 

I r' Leonis. + 0.63 + 0.59 - 0.05 - 0.40 - 0.16 - 0,02 

!9HDmco. - 0.76 - o. 18 + 0.55 - 0.25 - o. 16 - 0.04 3 

t 41 uonis Minoris. + 0.65 + 0.59 - 0.01 

I 
- 0.40 - 0.16 + 0.02 

\ ~ Urs.-"' Majoris. + 0.25 + 0.14 + 0.37 - 0.34 - 0.16 + 0.01 2 
I 

----- ---·--- -··----~-----

Ta.king the Wl·ighte1l means of Don the two !'lilies, we see that tlu_~ oollimation 11as t-0 he re
duced by 0'.01, while the chronometer correction remains unchanged. We then ha\·e for D 

Clamp E. ClampW. 

+ 0.02 0.00 

+ 0.02 0.01 

0.02 0.03 

0.00 + 0.03 
0.03 + 0.02 

+ 0.02 
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This concludes the field-reduction, and the magnitudes of the residuals illustrate its superiority 
over old methods. Finally, we will calculate further corrections by least squares. The quantities 
for the normal equations are calculated as follows : 

Pcos•o Fcoso~i~J~~:os,r I ;Dc~s~~r-Psin•; ±Psin~ /
1

, cos~~n( 
1

1±PDcosoj 
. : , I 

~~a:~-; 1--~----1~---i--- . I 
0 5 + I 0 I + I 0 ! + 0 01 II 2 0 + 2 0 i + 0 02 + 0 02 

0. 6 I - o. 5 + I. 0 i + 0. 01 o. 4 I - o. 8 1· - o. 01 + o. 02 

l 1 I 0. S 1 - 0. 2 . . + I. 0 - 0. 02 

11 

0. I - 0. 3 i 0. 00 - 0. 02 

I. 0 I + o. 2 : + I. 0 0. 00 0. I i + o. 3 I o. 00 0. 00 

0. 9 I o. 0 : -I I. 0 _,, 0. 03 o. 0 I o. 0 I o. 00 -- o. OJ 

__ o_. :_I o. o ! + 1. o + o. ~ __ o_. ~! __ o~J o. oo I + o. 02 I 
4· 1 ! +- o. s i + 6. o -- o. 01 2. 6 I + x. 2 ! + o. 01 I + o. 01 I 

~:::-:~~~1~~~~~:~~~1~~~~~~1~~~~1 

I. 0 + o. 6 I - I. 0 I o. 00 o. 4 - o. 6 I o. 00 o. 00 I 
I. 0 + 0. I I: -:- I. 0 - o. OI o. 0 --., o. I ' o. 00 + o. 01 I 
o. 2 - o. 5 - 0. 6 0. 00 I. 6 + 2. I I - o. 02 + o. 02 : 

0. 9 o. 0 I - I. 0 I + o. 03 0. 0 0. 0 I o. 00 - 0. 03 ' 

o.6 - o.6 - 1.0 ~~--o_._s_~~I- 0.01 - 0.02 

3· 7 - o. 4 I - 4. 6 + o. 03 2. 5 + 2. 4 1- o. 03 I - o. 02 

The normal equations themselves a.re: 

s. 

8.4t + 0.5a 0.4a1 + l.4c = + 0.02 
0.5 + 2.6 + 1.2 = + 0.01 
0.4 ·+ 2.5 + 2.4 = - 0.00 
1.4 + 1.2 + 2.4 + 16 = - 0.01 

· The solution is 

t = + .001 a = + .003 a1 = - .012 c =-+ .001 

So that the field reduction cannot be improved. 
I will add that it seems to me that this mode of reduction will be much more easily under

stood by inexperienced computers than the old one. 



 

APPENDIX No. 16. 

ON THE INFLUENCE OF A NODDY ON THE PERIOD OF .A PENDULUM. 

By C. S. PEIRCE, Assi,.tant. 

Suppose a noddy, adjusted to accord with a reversible pendulum, remain on _the pendulum
support throughout the experiments to determine gravity. How much can the results be affected 
by this circumstance T 

Let us use this notation: 
land zt, the lengths of the single pendulums corresponding to the pendulum and noddy, 

respectively; that is, in each case the square of the radius of gyration divided by 
the distance between the center of mass and center of rotation; 

µand µ',the ratio of any linear displacement of the support to the angular displacement 
of the pendulum or noddy required to produce it; 

-r and T' the natural periods of peudulum and noddy; 
T the period of either harmonic constituent of the motion. 

Then, the form.ula, easily derived from my paper on two pendulums on one tmpport, is: 

Any increase of r' always produces an increase of T; and of the two values of T2, one is always 
sm.all~r, the other greater than 

Consequently, the greatest effect is produced when one value of T2 is as much greater as the other 
is less than 

that is, when 

In this case, 

Tl= ( l + fl)r2 ±.j~t,') 72 r 2 

Denote by Mand M' the masses of the pendulum and noddy, respectively, and by k and k' the
distance in each between the center of mass and the center of rotation. Then 

and 

s Mh M'h' 
µr: µ'r' = -z-:---,,,---
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Assuming 

M' 1 h' 1 = -1\1: -100; h 3ti 

for heavy e•d down, 
1
; for heav.v end up, and +, = 20, it would follow that the eftect of the noddy 

might be as great as ! of the flexure with Leavy end down, and as v~ times the flexure with 

heavy end up.But it could not produce a sensible effect in both positions. 
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O~ THE EFFECT OF UNEQUAL TEMPERATURE UPON A REVERSIBLE PENDULUM. 

By C. S. PEIRCE, Assistant. 

The upper part of a pemlulum swinging in a room not very lofty is always warmer than the 
lower part. Let us suppose that the temperature varies uniformly along the length of the 
pendulum. 

A reversible pendulum consists of two parts, (first) the part symmetrical about the middle of 
the pendulum, and (second) the load, however distributed. We may distinguish letters referring 
to .these two parts by the subjaceut indices 1 and 2. Letters without an index may refer to the 
whole pendulum. 

Considering, :first, the symmetrical part, it is plain that the inequality of temperature cannot 
sensibly alter the radius of gyration of this about its center of mass, which depends on the mean 
temperature only, since the center of mass of this part is at the center of the pendulum. The 
distance of the center of mass from the supporting knife-edge will, however, be increased, sa;y, by 
t:f. Then, if M stand for mass, i for the length of the corresponding simple pendulum, and h for 
the distance of the centre of mass from the point of support, the moment of inertia will be (neglect
ing <12) 

that is, it will be multiplied by 

. But the moment of gravity will be 

so that it will also be multiplied by 

and the period of oscillation, which depends on the ratio of the mQment of inertia to the moment 
of gravity,. wm not be affected. 

Let us now consider the load, which we may suppose to be symmetrical a.bout its middle. 
Denote the distance of its center from that of the pendulum by 17. Let or be the excess of the 

temperature of U1e upper knife above that of the lower one. Then !J or will be the difference of 

temperature of the center of the load from the mean temperature of the pendulum. It will have 
the min'US sign with heavy end down, the plus sign with heavy end up. Let k be the coefficient of 
expansion. Then, every dimension of the load will, owing to the inequality of temperature, be 
multiplied by 

1 =ftkOr, 

where the double sign corresponds to the two positions of the pendulum. The radiu.1 of gyrati9n 
about the center of the load (which we may denote by y2} will be multiplied by the same amount; 

611 
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and cousequently the moment of iuertia and the square of the period of oscillation will be multi
plied by 

The middle of the distance from the SUJlJ>Orting knife-edge to the center of the load will be at 
a distance 

=f ~11+ tl 
above the center of the pendulum in the two positions, and this distance will be 

The jnequality of temperature will therefore in both positions raise the centre of the loa<l by 

1l-il2 

t---r~~kOr 

The moment of inertia will therefore be multiplied by 

1rf2 11+tl 1f-;{:l2 

1 =f -M ---r-- ····· hl ,-- kor 

the moment of gravity will be multiplied by 

l ::r: ~f2l 1f-!l2 Mr 
I M 2 hl 

and the square of the period of oscillation will be m11ltip1ied by 

In order to make these effects as small as possible, the load should be concentrated as much 
as possible about one knife-edge. For this purpose, the symmetrical part might be an unloaded 
tube about v'3 times the distance between the knife-edges in length. This construction wonld also 
have the advantage of eliminating the error due to the :fiexnre of the pendulum sta.IJ: 

Jn the case of the Peirce metre pendulums, we have 

r; = ! (3cm)2 + fi (16.03om)2 = 23.66 (cm)2 

M 2 = 4000 grams 17 = 65.63 cm M = 105000 grams 

h0 = 75cm h,, = 25cmi l=lOOom k = .00001863 T = 1".003 

.And the correction to the time of 5000 oscillations with heavy end up, or 15000 with heavy 
end down, per degree centigrade of ditforence of temperature between the knife-edges is 

In the case of the Peirce yard pendulum, 

Y! = i(3cm)2 + i12 (15.19om)2 = 21.48 (cm)2 

M 2 = 3770 grams 77 = 60.68 cm M = 10000 grams 

h,; = 68.58 h., = 22.86 l =91.44 k = .00001863 T = 0-.9594 

and the same correction is 
::!:: ()8.00863. 
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TRIBUTE TO THE MEMORY OF HENRY W. BLAIR, ASSIST.A.NT. 

By the death of Assistant HENRY W .A. YNE BLAIR the Coast and Geodetic Survey bns lost a 
young officer of marked a\Jility and high character; one of whom it is not too mucll to sa.r that 
had he lived be would have stood among tlle foremost in ra11k on the work. 

Mr. Blair was born in San Antonio, Texas, December 27, 1851. His father was au officer of 
the Army, on duty there until shortly before tbe outbreak of' the civil war. He then accompanied 
his parents to Virginia, their oatfre State, and during the trying years that followed, learned in 
his boyhood lessons of patience, forbearance, and self-denial that were deeply impressed upon hiw 
by the privations and sufferings of those times. 

In 1866 he was entered as a cadet at the Vir~inia :Military Institute, and took from the first a 
leailing place in scholarship, graduating in 1870 with hi~h rank. Soon after his gra<luatiou he \"rn~ 
appointed to an assistant professorship in the Institute, and labored in tllis position with zeal am! 
success, securing the entire confi<leuce of the faculty. He had, however, alwa,ys desired a life ot 
greater activity than was open to a teacher, an<l willingly accepted an appointment offered llim 011 

the Survey, entering its service as Aid in January, 1872. 
The anticipations of usefulness and distinction which bis career as a student and professor had 

led his friends to entertain for him were not long in being fulfilled. In June, um;, be was pro
moted to be Subassistant. Coutiuuiug to serve with great credit, and exhibiting unusual aptitude 
in every branch of the work assigned to him, be was made Assistant in August, ld82, llaviu,g lwe11 
previously appointed to a position invoh·ing laborious and responsible dut,y in the offiee. 'Io tlw 
duties of this position he devoted himself with unre-mitting energy, satisfying not only its routine 
requirements, but following the bent of his miud for work demandiug original investigation. Re 
gaYe mueh study to the subject of standard!! of weight and measure, and prepared for publication, 
in co.operation with the Superintendent, a report on the progress made iu the coustrnction of tlimw 
standards. He submitted designs for, and directed the construction of, a comparing apparatus for 
the micrometric comparison of standard line measures from a decimeter to a meter in length. To 
this apparatus was awarded a diploma at the Southern Exposition held at Louisville, wliere tlrn 
Survey was represented by an exhibit under l\lr. Blair's cbarge. 

In January, 1884, after returning from this service, he resumed his position in tbe office. It 
was in the summer of that year that he was taken with a lingering illness, from wllich late iu the 
autumn be had apparently recovered. He was on bis way to New Orleans to take charge of the 
exhibit of the Survey at the Cotton Centennial Exposition, aud had reached Nashville, when a 
relapse of bia disease prostrated his vital powers. He died Decem her 15, 1884. 

Mr. Blair's frank, affectionate, and n1anly nature had endearecl him to his <)Omrades; bi::~ con
scientious and efficient discharge of duty won for him the respect and regard of the older officers 
with whom he was associated. His ambition was a lofty one; it was not so much to achieve as to 
deserve success. DeAp religious conviction was the guiding force of llis whole ut:'ing, and the ver:r 
flower and crown of his stainless life. Though lost to u1>, we have the comforting assurance Urnt 
he has entered upon higher activities, suistaiu~d by an uufalt~ring tmst and cberislliug an immortal 
hope. 
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PHOGHESS SKET(;H E'.S . 

.. 
1. 
2. 
3. 

Sketch of general progress (ea,,;tern shf'.et). 
Sketch of general ]Jrog'l'ess (w1•stl'l'll ,.;lwet). 
Section I aud part of Section f I. Triaugn latio11 !){'tween tl1e Saint Croix awl Hn<bo11 

Ri,·ers an<l Lake Ontario. • 
4. Part of Section ll, Se1!tio11 fI I, arnl 1>arts of Sections XIU and XIV. Triaugulation 

between the Hn(lson ltiver and Cape Ueury a11(1 the t>ltio l~i\·er.. 
5. Parts of Sectious IV, V, VJII, and XIII. Tria11gulat.io11 het1Yel•n tlte :Uar,,·Jaml arnl 

Georgia uast:> lines (sout.heru part), with t>xtm1sio11 wr•stward, au(l tria11gnlatio11 i11 
TenuesHee. 

ti. Part of Section VL E;u;t CoaHt of Florida frorn AmPlia folarnl to Halifax HiYer. 
7. Part of i'::lection VI. \Vest Ooa;;t of Florida from C,1pe Sable to Charlotte Harbor. 
8. P,irts of SPetions Vlfl aa(l !X:. O.mst of .\[1ssi.-;;sippi, J,rniisia.ua, ;rn,l Texas. S11h

sketch of the ltio Grande to Brown,;yille. 
9. Part of Section X. Coast of California from San Diego to Poi11t Sal. 

10. Part of Section X. Coast of Califomia from Point i'::\,ll to Tornalte1' Be1,\·. 
11. Parts of Sections X and XI. CoaHt of California from Tom<des Bay tu tht- Oregon li11P, 

and coast of Oregon from tile California line tu Uapt> Falcon 01· False Tilla111ook. 
12. Part of Section XI. Uoa,;t of O!'egon aml \\'a,.:hi11gto11 '1\•rritor~· fr•>lll 'l'illamook Bay to 

the Boundary. 
18. Part. of Seetio11 XJI. Alaska (oHllltlteastem coast). 
14. Part of Section XIY. He1·01111ai,;,;a11c(' aml tri;111p:nla.tio11 iu \Yi,;co11si11. 
15. Parts of Section,; 111, XIII, XIY, XV, XYI. l'ro~res,; i11 tlll' :-Hatt•,; of \Yt:>st \'irgini:i, 

Kentucky, Ohio, lrnliana, Illinois, :\Iissouri, a111l Kansas, or tliP tri<rngnLttio11 intende(l 
to form a geodet1e cottuectio11 1'1•t1n·1·11 tl1!• /\ tlm1ti1· awl J'aeili<· coast,;. 

16. l'art of Sections X and XVI. ProgTPss iu tltt> ~tah.•s uf Califoruia. :-;"'""(la, l'tah, aud 
Colora<lo, of the tnangnlation intended to form a g·1·1Hh~ti1· conm·ction between the 
Pacific and Arlan ti<~ coasts. 

17. Map slwwing lougi tude stations all(] co11m~ctio11,.; d\'l.en11im·d hy 11n•;111:-; of tilt:' electri<
telegraph between 181-G and 1885. 

IS. l\Iap showing po,;itions of magnetic stat.io11:-; occnpie(l het'.vt>en 1841- arnl 188;"i. 

ILLTTSTHA'l'IONS. 

19. To Appendix So. ii. '1'_\-pe-cun·es of the Nl'/'.nlar vari<1.tio11 nf the magnetic dip and of 
the total intensity. f'l'o face page 26±.J 

20. To Appendix No. G. Type-cnrn•;; of the secular Yariati(J11 of the horizontal inte11sitr. 
(To face page 270.J 

21. To Appendix No. (i. Secular variation i11 tlte llirection of a freel;\· ,.:nspl•rnh•d mag1wtit• 
needle for the period 1820 to 1885. [To face page :!7:!.] 

22. To Appendix No. 6. Isoclinic map of the United State;,; tor tlw year 188;1. 
23. To Appendix No. (). IsodJ·n:unie (horizontal iuten;;it,v) map of tlw Cnited States for the 

year 1885. 
24. To Appendix No. H. Isodynamic (total intensity) map of the Unitl•d Statf's for the ycai· 

188;), 
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'>~ -·· 28. 

'..!fl. 

:m 

:n. 

:~4. 

3;;, 

;)/'). 

40. 

41. 

4'J 
~. 

Itt rsTHAT10NS (co11tii111ed). 

To Appe11dix No. 8. Triangulation in Eastern ~fassachusetts, 1843 to 1885, including 
State survey h~· S. Borden, 1832-1838, and tl'iangulation in Rhode Island, 1838-1885. 

To Appendix Xo. 8. Triangulation in Western Massachusetts, 1860-1885, including 
State snn'ey hy S. Borden, is:t!-1838, arnl connection with the Hudson River. 

To Appendix No. 10. St,conclar.'· triangulation of Boston Bay. [To face page 480.J 
'l'o Appe111lix No. 10. Primary aml seco111far.r triangulation near Edisto Base, South 

Carolina. [To follow No. '..!7, which faces pag·e !80.] 
To Appendix Xo. 12. Trarn-n-erse :-;ectious of the Delaware River between the Old 

N:t\',\'-Yard all(] tlw east cud of Pett.r's Island. [To follow page 488.] 
To Appendix N(I. 12. 'l'raJHfferse sections of the Delaware Bay between the Old Navy

Yard and tltP past <·nd of Petty's lsla111l. [To follow page 488.J 
To Appowlix No. 1'..!. Tranofferse sectiom; of the Del<1ware Bay between the Old Navy

Yar<l arnl the east cud of Petty's IslatHI. f To follow page 488.] 
To Appe111lix ~o. 1:.!. Trarnwen;t> scctiu11s of the Delaware Bay between the Old Na'\'Y· 

Yard aml llw 1:•ast e111l of Petty's li'iland. [To follow pagt' 488.J 
To App~rnlix Xo. U. Trarnfferse :-;ectious of the Delaware Bay between the Old Nav.r

Yar•l arnl the Past l~IHL of Petl',; lsb111d. f To follow page 488.J 
To Appernlix Xo. l~. Tm11s\'urs e ;;eeiiou,; of tlie Delaware Bay between the Old Nav)·

Yard awl the east e111l of Petty's Island. [To follow page 488.J 
To Appernlix Xo. l:k ~ketch ;,;howiug- positions of tide-gauges at Governor's lslaud 

aml Saud,,- Hook. I 'ro face page -!9<l. ! 
To Appendix Xo 14. Apparatus de\'isetl by Lieut. J. E. Pillsbury, U. S. N., Assistant 

Coast allll Geutlt-tic Snrve.r, for olJ!'iervatiou of deep-sea currents. [To face page 496.] 
To AppP11dix .No. 14. Chart showing locality of cross-section "A" deep-sea current 

"·ork ht>tweou Fow1w Hocks arnl Gnu Cay. [To face page .500.J 
'l'o Appendix Xo. l!. J'rl\jectio11 sho"·ing positions of cnrre11t stat.ions on cross-section 

"A.'' [To follow Xo. 37.J 
To AppP1Hlix ~o. 14. Protile of bottom, cross-section ''A," and diagram showing vari

atio11s i11 ,·elocity of current" with changes in the moon's declination. [To follow 
Nos. 37 and :18.] 

To Appendix No. 14. Diagram showing (lecliuatiou and phase of moon at times of ob
!'.'eITatiou. [To follow preceding nnmhers from No. 37 onward.] 

To AppP11dix J 4. Cnr'\'t·.~ of ohsnn1tiou of 1-;tation No. JI>, cross-section ''A." [To follow 
precedi11g n1u11hers from Xo. ;17 ollward.J 

To Appendix Xo. 14. Cun·p:-; of obsern1tio11 at stations 1:\-a, le, ld, and le, cross-section 
"A.'' [To follow preceding n1.m1hcrs from No. 37 onward.] 

To Appendix No. 14. Vertical curves atHl cmYes of observation at station lf. [To fol
low preceding uumherH from No 37 onward.] 

44 To Appendix _No. 1!. Cur\'es of o1J8errntion at stations 1, l", li, and 2, cross-section 
"A." [To follow }ll'('Ct•diug 11u111her1< from No. 37 onward.] 

Mi. 

46. 

To Appendix: So. Li. Cur\'es of tibservation at statious 5, 5• and 5b, and vertical curve 
at station 5•. [To follow preceding numbers from No. 37 onward.] 

To Appendix: No. 14. Curves of observation at Rtations 3•, 3, 4 and 4•. (To follow pre
ceding numbers from No 37 onward.] 
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