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LETTER 
FROM 

THE SECRETA~Y OF THE TREASURY, 
TRANSMITTING, 

In compliance with section 4690, .Revised Statutes of the United States, the report of the Superintendent 
of the United States Coast and Geodetic Suri•ey, showing the progress made during the fiscal 
year ending June 30, 1883. 

DECEMBER 19, 1883.-0rdered to lie on the table and be printed. 

TREASURY DEPARTMENT, 

December 18, 1883. 
Sm: In compliance with section 4690, Revised Statutes of the United States, I have the honor 

to transmit herewith, for the information of the Senate, a report addressed to this Department by 
J.E. Hilgard, Superintendent United States Coast and Geodetic Survey, showing the progress 
made in that work during the fiscal year ending June 30, 1883, and accompanied with a map illus
trating the general advance in the operations of the Surv~y. 

Very respectfully, 

Hon. GEORGE F. EDMUNDS, 

Presid.ent of the Senau. 

H. l!'. FRE:NCH, 
Acting Secretary. 
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presflrved ia, p. 70; report from Custodian of, Appendix No. 4, pp. 
109, llO. 

A RKA NS.AS. Deoormination• of lon~tnde of points in, pp. 4, 66. 
ARLINGTON KILOMETER BASE, VA. Examination of, pp. 3, 38. 
ARNOLD'S POINT, DELA WARE BAY, p. 33. , 
.ATMOSPHERIC REFRACTION ON THE LINE MOUNT DI· 

ABLO TO :MARTINEZ, CAL., ETC., BY GEORGE DAVID· 
SON, ASSIST.A.NT. Di&cnsalon by C. A. Schott. Aosistant, .A.p· 
pendix No.12, pp. 289-321. 

ASSISTANT IN CII.A.RGE OF OFFICE AND TOPOGRAPHY 
FOR THE YEAR ENDING JUNE 31l, 1883. R. D. Cntts, report 
from, Appendix No. 4, pp. 93. 111. 

A TABLE OF DEPTHS FOR THE HARBORS ON THE COASTS 
OF THE UNITED STATES. Appendix No. 7, pp. 187-237. 

AT HENS, OHIO. Triii:onometrical. station ne&r, 63, 64. 
A. TKI'l'S, J, W. D., A.ID. Services in Section II, p. 29; in Section 

XIII, p. 62; in Computing Division of Coast and Geodetic Survey 
Oll!oe. Appendix No. 4, 'PP· 95, 97. 

ATLANTA, GA. Prim&ry triangulation at or nesr, pp. 3, 48; refer. 
enllfl to, in estimates, p. 10 • 

ATL.!.NTIC BASIN, Pl>· 8, tG. 
ATLANTIC CITY, p. 31 . 
A TL.A.NTIC COAST. Progreso of field-work on, pp. 2, 3 ; model of 

bottom of, p. 8; soundings off, p. 40 ; reference to, in e•timates, p. 
10; tidM OD tbA, p.'14. 

ATLANTIC COAST. Section I, pp. 12-16; Section 11, PP· 17-36; 
Section III. pp' 36-40; Section IV, pp. 40, 41; Section V, pp. 41, 
42; Section VI, pp. ~. 

ATLANTIC COAST AND GREAT LAKES. Progress of trian· 
l[Ulation between the, pp. 2, 30. 

ATLA 'NTIC um PACIFIC COASTS. Prorresa of ~eodetie work 
between, pp.%, 3, 12; referencl! to, iii eatimatea. p. 10. 
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ATLANTIC COAST PILOT, pp. ~.4, 28,29, 74. 
ATLANTIC LO(]AI. COAST PJU)T. p. 28. 
ATLANTIC, GULF, AND PACIFIC COASTS OF THE UNITED 

STATES. Estimaw• for work on, pp. 9-11; Distribution of sur· 
veying part.k'A upon the, and the Intf'rior ofthf' Unit.rid St.ate~ 1 dnr. 
ing- the fiscal year 1882-'83, .AppPndix So. 1, pp. 77-B:i 

AUCKLAND, NEW ZEALAND. Oh,ervations of Transit of Ve-
nns of 1882 at, pp. 4, 5, 54, 71, 7:.!; pm1dulnm operat,iou~ at, pp.41 6. 

AUGUSTINE CREEK, DEL .. p. 35. 
AUSTRALIA. Scientific stations in, I'll· 54, 72. 
AVERY, R. S. In cbar/[o of Tidal Ditlsion of Coast and Geodetic 

Survey Offico. Report of1 Appendix No. 4, pp. D7-9D. 
AZIMUTH. Observations, Pl-'· 44, 45, 49, fi5, 561 71. 

B. 

BACHE (steamer). Use of, in Section II, p. 26; i11 Section VI, pp. 
45, 48; see. also. Av1ienclil ~o. 5, JlJl.113, 114. 

BACHE (schooner). Use ot~ in Section II, p. 28; see Appendix No. 
5, p.113. 

BA.CHE, C. M .• ASSIST.ANT. AdditioM of topographiea.I details 
to originn.l sheets of the ~uTV"ey of th{\ New Jersey coast between 
the Highlands of Naveaink and Tom's Rh·er, p. 31; continuation 
of topographic survey of t}rn south shore of Ham pion Roads he· 
tween Craney !eland and Nnnsemond River, p. 38. 

BACHE, R. M., ASSIST~N'.I,'. Topo~raphicre-ourvey of the New 
Jersey shore or Delaware 'Bay continnetl, pp. 34, 35; Aerdces in 
office of assistant in charge of office, AppAnclix No. 4, Jl· 94. 

BACON, lIENRY, ASSISTANT E!>GINEER IN CHARGE OF 
IMPROVEMENTS Ol!' CAPE FEAR RIVER ENTRANCE. 
ConrtAAies extended by, to officerM of the survey, p. 41. 

DAH.A:MAS. Deep-sea soundinge near, pp. 3, 8, 46; templ"raturo ob· 
aervations near, pp. 3, 46. 

RAIBD. PROF. S. F., U. S. FISH COMMISSIONER. Speciru sur
vey by oflk<>rs of Coo.st and Geodetic Survey near Great Falls of 
PotomtLC on avplic&tion of, p. 38. 

RAKER, LUCIBS, AID. Services in Section X. µ. 5~. 
BAKER, MARCUS. In charge ofobaervatory at Los .A.ngelee, Cal., 

pp.51, a2. 
BALD BLUFF, WIS. Station,pp.65,66. 
BALD HE.AD SHOAL, CAPE FEAR RIVER, p.40. 
BALD HILL, N. J., p. 30. 
BALTIMORE, :MD. Pendulum e'lperimenfa at, pp. 2, 6, 36. 

RANFORD, J. W. Tidal observations at Sandy Hook, N. J., pp. 26, 
27. 

BAR.A.TARI.A. (•teamer). Use of, in Section VIII, pp. 48, 49; see 
Appendix No. 5, p.1H. 

BARA.TA.RIA BAY, LA.,p.48. 
BARBOUR, PROF. V, G. Geodetic operations In Vermont, p. 16. 
BARR, J, C. Drawing Dh·ifrion, Coast and Goocletio Survey 

Office, Appe!Jdix No. 4, p.100. 
BARTLE, R. F. Engraving Division, Coast and Good•tic Survey 

Office, Appendix No. 4, p. 103. 
BARTLETT, J. R., COM.MANDER, U.S. N. Reference to work of, 

deep-sea sonndin11:s in the Blake, p. 16, 20; transfers command 11f 
B!Ako to Lient. Commander Bro-wnson, p. 20; lin~e of deep-sea 
soUllding• a.nd temperature ob•erntions off Atlantic Coast, p. 40; 
see Appendix No. 5, p, JI3. 

BASCOM, MAJOR, U.S. A. Military oocort for Assistant David
eon, in New M:exko, furnished by, p. 70. 

BASE APPARATUS. Uoe of new compensation, p. 7. 
BASE LINE. R<>ference to meaourement of Yolo primary, p. 7; 

8 ee, also, Appendix No.11; examination of trial, at Fort Mye·r, Va., 

l'· 38. 
BASSETT, R. T. M1seellanoons Divi•ion, Coast and Geodetic 

Sarvey Office, A pp<>ndix No. 4, p. I 08. 
BA.TA VIA, JAVA. Ref&rence to, p. 72. 
BAYU)R, .T. ll, SURASSISTANT. Servict>s ln Sootion II, p. 30; 

inatrnotion in magnetio oboeninii; t-0 offi"6TS of Signal Corps, Ap· 
pendix No. 4, p. OS. 

BAYOU LA FOURCHE, LA. Reference to, in estimaW&, p. 10. 
BAYPORT, FLA. Referenoo to, in Mtimatea, p.10. 
BEAR FORT STATION, N.J".,p,30. 
BEA VER MOUNTAIN, UTAH, p. 68. 
BEAVER STATION, UTAR,p.69. 
BELL STATION, FLA. Maguetioobeervatlonsat,p.«. 
BELOIT, WIS., p. 65. 
BELOIT ASTlWNOIDCAL OBSERVATORY, WIS., p. 66. 

BENNER, F. W. Engraving Division, Coast and Geodetic Surrey 
Office, Appendix No. 4, p, 103, 

BERKELEY COUNTY, W. VA. Reconnaissance of streams in, 
p.39. 

BERLIN CATALOGUE OF STA.RS. Reference to, pp. 6, 67, 
BERMI'D.A ISLANDS. Progress of deep-sea sonmlini:-s near, pp. 

2, 3, ~. 17-19, 40, 46; advisability of establishing tidal station at, Ap· 
venciix No. 4, p. 98. 

BIBB, P. B., MIDSHIPMAN, U.S. N. Services in Section X, p. 53. 
BIG PASS, TAMPA BAY, FLA., l'· 47. · 
BIRD, G. l<'., AID. Services in Section VIII, p. 49; in Section XVI, 

p. 69. 
BISCAYNE BAY, FL.A. Topographic survey of, p. 45. 
BLACKBIRD CREEK, DEL., p. 35. 
BLACKSPOT, NE.AR READING, PA. Triangulation near, p. 36. 
BLAIR, H. W. In office of as~istan~ in charge of office. Appendix 

No. 4, p. !U. 
BLAKE (steamer). Use of, in Section I, p.16; in Section II, pp. 17, 

18, 27; in Section IV, p. 40; in Secti<>n VI, p. 46; see Appendix 
No. 5, pp. 113-115. 

BLIND PASS, TAMP.A BAY, FLA., p. 47. 
BLOCK ROUSE, AUCKLAND, NEW ZEAL.AND. Pendulum 

observations at, p. 72. 
BLOCK ISLAND. Tide-gauge established at, l'P· 2, 20; see, also 

Appendix No. 4, p. 97. 
BLOCK ISLAND SOUND. Hydrography near, p. 20. 
BLUE JOB, N. H. Triangulation station, p. 15. 
BLUFF POlNT. LONG ISLAND, p. 22. 

BOCILLA PASS, FLA .. p. 47. 
BODEGA RA.Y, CAL., p.56. 
ROISBUBERT HARBOR AND ISLAND, ME., pp. 13, 14. 
BOLLES, T. DIX, LIEUTENANT, U.S. N. Hydrographfo snr. 

veys of Gray's Harbor, and in the Strait of Fnca and Admiralty 
Inlet, pp. 58, 59; see Appen<lix No. 5, p. 114. 

:BOMBAY HOOK LIGHT-HOUSE. Triangulation near, pp. 31, 82, 
35. 

BOMBAY HOOK POINT, p. 82. 
BOONTON, MORRIS COUNTY, N. J., l'· 3-0. 
BORDEN, T. r .. AID. Services in Section VI, p. 44; in S.,-0tioo 

XIV, p. 61i; in Section XVII, p. 71. 
BO':tDING STATION, ILL., pp. 64, 65. 
ROSTON. Prediction of tides of 1884 fol', p. 8. 
BOSTWICK BAY, LONG ISLAND SOUND. Good harbor, p. 24 
BOSTWICK, F. M., EN8IGN, U.S. N. Services in Section XII. 

p. 60. 
BOUTELLE, C. 0., ASSISTANT. Primary triangulation across 

the State of New York for connecting the triangulati<>n of the 
Hudson River and Lake Champlain with that of the survey·of the 
Great Lakea, pp. 29, 30. 

BOUTELLE, J.B., EXTRA OBSERVER. Services in Section IJ, 
p.80. 

BOWSER, PROP. E. A., ACTING .ASSIST.ANT. Continuation of 
triangulation of northern part of State of ·New Jersey, p. 30. 

BOYD, C. JI., ASSISTANT. Triangulation and topography of 
Machias Ba.y and ltivor, Me., pp. 12, 13; reference to previou& 
work in Florida, p. 4-0; con tin nation of tbe snrvey of the coast of 
Lonisiaua west of Mi88lssippi River, pp. 48, 49; 100, also, Appen
dix No, 5, p.114; in office of assistant in charge, Appendix No. 4, 
p. 94. 

BRADFORD, GERSHOM, ASSISTANT. Determination of polnt.e 
for re·enrvey of the north shore of Long Island Sonnd fmm vicin 
lty of Bridgeport, Conn., westward, p. 211; in too office of too all· 
sistant in char11:0 of the oftiee, Appendix No. 4, p. 9', 

BRADFORD, J. S., ASSISTANT. VeriJlcatioJl of hydrogmphy 
for the Atlantic Coast Pilot, pp. 28, 29; see Appendix No. ~. p. 
113. 

BRAID, ANDREW, ASSIST.d.NT. "Tran1100Dtlncntal line of geo. 
desic leveling extended from Mitchell, Ind., to Saint Louis, Mo., 
and 'lhenoo westward to Etlah, Mo., pp. tl3, 6' (see .Appendis: !To. 
11, of reporl of 18SO); geode!lic levelini: ill M:i-'IU'l, P• 88; in 
office of .....U.tant in oharge of oftlce, Appendix Ho, 4, p. 9'. 

BRANDYWINE SHOAL LIGHT.HOUSE, p. 3L 
BRll:AKW ATER, C.A.PE HENLOPEN, p. 28. 
BRrDGEPORT, CONN. Progre88 of re-eurvey IMllll', pp. 2, :6. 
BRIGHT, W. T. In charge of Drawing Divliicm, C-t and. 0-...... 

detic Survey Ofllee, t'or report aee Appendix Ho. 4, pp.1111-102. 
BRISBA.l!IE, AUST&A.LIA. .Referenoe to, p. 'I'll. 
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BRITISH INDIA. Pendulum experiments in, l>P· 6, 71. 
BRONAUGH, W. V., ENSIGN, U.S. N. Services in Section XII, p. 

60. 
BROOKFIELD, N. H., p. 15. 
BROOKLYN NA VY-YARD, N. Y. Tbe Drift laid up at, p. 26. 

BROOK'S STATION, OHIO, p. 63. 
BROWN, R.H., AID. Services in Sootion Ill, p. 39. 
BRO)VN, S. J., ENSIGN, U.S. N. Services in special operations, I>· 

73. 
BROWNSON, W. H., COMMANDER, U. S.N. Reports dangerous 

sunken WTeck on New Jersey coaet, p. 5; line of deep-sea sound
ings olf Nantucket across tbe Gulf Stream, p. 16; reports for 
duty in command of the Blake, pp. 18, 20; hydrography of eastern 
entrance to Long Island Sound, p. 20; bydrography off south coast 
of Long Island and lines of deep-sea soundings in vicinity of New 
York Bay entrance, p. 27; see, also, Appendix No. 5, pp. 113, 114; 
deep-sea soundings, with serial temperatures, between the Baha
mas and the B~nnutlas, pp. 46, 47. 

.BRUMBY, T. M., ENSIGN, U.S. N. Services in Section IX, p. 51. 
BRUSH DYNAMO, No. 4.. Use of, in <leep-sea soundings, p. 19. 
BUCHANAN, PROF. A. H. Geodetic operations in Tennessee, 

p. 62. 
BULL'S BAY, S. C., p. 41. 

BURLINGTON, VT. Leveling operations nlar, p. 29. 

BURNHAM, NEW ZEALAND. Latitude and longitude observa-
tions at, p. 72. 

BURTON, A. E., AID. Servioes in Section II, p. 21. 
BUZZARD'S BAY. Tidal survey of, p. 20. 

(]. 

CADEL, MISS F. Drawing Division, Coast. and Geodetic Survey 
Offioe, Appendix No. 5, p. 100. 

CALCASIEU PASS, LA., p. 49. 
CALDWELL. Triangulation station in Missouri, p. 67. 
CALENDER PRESS FO:R FINISHING CHARTS. Appendix No. 

4, p. 93. 
CALIFORNIA. Pro~aa of work in, p. 3; survey of coast o( pp. 

3, 53i reference to in estimates, p. 10; continuation of primarytri· 
angnlation in, p. 57; results for the length of the primary b&ae· 
line in Yolo County, mell81lrement in 1881 by George Davidson, 
Assistant, see Appendix No. 11, pp. 273-288. 

CALIFORNIA ACADEMY OF SCIENCES. Reference to, p. 54. 
CA.MEL'S RUMP, ME., p. 15. 
CAMERON I' .A.RISH, LA. Reference to marshes and sand ridges 

of, p. 22. 
CAMPBELL, PROF. J. L. Raoonnai8"ance for the extension of 

the trla.ngnlation of Indiana, p. 63. 
CANADA. Pendnlum experiments in, pp. 6, 27; triangulation near 

bonnda.r,v of, p. 15. 
CANFIELD, W. C., llUDSHIPM.A.N, U. S. N. Services in Section 

II, pp. 20, 22; in Section IX, p. 51. 
CANY BAYOU, TEX. Examination for statiom near, p. 51. 
CAPE FEAR. Current obaervations at, pp. 118, 45. 
CAPE FEAR RIVER E;NTRA.NCE. Progresw of survey of, pp. 

3, 40. 

CAPE FLORIDA. Current observations at, p. 38; ttianl(Ulatlon 
nea.r, p.<l4. 

CAPE FOX, ALASKA. Hydrograpbic survey near, p. 60. 
CAPE HATTERAS. Deep-sea sonndings off', pp. 17, 40; tempera· 

ture observations oft:, pp. 18, 40; current observations otf, p. 38. 
CAPE HENLOPEN, DEL. Progreas of re-survey near, pp. 2, 31, 

33; t.idal observations at, p. 8; reviomn of BAiling dirootions for, 
Pl>· 28, 29; a refuge to the eohooner Bache in storm. p. 28. 

C.A.PE HEN.RY. Deep.sea 80ttndings oft', pp. 17, 18; revision of 
ea.iling ditecltions for, pp. 28, 29; lo•s of anchor of •chooner Drift 
oW, p. 38; ottrrent obeervations off', p. 45. 

CAPE LOOKOUT. Cnrrent observations near, p. 38. 
CAPE MA.Y. Tidal obaervations Olt; p. 8; triangulation near, p. 31; 

h1drography near, p. 38; <llln'ODt ob&ervationa at, p. 4.6. 
CAPE P ABT.RIDGE. Entranee to Po get aound, hydrograpbic snr

vey near, p. 58. 
CAPE ROMAIN, S. C. Progreaa of eurveynear, pp. 3, 41. 
CAPJUtTON;W. B., ENSIGN, U. S. N. Services in Section II, p. 

20; in Section VI, pp. '45, 48. 
HA.PE SAN MA..RTIN, CAL. Beferenoo to, in estimates, p.10. 
CA VITT, Ji. '!'. ~ Dlv1Blml, Co&at and· Goodetie Sar

vey Olli.~, Appead.ld, p. 1&8. 

CET>A R POINT, L I., p. 24. 
CERRO IWBLERO, N. MEX. Observations of.transit of Venus 

of December, 1882, at, pp. t, 5, 70, s<0e Appendix No.16; reference 
to, p. 53; longitude of, noted, p. 54. 

CHALLENGER BANK, BERMUDA. Soundings off, p. 46. 
CHALMETTE (steamship). Reference to captain of, p. 5. 
CHANCE, LIEUTENANT, U.S. A. Fort. 8eldon, N. Mex., p. 70. 
CHA:NDELEUR ISLANDS. Survey of, referred to in estimates, 

p.10. 
CHANDI,ER'S BAY, ME. Progress of work in, pp. 2. 13; refer· 

ence to, in estimateR, p. 9. 
CHANEY FORK, TENN., p. 62. 
CHAPMAN, D. C. Photographer of Commission to ob•erve Tran· 

sit of Ven us at Cerro Roblero1 New Mexico, p. 70; in Computing 
Divi•iou, Coast and Geoiletie Survey Office, Appendix No. 4,p. 95. 

CHARLOTTE HARBOR, FLA. Progress of survey at, pp. 3-47. 
CHARLOTTESVILLE, VA. Determination of longitude of uni

versity at, pp. 3, 38, 39 . 
CHARTS COMPLETED OR IN PROGRES~ DURING THE FIS. 

CAL YEAR E:NDING JUNE 30, 1883, Appendix No. 4, pp.101, 
102; report of sale• of, p. 107. 

CHERRY ISLAND FLATS, DELAWARE RIVER, p. 33. 
CHERRY VALLEY, N. Y. Triangulation in, p. 30. 

CHESAPEAKE BAY. Progress of bydrography in. pp. 2, 28; cnr-
rentobsf'rvations in, p. i;;; reference to, in estimates, pp. 9, 10. 

CHESTER, C. M., COMMANDER, U. S. N. Hydrograpbic In
opector Coast and Geodetic Survey, p. 12; for report see Appen· 
dix No. 5, pp. 113-120, 

ClfESTNUT MOUNTAIN, TENN .. p. 62. 
CHILTON, W. B., CJ,ERK TO SUPERINTENDENT OF COAST 

AND GEODETIC SURVEY, p. 74. 
CHINCOTEAGnE RAY, MD. Referenr.e to, in estimates, p. 10. 
CHRISTIE, ALEX. S. Computing Division Coast and Geodetic 

Survey Office, Appe'udix No. 4, p. 96. 
CIRCUMPOLAR STARS FOR EPOCH 1885.0. Mea.n piAeeA of 

1278 time and, by George Davidson, Aaslstant. Appendilt No. 
18, pp. 383-4 72. 

CITY DIRECTRIX, SAINT LOUIS. MO. Bench-mark at, p. 64. 
CITY ISLAND. LONG ISLAND SOUND. R&-eurvey near, p. 26. 
CLARK, JOHN. Reconstruotion of theodolite No. IO (14-ineh 

Wurdemann) by, Appendix No. 4, p. 111. 
CLARK COUNTY, IND. Reconnaissanee in, p. 63. 
CLARKE COUNTY, VA. Special surveys in, p. 39. 

CLA.RVOE, G. W. Miscellaneous Division, Coast and Geodetic 
Survey Office, .Appendix No. 4, p. 108. 

CLOSING LEVELS, Appendix No. 4, p. 93. 

CLOVER, RICHARI5SON, LIEUTENANT, U. S. N. Develop. 
ment of dangerous rock at entrance to Fisher's Island Sound, pp. 
5, 21; preparatfon of plans. &c., for new steamer Patterson for the 
Pacific coast, p. 12; see, also, Appendix No. 5, p.117; bydrograpbic 
re-survey of Fisher's Island Sound and New London Harbor1 pp. 
21, 22; establishment of tide-gauge at New London, Conn., p. 23; 
see, also, Appendix No. 5, p. 113; "Instruction for hydrographic 
Parties" by, .Appendix No. 5, p. 117. 

CLYDE:. Station of Lake Survey, :New York, p. 30. 
lJOAST AND GEODETIC SURVEY. Remarks on progress and 

condition of, for year ending June 3-0, 1883, pp. 1-4; abstracts of 
progreas of work, pp. 12-73; officers of, and office work, pp. 73, 74, 
Sfle, also, AppendiC-68 Nos. 11 41 5; estimates for field and -0ffice 
work, pp. 9-11; general estimates for repatrs and maintenance of 
ves•els, p. 11; statistics of field and oflloe work for the year end
ing June 30, 1883, Appendix No. 2, pp. 85, 86. 

COAST AND GEODETIC SURVEY OFFICE. Progreas of work 
in the, pp.4-8; officers anct employee of, pp. 73, 74; see, also, Appen· 
dix :No. 4; estimates for pay of officers of, pp. 10, 11; information 
furniobed from the, in re1ily to 1pecial calls !luring the year end· 
ing J Ulle 30, 1883, Appendix No. 3, pp. 87-92. 

COAST SURVEY REFERENCE MARK AT A.LB.A.NY, N. Y., 
p. 29. ' 

COAST OF ALASKA. Progresa of survey of, p. 3. 
COASTS OF UNITED STA'XES. A table of depths for harbora on 

t.he, Appendix. No. 7. pp. 137-237. 
COAST PILOTS. Work on, p. t; reforred to in eatimates, pp. 0, 10; 

veriftca.tion of bydrography for Atlantic, pp. 28, 29; of California, 
Oregon, a.nd WMhingt.on Territory, new edition, compiled by A .. 
siatant George Davidson, p. 56; reference to publication of third 
volnme of Atlantic, p. 74; relative to aaleo of, Appendix No. 4, 
pp. 10'1, lfl8. 
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COFFIN, F. W., ENSIGN, U.S. N. Services in Section XII, p. 60. 
COHANSEY CREEK, p. 32. 
COHANSEY LIGHT-HOUSE. Triangulation near, p. 31. 
COLBY, H. G. 0., LTEUTEN.ANT, tr. S. N. Hydrograpbic sur. 

veys in Narraguagus and Pigeou Hill Bays, pp. 13, 14; see, al&o, 
Appendix No. 5, p.11~; relieved from duty on the Coast and Goo· 
detic Sarvey, Appendix No. 5, p. 114. 

COLLINS BEACH, Dr•l., p. 32. 
COLONNA, B. A., .ASSISTANT. Observation of the transit of Ve

nus at w ... hington, n. C., p. 37; survey of the eastern eoast of Flo
rida from Indian River Inlet southward, pp. 48, 44; see, also, .Appen
dix No. 5, p. 114; instruction to tidal observel's at Saint Paul. Ka
diak Island Alaska, p. 61; completion of the work uf verification 
of the nortbern boundary of Wyomini: Territory, pp. 70, 71; "The 
transit of Venus," 188'l. by C. A. Schott e.nd, Appendix No. 16. pp. 
371-378. 

COLORADO. Extension of primary triangulation in, pp. 4, 69. 
COLUMBIA FALLS VILLAGE, ME., p. 13. 
COLUMBIA IUVER. Progress of survey of, pp. 3, 58; reference 

to, in eatimatee, p. 10 i oomparison with Umpquab River, Oreg., 
p. 58. 

COLUMBUS, OHIO, p. 63. 

COMMISSION OF OBS ERV AT ION OF TRANSIT OF VENUS 
OF 1882. Reference to, p. 5. 

COKPLETION OF TlIE SUPPLEMENTARY SURVEY OF 
THE SAN FRANCISCO PENINSULA, p. 54. 

COMPLETION OF THE WORK OF VERIFICATION OF THE 
NORTHERN BOUNDARY OF WYOMING, pp.1,4, 7, 70,';l. 

COMPTON, JAMES, DISTRICT SUPERINTENDENT OF 
WESTERN UNION TELEGRAPH. Facilities extendedofficerA 
of the octrvey, by, p. 82. 

COMPUTATION AND DISCUSSION OF THE LENGTH m' 
THE YOLO BASE, BY C. A. f\CHOTl', ASSISTANT. Ap. 
pendix No. 4, p. 95 ; see. alao, A ppeudix No. 11, pp. 2'73-288. 

COMPUTING DIVISION, COAST AND GEODETIC SURVEY 
OFFICE. &ference to work of, p. 4; for report from, see Ap· 
peodh: No. 4, p. 95. 

CONLEY, J. M. Tidal observation• at Block Island, p. 20. 
"CONNAISSANCE DES TEMPS." Re!erenoo to, p. 6. 
CONNECTICUT. Reference to Fish Commission of State of, pp. 

21, 25. 
CONNECTION OF THE ASTRONOMICAL STATION AT THE 

UNIVERSITY OF VIRGINIA WITH PRIMARY TRIAN
GULATION OF VIRGINIA, p.39. 

CONSTANT, W. M .. ENSIGN, U. S. lf. Services in S"ction 11, 
p. 2i ; in Section VI, p. 46. 

CONTINUATION OF THE TRIANGULATION OF THE 
NORTHERN PART UF THE STATE OF NEW JEUSEY, p. 
30. 

CONTINUATION OF THE HYDROGRAPHIC RE-SURVEY 
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CONTINUATION OF THE TOPOGRAPHIC RE.SURVEY OF 
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SURVEY OF THE DISTRICT OF COLUMBIA, p. 37. 
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ISLAND AND NANSEMOND RIVER, p. 38. 

CONTINUATION <Jl THE SURVEY OF THE COAST OF 
LOUISIANA WEST OF THE MISSISSIPl:'l RIVER, p. 48. 
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NORTHWARD FROM POINT CONCEPCION, CAL., p. 52. 

CONTINUATION OF THE JIYDROGRAPHIC SURVEY IN 
THE VICINITY OF POINT ARENA, CAL., p. 56. 

CONTINUATION OF THE PRIMARY TRIANGULATION OF 
THE NORTH COAST OF CALIFORNIA, p. 57. 

CONTINUATION OF THE SURVEY OF THE COLUMBIA 
RIVER AND TRIBUTARIES, p. 58. 

CONTINUATION OF THE TRIANGULATION OF HOOD'S 
CANAL, PUGET SOUND, WASH. TER .. p. 511. 

CONTINUATION OF THE HYDROGRAPHIC ltECONNAIS 
SANCE OF THE SHORE.LINE AND HARBORS-OF SOUTH· 
EASTll:ltN ALASKA, p. 69. 

CONTINUATION TO THE EASTWARD OF THE PRIMA.RY 
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kindne•• from, p. 58. 
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Office, Appendix: No. 4, p. JOS. 
CRA.B ORCHARD RANGE 01'' MOUNTAINS, TENNESSEE, 

p. 6:1. 
CRANEY ISLAND. Progress of survey near, pp. 3, 38. 
CROAT.AN J.IGRT-HOUSE, p. 41. 
UROATAN SOUND. Progre•• of survey in, pp. 3, 40, 41. 
CROSS ISLAND, MACHIAS BAY, ME., p. 13. 
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CUMBERLAND MOUNTAIN TABLE LAND. p. 6'L. 

CUMBERLAND RIVER, TENN., p. fl2. 
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pp. 17. 18, 45. 
CUTLER, W. G., MASTER, U.S. N. Services in Section II, p. 34. 
CUTTS, RICHA.RD D. Assistant in charge of Office and Topo. 

graphy, Co115t and Geodetic Survey, p. 12; for report from, se~ 
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CUTTS, R, M., LIEUTENANT U. S. N. Loan of sclentillo in· 
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No. 4, p. 94. 

D. 
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DANIELS, DAVID, ENSIGN, U.S. N. ServicM in Section I, p. 

14; Ju Section VI, p. 42. 
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DAVIDSON, GEORGE, .A.ilSlSTANT. Reference t<J organization 

of party for oh ... rving transit of Venue of 1882 in New Mexico by, 
p. 52; datemination of longitude of stAtion at. Cert·o Roblero, N. 
Mex., pp. 53, 54; instruction• a.s to the swinging of pendnhtms at 
several station•, pp. 54, 55; occupation of a station of the primary 
trian!(ulation north of San ·FranciM-O Jlily, pp. 55, 56 ; instrncti-011 
in uoe of the tide gauge for Ala.ska, by, p. 61; observations of the 
tra11Bit of Venns at Cerro .Roblero, near Fort Selden, N. Mex., p. 
70; serios of pendulum npetiment• at station in Japan selected 
by, p. 72; resnlts for the length of the primary barre line in Yolo 
County, Cal., measurement in !Sill by, see Appendix No. 11, pp. 
273-288 ; t'el!Ult.s of obaervations for atmospberfo refraction on the 
line Mount Diablo to Martinez, Cal., in conueotion with hypso. 
metric measnres by spirit-level, the vertical circle, and the ba
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pp. 289-304; the tranait of Mercury, 1881, by, Appondi:I: No. 15, 
pp. 369-370; mean plac61l of 1278 t.lme and circumpolar stal'8 for 
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Venus of 1682, at San Francisco, Cl>!., p. 64. 
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tion X, p. 53. 

DAVIDSON OBSERVATORY, SAN FRANCISCO, CAL. Ob· 
servation of transit of V eons of 1882 at, pp. 11, M. 
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DA VIES, PROF. J. E. Occupation of atstiona in oontbln&n of the 
triangulation of the State of WiBOOrudn, pp. CIG, 88. 
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DA VIS, W. H. EnJ(r&ving Division, Coaat and Geodetic Snrvey 
Olliee. Appendix No. '. p. 103. 

DE.AN, G. W., .ASSIST.ANT. Determination of the longitude of 
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London and vicinity, p. 23: in office of assistant in charge of office. 
Appendix No.•, p. 94. 
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UNITED STATES. A table of, A.ppendlx No. 7, pp. 137-237. 
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P• 641 at Allegheny, l!ibtmllburgli, and York, Pa.. pp.4711-486. 

DETERMINATIONS OF LONGITUDE AND LATITUDE. At 
stations in the Weat..rn $tatea, pp. II, t, es; of the Univer&lty of 
Vir~ at ObarlntteeviUe by ex:elumgeof Wl.egraphlo 1lgnals with 
Wuldn(tOll; and of the latitude of Charlotteeville 1ta.tion, pp. 118. 
llll; of traul.tof Venu.a station at Sablt Aupetlne, FIA., p. 42; et 

DETERMINATIONS OF LONGITUDE AND LATITUDE 
ConUnn•.d. 
Little Rook, Ark., pp. 49, 50i a.t San Francis<!-o in connection with 
P.imilar determinations at the transit of Veuus Rtations in New 
Zealand 11.nd in Australi>. and Eastern Asia, pp. 54, 55; and rela
tive magnetic intensity at Point Barrow, Alaska, p. 61; of etation• 
in Indiana and Illinois, p. 53. 

DEVOL, PROF. R. S., .ACTING ASSISTANT. Geodetic oper
ations in Ohio, p. 63. 
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UNITED STATES POLAR STATION .A.T OOGL.A.A.:MJE, 
ALASKA. By C. A. Schott, .Assistsnt, Appendix No. 13, pp. 
323-365. 

DISTRIBUTION OF S"UI\VEYING PARTIES ON THE A.T. 
L.A.NTIC, G-ULF OF MEXICO AND PACIFIC COASTS, AND 
THE INTERIOR OF THE UNITED STA.TES, DURING THE 
FISCAL YEAR 1882-'83. Appendix No. l, pp. 77-84. 

DISTRICT OF COLUMBIA. ProgreSB of detailed loJl<lgraphiu 
sul'Vey of, 3; continuation of survey, p. 37. 

DIVISIONS A, B, C, D, OF COAST PILOT. Rr•fe:rence to eu
.gra.·ving views for, pp. 28, 29. 

DIVISIO~ OF I:-ISTRUMENTS AND REP A.IRS. Stle Appendix 
No. 4, p. 111. 

DIVISION OF TIDES. See Appendix No. 4, pp. 97-99. 

DIVISION OF TOPOGRA.PHY, In charge of assistant in charge 
of the office, see .A. ppendix No. 4, pp. 93, 94. 

DODGE, O. G., ENSIGN, U. S. N. Services in Section I, p. 14 
in Section VI, p. 42. 

DON.A. BAY, l<'LA., p. 47. 
DONN, F. C. Ilydrographic Divi•ion, Coast and Geodetic Smvey 

Office, Appendix No. 5, pp. 117, 118. 
DONN, .J. W., .ASSIST.ANT. Continn1>tion of t.lie tletailed topo

graphic&! snrvey of District of Columbia., p. 37. 
DOOLITTLE, MYRICK H. Computing Division, Coast anti Goo· 

detfo Survey Offil'~, Appendix No. 4, p. 96. 
DOUGHERTY, JOHN A., MIDSHIPMAN, U. 8. N. Sen-ices in 

Section II, p. 32: in Section VI, p. 45. 
DOWNF..S, J. Law of Tidal Di\•ision, Coast and GPorletic Survey 

Office, .Appendix No. 4. p. 98; death of, noted, p 99. 
DRA.K.E, JAMES C., MIDSHIPMAN, U.S. N. Services in Sec

tion VIII, p. 49. 
DRA. WING DIVISION, COAST AND GEODETIC SURVEY OF. 

FICE. Reference to, in estimates, p. 11 : calls on Computing Di
vision from, Appendi:x; No. 4, p. 95; repott from, Appendi:x; No. 4, 

pp. 99-102; list of charts completed or in progreas to June 30, 1883, 
pp. 101, 102. 

DRAWINGS. St.andard Topogiaphical, by E. HcrgeRheimer, As· 
•istaot, Appendix No. 14, pp. 367-368. 

DRIFT (EK1booner). Use of in Section II, pp. 23, 26; in Section Ill, 
p. 38: in Section VI, pp. 45, 46; see Appendix No. 5, pp. 113, 114. 

DUCK CREEK, DELA W .A.RE BAY. Tide-gauge at, p. 32; width 
of entrance t.o, p. 35. 
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27. 
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DYER'S BAY, M:E. Progress of sounding• off, pp. 2, 13: enmins
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DYER'S COVE. DELA.WARE BAY, p. 32. 
DYNA.YO-ELECTRIC MACHINE. Appendix No. 4, pp.113, 94. 

:E. 

EA.GRE (schooner). Use of, in Sent.ion I, p. 13; in Section VI, p. 
42; see, also, Appendix No. 5, pp. 113, 11(. 

EARNEST (11Chooner), Use or, in Section XI, pp. 58, 69; Appendix 
)fo. 5, pp. 113, 114. 
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EAST BASE, MOBILE BAY. Monnments of base-line of 1874 
found apart and out of position, l'· 48. 

EAST COAST OF FLORIDA. Survey oflagoons and, pp. 3, 43-45. 
EA.STERN FLORIDA. Increase of trade and transit in interior of, 

pp. 9, 43. 
EA.ST IJ>iDIES. Pendulum operations at station• in, p. 1. 
E.A.ST ROCK STATION. CONN, p. 25. 
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EBENSHURGll, PENN. Experiments for force of i:mvity ut, pp. 

27, 37. 
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EGG ROCK, p. 14. 
J<:GG ISLAND, DEJ,.A. W .ARE BAY, p. n 
EGMONT KEY, FLA. Thie-gauge at, p. 47. 
EGMONT LIGHT. Bench-mark at, p. 47. 
EICHHOLTZ, HUGO G. Miscellaneous Division, Coast and Geo· 

de tic Snr,-ey Office, Appendix No. 4, p. 108. 
EU.I.BECK, WILLIAM, ASSISTANT. Primary triangulation in 

Nevada antl Utah near the thhty-ninth parallel extended east
ward, pp. 68, 69. 

ELECTROTYPING AND PHOTOGRAPHING. Reference to, p. 
4; reference to, in estimates, p. 11: see report from En:,.rraving Di
vision, Appen<lix 4, pp. 102-104; reference to dynamo-eltlctric rua. 
chlne for, .Appendix 4, p. 93. 

ELIZ.A.BETH CITY, N. C., p. 41. 
ELLICOTT, EUGENE, .A.S8I8TANT. Topog-raphy of islands in 

ll1oos-a-bec Reach, and shoro-lin" of Chandler's Bay, Me., p. 13; 
special survey for the .Fish Commission near the Great Falls of the 
Potomac, p. 38; reconnaissance of thti Saint Juhn's River from 
Lake Monroe to Lake Washington. pp. 42, 43; reference to fonner 
work of, in \\.,.ashington 1.'€.rritor,r, p, 59; in office of assistant in 
charge oftlie office, Appendil: No. 4, p. 94. 

ELLIOTT, W. P., LIEUTENANT, U.S. N. Services in Section 
x, pp. 53, 57. 

ELSINGBOROUGH POINT, N. J. SJ.iore of Delaware Bay, p. 34. 
ENDE.A. VOR (steamer). Use of, in Section II, pp. 32, 33; in Sec

tion V, p. 41; see, also, Appendix No. 5, pp. 113, 114. 
ENGINEER COMMISSIONER Q}' THE DWTI\ICT OF COLUM

BIA. Snn-ey at request of, p. 37. 
ENGLISH (A.MERIC.A.N AND PENDULUM WORK, p. 37. 
ENGRAVING DIVISION, COAST .AND GEODETIC SURVEY 

OFFICE. Reference to, p. 4; in estimates, p. 11; reference to 
calls on Computing- Division from, Appendix No. 4., p. 95; report 
from, Appendix No. 4, pp. 104-107 ; list of impression~ from, p. 
103. " 

ENTHUFFER. J. Engraving Division, Coa.•t and Geodetic Survey 
Ottice, A ppeodix No. 4, p. 1il3. 

EPOCH 1885.0. Mean places of 1278 time and circumpolar stars 
for, by George Davidson, Assist .. nt., Appendix: No. 18, pp. 383-472. 

ERICHSE~, P. DrawinliC Division, Coast and Geodetic Survey 
Office, Appendix No.4, p.100. 

ERIE CAN AL, N. Y. Relative to canal levels of, p. 29. 
ESHLEMAN, E. Instrument Division, Coast and Geodetic Survey 

Office. Reconstrnction of theodolites 82 and 127 by, Appendix No. 
4, p.111. 

ESQUIMALT, ALASKA., p. 60. 
ESTIMATES. Explanation of, pp. 8, 9; in detail, pp. 9-11. 
ESTU.ARY OF THE DELAWARE. A report by Henry Mitcliell, 

Assistant, on, ApP"mliit No. 8, pp. 2311-245. 
ETLA.H, FRANKLIN COUNTY, MO. Geodet!ic l<>veling "" far 

ao, pp. 63, 94, 68. 
EV ANS, H. C. Eni:ri.ving Dh•ision, Coast and G1l0detic Survey 

Office, Appendix No. 4, p.103. 
EXAMINATION OF THE MONUMENTR o~· THE TRIAL 

JI.ASE LINE A. T FORT MYER RESERVATION, V .A..., p. 38. 
EXAMINATIONS FOR COAST PILOT, pp. 28, 29 refer'flnce to, 

in estimates, p. 10. 
EXECUTION ROCK, LONG ISLAND, p. 2fi. 
EXPLORATIONS OF TH.E GULF STREA.Y, pp.2,17-20. 

Ji'. 

FAGIN, V. J, Computing Divil!lon, C008t amt Geodetic Survey 
Office, .Appendix No. 4, p. 97 ;·in Dr&win!( Division, aod transferred 
t.o oftic~ of dlsbnrsing agent., p. 100. 

FAIRFIELD, GEORGE A., AflSIST.AN'I'. Continuation to the 
eastward of the primary triAngulati<>n in Illinois near the thirty
mnth parallel, ppH, Gil. 

FAIRFIELD, W. I!., EXTRA. OBSERVER. Service• in Section 
II, p. 31; in Section III. p. 40; in Section VI, pp. 43, 44. 

FARMINGTON, STAFFORD COUNTY, N. II. Triangulation 
station near, p. 15. 

FARQUHAR, HENRY. Computing Divi•ion, Coa•t and Geo.tetic 
Survey Office, Appendix No. 4, pp. 96, 97. 

E'ATl:INGER, J. J., RECORDER. Services in Section XVI, p. 69. 
F.AUTH, MR. Facilities fornished officers of the Coast. and Geo

detic Survey by, p. 37. 
]'AUTH'S OBSERVATORY, W .ASHINGTON, D.U. Observations 

of trll.nsit of Vemu at, pp. 5, 37. 
FECHTELER, A. F., ENSIGN, U. S. N. Services in Section II, 

p. 24. 

FENNER STATION, p. 30. 
FERYANDINA, FL.A., p. 46. 
FERREL, PROF. WILLI.AM. Reference to tide-predicting ma

chine hy, Appendix No. 4, p. 93; report on the harmonic analysis 
of the tides at Sandy Hook, by, .Appendix No. 9, pp. 247-251; 
Description of a maxima and mil1ima tide-predicting machine by, 
.Appendix X o. 10, pp. 253-272. 

FIELD A.ND OFFICE WORK OE' THE UNITED ST.A.TES 
COAST.AND GEODETIC SURVEY FOR THE YE.AR END
ING JUXE 30, 1883. Statistics of, Appendix No. 2, pp. 85, 86. 

FIELD CAT.A.LOGUE OF 1278 TIME .AND CIRCUMPOLAR 
STARS, p. 6; see, also, .Appendix No. 18, by George Davidson, 
.Assistant, pp. 383-472; relative to completion of work on, p. 56. 

FIELD OPERATIONS IN COURSE OF THE FISCAL YEAR 
ENDING JUNE 30, 1883, pp. 2-4; reference to, in estimatea, pp. 
9-11. 

FINN'S POINT, N. J., p. 34. 
FISCHER, LOUIS. Instrument Division, Coast and Geodetic Sur

vey Office, Appendix No. 4, p. 111. 
FISH COMMISSION (UNITED STATES). Special survey near 

Great F~ of tbe Potomac for, pp. 3, as; in Connecticut, pp. 21, 
25, 26. 

FISHER, E. N., ENSIGN, U. S. N. Services in Section II, p. 
33; in Section V., p. 41. 

FISHER, W. J., TIDAL OBSERVER .AT ST. P.A.UL, KADUK 
ISL.AND, AL.A.SKA., p. 61. 

FISHERIES EXPOSITION (INTERN.A.TION AL). Model of hot. 
tom of Atlantic coast and Gulf of Mexico constructed at Coast and 
Geodetic Surrey Office. and exhibited at, p. 8. 

FISHER'S ISL.AND, LONG ISL.A.ND SOUND. Progreas ofsnr 
vey of, pp. 2, 21. 

FISHER'S ISLAND SOUND. ProgrA•B of re·•nrvey of. pp. 2, 21, 
22; da.ugeroua rock~ in, p. 2; 1·eported and located, pp. 5, 2l. 

FISHING CREEK, DEL.AW A.RE BAY, N. J., p. 34. 
FIVE-F .A.THOM B.A.NK, NEW JERSEY COAST. Caution relative 

t-o f!unken vessels off, p. 5. 
FLORENCE STATION, p. 30. 
FLORIDA, EAST AND WEST COAST. Progreas of survey of 

pp. 3, 43-45, 47, 48; reference to, in estimates, p. 10; notice ol 
wreck partly out of water In track of vessels on east coa.st of, p. 
5; current observations off, p. 38. 

FLOYD COUNTY, IND. Reconnaissance in, p. 63. 
FLYNNE, LUCIEN, MASTER, U.S. N. Services in Section II, 

p. 27; in Section VI, p. 46; in Section V.ill, p. 49. 
FOGGY POINT, ALASKA, p. 6-0. 
FOLGER, HON. C. J., SECRET.ARY OF TREASURY. Report 

of Superintendent of Coast and Geodetic Survey addressed to, p. 
74-. 

l<'ORCE OF GRA. VITY. Results for, by C. S. Peirce, Assistant, 
Appendix No. 191 pp. 473-486. 

FORNEY, STERMAN, ASSIST.A.NT. Services in Section X, and 
in snboffice, San E'rancl•co, Cal., p. 57, 

FORT MONTGOMERY, LAKE CHAMPLAIN, p. 29. 
FORT MORGAN, MOBILE BAY, p. 48. 
FORT MYER, VA.. Examination of the monuments of the trlal-

bal!tl at. p. 38. 
FORT POINT STa.'rION, CAL. Tidal observations at, p. 55. 
FORT POl!fD BA.Y, LOS'G ISLA.ND SOUND, p. 23. 
FORT SELDEN, NEW MEXICO. Detenninationoflongitudeof 

Transit of Venno sta.tlon near, p. 3; obS<lrvationa of trau"1t, De
eembt.r, 1882, pp. 4, 5, 53, 54, 70. 

FORT TRUMBULL, CONN. Tidal ob86rvationa at, pp. 2, 23. 
FORT WHIPPLE. Name ch~ed to Fort Myer, p. 38. 
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FORT WOOSTER, CONN, JJ. 25. 
FOWLER, E. R. Drawing Tlivisio11 and I>ivision of Topography, 

Coaet and Geodetic Survey Office, Appendix No. 4, p. 100. 
I<'RANKFORT, KY., p. 62. 
FRANKLIN PUBLIC SCHOOL, KANSAS CITY, p. 66. 

FREMONT, JR.,JOHN C., MASTER, U.S. N. 8crvices in Section 
II, pp. 24, 26; see, also, Appendix No. 5, p.113; observations of cur· 
rents at statfons near t.he ent.ranne of Chesapeake lfa.1· and tlwuce 
southward, p. 3fl; current observations at stations off .Jupiter lu· 
let, Fla., pp. 45, 46. 

FRENCH. HON. H. F., ACTING SECRETARY OF TREAS· 
URY. Letter transmitting to Congress Rep01·t of Coa:;t and Geo· 
detic Survey for year ending June, 1883, p. iii. 

FRENCH, G. R., ENSIGN. U. S. N. Services in Section II, p. 34. 
FRENCH, W. B. In office of assistant in charge of the office, 

Appendix No. 4, p. 94. 
FUCA (ste11m-la11nch). ServiMs in Section XI, p. 59. 
FUCA STRAIT, WASH. TER. Progress of survey of, pp. 3, 58; 

reference to, in estimates. p. 10. 

G. 

GALVESTON, TEX., p. 50. 
GALVESTON ENTRANCE, TEX. Hydrography of coast near, 

pp.3, 56. 
GALVESTON ISL.AND, p. 51; search for triangulation points of 

survey of 1853-:'55, p. 51. . 
GARDINER'S BAY. Examination for triangulation points in 

vicinity of, and re·SUI"l'"ey of, 24, pp. 2, 23, 24. 
GARDINER'S ISLAND AND LIGRT·llOCSE, pp. 23, 24. 
GARDINER, UMPQUAH RIVER, OREGON, p. 58. 
GARLAND, H. R., RECORDER. SetTiceR in Section II, p. 23. 
GARST, PERRY, LIEUTENANT, U.S. N. Preparing for sum-

mer's work at Olympia, Wesh. Ter., .Appendix No. 5, p. 113; relieved 
from duty on Coast Survey, p. 114. 

GED1'"EY, C. D. Services in Section XVII, p. 71; in oflicP of 
Superintendent of Coast and Geodetic Survey, p. 74. 

GEDNEY (steamer). Use of. in Section II, pp. 20,21i; in Section IX, 
pp. 50, 51; see Appendix No. 5, pp.113, 114. 

GENER.AL EXPENSES, ESTIMATES FOR, p.11. 
GEODESIC LEVELING, pp. 4, 64, 65; reference to, in estimates, 

p. 10; westward from Saint Louis towards Kansas City, Mo., p. 68. 
GEODETIC OPERATIONS. Observatians on, p. l; in Western 

Sta.tef',p.4; in NewHatnJJHhire,p.15i inVermont.p.16; in New 
Yofk, pp. 29, SO ; in New J er.ey, p. 30; in Pennsylvania, p. 36; in 
West Virginia, Ohio, Kentucky, l'P· 39, 40. 63; in California. pp. 
62, 55-57; in Kentucky and Tennessee, p. 62; iu Indiana and Dli· 
nois, pp. 63, 64; in Wisconsin, p. 65; in Mi•oonri, p. 67; in Nevada 
and Utah, pp. 68, 69; in Colorado, p. 69. 

GEORGIA. Ope1at.\ono on coast uf, p. 3; reference to base-line in, 
pp. 39, 48. , 

GEB.DES, F. H., .ASSISTANT. Recovery.and marking oftr\ongu· 
lation point. on the north shore of Long Island, between Hemp
st<lad H&rbor and Horton's Point, N. Y., p. 26. 

GIBSON, F. M., CAPTAIN SEVENTH CAVALRY, U.S. A. .Ac
knowledgment of obligations to, p. 71. • 

GILBERT, N. Y. State survey station, p. 30. . 
GILBERT,J.J., ASSTS'l'.ANT. Observation of transit of Venus 

&t San Francisco station, pp. 53, 54; continuation oftl!e triangula
tion of Hood's Canal, Puget Sound, Wash. Ter., p, 59. 

GOFF'S ISL.A ND, p. 24. 
GOODFELLOW, EDWARD, ASSISTANT. Reference to stone• 

t.o mark poeition of astronomical station at Utah placed in 1868-'69 
by, p. 66; asflistanee rendered in compilinir present report, p. 74 ; 
de&Criptive catalogue of pnblica.tion• relatinl( to the CO&llt and 
Geodetic Survey and to standard measures, compilrd by, .A.ppcn· 
dix No. 6, pp. 121-135. 

GOSHEN POINT, FISHER'S ISLAND SOUND, p. 21. 
GOSI-UTE STATION, UTAH, p. 68. 
GOULD STATION, ORIO, p.<113. 
GOULDSBOROUGR BAY. Progreaa oi aoundinil! oft; pp. 2, 13, 14. 
GOVERNOR DICK, Triangulation station in Pennsylvania, p. 36. 
GRAFTON, W. V .A., p. 8'. 
GRAHAM, A. B. Drawing Divi&fon, COIW!t and Geodetic Suney 

Otll.oe, Appelldia; lio. 4, JI• 100. 
"GRAND TERRE," STATION OF 1878, p. 48.. 

GRANGER, F. D., ASSISTANT. Services in Sec.tion II., p. 32; 
r.ont.imu1tfon to the westward of tlw ptima.ry triangulation in Mis
Nouri near the thirts-niut.l1 parallel, pp. 67, 68. 

GRAVITY DETERMINATIONS. Progress of, pp. 2, 4, 6, 36, 71, 73; 
see alrto ApJH-mdix No. 19, hy C. S. Peirct', A~si1d,a.nt. 

G RA Y 1 E. Tidal ohRervations at Saucelito, Cal.. p. 55. 
Gl{A Y'S HARBOR, WASH. TER. Snr\•ey of, pp. 3, 58, 59. 
GREAT BitIDGE. SAINT LOJ'TIS, MO., p. 64. 
GRIL~T CASPAR STATION, CAL., p. 57. 
GREAT FALl,S, OF THE POTOMAC. Special survey near, for 

U.S. Fish Commis•ion, pp. 3, 38. 
GREAT LAKES. Connt1ction of tria.ngulation betwoon Atlantic 

coast and the, p. 1; connection of triangulation of Hudson River 
and Lake Champlain with the, pp. 2, 29, 30. 

GREAT VALLEY OF CALIFORXI A, p. 52. 
GREAT WASS ISLAND, ME., p.13. 
GREENPORT. LONG ISLA.ND, pp. 24, 26. 
GREENSBC'HG, GREENE COTTNTY, KY., p. 62. 
GREENVILLE, BOND COUNTY, ILL, pp. 64, 65. 
GREENWELL, W. E., ASSISTANT. Reference to tertiary trian. 

gulation in 1878 by, p. 53. 
GREENWICH. ENGLAND. Observatory reforeuc~ to, p. 6. 
GRlFFIN. THOMAS D., EN8IGN, U. S. N. Services in Section 

IT. p. 22. 
GROTON, CONN., p. 23. 
GROTON LONG l'OIXT, LOKG ISLA.ND SOL':ND, p. 22. 
GLl.F COASr. Geod~fo connection hHtween, and that of .Atlantic 

and Pacific, p. 1; reconnaissance for geodetic purposes of, to At· 
lanta, Ga., pp. 3, 48; reference in estimates to tidal and magnetic 
ob•ervations on, p. 10. 

. Gl! LF 01!"' MEXICO. Moclel of bottom of Atlantic coa1d and, con· 
strncteil at Coast nnd Geodetic Snrn•y Office and e:!.hi~itcd at In
t~rna.t.iona1 FiAhfl-rieA Expo1iition, London. p. 8: reconnaissance for 
geodetic purposeF> between, and Atlanta., Ga., p. 48, dist.ribution 
of surveying parties upon the Atlantic, and Pacific coasts, during 
fiscal year 188"~'83, Appendix No.1, pp. 77-84; lidos of, see Ap· 
pendix No. 4, p. 98. 

GULF STREAM. Progress of deep·•ea oonndings across, pp. 2, 
17-20; reference to, in estimates, p.10; reference in estimate. to 
current ol;>servations in, p. 9i current obaerva,tione in, pp. 38, 45. 

GULL ROCKS, PIGEON IIILL BAY, ME., p. H. 
Gt:'NSTOCK, N. H. Station on, p. 15. 
GUTHRIE, KY., p. 66. 

H. 

HAGERSTOWX, MD. Geodesic leveling near, pp. 63, 64. 
HALIFAX STATION', WINDHAM COUNTY, VT., p. 16. 
HA.LL, F. TI., .AID. Services in Section II, p. 27. 
HALL ST,\ TION, TENN., p. 82. 
HALTER. R. E., ASSISTANT. Topography of the shores of 

Nueces Bay; triangulation in the vicinity of Matagorda Bay ; 
woasurement. of a base of verification, and observations for azi
muth, p. 51. 

HAMBURG STATION, SFSSEX COlTNTY. N. J., p. 30. 
HA.:MILTOJil STATION, N. Y., p. 29, 
HAMMOCKS (TIIE), LONG ISL.AND SOUND. p. 21. 
HAMPTON ROADS, VA. Topographic surve.v near, pp. 3, 28. 38. 
HANUS, G. C., LIEUTENANT, U.S. N. Development ofdani:er-

ous rock in Surge Narrows, Peril Strait, Southeast AJ...,ka, p. 5; 
continuation of t,be hydrop;raphic re.surve.~ of Lower Delaware 
Bay, p. 34; sPe also .Appendix No. 5, p.115. 

HARBORS ON THE COAST OF THE UNITED STATES. A 
table of depths fort.he,' Appen<liX No. 7, pp.137-237. 

HA.RMO)!IC ANALYSIS OE' THE TIDES AT SANDY HOOK. 
By Prof. William Fen-el, Appendix No. 9, pp. 247-251. 

HARMONY STATION, WIS., p.65. 
HARNEY, LA.KE, FLA. De•c1iption of, pp. 42, 4~. 
HARPER, VA.PT. T. Acknowledgment of courteaies extended 

by, p.40. 
HARPER, JAMES S., RECORDER. Servie<lll in Section XIV, p. 

65. 
HART ISLAND, N. Y., p. 26. 
HARTFORD (U.S. steamer). Reference to, p. 73. 
HARTLIN STATION, ILL., p. 64. 
HASSLER lsteamer). New boilers for, reference to ill eatimatoo, p. 

9; use of, in Section XII, p, 00; aee Appendll No. 5, p. 114. 
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HASSLER EQUATORIAL. Reference to use of, in Section XVI, 
p. 70. 

HARVARD COLLEGE OBSERVATORY. Referenceto,p.6. 
HA TTERA.S, CAPE. Soundings off, pp. 19, 40; obsorvationo on 

winds off, p. 19. 
HA VER HILL, SCIOTO COUNTY, OHIO, p. 63. 
HAYSTACK MOUNTAIN, WILMINGTON, VT., p.16. 
HAYTI. Soundings near, p. 46. 
HEAD HARBOR ISLAND, ME., p. 13. 
HEALD, E. D. F., LIEU TEN ANT, U.S. N. "!iydrograpbic re-sur· 

vey of Saint John'~ River and Bay, p. 42; comfnandof the schooner 
Eagre, Appendix No. 5, p.115. 

HEARD STATION, MO., p. 67. 
IlELDERBERG STATION, N. Y., pp. 29,30. 
HEMPSTEAD HARBOR' Progrns• of work near, p. 2; marking 

of triangulation pointe near, p. 26. 
HENDERSON, KY., p. 66. 

HENDERSON, C. W .. LATE IN CO:MPB'TING DIVISION, 
COAST AND GEODETIC SURVEY. Reference to death of, 
Appendix No. 4, pp, 95, 97. 

HERBERT, W. A., ACCOUNTANT IN COAST AND GEO
DETIC SURVEY OFFICE, p- 74. 

HEREFORD INLET, :NEW .TERSEY COAST, p. 31. . 
HERGESH:KIMER, EDWIN. ASSISTANT. Topographical sur

vey of Fisher's Island, Long I.land Sound,p. 21; standard topo
graphical drawings by; Appendix No. H, pp. 367--368. 

HERGESHEIMER, .TOSEPH, SUBASSISTANT. Topographic 
nnd hydrogmpbic survey of the we.st. coast of Florida between 
Charlotte Harbor a.n<l Tam pa .Bay, p. 4 7; "ee also .Appendix No· 
5. J>- 114. 

HERSCHEL, LTEUTENANT-COLONl<:T., ROY.AL ENGINEERS. 
Reference to pendulum operations hy, p. 72. 

HIGHLANDS OF NA VESINK. Additional topographical details 
fu original sheets of the survey of the New .J erRey cmtst between, 
and Tom's River. p. 31. 

"HIGH POINT TEBO" STATION, MISSOURI, p.67. 
HILGARD, :r. E .. SUPERINTENDENT UNITED STA.TES 

COAST AND GEODETIC SURVEY. Report for year ending 
:rune 30, 1883, submitted t-0 Hon. Chaa . .T. Folger, Secretary of the 
Treasury, pp. 1-74; letter from Secretary of the Interior to, on 
boundary line of Wyoming, p. 71. 

HILL, C. B., RECORDER. Services in Section X, pp. 53, 54, 56; in 
Section XII, p. 61 ; special operations, p. 73. 

HILLSBOROUGH, FLA., p. 45. 
HITCHCOCK (steamer). Use of, in Section VIII, p. 49; see also 

Appendix No. 5, p. 114. 
HOBOKEN', N. J. Pendulum experiments at, pp. 2, 6, 27, 36, 42. 
HODGKINS, W. C., SUBASSIST ANT. Topographic re-survey of 

the north shore of Long lslWld Sound to the eastwa.rd of Thames 
River, p. 22; surl"e_y near Sabine P8r88, La. 1 p. 49. 

HOILE RTATION, ILL., pp. 64, 65. 
HOLDEN, PROF. EDWARDS., DIRECTOR OF WASHBURN 

ODSERV ATORY. In chari;te of observation of total eclipse of 
the snn in South Pacific Oooan, p. 72. 

HONG-KONG, CHINA, p. 72. 
HONOLULU, SANDWICH ISLANDS. Pendulum observatiooo 

at, pp. 6, 73: reference to tidal observations at, p. 73; soo aloo Ap· 
pemlix No.~. p. 97. 

ROOD'S CAN AL, WASH. TER. Progress of tria.ngnlati<>n of, 
pp. a, 59. 

HOOVER, D. N. Engraving Divi•ion, Coast and Geocletic Survey 
Office, Appendix No 4, p.103. . 

HORTON'S l'OINT, N. Y. ProgreM of work st, p, 2; tria.ogulBr 
ti on point.a nea.r, p. 26. 

HOSMER, CHARLES, ASSISTANT. Topographic and hydro. 
graphic re-sorvoy of the ea&tern part of •onth ohorea of Long 
Island Sound, pp. 23, 24; of the west.em shore of Long Island 
Souncl, p. 26; """ 1.lso Appendix No. 5, p. 115; in oftiee of aaaietant 
In ch&rge of the office, Appendix No. 4, p. 04.. 

HOW ARD STATION, MJI., p. 13. 
HOWLETT STATION, NEAR SYRACUSE, N. Y., p. 30. 
HUDSON RIVER. Progress of triangulation near, pp. 2, 211. 

/HUGHES, EDW .ARD M:., LIEUT., U.S. N. Hydrogmphic re-sur
vey of Gardiner's Bay a.nd approaches, aonth ooaet of Long !al.and 
Sound, pp. 24, 25 ; aee aleo Appendix No. 5, p. 113 ; hydrography 
of the coast of Texas from Galveaton entranoe, l!&lltw&rd, pp. liO, 
51; in command of the Gedney, .Appendi>:. No. 5, p. 114. 

HUMPBACK STATION, VA., p. 39. 
HUNTER'S POINT, SARASOTA. BAY, FLA., p. 47. 
HYDROGRAPHIC DIVISION, CO.A.ST AND GEODETIC SUR-

VEY OFFICE. Reference to, p. 4; calls for work on Computing 
Division, Appendix No. 4, p. 95; special report, Appendix No. 5, 
pp. 113-119. 

HYDROGRAPHIC INSPECTOR, p.12; reference to, in estimate•, 
p. 11 ; report of the, for the year .ending J' one 30, 1883, Appendix 
No. 5, pp. 113-119. 

HYDROG RAPHIC RE-SURVEYS. Progress of, pp. 2, 3; of Fieher'a 
Island and New London Harbor, pp. 21, 22; of Gardiner's Bay nnd 
appr<>aches, south coost of Long Island Sonnd, p. 24; of western 
•bore of Long Island Sound, p. 26; of the approache• to New York 
Harbor, p 26; of Delaware Bay and River, pp. 32, 33; of Lower 
Delaware Bay, p. 34; of Saint .Tohn's River and Bar, Fla., p. i2. 

HYDROGRAPHIC SURVEYS. Progress of, pp. 2, 3; in Narra
gna.gna and Pigeon Hill Bays, pp. 13 1 14-; of eastern entrance to 
Long Island Sound, p. 20; survey of Cape Fear River entrance and 
in Croatan and Pamplico Sonnds, p. 40; in the vicinity of Cape 
Romain, S. C. 1 p. 41; between Jupiter Inlet and Key Biscayne, p. 
45; of west. coast of Florida, between Charlotte Harbor and Tampa 
Bay, p. 47; from Monterey, Cal.. oouthward, p. 53; in vicinity of 
Point Arena, Cal., pp. 56, 57; iu vicihity of :Mendocino City, Cal., p. 
57; of Gray's Harbor aud in the Strait of Fncs and Admiralty 
Inlet, pp. 58, 59; of Southeastern Alaska, p. 60. 

HYDROGRAPHY. General statement of progress, pp. 2, 3; physi
cal, p. 7; off south coast of Long Island and lines of det>p·sea 
soundinp;s in vicinity of New York Hay entrance, p. 27; veriftca. 
tion of, for Atlantic Coast Pilot, p. 28; of coast of Texas, from 
Gal vest.on entrance, eastward, p. 5-0. 

HYPSOMETRIC MEASU.ll.ES BY SPIRIT-LEVEL, THE VER
TICAL CIRCLE AND THE BA.RO.METER, MADE IN MARCH 
AND APRIL, lSSO, BY GEORGE DAVIDSON, ASSISTANT. 
Discussion by Charles A. Schott, Assistant. Results of observa
tions for Atmospheric Refraction on the line Monnt Diablo to 
Martinez, California1 in connection with, .Appendix No. 12, pp. 
289-321. 

HYPSOMETRIC OBSERVATIONS NEAR WASHINGTON 
CITY, D. C., p. 39. 

I. 

!ARDELLA, C. T., ASSISTANT. Continuation of the topographio 
re·snrvey of west shore of tMDelawar&Riverand Bay, from New 
Caetle, sonthward 1 p. 35. 

ILLINOIS. Bx.tension of primary triangulation in, pp. ii, 64!66; de
t.ermlnation oflatitnde and longitude •tations in, p. 63. 

INDIA. Pendulum ob•ervations in British, p. ti. 
INDIAN A. Exten•ion of triangulation in, pp. 4, 63; determination 

of latitude and longitude of stations in, pp. 63, 66. 
INDIANAPOLIS, IND. Longitude of, p. 67. 
INDIAN RIVER, FLA. Navigation of, p. 43. 

INDIAN RIVER INLET, FLA. Progre08 of survey of, pp. 3, 43, 
44; survey of eastern ooast of Florida from, &0nthward, pp. 13, 44.. 

INFORMATION FURNISHED FRO¥ THE OFFICE OF THE 
COAST AND GEODETIC SURVEY IN REPLY TO S,PE
CIAL CALLS DURING THE YEAR ENDING JUNE BO, 1883. 
Appendix No. 3, pp. 87-92. 

INSTRUMENTS AND REP AIRS. Reference to, in estimatea, p. 
11; see Appendix No. 4, p.111; Appendix No. 6, pp. llf>-117. 

INTE&..-.,.A.TIONAL POLAR COMMISSION STATION, POINT 
BARROW, ALASKA, p. 61. 

INTERIOR DEPARTMENT OF THE UNITED STATES. Veri· 
ftcation of the survey of northern boundary of Wyoming Tenit.!>ry 
by officers of the aurvey at request of the, pp. l, 1, 70, 71. 

INTERIOR STATES. Geodetic work in, and a.crou, pp. 3, '· 
IRONTON, LAWRENCE COUNTY, OHIO, p. GS. 
ISLAND HEIGHTS, TOM'S RIVER,p.31. ... 
JACKSONVILLE, FL3..., p. 42. 
.TAllESTOWN (U.S.S.J. Obaerva.tions of Gulf stream by oftloera 

of the, p. 10. · 
.T ANESVILLE ST A TION, WIS., p. 65. 
.TA.PAN. Determination offoreeof gra.Tity in,pp.1,3, G, 71, 72. 
JAPAN STREAM:. Current obffrvatlo1111 In, p. 9. 
.TARMAN'$ STATION, VA.,p.39. 
J .AV .A EARTHQUAKE. Reported by ticlal oblerven, pp, 156, 81. 
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JEFF. DA VIS PEAK. Primary triangulation near, pp. 68, 69. 
JEFFRIES, ALl!'RED, ENSIGN, U.S. N. Services in Section I, 

p. 14; in Section VI, p. 42. 
JELLICO, WHITELY COUNTY, KY., STATION, p.62. 
"JOE FLOGGER SHOAL." Exllmination of, p. 28. 
JOHNSON, J. A., ACTING AID. Services in Section XV, p. 68. 
JOHNSON STATION, WEST OF QUINCY, LEWIS COUNTY, 

KY.,p.40. 
JONES, W. 0., ACTING AID. Services in Section II, p. 29; in 

Section VIII, p. 48. 
JONESPORT, UE., p. 1.1. 
JORDAN, J. N., ENSIGN, U.S.N. ServicesinSectionXI,p.59. 
Jl'NCTJON STATION, FLA., pp. 43, 44. 
JUNKEN, C. Drawing Division, Coast aml Goodetic Snrvey Office, 

and in oftico of Hydrographic Inspector, Appendix No. 41 p. 100; 
Appendix No. 5, pp. 117, 118. 

JUPITER INI,ET. Hydrograpbic survey between, and Key Bis
cayne, pp. 3, 45; current observations off, pp. 3, 38, 45, 46. 

JUPITER LIGHT-HOUSE. Triangulation near, pp. 43, 44. 
JUPITER RIVER. Topogr;iphy of, p. 43. 

K. 
KADIAK ISLAND, ALASKA. Tidal observations at, pp. 6l, 73; 

Appendix No. 4, p. 97. 
KANSAS CITY, MO. Geodesic levelmg near, pp. 4, 68; latitude 

of station at., 66, 67; longitude of, p. 67. 
KANSAS-COLORADO BOUNDARY, p. 69. 
KANS.AS PACH'IC RAILROAD. Surve)·ing camps on line of, p. 

69. 
KAUCHER, LOUIS. Drawing I>ivi•ion, Co&11t and Geodetic Sur

vey Office, Appendix No. 4, p. 100. 
KASKASKIA RIVER. Geodesic leveling near, p. 65. 
KATER INVARIABLE PENDULUMS. Operations of the, pp. 6, 

54, 55, 72. 
KATO, PRESIDEJl.""T OF UNIVERSITY OF TOKIO, ,TAP.AN. 

Facilitit;is offered officers oftbe survey while in Japan, p. 72. 
KATZ, E. M., ENSIGN, U.S.N. Services in Section II,p.32; in 

Section VI, p. ,5. 
KEARNEY, S. Instrum•nt Division, Const and Geodetic Survey 

OJlice, Appendix No. 4, p.111. 
KELLOGG, FRANCIS W., MIDSHIPMAN, U. S. N. Services in 

Section II, p. 25. 
KENDRICK STATION, MO., p. ffl. 
KENESAW-CARNES, ALA. Base-line, p. 48. 
KENT"C'CKY. Prognss of triangulation in, pp. 3, 4, aii, 40, 62, 63; 

determination of' longitude stations in, pp. 61, 62, 66. 
KENTUCKY AGRICULTURAL AND MECHANICAL COL· 

LEGE AT LEXINGTON. Aatronomieal oration in grounds of, 
p.61. 

"KETTLE-BOTTOMS." ExanJination of depths of, p. 28. 
K"W, ENGLAND. Pendulum experiment• at, p. 6. 
KEY BISCAYNE BAY. Survey of Florida coast near,pp.44,45; 

hydrographic survey between Jupiter Inlet and, p. 45. 
KEYPORT,N.J.,p.8. . 
KEY WEST, FL.A.,p.47. 
KILLINGTON MOUNTAIN. Triangnlation station on, pp.15, 16. 
KING PEAK, HUM.BOLDT COUNTY, CAL., p. 57. 
KN APP, HARRY S , ENSIGN, U.S. N. Service" in Section II, pp. 

20, 27; in Section VI, p. 47. 
KNIGH'l', H. M. Engraving Divioion, Coast and Geodetic SuTVey 

O.ffice, Appendix No. 4, p. 1G3. 
KNOBNOSTER STATION, MO., pp. 67, 68. 
KNOXVILLE, TENN., p. 62. 
KOCH, E.,SERGEAN1', U. ii. A. Tidal observer at Fort Trumbull, 

New London, Conn., p. 23. 
KUMMELL, CHARLES H. Computing Division, Coast and Geo

detfo Survey Ollioo, Appendix No. i, p. 96. ... 
LABRADOR CURRENT. Paeaag~ under tho Gulf Stream of, p.19. 
LAFAYETTE PARK.SAN FRANCISCO, CAL. Coast and Geo. 

detic Survey astronomical &tatlon at, p. 53 ; pendulum experiments 
at, p. 56; obeervatione for time at, p. 81. 

L.AHAINA,ISL.A.NDOFMAUI,PACIFIC OCEAN,P:73. 
LAKE CHAMPLAIN'. Connection of triangulation of, with that 

of the G-reat Lakes, pp.1, 29, BO ; 11"1.th tiriangolation of Maine and 
Hudaou River, p. 15 ; le-.,e&g operatloru! between Erle Cano.I Md, 
p.29. 

S.Ex.29-m 

LAKE HARNEY, FLA. Description of, p. 43. 
LAKE JESUP, FLA. Description of, p. 43. 
LAKE MONROE, FL.A., pp. 3, 42, 43. 
LAKE NORTH CUT, FLA., p. 45. 
LAKE POINSETT, FLA. Description of, 11. 43. 
LAKE SURVEY STATIONS, p. 30. 
LAKE WASHINGTON, FLA., pp. 3, 42, 43. 
LA.KE WINDER, FLA. Description of, p. 43. 
LAKE WORTH, FLA. Topography in vicinity of, p. 44. 
LANDSMAN-FIRST VIEW, Primary triangulation line, p. 69. 
L.ASSAC STATION, CAL., p. 57. 
LATITUDE OBSERVATIONS . .At Washington, D. C., p. 37; in 

Virginia, p. 39; in Missouri and .Arkansas, p. 49; in Indiana all(l 
Illinois, pp. 63, 64; at Caroline Island, Pacific Ocean. p. 73. 

LAUDERDALE STATION, FLA., p. 45. 
LAWSON, JAMES S., ASSISTANT. Magnetic obsen·atory 

erected in State N onnal School grounds, Los Angeles, Cal. p. 51; 
continuation of primary triangulation northward from Point Con
cepcion, Cal. 1 pp. 52, 53; assistant astronomer on party to observe 
the transit of Venus in New Mexico, p. 70. 

LAY, CAPTAIN T., U.S. REVENC<E MARINE. Serdce• ren· 
dered officers of the survtiy by, p. 48. 

LEAGUE ISL.AND, DELAWARE HIVER, p. 7. 
LAB.A.NON, LEBANON COUNTY, PENN., p. 36. 
LEDGES AND SHOALS DEVELOPED, pp.~. 14, 21, 33; reference 

to, in estimates, p. 9. 
LEF A VOR, F. H., MASTER, U.S. N. Services in Section X, pp. 53, 

57. 
LEHMAN RANCH, NEV. Obserrntion of transit of Venus, at, 

pp. 5, 6B, 69. 
LEIPER, E. F., ENSIGN, U.S. N. Sen•ices in Section II, p. 34. 
LEIPSIC CREEK, DELAWARE B,\ Y, p. 32. 
LEMON BAY, FLA.,p.4i. 
•'LEO" (schooner). Use of, in Section X, p. 54. 
J~EV.ELING. Georlesic, P- 4-; reference to, ill estimates, p. JO: for 

connection of Coast Survey reference mark at Albany, N. Y., with 
the stations on Mount Mansfield, Vt., p. 29; westward from Saint 
Lonis towards Kansas City, Mo., p. till. 

LEWES, DEL., p.31. 
LE WES CREEK, p. 33. 
LEXINGTON, KY. Astronomical station established in g-rotmtls 

of .A.ia-icultural and Mechanical College al·, p. 61. 
LIBBY ISLANDS, MACHIAS BAY,p.13. 
LICK OBSERVATORY, AT MOUNT HAMILTON,CAL.,p.55. 
LIFE-SAVING STATION, N0.10. Triangulatiou uear, p. 23. 
LIGHT-ROUSE BOARD. Special survey• for, referred to in esti· 

maws, 11. 10; reference to the, pp. 12, 29; determination of potti
tion of spindle fixed by, onJordan'sDelight, Pigeon Hill Bay. p.14. 

LINDENKOHL, .A. Drawing Divi•ion, Coast and G~Jirletic Survey 
Office, Appendix No. 4, p. 99. 

LINDEN KOHL, JI. Drawing Dfrision, Coast and Geodetic S11r,.ey 
Office, .Appewlix No. 4, p. 100. 

LINE OF DEEP-SEA SOUNDINGS FROM. 01''.I'' NANTUCKET 
ACROSS THE GULF STREAM, pp. 16,46. 

LINES OF DEEP-SEA SOUNDINGS AND TEMPERA.TURES 
OFF THE ATLANTIC COAST OF THE UNITED STATES, p. 
40. 

LITTLE NARRAGANSETT BAY, p. 22. 
LITTLE ROCK, ARK. Longitude obsermtions at, pp. 49, 50, 66. 
LITTLE SARASOTA BAY, FLA., p. 47. 
LLOYD'S METHOD. Reference to, p. 44. 
LONDON, ENGLAND. Use of Kater invariable penrlulnm at, p. 

6; exhibit by the Coast Survey at the recent International Expo· 
sition at, p. 8. 

LONDON, KY. Longitude ob•ervations at, p. 66. 
LONG BEACH POINT, N. Y., p.24. 
LONG BRANCH, N. J. Relative to use of iron pier of Ocean Pier 

Company a.t, for eelf·regulsting tide-gauge, ~ppendix No. 4, p. 9S. 
LONGFELLOW, A. W., .ASSISTANT. Topography of shores of 

Pleasant River, Me., p. 13; in office of assistant in charge of the 
oftice, Appendix No. 4, p. 94. · 

LONG ISLA.ND. Re-1111rvey of, pp. 2, 16, 20, 21, 23; lines ofeonn<ling• 
normal io ooaet 011' south shore of, p. 17; re-establiahment of points 
of fonner trlangnlation &nd determination of new points on shores 

of, pp. 23, 26. 
LO.NG ISLA.ND SOUND. Be-anrvey of, pp. 1, 2, 20-2:i; refersnoo 

loo, in eetimatea, p. 9. 



 

xvm ALPHABETICAL INDEX. 
• 

LONGITTTDE OBSERVATIONS. Jn Flol'ida, pp. 3, 41, 42: in Ken
t1wky, p. 3; at WaRhington, D. C., V· a7; in Yir~inia, p. 39; in Mi8· 
souri aucl .Arkansas. pp. 49, 50, 66; a1Pomt13arrow, Alaska, p. 61; 
at I~ouhrdlle, Ky. 1 pp. Gt, Ci2; in lrnliana au cl Illiu<,is, pp. 63, 64; at 
Saint, Loui~, ]:f(J., for 1h~ttirmiua.tiou of pointH in ArkansaH, Mis-
8onri. Nehl'H!-ika, J\:entnek~·. Indiana, antl Illiuois, TIP· 66, 67; at the 
Caroline Island13, l'a.citie Ocetrn, }). 73. 

LOUllllS STATION, p. 31L 

LOS ANGELl!:S, CAL., p.12; c•tabliHhment of a ma1'Uetic self.reg· 
istering- record station at, p. 51. 

LOSPE Sl',\TION. CAL., pp. 52, 53. 

LOUDOL'.N COf'NTY, VA. Special •m·veys in, p. 39. 
LOUISA, LA. WRENCE COUNTY, KL, p. 62. 

LOUISIANA. SmTey of coa~t of, pp. 31 481 49; ref~renoo to. in esti-
mateH, 11. 10. 

LUlTISVILLE, KY. Det<•nninations of longitude at, Pl'· 3, 61. 
LOWELL, ME. H.ecovery of hiangulation station of 1862, p.13. 
LOW J>H CllDAl{ l'OlNT, POTOMAC RI VE!\, p. 28. 
LUW};R DELAWARE B.AY. Re-Anrrny of, J1 34. 
LOW.ER MACilODOC RlYER, p.2B. 
LYMAN, C. W., AID. Services in Section I, p.13. 

lU. 

ltI.ACillAS BAY AND RIVER, ME. Progress of work in, p. 2; 
abstracts of work on Atlantic coast from, to Texas, pp. 12-51; 
triangulation and topogrnph~- of, pp.12, 13. 

MACHIASPORT, ME., pp. 12, 13. 
ltlACKimzm, GENim.u,, u. s. A., p. 70. 
MAD RIYER SUMMIT, CAL., p. :;7, 

MADISOX, WIS., p. fl5. 
l1AED.EL, E. A. Eni!-,rraviu.g Divitdion, Coast au<l Geodetic Survey 

Office, Appl'mlix No. 4, p. 103. 

MAGNETIC DECLIN A.TION. At stations in California, p. 52; 
fli!-1trilmt,iou of, in the United States at the epoch, January, 1885, 

Appendix No. 1~~ 1 h,Y C. A. ScUutt, .A,:;~istant 1 reference to, Appen
dix .No. 4, p. 95. 

~UUNETIC OBSEHYATIONS. At Point Barrow, Alaska,p. 61; 
41it-1CUl3~iou of, nt the United States Polar Station a.t Ooglaamie, 
Alaska, hy C. A. Schott, Aosi•tant, Appenrlix No.13, pp. 323-~65. 

MAHO!i'S RIVER LIGHT, p. 32. 

llAIN E. Trianglllation in, pp. 2, 15; snr-re.Y of coast of, referred to 
in estimates, p. 9. 

MANATEE IUVER, .FLA., p.47. 
MA.KN, T. B., .A.ID. 8crviccH iu Sn~tion Ill, p. 39. 
MANXSVILLE. I,ake Snrvey Station, p. 3U. 
::IIANSF'IELD, H. B .. LIEl:TKNAN'l', G. S. N. Ilydrography of 

eastern entnrnco to Lon~ Islaud Sound, pp. j01 31; hydrographic 
re·~mrvt\.r of Delaw:irt~ Ha.v autl Rh'cr, p. 33; see also Appendix 
Xo. 5, p.113: hyclrographic •m''"Y uetween Jupiter Inlet nnd Key 
llh·W~\,\'IH', .Fla.. 1 l'· 45; hyt.1rohri_·aphy of west coast of Florida to 
northward and ~outltward of Tampa Ba_y, p.47; command of 
st.camei· llache, AJipl~Utlix No. 5, p. l 14. 

MA. P 0 F THE U SITED ST A TES. Sttirirc•ted by Assistant R. 
H. Cut.ts and approved hy tlw 8uperiutmHknt., JJ. 74; reference to, 
in Appendix No.4,p.94; eommeucecl in Drawing Dirision,Coast 
anti Geudt·tic .Sur·\·t•y Oftice, p. 99. 

MARltah\}.;.A. 8oundiug:1; ott: p. 4Ci. 

MA.R!NDI:>, 11. L., ASSISTAJ'IT. H!'for~uce to, Jl. 31; iHf'ortnation 
relativu to phsxical ~un·"y of l>L'lawnr(~ Uivi.,,r furnished U.S. AU~ 
vi~ory Cmmui~aiou'!b,r, 11. :J:?; hydmgraphic re-survey of Delaware 
Bay a1ul niver, p. 32; ~r)e al~o Appeudix No. 5, p.113. 

MARION, MARIOX COUNTY, OHIO, p. 6~. 
MARR. ROBERT,\., AID. SerYicca in Sectionlll,pp.36,37; in 

Scctiuu X, Jll'· 54-56; in Section XII, p. 61; acting assistant in 
Section XV l, p. 69. 

MARTINEZ, CAL. Results of obsm-vations for atmospheric te· 
fraction on the lino Mount Diablo to, in connection witJ1 hypso. 
metric moasures by "pirit·level, tho vertical circle, and the 
barometer1 made in March and Apr-il, 1880, by George Davidson, 
A8SiMtant. Di•c.ussivn by Charles A. Schott, Ai.sistant, Appendix 
No. 12, Jll). 289-321. 

~!ARY ISLAND, REVJLLAGJGEDO CHANNEL, ALASKA, 
p.60. 

MARYLAND. Operations of the survey in, p.2; base line referred 
to, pp. 39, 4\!. 

:MASHOMUCK POINT, GARDINER'S BAY, p. 24. 

MASSACHUSET'l'S (steamer). Development of dangerous mck 
on which the, had struck in entrance to Fisber'B Island Sound, 
p.21. 

~A TAGORDA B.A Y, TEX. Triangttlation in vieinity of, p. 3, 51; 
abstrarts of work on Atlautic co.tst from Maine to, Jl!l· 12-51. 

MATAGORDA PEXIX8ULA, p. 51. 
MAUI, AN ISLA::>IIJ OF PACLFIC OCEAK, pp. 6, 73. 
MAXIMA AND MINIMA TIDE-PREDICTING MACHINE. P· 

8; description of, by Prof. 'Villiam F'errel, Appen<lix No. 10, pp. 
253-272. 

MAZATLAN, MEXICO. Tidal station at, not heard from, Appon
tlix No. 4, p. 97. 

McARTHDR (stearuet•l. Use of, in Section X, 11p. 53, 56, 57; ,\p. 
pendix No. 5 pp. 113, 114. 

McCALL UM, CAPTAIN OF ltOYAL ENGINEERS. Courtesies 
extended 11ffi~f't·s of Coast Survey in British India by, p. 72. 

McCLAIN, C. S., EN8IGS, U. S. N. Services in ScctioH 111 p. 26; 
in tiectfon VI, pp. 45, 48. 

M<CORKLE, 8. C., ASSISTANT. Re.establishment of points of 
old tr1augu1ution, and determination of ueiw points from \Vatch 
Hill westwar<l, for the re-survey of Long lslaud 8ound, p. 21; re. 
ference to work below Reedy light-house, p. 31; reconuaissance 
for the connection of the Gnlf.coast triangulation on Mobile Bay, 
Ala., and vicinity with the primary triangulation at or near At· 
Inn ta, Ga., p. 48. 

McCORMICK OBSERVATORY, UNIVERSITY OF VIRGINIA, 
p. 39. 

McDANIEL STATION, OHIO, p. 63. 
McGILL COLLEGE, CAN ADA. Pondnlnm e'periments at, Jl· 'fl. 
McGRATH, .J.E., AID. Service• in Section IX, p. fil; in Section 

XV, p. 68. 
McNICOL, JOHN A. RecounaL-.ance along boundary of l'nited 

States in Maine and New Hampshire, p. 15. 
MEAN PLACES OF 12i8 TIME AYD CIRCUMPOLAR STARS 

FOR EPOCH 1885.0, Appenclix No. 18, pp. 383-472. 
M.E.A.ffCREMENT OF FORCE OF GRAVITY, pp. 6, 27. 
MEASUREMENT IN 1881 OF PRIMARY 13.11.SE LINE IN YOLO 

COUNTY, CAL. By George Davidson, Assi•tant. Appencltx 
No. 11, pp.'273-288. 

MENDOCINO CITY, CAL. Hy1ltographlc survey in vicinity of, 
pp. 3, 57. • 

MENTZ, G. '\V., LIEUTENANT, U.S. N. Services in Section II, 
pp. 20, 27; in Section VI, p. 46. 

MERCURY. The Transit of, 1881. By George Davidson, Assist
ant. Appendix No.15, pp. 369-370. 

MERME:NTEA U PA8S., LA. Sul'\'eY of coa•t near, referred to in 
estimates, p. 10. 

MERRIMAN, PROF. MANSFIELD, .ACTING ASSIST.ANT. 
Reconnaissance and extension westward of the triaugulation of 
Stato of Pennsylvania, p. 36. 

MEXICO, GULl!' O~'. Model of the bottom of, exhibited at Inter
national Fislrnl'i~s Expo~ition in London, p. 8 i triangulation 
l>etween Mobile Bay and, p. 4\!; distribution of surveying parties 
upon the Atlantic and Pacific coasts, and the interior of the 
United St.ks during the fiscal year 1882-'83, Appendix No. J, 
pp. 77-84. 

MIAMI, l'LA., p.45. 
MILKHOTTSE }'ORD ROAD, D. C., p. 37. 
MILLER-CASELLA. DEEP.SEA. THERMOMETER, p. 18. 
MILTON, .T. B., LlRUTEN ANT, U.S. N. Services in Section X, 

pp. 53,57, 
Ml.:iCELLA.NEOUS DIVISION, CO.AST AND GEODETIC SUR

VEY OFFICE. Report frorn M. W. Wine•, chief of, Appendix 
No. 4, pp.107-109. 

MISPILLION CREEK. Reference to light-honll<l at, p.31. 
MISSISSIPPI RIVER. Survey of coast of Louisiana. west of, 

pp. 3, 48, 49; reference to1 in eetimates, p. 10 ; linee of level acroes, 
at Saint Louis, p. 61.; stations west of, necessary to complete da.ta 
for Gnlf tides, .Appendix No. 4, p. 98. 

MISSOl:: RI. Determination ot longitude pointe ID, pp. 4, 66; con
tinuation to the westward of the primary triangulation In, near 
the thirty-ninth para.Ile!, p. 67. 

MITCHELL, HENRY, ASSISTANT. Reoignatiou of position aa 
member of Advisory Board of Ha.rbor Cotnmieaioners of Norfolk 
a.nd Portsmouth, p. 30; physioal survey oi Delaware Bay and River, 
pp. 31, 32; the estuary of the Delaware; a report by, Appendix 
No. 8, pp. 21\9-245. 
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MITCHELL, IND. Geo<lesic leveling near, pp. 4, 63, 64, 68. 
MOHlLE, ALA. ]<'or continuing primary triangulation from At

lanta to, p. 48; referencP.. to, in estimat.eR, p.10. 
MOBILE B.A Y. Reconnaissance in, pp. 3, 48; examination of 

clurnges ill, p.48; refert1nce to, in estimatesr p.10. 
MOLKOW, R, DRAWING DIVISION. AND DIVISION OF 

'l'OP(,)GRAPHY,COAST AND GEODETIC SURVEY OFJ<'ICE, 
Appendix No. 4, p.100. 

MONROE LA KE, FLA. Soun<linge in, pp. iZ, 43. 
MONTAUK LIGHT, pp. 17, 23. 
MONTAUK POINT, LONG ISLAND. Deep-sea soundinl!s off, 

pp. 2, 17; .Ietermination of points of former triangulation and new 
points near, p. 23. 

MONTEREY, CAL. Hy<lrographlc survey near, pp. 3, 53. 
MONTREAL, CANADA. Determination of force of gravity at, 

pp. 27, 36, 42. 

MOORE, F·., ENGRAVING DIVISION, COAST AND GEO
DETIC SURVEY OFFICE, Appendix No. 4, p.103. 

MOORE, JUSTIN P., VICE-PRESIDENT OF CALIFORNIA 
ACADEMY OF SCIENCES. OIJservation of transit of Venus 
on Mount Diablo by, p. 54. 

MOORE, M. N., bench-mark at Mitchell, Intl., cut on window-sill 
of, p. 64. 

MOOS-A-BEC REACH. Topography of islands in, pp. 2, 13. 
MOOSE MOI"NTAIN, N. H., p. 15. 
MORGAN1 W. B., disbursing agent, Coast and Geotletic Survey 1 

p. 74. 
MORRILL, HENRY, MASTER, U. S. N. Ser'l'ices in Section II, 

p. 27; in Sootion VI, p. 46. 
MORSE, FREMONT, AID. Services in Section XII, P- 60. 
MOSMAN, A. T., ASSISTANT. TriRngulntion of Delaware Bay 

end River, p. 31; reconnaissance for the extension of the primary 
triangulation near the thirty-ninth parallel westward, in West 
Virginia, Ohio, and Kentncl<.v, pp. 39, 40; also from West Virginia 
into Ohio, p. 63; on lluty in office of assistant in charge of Coast 
an<l Geodetic Survey Office, Appendix No. 4. p. 114. 

MOTHER CAREY'S CHICKENS, I'· 19. 
MOUNT ANTHONY, VT., p. 16. 
MOUNT AZISCHOHOS, ME., p. 15. 
MOUNT BLUE. ME., p. 15. 
MOUNT DIABLO, CAL., pp. 54-56; see Appen<lix No. 12, pp: 289--

321. 
MOUNT GUNSTOCK, N. H., p. 15. 
MOUNT HAMILTON, CAL. Lick Observatory at, p. 55. 
MOUNT HAMILTON, N. Y., p. 30. 
MOUJol'T KILLINGTON, VT., pp. 15, 16. 
MOUNT LORE STATION, TENN., p. 62. 
MOUNT MANSFIELD, VT. Primary triangulation on, pp. 2, 15, 

16, 29_ 
MOUNT NEBO, UTAH, p. 68. 
MOUNT OLIVE, N. J., p. 30. 

MOUNT PLI~ASANT, ME., p. 15. 
MOUNT TAMAJ,PAIS, CAL., pp. 55, 56. 
MOUNT WASHINGTON, N. B. Primary trillllgulati-On station 

on, pp. 2, 15, 14'. 

MYSTIC RI VER. Topography of wharf lines of, p. 22. 
MYSTIC HARBOR. Dangetons roclrsreported in approach to, p. 5. 

N. 

NANSEMOND RIVER. Topographic •nrveyof shore of, pp. 3, 38. 
NANTUCKET. Deep-sea soundings off, pp. 2, 16, 27. 
NANTUCKET SHOAI,s_ Deep-sea soundings near, p. 47. 
NA.PA TREE POINT, p, 22. 
NAPEAGUE HARBOR AND BAY, pp. 23, 24. 
N ARRA GAN SETT BA. Y. Tidnl mrvey of, p. 20. 
NARlU.GUA.GUS BAY; Hydrograpblc survey of, pp. 2, 13. 
NATIONAL ACADEMY OF SCIENCES. Observation of total 

eclipse of sun, May, 18&1, un<ler auspioes of, p. 6. 
NAUTICAL ALMANAC. Reference to etandard stars of, English 

and .American, p. 6. 
NAVA.°" OllSERV .A.TORY, W A.SHINGTON; D. C., p. :Ill. 
NA VESINK, THE IDGHLANDS OF, pp. 2, 31; lights of, p. 1s •• 
NA VIDAD BANK, p. 46. 
NA VY DEP A.RTMENT. Loan of steam-launch to the Cout Sur

vey by, p. 24. 

NAVY. Officers of the U.S., attached t-0 the Coast arnl Geod<>tic 
Survey, p. 12; rl'ferencc to, in estinrnte8. pp. 9, 10; for list of, see 
Appendix No. 5, pp. 118, 119. 

NEBRASKA. Determination of longitude points in, pp. 4, Of>. 
NEV AD.A. Primary triangulation in, pp. 4. 68. 
NEW CASTLE, DEL., p. 35. 
NEWCASTLE, 01£10, PRIMARY T!UANnrLATION 8TA

TION, p. 63. 
NEW Dl'NGENESS, Pl:GET SOUND, p. 58. 
NE\\-,- ENGLAND S'fATES. Operations of the Surn·y iu 1 aml on 

the coast of, p. 2. 
NEW HAMPSHIRE. Primary triangnlation in, p. 15. 
NEW HA VE~ REG ION. HelatiYe to tdangnlation of, p. 25. 

NEW .JERSEY. Re-sLirvey of coast of, in limits of, pp. 2, :11; 
reference to, in estimates, 9; triangulation in northern part of, 
pp. 30. 32, 34; not ice of aunken wreck in track of ves~els on coast 
of, p. 5; tjda] Obse,y·v-ations on coast of, p. 8; publication of Coast 
Pilot relating to, p. 29. 

NEW LONDOY1 CO~N. Re-survey of, pp.~. ~1-23; tidal o\Jecrva
tious1 pp. 2, 23; seP also Apr•endix No. 4, p. 91; rock~ l'~porb'tl iu 
approaches to barl>or of', pp. 5. 21. 

NEW MEXICO. Observations of Transit of Vmrn8 of l>l'cern\Jer, 
1982, near Fort Selden, pp. 4, 5, 52, 53, 56. 70. 

NEW ORLEANS, L.l. Steamer Barataria laid up at, p. 49; tlrn 
Gedney docked for repairs at, p. 50. 

NEW PASS, FL.A., p. 47. 
NEW RIVER, FLA., p. 45. 
NEW SOUTH WA.LES, Determinations of force of gravity at, pp. 

3, 6, 71, 72. 
NEWTON. JOHN T .. ENSIGX, L. S. N. Ser,-ices in Section II, 

p. 33. 

NEWTON, PROF. H. A., OF YALE COLLEGE. Determination 
of geographical position of new obsenatory at Yale College at re
quest of, p. 25. 

NEW YORK. Work on coast of, and within limits of1 p. 2; pri
mary triangulation across State of, pp. 29, 30. 

NEW YORK BAY. Deep-sea soundinirs off, pp. 2, 2i; publication 
of Atlantic Coast PiJot from 1 to the Chesapeake, p. 29. 

NEW YORK CITY. Deep-sea soundings;,, approaches to, p. 47. 
NEW YORK HARBOR. Re-snr""Y of, pp. 2. 26. 
NEW ZEA.LAND. Pen<lulum oboervations at stations for observ-

ing the transit of Venus in, pp. 11 3, 5, 6, 54, 71. 
NEW ZEALAND TRIGONOMETRICAL SURVEY, p. 72. 
NIANTIC BAY, LONG ISL~ND S01J'ND, p.18. 
NICHOLS, B. E., LIEUTENA.NT-CO:lfMANDER, U.S. N. Con

tinuation of the bydrographic reconnaissance of the shore-line 
and harbors of Southeastern A.laeka, p. 60; sec Appendix No. 5 
p.113. 

NOANK, CONN., pp. 2l, 22. 
NORFOLK, VA. 8nrvey near, p. 31; steamer Endeavor preps.red 

for work at, p. 33. 
NORMAL SCHOOL BUILDING. W ARRENSBD'RG, MO., pp. 67, 

68. 
NORRIS CUT, FLA.., p. 44. 
NORTH AMERICA. Magnetic map of, referred to in estimate•,• 

P- 9. 
NORTH ATLANTIC BASIN, pp. 1, 46. 
NORTH ATLANTIC OCEAN. Deep-sea ex11lorations in western 

part of, p. 8. 
NORTH CAROLINA. Operations of the Suney on coaAt of, au<l 

in, p. 2 i reference to, in estimates, p. 10: dcep-smi sonmliu:,!s awl 
temperature observations off (~oast of, p. 3. 

NORTII HA.VEN ISLAND. PEN0tt8COT BAY, ME. Tidal ob 
servationa at, p. 14; Appendix No. 4. p. 97. 

NORTH MONUMENT, KEY BIRCAYNE, FLA. Of primary 
b"""'-lioe of 1855, found n111li~t11rbed, p. 44. 

NORTH MOUNTAIN, MD .. p. 39. 
'NORTH SHEFFIELD COLLEGE OBSERVATORY, p. 25. 
XOTICES TO .MAR£NERS. Di•eovel'ie.s anil 1fovi;lo1iments of 

dangers to navigation, Pl>· 5. 21. 
NUECES BAY, TEX. Topography of, pp. 3. 51. 

o. 
OAHU, HONOLULU. Pemlt1l11m exp-0rhnents at, P- 73. 
OAKLAND CREEK, CAL., p. 54. 
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OBSERVATIONS FOR LATITUDE AND LONGITUDE, pp. 38, 
41, 42, 49, 50, 61, 66, 67. 

OUSEIW A TIO NS IN CONNECTION WITH THOSE MADE 
A'.l' CAROLINE ISLAND, SOUTH PACIJ<'IC OCEAN, OF 
THE TOTAJ, ECLIPSE OF THE SUN, May 6, 1883, p. 72. 

OBSE1'\ AT IONS OF C C"RRENTS. At stations near the en
trance fo Chesapeake Bay and thence southward, p. 38; olf 
Jupiter Inlet, Fla., p. 45. 

OBSERV .A TIO NS OF TIIE TRANSIT OF VENUS. At W<tSh. 
iugton, D. C., p. 37; see Appendix No. 16, pp. 371-378; at San 
J<'rancisco, Cal., p. 53; at Cerro Roblero, near Fort Selden, New 
Me:\'ico-

1 
p. 70-; at, Auckla.ud 1 New Zea.land, pp. 71, 72. 

OllSERVATORY OF GREENWICH, ENGLAND, p. 6. 
OBSERVATORY OF YALE COLLE(li;. Geographical position 

cietemiined, pp. 21 25. 
OCGUP A. TION OF' STA TIO NS. For de term in lug point.. in the 

triangulation of New Hamp!!hire, p. 15; of the primary triangu
lation north of San Francisco Ba~~, p. 55; in continuation of tri
angulation of TennPssee, p. 62; in continuation of triangulation 
of Ohio, :p. 63; in continuation of t.riangnlation of Wisconsin, p. 65. 

OCCUPATIOX OF THE STATION AT SAVANNAH, GA., 
FOR TRE DETER.MIN.A.TIO:> OJ<' THE LONGITUDE OF 
SAINT AUGUSTINE, :FLA,, by exchange of telegraphic sig
nal~, p. 41; at Loui~ville, Ky., for determination o.f longitude of 
additlon:1l stations in Kentucky, p. 61; of longitude station in 
Saint Louis, Mo., for determination of longitnde in .Arkansas, 
Missouri, N~braska, Kentucks, Indiana, and Illinois., and of lati
tude, p. 66. 

OCEAN Ct'RRENTS. Observations of, p. 3; reference to, in esti-
mates, p. 9. 

OCEAN PLATEAt', SOUNilINGS, p. 46. 
OCRACOKE INLET. Buoys out of place in, p. 41. 
ODESSA, APPOQUINIMINK CREEK, DEL., p 35. 
ffFFICE EXPENSES. Explwation of estimates for, p. 9; refer· 

encu to, in estimates, pp. 10, 11. 
OFl<'ICE .REPORTS FOR THE YEAR ENDING JUNE 30, 188:!. 

See Report of the assistant in charge of ofllce and topography, 
Appendix Xo. 4, pp. 93-111. 

OFFICE WORK, p. 4. 
OGDEX, R. G., ASSISTANT. Examination of the monument& of 

the. Trial Ba.so Line at Fort Myer Reservation, Vil-, p. 38. ln 
charge of Engraving Divi•ion, Coll8t and Geodetic Snrvey O:ftlce, 
Appendix No. 4, pp. 102-107. 

OHIO. Reconnaissance foJ' extension of p:rlmary t:rlangnlation in, 
pp. 3, 4, 39, 40, 63. 

OHIO AND MISSISSIPPI RAILROAD. Geodesic leveling near, 
p. 64; bench-mark on pier ofhridge of, p. &5. 

OHIO RIVER. Reconnaissance near, pp. 40, 62. 
"OLD TOWER-SHOAL POINT," FLA, p. 44. 
OLYMPLA, W ASII. TER. The Fnca la.Id np at, p. 59. 
OMAHA, NEBR., pp. 66, 67. 
OOGLAAMIE, POINT J!ARROW, .A.LASKA, p. M; Dleenuion 

of Magnetic Observations at the United States Polar Station at, 
by C. A. Schott., Assistant. Appendix )fo. 13, pp. 323-305. 

OPERATIONS AT SAN FRANCISCO, C.A.L., FOR THE DE· 
TJmMINATION OF LONGITUDE OF TRANSIT OF VENUS 
STATION AT FORT SELDEN, N. MEX., by exchanges of tele· 
gr"!>hie signi>ls, p. 53. 

ORCHARD, J.M., ENSIGN, U.S. N. Serviooa in Section Il, p. 
26; in Section VI, pp. 45, 48. 

( mEGON. Opnations of the Sut-vey within and on the coaat of, pp. 
3, 57, 58; reference to, in e•timateo, p.10; Coast Pilot for, p. 56. 

ORGAN MOUNTAINS, N. M.EX., p. 70. 
ORIENT BAY, p. 24. 
OSBORNE, PROFE8SOR, PRlNCil'A.L OF JdlJ:iSOURI ST.A.TE 

NORMAL SCHOOL. Thanks for interest taken in work of ofli· 
cers of the Surv•y, p. 68. 

OS'l'ERIIAUS, HUGO, LIEUTENANT, U.S. N. S..rviooa in Sec
tion II, p. 32; hydrognpllic re·onrvey of Delaware Bay and River, 
l>· :1.1; oomm•nd of the Endes.vor, Appendii: No.5, p. 1131 relieved 
from duty on the Co&8t Survey, 'P· lU. 

O'Sf"LLIV AN, T. J., DRA W"lNG DIVISION, COAST AND G:tO-
DETIC SURVEY OJ<'FlCE, Appendix No. 4, p. 100. 

OTSEGO STATION, ClIEltRY VALLEY, N. Y., p. 30, 
OXFORD MOUNT, CA.NADA, p. 15. 
OYSTER CREEK, TEX. Triangula.tion atation ol 1851 rMOvered, 

p. 51. 

P. 

l' .ACIFIC COAST. Triangulat.ton betwMn the Atlantic and, pp. 
1, 64; referred to, in estimates. p. 10; progress of work on t.he, p, 
3; tides of the, reforrc<l to, in estimates. p. 10; also magnet.le 011. 
servations. Determinations of 11:ravity by means of pendulum ob
servations on, J» l ; observations of transit of Venus on, p. 54; 
Distribution of suneying parties upon the .Atlantic, Gnlf of 
Mexico, aud1 aud the interior of the United States <lining tlte fia-

. c11Jyear 1882-'83, Appendix No. 1, pp. 81, 82. 
l'ALINURUS (schooner). Use of, in Section II, p. 21; seo, also, 

Appendix No. 5, pp. 113, 115. 
PALMYRA, JEFFERSON COUNTY, WIS., p. 65. 
PAMPLICO SOUND, N. C., HYDROGRAPHIC SURVEY IN, pp. 

3, 40, 41. 
"PAN HANDLE," W. VA., p. 3fl. 
PARKER, J.P., ENSIGN, U.S. N. Services in Section V, p. 41. 
PARSONS, F. H., SUBA.SSISTANT. Services in Section III, p. 

39; In Section VIII, p. 50; in Section XIII, pp. 61, 62; in Section 
xv, pp. 66, 67. 

PARSONS, JOHN W., WRITER TO THE COAST PILOT, p. 28; 
account.ant to dishnrslug agent of COllllt aml Geodetic Survey, 
p. 74. 

l' ART 1. Report for 1883, pp. 1-11 ; Part IL Report for 1883, pp. 
12-74; Part III, Appendices to Report, pp. 75-535. 

PATTERSON (steamer). For transfer of the, to watel'!! -Of Alaska, 
reference to, in estimates, p. 10; plans and specifications fol' the, 
by Lieut. Richardson Clover, U.S. N., p. 12. 

PEA PATCH ISLAND. Notable incr~.a•e in aize of, and causes, 
p. 35. 

PEIRCE, CHARLES S., .ASSISTANT. Det.crminationa of the 
force of gravity at Montreal, Canada; Albany, N. Y.; and Ho
boken, N. J., p. 27 ; see, also, Appenili~ No. 19, Results for Force of 
Gravity, by, pp. 47:1-486. Observations at Baltimore and Washing· 
ton, pp. 36, 37; occupation of the station at Savannah, Ga., for 
determination of longitude of Saint .Augustine, Fla., by tele
graphic signals, pp. 41, 42; longitude of station at Saint Augus
tine, Fla., p. 42. 

PELICAN ISLAND, MOBILE RAY. Not found, p. 48. 
PENDULUM: EXPERIMENTS, p. 1; at.Albany, N. Y., at Hobo

ken, N. J., pp. 6, 27; at Baltimore and \Vashinl,l1-0n, pp. 2, 6, 36, 
in; at Sa.n Francisco, Cal., pp. 3, 6, 54; at Saint Angnstine, Fla., 
pp. 6, 42; at Point Barrow, Alaska, pp. 3, 7, 54, 6l; &t Auckland, 
New Zealand, pp. 4, 6, 54, 72; at Caroline Island, South Pacific 
Ocean, pp. 4, 72, 73; in Montreal, Canada, pp. 6, 27; at Sydney, 
New South Wales; at Singapore, British India, at Tokio, Japan, 
pp. 6, 72. 

PENFIELD REEF, CONN., SHORE OF LONG ISLAND SOUND, 
p. 25. 

PEN MOUNT STATION, N. Y., p. 80. 
PENNSVILLE, N. J., p. M. 
PENNSYLVANIA. Progreae of work of snrvey in, p. 2; determi, 

nation of boundary line between West Vll'ginia and, pp. 2, 36; re
eonnalaaanoe, and extension westwn.rd of triangulation In, p. 36. 

PENOBSCOT BAY. Relative to diacnssion of ttdt>S in, p. 8 (•ee 
also Appendix No. 11, of Report for 1Si81. Tidal observations in, 
p.14. 

PERKINS, :F. WALLEY, ASSIST.ANT. Snrv•y .,f coll.st of Lon
iaiana from Sabine Pase, 688tward, p. 49; reconnai•sance fo1' exten· 
slon eastward of primary triangulation near the thirty-ointb paral
lel in ColoraA!o, p. 69; in office of assistant in charge of the o1lice, 
Appendix No, 4, p. 9'; Appendix No. 5, p. 114. 

PERRIER, COLON.EL, CHIEF OF THE GEOGRAPHICAL 
SERVICE OF THE FRENCH ARMY. Observations of transit 
of Veub.s at Saint Auguatine, Ft..., pp. 41, 42. 

PETERSEN, A., ENGRA.VlNG DIVISION, CO.A.ST AND GEO· 
DETIC SURVEY OFFICE, Appendix No. 4, p. 103. 

PETIT MAN.AN BAR A.ND POINT, p. 14. 
PHELPS, HARRY, MIDSHIPM4N, U. S. N. Services In Sootlon 

II, p. 22; In Section IV, p. 41. 
PHILADELPIDA, PENN. Exmnin6tlon of banks and ehsnnet. 

betWeen Wilmington, Del., •nil, p. 28; looation of ~en 
lines of b&Thor of, p. 32; the End<lavor fitted wt at, p. 4L 

l'.B:YSIC.A.L HYDROGRA.l'HY, pp. 7, 8; of Delaw-.re llay and 
Jtiver, pp. 1, lJl,-35. 

PIGEON IDLL BAY, ME. Hydrographic &lll'Tey of, pp. 2, 13; dtm· 
g111'11 to nal'iptiOD io, P• 1-i. 
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PILLSBURY, J. E., LIEUTENANT, U. S. N., ASSISTANT HY· 
DROGRAPIIJC INSPECTOR, p.12; in Hydrographic Division, 
Coast and Geodetic Survey Office, Appendix No. 5, pp. 115, 117. 

PINE ISI,AND CHANNEL. Rocks and ledge in, p. 21. 
PINEY-PIGEON. Primary triangulation line in West Virgini~, p. 

40. 
PIOCHE STATION, UTAH, p. 68. 
PJ,ATE'S. Completed, continued, or commenced, during fiscal year 

ending June 30, 1883, Appendix No. 4, pp. 104-107. 
PLATTSBURG, LAKE CHAMPLAIN, p. 29. 
PLEASANT RIVER, ME. Topography of, pp. 2, 13. 
PLOSSL. Use ofrocooooitering telescope of, p. 37. 
PLOVER BAY, ALASKA. 01.tservations for time at, p. 61. 
PLYMOUTH, SHEBOYGAN COUNTY, WIS.,p.65. 
POINSETT, FLA., p. 43. 
POINT ARENA, CAL. Continuation of survey near, pp. 3, 56,57. 
POINT BARROW, ALASKA. Det<irmination of magnetic in. 

tensity and force of eravity at, _pp. 3, 71 54, 61 i longitude of, p. e1. 
POINT CONCEPTION. Priruary triangulation north of, pp. 3, 52. 
POINT HIGGINS . .A.LASKA, p.60. 
POINT HIGHFIELD, ALASKA, p.60. 
POINT HUDSON, WASH. TER. Astronomicalstation ostablished 

at, p. 59. 
POINT PARTRIDGE, PUGET SOUND, p. 58. 
POlNT PIEDRAS .BLANCAS. Survey of, referred to, In est!· 

mates, p. 10. 
POINT PIN OS, CAL., p. 53. 
POINT PLEASANT, p. 31. 

POLAR STATION AT OOGLAAMIE, AL.A.SKA. Discussion ot 
magnetic observations at1 by C. A. Schott, Asaistant. A. ppendix 
No. 13, pp. 323-365. 

POND, C. F., ENSIGN, U. S. N. Services in Section XII, p. 60. 
POND ISLAND, PIGEON HILL BAY, ME., p.14. 
PORTAGE llAY, AJ,.ASKA, p.60. 
PORT DISCOVERY, PUGET SOUND. Observation of titles at,, 

p.59. 
PORTER, DR., JERMAIN G. Reference to servioos in Section 

III, p. 37; Computing Division, Coast and Geodetic Survey Office, 
Appendix No. 4, pp. 95, 96. 

PORT HENRY, LAKE CHAMPLAIN, p. 29. 
PORT HOUGHTON, ALASKA, p. 60. 
PORTLAND, OREG. Preparations o.t, to resume work on the 

Columbia River, p. 58. 
PORTO RICO. Deep-sea soundings north of, pp. 8, 46. 
PORTSMOUTH, SCIOTO COUNTY, OHIO, pp.40,83. 
PORT TOWNSEND, PUGET SOUND. Observations uf tides at, 

p. 59; the Fuca removed to, p. 59. 
PORT WRANGEL, ALASKA, p. 60. 
POSSESSION SOUND, WASH. TER. Reference to, in estimat"8, 

p.10. 
POTOMAC RIVER. Special survey for the Fish Commission near 

the Great Falla of, pp. 3, 38 i examination of new baa.cons at Lower 
Cedar Point on the, 28. 

POWELL, LIECTEN ANT, SIGNAL SERVICE. Commo.nd of 
relief expedition of 1882, p. 61. 

POWER, J. C., Computing Division, Coast and Geodetic Survey 
Office. Appendix No. 4, p. 97. 

PRAIRIE-KENNER, TEX. Old triangulation line re-established, 
p.~ . 

PRATT, J. F., SUBASSlSTANT. Servicee in Section X, p. 55, 
observation of great comet of 1882, p. 06 ; latitude of Mt. Tamai· 
pais from observations by, p. 59; servicea in Rection XVI, p. 70; 
in Compnttng Division, Coast and Geodetic Surv~y Office, Appen· 
dix No. ~. p. 97. 

PRESIDIO MAGNETIC STATION, CAL, p. M. 
PRESTON, E. D., AID. Services in Sectioo Il, p. 27; in Section 

UI, pp. 36, 37; in Seotion V, pp. 41, 42; refel'lmce to, in Section VI, 
· p. 42; in Section X, p. 56. 8}181lial oper&tioo11, pp. 72, 73; the Total 
Solar Eclipse, 188a, by, Appendix No. 17, pp. 379-381. 

PRIMARY RASE LINE IN YOLO COUNTY, CALIFORNIA. 
See Appendix :tfo. 11, pp. 278-288. 

PRIMARY T.RI.ANGULATION. Progreaa of, in Interior States, 
pp.1-4, 4G; for connection of station on Mount W88hi:Dgton, N. H. 
wltb the triangtllal.ion of Mame, a.ud »f the H U<laoD River a.nd 
Lake Champlain, p. 15 ; leveling operations t.o oonnact rel&reDce· 
illark at Albany, with, in Verm011t, p. 29; acrou State of New 
York, eonneetiag triangolaWm of RU- River and Lake Obam· 

PRIMARY TRIANGULATIO:S.-Continued. 
plain with that of the Rnrvey of the Great Lakes, p. 29: connec
tion of astronomical station of llni.Yersity of Virginia with, p. 39; 
reconnaissance for connection of Gulf coast triangulation on Mo· 
bile Bay, Alabama, wit.b, at or near Atlanta, GjL., p. 48; north of 
Sau Francisco Bay, p. 55; north coast of California, p. 57; cxten. 
sion of1 of Kentucky and Tennessee, p. 62; reconnaiissauce for 
near thirty-ninth parallel, extendi111: from We•t Virginia to Ohio, 
p. 63; extension of, of State of Indiana., p. 63; continuation of, in 
Illinohi.1 pp. 64, 65; Of Wi.iconsin, p. 65: in Mi8Muuri, ucar thirty
ninth parallel. p. 67; in Nevada and Utah, p. 68; neai· thirty-nlnth 
parallel in Colorado, p. 69. 

PRITCHETT, PROF. H. S., OF WASHING TON UNIVERSITY, 
SAINT LOUIS, :MO. Reference to determinations of force of 
gravity at New Zealand, and other stations in the East, p. 54, 55 ; 
special operations with Transit of Venus Commission at Auck
land, New Zealand, pp. 71, 72. 

PROCTOR, PROF. JOHN R., STATE GEOLOGIST OF KEN
TUCKY. Determination of longitude points io Kentucky, pp. 61, 

82. 
PROSPECT POINT, LONG ISLAND SHORE. p. 26. 

PROSPECT STATION, N. Y., pp. 29, 30. 

PROVIDENCE, R. I. Tidal observations at, pp. 2, 16; see also Ap· 
pendix No. 4. p. 97; the Blake prepared for survey of Long l•I· 
and a.t, p. 16. 

PUBLICATIONS RELATING TO THE COAST AND GEO· 
DETIC SURVEY, AND TO STANDARD MEASURES. De
scriptive Catalogue of, compiled by Edward Goodfellow, Assist· 
ant, Appendix No. 6, pp. 121-135. 

PUGET SOUND. Survey of. p. 5!l; referred to. in estimates, p.10; 
continuation of triangulation near, p. 59. 

PULPIT COVE, NORTH HA VEN ISLAND, PENOBSCOT BAY 
Meteorologir.al and tidal obRervationR at, pp. 2, 14. 

PUTNAM STATION, LAKE CHAMPLAIN. Levclmg opera
tions near, p. 29. 

«l· 

QUICK (schooner!. Use of, in Section VI, p.47; see al•o Appendix 
No. 5, pp.114, 116. 

QUIMBY, PROF. E. T., ACTING ASSISTANT. Occnpntion of 
stations for determining points in the trianirnlation of New 
Hampshire, p. 15. 

QUINCY, LEWIS COUNTY, KY., p. 40. 
QUODDY HEAD, COAST O~' MAINE. Reference to, in ••sti. 

mates, p. 9. 

B. 

RAM ISLAND. Marked changes ill shore line of, p. 24. 
READ, CAPTAIN F., of steamship Cbalmette. Gives noticw of a 

wreck in track of vessels along the coast of Florida, Jl· 5. 
READING, PA., p. 36. 
READY (schooner). Use of, in Section II, pp. 31, 32; in Section VI 

p. #;see also Appendix: No. 5, pp. 113, 114. 
RECONNAISSANCE. An extension westward of the triangula

tion of the State of Penusyl'mDia, p. 36; triangulation and hYJ>SO· 
metric observations in the region about W11sbington, D. C., p. 39; 
for the extension of the pri~ary triangulation near the thirty. 
ninth par&!lel westward in West Virginia. Ohio, and Kentnc.ky, pp. 
39, 40; of the SILintJohn's River from Lake Monroe tu Lake Wash· 
ington, p. 42; for connection of t.11e Gulf coast triangulation on MO· 
bile Bay, Ala., and vicinit.y, with the primary triangulation at or 
near .Atlanta, Ga., p. 48; for the extension of triangulation of State 
of Indiana, p. 63; for the extension eastward of the primal'y lri· 
angnlation .near the thirty-ninth parallel in Colorado, p. 69. 

REEDY ISLAND LIGHT·HOU8E, p. 31. 
RE-ESTABLISHMENT OF POINTS OF OLD TRIA.NGULA· 

TION AND DETERMINATION OF NEW POINTS FROM 
WATCH HILL WESTWARD FOR THE RE-SURVEY OF 
LONG ISLAND SOUND, p. 21. 

REEVES, MR. ROLLIN J. Reference to survey of northeru 
boundnry of Wyoming Territory, p. 71. 

REFUGE STATION, FLA.., p.44. 
REHOBOTH BEACH, N. J., pp. 31,33. 
REP.AIRS AND MAINTENANCE OF VESSELS. Reference to. 

in estimates, p.11; see lllllo Appendi:I No. 5, pp. 111Hl7. 
REPORTS. Of tJl<I Aealatant in charge of office and topography for 

the ;year eliding JDD6 30, 1883, Appendlx No. 4, pp. 93-111; of the 



 

xxii ALPHABETICAL INDEX. 

REPORTS-Continued. 
Hy<lroirrapbic Inspector for the year ending June 3C, 1883, Appen· 
<lix No. 5, pp. 113-119; on the l1nrmonic analysis of the tides at 
Sandy Hook, 11y J>rof. \\""illiam F'errel. pp. 247-251. 

RESEARCH (schooner). See Appendix No. 5, pp.117.119. 
RESB'LTS J.'OI{ THI<; LENGTH OF THE YOLOBASE,p.7; for 

the primary basi;;-1ine In ToJo County, Cal., measurement in 1881 
hy Gt·or!,!'e Da"Vitlson, Assistant. Computation a.nd discussion of 
re~ults, hy CharlP~ .1.:.\. Schott, Assistant, Appeudix No.11, pp. 273-
288; or ohl"ervatiom~ for atmospher"ic r{'fJ action on the hne :Mount 
Dial~lo to Mart int~z, Ca1., in connection with hypsometric measures 
by spirH-le\'el, &c., mnde in .March and April, 1880, by George 
Davidson, A:-JliiMtant. .Appendix No. 12, pp. 289-321. For force of 
gravity, hy C. S. Peirce, Assi•tant, Appendix No. 19, pp. 4i3-486. 

IrnFllSA M, A. C, EN<iRA YING DIVJSION, COAST AND 
GEODETIC SURVEY (JF}'ICE, App~udi>c No. 4, p.103. 

JU<;''lLLAOIGEDO CHANNJo;L,ALASKA, p. 60. 
ltEYBOLD STATION, DEL., p. :J.>. 
REYNOLDS, L. K., ENSIGN, U.S. N. Services in Section II,p. 22. 
RHOllE ISLAl'iIJ. Assistant Henry Mitchell appointed member 

of AdviBory Couuf'ils of State of, p. 31. 
RIO IIEL NOHTE, NI~W MEXICO. Station on the, •elected for 

observation of transit of Venus, pp. 5, 70. 
ROANOKE MARSHES LIGHT, N. C., p. 41. 
HOlllmTS BAY, FLA., p. 47. 
ROCK CREEK VALLEY, D. C., p. 17. 
ROCKLAND HARBOR, ME. 
ROCK LEDGE, FLA., p.43. 
ROCK RIVEH V ALI,EY, ILL., p. 115. 
ROCKS AND DANGERS DEVELOPED, pp. 5, 14, 21, 40. 
IWCKWELL, CLEVELAND, .Al:lSISTAN'l.'. Continuation of the 

surny of Columbia ltiver and tributaries, p. 58. 
ROCKY MOUXD, CAL. S11tnal station, p. 55. 
RODGERS, A. J<'., ASSIST.ANT. Continuation of the primary 

triangulation of the north coast of California, p. 57. 
IWNQUILLE BAY,J,A., p.48. 
ROUND ISLL\ND, DELAWARE BAY, p. 34. 
ROUSE'S POI::S-T, LAKE CHAMPLAIN, VT. Le\"eling opera

tions near, p. 29. 
RUMPF, IJR. GOTTLIEB. Rofer<nce to death o~ Appendix: No. 4, 

p. !15. 
RUSSELL, II. C., DIRECTOR OF THE SYDNEY OBSERV A 

TORY. Faciliti<'H extended by. in pendulum work at Sydney, 
New South '\\Tales, p. 72. 

s. 
SABINE PASS. Continuation of survey of, pp. 3, 49, 50. 
SACRAMENTO mVER, p. 58. 
SAEGMl'LLER, G. N., CHIEF MECHANICTAN, COAST AND 

GEODETIC SURVEY OFFICE. Appendix No. 4, p. 93; repott 
from, in Appendix No. 4, p. lll. 

SAG HARBOR. Directions for anchoring in, p. 24. 
SAIN'l' A fl GUSTINE, l'LA. Det.ermination of fongitudo of transit 

of Ycuu• at.ation·at, pp. 3, 41, 42; pendulum obserratioos at, p. 6. 
SAINT GEORGE'S CREEK. Description of, p.3,;. 
SAINT HELENS, COLUMBIA RIVER, p. 58. 
SAINT JOHN'S RIVER AND BAR, FLA. Re-sorrey of, pp. 3, 42; 

r.,forenre to, In estima.tea, p. 10. 
SAINT LOUIS, MO. Leveling operations near, pp. 1, 4, 63, 64, 68 

1 

Kfe A [l!>ernlix No. 4, p. 9:i; longitude observations at, pp. 4, 49, 50, 
63, 66, 67. 

SAINT LUCIE RIVER, FLA. Topography near, pp. 43, #. 
SAINT PAUL, KADI.AK ISLAND, ALASKA. Tidal obAerva. 

tions at, pp. :i, 61 ; ""~ A pprndix No. 4, p. 98. 
·SAINT THOMAS. Deep-oea soundin~s near, p. 8. 
SALEM, ILL .• p. 6!. 
SALEM, N . .r .. p. 35. 
SALEM CRE:EK, p. 28. 
SALT LAKE CITY, UTAU, pp. 68, fi9. 
l:lALT LAKE LANDING, FLA.., p. 43. 
SALT RIVlm. OHIO, p. 62. 
SAMANA PROMONTORY. Soundings near, P• 46. 
SAN ANTONIO, TEX., p. 51. 
SAN CARLOS ENTRANCE, FLA. Reference to, in estimates 

p.10. 
SAN DIEGO, CAL. Topography near, reference to, in eatimatea, 

p.10; relative to publl-0.~tion of Coast Pilot of coast near, p. Qll, 

SA.ND POINT, LONG ISLAND SOUND, p. 26. 
SANDWICH ISLANDS. Pendulum observations at, pp. 1, 3, 4, 6, 

72, 73. Tidal observations at, p. 73. 
SA:NDY CREEK BASE, p. 30. 
SANDY HOOK, N. J. Tidal observations at, pp.2, 8,26, Appendix 

No. 41 p. 97; preference of Long Rranch as tidal statfou instead of, 
Appendix No. 4, p. 98. Lineoflrvela at, pp. 29, 63, 64, 68, Appendix 
No. 4, p. 95. RPport on th~ harmonic analysis of the tide~ at, by 
Prof. WilJiam Ferre], Appendix No. 9, pp. 247-251. 

SANDY POINT, STONINGTON HARBOR, CONN., p. 22. 
SANDY POI"NT, COAST OF LOUISIANA. p. 48. 
SAN FRANCISCO, CAL. Longitude observation• at, pp. 3, 53; 

pendulum ob"ervations at, pp. 3, 4, 6, 7, 54, 72, 73; obserYation of 
transit of VennR at., p. 5; RDTVPYR near, p. 54, reference to, in 
estimates, p. 10; publication of Coast Pilot of coast from San 
Diego to, p. 56. Return of the Trnnsit, of Venus Parts to, p. 72. 

SAN FRANCISCO BAY. Primary tl'i1mgulation nortli of, l'· 3 
tidRl ohserva.tiom~, pp. 551 73. 

S.ANHEDRIM STATION", CAL., p. 57. 
SAN LB'IS ORISPO. Primary triangulation· near, referred to, in 

estimates, p. lC. 
SANTA CI,ARA. Primary triangulation near, referred to, in ~Rti-

mates, p. lC. 
SANTA LUCIA, CAL., p. 52. 
SARASOTA BAY. Topographic sul'\·ey of, p. 47. 
SA UCELITO. CAL. Tidal observations at, pp. 3, 55, Appendix No. 

4, pp. 97,98. 
SAVANNAH, GA. Occupation of station at, for !ongitmle det.er· 

ruinations, pp. 3, 41, 42. Temperature of Gulf Stream off, p. 19. 
SCHENK, CARL, ACTING ASSIST ANT. Reconnais.ance for 

the extension of the triangulation of tl1e State of Kenhwky, p. 62. 
SCHNACKENBERG, MO. Trianirnlation station, p. 67. 
SCHOONER LEDGE, DELAWARE RIVER, p. 33. 
SCHOTT, CHARLES A., ASSISTANT. Observation of tlrn 

transit of Venus at Washington, D. C., p. 37. See also Appendix 
No. 16, pp. 371-378. Report on results of geodesic leveling by, p. 68; 
see also Appendix No. 1i, of report of 1882. Computation and dis· 
cnesion of Yolo base line and Davidson's Qnadrilat,eral•, Appendix: 
No. 4, p. 95; see also parts of Appendix No. 11, pp. 273-2!!8. RRJ111lts 
of observations for Atmospheric Refraction, &c., made by George 
Davidson, Assistant, <liscussed by, Appendix No. 12, pp. 289-321. 
J)iscusAion of Magnetic Ob:Jervations at the United States Polar 
station at Ooirlaamic, Alaska, by, Appendix No. 13, pp. 32~65. 
Report from Computing Division. Coast and Geodetic Surrey 
Office, cont.aine<1 in Appendix No. 4, pp. 95-97. 

SCIOTO STATION, OHIO, pp. 40, 63. 
SCHWERIN, R. P., ENSIGN, U.S. N. Services in Section II, 

p.26. 
SCORESBY (achoonerf. Uae of, in Loni: Island Sound, Appen-

clix No. 5, pp.115, 119. 
SCOTTSBURG, UMl'QU AH RIVER, OREG., p. 58. 
SEA-BREEZE WHARF, N J., pp. 32, 33. 
SEATTLE, WASH. TER., p. 59. 
SECRETARY OF THE INTEl~IOR OF THE UNITED STATES. 

Verification of tho northern boundary of Wyoming Territory at 
request of, pp. 7, n. 

SEDALIA, MO., p. 67. 
SENGTELLER, A., ENGRAVING, DIVISION' COAST AND 

GEODETIC SURVEY 01''FICE. Appendix No. 4, p.103. 
SENGTELLER, LOUIS A., ASSISTANT. Co111pletionoftbes11p. 

plemente.ry survey of the San Franoioco peninsula, p. &I; trianltll
lation and topography of tbe UrupqnAh River and approaches, 
pp.57, 58. 

SERIES OF TIDAL OBSERVATIONS CONNECTED WITH 
SEL1''-REGISTERING TIDE-GAUGE AT SANDY HOOK, N. 
J., p.26. 

SHEFFIELD ISLAND, CONN., p. 25. 
SHELL-FISHERY COMMISSION OF CONNECTICUT, p.25. 
SHEPHEARD, F. W. Tide.I observationut Sandy Hook by, p. 26. 
SHERMAN, FRANCIS 'H., .ENSIGN, U. S. N. Services in Soo· 

tiou IV, p. 41. 
SHIDY, L. P., Tidal Divloiou, Coast and Goodetle Survey Office, 

.Appendix No. 4, pp. 98, 1111-
SHO.A.L POINT, FLA., p.44. 
SIEM.A.N'S APPARATUS. Reference to use of, p. 20. 
SIERRA. MARINA, CA.L., p.55. 
SIERRA NEVA.DA, p.55. 
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SIGNAL OFFICE. :Magnetic observations in connection with 
work of, pp. 51, 61; observers instmcted in magnetic work by 
officer• of the Surve~·. Appendix No. 4, p. 95. 

8IGNAL SERVICE RELIEF EXPEDITION. Uefnence to, p. 54. 

SILLIMAN (schooner). Use of, in Section II, p. 24; in Section IV, 
pp. 40, 41; sec Appendix No. 5, pp.113, ll4, 119. 

SIL VElt.LAKE, OR THOMPSON'S POND, p . .33. 
SIMON, DR. Courtesies extended by, in charge of hospital at Sin

gapore, p. 72. 
SIMPSON, EDWARD, ENSIGN, U.S. N. Services in Section VI, 

p.44. 
SINCLAIR, C.H., SUB.ASSISTANT. Determination ofboundary-

1ine bctw-een Pennsylvania nnd \Vest Virginia, p. 36; determina
tion of longitude of the University of Virginia, Charlottesville, b)' 
~xchange of telegraphic signals, and latitude of Charlottesville 
station, pp. 38, 39;a connection of the astronomical station at Uni
versity of Virginia with the primary triangulation, p. 39; Herviccs 
in Section XV, pp. 66, 67. 

SINGAPORE, STRA.lTS SETTLEMENTS, BRITISH INDIA. 
!>end alum observat.iuus at, pp. 61 72. 

SIPE, E. H., Engra'l"ing Diviaion, Coast and Geodetic Survey Otticc, 
Appendix No. 4, p. 103. 

SKOFIELD"S BA.YOU, GULF SHORE OF LOUISIANA, p. 48. 
SLAlJGHTER CREEK. Changes in topography of, p. 33. 
SLOAN, R. S., :MIDSHIPMAN, U. S. N. Services in Section II, 

p. 20. 
8MEE"S AND WALKER'S BATTERIES. Appendix No.4, p. 93. 
8MITH, EDWIN, ASSISTANT. Detenninations of gravity, pp. 

36, 37; determinations of force of gravity at San Francisco in con· 
uection wit.h similar determinations at the transit of Venus sta
tion in New Zealand and at stations in Australia and Eastern 
.Asia, pp. 54, 55, 71, 72. 

SMITH, J. L. Engraving Division, Coast and Geodetic Surrny 
Office, Appendix No. 4, p. 103. 

SMITH, PERCY, ASSISTANT Sl:'RVEYOR-GENERAL, NEW 
ZEALAND, p. 72. 

SMITH, PROF'ESSOR. Director of Beloit Observatory, Missouri, 
p. 65. 

SMITH RIVER. Tributary of Ump11nab Rh·er, p. 58. 

SMITH'S GAP, PA. Triangulation near, p. 36. 
SMITHSONIAN INSTITUTION. Pendulum station erected at, 

pp. 36, 72. 
SMITHVILLE, N. C., pp. 40, 50. 
SMOOr, J. H. Engraving Division, Coast and Geodetic 8u!'vey Of-

fice, Appendix No. 4, p. 104. 

SMYRNA, DEL., p. 35. 
SMYRNA CREEK, p. 31. 
SN AKE VALLEY, U;J:AH, p. 68. 

~OLSTOI BA.Y, AJ,ASK.A, p. 60. 
, 1'0MMER, E. J. Drawing Division, Coast and Geodetic Suney 

Ollice, Appendix. Nu. 4, p. lOQ. 
i;OUTH A.MERICA. Pendulum observations in, p. 1. 
SOUTH CAROLINA. Work on the coast, and within boundaryof, 

p. 2; referred to1 in estimates, p. 10. 

SOUTHEASTERN -ALASKA. Continuation of bydrograpby of, 
reconnaissance of •hore-line., and harbors of, p. 59; necessary re~ 
vision of Coaet Pilot of, p. 74. 

!SOUTHERN ATLANTIC COAST OJ<' UNITED STATES. Neces· 
slty !'or permanent tidal station on, Appendir No. 4, p. !Iii. 

SOUTH JUPITER NARROWS. Hydrographic work nea.r, p. 44. 
SOUTH P A.CIFIC. Observation of total •olar eclipse of May, 1883, 

in the, pp. l, 4, B. 
SPA.NISH CAY, LITTLE B.A.HA:MAS. Line of soumlings near, 

p. 46. 

SP A.RT.A, WHITE COUNTY, OHIO, p. 62. 
SPAULDING, J, G. Tidal <>baervations at Pulpit Cove, Penobacot 

Bay, Me., p. H; in Tidal Divieion, Coast and Geodetic &rvey 
Office, Appendix No. 4, p. 98; and as tidal ob&el'\'er, p. 99. 

SPECIAL OPERATIONS. In determinatiooe of gravity, p. 55. 
SPECIAL SCIENTIFIC WORK, pp. 61 65. 
SPECIAL SUB.VEY. For the Fiah Commission, near the Great 

Fallo of the PotomlMl, p. 38. 
SPILLMAN, B • .D., LIEUTENANT SEVENTH CAVALRY, U.S. 

A. ReCerenoe to, p. 71. 
SPIUNGFIEL-D, :r;LL., pp. 68,66. 

STANDARD MEASURES. Descriptive catalogue ofpnblications 
relating w the Coast and Geodetic Survey, arnl to, compiled J1y 
Edward Goodfellow, Assist,ant. Appendix No. 6, pp.121-135. 

STANDARD TOPOGRAPlUCAL DRA WI)IGS, BY E. HER
GESHEIMER, ASSISTANT. Appendix No. 14, pp.367,368. 

ST.A.NSBTIUY, P. R. Computing Di\'iF~iou, Coast and G~odetic 
Survey Office. Appendix No. 4, pp. 9:i, ll7. 

STARS FOR EPOCH 1885.0. Mean pla;,eo of e78 time and cir. 
eumpolar, by Geor~e Davidson, Assistant, Appendix No. 18, JJP· 
383-472. 

STATIONS OCCl'PIED IN COXTINUATION o~· THB TR!AN 
GULATION OF STATE OF VER:llONT. p. 16. 

STATISTICS OF 1-'IELD AND OFl<'ICE WORK OF THE 
UNITED STATES COAST AND GEODETIC St"RVEY FOR 
THE YEAR ENDING JlJNE 30, 1883, Appendix No. 2, pp. 85, 

86. 
STEADl<'AST (sloop). See Appomlix No. 5, pp. 114, 119. 

STEAMER BAY . .ALASKA. p. 60. 
STEELE'S HARBOR ISLAND, ME., p. 13. 
STEVENS INSTITUTE, HOBOKEN, N. J. Pendulum ous<n·a

tions at, p. 27. 
STEVENSON, H. N., PASSED .ASSISTANT ENGINEER. Sen·

ices in office of Hydrographic Insp~ctor, Appenclix Nu. 51 pp.117, 
118. 

STEW .ART, GORDON .A .. CUSTODLl.N OF .ARCHIVES OF 
COAST AND GEODETIC SURVEY. Rt'l""·t froru, .Appendix 
No. 4, pp. 199, UO. 

"STONE FENCE.n llangeroue rocks at Ca11e Fear (>Iltrance. p. 40 
STONINGTON, CONN., pp. 21, 22. 
STONEY INLET, OR FISHING CREEK, N. J., p. :J4. 
STORY, .AlCGUSTUS. Phot.ogrnpher on tnmsit uf V,mu." Coru-

mission to New Zealand, p. 71. 
STOW CREEK, NEW ,fERSEY SHOHE, p. 32. 
STRAIT OF J<'UCA. Hydt"Ograpilie Survey, pp. 3, 58. 
STU.MP PA.SS, FLA. llydrograph;v of, p. 47. 
SUBSTITUTE STATION, CAL. Of Tertiary triangulation of 

1878, p. 53. 
SUESS, WERNER, MECH.ANICIAN, COAST AND GEODETIC 

SUltV EY Ot'J<'lCE. Establishment of magnetic se.Jf-registering 
record station at Los Angeles. Cal.. p. 51. ' 

SULLIVAN, J. A., .ACTING .A.SSI8TA.NT. Determination of the 
geographical position of the new observatory of Yale College, p 
2.5; serdcP.s in Section II, p. 32. 

SULLIVAN, JOHN T., LIEUTENANT, U.S. N. Sen·ices in 
Section 11, p. 33; bydrograpbic survey in Ticinity or Cape lfo
maiu, 8. C., p. 41; in comrua.rul of steamer "Endeavor,., AppenM 

dix No. 5, p. 114. 
SURGE NA.RIWWS, PERIL STRAIT, SOUTllEASTEltN 

.ALASKA. Dangerou• rocks in, p. 5. 
SURVEYING PARTIES UPON TIIE ATLANTIC, GULF OF 

MEXICO, ANIJ P.A.CU'IC COASTS, ANlJ THE l:ITERIOlt 
OF THE UNITED STATES DURING THE :FISCAL YEAR 
1882-183. Distribut.fon of, Appendix No. I, pp. 77-84; reference 
w, p. !. 

SURVEY OF THE EASTERN COAST OF FLOIUDA FROM 
INDIAN RIVER INLET SOUTHWARD, p.43. 

SUR.VEY (H' THE SHORES AND L.AGOONSm' EA.fiT FLO HID.A 
FROMKEYnISCAYNE NORTHWARD, p.44. 

SURVEY OF THE COAST OF LOUISIANA FROM SABIXE 
PASS EA.ST WARD, p. 49. 

SWINBURN'E, W. T., LIEUTENANT, U. S. N. llydrogrnphic 
survey from :Monterey southward, p. 53 i continuation of the hy 
drographic su1·vey int.he vicinity of Point .Arena, Cal., l'P· 5-0, o7 
duty at Maro Island, Cal., Appen11ix No. 5, p. 113. 

SYDNEY, NEW SOUTH W ..!.LES. Pendulum observations at, p. 
6; longitude observations at observatory at, p. 72. 

SYRACUSE, X. Y., p. 30. 
T. 

TABLE OF DEPTHS FOR ATLANTIC AND P.ACIF'IC 
CO.ASTS OF UNITl.;tl STATEl'I, pp. 28, 29; Appeudix No. 7, 
pp. 137-237. 

TAMALPAIS, MT. Computation of latitude of, Jl. 59. 
TAJIIP A BAY, FLA.. Survey of, pp. 3, 47. 
TANEY, E. L., A.ID. Servic08 in Section I, p. 13; in Section VI, 

pp. 43, 44. 
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'rAPPAN, T. S. Pbotogra11her to transit. of Venus Party in 
New Mexko, p. 70. 

TARHUA HILL, CONN., p. 25. 

TASSlU, HILL. N. Y., Jl· 30. 
TAliSSIG, E. D., LIEUTEl'i ANT, r. S. N. Services in Section X, 

p. m; connnnlJ(l of tho MC"Arthnr, anrl ttnrvt>y in vicinit~ of Men
docino CHy, Cal.,]). 57. 

T.ELEGRAPHIC LONGITUDES. In Virginia, pp. 3, 38, 39; in 
Kentucky, pp. ,1, 61, 6:!, 66, 67; iu .Arkansas, MisRonri, ll)inois. Ne
l1raRka, pp. 4, 49, 5-0, 60, 67; in Nevada, p. 4; of station at Saint 
Augustine, :Fla., pp. 41, 42; uf Fort, Selcleu, New Mexico, pp. 53, 
M; determinations in Indiana and lllinois, Jlp. 63, ~6. 67. 

TELLER, HON. II. M.., SECRETARY OF THE INTERIOR 
Copy of lr•tter from, relative to houndary of Wyoming Territory, 
p.71. 

TENNI~SSE1~. Contimiation of triangulation in, p. 62. 
TEN STATION. l<'LA. Azimuth measured at, p. 44. 
TEPUSQT'ET STATION, CAL. Observation of transit of Venu• 

at, pJl. f., 521 53; <·ontinnation of t.riangulation near, p. 52. 
TERRESTRIAL MAGNETISM. See Appendix No. 4, p. 95. 
'l'ERHY, JR.,,CARLISLE, AID. Services in Section III, p. 36; in 

Section XIII, p. 61 i in Section XIV, p. {i5; in Section XV, pp. 66, 
67. 

TEXAS. 8nrvey of coa.•t of, pp. a, 50; reference to, in estimates, 
p. 10. 

THAMES RIVER. Ue-surve.Y near, pp. 2, 21, 22. 
"THE IlOMAlN." Si.ation for observation of transit of Venus 

eRt.1.blishcd in portion of city of Auckland, New Zealand, known 
as, p. 71. 

THIELKU!iL, GUSTA VE. l'botogrnper to tran~it of Veuns party 
at Ne\\- Zoalan<l, p. 71. 

THOMAS, 1WGENE B., LIEUTENANT-COMMANDER, U.S. N. 
Hvdt"Oj..'l"aphic re-survey of approaches to New York Harbor, p. 26. 
relieved from dut,v on Coa:jt and Geodetic Sur-r-e.v. Appendix No: 
5, pp. 113, 114. 

THOMAS, M. Tidal Division, Coast and Geodetic Survey Office, 
Appendix No. 4, pp. 98, 99. 

THOMSON, SIR C. '.VYVILLE Reference to his account of the 
"Voyage of the Challenger," p. 18. 

THOMP50N, J. e.. Enl!raving Division, Coast and Geodetic Sur· 
vey Olllce, Appbndix No. 4, p. 103. 

THOMPSON, W. A. Engraving Division, Coast and Geodetic Snr. 
'""Y Office, Appendix No. 4, p.103. 

THO.M.l'SON'S POND, OR SILVER LAKE, SOUTH OF REHO. 
BOTH, N . • T., p. 33. 

THmn:.YILE HARBOR, p. 24. 
THROG'S NIWK, LONG ISLAND SOUND. Re-snrvey near, pp. 

2, 26. 
TIDAi, ll!VHHON, COAST AND GEODETIC SURVEY OF· 

}"ICE. Reference to, p. 4. Report from chief of, contained in 
Ap1>eudix No. 4, pp, 97-99. 

TIDAL OBSERVATIONS. Relath-e to progress in, p. 2; reference 
t~. in ostimi<tes, pp. 9, 10; at Pulpit Cove, :Me., pp. 2, 14; at Provi· 
dence, R I., p. 16; at Block blllnd, p. 20; at Saucelito, Cal., 
pp. 3, 55; at Kadiak lMland, Alaska, pp. 3, 61; at Sandy Hook, N. 
J., pp. 8, 26, 2i; see also Appendix No. 9, pp. 247-251; a.tNew Lon· 
don 1 Conn., p.23; on coast of Louisiana, p~48; at Honolulu, Sand
wich lslauds, p. 73; see also A1>1iendix No. 4, pp. 97, 98. 

TlDE-l'REDICTING MACHlNE, BY PROF. WILLIAM FER. 
. REL. Dt)scription uf a ma.xhna and miuima.1 .Appendix No. la, 
J>P· 253-272. 

TIDES AT SANDY HOOK. Report on the harmonic analysis of 
liy Prof. William Ferrel, Appendix No. 9, pp. 247-251. ' 

TIDE-TABLES. Publication of, pp, 4, 8; for Atlantic and Pacific 
coast for 1884, and relative to •ale of, Appendix No, 4, pp. 98.107, 
108, 

Tl LI.A MOOK BA.Y, OREG. Re-survey of, p. 59, 

TIT'rMANN, 0. H., ASSISTANT. Leveling operations for con· 
nooting ,..,forence-mark at Albany, N, Y., withtbe primary trian· 
gulation station on Mount M:arudield, Vt., p. 29; survey of the 
shore• and lagoon. of East i'lortda from Key Biscayne northward 
pp. 44, i5; in oomman<l of schooner Ready, AppeDdix No. 5, p. lU' 

-, \ , TITUSVILLE, INDIAN RIVER, p. 43. 
-, 'V, \ ~ TOBACCO LOT BAY, LONG ISLAND SOUND, p. 23. \ \ ' '?; ~ • \' TOKIO, J Al' AN. l'eDdulum oba<lrvations at, pp, 6, 72, 

,-r ~ ~ '~ Y'-
1

~ TOM'S RIVER. Survey near, pp. 2, 31. ' \)\• ' 

TOPOGRAPHY. Of Maohiaa Ba.v and River, pp. 2, 12; of island• 
in Moos~a..beo Reach, and Chandler's Bay, pp. 2, 13; of shores of 
Pleasant River, Me., p. 13; of shores of Loni: Island Sound, pp. 
2,22;23,26; of New London and vicinity, pp.2, 23; of Delawar~ 
Bay and River, "PP· 2, 35; of Yicinity of Cape Henlopen, pp. 2, 31, 
:13; of Fisher's Island, Long Island Sound, p. 21; of New Jersey 
slwre of Ilelaware llay, p.34; of Tampa Bay, p.4i; of shores of 
Nueces Bay, Tex., p. 51. 

TOPOGRAPHICAL DHA WINGS. Standard, by E. Her~esl1eimer, 
Assistllut, Appendix No. 14, J•p. 367, 368. 

TOTAL SOL.AR ECLIPSE Ol' MAY, 1883. Reference to ol1serv<l
tions of, pp, 1, 4, 6; observations at Caroline Island, South Pacific 
Ocean, pp. 72, 73, see Appendix No. 17, pp. :J79-381, by E. D. 
Preston, Aid. 

TOWNSEND INLET, N. J. Dangerous wreck in track of vessels 
oft', p.5. 

TRAB\TE, GEORGE W., GE:SERAL SUPERlliTENDENT OF 
WESTERN 'CNION TELl'GRAPH COMPANY. Acknowl
@rlgmeut of courtesies extended party of Assistant Dean, p. 62. 

TUA.NSCONT!NENTAL GEODETIC WORK, pp. 1, 4, 63, 64, 68; 
reference to, in estimates. pp. 9, 10; eee also .Appendix No. 4, p. 95. 

TRANSIT OF MERCURY, 1881. By George Davidson, Assistant, 
Appendix No. 15, pp. 369, 370. 

TRA.NSIT OF VEXUS OF DECEMBER, 1882. Reference to 
commission to observe, and observations, pp.1, 21 5; determination 
of longitude of Rtatfrm at Saint .Augustine, }"'la., to ohf.!erve, pp. 
3, 41, 42; of station at Fort Selden, N(lw Mexico, pp. 3, 53, 54 ;· 
pendulum obserYationH at, station in New Zealand, pp. 3, 6 i ob 
servations of, pp, 4, 5, 54, 5.>, 71, 72; observations of, at Fort Selden, 
New Mexico, pp. 4:, 54) 55, 70; at Washington, D.C., p. 37; a.tTepus
quet Station, Cal., pp. 52, 53; at Davidson'8 Observatory·, San 
Franeisco, and at Mo11nt Dia.hlo, p. 54; in Illinois, pp. 64, 65, at, 
L.,bman'n Rauch, p. 69; see also Appendix No.16. 

TRIAL BASE LUiE AT FORT MYEU RESERVATION, VA. 
Examination of monuments of, p. 38. 

TRIANGULATION. Of Machias Bay and River, Me., pp. 2, 12; 
in New Hampshire 'and Vermont, pp, 2, 15, 16; of Long Islancl 
Sound, and across New York State, p. 2; between Pennsylvania 
and W eat Virginia, pp. 2, 36; in the District of Columbia, pp. 3, 
39; in West Virginia, Ohio, Kentucky, pp. 3, 39, 40, 6ll; on coa.st of 
Texas, pp. 3, 51; of Hood's Canal, Wash. Ter., pp. 3, 59; in Ken
t11cky and Tennessee, pp. 3, 62; in Ohio and Kentucky, pp. 4, 63; in 
Illinois, pp. 4, 64; in Wisconsin, pp. 4, 65; of' Delaware Bay and River, 
p. 31; of State of Pennsylvania, p. 36; in Virginia, p. 39; between 
Atlanta, Ga., and Gulf coast, J>. 48; in vicinity of Matagorda llay. 
Tex., J>. 51 ; northern pd.rt of California. coast, pp. 52i 55, 57; Ump· 
qnah Bay, Oreg,, pp. 57, 58; In Indiana, p. 63; of Missour~ p. 67; 
of Nevada. and Utah, pp. 68, 69; of Colonulo, p. 69. 

TRINIDAD. Triangulation near, refened to in estimates, p.10, 
TROUGHTON A.ND SIMMS' TRANSIT, No. 3. Use of, p. 53. 
'rRUXTUN, WILLIAM, U.S. N. Services in Section II, p. 20; in 

Section IX, p. 51. 
TURK'S ISLAND, WEST INDIES. Soundings near, p. 46, 

TURNBULL, C. R Computing llivU.ion, Coast and Geodetic Sur. 
vey Office, pp. 97, 98. 

TUinON, n., OF LAHAINA, SANDWICH ISLANDS. AC· 
knowledgmont of courteoies extended to ob8"rv!lrs of fotal eclipse 
of the Jinn of 1883, by, p. 73. 

TYRREL, J, B. Drawing Divisiou, Coast and Geodetic Survey 
Office, Appendix No. 4, p.100 . 

(], 

UMPQUAH RIVER, OHEG. Survey of, p. 3; reference to, in esti
matee, p. 10; triangulation and topography of, and approaches, 
pp. 57, 58. 

UNDERHILL TRAIL, MOUNT MANSFIELD, VT., p. 29. 
UNITED STATES. Compilation of dat,a for general map of the, 

I'· 74, referred to in estimates, pp. 10, 11. See also mggeation of 
A88istant R. D. Cutt.., Appendix No. 4, p. 94. 

UNITED STATES AND CANADA. Triangulation ~t,at.lons 11e

leeted along bounda~··line between, p. 16. 
UNITED STA.TES .ADVISORY COUNCILS QF STATE OF 

RHODE ISLAND, p. 31; of State of Peun&JlVllllia, p. Bi. 
UNIVERSITY OF '.L'OKIO, JAPAN. Pendnlam 1tbaervatieoe a.t, 

p. 72. 
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UNIVERSITY OF VIRGINIA, AT CHARLOTTESVILLE, VA· 
Determination of lon,citude of, Pl" 3, 38, 39. 

UPTON, WINSLOW, OF SIGNAL SERVICE. Longitude de
terminations given by, pp. 61, 73. 

UTAH. P1·imary triangulation in, extended eastward, near the 
thirty-ninth paralld, p. 68. 

v. 
VANDALIA RAILROAD. Geodesic leveling on track of, P' 65. 
VANDUZER, L. S., MIDSHIPMAN, U.S. N. Services in Section 

II, p. 32; in Section VI, p. 45. 
VANORDEN, C. H., SUBASSISTANT. Services in Section II, 

pp. 23, 36. 
VENUS. Relative to work of Commission appointed to observe 

transit of, of December, 1882. pp. 1, 5, 70, 72; observation of tran
sit of, at Washington, D. C., pp. 2, 5, 37; determination of longi
tude of observation station in New :Mexic.o, pp. 31 53; observation 
of transit of, in New Mexico, pp. 4, 5, 52-54, 70; at Auckland, New 
Zealand, pp. 4

1 
5, pendulum observations at same station, pp. 6, 54, 

71, in San FranciHco, at transit of, ista.tion, p. 5; at transit ofi in 
British India, and Japan, p. 71, at Sydney, p. 72. Observations of 
Transit of, at Saint Augustine, Fla .. p. 41, determination of lon
gitude of station at Saint Angustino, p. 42; observation of transit 
of, at Tepusquet station, Cal., p. 53, on the California coast, P· 54, 
in Illinois, p. M, at Lehman's Ranch, p. 69. See also Appendix No. 
lG, pp. 371-378. By .Assistants C. A. Schott, B. A. Colonna, W. 
Eimbeck, and J. S. Lawson. 
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REPORT. 

UNITED STATES COAST A:><D GEODETIC SURVEY OFFICE, 

Washington, December 17, 1883. 
Sm: In conformity with law and with the regulations of the Treasury Department, I have 

the honor to present herewith my report of the progress made iu the work of the Ooast and Geo
detic Survey during the fiscal year ending with June, 1883. 

The three parts into which this report is divided are arranged thus: 
Part I is mainly occupied with a general statement of progress under the several heads of 

Field-work, Ofiice-work, Discoveries and Developments, and Special Scientific work; with the esti
mates in detail for the next fiscal year, and with an explanation of those estimates. 

Part II is devoted to detailed recitals of field-work begun, continued, or completed during the 
fiscal year, concluding with a reference to the office-work. 

In Part III are comprised the several appendices relating to work in the field and office which 
appear annually, and other papers deemed worthy of publication as presenting discussions of the 
methods and result9 of the Survey. 

PART I. 
An examination of Appendix No. 1, which exhibits the distribution of the surveying par:ies, 

will show that there has been steady progress in the Survey in all of its branches, and it is 
believed that by a close and rigid scrutiny of expenditure the utmost results have been secured 
that the limited appropriations would admit of. 

Among the more important operations during the past fiscal year may be enumerated the 
connection of the triangulation of the Atlantic coast with that of the Great Lakes; the resurvey 
of Long Island Sonnd, upon which, as demanded by the extensive commercial interests involved, 
a large force was concentrated; the approach to completion of the resurvey of Delaware Bay and 
River; the continuation of the explorations of the North Atlantic .Basin by lines of deep-sea sound
ing and observationl!l of surface, serial, and bottom temperatures; the extension of the line of trans
continental leveling of precision to Saint Louis, Mo.; the progress made in the geodetic surveys of 
the interior States and in the primary t.riangulation near the thirty-ninth parallel, intended to unite 
the triangulations of the Atlantic, Gulf, and Pacific coasbi in one geodetic system; the verification 
for the Interior Department of the survey of the northern boundary of Wyoming Territory; the 
observations of the Transit of Venus of December, 1882, at stations in the United. States, and at a 
smtion of the Transit of Veuus Commission in New Zealand; the observation of the Total Eclipse 
of the Snn of May, 18S3, at a station in the South Pacific, and the determinations of the force of 
gravity by means of penclulum observations at stations on the .Atlantic and Pacific coasts, at sta
tions of the Transit of Venus Commission in South America and New Zealand, and at other stations 
in the East Indies, Japan, and the Sandwich Islands. 

s.·E:x..29-1 



 

2 UNITED ST.A.TES CO.A.ST .A.ND GEODETIC SURVEY. 

GENERAL STATEMENT OF PROGRESS. 

1.-FIELD-WORK. 

ATLANTIC OoAST.-During the year ending June 30, 1883, the work of tbe Survey has included 
the following operations upon the coasts and within the borders of the New England States: 
Triangulation and topography of Machias Bay and River, Me.; topography of islands in Moos
a-bee Reach and shore-line of Chancllcr's Bay, Me.; topography of the shores of Pleasant River, 
Me.; hydrographrn surveys in N arraguagus and Pigeon Hill Bays; soundings off Gouldsborough 
Bay and in Dyer's Bay an<l Roekland Harbor, Me.; series of tidal observations with self-registering 
tide-gauge continued, and m€teorological observations recorded at Pulpit Oov€, North Haven 
Island, Penobscot Bay; primary triangulation for the connection of the station upon Mount 
Washington, N. H., with the triangulation of Maine and of the Hudson River and Lake Cham
plain; occupation of stations for determining points in the triangulation of New Hampshire; 
stations occupied in continuation of the triangulation of the State of Vermont; line of deep-sea 
soundings run from off Nantucket across the Gulf Stream; observations continued at Providence, 
R. I., with a self-registering tide-gauge loaned to the city engineer; hydrography of the eastern 
entrance to Long Island Sound; self-registering tide-gauge established on the breakwater, Block 
Island; re-establishment of points of the old triangulation and determination of new points from 
Watch Hill westward for the resurvey of Long Island Sound; hydrogra phic resurvey of Fisher's 
Island Sound and New London and Stonington Harbors; topographic resurvey of the north shore 
of Long Island Sound to the eastward of Thames Uiver; topographic resurvey of New London 
and vicinity; self-registering tide-gauge established at Fort Trumbull, New London, Conn.; deter
mination of the geographical position of the new obsen'ator.r of Yale College, and determination 
of points for the resurvey of the north shore of Long Island from the vicinity of Bridgeport, Conn., 
westward. 

Work upon the coasts and within the limits of the States of New York, New Jersey, Pennsyl
vania, and Delaware has included a line of doop-sea soundings from the vicinity of Montauk Point, 
L. I., to the Bermuda Islands, and lines of soundings normal to the coast off the south shore of 
Long Island; a topographical survey of Fisher's Island, Long Island Sound; re-establishment of 
points of former triangulation and determination of new points on the south shores of Long Island 
Sound, in the vicinity of Montauk Point and Gardiner's Bay; topographic and hydrographic resur· 
vey of the eastern part of the south shores of Long Island Sound; hydrographic resurvey of Gardi
ner's Bay and approaches; recovery and mai:king of triangulation points on the north shore of 
Long Island, between Hempstead Harbor and Horton's Point, N. Y.; topographic and hydrographic 
resurvey of the western part of Long Island Sound, in the vicinity of Throg's Neck; hydrographic 
resurv€y of the approach€s to New York Harbor; s€ries of tidal observations continued with self
registering tide-gauge at Sandy Hook, N. J.; determinations of the force of gravity at Hoboken, 
N. J., and at Albany, N. Y.; lines of deep-sea soundings in the vicinity of New York Bay entrance; 
leveling operations for connecting the Coast and Geodetic Survey reference-mark at Albany, N. Y., 
with the primary triangulation station on Mount Mansfield, Vt.; primary triangulation across the 
State of New York for connecting the triangulation of Hudson Rivel' and Lake Champlain with 
that of the survey of the Great Lakes; continuation of the triangulation of the northern part of 
the State of New Jersey; additions of topogl";i,phical details to original sheets' of survey of the 
New Jersey coast betw~en the highlands of Na.vesink and Tom's River; verification of hydrog
raphy in Delaware and Chesapeake Bays for the Atlantic Ooast Pilot; triangulation, topography, 
and hydrography for the resurvey of Delaware River and Bay; resurvey of topography in the 
vicinity of Cape Henlopen, Del.; reconnaissance and extension westward of the triangulation of 
the Stat.a of Pennsylvania, and determination of the boundary line between Pennsylvania and 
West Virginia. 

Within the District of Columbia and the State of West Virginia, and upon the coasf..s and 
within the boundaries of the States of Maryland, Virginia, and Nort.h and South Carolina, the 
operations of the Survey have included determinations of gravity by pendulum experiments at 
Baltimore and W<L:shington; observations of the Transit of Venus at Washington,,D. O.; con-
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tinuation of the detailed topographical survey of the District of Columbia; examination of the 
monuments of the Arlington kilometer base, Va.; special survey for the Fish Commission near the 
Great Falls of the Potomac; continuation of topographic survey of the south shore of Hampton 
Roads, between Craney Island and Nansemond River; current observations at stations near the 
entrance of Chesapeake Bay, and thence southward; determination of the longitude of the Uni
versity of Virginia, Charlottesville, and of the latitude also, and connection of the astronomical 
station with the primary triangulation; reconnaissance, triangulation, and hypsomet.ric observa
tions in the region about Washington, D. 0., for the construction of a general map; reconnaissance 
for the extension of the primary triangulation near the thirty-ninth parallel westward in West 
Virginia and Ohio; lines of deep-sea soundings and temperatures off tlie coast of North Carolina; 
hydrographic surveys of Cape Fear River entrance and in Croatan and Pamplico Sounds, and a 
hydrograpbic survey in the vicinity of Cape Romain, S. C. 

1 

Upon the coast of Georgia, the east and west coasts of Florida; in the approaches to this 
coast; and upon the coasts and within the limits of the Gulf States, the following operations were 
in progress: occupation of the station at Savannah, Ga., for the determination of the longitude 
of the Transit of Venus station at Saint Augustine, Fla., by exchange of telegraphic signals; hy
drographic resurvey of Saint John's River and Bar; reconnaissance of Saint John's River from 
Lake Monroe to Lake Washington; survey of the shores and lagoons of East Florida from fodian 
River Inlet southward, and from Key Biscayne northward; hydrographic survey between Jupiter 
Inlet and Key Biscayne; observations of currents at stations off Jupiter Inlet; deep-sea sound
ings, with serial temperatures, between the Bahamas and the Bermudas ; topographic and bydro
graphic survey of the west coast of Florida between Charlotte Harbor and Tampa Bay; hydrog
rapby off the west coast of Florida to the northward and southward of Tampa Bay; reconnaissance 
for the connection of the Gulf coast triangulation in Mobile Bay, Ala., and vicinit,y, with the primary 
triangulation at or near Atlanta, Ga.; continuation of the survey of the coast of Louisiana west 
of the Mississippi mver; survey of the coast of Louisiana from Sabine Pass eastward; hydrog
raphy of the coast of Texas from Galveston entrance eastward; topography of the shores of Nueces 
Bay, and triangulation in the vicinity of Matagorda Bay, Tex.; measurement of a base of verifica
tion and observations for azimuth. 

PACIFIC CoAST.-U pon the coasts and within the boundaries of the States of California and 
Oregon, of Washington Territory, and of Alaska, field-work has included the establishment of a mag
netic self-registering record station at Los Angeles, Cal.; continuation of the primary triangulation 
northward from Point Concepcion; hydrographic survey from Monterey southward; observations 
at San Francisco, Cal., for the determination of the longitude of the Transit of Venus station near 
Fort Selden, N. Mex. ; completion of the supplementary survey of the San Francit1co Peninsula; 
determinations of the force of gravity at San Francisco, in connection with similar determinations 
at the Transit of Venus station in New Zealand, and at stations in New South Wales, the East 
Indies, Japan, and the Sandwich Islands; determinations of relative magnetic intensity and of 
the force of gravity at San Francisco, in connection with similar observations oo be made at Point 
Barr-0w, Ala..~ka; tidal observations with self-registering tide-gauge continued at Sancelito, Bay of 
San Francisco; occupation of stations of the primary triangulation north of San Francisco Bay; 
continuation of hydrographic survey in the vicinity of Point Arena, Cal.; hydrographic survey in 
the vicinity of Mendocino City, Cal.; continuation of the primary triangulation of the north coast 
of California; survey of the Umpquah River, Oreg.; continuation of the survey of Columbia 
River and tributaries; hydrographic surveys of Gray's Harb<i:r and in the Straits of Fuca and 
Admiralty Inlet, W. T.; triangulation of Hood's Canal, W. T.; continuation of the hydrographic 
reconnaissance of the shore-line and harbors of Southeastern Alaska., and tidal observations con
tinued with self.registering tide-gauge at Saint Paul, Kadiak Island, Alaska. 

lNTEJlIOR ST.A.TEs.-Work in localities between the Atlantic and Pacific coasts has included 
the occupation of the longitude station at Louisville, Ky., for the determination of the longitudes 
of additional stations in Kentucky by exchanges of telegraphic signals; observations for the lati
tudes of these stations; reconnaissance for the extension of the triangulation of the State of Ken
tucky; oocnpa.tion of stations in continuation of the triangulation of the State of Tennessee; reoon-
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naissance for the primary triangulation near the thirty-ninth parallel ext~nded from West Virginia 
into Ohio and Kentucky; occupation of stations in continuation of the triangulation of the State 
of Ohio; reconnaissance for the extension of the triangulation of the State of Indiana; determina· 
tions of the latitude and longitude of stations in Indiana; transcontinental line of geodesic leveling 
extended from Mitchell, Ind., to Saint Louis, and thence to Kansas City, Mo.; continuatiou to the 
eastward of the primary triangulation in Illinois near the thirty-ninth parallel; occupation of 
stations in continuation of the triangulation of the State of Wisconsin; determinations of the 
longitudes of points in Arkansas, Missouri, Illinois, and Nebraska by exchange of telegraphic 
signals with Saint Louis, Mo.; continuation to the westward oft.he primary triangulation in Missouri 
near the thirty-ninth parallel; primary triangulation near this parallel in Nevada extended east
ward, and a reconnaissance made for the extension eastward of the primary triangulation near the 
same parallel in Colorado; observation of the Transit of Venus of December, 1882, at Cerro 
Rpblero, near Fort Selden, N. Mex., and completion of the work of verification of the northern 
boundary of \:Vyoming Territory. 

'fhe observations of the 'l'ransit of Venus at Auckland, New Zealand, were in charge of an 
Assistant in the Survey, under the direction of the Transit of Venus Commission. Advantage was 
taken of the opportunity t-0 obtain determinations of the force of gravity at this distant station, 
and at other stations in the eastern hemisphere, for comparison with similar determinations at San 
Francisco and at \Vashington. 

A special appropriation havi•Jg been made by Congress for the observation of the Total 
Eclipse of the Sun at an island in the South Pacific, one of the younger officers of the Survey was 
ordered to join the expedition and to make at the eclipsfl station selected (Caroline Island) a 
series of pendulum experiments for the determination of gravity. Returning, he was instructed to 
obtain comparative determinations at stations in the Sandwich Islands and at San Francisco, Cal. 

I I.-01<' E'l CE-WORK. 

The records of field-work of the fiscal year ending June 30, 1883, received at the office have 
been duly distributed to the several divisions for examination and deduction of results, to be used 
in the production of the charts and other publications of the Survey. 

In accordance with the office organization, the records which pertain to astronomical, geodetic, 
and magnetic observations are referred to the Computing Division; those relating to tidal obser
vations, to topographic and hydrographic surveys, are referred to the Tidal, the Drawing, and the 
Bydrographic Divisions, respectively. The office labor proper consists in the verification of field 
records and computations; in the drawings and reductions for the preparation of the charts; in the 
engraving, electrotyping, printing, and issuing of the' charts; m the computations for the predic
tion of tides, and the publicat,ion of Tide Tables; in the labor of the preparation and publication 
of the Coast Pilot; in the care of the records of the work, and in the making and maintenance of 
the geodetic instruments used on the survey. 

Tide Tables of the principal ports of the United States for the year 1884, based on the redac
tions and discussions of the observations already made, have been published. 

The drawings of forty-two charts have been in progress, and of this number twenty-eight 
have been finished, including fourteen for publication by photolithography. 

Drawings have been made of five instruments of precision to accompany the annual report.s, 
together with eighteen miscellaneous sketches and diagrams for the illustration of scientific papers. 

Fifteen copper-plate engravings of charts and thirty-four of sketches and illustrations have 
been begun; four hundred and thirty-seven plates of cl1arts and sketches have received correc
tions; the engraving of nineteen plates of charts has been continued; the plates of twenty-seven 
charts and eight sketches and illustrations have been completoo. Forty-eight thousand three 
hundred and twenty prints were made from copper plates; of this number, fourteen thonsand one 
hundred and sixty-five were charts and views illustrating the Atlantic Coast Pilot, and one hun
dred and eighty-two were transfer proofs, to be printed fr&m stone. Eighteen alto and twenty-two 
basso electrotype plates were made for the office during the year, and twelve alto and fourteen 
basso plates for other Departments of Government. 
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III.-DISCOVERIES AND DEYELOP:MEN'l'8. 

All obstructions or dangers to rnwigation discM'ered in the progress of the work are prnmptl;y 
reported to the· SuperintPndeut, aud ~otices to Mariuers are issued for wide and free. distribution, 
in which are stated the locality of the tlanger and the best way of arnidiug; it. Refrrellce is matle 
also to the charts of the Suney affrch'd by the noticP. 

Six such notices were issued during· the past fiscal year, nurnbere1l from 34 to 39, inclusive, in 
the regular series. 

No. 34, dated August 24, 1882, gave the location and description of a dangerous rock in the 
eastern entrance to Fisher'8 Island Sound, as furnished bJ I,ient. Richardson Clover, U. S. N., 
Assistant, Coast Survey. 

No. 35, bearing date of January 4, 1883, described dangerous rocks, reported by the same 
officer, in the western part of Fisher's Island Sound, and in the approaches to ~ ew London and 
Mystic Harbors. 

No. 36, May 14, 1883, gives notice of a sunken wreck i11 the track of vessels along the New 
Jersey coast, reported and determined in Jlosition b~· Lieut. Commander W. H. Brownson, U.S. N., 
Assistant, Coast Survey. 

In No. 37, June 8, notice was given of a wreck partly out of water in the track of \'essels along 
the east coast of Florida, reported by Capt. F. Read, commanding the steamship Chalmette. . 

No. 38, June 19, gave an account of a dangerous rock, hitherto unknown, in Surge Narrows, 
Peril Strait. Southeastern Alaska, described in a communication received from Lieut. G. C. Hanus, 
U. S N., Assistant, Coast Survey. 

No. 39, June 22, 1883, cautioned coasting vessels standing inside of the Five-Fathom Bank 
against a sunken vessel in their track off Townsend Inlet, N. J. 

IV .-SPECIAL SCIENTI:fi'IC WORK. 

THE TRANSIT OF VENUS. 

The results for the solar parallax, deduced from observations of the Transit of Venus of 1874, 
and considerations thence derived in regard t-0 the best methods of observing the Tmnsit of 1882, 
induced the Commission authorized by Congress to take early action in the organization of parties, 
and in the publication of detailed instructions for the observation of this event, so important both 
to astronomy and geodesy. 

Observations of the Transit were made by officers of the Coast Survey at a number of stations, 
some of which were specially designated by the Transit of Venus Commission. 

At Washington, D. C., a station was occupied at Fauth's Observatory, nearly opposite the 
southwest corner of the lower Capitol Park. The weather on the day of the Transit (December 6) 
being generally favorable, all four contacts were observed. 

A station in New Mexico having been decided upon by the Commission, one was selected at 
Cerro Roblero, an isolated mountain mass rising abruptly to a height of nearly 1,700 feet from the 
right bank of the Rio del Norte, and about four miles from the-military post at Fort Selden. Sat
isfact-Ory observations were obtained of all four contacts at Cerro Roblero, un<ler very favorable 
atmospheric conditions. 

The tl'ansit was observe.d at the Davidson Observatory, in San Francisco, Cal.; at the Coast aud 
Geodetic Survey s~tion, Tepusquete, Cal., and at Lehman Ranch, Nev. .. 

Observations or the Transit were made at Auckland, New Zealand, one of the stations of the 
Commission. But partial success attended the observations made at this station, the sun being at 
no time during the Transit entirely free from clouds. 

Reports of the observations of the Transit made at the stations of the Transit of Ven us Com
mission have been transmitted t-0 the president of the Commission; duplicates of these reports 
will be preserved in the archives of the Survey. 

Reports of observations made by officers of the Survey at other stations will appear as 
Appendix No. 16 to this report.. ,.. 
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THE TOTAL SOLAR ECLIPSE OF MAY 6, 1883. 

Under the provisions of a clause in the act of March 3, 1883, making an appropriation for ihe 
observation of the 'rotal Eclipse of the Sun of May 6, at a station in the South Pacific Ocean, b.Y 
au expedition to be organized for that purpose under the auspices of the National Academy of 
Sciences, with the co-operation of the Uoast and Geodetic Survey, an officer of the Survey was 
ordered to report for duty on this expedition. 

The observation of this eclipse was regarded with special interest, because of its having the 
longest totalitJ· of auy that had ever been observed, nearly five and a half minutes. The opportunity 
for studying the physical phenomena of the eclipse would therefore be an exceptional one. 

Caroline Island, a chain of small islands of coral formation in the South Pacific, was selected 
as the point of observation. The weather was clear during the totality, except a slight haze for a 
minure or two at beginning, and all four contacts were successfully observed. 

Details are given in au abstract of the observer's report, which appears as Appendix No. 17. 

FIELD CATALOGUE OF 1,278 TIJliE AND CIRCUMPOLAR Sl'ARS. 

The first edition of a Field Oatalogue of Time and Circumpolar Stars, prepared for the use of 
observers with portable instrumen·s in the temporary observatories of the Survey, was published 
in 1874. It contained 983 staes. A new edition has been compiled, and is now ready for publication, 
which contains 1,278 stars, their mean places being given for the epoch 1885.0-the right ascen
sions to the nearest tenth of a second of time, and the declinations to the nearest second of arc. 
It includes the standard stars of the American E11hemeris and Nautical Almanac, of the English 
Nautical Almanac, of the Connaissance des Temps, and of the Berliner Astronomische Jahrbuch, 
together with stars selected from the standard catalogues, giving the preference to those of the 
Naval Observatory, Harvard College Observatory, and the Observatory of Greenwich. 

Of the 1,278 stars iu this catalogue, the apparent places of 752 are given in the ephemerides. 
For the conYenience of observers the catalogue is to be published separately in octavo form, 

and will also appear as Appendix No. 18 to this report. 

DETERMINATIONS OF GRAVITY. 

Determinations of the force of gr:n-it_v, both absolute and relative, by means of pendulum 
experiments and observations, ha\'e been continued during the yeHr. As an important factor in 
the investigation of the figure of the earth, such determinations have always formed an essential 
part of a geodetic survey. 

In the United States the principal stations at which pendulums were oscillated were Albany, 
Hoboken, Baltimorn, "\Yashington, Saint Augustine, and San Francisco. A station was also occu
pied in Montreal, Canada. 

Advantage was taken of the presence of observers experienced in pendulum work with the 
national expeditions for the observation of the Transit of Venus and the Total Solar Eclipse to 
obtain results for gravity at stations widely distributed over the earth's surface, thus adding valu
able data for the determination of the compression of the earth at comparatively small cost. 

At the Transit of Venus station in Auckland, Nt·w Zealand, were swung the three Kater 
invariable pendulums. These pendulums, of historic importance, which had been oscillated at 
Greenwich, Kew, and London, and subsequently at the Coast and Geodetic Survey stations in 
Hoboken and Washington, having been left in thP- custodJ' of the Survey, the opportuuity of obtain-

1ng by means of them observations strictly comparable, at stations geographically far apart, was 
a most valuable one. In accordance with instructions, the party of observation, on their return 
trip, swung the Kater pendulums at Sydney, New South Wales, at Singapore, Straits Settlements, 
British India, at Tokio, Japan, and at San Francisco. 

The officer of the Survey who accompanied the Total Solar Eclipse expedition to Caroline 
Island, in the South Pacific, bad in bis charge pendulum No. 3, with instructions t;o oscillate it at 
the eclipse station, and also, upon his homeward voyage, at a station occupied upon the island of 
.Maui by De Fre~·cinet in 1819, and at a station in Honolulu, Sandwich Islands. 

In order to obtain certain necessary observations supplementary to and completing the opera-
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tions formerly executed for the purpose of connecting the American and English initial gravity 
statiom1, a Coast and Geodetic Survey officer was sent to Europe in J\fay, 1883. 

In the spring of 1883 instructions were issued for obtaining at San Francisco a series of 
gravity determinations to be made at Point Barrow, Alaska, by an observer of tbe Coast Survey 
attached to the Signal Service relief expedition wlticb sailed from Sau I?rancisco about the middle 
of June. 

RESULTS FOR THE LENGTH OF THE YOLO BASE. 

A full account of the measurement of the primary base-line in Yolo County, Cal., with the 
new compensation base apparatus, was given in my last annual report. Tbe results for length of 
the base as deduced from the measurements and compari8ons are di8cussed in a paper which is 
published as Appendix No. 11 to this report. 

The accuracy of the final result appears greater than that of any obtained for auy other base
line on the survey. This is attributed mainly to the vers careful handliug of the apparatus during 
the measurement, and also to the precautions taken to secure daily comparisons with the standard. 

The author of the paper expresses his belief that the question whether a base apparatus com
pensated for changes of temperature or one uncompensated would pro1e to be the most desirable 
is still unsolved. This is in consequence of the irregular contraction of the zinc bars as experienced 
in the present apparatus, the effocts of which were only overcome by extra labor of comparison 
with the standard. The fact that the degree of accuracy actually reached i8 far greater than cau 
be preserved, even in the ver_y perfect measures of the angles of the tir8t quadrilateral, does not 
set at rest the question of the most effective base apparatus, since besides accuracy, rapidity, aud 
ease of handling, in a word, economy in measurement is also a very important factor. 

VERIFICATION OF THE NORTHERN BOUNDARY OF WYOMING TERRITORY. 

The occasion of the detail of an officer of the Coast and Geodetic Survey, at the request of the 
Interior Department, to make an examination upon the ground of the survey of the northern 
boundary of Wyoming Territory, made for that Department under contract, was fully stated in my 
last annual report. 

At the beginning of the fiscal year 1882-'83 the work of verification was in full progress. By 
the close of August the .field examination was finished. It was conducted nuder special instruc
tions drawn up in accordance with the conclusions arrived at by the Commission appointed during 
the previous winter, and the work was executed in a manner entirely to the satisfaction of myself 
and the Secretary of the Interior. 

PHYSICAL HYDROGRAPHY. 

Much attention bas been given during the past year to the study of questions in physical 
hydrography, the solution of which promises practical usefulness in connection with navigation 
and proposed public works. 

A special investigation has been called for in the progress of the physical survey of Delaware 
Bay and River. This survey has now so nearly advanced to completion that a classific::ttion of its 
results has become possible with reference to the determinations of' mean tleptb, areas of cross
section, and the laws which govern the changes in channel-ways and the movement of the tides. 

In a report which was printed as Appendix No. 13 to the report for 1879, three rules were 
pointed out which simplified the conception of the physical scheme of Delaware Bay. '.rhey were 
deduced from a study of the printed charts, based upon the surveys of nearly forty years ago, but 
the new surveys, made with all modern refinements, confirm these rules in the most satisfactory 
manner. The author now furnishes the following statement, worked out from large collections of 
new data, which cannot fail to be valuable in considering plans for improvement to navigation or 
for the reclamation ,,f tide-lands: 

"In the f#Jtuary of the J)elaware, from J,,eague Island to the submerged delta., fifty miles below, the 
mean deytk ii constant; the icidtks and sootio'IUl vary with the square of the distance, and the retard of 
the tide can be exactly Btated in terms of the mean deptlt and width." 
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It is the first instance, perhaps, in which, with a constancy of mean depth, the effect of width 
upon the rate of tidal propagation could be accurately determined. In Appendix No. 9 to the 
report for 1878 the details of this investigation were given, and in Appendix No. 8 to my report 
for the present year are stated the conclusions derived from a careful study of the recent surveys. 

MAXIMA. AND MINIMA TIDE-PREDICTING MACHINE. 

A description, with drawings, of a machine for computing tides, devised and constructed for 
the use of the Coast and Geodetic Survey, will he given in Appendix No. 10 to this report. With 
it can be determined mechanically the times and heights of high and low water at the numerous 
ports upon our coast for which Tide Tables are puhlisheu a year in advance. These times and 
heights are gh-eu directly in figures upon a dial and scah·, to be tabulated by the op"rator. The 
working capacity of the machine is estimated to be at least that of twenty computers. Results 
obtained by means of it for the Boston tides of 1884, and compared with results from computation, 
presented a satisfactorJ agreement. 

HARMONIC ANALYSIS OF THE '!'IDES OF SANDY HOOK. 

At Sandy Hook, N. J., which is a port of reference for the tides on the south coast of Long 
Island, for those on the New Jersey coast between Keyport and Cape May, and for the tides at 
Cape Henlopen and the Delaware Breakwater, a self.registering tide-gauge has been maintained 
for several years. In order to deduce a series of tidal constants which will 8erve in future for the 
close prediction of tides at this important station, the hourly co ordinates of the heights of the 
tide as measured from the curves recorded for six years (1875 to 1881, inclusive) have been treated 
b~· the method of harmonic anal,ysis. This paper appears as Appendix No. 9 to this report. 

In a report on a discussion of the tides of Penobscot Bay (Appendix No. 11 for 1878) a full 
account was given of the method of appl~·ing the harmonic analysis to the investigation of the 
laws of tidal action. 

DEEP-SEA EXPLORATIONS IN TIIE WESTERN PART OF THE NOUTH ATLANTIC OCEAN. 

The deep-sea explorations which have been prosecuted -for several years past in the western 
part of the North Atlantic Ocean have been continued. For the special purpose of developing 
the limits and general character of that part of the Atlantic Basin between Bermuda and the 
Bahamas, and to the eastward as far as St. Thomas, a systematic investigation of the confignra 
tion of the ocean bed in those localities was made during the past winter by deep-sea sounding 
and dredging, with observations of surface, serial, and bottom tempel'atures. 

Many interesting results were obtained during this cr11ise, one of the most noteworthy of 
which was the successful sounding taken at the great depth of four thousand five hundred and 
sixLy-one fathoms about seventy-five miles to the northward of Porto Rico. The temperature at 
this depth was found to be 36fO Fahr., and the specimen·cup brought up brown ooze. No record 
is known of any sounding from which bottom specimen and temperature have been obtained at a 
depth equaling this. 

A mo.lei of the bottom of our Atlantic coast and the Gulf of Mexico, based upon the Coast 
Survey soundings, was constructed at this office, and being exhibited at the recent International 
Fisheries Exposition in London attracted much notice and received great commendation. ' 

EXPLANATION 01', ESTIMATES. 

With the detailed estimates for the fiscal year ending June 30, 1885, which were transmitted 
to the Treasury Department in NoYember last, was !mbmittetl the following statement: 

In submitting the estimates for the Uoast and Geodetic Survey for the fiscal year 1884-'85, I 
beg leave to bring to your attention the points in which the.}' differ trom the appropriations for the 
current fiscal year, and to ask your approval ot the same. 
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The aggregate amount asked is $fi70,500, while the aggregate appropriation for the current 
year is $655,290. There is no grl'at disparity in these amounts, but it must be noted that this 
year's appropriatiOIJ contains an amount of $100,000 for the building of a new steamship for the 
coast of Alaska. 

The· chief increase in the e:stimates is for the item of "party expenses," which comprise the 
pay of those temporarily employed as recorders, signal-men, bands, cooks, drivers or boatmen, as 
the case may be, the subsistence and transportation of tl1e parties, and all requisite materials, 
tents, boats, and all other necessaQ· expen8es incident to tlie work. 

The o~jcct of proposing- this increase is to obtain a proper economic proportion between the 
expense of putting the surn>yiug parties in the field and the length of time that they can be kept 
at work. This should be as long as permitted h,v tlie season favorable for field work in the several 
localities. In order to n eet this condition it is necessar;y that the amount available for "party 
expenses" should h(> at least half as large again as it has been of late years, and I am constrained 
by a consideration of reasonable economy to submit estimates for an increased amount. 

As compared with the Yast extent of our coast, the localities at which the work is going on 
are few and far het\reen, and the only other mode of doing the work with due economy, with the 
present means, wonld be to discontinue the survey for the present at many points where it is now 
in progress. 

The next item iu the appropriation, that for "transcontinental geodetic work," is slightly 
increased for the same considerations. 

The item for ''aid to State surveyg" is increased by $,1,000, owing to the growing demand for 
this means of verif.ying the imrveys of the different States. 

In the item of "1my in field" the small increase in the estimate is rendered necessary by the 
reasonable expectation of advancemellt in the lower gradeR. The probable diminution of expendi
ture from natural causes in the higher grades may make the additional expenditure unnecessary. 

The ag·gregate of the ·•pay in office'' remains unchanged, although variations may occur in 
details. 

The "rent" charges equally remain unchanged. 
The amount for "office expenses" is inereased by about $6,400, owing to the constantly grow

ing demand for the results of the work. 
The item for "repairs of vessels" is increased by $3,000, to bring it up to the ordinary amount 

(reduced 10 per cent. last year), and b;y $12,000 for putting new boilers in the steamer Hassler, 
which has now been in service twelve ~·ears. 

I trust that the foregoing explauations will warrant your approval of' the estimates submitted. 

ESTIMATES.~ ~e,.._.__,(_ ~ (V ff-6'-

For every expenditure requisite for and incident to the survey of the Atlantic, Gulf, and Pacific 
coasts of the United States, including the survey of rivers to the head of tide-water or ship navi
gation; deep-sea soundings, temperature, and current observations along the coasts and throughout 
the Gulf Stream and Japan Stream flowing ofi' the said coasts; tidal observations; the necessary 
resurveys; the preparation of tl.J,e Coast Pilot; a magnetic map of North America, and the compila
tion of data or a general map of the United States; and including compensation, not otherwise appro
priated for, of persons employed on the field-work, in conformity with the regulations for the gov
ernment of the Coast aucl Geodetic Survey adopted b,y the Secretary of the Treasury, and including 
allowance for subsistenre to officers of the Navy attached to the Sutvey, not exceeding one dollar per 
day, as allowed by act of Congress approved June 1~, 1858; and also includmg the repairs, outfit, 
and equipment of vessels used in the Survey, to be expended under the following heads: 

FOR PARTY EXPENSES.-For continuing the survey of the unsurveyed portions of the 
coast of l\iaine eastward from Ohandler's River towards Quoddy Head; for exami
nation of reported dangers and changes on the eastern coast and Vineyard Sound; 
for continuing resurvey of Long Island Sound; for completing resurvey of Dela
ware Bay, including current observations; for continuing examination of changes 
a.ncl i-esurveys on the sea-coast of New.Jersey; for surveys of estuaries of Chesa.-

S. Ex. 29-2 
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FOR PARTY EXPENSES-Continued. 
p<>ake Bay, including Chincoteague Bay, Md., and of sounds and tide-water pas
sages in North and South Carolina not heretofore surveyed; for continuing the 
survey of the sounds on the eastern coast of Florida, including the Saint John's 
River; for continuing the survey of the western coast of .Florida from San Carlos 
entrance southward, and from Ba;vport southward, and hydrography of samfl; for 
examiniug the changes iu Mobile Bay, and surveying around the Chandeleur falands 
and the waters on the east coast of Louisiana.; for continuing the survey of the 
coast of Louisiana from Bayou La Fourche westward, and between Vermilion Bay 
and Mermenteau Pa1:1s, including hydrography on the coasts of Texas and Loui
siana west of the Mississippi River; for making the requisite verification of the 
work aud for re-examinations of entrances on the coast of Texas; to make off-shore 
soundings along the Atlantic coast, and current and temperature observations in 
the Gulf Stream ; for continuing the researches in physical hydrography relating 
to harbors and bars; for determinations of geographical positions (longitude party); 
to continue the primary triangulation from Atlanta towards Mobile; for continuing 
an exact line of levels from the Gulf to the transcontinental line of levels between 
the Atlantic and Pacific Oceans; to coutiuue tide observations on the Atlantic and 
Gulf coasts, and researches relating thereto; to continue magnetic observations on 
the Atlantic and Gulf coasts; to continue gravity experiments; to continue the 
compilation of tlrn Coast Pilot an<l to make special hydrographic 6xaminations for 
the same; for compilation of data for a general map of the United States; for con· 
tinuing the survey of the coast of California, namely, for topography from San 
Luis Capistrano towards San Diego, from Point Piedras Blancas to Cape San Martin, 
and supplementary surveys near San Francisco; for primary triangulation from 
San Luis Obispo northward, from Santa Clara southward, and from Trinidad north· 
ward, including a line of precise levels from Sancelito to the transcontinental line 
of leveh1; for hydrography off the same coast; for continuing the survey of the 
coast of Oregon, namely, survey from Umpquah Ri,rer southward, and including 
such rh'er mouths as may be specially called for, and off-shore hydrography, and the 
survey of Columbia Hiver and vVillamette River to t,he head of ship navigation; 
for continuing the survey of the coast of Washingt-0n Territory, namely, continuing 
the triangulation, topography, and hydrography of Fuca Strait, of the estuaries of 
Puget Sound, and of Possession Sound ; for the transfer of the steamer Patterson 
to the waters of Alaska, the pr£-paration for and making hydrographic surveys in 
the same; for miscellaneous work and contingencies of all kinds, including trav
eling expenses of officers and meu of the N'avy on duty not specified in the above, 
and for any special surveys that may be required by the Light-House Board or other 
proper authority; for continuing tide observations on the Pacific coast; for mag
netic obserYations on the Pacific coast; for traveling expenses of the Superintendent 
and his party on duty of iuspection, and for objects not hereinbefore named that 
may be deemed urgent; iu all for party expenses.. . . • •.. - - .. ~ ... - - ...••.•. -.... 

TRANSCONTINEN1'AL GlWDETIC vV ORK.-For transcontinental geodetic work, including 
line of leveling between the Atlantic and Pacific Oceans - . - .. ___ ...... _ ... _ . _ .. . 

FURNISHING POINTS FOR S·rATE SURVEYS.-Ji'or furnishing points for State Sll))VeyR. 
PAY OF FIELD OPFHJERS.-For pay ofthe Superintendent and forty-six Assistants, nine 

Subassistants, and twelve aids, constituting the normal force of the Survey, in con- · 
formity with Treasury Regulations of March 18, 1881 ...... _ .. _ ....•...... _ . _ .•. 

PA y OP 01.''FICE FoRCE.-For pa~· of persons employed in the Office of the Ooagt and 
Gevdetic Survey, under the regulations of the Secretary of the Treasury: 

For pay of mathematicians a,nd computers employed in the reduction and discussion of 
field-work; of draughtsmen; of engravers, copper-plate printers, and electrotypers; 
of computers for the discussion and prediction of tides; of persons employed in 
collecting, verifying, and arranging the data for the Coast Pilots; of the hydro-

t246,000 

36,000 
20,000 

127,700 
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PAY OF OFFICE FOE.OE-Continued. 
graphic draughtsmen in office of hydroW:·aphic inspector; of the disbursing agent 
and accountants; of the mechanicians jin the instrument shop; for the reconstruc-
tion and repairs of instruments, including carpentry; and of persons employed in 
the official correspondence; writing and copying reports and records; preservation 
of the records of the Survey; distribution and sale of charts; the pay of watchmen, 
messengers, and packers........................................ . . . . . . . . . . . . . . $128, 500 

GENERAL EXPENSES, COAST A.ND GEODETIC SURVEY. 

RENT OF BUILDINGS: 
For rent of buildings for offices, work-rooms, and work-shops in Washington ....... . 
For rent of fire-proof building No 205 New Jersey avenue, including rooms for stand

ard weights and measures; for the safe-keeping and preservation of the original 
astronomical, magnetic, hydrographic, and other records; of the original topo· 
graphical and bydrographic maps and charts; of instruments, engravetl plates, and 
other valuable property of the Coast and Geodetic Survey. . . . . . . . . . . . . . .... 

OFFICE EXPENSEs.-For the purchase of new instruments; for materials and supplies 
required in the instrument shop for reconstruction and repairs, and for books, maps, 
and charts, including subscriptions; for materials for the Drawing Division and for 
chart-mounting, including drawing-paper; for copper plates; chart paper; printer's 
ink; copper, zinc, and other materials for electrotyping; engmn~r'll and printer's sup
pl.ies; materials for carpenter's shop; for extra engraving, including map of the 
United States, and the necessary copper plat-Os therefor; and for pbotolithographing 
charts for immediate use; for stationery for the office and field parties; transporta· 
tion of instruments, supplies, &c.; office wa.gon; fuel i gas; telegrams; ice; wash
ing; extra labor; office furniture and repairs; and for allowances t-0 the Assistants 
in charge of the office details, in acc0rdance with the regulations of the Secretary 
of tlle Treasury; for miscellaneous expenses ; contingencies of all kinds ; and for 
traveling expenses of Assistants and others employed in the office sent on special 
duty in the service of the office ....... , .....•......................... , ....... . 

PUllLISHING OnsERVATIONS.-For continuing the publication of observations and their 
discussions made in the progress of the Coast and Geodetic Surve_y, including com
pensation of civilians engaged in the work, the publication to be made at the Gov· 
ernrnent Printing Office. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ....... . 

REPAIRS AND MAINTENANCE OF VESSELS.-For repairs and maintenance of vessels 
used in the Coast and Geodetic Survey, including new boilers for the steamer 
Hassler ...................................................... , ............. . 

Total amount estimated for Ooast and Geodetic Survey for 1884-'85 ....... . 
Total amount appropriated for Coast and Geodetic Survey for 1883-'84 .... . 

10,500 

6,000 

47,800 

6,000 

42,000 

670,500 
655,290 



 

PART II. 

In this part of the report are given condensed statements of the operations of the field parties 
of the SurYey in the several localitie6 upon the Atlantic arnl Pacific coasts and in the interior . 
States. These statements are arranged in a geographical order, under the headings of the several 
sections. Upon the Atlantic coast they include localities between .Machias Bay, Me., and Mata
gorda Bay Tex.; and upon the Pacific, portions of that coast between Los Angeles, Cal., and Point 
Barrow, Alaska. 

In the interior States the geocletic surYeJ'S which are intended to complete the connection 
between the work on the eastern and western coasts, and those in progress for the purpose of fur
nishing points to State surveys, are referred to in sections, each of which comprises two or more 
States, beginning with those)iearest the Atlantic coast. 

Appendix No.1 exhibits in tabular form the distribution of the surve~·ing parties, the names of 
persons conducting field-work, and the nature of the work performed. 

Assistant Richard D. Cutts, in charge of the Uoast and Geodetic Survey Office, presents in 
Appendix No. 4 a comprehensive report of the operations of the office during the fiscal year, and 
accompanies it with the reports of the chiefs of the sen·ral office diYisious. The close relation 
between efficient administration in the o:f:licfl and results commensurate with the means employed 
in the field has been fully recognized by Assistant Cutts, and my indebtedness to him for constant 
and cordial co operation is very great. 

The report of Commander C. JU. Chester, U.S. N., Hydrographic Inspector, appears in Appendix 
No. 5. I have committed to him all matters pertaining to tl1e arrangement of bydrographic work, 
the assignment to duty of uava.J officers attached to the Survey, the care and disposition of vessels, 
and the direction of the labors of the hydrographic draughtsmen. His aid and counsel in this 
branch of the gervice I ham found invaluable. With his report is given a list of the officers of the 
Na,·y on duty in the Survey during the fiscal year, a statement of the condition of the vessels 
engaged in the work, and a summary of' the work accomplished hy the hydrographic draughtsmen 
employed in the office. 

Lieut. J.E. Pillsbury, U.S. N., was on duty dt1ring the year as assistant hydrographic inspector. 
By his systematic and earnest efforts the office was enabled to keep the charts of the Survey up 
to the latest da.tes in respect to changes made or contemplated in Aids to Navigation. In these 
efforts he had the hearty co-operation of the Light-House Board, through its secretaries. For 
early information in regard to such changes Commander Chester expresses his thanks to those 
officers. 

Lieut. Richards01,.1 Clover, U.S. N., Assistant, Coast Survey, was on duty part of the year, and 
assisted in the preparation of the plans and specifications for the new steamer for the Pacific coast. 

SECTION I. 

MAINE, NEW HAMPSHIRE, VERMONT, MASSACHUSETTS, AND RHODE ISLAND, INCLUDING COAST 
. AND SEA-PORTS, BAYS, At.'iD RIVERS, (SKETCHES Nos. 1 AND 3.) 

Triangulatfon Gnd topography of Machias Bay and River, Me.-As soon after the beginning of 
the fiscal year as practicable, Assistant 0. Il. Boyd proceeded to Machias Port, Me., under instruc
tions to take up the survey of Machias Bay and Rfver. Mr. Boyd's first efforts upon his arrival, 

12 
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early in August, 1882, were directed toward~ the recovery of stations of the triangulation begun in 
186i but interrupted at that time by the course of public ennts. 'l'wo of these stations, "Howard" 
and "Lowell," were identified, and with the base thus obtained all needed triangulation points 
were determined. 

Th~ shore-lines of the bay and rivers with the islands in the vicinity were delineated upon 
two topographic sheets, extending from Cross and Libby Islands, at l\lachia;; Bay entrance (and 
including Machias Port), to the bridges over the Machias and East .Machias Rivers, some fifteen 
miles from the sea. Field-work was closed 011the10th of NoYemher. Mr. E. L. Tane~·, aid, served 
very acceptably in the part;)' during the entire season; Mr. C. \Y. L;yman during part of the season .• 
The statistics of the work are as follows: 

Shore-line surveyed, miles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66 
Roads, miles. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 
Area of topograpby, square miles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
~tatious occupied in trian_gnlation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 
Positions determined................. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24 

Reference will be made to the work of Assistant Bosd during the winter season on the coast 
of Louisiana under the head of Section VIII. 

Topography of islands in llfoos-a-bec Reach, and shore-line of Chandler's Bny, Me.-It being 
desirable to fill certain gaps in the topographic survey of the islands near the eastern entrauce to 
Moos-a-bee Heach, and of the northern shore of the reach in tbe Yicinity of Jonesport, Assistaut 
Eugene Ellicott was directed to take up this work, a11d arrhed at Jonesport early in August. After 
completing the surrny of the outer face of Head Harbor Island, Stm'le's Harbor IslaIHl, and Great 
Wass Island, Mr. Ellicott took up the unfinished topogrnphy of the northern shores of the reach, 
near Jonesport, and between '\Yest River and Carrying-Place Cove. :\Inch cutting had to be done 
here, the country being densely wooded. This portion of the sur,-e.r wa>< finished towards the close 
of October, and work upon the Chundler's Bay sheet was in progress wheu Mr. Ellicott's ser\'ices 
were required in another field of labor, and under instructions :X ovember 11, further operations 
were suspended. Following are the statistics of the survey : 

Shore-line surveyed, miles ................... - . . - . . . . . . . . . . . . . . .... _ . . . . . . 32 
Area of topography, square miles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 

Work executed by Mr. Ellicott under subsequent assignments will be referred to under the 
heads of Sections III and VI. 

Topography of the shores of Pleasant River, 1lfe.-The completion of the t-0pogra.phical survey 
of the shores of Pleasant Hiver, Me., to the head of tide-water, having been assigned to Assist
ant A. W. Longfellow, that officer took the field as soon as funds were available for the work, and, 
beginning about a mile below Addison's Point Village, extended the topography of the river-shores 
to a little above Columbia Falls Village, including the mill-pond there. Vertical angles for contour 
curves gave an elevation for this pond of 17.4 feet abo\·e high water. 

Both Addison's Point and Columbia Falls ha,·e been ship-building localities. Vessels of one 
hundred and fifty tons can load at the Falls, and two were built there during the preceding season. 
The Pleasant River is a tidal stream up to tbe Falls, winding through salt marshes, wbich are gener
ally diked, but subject to overflow at spring and storm tides to their limits at the upland. The 
survey was completed on the 24th of November. Statistics are as follows: 

Shore-line surveyed, miles . . . .... _ .... __ . . . . . . . . . . . . . . _ . . . . . . . . . . . . . . . . . . . 33 
Streams and brooks traced, miles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22 
Roads, miles . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37 
Area of topography, square miles...... . . . . . . . . . . . . .. . . . .. . . . . . . . . . . . . . . . ... 14 

Hydr<>graphic surveys in Narraguagus and Pigeon Hill Bays; sounding• off Gouldsborough Bay 
atid in Dyer's Bay and Rockland Harbor, .Ve.-Under instructions directing a hydrograpltic survey of 
Pigeon Hill Bay and its eastern approaches, with other hydrographic work in t):i.e adjoining bays 
and in Rockland Harbor, Lieut. H. G. 0. Colby, U.S. N., Assistant iu the Coast and Geodetic 
Survey, a.rrived with his party in the schooner Eagre in Pigeon Hill Bay (sometimes called Boisbo-
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bert Harbor) early in ,fuly, 1882. Having selected an anchorage about half a mile above Gull 
Rocks, and establiRhed a tide-gauge which was referred to a bench-mark upon Boisbubert Island, 
soundings were begun, and tlrn work was prosecuted as rapidly as good results would allow. 
Great care was taken to find all llidden dangers; ledges and rocks were buoyed and developed 
separatel3·; fishermen and local pilots were consulted as to names familiar by long usage in the 
locality. 

Lieutena11t Colhy remarks in regard to Boisbubert Harbor that it is spoken of as a place much 
exposed in southerly gales, and that sucli is the impression formed at, first sight, and in a measure 
true, th€ formation of the land giving little protection from the wind. But. from the sea the protec
tion is almost perfect, the rocks and ledges which make this harbor so difficult o.f access from the 
southward formiug a bre::i 1·water, so that during the heavy winter gales nothing more than "a 
chop" is experienced. 

The followiug e-xtracts from Lieutenant Oolb;y's report will be of interest: 
"Petit Manau Bar, which extends from Petit l\.fanan Point to the islands, is one continuous 

line of ledges and rocks; there arc two chanuels over the bar, one close in to the point and the 
other about two-thirds of the distanee totbe islands. The former is crooked and narrow, withsevera.J 
detached rocks, not fit for strangers; the latter is buoyed and can be used by vessels of light 
draught after two hour8' fioou. " .. "" The tide runs nearly east and west across the bar. In 
anything more than ordinary weatlier there is one line of breakers the entire length of the bar, 
and it cannot be crossed with safety." 

"The «Whale' is a rock wl1ich lies about half a mile south of Egg Hock; it is one of the prin· 
cipal dangers of Pigeon Hill Bay, as at high water, with little or no swell, there is nothing to mark 
the localit.r oft his rock. B1:>twce11 the V\'hale a111l Egg Rock no dangers were found, which leads 
to the belief that there is a goou channel here by keeping dear of the rocky point making off to the 
southward ot Egg Hoek. Thi:,i ledge was developed by placing two buo;ys on the two shoalest spots, 
and ruuning lines across nearly at right angles, in order to show as nearly as possible the shape 
and formation, which at half-tide has, as the name implies, the appearance of a large whale. 

"To tlie north of Egg I~ock, between it and Little Bubert, the bottom is very irregular, com
posed of ledges aml large hlrn'lders, and is not a safe place for vessels of any size." 

The hydrograpliy of Pigeon Hill Bay was completed before the close of the season, with the 
exception of some soundings to the northeast of Pond Island and the ledge known as Jordan's 
Delight. During the summer au iron spindle was fixed by the Light-House Board upou the 
southern point of this ledge. Tbe spindle was carefully established in position by the hydro
graphic party aud used as a signal. 

Additional work executed h.r Lien tenant Colby iucluded soundings for a more complete devel
opment of tl1e bot.tom off Gouldsborongh Bay, examination of a doubtful spot in Dyer's Bay, and 
soundings nee.de.a to complete the .snrYey of Hockland Harbor, Me. 

During the seawn Cll(liug in November, 1882, the following-named officers .,.,ere attached to 
the party: Ensigns David Daniels, O. G. Dodge, and A. Jeffries, U.S. N. Of the ability and 
readiness with whielt the duties assigned to these gentlemen were performed Lieutenant Colby 
expresses his appreciation in bis report. 

Statistics of the season's work are as follows: 

Miles run in sounding _ . . . . ............................................ . 
Angles 1neasured ..... _ ............. _ . . . . . . . . . • . . •. _ ...... _ .•........... 
Number of soundings ............. _ ..•......................•........•... 

395 
.t,676 

24,055 

Tidal observations.-As heretofore for several years past, the series of tidal and meteorological 
observations at Pulpit Cove, North Haven Island, Penobscot Bay, has been kept up by Mr . .r. G. 
Spau]djng. A continnat.ion of this series for about six years longer will be desirable at this funda
mental station, in order to obtain data which will fulfill the conditions required for investigating the 
laws of the tides on the Atlantic coast of the United States. But few interruptions of the record 
have occurred since its beginning in 1870, the self-registering tide-gauge being supplied with a. hot. 
water apparatus, which has kept it in action in the coldest winter weather. 
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Primary triangulation for the connection of the station upon 1lfount l'(a.shington, N. H., with the 
triangulation of Maine and of the Hudson Rii,er a.nd Lake Champlain.-The tower a11d tripod erected 
over the Uoast and Geodetic Survey station on the summit of Mount "\Yasbingtou were usetl during 
the season of 1881 for the secondary triangulation of New Hampshire. There still remained, how
ever, to be observed at that station the primary lines conneeting the triangnlation of .i\faillt> with 
the series covering the valleys of the Hudson Ri,rer and Lake Clmmplain; aud for the purpo~e of 
avoiding a not improbable risk of the overturning or tiltiug of the tower by the violent storms of 
winter, it waR deemed advisable to haYe the remaining and actually necessary obRerYations made 
there at as early a date as possible. 

Accordingly, at the beginning of the fiscal year, Assistant Richard D. CuttR was instructed to 
organize a party to take charge of this special work, and to direct it iI.1 person i11 the field at. ~mch 
times and for such periods as his duties a» Ai;;sistant. iu charge of thf' office would permit. 

Mount Blue, in Maiue, l\fount ::\fausfield, in V€rmoHt, and o<lier statious to he 8elflcted in the 
northern part of New Hampshire and l\Iaine and along tLe honndary line between the United 
States and Canada were to be included in the scheme of work, which, as tlms laJd out, involved 
an extensive reconnaissance. Under the direction of AissiRtant Cutts this reeom1aissa11ce was made 
by Mr. John A. McNicol during the month of July. Many points were examined and the positions 
of seven stations were approximately fixed, ineluding Oxford l\Iount, i11 Cmiada, and Camel's R.ump 
and Mount Azischohos, in Maine. At this last-named station a signal wa:-; erect«d au<l obse1Ted 
upon from .Mount Washington. Tl1e summits of tlle other ILom1tt1ins were so deiist>ly woode!l that 
it was not possible to open t~ different lines aud to obserYe from Mount \Vashington during the 
same season. 

Near the close of July the occupation of Mount \\7ashington station began. Tieliotropers had 
been posted on Mount Blue and Mount Pleasant, :Me.; Gnnstock, N. H.; l\Ionnts Killington and 
Mansfield, Vt. Every favorable opportunity was taken to advance the work, and upon reaching 
the station, August 10, Assistant ()utts assuuw<l perl'onal chargt> of the p:ut.'·· 

The directions of the five principal stations were each determim'd hy thirty-fiye obsen·ations 
taken in seven positions of the instrument; vertical angles were also measured on the same sum
mits, and a fow on other summits, the total number of such measurements heing one hundrecl and 
sixty-two. 

Observations were completed September 1~. The lengths of the line:; observed from Mount 
Washington are as follows: 

Miles. 
To Killington . . . • . . . . ................................... - . . . . . . . . . . . . . . . . 88. 5 
To Mount Mansfield •.............................•.................... _ .. 77. O 
To Mount Azischohos ..•. _ . . . . . . . . . . . . . - .. - .................. _ ....... _ . . 46. 0 
To Mount Blue . . . . . . . . . • . • . . . • . . . . . . . . . . . . . _ ... _ ......... _ ....... _ ...... 57. O 
To Mount Pleasant . - .. _ .. : .. - . __ ... __ - __ . _ . ___ . _ ... _ .. _ _ . - - - . _ .... __ . _ . 29. 5 

To Guns(iock Mountain .................... _ ........................... _ . . . 53. 0 

Oc<:Upation of stations for determining points in the triangttlation of New Hampshire.-A recon
naissance of the eastern part of the State of New Hampshire for extending tLte triangulation of 
that State was beguu by Prof. E. T. Quimby, Acting Assistant, in accordance with instructions 
issued at the beginning of the fiscal ye.tr. Catamouut l\Iountaiu, in Pittsfield, l\ferrimac County, 
having been Relected as the first station, was occupied between the middle of July and the close 
of August, and early in September Professor Quimby moved his party to station Blue Job, in 
Farmington, Stafford Oounty, making in the intervals of occupation of these two stations a recon
naissance still further eastward. 

Observations at Blue Job met with frequent interruptions from storms, sAvere gales of' wind, 
and fog, bat they were finally completed before the close of tho season in October, and arrange
ments were then made for the occupation during the next season of Moose Mountain, in Brookfield, 
Oa.ITOU County. Statistics are: 

Horizontal directions determined .... ___ ........... - _ ........ - . . . - . . . . . . . . . 200 
Vertical angles measured . . . . . . . . . . . . . . . . . . . •...•... - ... - - .. - - ... - • . • . . . . • 30 
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Stations occupied in continuation of tlte triangulation of the State of Vermont.-The duty of con
tinuing the triangulation in the southern part of the State of Vermont having hel'Il assigned to 
Prof. V. G. Barbour, Acting Assistaut, by instructions dat€d July 1, 1882, prPparations were begun 
in the early part of the month for the occupation of Halifax station, in \Vimlharn County_ The 
observationi,; of horizontal and vertical angles required at this station were completed by the close 
of July, and a few dayi,; early in An gust were occupied in stationing heliotropers on :\founts Man8- ' 
field and Killington for the primary triang·ulation part~' on Mount 'Vasliington referred to under 
a preYious hea.diug i11 this section. 

Preliminary arrangements were at the same time made for the occupation of Haystack Mount
ain, in tQe town of °"rilmiugton. A temporary camp was established at tlie foot of the mountain 
until a road could be cut to a point half a mile distant from the summit. At. this point, eigbt 
hundred feet below ttw summit, the camp of occupation was Pstablished. From tLe camp to the 
station, the ascent beiug too steep for horses or oxen to travel, the observing tent. and in.struments 
were carried by baud. Observations were lwgun Angust 18 :.ind completeu on the 30th, eight sig
nals and the chnrcb spires of three villages having been ohsen·ed. 

Mount Anthony, in .Bennington County, was the last statio11 occupied, an<l on the 14th of 
Sept.ember, field-work was closed. Statistics are: 

Horizontal angles measured._ .... _ ...... ___ .. _. _ ...... _.. _. _. _.. . . . _. 816 
Vertical angles measured .. __ .... - . _. _. __ . __ . _. _ ... _ ...... ___ . _ _ . _ ... ____ 360 

L·ine of deep-sea .wundings from o_tf Nant1ickct across the Gnlf St~am.-In continuation of the 
investigations relating to the depth and temperature of the western part of the North Atlantic, 
Lieut.-Comnrnnder W. H. Brownson, U. S. N., Assistant Coast aml Geodetic Survey, upon 
assuming charge of the hydrographic party on board the steamer Blake in August, 1882, was 
instructed to run a line of soundings, with serial temperatures, from the vicinity of Nan tuck.et 
acro»s the course of the Gulf Stream. Tlie Blake had already been engag·ed iu similar work under 
the direction of Uommander J. R. Bartlett, U. S. N., Assistant Uoast ttnd Geodetic Survey_ For 
reference to this see Sections II and VI. The vessel being fitted witli all needful apparatus, the 
work assigned to Lieutenant-Commander Brownsou occupied but a few days, and was completed 
August 24. His line of soundings began off Nantucket, in latitude 400 52', longitude 690 49' west 
of Greenwich, aud ended in latitude 37° 19', longitude 66° 35' west of Greenwich. At this point a 
depth of two thousand seven hundred and fifty-six fathoms was sonnded, the temperature at this 
depth being 36!}° Fahr. Returning towards the coast, a shorter line of soundings was run, and the 
Blake then proceeded to Providence, R. I., where preparations were made for off-shore work south 
of l1ong Island. 

'l'he statistics presented by Lieuteuaut-CoIDrnander Brownson in his report are as follows: 

r~ength of sounding lines, in miles - . - ' . - - - . - . - - . - . - . - - - - . - . ' .. - . - - - . - - . 332 
Number of soundings taken. _. _ . - _ ... ___ .. ____ . _ . _ .. _. -·· ... _ •. _ . ____ . _ _ _ _ _ _ _ 40 
Serial temperature stations, number of_ _ ...... _. . . . _ .. _. _. _ ..... ___ .. _ _ _ _ 27 
Water temperatures observed, surface .. - _. _ ... _. . .. ___ . _. _ _ _. . __ . _ .. _ 44 
"

7 ater temperatures obsen-ed, intermediate ... _. ___ . __ ... _ _ _ ..... _. __ . ____ 173 
\Vater temperatures obsen-ed, bottom _. _ . __ .. _ - _ _ .. _ ..... _. _ .. ___ . _ ... _. _ 24 
Specimens of bottom, number of.--··--·-···----··--··· ·--··-···-· 17 

Tidal obser-rati<ms.-Records of tidal cnrves, from the self-registering tide-gauge loaned by the 
Coast Sm•\rey to the engineers of the city of Providence in 1872, are transmitted at intervals to this 
office. Results of value have already been obtained from a discussion of these observations and 

' it is hoped that nothing will occur to prevent the completion of the series. 
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SECTION II. 

CONNECTICUT, NEW YORK, NEW JERSEY, PENNSYLV.A.NIA, AND DELAWARE, INCLUDING COAST, 
BAYS, AND RIVERS. (SKETCHES Nos. 1, 3, AND 4.) 

Deep-sea soundings from the vicinity of Montauk Point to the Bermuda Islands and lines oj 
soundings normal to the coast off the south shore of Long Island.-At the beginning of the fiscal 
year the steamer Blake had been thoroughly eqnipped for deep-sea explorations under the direction 
of Commander of J. R. Bartlett, U.S. N., Assistant Coast and Geodetic Survey. The interesting 
results obtained by that officer during the preceding season, in the course of his explorations of the 
Gulf Stream, were stated at length in my 1ast annual report. In continuation of these investiga
tions, under instructions dated in June, 1882, Commander Bartlett, with his party in the Blake, 
left New York July 15, and the next day began a line of soundings with surface, bottom, and serial 
temperatures from off Montauk Point towards the Bermudas. 

Three additional lines were run before the return of the steamer to New York in August, one 
from the Bermudas to Cape Hatteras, one from Cape Henry to the outer limits of the Gulf Stream, 
and one from the last station reached on this line to New York, where the Blake arrived August 14. 

The leading facts of the cruise are stated in the following extracts from Commander Bartlett's 
report: 

"The first sounding taken on this line (from off l\lontauk Point to the Bermudas) was just 
beyond the one hundred-fathom curve in two hundred and sixty-six fathoms. 8oundings were 
then taken every twenty miles until July 20; after this date we made only an occasional sounding. 
• • • We crossed the ordinary limit of the Gulf Stream in latitude 390 15' north, longitude 100 
west. From our departure from Montauk light, I steered direct for the Bermudas, being a course 
SSE. (T. M.); this course I intended changing on entering the Stream to allow for the set of the 
current. I crossed the imaginary limit, aml continued the same course of SSE. until reaching 
latitude 380 45' north, longitude 700 13' west. The temperature of the surface water just outside 
of the one hundred-fathom curve was 680; it gradually rose to 700, 720, and 730, and at last .to 
750, when the course was changed to S. by W. (T. M.) to allow for a two-knot current and the time 
necessary to cros:> the Stream to its southern limit. 

"No easterly current was detected on this new course until reaching the vicinity of latitude 
370 02' north, longitude 700 401 west. During the time that we were in the current we had no 
observations of sufficient value to give its direction or force. The wind was fresh from the south· 
west and the current northeasterly at least three miles per hour. We lost the current again in 
about latitude 36° 35' north, longitude 69° 25' west. On the southern side of the Stream I observed 
immense quantities of the Gulf weed extending in long lines with the wind and sea. • • • The 
character of the bottom of the several soundings was a light gray ooze, as preYiously found by 
H.B. M. S. Cha11enger. • • • The temperature of the surface water was taken at every mile of 
distance.run, by means of an ordinary thermometer, the water for that purpose being drawn over 
the stern, where it was stirred up by the propeller. The temperature of the suface was also taken 
forward at each sounding and serial station. 

"The surface temperatures taken did not indicate any bifurcation of the Stream into warm and 
oold band!!, as had been previously reported. The temperature of the surface increased gradually 
from 680 near the hundred-fathom line to 750, and remained at 740 and 750 until we entered the 
Stream when it rose as high as 800 and s10, and continued at nearly the same temperature all the 
way to the Bermudas. There was a slight rise and fall of the temperature of the surface water 
between day and night, and also a fall during heavy squalls of rain, but even when we found the 
fall of t.empera.ture at the surface, it was not indicated at five and ten fathoms. 

"At every sounding the t.emperatare at the bottom was obtained by a Miller-Oasella thermom
eter attached t.o the stra.y line about ten feet above the sinker. The temperature of the bottom at 
the ftrst sounding of two hundred and sixty-six fathoms was 4<q.0 • I found as low a temperature 
as this clOl!e to the shore in twenty-four fathoms, but it increased two or three degrees as the water 
deepened towards the one hundred fathom line. At eleven hundred and seventy-four fathoms the 

S. Ex. 29 S 
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bottom temperature was 37~0; at fifteen hundred fathoms from 36° to 36!0 ; at greater depths 
it was 360 and 35~0, which was the lowest that we obtained. 

"F1·om the first sounding, a series of temperatures were: taken every ten miles to a depth of 
twenty-five fathoms, temperatures being taken fi\'e, ten, fifteen, and twenty-five fathoms. • • • 
The temperatures below the surface on all lines were taken with the Miller-Casella thermometers 
The readings of these thermometers have not been corrected for any error owing to pressure, but 
those in use were compared each day with a standard, and any which did not record accurately, or 
in which the mercury was broken, were laid on one side. 

"After steaming eighty miles, and just before reaching the supposed ordinary limit of the 
Stream, the serials to twent.y-fi,-e fathoms were increased so as to be only five miles apart on the 
remainder of the line to the Bermudas. A serial was taken every ten miles to two hundred 
fathoms at the following depths: Fifty, seventy-five, one hundred, one hundred and fifty, and two 
hundred fathoms; a serial to eight hundred fathoms every twenty miles, at three hundred, four 
hundred, six hundred, and eight hundred fathoms, each serial being complete from the surface to 
the greatest depth. All of the temperatures below the surface were taken with the thermometer 
fastened to the steel sounding wire, a thirty-six pound lead being used as a sinker." 

Commander Bartlett arrived at the Bermudas on the afternoon of July 25, and remained in 
port only long enough to swiug the vessel so as to determine any change in the deviation of the 
compass since swinging at Niantic Bay, Long Island Sound, before starting on the cruise. He 
found a slight change in the deviation, which he attrilmted to the effect of the dynamo-machine 
connected with the electric light. 

Leaving the Bermudas, a line for temperatures only was run to Cape Hatteras, temperatures 
of the surface beiug taken every mile; those to twenty-five fathoms every ten miles; those to four 
hundred fathoms every thirty miles, and to eight hundred fathoms every sixty miles. Upon enter
ing the current of the Gulf Stream the deep serials were taken at half the above distances. 

Bad weather was encountered upon nearing Hatteras, and the position of the last serial which 
could be obtained in the heavy sea having been established, the steamer put into Hampton Roads 
Angust 2. Here Lieutenant-Commander W. H. Brownson reported on board for duty in anticipa
tion of taking command of the Blake, and on the 10th of August Commander Bartlett began a line 
of soundings due east from Cape Henry ligl1t. The soundings were taken eYery fi-ve miles to the 
one hundred fathom curve; at this point two and a half miles apart, and then five miles apart to 
the end of the line. The temperature of the surface was taken every mile; to twenty-five fathoms 
every five miles, and to four hundred fathoms every ten miles. 

With reference to this line Commander Bartlett remarks that he did not find the warm water 
or the Gulf Stream current until he had nearly crossed the imaginary Stream as represented on the 
chart. Ou reachmg the Stream be shaped a course for NaYesink lights, taking soundings and 
serials as on the previous line. 

Some additional extracts from Commander Bartlett's report are here given, as presenting his 
views, derived from facts observed during the cruise. He says very justly, however, after stating 
that he has endeavored to draw attention t-0 the most important facts, that no definite conclusion 
can be drawn from data obtained on only two lines crossing the Stream, and that the volume, 
direction, temperature, etc., is only for a particular date, and under especial conditions of wind 
and weather. 

"In regard to the results of the investigation of this last season's work I have been particu
larly interested in what I was expected to find; that is, the bifurcation of the Stream into warm 
and cold bands. The warm and cold bands have been accepted for so long a time as a fact a,ml 
have been reported by such reliable authorities, that there must have been di:flerent conditi;ns of 
weather during our observations. I have already stated that our observations did not indicate 
anything of the kind. From the time we entered the Stream on line 0 (the first line run) until 
leaving it, the wind was fresh from the southwest, and the current and warm water was in a very 
narrow stream. Sir C. Wyville Thomson says, in his Voyage of the Challenger: 'In crossing the 
Gulf Stream in both directions the alternate bands or interdigitations of warm and cold water were 
very perceptible.' In a study of the surface temperatures obtained by the Challenger I do not see 
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any change in the Stream itself, but there are warm and cold streaks well inside, near the one 
hundred fathom curve. Our temperatures also indicate these latter. 

"The U. S. S. Jamestown crossed the Stream in May, 1sg2, and the officers report having 
observed the cold bands, but they also state that when the cold surface water was observed it was 
during a perfect deluge of rain. I have often observed that a heav;v fall of rain changed the tern· 
perature of the surface water several degrees, but the temperature at five and ten fathoms did not 
show any change. 

"I have examined eight log-books of our men-o'-war who crossed the Stream in the month of 
June in -'he same general locality as in line 0. The prevailing wind was southwest, ancl in no 
case was I able to find anything like a bifurcation. The force of the current, its direction and even 
temperature, is certainly very much influenced by the wind and weather. The prevailing wind 
along our coast, as fa1· north as Hatteras, is southwest during the summer months, and this was 
the season in which our observations were taken. In my report for the season 1881 I gave the 
change of direction of the general course of the Stream owing to a temporary change of the 
direction of the wind. 

"In reference to the temperatures below the surface, the isotherrnals show only cold water on 
line O, until nearing tbe Stream, when they descend gradually and in the Stream abruptly to 
their greatest depth. 

"Instead of the warm Stream water thinning away as it was reported to do when spread out, 
at the time of our crossing the Stream it was not much over fifty miles in width, as shown by the 
current and high surface temperatures. 

"The general temperature at the bottom off Savannah, in the Gulf Stream, the depth being 
four hundred fathoms, was 450; and at eight hundred fathoms outside and beyond the current, 
39i-0• On line O, the temperature in the Stream, at four lmndred fathoms, was as high as 550, and 
400 at eight hundred fathoms. On the southern side of the Stream the temperature, at four hun
dred fathomB, rose as high as 600, and to 420 at eight hundred fathoms. Just north of the Stream 
the temperature at four hundred fathoms was 39zo to 400, 

"The isothermals remained at the same depths from the Stream to the Bermudas, with the 
exception of a slight rise near the islands. 

"On the line from the Bermudas to Hatteras the isothermals were at the same depths as on 
line O, south of the Stream. .As we entered the current ofl Hatteras they were not quite as dee-p, 
being 4go, 470, and 440 at four hundred fathoms, and 390 at eight hundred fathoms. It \Yould 
appear that the Labrador current does not pass under the Stream until near Ha,tteras, whe11 it 
would naturally follow the one thousand fathom curve, and go under the Stream at this point as 
I suggested in my last report. 

''The two lines last run give only the temperatures of the Labrador current. They corre
spond with those taken on line 0 inside of the Stream, the temperature at four hundred fathoms 
being 38!0·" 

Mention is made in the report of the great usefulness of the eleciric lights in sounding at 
night. These lights were run by a No. 4 Brush dynamo, the motive power being a small upright 
engine connecting by belt.. Tht' governor of the engine was arranged to give twelve hundred and 
fifty revolutions to the dynamo per minute. The two lightR, of two thousand candle-power each, 
were hung from iron cranes lashed in the fore-rigging, and extencling beyond the vessel's side so 
as to throw the beams of light around tlte sounding wire where it entered the water. "'hen the 
vessel stopped for a sounding or a serial at night, the dynamo was started and run during the time 
of stopping only. Soundings and serials were then taken and the records kept on deck with as 
much ease as in broad daylight. The dynamo was situated about ftfteen feet from the standard 
compass. .At that distance, when running, it affected the compass about one-half a point, the com
pass returning to its normal condition when the dynamo was at rest. 

All of the Mother Carey chickens that were in sight were attracted by the light, and after 
it had been in operation from twenty minutes to half au hour the water immediately underneath 
became crowded with squid and small fish. 

Owing to the lateness of the sea.son when the work began, Commander Bartlett made but two 
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trials with the Siemens apparatus, and then only to verify the readings of the Miller-Casella deep
sea thermometers. 

Commander Bartlett acknowledges the aid of Lieut. G. W. Mentz, U.S. N., and Ensign H. S. 
Knapp, U. S. N., in the arduous work of the cruise, and in closing his report expresses the great 
regret that he feels in retiring from the command of the Blake and duty under the Coast Survey. 
This regret I fully share, in view of the loss to the Survey of the experience gained by this able 
officer in deep-sea investigations during his four years' service. 

Statistics of the work are as follows: 

Deep-sea soundings, number of lines run. . . . . . . . . . . . . . . . . . . • . • •••..•...... 
Length of lines in nan tical miles ............•..........•................... 
Number of soundings with wire taken ................................... . 
Air temperatures observed, with dry bulb. . . . . . . . . . . . . . . . . . ..•........... 
Air temperatures observed, with wet bulb ................................. . 
Serial stations occupied. . . . . . . . . . . . . . . . . . . . ............................. . 
Water temperatures observed, surfa{)e . . . . . . .............................• 
Water temperatures observed, intermediate ............................... . 
Water temperatures observed, bottom ...........................•..•..... 

4 
1,800 

61 
241 
241 
222 

2,331 
1,511 

61 

As already stated, under the head of Section I, the charge of the hydrographic party on board 
the Blake was transferred by Commander Bartlett to Lieut. Commander W. H. Brownson, U. S. N., 
Assistant Coast and Geodetic Survey, in August, 1882. 

Hydrographic work executed by these officers in the Blake off tl1e coast of Long Island will 
be referred to later in this section, and the deep-sea soundings between the Bahamas and Ber
mudas under the heading of Section VI. 

Hydrogryhy of easlern entrance to Long Island Sound.-Iu pursuance of instructions dated 
July 19, 1882, directing Lieut. Commancler W. H. Brownson, U. S. N.1 Assistant Coast and Geo· 
detic Survey, then in command of the steamer Gedney, to make a hydrographic resurvey of the 
eastern entrance to Long Island Sound, work had been begun by that officer but a few days before 
the exigencies of the service made it expedient to transfer him to the steamer Blake, and to assign 
Lieut. H. B. Mansfield, U. S. N., Assistant Coast and Geodetic Survey, to the charge of the hydro
graphic party on board the Gedney. Lieutenant-Commander Brownson was relieved by Lieutenant 
Mansfield August 1. 

Between this date and November 6, when the work was completed, an area of four hundred 
and ten square miles was sounded, the limits of the sheet comprising that portion of the eastern 
entrance to Loug Island Sound which is kuown a>1 Block faland Sound. Tht1 plane of reference 
for the soundings was established by observations at the tidal station on Block Island. Sta.tistiCb 
of the work are : 

Miles run in sounding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 583 
Angles measured . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . I, 737 
Number of soundings . . . . . . . .. . .. . . . . .. . . . . . . . .. . . . .. . . . . . . . . . . . .. . ..... 7, 509 

The following-named officers served in the hydrographic party: Master C. McR. Winslow, 
U.S. N.; Ensign W. B. Caperton, U.S. N., and Midshipmen W. C. Canfield, R. S. t;loan, and 
William Truxton, U. S. N. A report of the hydrographic work executed during the winter season 
by Lieutenant Mansfield, off the east and west coasts of Florida, will be found under the head of 
Section VI. 

Tidal observatwm.-Observations of tides were begun at Block Island on July 27, 1882, with 
the same self-registering tide-gauge that had been used in 1879, and at the same station on the 
breakwater at the eastern end of the island. The record was kept up by the observer. Mr. J, M. 
Couley, throughout tht:l winter, with but little interruption. It is proposed to keep tb;s gauge m 
operation while the resurvey of' Long Island Sound is in progress, and thus make Block Island 
the base of the tidal survey of that sound and the waters connecting with it, as it was formerly 
made the base for the tidal survey of Buzzard's Bay and Narragansett Bay. 
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Re-e.tablishmenl of points of old triangulation and determination of new points from Wat•h Hill 
westward for the resurv~ of Long Island Sound.-In order to furnish points for the topographic 
and hydrographic resurveys of the north shore of Long Island Sound from Watch Hill westward, 
Assistant S. C. Mccorkle, undn instructions of July 31, 1882, proceeded to that part of the coast, 
and having after careful search recovered six stations of the former triangulation, began observa
tions for the determination of new points on the 23d of August. 

High winds and smoky atmosphere retarded !lomewhat the progress of the work, but by the 
9th of November, when field operations closed, it had been pushed far enough to furnish the deter
minations required. For the computation of results, Mr. McCorkle used Watch Hill-Mount Pros
pect (2)-a base line of the primary triangulation. Statistics of the work are as follows: 

Number of stations occupied...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . 18 
Number of angles measured . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 233 
Number of observations .••.•.......................•.... ·- ............... 21 340 
Number of points determined...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41 

During the winter season, .Assistant Mccorkle was as8igned to duty which will be referred to 
under the head of Section VIII, and towards the close of the fiscal year was directed to resume 
work on the shores of Long Island Sound. 

Topographical survey of Fisher's Island, Long Island Sound.-The field-work assigned to Assist
ant Ed win Hergesheimer upon being detached from office duty towards the close of July, 1882, 
was a topographic survey of Fisher's Island, near the eastern entrance to Long Island Sound. 
Much of the mouth of August was occupied in erecting signals, determining heights, and in fixing 
the positions of beacons and spindles for the use of the hydrographic parties at work in the 
vicinity. As completed on the 9th. of November, the survey included the whole area of Fisher's 
Island, and the small islands, '\Vicopesset, and the Hammocks to the east and north of it. Mr. A. 
E. Burton served as aid during part of the season. Statistics are as follows: 

Length of shore-line, including creeks and ponds, miles. . . . . . . . . . . . . . .... 
Length of roads, miles . . . . . . . . . . . . . . . . • . . • • • . . . . . . . . . . . . . . . . • • • . . •....•• 
Area in square miles (Fisher's Island) . . . . . . . . . . . . . . . . . . . . . ...........•. 

60 
H: 
4.36 

Upon returning to the office Assistant Hergesheimer, after inking his topographic sheet, 
resumed drawing for ihe topographical manual. Towards the close of the fiscal year he was 
instructed to proceed to Noank, Conn., in anticipation of a resumption of field-work upon the 
northern shore of Long Island Sound. 

Hydrographic resurvey of Fisher's Island Sound and New London Harbor.-Lieut. Richardson 
Clover, U.S. N., Assistant Ooast and Geodetic Survey, having been assigned to the charge of the 
hydrographic party on board the Coa.st Survey schooner Palinurus, and directed to make a hydro
graphic resurvey of Fisher's Island Sound and Naw London Harbor, arrived iu New L-Ondon early 
in July. The Palinurus had been in the service of the Fish Commission of the State of Con· 
necticut, and while the vessel was being refitted and docked, search was made by Lieutenant Clover 
for a rock reported off Watch Hill, betweeb the buoys in the channel entrance to Fisher's Island 
Sound. This rock, which had been struck by the ~teamer Massachusetts, was found and located 
without delay, and a detailed "Notice to Mariners" respecting it was soon after issued by the office. 
Soundings were begun in the Thames River, above the navy-yard, on the 1st of August, the lines 
being run on ranges one hundred meters apart, and continued at this distance until reaching the 
Sound, when the distance was gradually increased to two hundred and fifty meters; the lines 
crossing these at right angles were two hundred meters apart. Care was taken to develop all 
shoals and rocks by special systems of lines. 

In the course of the survey, which included two hydrographic sheets, extending from Goshen 
Point east"' ard to Stonington, the southern limit being Fisher's Island, some rocks were found 
very dangerous to navigation which were before unknown, the most important of which were Vixen 
Ledge, half a mile southeast of Pine Island, and a cluster of rocks and a ledge, each with less than 
thirteen feet of water, and directly in the track of vessels using Pine Island Channel. 

Due publicity was given to the existence of these dangers to navigation by the issue from tile 
office of a "Notice to Mariners." 
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The plane of reference for the soundings was obtained by observation with staff-gauges set up 
at New London, Noank, and Stonington; at New London a self-registering gauge was also estab
lished under Lieutenant Clover's direction. Early in December the formation of ice interfered with 
the progress of the survey and it was brought to a close. Following are the statistics of the work: 

Miles nm· in soundings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 444 
Angles measured .............. .'. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . 5, 721 
Number of soundings ...................................... , ........... 25, 284 

Efficient service was rendered in the party by Ensign L. K. Reynolds, U. S. N., Midshipman 
Harry Phelps, U.S. N., and by W. C. Willenbucher, of the Coast and Geodetic Survey Office. 

Early in the winter Lieutenant Clover was relieved from the command of the Palinurus and 
ordered to duty in the office. 

Towards the close of the fiscal year the survey was resumed in Stonington Harbor under the 
direction of Lieut. A. V. Wadhams, U. S. N., Assistant Coast and Geodetic Survey, with the 
aid of Ensigns Thomas D. Griffin and W. C. Canfield, U.S. N. Between June 12th and 30th, 1883, 
Lieutenant Wadhams reports the following progress: 

Miles run in sounding. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . 16 
Angles 1neasured . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...... , . . . . . . . . . . . . 358 
Number of soundings .... , .................................... , . . . . . . . . 1, 888 

Topographic resurvey of the north shore of Long Island Sound to the eastwa,rd of the Thames 
River.-ln pursuance of instructions dated July 29, 1882, Subassistant W. C. Hodgkins began, 
early in the following month, a topographic resurvey of that part of the north shore of Long Island 
Sound which may be specially described as the north shore of Fisher's Island Sound east of Bluff 
Point. 

With reference to the general aspect of this portion of the coast, Mr. Hodgkins remarks that 
it is very irregular, being deeply indented by coves and rivers which form a succession of penin· 
sulas and islands. That the drift formation ii. the prevailing one, though there are occasional out
crops of rock in place, and that the presence of innumerable bowlders is the most characteristic 
feature of tbe surface, these bowlders being found especially along the shore where the gravel and 
sand have been washed from under and around them. When lying on shoal ground at a distance 
from tbe shore they form reefs dangerous to nal'"igation. The salt marshes, though frequently 
found along the shores of the coves, especially near the mouths of the larger streams, are not exten
sive enough to be considered a feature of great importance on this part of the coast. At Groton 
Long Point Mr. Hodgkins observes that the marshes and sand ridges present a formation curiously 
similar on a small scale to the alternate marshes and ridges of Cameron Parish on the southwestern 
coast of Louisiana. As the eastern limit of the work is approached, the character of the shore sud
denly changes from the rocky shores of Stonington Harbor to the sea-formed sand-spit known as 
Napatree Point., at the western extremity of which a low hill of drift formation is reached, and 
turning imddenly to the north the spit continues a mile and a half farther to the extremity known 
as Sandy Point, the southern point of entrance to Little Narragansett Bay. Old residents state 
that for many years this point did not change materially, but that more recently there has been a 
rapid growth to the northward. The gain in this direction has been nearly six hundred merers 
since the survey of 1839. 

A prevalence of rain and high winds somewhat retarded the progress of the survey. At the 
30th of November, when it closed for the season, the topography included the shore-line from Blnff 
Point to a point east of Stonington, the harbor and wharf lines of Noank, Mystic, and Stonington, 
both shores of Napatree Point, and the outer shore eastward to a point a mile east of Watch Hill. 
The statistics are as follows: 

Shore-line surveyed, miles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . iJ5 
Ponds and streams, miles. . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . 8 
Roa<ls (including railroads), miles . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . .. . 20 
Area of completed topography, square miles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 

During the winter season Subassista.nt Hodgkins was assigned to field-service which will be 
referred to under the heading of Section VIII, and towards the close of the fiscal year received 
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instructions to prepare for the resumption of topographical work on the shores of Long Island 
Sound. 

Topographic resur1'ey of New London and vicinity.-Field-work for the topographic survey in the 
vicinity of New London was begun by Assistant W. H. Dennis about the middle of August, 1882, 
the entire shore-line included in the sheet from Thames River entrance to a distance of about two 
miles and a quarter north of New London being first surveyed for the use of the hydrographic 
party, after which details of topography were filled in. These included the streets of the city of 
New London and the town of Groton. Unfavorable weather prevailed during the greater part of 
the season, there being but thirteen days available for field-work in September and but seventeen 
in October. By the 9th of December, when the season closed, the statistics presented were as 
follows: 

Shore-line surveyed, miles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48 
Roads, length of, miles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33 
Area of survey, square miles........... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 

During the winter season, Assistant Dennis was engaged on office duty, and under instructions 
received towards the close of the fiscal year prepared for completing unfinished details of tile New 
London work and for the prosecution of the survey to the \Vestward. 

Tidal observations.-Early in October, 1882, a self.registering tide gauge was established at 
Fort Trumbull, New London, Conn., and, under the direction of Lieut. Richarilson Olo\7 er, CT. S. N., 
Assistant Coast and Geodetic Survey, Sergeant E. Kocli, stationed at the fort, was Jllaced iu charge. 
The record was kept up during the winter by the observer with but few interruptions. It will be 
important to continue these observations until the completion of the resurvey of Long Island 
Sound, New London being the principal port to which all others on the sound are referred in the 
tidal reductions and predictions. 

Re-establishment of poi1its of former triangulation, and determination of neic points on the south 
shores of Long Island Sound, in the vicinity of Montauk Point and Gardiner's Bay.-I?or tlie use of the 
topographic and hydrographic parties engaged in the resurvey of the south shores of Long Island 
Sound, it became necessary to recover as many points of the former triangulation as practicable, 
and to determine a number of new points. This dut;y was accomplished by Subassi:stant C. II. 
Van Orden, who organized his triangulation party at Amagansett, Long Island, early iu August, 
1882, and starting from the bases, Gardiner's Island-Montauk light-house, and Gardiner's Island
Montauk (2), carried a series of secondary and tertiary triangles westward to Life-Sadng Station 
No. 10, and northward to Gardiner's Island light-house, checking his de.terminations of new points 
as often as possible by the stations of the old triangulation, which he succeeded in re-establishing. 
Following the general course of the shore, the distance covered is about fifty miles. Work was 
closed for the season November 25. The statistics are: 

Stations occupied, number of . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 
Directions merumred . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1, 593 
Points determined . . . . . . . . . . . . . . . . . . . •........ : • • . . . . . . . . . . . . . . . . . . . . . . . . 96 

Duty subsequently assigned to Subassistant Van Orden will be referred to later in this section, 
and also under the heading of Section VIII. 

Topographic and hydrographio resurvey of the eastern part of the south shores of Lfmg Island 
&und.-.A.ssistant Charles Hosmer, having been directed to take charge of the schooner Drift, 
organized his party on board of that vessel towards the middle of August, 1882, and began a topo· 
graphic and hydrograpbic resurvey of the east end of Long Island and of Gardiner's Island. 
Work in these localities was prosecuted until the 20th of October, when, in consequence of stormy 
weather, it could be continued to advantage no longer on this part of the Long Island coast, and 
.Assistant Hosmer transferred bis party to the western part of the Sound. 

At the date just mentioned the topography and inshore hydrography of the eastern part of 
Long Island had been completed from Montauk Point light-house to a point about half way between 
Fort Pond Bay and Napeague Harbor; also the topography of Gardiner't-l Island, and the inshore 
hyclrography of its eastern face from Gardiner's Island light-house to the southern part of Tobacco
lot Bay. 
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In the execution of the hydrography, Assistant Hosmer acknowledges the valuable assistance 
rendered by Master John C. Fremont, jr., U.S. N., and by Ensign A. F. Fechteler, U.S. N. 

Statistics of this portion of the season's work will be included in those given later under the 
heading of this section with a report of the survey in the western part of the Sound. 

Hydrographic resurvey of Gardiner's Bay and approaches, south coast of Long Island 8ound.-In 
the plan for the resurvey of Long Island Sound, the hydrography of Gardiner's Bay and its 
approaches was assigned to Lieut. Edward M. Hughes, U.S. N., Assistant Coast and Geodetic 
Survey. His party was organized on board of the schooner Silliman, and had the use of a steam· 
launch loaned for the work by the Navy Department. Leaving New York July 24, 1882, Lieuten· 
ant Hughes anchored at Greenport, Long Island, July 29, and began work two days later. 

In the course of the resurvey the need of it was not unfrequently shown by the changes which 
were found to have occurred during the lapse of from thirty-five to forty years. Some extracts 
from Lieutenant Hughes's report which bear upon this fact will be of interest: 

"Marked changes in shore-line are frequently noticeable, as in the cases of Gardiner's Island, 
Ram Island, Long Beach Point, Cedar Point, and vicinity of entrance to Napeague Harbor. Par· 
ticular attention is called to the great change in depth of water and channels found in that part of 
Gardiner's Bay lying to the southward of a line drawn from Acabornock Harbor to Ram Island, 
and to the westward of a line drawn from Ram Island to Goffe's Island. To the group of five men
haden oil-factories situated on the west side of the penimmla between Napeague Harbor and Gar
diner's Bay, known as 'the promised land,' nineteen and one-half feet of water may be carried by 
vessels entering from N apeague Bay. • • • An increase in the number of buoys in this vicinity 
is desirable." 

With reference to the character of the anchorages in the locality of the survey, Lieutenant 
Hughes remarks as follows: 

,; Excellent holding ground is to be found off Acabomock Harbor in all weather by anchoring 
in three and one-half to four fathoms, muddy bottom; anchoring too near the edge of the fiats to 
the eastward should be avoided, as the anchor is apt to drag, owing to kelp on the bottom and its 
accumulating around the anchor. 

"Vessels find excellent shelter from easterly winds in Bostwick Bay and Gardiner's Island 
bight to the southward, but the holding ground is not good and in strong westerly blows small 
fishing craft frequently drag up on the beach, on which account the anchorage in Gardiner's Island 
bight is avoided by fishermen. 

"In anchoring in Sag Harbor entrance in northerly gales, Cedar Island light-house should by 
small craft be brought to bear N. i E. (magnetic), where snug shelter may be found; and no 
vessel should anchor in mid-channel, as in northerly storms no part of Gardiner's Bay is as rough 
and uncomfortable as that part of the channel lying between Mashomuck Point and Cedar Island 
on an ebb tide." 

For obtaining a plane of reference for the soundings, the principal tidal observations were 
made during the month of August at the tide-gauge established at Greenport, Long Island. Four 
auxiliary gauges were also established and connected with the principal gauge by special obser
vations. 

The work on the Gardiner's Bay sheet had been completed, including the surveys of Napeague 
Bay and Harbor and Three-Mile Harbor, and preparations had been made for beginning the 
hydrography of Greenport Harbor and Orient Bay, when instructions were received to close 
operations for the season. At the date of closing, November 9, the statistics show that the follow· 
ing amount of work had been accomplished: 

Miles run in sounding ..•... - . . . . . . . . . . . . . . . . . . . . . . . . . . . ............ _ .. 
Angles measured for fixing position of sounding.Jines... . . . ............•.. 
Number of soundings ... - .......... - .. - ..........•••.. - . - .•.•........... 
Shore·siguals established •........••. - - - - .... - - - - . - ........•. - - - .•...... 
Angles observed for location of shore.signals -. . . ...... - - -.. -..........•. 
Buoys located . . • . . . . . . . . . . . . - - - . - - - - - . - .... - - . . . . . .............. - - - ... -
Specimens of bottom obtained •.•.•••.•..... - .........•••.•.••.•.•.•••••• 

695 
4,962 

26,485 
97 

691 
12 
37 
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Midshipmen J<'rancis W. Kellogg and A. A. Ackerman, U.S. N., were attached to the party, 
and rend!.'red service the efficiency of which is acknowledged by their commanding officer. 

During the winter season Lieutenant Hughes was in command of the steamer Gedney and in 
charge of bydrographic work on the coast of Texas. This will be referred to under the head of 
Sectipn IX. 

Determination of the geographical position of the new observatory of Yale Oollege.-.At the request 
of Prof. H. A. Newton, of Yale College, the geographical position of the new observatory of the 
college, in course of erection on 'Winchester Hill, was determined by connecting it with the trian
gulation of the New Haven region. Acting Assist.ant J. A. Sullivan was charged with this duty, 
and, in pursuance of it, put up the signals needed, and occupied Rtatiuus East Rock autl West 
Rock, from which be determined J<'ort Wooster and a station, Winchester Hill, quite near the 
new observatory. Measurements with steel tape were made from Winchester Hill to the observ
atory, the proximity of valuable shade-trees not permitting direct observation from the stations 
occupied. 

Two small obsenatoi·ies in tile yard of North Sheffield College were also connected with the 
triangulation. Mr. Sullirnn found that the station at \Yest Rock was in danger of being lost, 
owing to the etlect of fires made b.Y ,·isitors on the ledge, which cause the surface of the rock to 
crack: and •: sllell off," so that the inch copper bolt marking the station was exposed for more than 
half its length. He iusertcd three half-inch copper reference-bolts at suitable distances in a ledge 
of solid rock noticeably lower than the one at the station. 

:Field-work was concluded October 20. The statistics are: 

Number of stations occupied ......... - . - ...... - . - - -............. _.......... 6 
Number of new points determined .. - - ..... -- - . _ ... _ ... _ .. _ - ..•....... _. _... 8 
Number of observations . _ . . . - ..... -....... - .. _ . - ..... - ........ · ... _ ... _ . . 850 

After forwarding to the office his records and computations, Mr. Sullivan resumed office-work 
in the part;r of .Assistant Henry Mitchell. 

Determination of points for the restirvey of the north ihore of Long Island Sound from the vicinity 
of Bridgeport, Conn., westward,_:...In accordance with au understanding had with the Shell-l<'ishery 
Commission of the State of Connecticut, in virtue of which the triangulation of the Connecticut 
shore of Long Island Sound from Penfield Reef westward to the State boundary was to be carried 
on so that t.he results would be amilable for the purposes of the Commission in the location of 
oyster-grounds under their jurisdiction, a8 well as for use iu the hydrograpby of the Sound, Assist
ant Gershom Bradford, who had during the previous season executed work for the Commis11ion 
and was in charge of such work at the beginning of the fi!Scal Jear, was directed early in July, 
1882, to begin a triangulation near Bridgeport, Conn., and to carry it westward along the shore of 
the Sound to Captaiu's Island. 

A sutticieut number of points of the former triangulation near the shore upon which to start 
from not having been found, Mr. Bradford selected the line Tashua Hill-Bald Hill of the old 
primary triangulation as a base of operations, and by a careful reconnaissance succeeded in con· 
neP-ting the statious newly selected along the shore as far westward as Sheffield Island. Addi
tional stations betweeu Sheffieltl lsla!l(l anti Captain's Island were determined from the line Bald 
Hill-Stamford light-house. Station Rouu<l Hill of the primary triangulation could not be recov
ered, but a station was 08tablished there which can doubtless be checked in position ultimately 
from the old primary line Bald Hill-West Hills. 

The latter part of the season being fa\TOrable, field-work was continued till January 16, by 
which time such results as were available for the purposes of the Fish Commission had been sup
plied to it. The statistics are: 

Number of points determined ........ _ ..... _. . .... _ ...... - ..•. -~......... 40 
Number of angles measured . _. _ ................... _ . . . • • •• 225 
Number of observations .... _. _ ........................... - .. -...... -- 5, 268 

Mr. H. R. Garland served as recorder (u the party. 
During· the remainder of the ti.sea.I year, ARSistant Bradford was occupied in the office-work 

S. Ex.29-4: 
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needed to complete his computations, and in preparing for the Fish Commission copies of his 
records and results. 

Recovery and marking of triangulation points on the north shore of Long Island, between Hemp
stead Harbor £ind Horton's Point, N. Y.-For the purposes of the resurvey of Long Island Sound, it 
became desirable to re-establish as many stations of the old triaugulation as practicable on the 
north shore of Long Island. This dutr, upon that section of the coast between Hempstead Harbor 
and Horton's Point was assigned to Assistant F. H. Gerdes during the winter of 1882-'83. Mr. 
Gerdes arrived upon the ground in January, 1883, and though suffering from the infirmities incL 
dent to his advanced age and from the exposure due to the supervision of work in ground frozen 
and often CO\'ered with snow, he remained in the field until the middle of March, prosecuting the 
search at every avai.lable opportunity. A severe attack of illness occuning about this time, com· 
pelled his recall from field-sen-ice. 

Topographic and ltydrograpltic resurve,!f of the western part of Long Island Sound, in the vicinity 
of Throg's Neck.-The work of the party uuder the direction of .Assistant Charles Hosmer, com
manding the schooner Drift, in the eastern part of Long Island Sound, l1as already been referred to 
in this sectio11, and meution made of the transfer of the party to the western part of the Sound 
towards the close of October. On the 1st of November Mr. Hol:lmer began a resurvey of the 
hydrography between Hart faland and City falaml, and continued it till December 5, when extreme 
cold weather compelled a suspension of field operations. 

Duri11g the winter, the Drift was laid up at the navy-yard, BI'ooklyn, in charge of Mast~r J. 
C. Fremout. jr., U. S. N., aud .Assistant Hosmer was occupied in office-work. 

Barly in .May, 1883, the work was resumed by Assistant Hosmer, in the Drift, with the aid of 
Ensigns H. U. \Yakeushaw and R. P. Schwerin, U. S. N. By the 27th of June, the shore-Ji.ne 
survey from ·wmets I>oint to Prospect Point on the Long Island shore, and from Throg's Neck to 
a point near Whortleberry Island, on the north shore, including the islands in the vicinity, had 
been com plete<l; also the hydrogra11lty between Sand Point, Executiou Rock, and Whortleberry 
Island on the east, to Throg's N eek on the west. Preparations were then made b,y Mr. Hosmer for 
the resumption of the resurvey in the vicinity of Greeuport. Statistim; to the close of the fiscal 
year are as follows: 

Shore-line sune.ved, miles ................... __ . . . . . . . . ....... __ .. _ . _ . . 93 
Roads, 1niles. . .. _ ........ _ ....................... _ _ ............. _ .. _ . . 5 
Miles rnn iu sounding _ ..... _ .... - _ .. - - . . - ...... -.... _ - . . 335 
Angles measured .. _ .. _ . . . . . . . _.. . .... _ - - - _ .. - - ... - .. - . . . . . . . l, 616 
Number of soundings .. _. _. _ .. _ ... - ... -.- ..... - .. -... - . _ .... - . - 18, 978 

Hydrograph-ic resurrey <>f the approaches to Kew York Harbor.-In accordance with instructions 
issued towimls the clo8P of .July, 1882, Lieut. Uommander Eugene B. Thomas, U. S. N., .Assistant, 
Coast and lh•o1letie S111Te.Y, ha,·iI1g orga11ize<l his party upou the steamer Baebe, began early in 
Augm;t a hydrographic resurn\y of the aj)proaches to New York Barbor. '.L'his work was steadily 
proseeute<l until early in N<H"emher, whe11 the advance of tlie season rendered it advisable to sus-
1wnd operations afioat. Lieutenant-Comnmnder 'rhomas reports tlrn weather as exceptionally 
unfavorable during the time occupied b~' the survey. He had the aid of the following-named 
officers, wllom he commends without. exception for zeal and intelligence in the performance of 
duty: Master Prank A. Wiluer, U.S. N.,aud Ensigns H. M. Witzel,J. M. Orchard,11nd O. S. McClain, 
U. S. N. The statistics of the season's work are: 

l\liles nm in sounding . _ .. _ . . . ....... __ . _ .... _ . - ... __ . . . . .......... . 
.Angles measured ... _ ...... _ .. __ ................................... _ .. . 
Number of soundings. _. _. _ .... _ .... _.. . . . . . . - . . . .. _ ....... _ ......... _ 

Lieutenant-Commander Thoma8 was detached from the Survey November 25. 

1,104 
4,004 

18, 932 

Series 1~f tidal observations continued with self-registering tide-gauge at Sandy Hook, N. J.-On 
the list of July, 1882, Mr. ,J, W. Banford, who had beeu in c.harg-e of the self-registering t.ida.l station 
at Sandy Hook for several years, resigned, and was succee<led by Mr. F. W. Shepheard. Duriug 
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it violent storm on the 12th of September, the wharf upon which the tide-house stood was broken 
down, carrying the tidc-hou::ie, title-gauge, and the record for a number of days with it. After 
the storm subsided, the tide-house and gauge were reco,·ered, repaired, and established upon a 
wharf which fiince then has 1Jee11 rebllilt aud strengthened with new piles, so that there is now a 
fair prospect of a continuous record for some years to come. The loss of the record while the gauge 
was being put into working order again was partly remedied by staff ohseiTatioas. 

J)eterminations of the force of gravity at Montreal, Canada, Albany, N. Y., and Ilobolcen, 
N. J.-Determinatious of the force of gra,·ity, both absolute and relative, were continued by 
.Assistant Charles S. Peirce daring the fiscal ~-ear. At the station ::;tevens lustitute, Hoboken, a 
regular determination of the absolute for~e of gravity was made with the Hepsohl apparatus. 
Two new i1n-ariable reYersible pe11dulums were oscillated; the same that were used at the stations 
in Washington. Thest\ pendnlnrns wert' then trausportcd to Montreal. Canada, and micillated at 
the station selected with the permission of the authorities of McGill Oollege iu the basement of the 
College Observator~·. Thence in September they were taken to Alban~·. where they wem oscillated 
in the trausit room of the Dudley Obserrntory. 

In these experirneuts Mr. Peirce had the aid of .'.\Iessrs E. D. Prestou and F . .B. Hall. 
In Felwuar.r, 1883, the Stevens lllstitute Station, Hoboken, was re.occupied in order to continue 

the work of comparing the yard and the meter by means of reversible pendulums numbered ~ and 
3, the latter being the yard pemlulnm. 

Other determinations of gravity made br i\lr. Peirce will be referred to under the heads of 
Sections III and VI. 

In Appendix No. 19 is given a paper by Mr. Peirce which was intended for pul>lication as one 
of the Appendices to my Report for last year, but was omit.ted for want of space. It relates to 
results for force of gravity obtained by him at Alleg·bcny, Ebensburg, and York, Pa. 

Hydrograpky o:ff south coast of Long Island, and lines of deep-sea soundings in th13 vicinif.IJ of New 
York Bay entmnce.-Upon the completion of the line of deep-sea soundings off Nantucket, refer
ence to which has been made under the heading of Section I, Lieutenant-Commander Brownson 
was instructed to run a series of lines of soundings normal to the coast off the south shore of Long 
Island, at distances apart of from seven to ten miles, and far enough out to include the one
hundred-fathom curve. This duty was successfully accomplished in the steamer Blake between 
September 6 and October 11, 188:.!. At the date last named, when further work was prernnted by 
bad weather, sixteen lines of soundings had been run. The Blake was then ordered to New York, 
where her commander prepared her for deep-sea soumling work between the Balrnmai,; and the 
Bermudas. This will be referred to under the heading of Section VI. · 

The following-named officers attached to the Blake ser\'ed in hydrographic Jut~· during the 
season off the Long Island coast: Lieut. G. vV. Mentz, U.S. N.; Masters Henry .'.\lorrell and Lucian 
Flynne, U.S. N.; Ensigns H. C. Wakenshaw, W. M. Com1tant, and Harry S. Knapp, U.S. N. 

Upon the completion of her southern work in the spring of 1883, the Blake returned to New 
York and, under instructions issued April 16, took up deep-sea sounding work in the approaches 
to New York Harbor. . 

For the off.shore and deep-sea sounding work executed in the Blake during the fiscal year 
ending with June, 18831 Lieutenant-Commander Brownson furuishes the following statistics: 

Length of lines in miles ......... _ .... - _. - ..... - . - . - . - -.... - ... - _ - - .. - .... I, 671 
Number of deep-sea ~oundings ........ _. ___ .. _. __ ...................... - . _ 191 
Number of water temperatures (surface) ... __ . - . . ...... - . . . .. - . - _ ... - . . . . 877 
Number of water temperatures (intermediate) .. _ .... - . . . . . . . .......... - . . 346 
Nu.moor of wat.er temperatures (bottom) ... _ . . . . . . . . . . .. - .. _ ....... - . . . . . . 159 
Number of serial temperatures ____ ..... ~ ..... _ ... _.... . . . . . . ..... _ ... - .. - 52 
Number of air temperatures (dry bulb)_ ....... _ . . ..... _ ... __ . __ ..... _.... 756 
Number of air temperatures (wet·bulb) ...... _ ............ _... . . . . . . . . . . . . . 711 
Number of specimens of bottom preserved...... . . . . . . . . . . __ .. . . . . . . . . . .. 3, 477 

For the inshore hydrography ex ecnted during the same period the statistics are: 
Miles of soundings run ................. __ ... _ . . . . . . . . . . . . . . . . . . . . . . . . . . . 3, 946 
Number of soundings •••••...........•........ _ .•.......•••....... _..... 4, 024 
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Verification of hydrography for the Atlantic Ooast Pilot.-For the purpose of expediting the 
publication of the third volume of the Atlantic Coast Pilot, embracing the coast between New 
York and Chesapeake Bay, Assistant J. S. Bradford was directed, in July, 1882, to organize a 
party and proceed to verify by actual inspection the flailing directions of so much of the work as 
had already been published, and.the manuscript of those portions which were nearly ready for the 
printer. The schooner George l\I. Bache was assigned as a means of transportation for the party. 
Owing to unexpected delays in the repairs and outfit of the vessel, Assistant Bradford was unable 
to start upon his inspection duty till near the close of August. Proceeding then from Alexandria. 
to Lower Cedar Point on the Potomac, a day was spent in examining the new beacons which had 
superseded the old spindles and buoys in that dcini.ty, and in veri:(ving the depths a-0ross the 
"Kettle-bottoms." The Lower Machodoc River was next examined, and ha dug subsequently put. 
into Norfolk for water, the Bache was detained there by ad,erse winds till September 8, when she 
passed out of the Chesapeake and headed for Delaware Bay. T.ight winds and calms prevailed, 
and delayed the Yessel till the 10th instant, when a hea,-y northeast gale came up; the sea rose with 
great rapidity, and about an hour before sunset the fore-toimrnst was carried away. The topmast 
and main-topmast were iu imminent danger of sliarrng tlie same fate, but by extraordinary efforts 
were finally secured. At seven o'clock p. m. the wind suddenly shifted to east-southeast, blowing 
with great Yiolence, and setting the ship directly towards the beach. No alternative remained 
except to crowd on all sail at the risk of foundering and try to get off sbore. At this time the 
water was up to the tops of the lower berths on the berth-deck, and there was eighteen inches of 
water on the cabin and wardroom decks, the sea washing completely over the vessel, so that offi
cers and men were most of the time up to their waists in water. For a while it seemed that noth
ing could pl'(went the bea-0hing of the vessel, but gradually she began to claw off; the wind canted 
a couple of points to the southward, and finally Cape Henlopen was made, aud ou the afternoon 
of the 11th the Bache was anchored in the Breakwater. 

While at anchor here a second gale sprang up from NW. by N., against which the Breakwater 
offered no protection. In this gale the best boat of the ship, while secured at the daYits, was broken 
in two and dashed on shore, a mass of splintered timbers; all of the ship's provisions were ruined, 
and the delays thus occasioned for refitting and repair, together with the illness of l\lr. Bradford, 
resulting from exposure, preventecl the beginning of the hydrographic examinations contemplated 
in Delaware Bay till early in October. 

These examinations included Salem Creek, "Joe Flogger" Shoal, and the banks and channels 
between \Vilmington and Philadelphia, with such notes of chauges and additions of aids to navi
gation as were required to complete Subdivision 15 (Delaware Bay and tributaries) of the Atlantic 
Coast Pilot. 

Similar work was done in Chesapeake Bay after the arrrival of the Bache in Hampton Roads 
on the ~d of NoYember. Data and material were collected for the revision of sailing directions and 
descriptions for the coast between Cape Henlopen and Cape Henry, and for the Chesapeake Bay 
and its tributaries, these localities being included in Subdivisions 16 and l'i of the Atlantic Coast 
Pilot. In February, 1883, field-work was closed, the Bache turned over to the care of a ship
keeper, and A!\sistant Bradford, proceeding to the office, took immediate charge of the work of 
preparing for publication the manuscripts of Subdivisions 16 and 17 of the Coast Pilot. 

As organized for office duty, his party at the beginning of the fiscal year consisted of Mr. 
John W. Parsons, writer to the Coast Pilot, aud Mr. John R. Barker, draughtsman and artist. 
Until the date of his detachment from the Coast Pilot division and transfer to the office of the 
disbursing agent, l\larch 1 i, 1883, Mr. Parsons was engaged in completing the preparation for 
publication of the reprints of Subdivisions Nos. 2, 4, 5, and G of the Atlantic Local Coast Pilot; in 
a revision and rearrangement of a part of the -"Table of Depths'' for the Atlantic and Pacific 
coasts of the United States, and iu making an index to Subdivision 15, Atlantic LOcal Coast Pilot. 
The manuscript of this subdivision was completed for the printer by Assistant Bradford towards 
the close of January, 1883. The Table of Depths is published as Appendix No. 7 to this Report. 

Mr. John R. Barker remained as usual in charge of the etching and engraving of the ooast 
and harbor views for the Atlantic coast. During most of the year he wa.s employed on the views 
for Division D of the Atlantic Coast Pilot, but he rendered valuable service in retouching those 
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belonging to Division B (Boston to New York), and in re-engraving some views belonging to 
Division A (E~stport to Bost-011). These views were originally printed Ly what is termed the 
"graphic process." 

Assistant Bradford, after the completion of Subdivision 15 of the Coast Pilot, gave bis personal 
attention to the preparation of the Table of Depths for the printer, to proof-reading for the Coast 
Pilot, and to the compilation of a report upon Discrepancies in Nomenclature between the Coast 
Survey Charts and the publications of the Light-House Board for the Pacific coast. 

On the 26th of May Mr. W. 0. Jones was assigned to duty with Mr. Bradford, and served 
satisfactorily till June 30, when be was ordered to field duty. 

The Table of Depths was finally completed on the 20th of June; the maunscript of Di,·isiou C 
of the Atlantic Coast Pilot (New York to the Chesapeake) as far as and including Delaware Bay 
and River, has been printed, but only that portion relating to the Kew ,Jersey coast between New 
York and Delaware Entrance has been published; it is expected, howewr, that the manuscript 
descriptive of the coast between Cape Henlopen and Cape Henry will shortly be ready for the 
printer and that the publication of Subdivision 15, Delaware Bay and Tributaries, will not be 
longer delayed. 

Leveling operations for connecting the Coast Survey reference mark at Albany, N. Y., with the pri
mary trjangulatfon station on Mount Man~field, Vt.-In order to connect the levels of the northern 
line of Coast Survey triangulation with the tide lenl at Sandy Hook by way of the Hudson Hiver 
and Lake Champlain, Assistant 0. H. Tittmann was instructeu, towards the clm;e of .August, 1882, 
to proceed to Albany, N. Y., and organize a party for runniug a Jiue of levels from the bench-mark 
at that place to Burlington, Vt., and thence to the primary triangulation st<ition on l\Iount Mans
field, Vt. He was also directed to obtain for purposes of comparison the canal level:,; between the 
Erie Canal and Lake Champlain. 

In pursuance of this duty Assistant Tittmann carried a line of levels from the Alban~- bench
mark to *hitehall, at the southern extremity of Lake Champlain, and thence aloug the west 
shore of the Lake on the track of the Delaware and Hudson Canal Company'" railroad as far as 
Putnam station, about thirteen miles north of Whitehall. In accordance witll the general tenor 
of his instructions, which contemplated the determination of the relative elevations of selected 
points along the Jake by its surface water level, Putnam station was adopted as tile provisional 
terminus of the spirit-leveling, and gauges were established at. this station and at Port Henry, 
Plattsburg, Rouse's Point, and Burlington. Observations ou the stage of water were kept up at 
these gaug~s from November 4 to November 18. During this time the work of levelmg down 
Mount Mansfield was begun, anu continueu until it was interrupted b;r the severity of the weather. 
A permanent bench-mark was established on the west side of the mountain on the Underhill trail 
about four hundred metres below the summit. 

At the different points along the lake above mentioned, bench-marks were established and 
connected with the hydrographic reference-marks which had been fixed during the survey of the 
lake in 1873 and 1874; connection was also made at Fort Montgomery with that point on the 
water-sill of the fort which was used as a reference point for the observations conducted for a 
period of twelve years under the direction of the Corps of Engineers. 

Messrs. J. W. D. Atkins and W. 0. Jones served in the party as rodmen. Field operations 
were closed November 20. After depositing in the office the records and computations relating to 
the leveling work, Assistant Tittmann was assigned to duty, a report of which will be given under 
the headiug of Section VI. . 

P;oimary triangulation across the State of New York for conneeting the triangulation of tlie Hudson 
River and Lake Champlain with tltat of the si,rvey of the Great Lakes.-The scheme proposed by 
Assistant C. 0. Boutelle for the continuation of the triangulation across the northern part of the 
State of New York having been approved, he was authorized to take the field at the beginning of 
the fiscal year. 

Five directions, at four stations, remained to be observed upon Hamilton Station; t.o obtain 
the three directions from Prospect and Helderberg Hr. Boute1le occupied these stations between 
the 6th of Jilly and the 13th of August. At Prospect the work was greatly delayed by smoke. 
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At Prospect station the magnetic elements were determined by observations made during three 
tla,,rs by Subass1sta11t J. B. Baylor; similar determinations were also made by him at Otsego 
station in Oberry Valley. Station Pen Mount was occupied by Mr. J.B. Boutelle with the twenty
inch theodolite to obtain the direct.ions needed to Mount Hamilton, and later in August Mr. 
Baylor occupied Tassel Hill for a similar purpose. 

Before the occupation by the chief of the party of Prospect and Helderherg a reconnaissance 
was made by Mr .• J. B. Boutelle under his direction, to determine the most available point inter
mediate between Fenner and Clyde, the latter point being one of the stations of the Lake Survey. 
The station finally selected was Howlett, near Syracuse, which makes a very good connection with 
the Lake Survey stations. With the selection of station Loomis, to the nortl1ward of the State 
survey station Gilbert, the scheme wasc ompleted. During September, station Fenner was occu
pied, and during October, station 'Florence, these two stations forming a quadrilateral with Loomis 
and Howlett. Earl,v in No,·ember field operations for the season were closed. 

On the 4th of September, Assistant Boutelle was appointed a member of the Advisory Boa.rd 
of Harbor Commissioners of Norfolk and Portsmouth, in place of A.ssistaut Henry Mitchell, who 
had desired to be relieved from that service. Duty in this connection, and in the preparation of 
the record8 and results of his season's work, occupied him during the winter and early spring. 

In May and ,June, 1883, the connection of the Coast Survey witlt the Lake Survey triangula
tion was pressed forwards to a conclusion b.r the occupation of Loomis station. Observations here 
were completed early in July, and preparations made for the occupation of Howlett. Fro~ 

Loomis the Lake Survey station Manns·dlle was found to be visible, thus giving a direct conuec
tion with tbe Sandy Creek base of that Survey. Preliminary computations from the observations 
obtained at Loomis indicate a close and satisfactory agreement of results at the junction of the 
two systems of triangulation; an agreement which is the more satisfactory since each system is 
an absolut~ly independent work, starting from bases widely separated on the Atlantic cmtst and 
on the Great Lakes, and carried ou by independent methods, instruments, and obsen'ers. 

Oont'in.uation of the triangulation of the northern part of the State of Neu: Jersey.-Three stations 
\rere occupied by Prof. E. A. Bowser, Acting Assistant, during the summer and autumn of 18827 
under inl'ltructions to push forward to completion, aR far as practicable, the geodetfo survey of the 
11orthern part of the State of New Jerse;\·· 

ObserYationR were begun at Harnlnug station, near the town of that name in Sussex County, 
on the 1st of ,July, the instrument being mounted upon a tripod thirty-two feet high, in order t;o 
see the station at Bear Fort. Signals were erected at stations }fount Olive, Culver's Gap, High 
Point, l{ear Fort, a11d Bald Rill, and on July 7 a heliotrope was set up at Muunt Olirn. Every 
advantage being take11 of farnrable weather, the observations at Hamburg station were finished 
August 14, awl the parts was then transferred to Bear Port, on the ridge so uamed, m~ar the 
town of West ,;\'lilford, Passaic County. Access to tllb~ station was extremely difficult, a road two 
miles loug ha,·ing to bP. cut o\·er very rough conglomemte roeks from the main road to the station. 
Over this road the inst,rnments, tents, aml baggage had to be carried by hand to the summit of 
the ridge. 

Preparations for observing had all been made wheu, on the 19th of August, the woods on the 
mountain werf' discovered to he on fire, and it was only after two days of the most strenuous effort 
t.hat the fire was ke11t hack from the ca111p. Some delay was thus occasioned in the work; obser
vatiom; were nevertheless completed on the 4th of September, and within a few days later the 
party was establii;hed at Bald Hill station, about seven miles to the northeast of Boonton, Morris 
County. Upon tlie completion of the observations at this station, Oct-0ber 31, field operations 
were closed. 

Profe8sor Bowser bas presented the following statistics of the work, the numbers of sets given 
including observations upon secondary and tertiary as well a.s upon primary stations: 

At Hamburg, number of sets of obsen'ations .......... _ . . . . . . . . . ........ _ .. 71 
At Bear Fort, number of sets of observations.. . . . . . . . . . . . . . . . _. . . . __ . _ .... 56 
At Bald Hill, uumher of sets of observations ........... __ . . ................. 85 
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Additions of topographical details t-0 original sheets of the survqf of the New Jer.~ey coast between 
the Highlands of Navesink and Tom'.~ River.-Examinations of the New Jersey coast between Tom's 
River and the Highlands of N"aNesink were made by Assistant 0. M. Bache during the latter part 
of the summer and in the autumn of 1882, for the purpose of ascertaining the extent and character 
of the cl1anges, natural and artificial, that had taken place along tliat port.ion of the coast since 
the earlier surveys, and of reporting upon the best method of obtaining stuveys of the changes, by 
means of which, in connection with the existing original maps, the represe11tations of the coast 
could be brought up to the present time. 

The most rapid and effective method of completing the triangulation, topography, and hydrog
raphy of the area of that coa~t yet remaining to be surveyed was also investigated hy .Mr. Bache. 
This area is contained between a point about four miles south of Atlantic City and a point about 
two miles north of Hereford Inlet. The recommendations made in his report have been duly con
sidered; and as a preliminary step to the adoption of a portion of them, the construction of a barge 
to serve as a floating camp was ordered, the barge Bi>auty, which had been in use several years for 
this purpose, having been condemned and sold. 

In November Mr. Bache marked upon the origiual topographical sheets the new railroads con
structed upon the coast in the vicinity of Tom's River, aud surveyed the settlement Island Heii.d1ts 
on that river; other details of topography of recent origin wei-e added to the slwet as far north a8 
Point Pleasant. The changes between Tom's River and the Highlands of Navesink were found 
to be limited to a narrow strip of land immedfately on the co:lst. This is being rapidly built up to 
supply the demand for summer resorts. But few changes were found in the high-water line of the 
beach, except in the immediate neighborhood of the inlets, and in the strip of beach opposite the 
Highlands. Field operations were closed November 15. Duty subsequently assigned to Assistant 
Bache in the vicinity of Norfolk, Va., will be referred to under the heading of Section III. 

Triangulation of Delau:are Ba,y and .River.-Assistant, A. T. Mosman, having been charged 
with the duty of continuing the triangulation of the Delaware Bay and River in aid of the topo
graphic and hydrographic surve~·s in progress there at the beginning of the fiscal year, established 
himself and party, by invitation of Assistant H. L. l\farindin, on board the schooner Ready, lying 
in Smyrna Creek, and taking as a base, the line Oohansey light-house-Bombay light-house, extended 
the triangulation up the bay to connect with the work of A~sistant l\foCorkle at the line Norny
Stoney, about two miles below Reedy Island light-house. It was extended also down the bay to 
the line Cross Ledge light-house-Mahon light-house; dlCltermining all of the signals erected by the 
hydrographic parties of Assistant MariQdin and of Lieut. H. B. l\Iansfield, U. S. N., As8istant, 
Coast and Geodetic Survey. 

As the work advanced down the bay, the party was transferred to Lewes, Del.; Cross Ledge 
light-house, and Brandywine Shoal light-house, screw-pile structures on shoals in the middle of the 
bay were occupied, and also the shore light-houses at Mispillion Creek and Cape Henlopen. By 
Angwst 24 all of the stations required for the topographic aud hydrographic parties 011 the river 
and bay had been determined, including a number of new points near Cape May an<l Lewes. and 
some points on ltehoboth Beach. All of the principal stations were securely marked. The statis
tics are: 

Number of points determined ...... _ ...... _ ........ , _ ........... , .. , ... . 
Number of stations marked ...•..... , . . . • . . . . . . . . . . . . • . . . . . . . ,. ...... . 
Number of angles measured ....... , ................................. _ ... . 

60 
20 

3,338 

Special mention is made by Assistant Mosman in his report of the accurate and efficient serv
ice rendered by Mr. W. B. Fairfield, attached to the party as extra observer. 

Duty assigned to Assistant Mosman later in the season will be referred to under the heading 
of Section III. · 

Physical &'Ulrvey of Delaware Bay and River.-The special investigations called for in the pro
gress of tho physical survey of Dela.ware Bay and River have already been referred to in Part I 
of this report under the hPadiug "Physical Hydrograpby." These investigations have been made 
under ·the immediate direction of Assistant Henry Mitchell. As a member of the Mississippi River 
Oommi88ion, and of the U.S. Advisory Councils of the State of tl.hode Island, and of the cities of 
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Philadelphia and Boston, Mr. Mitchell bas not unfrequently been called away from the regular 
work of the Coast and Geodetic Sttr\'ey, but has dernted much time to the study of the estuary of 
the Delaware. Hi8 conclusions, as deduced from the results of the recent 1mney1S, are 8tated in 
A11pendix No. 8. 

In the harbor of Philadelphia, the location of port-warden lines ii< a problem eomplicated by 
the attificial chan~es on the cit~' front; in the study of this su hject so that the lines may be ll)cated 
in a way to balance as nearl.'' as pos.~ible conflicting intnestR, the United States Advi&ory Com
mission fouud it uecesllary ·to avail itself of the experieuce and personal knowledge of the river 
acquired during the conduct of the physical survey by Assistant H. L . .Marindiu, who had been 
on duty with the party of Assistant Mitche11 for seyeral seasons. 

Applicatiou ha Ying been made to me by the Commission for his detail as consulting engineer, 
the request was promptlJ- colllplied with. 

'\Vith reference to the elaborate comparison of the recent survey of the river and hay with 
that made hy tbe Coast Sun·ey forty ;years ago, Mr. Marindin finds that these forts· years disco>er 
no fundamental changes lmt a complicated shifting of the shoals, and that while the mean depth 
for an~· girnu space greater than a square mile is rarely changed, the co11tours are all found out 
of regiMn when one chart is placed over another, and iu many cases the change in the course of 
the cha11nel shows how >ery essential the resurvey had become in the interests of 11avigatio11. 

In the office-work of his party Mr. Mitchell had the aid of Assi8tants Mariudin and Granger 
during- the intervals between tl1eir field-work. .Mr. J. A. Sullivan, for many 'years an Assistant in 
the Coast awl Geodetic Survey, was employed continuously in the party, except during a short 
detail for field-work, and almost exclusively upon the critical studies of sections, &c., referred to 
above. 

Ifydrograpltic resurvey of Delaware Bay and River.-The arrangement referred to in my last 
annual rPport, by which the hydrographic resurvey of Delaware Bay aud Rh·er was carried on by 
Assistant II. L. Marindiu, working in connection with a naval officer in charge of a separate party, 
remained in force during the season beginning with May, 1882. At th{I opening of the fiscal year 
Mr. Marindin, with his party on the schooner Ready, was actively engaged in the hydrography of 
that portion of the r·iver between Collins' Beach, on the Delaware shore, and the mouth of Stow 
Creek, on the New .Jersey shore. Bench-marks for tidal reforence were established at Bombay 
Hook light-house, close to tile tide-gauge at the mouth of Duck Creek, and all of the soundings 
on the hydrographic sheet were referred to the plane of mean low water as brought down from the 
gauge at Collius' Beach. About the 18th of July, tlle first·named sheet having been completed, 
work wa8 begun upon a sheet with limits on the Delaware shore from Bombay Hook Point to 
l\Iahon's River light, and on the .New Jersey shore from the mouth of Uohansey Creek to near 
Dyer's Cove. Tidal observations for plane of reference between Duck Oreek and Leipsic Creek, 
where a tide-gauge had been established, were made, and later in the season a gauge waR put up 
at Sea-Breeze \Vharf, on the New Jersey side of the bay, and referred to Duck Creek to obtaill the 
same plane of reference for the east side of the bay. 

This hydrog-raphic sheet was completed October 11; and an nu finished hydrographic sheet 
haviug been transferred to Mr. Marindin by Lieutenant Osterhaus, U. S. N., commanding the 
steamer Endeavor, some progress was made with it, but the weather being now very unfavorable 
for further operations, the work was suspended for the winter. The statistics are as follows: 

.Number of tide-gauges established . - ........ - . -.. - . - - - . . . . . .. - .. _ • . . . . 6 
Miles run in sounding . . . . . . .. - . - ... - • . . .·.. . . . . . . . . . . . . . . • • . . . . . • . • . 690 
Angles measured . . . . . . . . . . . - ........ - ....... - . - ...........•.... _.... 4, 740 
Number of soundings . . . . . . . . . . . . . . . . . ................................. 28, 357 

Subassistant W. I. Vinal was attached to the party irom June 1 till August 15, when he 
received instructions for topographical duty. reference to which will be made lat.er under the 
heading of this section. Ensign E. M. Katz, U.S. N., was a member of the party during the whole 
of the season. Midshipmen John A. DoughP1ty and L. S. Van Dnz1:1r, U.S. N., were attached to 
it, the latter from August 22 and the former from the first part of October. Mr. Ma.rindin's report 
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makes acknowledgment of his appreciation of the efficient co-operation of these officers in both 
field and office work. 

Hydrographic resuri•ey of Delaware Bay and Rit,er.-At the beginning of the fiscal ,vear Lieut. 
H. B. Mansfield, U.S. N., Assistant, Uo:u;t Sur>ey, commanding the steamer Eudeavor, was in 
charge t1f one of the hydrographic parties er1gag1•d in the resun·e.r of Delaware Bay and River. 
On the 1st of August, 1882, he was relieved by Lieut. Hugo Osterbaus, U. S. N., Assistant, Coast 
Survey, who continued the work until the suspension of operations in NoYemher. The work upon 
one hydrographic sheet had been completed; the next one undertaken included that portion of the 
bay between Arnold's Point and Sea-Breeze \\'barf; a third sheet, extending frt•tn Deep-Water 
Point to Egg Ishrnd, was then taken up and partly finished, but laid aside to execute the hydrog. 
raphy at Delaware Entrance, in the vicinity of Cape l\Ias. This was finished on the 13th of 
November, when the working season closed. 

In the course of the survey, as opportunit.v offered, examinatiou was made of dredged chan
nels and ledges in Delaware Ri,·er. These examinations included Schooner Ledge, a dredged 
channel through Cherry hlland FlatR, and a dredged channel near New Castle, Del. 

The statistics of the hydrogmphy executed are: 

Miles run in sounding . . . . . . . . . . . . . . . . . . . . . . . . . ... _ ...... __ . _ . . . . . . . . . . 984 
Angles measured . . . . . . ............... __ .. _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5, 078 
Number of soundings...... . . . . . . . . . . . . . . . . . . . . . . . . . .. _... . .. _ - . . . ... 27, 105 

Ensigns W. H. Allen and E. N. Fisher, tr. S. :N., were attached to the part.)· during the season; 
Em;igu John T. Newton, U.S. N., joiuecl it after the 15th of August. About the close of Novem
ber, the Endea,·or, Lieutena11t O.stt•rhaus commanding, was taken to Norfolk, Va., to be prepared 
for work off the Routhem coast, which will be referred to under the head of Section V. Soon after 
the arrival of the steamer in Norfolk, I..ieutenant Osterhaus was relieved in command by Lieut. 
,John T. Sullivan. 

Re.~urvey of topography in the vicini'.ty of Cape Henfopen, Del.-That portion of the resurYey of the 
shores of Delaware Bay in the Yicinity of Cape Henlopen waH committed to Subas8isLant V{. I. 
Vinal, by instructions dat<>d August 23, 1882. 

Mr. Viual remarks in his J·eport tl1at the most noticeable changes in the topograpliy in the 
vicinity of the cape are: 

(1) The closing of the entrance to Slaughter Creek; (2) the extension northward of the penin
sula separating Lewes Creek from the ocean; (3) the change in position southward of the high 
saml-bills west of Cape Henlopen light-homie; (4) the establishment of a summer resort at Iteho· 
both Beach, about seven miles below Lewes; (5) the interruption of the continuity of Lewes Creek 
in several places by drifting sands, and the connection of the separated parts by canals and 
ditches. 

At high tides, when the wind is easterly, the marshes in this dcinity are completely sub
merged; this is the case also with the large sandy area just south of Cape Henlopen. 

The resurvey was completed November 30. It included on one sheet, scale 1-20000, the 
topography for about three miles inland from Slaughter Creek (now closed) on the shore of the 
bay to the Beacon, and thence on the ocean shore to Thompson's Pond or Silver Lake, just south 
of Rehoboth. The statistics are: 

Miles of shore-line surrn;red, ocean and bay ................................... 20 
Miles of shore-line surveyed, large creeks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31 
Miles of shore-line surveyed, small creeks. . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . • 52 
Miles of shore-line surveyed, ponds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 
Miles of shore-line surveyH1, marsh outlines... . . . . . . . . . . . . . . ................. 75 
Miles of shore-line surveyed, ditches on reclaimed marsh_ ....................... 25 
Main· roads, miles . • • . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . 33 
Secondary roads, miles . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39 
Railroads, miles... . . . . . . . . . . . . . . . . . . . . . . . . . • . . . • .. • • . . . . . . . . • • . . . . . . . . • . . . • 10 
Streets (Lewes and Rehoboth), miles.... . • . • • . . . . . . . . . . . . . .. . . • . • • . . . . • •• • . . . . 9 
Area surveyed in square miles ................ \-- •••.•••..•••.•.••..•••••...• 30 

S.Ex.29-5 
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During the winter Mr. Vinal was engaged on office duty, and toward the close of the fiscal 
year was ordered to topographical duty on the coast of Maine. 

Continuation of the hyrlrographfr reMtrrey of Lower I>ela,ware Bay.-In pursuance of instructious 
issued towardR the close of April. 1883, J,ieut. G. C. Hanus, U. S. N., Assistant Coast Surve~-, 
assumed command of the steamer Arago, and Jiaving prepared her for service, proceeded in her to 
lower Delaware Ray to complete the hydrography of that localit;r. The work was in active prose
cution during the JaRt month of the fo::cal year. Up to June 30, 1883, the statistics are as follows: 

Miles run in sounding . . ........................ __ ........ __ ... _ . _ .... _ 301 
Angles measured .... _ . __ ............................. _ ... _ . _ .... _ _ _ _ _ _ _ _ 2, 938 
Number of soundings ..... _ .......... _ _ _ __ .... _ ..... _ _ . __ . _ ........ 12, 732 

The following-named officers were attached to the party: Master W. G. Cutler, lT. S. N.; 
Ensigns E. F. Leiper and G. R. French, U.S. N. 

... • • J l • ¥1h-

Lieutenant Hanus has applied to the setting of hydro
graphic signals a method:freqnently adopted in sinking piles 
in sand or mud covered by water. The pole intended to he 
put down as a signal_has ;fastened to it a gas-pipe nozzle. 
This pipe should be long:enough to reach: the surface of the 
water when the signal_is. down. It is attached to the spar 
or signal by split rope-yarns, and steadied in line by nailH 
driven~on _either side. 'Vhen the end of the signal rests on 
the bottom, water is driven through the pipe by means Of a 
force-pump; a hole is thus excavated in the sand into which 
tlie end of the signal sinks, and when the needed depth is 
reached, the force-pump being withdrawn, the sand packs 
round the lower part of the signal. To this part flanges or 
projecting.pieces are nsuallr secured before the spar is put 
down so:as_to obtain a stronger hold. 

In.: deep water a pine spar needs guys on its head tu 
stl'ad;r it in an upright positiou, and the weiglit of a man or 
two hanging on to sink it. Oak or other heavy woods will 
go down by their own weight or a very little additional force 
at the rate of about one foot per minute in ordinary sand. 
\\"hen the pole is well embedded in the sand the gas pipe can 
be withdrawn. Signals of thiis description can be placed in 
any depth of water up to about fifteen feet. 'fhe bottom must 
be sandy or muddy, and the greater the depth the smoother 
must be the sea while the pole is being put in position. 

Top(Jgraphic t·esuri,ey of the New Jersey 8hore of Dela1ca,re 
Bay continued.-At the beginning of the fiscal year Assistant 
H. 1\f. Bache was in the field with bis party, engaged in carry
ing the topographic resurvey of the New Jersey shore of 
Delawa,re River and Bay from Pennsville Routh ward . 

)fr. Bache remarks in hi:; report that the symmetrical delineation of the shores, if regarded as 
forming a contiuuous niap, required the topography to be carried well inland over the convex sweep 
of the shor(~ at Fiun's Poiut, and that with this exception a very:small margin of topographical 
delineation was taken, that below Elsingborough Point .being simply designed to show clearly 
where the diked-in arable lands suddenly cease and wild marsh begins, and below that to oorrect, 
as it does in some places, the imperfect representation on the old chart of the mouths and lower 
reaches of some well-known creeks. 

By the lF;t of December, 1882, the survey had been carriedLfrom Pennsville to Round Island, 
below Fishing Creek, called Stony Inlet in the earlier.survey. Field work was then: closed for the 
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;;easou. The statistics of the topography, as shown upon three sheets. witlt scales of 1-5000, 
1 -10000, and 1-20000, respective]~·, are: 

Shore-line sur·ve~'ed, miles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ........ _ . . . . . . . 77 
Streets and roads, miles ............ _ . . . . . . . . . . . . . . . . . . . . . . . . . . . 6fi 
.Area in square miles . __ ...... _ . . . . . . . . . . . . . . . ... _ .. _ . . . . . . . . . . . . . rn 

During the winter Aissistaut Bache was engaged iu office-work. aud in .May, 1883, received 
iut1tructions to proceed to Salem, N. J., and make preparations for coutiuuiug the topographic 
t1nrvey frorn the dose of his work of the preYious seiiso11 1:1outlnrnrd. Be was tlms occupied at 
the end of the fiscal year. 

Continuation of the topographic rei;urvey of tlw we.~t .~liore of the Delau:are Hit·er and Bay from 
New Castle south1card.-Upon the west shore of the Delaware Ri\~er the topographic resuney wa~ 
resumed at New Castle, Del., by Assistant U. T. Iardella, in Jnlle, 188~. From Sew Castle to Rey
bold station, near the cove of that name, there i1:1 but little rising ground, and twenty-feet curves 
sufticed for its delineation. From l~eyhold station to .Bowl>ay Hook light, where the work termi 
uated for tbe season, tbe countQ· is entirely fiat and the greater portiou of it is marsh corered with 
water at half.tide. 

Some of the distiuguishiug features of the creeks surveyed iu the progress of the work are 
thns reported by Mr. Iardella; 

"8aint George';; Creek.-Thi;; creek is entirely closed at its entrance b~' tlootl-gates and banks. 
'l'here are innumerable ditches to drain the water frow the meadows into the creek. 

"Augustine Crei-~k is rnry narrow at its eutrance; ,·essels can11ot enter ou account of the bridge 
alwnt half a mile Jong built on piles driven into the marsh. I found it difficult to get my boat to 
the bridge, the entrance being nearly bare at low water, but after passing the bridge about 011e 
l111utlred feet nearly fourteen feet of water can be had at high tide for some ten miles. 

"Appoquinirnink Creek is one hundred and forty meters wide at its entrance, and is 11a \'igable 
to Odessa, a steamer making three trips a week from that place to Philadelphia. Six feet of water 
can be carried from the entrance of the creek to the main channel in Delaware l{iyer. 

".Blackbird Creek, at its entrance, is one hundred aud forty meters wide, an<I is nayigalJle for 
n·ssels drawing six feet for uearly ten miles. 

"Duck Creek is one hundred and fifty meters wide at its entrance, and has au average width 
of sevent~r-five meters to Smyrna. Vessels drawing se\-eu feet can readily pass over the outer bar 
at high tide; from the entrance good water can be carried to Smyrna." 

.Mr. Iardella states that Pea Patch Island is increasing in size owing to the large quantities of 
mud that are dumped on the western shore from the wharves aud entrances of the locks of the 
I >elaware and Chesapeake Canal. A flat extends from the island to the westem channel, a distance 
of three hundred and eighty meters. Bold water can be fouJHl on the eastern side along the shore 
for the whole length of the island. 

The following statistics are reported for the field-work which closed December 5, aud which 
was sl10wu upon two topographic sheets, scales 1-10000 and 1-20000 respectively: 

Miles of shore-line surveyed ...... - ......... _... - . . . . . . . . . . . . . . . . _........ 3::! 
Miles of low-water line ........... - .... _.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24 
Miles of roads . _ .......... -.. - ............... - .. . 37 
Miles of u1arsh -line ...... _ .. . .. . . .. . . .. .. .. . .. .. . . .. . . . .. _ . . ...... _ . . .. . . . . . . . .. .. . . .. .. . .. . .. .. . 27 
Miles of ditches . - . . • . . . ... - ....... -........ - ................... _ ...... __ . 4:-l 
Miles of streams ... - ............ - .... - . . . . . . ....... _ ................ _ . . . . . 1 
Miles of creeks_ . _ . . . . . . . . . .... - ... - . . . . . . .. _ .. _ . . . . _ . . . . . . . . . . . ...... _ 4 

Miles of railroad . .. . .. .. . .. .. . .. . . .. .. .. .. . .. . .. .. . .. . .. .. .. .. . .. . .. .. . . .. .. .. .. . . . .. .. . . .. .. .. .. .. .. . . . . . . 7 
Area in square miles .. ___ ...... _ ....... _ . __ ................. _ .......... - . . . rn 

Assistaut fardella was occupied in office work during the winter. He will begiu the extension 
of the topographic resurvey southward toward Delaware Entrance at the opening of the fiscal 
year. 
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Reconnaissance and extension westward of the triangulation of the State of Pennsylvania.-The 
continuation to the westward of the triangulation of the State of Pem1sylvania was committed to 
Professor Mansfield Merriman, Acting Assistant. He took the .field Jul~· 1, 1882, starting from 
the line Gov. Dick-\Vhite Horse. The fi,·st station occupied was Gov. Dick, a point about six 
miles south of Lebanon, Lebanon County. \Vork here was finished August 5, and the party moved 
to station \Vhite Horse, at which a tower thirty-five feet high had been erected for the support of 
the instrument. The ohser>ations at ·white Horse were completed August 31. l\Iea:;mrements of 
a. single angle being necessary at stations Blackspot, near Reading, and Smith's Gap, about fifteen 
north of Allentowu, t11ese two stations were occupied between September 1 and 21. During 
the Mmainder of the season, which closed. October 11, four statio11s were visited to examine their 
marking; at three of these no station marks had been established, the general locality onl,y having 
been tletermined by previous reconnaissance. Professor Merriman hall their 1iositions located and 
carefully marked. He reports that for the due development of the triangulation northward a 
special reconnaissance ii; desirable. Statistics of the work are at> follows: 

Positions of stations determined (primary) ............. _... . . . . . . . . . . . . . . . . 14 
SecondaQ· stations (spires, steeples, &c.) determined ... _ .. _. _ ............. _ 44 

Number of measurements of angles .......... - ...................... _ ...... 1, ()13 

The records of the work have beeu transmitted to the office. 
Determination of boundary line between Pennsylvania and West Yirginia.-In compliance with 

a requei;t from tlJe Joint Commissiou of the States of Penus:/lrnnia and \-Yest Virginia for the detail 
of officns of the Coast and Geodetic Survey to execute the work of traciug out the boundary line 
between Pennsylvania and the" Pan Handle" of West Virginia, Subassistant C. H. Sinclair was 
directed in April, 1883, to proceed with Qol. James Worrall, the chairman of the Oommis8ion, to 
Pittsburgh, and to attend the meeting held there of the Joint Commissioners, in order to be fully 
informed of their views, aud to give such information m regard to the mode of traeiug and marking 
the boundary line, and the degree of accuracy which I deemed useful and practicable, as might be 
called for by the conftrt·nce. 

Instructions subsequently issued directed Mr. Sinclair to run tl1e meridian line required, taking 
offsets to such of the old monuments as might be fountl. Suba8sistaut 0. Il. Van Orden was 
assigned to duty with the party in order to execute the topograph.Y in the immediate vicinity of 
the monuments. 

The work was making good prog1·ess at the date at which this report closes. 

SECTION III. 

:MA.RYLAND, VIRGINIA., AND WEST VIRGINIA., INCLUDING BAYS, SEAPORTS, AND RIVERS. (SKETCHES 

N0t;, 1, 4, 5, AND 6.) 

Determinatiom of gravity by ptl'llduluni experiments at Baltimore and Washingtvn.-In continua· 
tion of the work of the gravitation party previously antlwrizecl, .Assistant Charles S. Peiroo was 
directed at the beginning of the fiscal year to niake comparative observations of gravity between 
Baltimore and Washington. This duty occupied the greater part of the month of July. Instruc
tions then issued t-0 Mr. Peirce involved gravity determinations at stations already mentioned under 
tLe heading of Section II. Upon his return to Washington in October, the work of measuring the 
J>endulums used during the summer was continued and completed; the observations for the fiexuro 
of the Baltimore piers were finished, and the installation of a pendulum station at the Smithsonian 
Institution was begun. A stone structure having been erected for the pendulum support, two new 
invariable reversible pendulums were swung here and also at the Coast and Geodetic Survey Office. 
As already mentioned under the heading of Section II, the same pendulums were oscillated at the 
statiOD8 in Montreal, .Albany, and Hoboken. 

In this work Messrs. E. D. Preston, Carlisle Terry, jr., and Robert .A. Marr, aids in the Survey, 
assisted Mr. Peirce. He gave instruction and genera.I supervision to the parties of Messrs. Smith, 
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Prest-0n, and Marr, referred to in Part I of this Report under the heading "Determinations of 
Gravity." 

Mr. Peirce devoted such time as could be spared from tield operations to office. work. He read 
proof for paper:s relating to gravity determiuatious; prepared for publication a report on the 
pendulum work at three stations, Allegheny, Ebenslmrg·, and York, in Penn:-;ylYania; prepared a 
mem01r on the spectrum meter; edited tlle report of tlle pendulum conference, and prepared a 
memoir on the effect of the flexure of pendulums themsekes. 

In pursuance of instructions dated April 23, 1883, Mr. Peirce left for Europe in May iu order 
to make for the Coast and Geodetic Survey certain observations necessary for completi11g tl1e con
nection of the American and English pendulum work and to obtain some additional pendulum 
apparatus of special construction. He is still abroad upou this dut~- at the date of dosing this 
report. . 

Observations of tlte Transit <if Venus at Washington, /J. C.-'l'he Trausit of Yenm; of 1882, Decem
ber 6, was observed at Washington by Assistants Cllarles A. Schott and B. A. Uolonna. The place 
of observation, selected by Mr. Schott, was Fauth's observatory, at the southeast corner of :First 
street west and B street south. Elevation of station al.love the sea, about 20 feet; geographical 
position as follows: Latitude, 380 53' 23".2 north; lougitude, 770 00' 33".5 west. from Gree11wicll. 

Through the kindness of Mr. Fauth, Assistant Schott llad the USP of a new Pqnatorial of his 
construction. It is driven by clock· work, and has an aperture of 15.25 centimeters (G inche:-;) and a 
focal length of 2.5 meters (8.2 feet). For the morniug ohsern1tio11 it <,ms used with a magnif~·ing 
power of 102, and for t' e afternoon observations with a power of 127. Full aperture was used in 
connection with a solar eye-piece, the prism of wliich deflected so much of the sun's hent and ligLt 
that a light shade-glass sufficed for the protection of the eye. Dr. J. G. Porter, of the Uornpntmg 
DiYisiou, recorded time for .Mr. ScLott. 

Light clouds prevailed during the day, with an atmosphere quite unsteady at times. The fin;t 
contact was lost by clouds, and of the last, contact the ob:-;ern1tion was uncertain ou aecount of the 
extreme atmospheric tremor. The two interior contacts were satisfactorily observed. Full details 
are given in Assistant Scbott's report, whieh appears as part of Appendix No. Hl. 

In this Appendix is included also the report of Assistant Colonna, who observed the 'l'ra,nsit 
at the same station, with a reeoIJnoitering telescope by Ploss!, haying a clear aperture of 9 centi· 
meters (3.5 inches) and a focal length of 0.90 meters (38 inches). Mr. Uolomm obtained observa
tions of the two internal conta<Jts and of the last contact. 

Continuation of the detailed topographical suri1ey of the District of Columbia.-The detailed 
topographical survey of the District of Columbia was carried on continuously during the fiscal year 
by the party in charge of Assistant John W. Donn. The area suryeyed embraces some of the most 
intricate and difficult parts of the topography. 

In accordance with the request of the Engim•er Commissioners of the District, operations during 
the early part of the fiscal year were chiefly directed to the survey of the r<>gion oYer or under which 
the extension of the Washington aqueduct has been projected for the a11llitional water supply; 
that is, from Rock Creek Valley to the rlistributing reservcir west of Georgetown. 1u October, 
1882, this work was finished and a tracing was furnished to the Engineer Commissioners. This 
tracing covered the line of the proposed aqueduct from its westem extremity to 8mith's Valley, 
the site intended for the new reservoir, to the east of the line of Sixth street (11ortl1west) extended. 

Work was theu resumed iu the valley of !tock Creek, wLere during the cold weather a shelter 
was afforded which permitted the plane-table to be used almost without intenuptio11 from the winds. 
Another winter's work, Mr. Donn thinks, will advance the surn•y to the crossing of the l\filkl1ouse 
Ford road, beyond which the bills are comparatively bare and less abrupt. Dnriug the months of 
May and June the work was carried over the open country east of Rock Creek, between Seventh 
street and Fourteenth street roads, and on the eastem border of the site of the new Observatory. 

A map submit¥ by Assistant Donn with his report shows the area completed at the close of the 
fiscal year. Upon the scale of the survey, 1-4800, tlte area covered during the ;year was about fi\'e 
square miles; the length of roads measured twelve miles, and of creeks fifteen miles. 

Assistant D. B. Wainwright aided in the work aud showed great interest in its development. 
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Examination of the monuments of the Trial Base Line at Port ~llyer reserration, Virgfrtia.-It 
having been reported that the mounments at the ends of the Trial Base Liue eistablished in 1879 
at the military reservation of Fort .Myer (then Fort Whipple), in Virginia, were in need of repair, 
and perhaps of resetting, Assistant H. G. Ogdeu was directed in ::\1a,y, 18837 to examine their 
1~onditio11. The briek-work of both monuments was found to need repointing, and water had set
tled in the sight-tnbes for the underground marks. These tubes can, however, be readily kept free 
from water b:y the iutroductiou of ad<litioual drain pipes. The south moenment was perpendicnlar 
aud unchanged in position; the north monument had a slight iuclinatiou, due, as Assistant Ogde11 
couclude;;, to the com biued action of frost and unequal compressio11 of the earth-filling. No )Hiil 

sible movement of tlw mommieuts 011 their foundation can affect the underground marks, hut 
8t('}IH will he tak('ll to secure for the surface-marks the utmost degree of stability. 

Special ,v11rTe!f for tlte Fislt Cornmis.~fon near tlte Great Falls of the Potomao.-Applicatioll 
having been made UJ; the United States Fish Comwissiou for the detail of an officer of the Coast 
and Geodetic 8mTt>y to make a ;;pecial topographical surw•y iu the \'icinity of the Great Falls of 
the Potomac, ~\;;sistaut Eugene Ellicott was directed to report to tlie Commissioner; Prof. S. F. 
Baird. Having <loue so ou the 1 ith of S ovember, 188~, lrn lwgan the survey soon after on a i,icale 
of 1-HOO, or fifty tt>et to the inch, ruuniug contour lines one foot apart. 'J'he work covered a part 
of the hed of the rh·er. which is bare, or nearly so, at low ;;tages of water. Unfavorable weat.her, 
with te111peratnres seldom abo,·e the freeziug- point and rocks incrusted with ice, dela~·ed progress; 
but the field and otl:ice work required was comvleted about tl1e middle of January, and the topo
graphical sheet was then turued oYer to the CommisHion. 

Other field tluty to which A;;sistant Elli1·ott was assigned during the year ii; referred to under 
the hcadiug of Sections I and YI. 

(.'ontinuation <~(topographic survey of tlte .wittlt .~lwre of Hampton RoarlN1 between Cra.ney Islmid 
and .;.\'ansemonil River.-Field-work in contiuuation of the topographic surTey of the south shore of 
Hampton Hoads, lietween Craney Island and N ausernon<l Hi Yer, wa;; heguu by Assistant Charles 
:\I. Bache early in l\fay, 1883, and continued until tht> party wa:s dislmuded under instructions ou 
the 6th of .Tune. The topography delineatrd is shown 011 one field ;;heet, scale 1-10000, for whic~h 
the following Htatistics are given: 

Hoads surve~·ed, miles .. _ . . __ ..... _ ... _ .... ___ . _ ... - - ....... - . _ - ... _ . - . . . 47 
Creeks, miles ......... _ ......... __ .... _ ..... - - . - . __ .. - - - - ........ - .. _ .. - ... 17 
Area of topography, square miles....... . __ .. ___ .... _ ... - . _. __ .. - .... _ ... - . . . 6 

l\lr. J. II. Turner, acting aid, rendered ~1cceptabJe sen·ice iu the work. 
Dnt.\· as;;igned to Assistant Bache. on the New Jen;e~· coast i8 referred to under the head of 

Section IL 
Obserrntions of current.~ at stations near the entrance of Chesapeake Bay and thence sout1'wa.rd.

IJ n<ler instructions issued in February, 1883, Master J. C. Fremont, jr., U. S. N., Assistant, Coast 
SurVt.\y, having organized 11is party on board the schooner Drift, proceeded to occupy a series of 
(·.urrent stations along the eastem coast of the United States, begimting near the entrance to Chesa
peake Bay and passing thence to the southward. The additional stations pnn-ided for in the 
iu:structions were at points near Cape Hatteras, Cape Fear, aud <Jape Lookout; in the Florida 
diarrnel 11onnal to the Gulf Stream at Cape Florida, and at Jupiter Inlet. 

During the occupation of the first station, about 80 miles northeast of <Jape Henry, the port 
anehor was lost iu a heavy gale and 10ugh sea, compelling the return of tlw Drift to Norfolk. This 
was on the 28t11 of :Februar~', after the station bad beeu occupied twel \'e honrs. The second station, 
micupied March 28 and 29, was about 43 miles southeast of Cape Heury; the third off Cape Look
out, the fourth off Cape Fear, these two stations being occupied April 12 and April 19, respectively. 

l~eference will he ma1le, under the head of Section VI, to the <~urrent stations occupied by 
~!aster .Fremont off the eastern coast of Florida. 

Determination of the longitude of the University of Virginia, Cltarfotte11ville, by exchange of tele
grnphic 11ignal11 zcith lfo.~hitlgton, and of the latitude of the Charlottesville sf{1tion.-As stated in my 
lal5t annual report, the preliminary arrangements for the determination of the longitude of a station 
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at the Uni\•ersity of Virginia, CharlottesYille, were in progress at the beginning of the prPRent fiscal 
ycar. 

Subassistant U. H. Sinclair had general chargt• of the work, and directed persoually tlw con
;;truction of an obsern1torJ· and the building of a pier at thP station selected in the ground>; of the 
Unfrersit~·. The ohsenator,\· wa1-1 of a more snllstantial character than is m~ual with the temporary 
stations of the Coast and G(•odetic Snrn•y, it heing intended for use subst>quently by the McCor-
mick 01.>servatory. · 

SubassiHtant F. 1:1. Parsous was <lirect<•d to report to )Jr. Sinclair, and was placed in charg·e of 
Ow details of the work at the Coast and (;,eodetic Surwy station in the gronndR of the Xantl 
Observatory, ·washingto11. 

Longitude signals were excha11gt•a by telPgraph between :MesHrs. Sinclair and l'ar;.:ons on thP 
nights of July J;), 21, and'..?;), The ohst•rvers then changPd stations, aml longitude 8ignals W('rf' 

a.gain exchanged on the nigbO- of .Tnly ~i. August i, 10, aud 11. The latitude of tlie station in 
Charlottesville was 1leiennirw1l Ly SulHlSflistant Parsons, senmty-nine ohservations 011 sixteen pairs 
of stars being madt1 for thi;;; purposP. Hy th(• mea:,mrement of a short base and the ohsen·ation of 
the necessary angles, the position of the "1tati011 in latittulp and longitude was refe1·red to the <lonw 
of the University. 

Other duty assigne1l to .Mr. Sinclair is mentioned nuder tlw heatls of· Sections II a111l X Y, and 
nnder Sections VIII, XlII, and XIV will he found 8tatements of work exeeuted by .:\'Ir. Parsons. 

Connection of the a.~tro11m11ical station at the Unitersity of Vfrginia 1cith the primar11 fri1111g11l11 
lion.-Stations Hnmpback all<! .Tarrn:rns of the primary triangulation iu Yirginia were o<Jcupi.ed in 
March, 188:l, by Subasl'istant C. H. Sinclair, in order to l'OJHJect tlte astronomical station lit the 
.,lcUormick Observatory, University of \-irginia, with tbe scheme of triangulation hetwcf'n the 
Maryland and Georgia ba.i-;e li11ei,;. 

Tripod signals were erected at the necessar;\- points, and all of the oh8ervations needed (138 
in number) were obtained i11 the course of about two weeks. 

Reconnaissance, triang11lati1111, and hyp.wmetric o/Jsenmtions in the region about Wa.~hington, ]), C., 
for thf' constnwtion of a general map.-Surnys for the completion of tbe sl1eet of topogTapb~· pre
\·ionsly undertaken by 1\-lr. H. F. ·walling·, aud referred to in my last annual report, were begun 
by him in July, 1882, and the map substantially completed as far west as the North :\lount.ain. 

No trustworthy maps of the territory being available, special surveys were required of :tll t11e 
topographical features to be represented. Accordingly traverse surveys were m:HIP of all the 
roads; of the milroads wl1ere the engineer's pl:tn8 were unattainable, and of the streams throughout 
the ~~ntire county of Berkeley, West Virgiuia, and of those portions of Frederick, Clarke, and .J,on<loun 
Connties, Virginia, lying north of' the parallel of ano 4' north latitude. Distancl's along the roads 
were measured by odometer; directions of roads aRccrta.ined by the sun·eyor';; compass; the 
streams were also traversed, a chain being run along the larger creeks and rh·er:-:. while the minor 
streams, requiring less precise mea!,mrement, were located between road croHsings hy pacing. 
Traverses were also made up man;\· mountain ra,ines and along or uear the toµR of ridges and 
spurs, a<kantage heing taken for that purpose of wood roads whenever practicable. The positious 
of about thirty triangulation points luwe been fixed from time to time at conwnient localities 
amon,g these sun·eys, and Ute traverses haYe been carefully connected with them. Frequent 
obserYations with the aneroid barometer were made, a stationary record having heeu kept 011 

working days every hour. Tbe approximate elevations thus obtained along roadi,; at summits. 
stream crossings, along ridges and rnlley lines ba,·ing been marked in positiou, contonr linPs with 
vertical intervals of one hundred feet were traced b.r interpolation upon the map. 

Progress was made also in the field-work required for t.he map of 'Washingto11 and Yiciuit;.-. 
New surveys were undertaken for the delination of all topo~rapbical features, e:xc(~pt those shown 
upon plane-table sheets in the archives of the Coast and Geodetic Snrn1~-. 

'fhe scale of publicat.ion for the proposed maps will be 1-100000. 
Mr. Walling was efficiently aided in his work by Messrs. N. B. K. Hoffman, R.H. Brown, J, 

A. Miller, and T. B. Mann. 
Recomiaissance for the extension of the primary triruigulation near the thirty-ninth parallel 1re8t

ward in West Virginia., Ohio, a.nd Kenttwky.-The reconnaissance referred to in ms last annual 
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report as having been begun by Assistant A. T. Mosman for carrying the scheme of primary tri
angulation near the thirty-ninth parallel toward the Ohio River was resumed by that officer in 
September, 18S:!. Starting from the liue, Piney-Pigeon, in the Kanaw)la region of West Virginia, 
Mr. Mosman examinrd a conntry cut into deep nrvines through which flow the numerous smal} 
streamfl emi1tying into the Ohio River, and with ranges of hills between these streams of nearly 
uniform height and heaYil~- wooded either with large timber or co\·ered with a second growth of 
small trees and hn;;;hes. These are so thickly crowded together as to be very difficult t-0 penetrate, 
and are not high enough to afford a dew of the country from their tops. 

Much time was necessarily spent in Rearching for stations that could be made intervisible, and, 
as the roads were few and ,-ery rough, tra,·el in wagon or on horseback was slow, and almost all 
detailed examinations were ma1le 011 foot. Flags in trees at heights of from thirty-five to one hun
dred and tweuty-fiYe feet aboYe ~ronnd marked the stations as selected. All angles were meas
ured from the tops of theRe trees with an azimuth compass and pocket sextant, and relativtl heights 
were determined with the aneroid barometer. 

A practicable scheme was finally de\'eloped for extending the triangulation in the shortest 
time aud at the least fJxpense possible frnm tlie starting liue in West Virginia, through parts of 
Southeastern Ohio an1l :Northeastern Kentneky, to a line, Scioto-Johnson. The station Scioto is 
near the town of Portsmouth, Scioto County, Ohio; station Johnson is about four miles west. of 
Quincy, LPwis County, Kentuck,L 

Field operations clm;pd Jlecem her 16. Special mention is made by Assistant 1\fosman in his 
report oi: the zeal, activity, a1ul.good judgment shown by Extra Observer W. B. }'airfield in over· 
coming the many difileulLieK presented by the reconnaissance. 

ln May, 188~~, AssiRtant Mosman took the fiel<l, in pursuance of instructions, to organize a 
party for the eontimrntion of tht\ triaugu1ation in accordance with the scheme developed by his 
reconnaisl'mnce, and wa;; so engaged at the clmm of the fiscal year. Suhassistant .J. F. Pratt was 
temporarily attaehe1l to his party. 

SJ<JCTJON IV. 

NORTH CAROLl~A, INCIXDING COAST, SOUNDS, SEAPORTS, AND RIVERS. (Su;rcHEll Nos. 1, 5, 6 AND 7.) 

Lines of dccp-,~ea soundinf!.~ and temperatures off the Atlantic coast of the United States.-Full 
mention has already been made under the heading of Section II of the cruise of the steamer Blake 
in the summer of 188.!, under the cominantl of Commander J. R Bartlett, U. S. N., Assistant 
Coast Surn~-. In addition to tlw Jines of deep-sea soundings and temperatures run by the Blake, 
a line for temperature;, only was run from the Bermudas to Cape Hatteras, the temperatures of 
the surface being taken eYery mile; temperatures at twenty-five fathoms depth every ten miles; at 
four hun1lred fathoms every thirty mile8, and at eight hundred fathoms ever~- sixty miles. When 
entering the current of the stream the deep serials were taken at half of these distances. 

For statements of other deep-sea investigations made by the Blake, see Sections I, II, and VI. 
Hydmgrap1tic 8Urt!eys of Gape Fear River entrance and in Oroatan and Pamplico Sounds.-Upon 

arriving in Hampton Roads in command of the Schooner Silliman, Lieut. F. A. Wilner, U. S. N., 
ARsistaut, Coast Survey, was directed to procec<l to Smithville, N. O., and make a hydrogra.phic 
survey of the bar at Cape Fear River entrance. · In pursuance of this duty Lieutenant Wilner 
reached Smithville Februar;v 4, 1883. He remarks in bis report that the shifting character of this 
bar is too well known to call for special mention; that the channels are well buoyed, so that the 
only dangers a stranger will have to contend with will be found in the very strong tidal currentis, 
and in the prese11ce of a most dangerous pile of rocks known as the "Stone Fence," situated off 
the point of Bald Head Shoal, and just at the edge of the channel. These rocks are awash at 
half. tide aml entirely covered at high water, SQ that not even a ripple imlicates their position. In 
approaching them from the northward or southward the soundings will not show their vicinity 
until too late to avoid them if coming with the tide. 
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Lieutenant Wilner expresses hiR acknowledgments for information received from Mr. Henry 
Bacon, assistant engineer in charge of the im11rovements at the entrance for the Engineer Bureau, 
and to Capts. J. H. aIHl T. Harper for many courtesies extended during the course of his survey. 

Leaving Smithville April 10, Lieutenant 'Vilner proceeded wit,h the vessel and party to Pamp
lico Sound to make a resurvey of the main channel from the Croatan to the Roanoke Marshes 
light, and to complete certain unfinished portions of the survey of Pamplico Sound. He passed 
into Pamplico Sound through Ocracocke Inlet, finding that the buo~-s were much out of place, and 
that unless wind and tide were both favorable, six and one-half feet of water could hardly be carried 
througl1. The main channel through Croatan Sound was found to be but little changed, except at 
the southern end, where new islands have formed and old ones have disappeared. Representations 
were made to Lieutenant Wilner while at Elizabeth City, N. C., of a desire on the part of naviga
tors of the waters of Croatan and Pamplico Sounds for a change in the location of Croatan light
house; the reasons for the desired change are stated clearly by Lieutenant Wilner, but without 
expressing himself as in favor of it. 

The hydrographic surrnys required were completed by the 18th of l\Iay, soon after which the 
Sillimau sailed for New York. Three h~·drograpllic sheets showing the results of the work have 
been registered in the archives. Statistics are as follows: 

.Miles run in sounding . __ . _. _ ...... _ ... _ .............•. -......... _. - - - - 769 
Angles measured. . . . .. - .................. _ . - .. ___ . _ . . . . . • • . . . - - - - - _ . 10, 772 
Number of soundings - .. - . - .......... __ . - ___ . __ - _ . __ . _ . - . - - - . - .... -.. -. . 59, 7 40 

JiJnsigns ~'rancis H. Sherman and Harry Phelps, U. S. N., aided in the survey. 

SECTION V. 

SOUTH CAROLINA AND GEORGIA, INCLUDING COAST, SEA-\VATER CHANNELS, SOUNDS, HARBORS, 
AND RIVERS. (SKETCHES Nos. 1, 6, AND 7.) 

-Hydrographic survey in the vicinity of Cape Romain, S. 0.-Between the end of Februar~· and 
the beginning of May, 1883, a hydrograpbic survey off the coast of South Carolina Jn the vicinit~· 
of Cape Romain was made by the party in eliarge of Lieut .• J. T. Sullivan, U. S. N., Assistant 
Coast Survey, commanding the steamer Endeavor. The area sounded included the im~ediate 
approaches to that portion of the coast between -\Vinyah Bay and Bull's Bay. A bydrographic 
sheet, scale l-10,000, showing the results of the survey, has been depm;ited for rPgistry iu the 
archives. The statistics are: 

Miles ruu in soumling . _ .......•... _. _____ .. _ - ___ - .. - - - ... - - - - - - - . - - - ... - 164 
Angles measured .. __ . ____ ........... ___ -. ... - . . . . . . - - - . - .. - - - - -... -. - . 1, 678 
Numberofsonndings ----- __ ---· ---·- .. '. ....................... ----- 17,204 

Lieutenant Sullfran was aided b,v Ensigns W. H. Allen, E. N. Fisher, and J.P. P1uker, U.S. N. 
About the 10th of May the Endeavor proceeded to Philadelphia, aml under Lieutenant Sulli

van's direction wa.s prepared for a season's work in Section II. . 
Occupation of the station at Savannah, Ga-., for the deterniinati-On of the longitude of Saint Augus

tine, Fla., by e.r:cha11ge of tekgraphic signals.-In co.operation with the par~y sent out hy the French 
Government for the observation of the Transit of Venns at Saint Augustine, Assistant C. S. Peirce 
was directed to determine the longitude of the Transit of Venus station. For this purpose he 
detached Mr. E. D. Preston of his party with letters to Colonel Perrier, Chief of the Geographical 
Service of the French army, who was in charge of the observing corp!! at Saint Aug11stine. 

All arrangements having been completed for the longitude observations, the station at Savan
nah-the same as that of 1874-was occupied by Mr. Preston, and at the station at Saint Augustine 
the observations were ti1ade hy Captain Desforges. The location of the Saint Augustine station 
was in the middle of the north rampart of Fort Marion, the sa1ne pier being used as for the meridian 
llircle of the Transit of V euus party. ., 

For the ftrat series of exchanges, results for longitude were obtained on the night.a of November 
S.EL.~-6 
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30, Decemuer 1, and December ;); the obsen'ers then changed places, and signals were again 
successfullj' excitauge<l on the uig-hts of December HJ, 17, and 18. These completed the 1mmber 
of deterruinatiom1 reqnired. 

Before lea,·ing Saint Augustine, Mr. Preston, by direction of Assistant Peirce, made a set of 
obsenations with the two new iiixariable reversible pendulums which had been swm1g at Moutreal, 
Albany, H obokeu, and \Vashington, D. C. For this purpose the station occupied was in the chapel 
of the fort. He also cletermined the geographical position of the new light-house on Anastasia 
Island, Saint Augmst,iut' Harbor, and the height, above mean tide of the Transit of Venus and 
pendnl11m stations. 

SECTION VI. 

PENIKS{!LA OF FLOHIDA, FROM SAIKT MARY'S RlVER, ON THE EAST COAST, TO ANCLOTE KEYS ON 
'l'HE WEST < 'OAST, INCIXDING THE COAST APPIWACHES, REEFS, KEYS, SEAPOHTS, AND InVERS. 
(SKETCHES Nos. 1. !'<, 9, 10, AND 11.) 

Hydrograpkic resurvey o.f Saint ,John's River and Bor.-Under instructiorn; dated in December, 
1882, a11d ,Jam1ary, 1883, Lieut. E. D. F. Heald, U. S. N., Assistant Coast Survey, having· organized 
liis part~· 011 board the schooner Eag1·e, proceeded to the Saiut ,John's Rfrer, Florida, for the pur
pose of mahing a l1yrlrographie resurvey of that river and the bar at its entrance. The necessary 
signals having been established, soundings were begun January 30, and though many delays 
occurred from bad wpather and thick atmosphere occasioned by fires in the forest adjacent, Lieu
tenant Heald was able to report the completion of the resurvey Aiiril 24. 

Three hydrographic sheets, on a scale of 1-10,000, showing the results of the work, have been 
registered in the archives. They show the river from the entrance to a point just south of Jack
sonville. On the bar the least depth was found to be six and a half feet at mean low water, the 
mean rise and fall of the tide at the entrance being four feet and six-tenths. The statistics are: 

Miles run in sounding . _ ... _ ..... _ ....... _ - .. __ ..... _ _ .. _ .. _ ........ __ . . 126 
Angles measured ... ·- _. _ ..... _. _ ......... _ ... _. _ .. _ . _ . _ ........ __ ..... _ - . 1, 812 
Number of soundings. __ .. - ... _ ..... , __ .. _ .... _ .. __ .. - - ........... - . ____ . 10, 784 

Lieut. D:i>id Daniels, U. S. N., and Ensigns O. G. Dodge and Alfred .Teffries, U. S. N., were 
attached to the hydrographic party. Upon lea>ing the Saint John's River, Lieutenant Heald was 
directed to take the Bagre t-0 New York and prepare for a season's work on the coast of Maine. 

IJeterminalion of the longitude of tile Transit of ·venus station at Saint Augustine, Fla., by exchange 
of tele!Jrapliic Hi!Jnal.¥ 1rith 8a1,annah.-Full reference has already been made, under the head of 
t'ect.ion V, to observatiomuuade hy l\Ir. E. D . .Preston, under the direction of Assistant Charles S. 
Peirce, at Saint Augnstine and at Savannah, for the determination of the longitude of the French 
Transit of Venus station at Saint Augustine, in co-opemtion with Col. F. Perrier, Chief of the Geo· 
graphical Service of France, who was in charge of the Transit of Venus party sent to Saint 
Augustine by the French Government. 

Duplicates of the records and results of the observat10ns, made by Mr. Preston and by Cap
tain Desforges, with whom he was immediately associated, will be deposited iu the archives of the 
Coast and Geodetic Survey. 

Reconn1lissance of 1 fie Saint John's River frorn La,ke Monroe to Lake W ashington.-The course of 
the Saint ,Tohn's River from Jacksonville to Lake Monroe is shown upon the reconnaissance map 
publisl1ed in 1878 and subsequently in another issue, with additions to 1881. Iu February, 1883, 
Assistant Eugene Ellicott was directed to extend t.l1is reconnaissance from Lake Monroe to Lake 
Washington, the rapid de~lopment of Southern Florida having created a demand for a chart of 
the rfrer to the bead of navigation. 

Mr. Ellicott's survt<y was· begnn February 27. Some extracts from his report will be of 
interest: 

"From Lake Monroe to Lake Harney the river is comparatively hold and deep, with an a.ver
a,ge width of two hnndretl and fifty feet, The least depth of water encountered iu a single line ()f 
soundings between Monroe and Harney is six feet; the greatest, twenty-two feet. The least depth 
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occurs where the river enters Lake Monroe. At the time the soundings were made the rh'er was 
within a foot or two of its lowest stage. 

"Lake .Jessup is a beautiful bod;y of water, and promises to become of some importance because 
of the good land on its south and west shores. It is, however, difficult of' approacb, as the depth 
of water ·about its month is meager, indeed insufficient for steamers other than the smallest at a 
low stage of water. 

"The shores of Lake Harney are bold, as bold shores go in southern waters, and sandy. The 
maximum depth is twelve feet, the soundings not varying from this figure for an area of one square 
mile in the middle of the lake. As the river is again approached my line of soundings showed a 
decrease to five feet. 'fhe bottom of J,ake Harney is hard white sand. . . 

"From Harney to Salt Lake Landing the river is exceedingly crooked, but the steamers at 
present engaged in the trade of Indian River experience no undue difficulty in making their trips. 
This landing is the point of shipment for the Titusville section of Indian Rfrt-r. The distance 
acros~ is eight miles. 

"Lake Poinsett is like other lakes on the river, excepting that the :shores are shelving and 
marshy. A mile east of Poinsett is a small creek or lake where is situated the lauding of' tbat 
name. From this landing it is three miles across to the west shore of Indiau River. There is a 
scattering settlement (with post-office) known as Roek T1edge. 

''From Lake Poinsett, up river, the difficulties attending navigation constantly diminish. 'l'he 
stretch of river between Lakes Poinsett and ·winder is much better than in many parts near Jack· 
sonvillr. The width is about four hundred feet; depth of water, eighteen to twenty-two feet, the 
banks bold, and the directions remarkably straight. 

"The bar which must be crossed in entering the river above Lake ·winder has (according to 
a single line of soundings) six feet of water, and I am inclined to think that a closer survey would 
show eight or nine feet. 

''From this point up river, or to the southward, the conditions remain favorable to navigation, 
ample width of river and depth of water tilJ the 'floating islands' are encountered, four or five 
miles above Lake Winder. 

"These 'islands,' as they are called by the river men, consist of a dense vegetable mat, of a 
foot in depth, floating on the surface of the water, t.he decomposed vegetable matter having so 
welded the ft oat together as to have admitted the growth of small willows four to six feet in height." 

In the small steamer which had been hired. for the survey, Assistant Ellicott succeeded in cut· 
ting through a tloat of 300 or 400 meters, and entering clear water, which onl,y"lasted half a mile, 
when another float, appeared. The outlines of the northern shore of J;ake Washington ca,me in 
sight about three miles beyond, and be.re the work was closed. 

Mr. Ellicott's report gives detailed statements showing the great and steady increase in the 
means of inland communication and in the trade and travl:.'l in the interior of' Eastern Florida. 
Arraugements will be made for the early publication of his reconnaissance map. 

Other surveys executed b.r Assistant Ellicott are referred to under the heads of Sections 
I and III. , 

Survey of the eastern coast of Florida from lndia1n River Inlet sou,thward.-Iu accordance with 
instructions issued towards the close of November, 1882, Assistant B. A. Colonna proceeclell to the 
east coast of Florida, and organized his party for executing the triangulation, beach-measurement, 
topography and hydrography of the east coast of Florida included between the limits of latitude 
!.!i0 2lY and 260 13' north. 

The triangulation, in connection with the beach.measurement, was begun b,v Mr. Colonna 
from the limits ot' .Assistant Boyd's work of the previous season near Indian River Inlet, aud car· 
ried by him to the southward as far as Jupiter light-house, about thirty-five miles. Thence from 
Jupiter light-house it was carried fifty miles southward to Junction Station by Mr. W. B. Fairfield, 
extra observer, under Mr. Colonna's direction. 

The topography was taken up near Indian River Inlet, and extended to the southward to about 
eight miles south of Jupiter light-house, including the shores of Saint I~ucie and Jupiter Rivers, 
and covering three topographical sheets on a S('.ale of 1-20,000. This work was executed by Mr. 
E. L. Taney, A.id in the party. 
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Later in the season the topography in the vicinity of Lake Worth was taken up by Mr. T. P. 
Borden, Aid in the party. This sheet had been partly completed when field operations closed. 

The beach-measurement was eommitted to the care of Mr. Borden, who carried it from Ten 
Station (latitude :no 05'), to Junction triangulation station, a distance of about sixty-two miles. 
Mr. W. B. Fairfield aided Mr. Borden in this measurement. 

Assistant Uolonna measured an azimuth at Ten Station, Jupiter light being used as an azimuth 
mark. Two magnetic stations were established, one at Uefuge Station, and one at Bell Station; 
at these points were determined the magnetic declination, dip, and relative total intensity, the 
latter by Lloyd'" method. 

Early in May the bydrographic work was taken up. It covers the waters from Indian River Inlet 
to South .Jupiter Narrows, including Saint Lucie I~iver and Peck's Lake. The result8 are shown 
upon two full lty(lrographic sheets, and part of a third sheet, scale 1-20,000. About one-half of the 
hydrography was executed by Mr. Colonna personally; the remainder by Mr. W. B. Fairfield. 

Field operations closed early in June. In bis report, Assistant Colonna expresses liis hearty 
appreciation of the earnest and efficient manner in which all work entrusted to bis Aids, Messrs. 
Borden, Taney, and \V, B. Fairfield was executed. During part of the season, and until his detach
ment April 30, Ensign Edward Simpson, U.S. N., rendered valuable service. The statistics of the 
season's work are: 

Stations occupied for azimuth __ . _. - .... _ . __ . ____ .. _ . _ . ______ . _ .. ______ .. . 
Stations occupied for magnetic determinations. ____ .. ___ . . . . . .... _ ..... . 
Stations occupied in triangulation _ . ___ ... _ . __ .. __ ....... _ , . . . . . . . . . . . .. 
Pointings witli theodolite_ . _ .. __ . _ _.. . ...... __ .. _ .. _ . . . . . . . . . . . . . ... . 
Miles of beach-measurement with wire .... - ... _. _ .... _ ....... _ ... _. _ ... _. 
Geographical positions determined._. __ . __ . _. _ _ _ _ .. ___ . ___ . _ .. __ ........ . 
Miles of shore-line of rivers, JlOnds, &c .... ____ . _ ... _. _______ .. ___ ..... _. 
Area of topography in square miles __ ... -- _ _ . . . . . .... _____ ....... __ ... . 
Tidal stations and bench-marks established _ .. _ _ _ . . __ . _ .... _____ ... __ .. 

1 
2 

31 
12,228 

62 
53 

342 
70 
6 

Miles run in sounding ... - ......... ____ . _ . - . . . ....... _ . . . . .. __ ....... _ _ 451 
Number of soundings -........... -.......... __ .............. _ ..... .' .... 24, 274 

Duty in which Assistant Colonna was occupied at the beginning of the fiscal year is referred 
to under the head of Section XVII. 

Survey of tlte sliores and la,goons of East Florida from Key Biscayne nortliward.-The survey 
referred to in the preceding paragraphs, urnler the direction of Assistant B. A. Colonna, and car
ried southward along the coast of East Florida, met at Junction Station (latitude 260 13' north) 
a surrny of a similar character carried from Key Biscayne Bay to the northward by the party in 
cbarge of As8istaut 0. H. Tittmann. 

The schooner Ready, wit.h Mr. Tittmann and party on board, arrived at Key Biecayne Bay 
early in February, and a search for the stat ions of the triangulation of 1849-'50 iu that vicinity 
was at once begun .. The North Monument established in 1855 to mark one of the ends of the pri. 
roary base-line measured in that year was found undisturbed; the South Monument had been washed 
away, and was found lying on the bottom in several feet of water. Stations "Key Biscayne" and 
''Shoal Point" were recovered; the latter1 with the old light-house tower on Cape Florida, furnished a 
base-line for the triangulation required to connect the old work with the proposed beach-measure
ment. This tower, ninety feet high, overtopped the tall mangrove growth on Key Biscayne, and 
thus served admirably the purpose of a central station for the triangulation. 

In order to est~tblish points on the beach for hydrograpbic purposes, it was deemed a.1lvisable 
to begin the beach-measurement at" Norris Cut" in latitude 25° 45' (nearly). This line of measure· 
ment followed generally the high-water mark, and its direction was preserved by aligning with a 
four-inch universal instrument, which was carried from bench to bench, and plumbed over each one 
successivel;r. At the same time the difference of elevation between the benches was determined 
by means of this iustrument. The beach-measurement was begun February 22, and completed 
April 4, at Junction Station, the distance between the two point.s being about thirty-two miles. 

The orientation of the survey, depending on the azimuth of the line" Old Tower-Shoal Point," 
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was preserved by means of angles measured between the principal signals established along the 
beach. 

A tertiar~· triangulation for checking the distances measured on the heach was carried from 
station "Dumfounding," in latitude 250 .571 north (near!~·), to station "Lauderdale," near latitude 
260 061 north. At "Lauderdale" an astronomical azimuth was determined by two nights' observa
tions made with a six-inch Gambe,y upon Polaris, direct, and reflected i11 mercury. 

The topographical survey extended from the head of Ke~- Biscayne Ba~' to station Lauderdale, 
and was finished May 10. It includes the shore-line of New River and its bayous, as well a,s that 
of the head of .Biscayne Bay, Dumfounding Bay, and the upper portions of Snake and Arch 
Creeks. 

New River, between its inlet and "Lauderdale," was sounded out, and some additional sound-
ings required off Miami were made. Field operations were closed May lJ. . 

Subassistant John B. Weir, Ensign E. M. Katz, U.S. N., and Midsh;pmen John A. Dough
erty and L. 8. Van Duzer, U. S. N ., were attached to the party. 

Dnty assigned to Assistant rnttmaun earlier in the fiscal year is referred to under the heading 
of Section Ir. 

Hydrographic survey between Jupiter Inlet a,nd Key BiscaJme.-A hydrographic survey of the 
ea1<t coast of Florida betwe~m Jupiter Inlet and Key Biscayne was completed in May, 1883, by 
Lieut. H. B. Mansfield, U.S. N., Assistnnt Coast SmTey, eommanding the steamer A. D. Bache. 
Lines were run normal to the coast about one mile apart, always as far as the fifteen-fathom, and 
with but few exceptions as far as the twenty-fathom cnrve, every tenth line being extended to the 
one-hundred-fathom curve. 

From Jupiter Inlet to Hillsborough Lieutenant Mansfield found the shore very clean, the 
three-fathom curve about one-eighth of a mile from the beach slanting gradually up to the beach, 
except south of Lake North Cut, where a narrow ridge runs at the edge of the three-fathom curve 
about ten miles to the southward. From the three-fathom currn the water deepens rapidly until 
an average depth of eleven fathoms is attained; it then shoals up to a ridge with nothing less 
than eight or ten fathoms about a mile from shore, and then falls off almost at a cast to sixteen 
and then to twenty fathoms, &c. 

Between Hillsborough and Key Biscayne it is not so clean; the inshore reef slanting at Hills
borough has usu8'.llY from three t-0 four fathoms inside, aml shoals again in some places to but five 
or six feet, not unfrequently extending nearly three-fourthis of a mile from shore. 

Three hydrographic sheets on a scale of 1-401000 embo(ly the results of the survey, the statistics 
of which are! 

Miles run in sounding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...... _ . . 295 
Angles measured. . . . . . . . . . . . • . . . . . . . . . . . . . . ........ _ . . . . . . . . . . . . . . . . _ . . I, 902 
Number of.soundings, ............. , ........ ,, ......................... 8,136 

Ensigns W. B. Caperton, H. M. Wetzel, J.M. Orchard, and C._ S. McClain, U.S. N., aided in 
the work. 

Upon the completion of the survey the Bache was taken to New Yotk for refitting and repairs. 
Rydrographic work upon the west coast of Florida executed by Lieutenant Mansfield earlier in 
the seai,ion will be presently referred to under the beading of this section; duty previously per· 
formed by him is stated under the beading of Section II. 

Observations of currents at 11ta,tions off Jupiter I1tlet, Fla.-The instructions issued in February, 
1883, in relation to observations of currents off the eastern coast of the United States by Master 
J. C. Fremont, jr., U. 8. N., commanding the schooner Drift, have already been referred to under 
the heading of Section III. Having occupied four current stations at points between Cape Henry 
and Cape Ft>ar, Master Fremont established his fifth station l\Iay 8, 1883, in the Gulf Stream oft 
Jupiter Inlet, anchoring in one hundred fathoms, favorable conditions of observation prevailing, a 
smooth sea and a light wind. This st.atiou was occupied twenty-six and one-half hours. The sixth 
station was also in the Stream off Jupiter Inlet; depth, two hundred fathoms; time of occupation, 
twent~·four hours; ·date, May 10. The seventh. station, in the axis of the Stream at a depth of 
about four hundred fathoms, was occupied during thirty-one and one-half hours; after completing 
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the observations at this station, the loss of an anchor through the giving way of the windlass made 
it advisable to return with the Drift to Femandina. At this port orders reached Master Fremont 
on the 18th of l\Iay directing him to take the vessel to New York, where she was prepared for 
service in a cruise for observations of currents between l\fontank Point and Cape May. 

Deep-sea soundings, with .~crial tcmperotures, between the Bahamas and the Bermudas.-The deep
St>a sounding work executed b.v the hydrographic party on board of the steamer Blake, early in the 
fiscal year, has already beeu referred to under the headings of Sections II anrl IV. On the 9th of 
December, 1882, the vessel left New York urnler command of Lieutenant Commander W. H. Brown
son, U. S. N., Assistant Coast Survey. His instructions were to run a line of deep-sea soundings 
from the Bermuda Islands to the Bahamas, and then a series of normals to the northern face of 
the Bahamas, far enough t,o develop the two-thousand-fathom curve. 

The Blake anchoretl off Bermuda on the night of December rn, and after a delay of some rlays 
by bad weather, Lieutenant-Commander Brownson left Hamilton, and obtained his first sounding 
December 18, on Challenger Bank, depth,tweutv-eight fathoms. This was at 7 h. 50 m. p. m. Two 
hours later a sounding gaye bottom at four hundred and sixty nine fathoms, and at 7 b. 20 m. next 
morning a sounding was obtained in two thousand six hundred and thirty-two fathoms. With 
some delays, occasioned by loss of wire and thermometers, the line was completed to the Bahamas, 
surface, serial, and bottom temperatures being obtained in connection with the soundings whenever 
practical.Ile. On this line the greatest depth sounded was three thousand and seven fathoms; the 
lowest temperature of bottom obser\'ed was 35~0 J:i'ahr. 

Soundings were subsequently obtained on lines from Mariguana to Ocean Plateau; thence 
down through Turk's Island to the coast of Ha,yti. Another line was run from Samana Promon
tory to Navidad Bank, and thence out to Ocean Plateau. 

Upon his arrival at St. Thomas, Lieutenant-Commander Brownson inferred from an inspection 
of the chart to the northward of Porto Hico, in connection with the results which he had obtained 
on the last linti run and from the soundings of the Challenger, that very deep water would extend 
to the westward. His inference was soon after verified. Ou the 27th of January, in latitude 
19° 40' 50" north, longitude 66° 23' 40" west of Greenwich, seventy-one miles west of the Challen
ger's greatest depth, he sounded in four thousand five hundred and sixty-one fathoms, finding the 
bottom to be brown ooze and the temperature 3tif° Fahr. This is believed to be the greatest depth 
from which bottom specimens and temperature have been obtained. 

Fifteen and a half miles soutiieast of the latter station another sounding was taken iu four 
thousand two hundred and twenty-three fathoms, the specimen brought up being of ooze in two 
layers, brown on top with an under strata of gray. Temperature at bottom was 36° Fahr. 

Lieutenaut-Uonunander Brownson remarks in hit:i report: 
"Tlie IineN of soundings normal to the general direction of the Bahamas show the remarkable 

manner in which these ildands rise up from the Ocean Plateau. With the exception of the line off 
Spanish Cay, Little Bahamas, in no case was the two thousand-fathom curve more than fourteen 
miles from the nearest land, and in one instance we found one thousand nine hundred and seventy· 
six fathoms only two and one-half miles from land. This would give a declivity of :l80, Referring 
to the deep soundiug four thousand five hundred and sixty-one fathoms taken north of Porto"Rico, 
it is probable that deeper water can be found north and east of it, and I trust it may soon be 
investigated." · 

From the data furnished by this aud previous cruises of the Blake was constructed a model of 
the western part of the North Atlantic Basin. The statigtics of the work are: 

Number of soundings with wire ................. _... . . . . . . . . ......... _ ..... 151 
Serial temperature stations occupied ..............•.................. _ .. _ . _ _ 27 
Water temperatures observed, surface . . . . . . . . . . . . .. . • • . . . . . • • • . . ......... 141 
Water temperatures observed, intermediate ..... - ... - .........•.............. 174 
Water temperatures observed, bottom .... -.......•..... - . - .......••......... 126 

The followini.r-named officers were attached to the Blake: Lieut. G. W. Mentz, U.S. N.; Mas· 
ters Henry Morrill and Lucian Flynne, U.S. N.; Ensigns H. 0. Wakenshaw, W. M. Coutant, and 
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H. S. Knapp, U. S. N. The commanding officer expresses his apprecfation of the great interest 
taken in the work by all the officers. · 

Arriving in New York early in February, Lieutenant-Commander Brownson received instruc
tions to prepare the steamer for deep-sea sounding work and oft'·shore 11ydrography in the approaches 
to New York and in the vicinit.y of Nantucket Shoals. 

Topograpliio and hydrographic survey of the west co<UJt of Florida between Charlotte Harbor and 
Tampa Bay.-Having org·anized his party on board the schooner Quick at Manatee, Florida, early 
in December, 1882, Subassistant Joseph Hergesheimer proceeded to execute instructions directing 
him to make a topographic and hydrographic survey of the west coast of Florida between 
'I.'ampa Bay and Charlotte Harbor. 

The topographic survey was begun at Hunter's Point, Sarasota Ba;y, on January 1, 1883, and 
completed to Bocilla Pass at the entrance of Lemon Bay, on th(\ 4th of June. During this period 
the weather was favorable for the work, the season being remarkable for an almost entire absence 
of the heavy northers which are usually of frequent occurrence dnring the winter. The inside 
hydrography also was finished by June 1; it. included the hydrography of Sara....,ota and Little Sar
asota Bays, Dona Bay, and Roberts Bay, and that of the bar and harbor of Stump Pass. That of 
Lemon Bay was postponed, owing to the lateness of the Reason. 

Tidal observations were recorded at seven station8 which were conuected with each other and 
with the bench-mark established at Egrnont light in 1873. Statistics of the season's work are as 
follows: 

Miles of shore-line surveyed . . . . . . . . ............................... _ . . . 368 
Miles of roads ..................... - . . . . . . . . . . . . . . ... _ . . ..... _ . _ . _ .. _ . _ . . 45 
Area of topography in square miles ..... _ . _. _ ... _ ...... _ .... _.... . . . . . . . . 58 
Miles run in sounding ... _ ..... - ............ - . __ - .... _.... . . . . . __ . . . . . . . 564 
Angles measured ...................... _ . . . . . . . _ . . . . . . . . .. _. . . . . . . . . 3, 903 
Number of soundings . _ .................... -.................... __ ...... 52

1 
302 

Mr. J. B. Boutelle, extra observer, rendered efficient service in the party. 
Hydrography off the west coast of Florida to the northward and southward of Tampa. Bay.-In 

pursuance of instructions issued to Lieut. A. B. :Mansfield, U. S. N., Assistant Coast Survey, he 
proceeded with his party on board of that vessel to the west coast of Florida, to continue the 
hydrography off that coast, northward and southward of Tampa Bay. 

Arriving in Tampa Bay ,Januar_y 17, 1883, he4e$tablished a tide-gauge at Egmont Key and 
began soundings. One double hydrogniphic sheet, scale l-40,000, showing the hydrography 
between Blind Pass and Big Pass was finished February 17. With reference to the characteris
tics of this part of the coast, Lieutenant Mansfield remarks: 

"The bottom is irregular and in ridges to five or six fathoms, and then deepens gradually. 
The shore is low, and the hills back of the beach are usuall.v, in clear weather, just seen from the 
ten-fathom curve. In running this work to the limits of the five-fathom curve, the currents were 
found to be tidal. Outside the prevailing current, was found a slight one from the southward along 
the coast. In calms this current had a rate of about three-tenths of a knot, increasing to six-tenths 
in a fresh breeze from south around to west. It would be:checked after northerly winds, and in a 
few cases, after a heavy norther, it had a slight set to the southward." 

After a~trip to Key West for coal and store.ll, work was taken up on that part of the CO'.tst 
between Bocilla Pass and New Pass, March 2. Within half a mile of the shore, the water was 
found to deepen to four or five fathoms, except off the passes. Beyond that depth the deepening 
was gradual, as on ·the upper sheet. '£he same current eft'ect was noted. The hydrographic sheet, 
a double one, scale 1-40,000, was finished April 10. Previous to this date, some soundings had 
been made in the west channel of the Manatee River; these are shown upon a separate sheet, 
scale 1-10,000. 

For the work upon the west coast of' Florida, the statistics of the season are: 

Miles run in sounding ........ - . . . . -· ........... - . - . - ... - - . - · · - - · · · · · · · · 
Angles measured. . . . . . . _ . . . . . - . . . . - • . . . . . . . . . . · - · · · · · · - - · · · - · - · · · - - · · - · 
Number of soundings . . . . . . _ - . - - . . - ..... - - . • . . •.. - - - - .. · . · · · · · • · · · · · · · · · · 

1,022 
2, 411 

22,928 
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Ensigns W. B. Caperton, R. M. 'Vetzel, J. M. Orchard, and C. S. McClain, U. S. N., were 
attached to the hydrographic party oil board the Bache. Work upon the east coast of Florida, 
executed b~' Lieutenant Mansfield and part~- after the completion of the west coast work, has 
already been referred to under the Lteading of this section. 

SECTION VIII. 

ALABAMA, MISSISSIPPI, LOUISIANA, AND ARKANSAS, INCLUDING GULF COAST, POHTS, AND RIVERS.
( SKETCHES Nos. 1, 6, rn, 14, AND 24.) 

Reconnaissa,nce for the connection of the Gulf coast triangulation on Mobile Bay, Ala., and vicinity 
with the primary triangulation at or near Atlanta, Ga.-Having been charged with making a recon
naissance for a triangulation between the Gnlf of Mexico at or near Mobile Bay, awl the primary 
triangulation near Atlanta, Ga., Assistant S. C. McCorkle proceeded to Mobile, Ala., in Jauuar,y, 
1883, and began a careful search to ascertain what points of the old triangulation could be fouurl 
with which to connect the Rcheme of reconnaissance. 

For transportation, which greatly facilitated his labors, Mr. McCorkle ackllowledges his i11debt
edness to Capt. A. N. Damrell, United States Engineers, and to Capt. T. W. Lay, United States 
Revenue Marine. 

In the explorations for the old triangulation marks on and near Mobile Bay, great changes of 
shore-line aud other topographical features were found. The coast has been visited by gales of 
great severity since the former survey, and the shores of the bay, espeeially at the points and bluffs 
where stations were generally established, have been washed away from thirty to sixty feet. Upon 
Dauphin Island, where search was made for the monuments marking the ends of the primary base
line measured in 1847, the granite blocks at East Base were found, but were lying on their sides 
apart from each other and entirely out of position. Search was made unsuccessfully for the under
ground marks. The blocks which had marked the West Base could not be found. Nearly two
thirds of the island on the south side has been entirely submerged, and the south shore has been 
very largely washed away, while the north shore-line seems to have been greatly extended. Pelican 
Island has entirely disappeared. 

Having identified five poiuts of the f'ornmr triangulation, one of which was tlrn station at Fort 
Morgan, Assistant McCorkle began his reconnaissance of the country between Mobile and Atlanta. 
This duty occupied him during the montlts oiiJMarch and April. His report gives full details in 
regard to the features of the country, with statements of the location, general direction, and eleva
tion of the ridg-es, and concludes by recommending the adoption of either Kenesaw-Carnes or 
Carnes-Indian Mountain, li11es of the primary triangulation between the Maryland and Georgia 
base.Jines, as bases for the triangulation between Atlanta and the Gulf of Mexico. 

Mr. W. 0. Jones served as acting Aid in the party. In the earlier part of the fiscal year 
Assistant MeCorkle was engaged in duty which is referred to under the heading of Section ll. 

Oontinuation of tlte survey of the coast of Louisiana, west of the Mississippi River.-A topographic 
and hydrographic survey of the south coast of' Louisiana, from Barataria Bay eastward towards 
the Mississippi Passes, was c;lrried on by Assistant C.H. Boyd during February, March, and part of 
April, 1883. - Having organized his party on board the steamer Barataria, Mr. Boyd arrhTed in 
Barataria n·ay I<'ebruary 7, and hegan work by a search for stations of the triangulation of 1876, 
which might serYe as a base of operations. Having recovered "N. E. Base" and" Grand Terre," a 
triangulation solely for the determination of topograpltic and bydrographic points was carried from 
this line as a base as far as Sandy Point, near the present mouths of the "jump." As soon as 
point.s enough could be determined, the shore:line survey was begun at Ronquille Bay, and followed 
the triangulation on the outer islands, and the bays and bayous adjacent thereto, covering ground 
enough to develop the characteristics of the Gulf shore as far as Skofield's Bayou. 

Soundings were made in the bayous and shoal-water bays inclosed by the topographical sheets. 
Tidal records were kept near ea.ch anchorage of the steamer during the time that this work was 
in progress. · 
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Field-work was clm~ed in accordance with instructions April 24, and the steamer laid up n.t 
New Orleans. 

Midshipman James C. Drake, U.S. N., rendered acceptable service in the party; Mr. J. De 
Wolf, extra observer, served efficiently in topographical duty. 

Scafe of execution of topography aud hydrograpby, 1-30,000. Statistics are as follows: 
Shore-line surveyed, miles ......... _ .......... _. . . . . . . . . . . _ _ _ _ .... __ . . . 160 
Area of topography, square miles_ _ _ _ _ _ _ _ .... __ .... _ .. _ ... , . _ .. __ ....... _ . 50 
Lines run in sounding, miles.......... . . . . . . . . . . . . . . . . . . . ... __ ......... 70 
Number of soundings ........... _ ..................... _ ............. 5, 000 

Duty in which .Assistant Boyd was engaged earlier in the fiscal year is referred t-0 under the 
heading of St>etion I. 

SurvmJ of the coast of Louisia-n.a from Sabine Pass eastward.-U nder the direction of Assistant 
F. Walley Perkins, and in pursuance of instructions issued in NoYember, 1882, a party was organ
ized for the extension of the survey of the coast of Louisiana from Sabine Pass to Calcasieu Pass. 

Mr. Perkins organized bis party and began preliminary arrangements for the work in Decem
ber, but actual operations were delayed for a time by heavy rains, producing an oYerfiow of the 
countrr and rendering the marshes almost impassable. As soou as the weather would admit, the 
snrve.r was pushed Yigorously iu its sm'ernl branches. A.bout the middle of January the stations 
in the vicinity of Sabine Pass wrre occupied to begin the triangulation by Mr. G. F. Bird, Aid 
in the party. The topographical survey was commenced near the Pass at the same time by Sub
assistant W. C. Hodgkins. 

During parts of February and March a base-line of verification was twice measured; the two 
measurements were found to be in close accord. 

The latitude of West Base Station was determined with the meridian telescope, and the azimuth 
of the base-line was established by observations upon a Urs. Min., 51 Cephei, and o Urs. Min. 
This work, with the continuation of the triangulation and topography towards Calcasieu light, aud 
a hydrograpbic survey of a portion of Calcasieu Pass, occupied the party until near the end of 
May, when field operations were closed. 

Assistant Perkins' report contains suggestions derived from his experience in the field as to 
the best methods of prosecuting the survey 011 this part of the coast. He presents the following 
statistimi of work accomplished: 

Length of base-line measured in meters ......................... -...... . 
Number of pairs of stars observed for latitude .......................... . 
Numb~r of observations for latitude. . . . . . . . . . . - . . . . . . . . .... . 
Number of pointings on stars for azimuth . . . . . . . . . . . . . . . . . . . . . _ ..... -
Number of stars observed for time ... _ . . ..................... _ .. _ 
Geographical positions determined. . . . . . . . . .. _ ............. _ ......... . 
Directions determined . . . . . . . . . . . . . . . . . . . . ........................ . 
Number of pointings made in triangulation...... . . . . . . . . . . . . . ........ . 
Total number of miles of shore-line· delineated . . . . . .................... . 
Miles of railroad . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .•.... - .. · - . · · · - - · · · · · 
Miles of roads . . . . . . . . . . . . . . , - ............... - - . - -- · - · · · · · · · · · · · · · · - · · 

4, 134. 1 
26 
83 

132 
100 
34 

153 
6,822 

582 
9 

41 
Area surveyed in square miles . . . . . . . . .... - . . ....... -. . . . . . . . . . . . . . 200 

The scale of the three sheets, showing results of the topographic sun-ey, is 1-20,000. 
In the h,Ydrographic work, Assistant Perkins bad the aid of Lieut. Lucian Flynne, U. S . .N., 

who reported for duty, with the steamer Hitchc~, about the end of March. 
The statistics presented· bear witness to the: energy displayed by the party of Assistant Per

kins in the conduct.of the survey. Work executed by him earlier in the ti.seal year is referred to 
under the heading- of Section XVI. 

Determination of the longitude of Little Rock, Ark., by exchn.nge of telegraphw signals with Saint 
Louis, .Mo.-In November, 1882, a determination of the .longitude of Little Rock, Ark., was made 
by exchanges of telegraphic signals with Saint Louis, Mo. The station a.t Saint Louis was occupied 
during the summer and autumn of 1882 by the party of Assistant G. 'Y· Dean for the exchange of 

S.Ex.29--7 
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longitude signalR with a number of stations in the interior States. At Saint Louis the observations 
were made by Uarlisle Terry, jr., Aid in the Rnrwy, nttachPCl to 1\fr. Dean's party; at Little Rock 
Subassistant F. H. Parsons established the longitude station and made the ooserrntions. 

J,ittJe Rock being one of tJie secondary Rtations in thE scheme of opnations, the ohsen'ers did 
not change placPR. Very satisfactory resultR were obtained h,v the three nights' exchanges, Novem
ber 6, 7, and 10. 

Tbe latitude of the statio11 was determined by eight.y-one ob .. ervations upon fifteen pairs of 
stars. Refere1we is wade to other stations occupied by Mr. l\tri>ous under the headi11gs of Sections 
XlH and XIV. 

SECTION IX. 

TEXA8 AND INDIAN TERRIT011Y, INCLUDING GULF COART, BAYS, AND RIVERS. (SKETCHF.li?\os.1AND14.) 

Hydrography of the coast of Texas, from Gafoeston entrance, ea.stirard.-I1ieut. E. M. Hughes, 
U.S. N., Assistant Uoast Survey, having assumed command of tbe steamer Gedney, in pursuance 
of iustructious issued in December, 1882, proceeded to Galveston, Tex., and organized hiis rarty 
on board that vessel for tlle extension of tbe l1ydrography of tbe coast of Texas from Galrnston 
entrance to the limits of the completed triangulation. 

On the passage from New York tbe steamer ·e11cou11tered very bad weather alHl sustained 
damages whicl1 compelled ber commander to put into Smithville for shelter~ and to have her docked 
at New Orleaus for repairs. It was therefore not until Fehruar,r 14 that field-work could be begun. 

The work executed between this date and the close of the season, April 30, cow prised a survey 
of Galveston inner bar, the ~rootion of signals along the beach for a distance of forty miles east· 
ward of Galveston, and the completion of off-shore soundings, to include the ten-fathom curve, to 
a point thirty miles to the eastward of Galveston entrance. This leaves twenty-five miles of 
hydrographic work ~·et to be done to complete the hydrography to Sabine Pass. · 

Lieutenant Hughes haR submitted a compreheusive report of his survey, complete as regards 
all details of its execution, and stating the leading features and peculiarities of the coast. Some 
extracts from this report are here given: 

"The coast eastward from Galveston being extremely low, large signals were necessary, and 
these were bum in the mo:;;t substautial mauuer to withstaud the northers and t!Je southeast gales 
prevailing during the winter months. For the first twenty-five miles from Galveston no signals 
were found, but the points were recovered with no trouble whatever, owing to the fact of each one 
being marked hy a hu,.;J1el or two of white shelhi on the surface. The signals erected a.re from 
forty to sixty fret in lw.ight, and will undoubtedly he found standiug during the coming winter. 

"During the past 1waso11 the weather was extremely unpropitious, February being foggy and 
March and April stormy, with much haze and fog. In almost every instance, where the sea was 
smooth enough for working, the weatlier was so thick that signals could not be seen two miles off 
shore. Nead~· all the work accomplished was achieved only by going out on the back of a norther 
and putting hi every available moment, for as the northerly wind died out it invariably hauled 
around to the eastward~ and within forty-eight hours blew u11 heavily from southeast. 

''No regular current stations were made, but the current was measured on anchoring, before 
getting under wa.v, and, at times, at the end of a line off shore. On the shoal area, extending well 
off the coa"t 11ear Galvei-ton, the current is largely controlled by the wiud in tlirectiou, 1md its 
strength is Yariable, in ;;o marked a degree that the result obtained in one place is of not the least 
value in iorf'CllRtiug that at another five miles further out or in. The maximum current encountered 
was on April 18, st.ea.ming to the westward for Galnston, about four miles off shore. J!'or a period 
of 6.2 bours we stemmed a mean current of 1.6 kuots per hour, setting ENE. (Wiud SSW. 4-6.)" 

Tlte results of the imrvey are shown upon two hydrographic sheets upon scales of 1-80,000 for 
the coast approaches and 1-10,000 for the inner bar of Galveston. Statistics are as follows: 

Miles run in sonudi11g • • • . • • • • • . ... - -....... _. . . . . . . . . . . . . . . . . . . . . . . . . 714 
.A nglell measured . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . _ .... _ . . . . 1, 026 

Numberofsonndings ·-·······················-········· .........•..... 101276 
N um her of specimcus of bottom preserved . . . . . . . . . . . . . • . . . . . . . . . . . . • • .. 39 
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Lieut. C. McR. Winslow, U. S. N., and Ensigns T. M. Brumby, W. C. Caufield, and William 
Truxtun, U. S. N., were attached to the hydrographic party under the direction of Lieutenant 
Hughe~. After the close of the season, the Gedney proceeded to New York, where she was pre
pared for service on Long Island Sound. Duty performed by Lieutenant Hughes earlier in the 
fiscal-year is referred to under the heading of Section II. 

Topography of the shores of Nueces Bay; tria.ngulation iii the vicinity of Matagorda Bay; meas
urement of a base of verification and observations for azirnuth.-Witb a view of resuming work upon 
the coast of Texas at the earliest date that. the abatement of the yellow-fever epidemic on that 
coast rendered desirable, Assistant R. E. Balter proceeded to San Antonio, Tex., and thence to 
Oorpus Christi, in the autumn of 1882, in pursuance of instructions directing him to complete the 
survey of Corpus Christi Bay. He took up work on the shores of Nueces Bay (the upper part of 
(..Jorpus Christi Bay) late in Octobt>r, and finished the topograph~- needed, early in Januar,Y, 1883. 
Ile wa.<> then uirected to organize his party at Matagorda, Tex., for the verification of the old trian
gulation between the head of Matagorda Bay and the terminal points of the primary triangulation 
from Galveston Island southwestward. For this purpose he first made search for two or more 
µoints of the triangulations of 1853 and 1855, and connected them by a new triauguhttion, depend
ing upon a new base, the site of which was selected by him on Matagorda Peninsula and its length 
measmed. All of the old station points immediately on the coast of the Gulf had been washed 
away or destroyed, but on the mainland the old lines, Seven Mile-Lim Oak and Prairie-Kenner, 
were re-established, connected with the new· base, and the direction of the base-line determined 
by observations of azimuth. 

Later in the season search was made for stations of the triangulation of 1851 between Cany 
Bayou and ·west Base, Galveston Island, but without other success than that of finding two points, 
"Cottonwood" and "Oyster Creek," both on the side of the main land. Field operat.ions were 
dot>ed eal'ly i11 June, and arrangements made to continue the work in the following autumn. 

Assistant Halter has submitted the following statistics of the season: 

Shore-Hue surveyed, miles ........ _ ......... _ . . . . ... _ .... _ ..•. _. . . _ ... . 
Roads, length of, in miles . . . . . . . . . . . . . ... _ .. _ . _ ....... _ .....•••.•.. _ . _ .. . 
Area of topography, in square miles ......... _ ... _ ........ _ .. _ ........ _ ... . 
Number of ob8ervations in triangulation._ ... __ . _ .... __ .. __ .. ___ ... _ _ ... __ 
Number of observations for time . __ .. . .. _ ... _ .. _ .. _ .•..... _ ... _.. . . . . _ .. 
Number of observations on star and on mark for azimuth . _. _.. . . . . . . _ .. _ . 
Length of base-line, in meters .... _ ....... __ . . . _. __ . _..... • . . . _ ....... . 

Mr. J. E. McGrath served as Aid in the party. 

SECTION X. 

43 
17 
5 

1,610 
366 
174 

3,786 

CALIFORNU, INCLUDING THE COAST, BAYS, HARBORS, AND RIVERS. (SKETCHES Nos, 2, 15, 16, 17,AND 24.) 

Establislmient of a magnetic ~tlf-registering-record station at Los Angele,s, Cal.-Reference was 
made in my last annual report to the site select.etl for a permanent magnetic Htation for observa
tions to be made in co-operation with the work of the Signal Office and with that of the Interna
tional Polar Commission. ln pursuance of instructions issued in July, 18821 Mr. Werner Sut>ss, of 
the Uoast and Geodetic SurYey, proceeded to Los Angeles, Cal., and took temporary charge of the 
magnetic observatory, which had been erected by Assistant James S. Lawson in the grounds of 
the State Normal School. 

Immediately upon his arrival Mr. Suess began preparations for placing the self-registering 
record instruments (the Adie maguetograpbs) in position and adjustment. The main pillars for 
the clock, the declinometer, the horizontal and vertical force magnets having been set before the 
erection of the building, it remained only to place the pillars for the lamps and rea{ling telescopes. 
li'or this purpose Mr. 8uess mounted the instruments temporarily, and by the close of July had 
secured the slate and marble bases on their respective column8. The final adjustments were made 
With the co-operation of Mr. Marcus Baker, Acting Assistant, who arrived in Los Angeles early in 



 

52 UNITED STATES COAST AND GEODETIC SURVEY. 

August to take charge of the observatory. By the 28th of September, the sensitive photographic 
paper was in place upon the c.rlinders in readiness for the adjustments of the driving clock, of illu
mination, and for testing the chemical processes. In October the actual registry with the magnet
ograph began, and a continuous record of the magnetic e!Pme11ts was obtained photographically. 

Determinations of tile absolute ntlues of the magnetic declination, dip, and intensity were 
made in September on the usual term days, and were continued monthly. For this purpose a 
temporary building was put up at some distance from the one containing the differential instru
ments. 

The changes of magnetic declination, changes of horizontal force, and changes of vertical force 
recorded bj" the magnetographs on separate sheets have been developed imccessfully during eacl1 
month up to the date at which this report closes. The tabulations have also been made and the 
means calculated . 

.A tltermograph record, on which the temperature of the magnet room is recorded automatically 
e\·ery balf:bour, has been kept continuously since November, 188:.!. Time observations for the regu_ 
lation of the standard chronometer have been taken regularly eac!J month. 

Following is a summary of the various observations, from the date of beginning in September, 
1882, to June 301 1883: 

Number of observations for time _ . . . . . . . . . .......... . 
Number of observations for azimuth..... . . . . . . . . . . . . . . . . . . . . . . . . . ...... . 
Number of angles observed .. _ ........................................ _ .. . 
Number of temperature observations ................. _... . ............. _. 
Number of observations for magnetic constants .................. . 
Number of observations for absolute declination . . . . . . . . . . _... . ..... _ .. . 
Number of observations for absolute dip . . . . .... _ .... __ ............. _ .... . 
Number of observations for absolute intensity .... _. . . . . _... . ............ . 
Number of unifilar observations ................ _ .. -.. _ .. _ .. ~ .......•..... 
Number of bifi.lar observations..... . ...... - . . . . . . . . . . ........ - .. 
Number of vertical-force observations ........ _ ....... - . _ ................ _. 

328 
98 
14 

2, 270 
826 

1,028 
3,270 
1,330 
6, 520 
6,418 
6,450 

Since January, 1883, Mr. Lucius Baker has aided in the routine work of the observatory. 
001itinuation of the primary triangulation northward from Po·int Ooncepcion.-Assistant James 

S. Lawson, upon ltis return in August, 1882, from Los Angeles, Cal., where he had superintended 
the building of a magnetic observatory, was assigned to the charge of the primary triangulation 
northward of Point Concepcion. The scheme, as laid out, involved the occupation of a series of 
primary points, connecting with "Santa Lucia," one of the southern stations of Assistant David
son's work, and starting from the line "Lospe-Tepusquet." 

Having posted heliotropcrs at the stations to be observed upon, Assistant Lawson occupied 
"Tepusq uet." Progress was much delayed at this station by the thick and smoky condition of 
the atmosphere, and by a prevalence of strong east and northeast winds bringing dense clouds of 
dust from the Great Valley of California. Jn many instances these dust storms would so envelop 
the countr.v that in a few hours even the tops of the nearest ridges, half to three-quarters of a mile 
distant, were barely visible. Much injury was done to the camp by the violence of the·winds, two 
tents and the flies of others being blown to pieces. · 

While at Tepusquet, Assistant Lawson was directed to report temporarily to Assistant George 
Davidson for duty in the party organized by him for the observation of the Transit of Venus at a 
statiou in New Mexico. Leaving his party in charge of his aid, Mr. P.A. Welker, in November, 
1882, Mr. Lawsou, upon bis return in Jauuary, 1883, found that the work at Tepusquet had been 
completed and that the occupation of Lospe bad just been beguu. At this station a succe8sion of 
fogs, quite unusual for the season, was experienced, the greater number of days in March and April 
being foggy. 

All of the observations needed at Lospe were obtained b;S' the 26th of .May, when field opera· 
tions closed. Mr. Lawson and his aid returned to San Francisco, and, in accordance with instrnc
tfons, they reported to .Assistant George Davidson for duty under his direction. 
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Tbe statistics of the work accomplished at the two primary stations are as follows: 
Number of pointings for horizontal direction .......... - ......... - . . . . 1~ 384 
Number of pointings for vertical angles (double zenith distances)...... . .... 1, 536 
Number of nights on which stars were observed for azimuU.1.. . . . . . . . . . . . . i3 ... 

- Number of stars observed for time...... . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . 35 
Number of observations for time.. . . . . . . . . . . . . . . . ....... _____ - . . . . . . . . . . 298 
Number of pairs of stars observed for latitude...... . . . . . . . . . . . . . . . . . . . . . 45 

Not included in the above summary are the numerous sets of obsen·ations taken for the deter
mination of instrumental constants. 

At Tepusquet the third and fourth contacts of the Transit of Venus, December 6, 1882, were 
observed by Mr. Welker. For details, see Appendix No. Hi. 

Near Lospe Station was found Substitute Station of the tertiary triaug·ulation of ARsistant 
Greenwell in 1878. Thh~ was connected with the primary triangulation both by measures of angles 
and of distances from Lospe by a stet'! tape. 

Reference will bemade under the heading of Section XVI to the work of.Mr. Lawson m;assistant 
astronomer in the party under the charge of Assistant George Davidson for the obser,·ation of the 
Transit of Venus at Cerro Roblero, N. J\'Iex. 

Hydrographic sur1'ey from lffonterey southward.-In continuation of the h;vdrographic survey of 
the coast of California, Lieut. W. T. Swinburne, U. S. N., .Assistant Coast Survey, commanding 
the steamer McArthur, proceeded with his party on board that Yes.•el to Montere~', Cal., earls in 
January, 1883

1 
in accordance with instructions issued during the pre\'ious month. 

Having located his tidal station and begun a set of obsen·ations to obtain a plane of reference 
for his soundings, Lieutenant Swinburne took advantage of the favorable weather which prevailed 
generally during the season and completed the hydrography from Point Pinos to Cooper's Point 
between the 5th of January and the 16th of May. This tidal station was referred to the Coast 
Survey bench-mark established near Monterey in 1854. 

The results of the survey are shown upon five hydrographic sheets-ea~h upon a scale of 
1-10,000. The statistics are: 

Miles run in sounding . . . . . . . . . . . . . . . . . . . . . . . . . . . . ....... - . . . . . . . . . . . . 652 
Angles observed _............. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2, 722 
Number of soundings .................................................... 11, 510 

The depths sounded ranged from one foot to five hundred and forty fathoms. 
The following-named officers were attached to the hydrographic party on board of the 

McArthur: Lieuts. J.B. Milton and W. P. Elliott, U.S. N.; Master F. H. Lefavor, U.S. N.; and 
Midshipman P. B. Bibb, U.S. N. . 

Duty assigned to Lieutenant Swinburne on the California coast in other portions of the 
fiscal :1·ear until his detachment from the Sun•ey in May, 1883, will be referred to later, under the 
heading of this section~ 

Operations at San Francisco, Oa l., for the determ,inaetion of the longitude of the Transit of Venus 
Sta,tion near Fort Selden, N. M., by exchanges of telegraphic signals . . Observations of the Transit at 
San Francisco.-After the completion of the observations of the Transit of Venus of December, 
1882, at Cerro Roblero, near Fort Selden, New Mexico, under the direction of Assistant George 
Davidson, arrangements were made by Mr. Davidson for the determination of the longitude of his 
station by exchanges of telegraphic signals with San Francisco. 

The station of obsen·ation on the summit of Cerro Roblero was referred by triangulation to a 
station at Fort Selden, and this latter station was connected by telegraph line with the astronom
ical station of the Coast and Geodetic Survey at Lafa~·ette Park, San Francisco. 

Assistants Davidson and Lawson made the observations for time at Fort Selden, using the 
Davidson meridian instrument No. 1. The charge of the work at the San Francisco statiOn was 
assimied w Assistant J .• J. Gilbert, with Mr. C. 1:t Hill as recorder. Time was determined with the 
Tronghton and Simms transit No. 3. Clock signals were exchanged upon fh·e successive nights, 
complete sets of time determinations being obtained before and after each exchange of signals. 
Assistants Davidson a.nd Gilbert subsequently observed upon three nights for personal equation. 
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Assistant Davidson gi\'es the following results for the longitudes of Fort Selden and the Transit 
of Venn:-; Statiou from tile field reductions: 

Telegraphie longitude, Fort Selden Station, 7h 07m 40•.56 west of Greenwieh. 
Telegrapbic longitude, Geno Roblero, 7h 07rn 41 •.24 west of Greenwich. 
At the Davichmu Observatory in San Fr:tncisco, and elsewhere upon the Pacific coast, an 

unusually stead.)· atmosphere prevailed upon the day of the Transit of Venus, and successful obser. 
vatiomi were made at the station just named by Assistant Gilbert, who had been assigned to the 
charge of the work. 

Mr. Gilbert, aided by 1\Ir. Ferdinand Westdahl, used the 6.4-inch equatorial in making meas
ures of the polnr awl equatorial diameters of the planet ou the sun's disk, the distance apart of the 
cusps, and the I II and IV contacts. The other obst·rvers at this station, with other i11strume11ts, 
were Assistant E. F. Dickins, Mr. C. B. Hill, aud Mrs. George Davidson. 

At the Coast and Georletic Station on Mount Diablo, Cal., observations of the Transit were 
made by :\1r. ,Justin P. l\Ioore, vice preside11t of the California Academ,Y of Sciences: 

D('tailed reports of the observations at the California stations are included in the full report 
of Assistant DaYidson, which has been traus1J1itted to the Superintendent and to the President of 
the Tram;it of Ven us Corn mission. 

Hefereuce will be made later under the heading of this section to the occupation of Mount 
Tama.lpais and to other duty in the field and in the office executed by the party of Assistant 
Davidson. 

Completion of the supplementary survey of the San Fra,ncisco Ptminsula.-As stated in my last 
annual report, the supplementary topographical survey of the Sau Fra11ci.-;co Penimmla, which 
had been committed to the charge of Assistant I,ouis A. Se11gteller, waf!·nearly completed at tlui 
beginning of tlie present fiscal year. A hydrographic examination of th(1 city front of San Fran
cisco and of Oakland Creek and its approaches was in progress at the end of June and was finished 
early in ,July, 1882. vYith this, it was deemed that all necessary work bad been accomplished. 

The byclrographic sheet was finished at the San Francisco suboffice by Mr. Ferdinand West
dahl, draughtsman, under Assistant Sengteller's direction, nnd transmitted to Washington about 
the middle of Augmit. 

Duty subseqneutly assigned to Assistant Sengteller will be referred to under the beading of 
Section XI. 

DeterminaHons of the force of gravity and of relative magnetic intensity at Smi Francisco, Cal., 
in conneetfon with similar determinations to be made at Point Barrow, Alaska.-In furtherance of 
pla11s inhiated <luring the preceding year, by virtue of which the Coast and Geodetic Survey co
opnatecl with the Signal Service in establishing a station of the International Polar Commission at 
Point Barrow, Alaska, Mr.RA . .Marr, Actiug Assist:mt, was directed in May, 1883, to proceed to 
Sau Frauch;co, Cal., and tbeuce to Point Barrow with the Signal Service Relief Expedition, ap
pointed to sail from the fornwr port in June, 1883. 

Before leaving Sau Francisco Mr. Marr was instructed to swing his pendulum (Peirce No. 4) 
at such station as should he selected by Assistant Davidson as a permanent pendulum station, and 
to vibrate the magnet of his magnetometer on several days with a view of determining the relative 
horizoual i11te11sit,y lwtwceu San Francisco and Point Barrow. 

Six sets of oscillations were obtained for the gravity determinations at the pendulum station, 
coruer of Clay and Octavia streets, a pier having been set up, and a small building constructed for 
that purpoile. The magnet of magnetometer No. 6 was vibrated upon four successive days at the 
Presidio :Magnetic Station. 

On the 16th of ,June Mr. Marr left San Francisco on the schooner Leo for Ooglaamie, Point 
Barro"", Alaska. 

Det-Onninations of the force of gra,vity at Ban Francisco in connection with similar determinations 
at tlte Transit of Venus Station in New Zealand, and at stations in Australia a1id Eastern Asia.
Assistant Edwin Smith, who had been in charge of the party for the obser>ation of the Transit of 
Venus at Auckland, New Zeala11d, and by whom bad been made sets of observations with the 
Kater invariable pemlulums at the Transit of Venus Station and at other stations in the east, 
arrived at San Francisco with bis assistant, Prot~ B. S. Prichett, on the 31st of May, 1883. Be 
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brought with him the Kater pendulums, to be swung, in accordance with in;;;tructions, at the 
pendulum station selected by Assisbmt Davidson at the corner of Clay and Octada streets, San 
Francisco. Having rendered some assista11ce to Mr. Marr, whose pro!-ipective work in Alaska has 
just J?een referred to, Mr. Smith swung the three Kater 11rmlulnms coutinnonsly from .Juuc ~o to 
June 26, observations for time being made on each night. Profei-;sor Prichett aicle<l iu the work 
until his detachment June 22, after which Mr. Smith had the aid of Assistant B. F. Dickins. 

Further reference is made to the valuable comparative determinations of gTavity obtained by 
means of these pendulums in Part I of thiR report, under the heading of" Special Scientific ·work," 
and again towards the close of Part II, under the heading "Special Operations." 

Tidal observations with self·regi.~tering tide-ga.uge continued at Sancelito, near 8an Fmnci.Yco Bay 
entrance.-The self-registering tide-gauge at Sancelito,just inside of the entrauce to the bay of San 
Francisco, has been run ver_y successfull.Y and without interruption by Mr. I~. Gray. Tile work 
has been done under the direction of Assistant Davidson, who transferred the gauge and the datum 
plane in 1877 from the J<'ort Poi11t Statio11, where tidal obserrntions bad been continued for about 
twenty -three years. This. datum plane bas been adopted 'US a plane of referpnee h;y the city of San 
Francisco, the State Board of Harbor Commissioners, and the railroad companies. Constant 
application is made for data from tbe ohserYatiOUS. 

The earthquake waves from the great Java earthquake w1•re reported from thiis tidal station 
before any notice of earthquake or volcanic erupti011 bad been madt~ known. 

Occupation of a station of the primary triangulation north of San Francisco Bay.-In continua
tion of the primar~· triangulation north of San Fra.ndsco Bay, and to complete tl1e serieR of direc
tions iu the Dm·idsou quadrilateralR coming· from the Yolo Base Lint>, As,,;istaut George Da ,-idson 
had made arrangements, at the beginning of the fiscal year, for the occupation of l\Iount Tamalpais. 
As mentioned in my last annual report, the station was prepared for occupation by Subassistant 
Pratt, and upon Mr. Davidson's arrival, Augn:4 24, olmerrntions were begun. 

The work included a full series of horizoutal directions UJHHl seHn main stations and four 
primary and secondary stations. One of these was the dome of the Lick Observatory at 1\lount 
Hamilton; observations from Sierra Marina will determine its gt:>ogrnphieal poRition. 

With reference to the weather experienced at Mount 'famalpais and the methods of observa
tion, &c., some extracts from .Assistant DaYidson's report are given: 

"The seal!on was exceptionally unfavorable for triangubtiou, the worst I have met with for 
many years. The smoky atmosphere was per,,;iste.nt to four thousand or five thousand feet eleva· 
tion; the winds at the height of om station were rarel.v strong, :rnd the ,,;moke w:~s ~l'hlom cleared 
away. For days and days it was frequently impoesible to see over five miles. l never saw the 
signal on l{.ocky Mound, distant only nineteen and one-half miles, and finally had to use a helio
trope there. The smallest heliotrope I used during the season was three inches square; six inches 
square failed to penetrate forty miles in wh:tt was the medium condition of the smoke. This 
smoke comes from the burning forests in the north and in the Sierra Nevada, and from the burn
ing of the high grain stubble of t.he many valle_ys. The fogs below ns were nsnally one thousand 
two hundred to one thousand six hundred feet deep, and when the,y rose higher they sl'emed to 
increase the trouble by creating a bright haz~. When the fogs would clear from the ,-alleys and 
variable winds blow, the heliotrope signals woul<l appear as flames or boiliug oujeets of thirty-five 
t-0 fifty seconds diameter. 

"The total number of observations upon the main stations is nine hundred and forty-two in 
twenty-three positions of the instrument, the plan involving two observations in each position; 
broken series necessarily increased the number on some stations. The number of ocular puint.i11gs 
was three thousand five hundred and fifty. 
, "For my initial direction I used Mount Diablo, thirty-eight, miles distant, observing upon it 
m connection with the azimuth observations. In all of these observations I used the ocular 
~icromewr readings; the heliotropes were f'reqnently twent.y, twenty.five, and thirty seconds in 
diametier, very irregular, and IJoiling or fiantiug without any nucl~us; when smaller, jumping five to 
ten seconds each side of the cross hairs, or slowly moving five seconds, so slowly that I could not 
decide sometimes where the mean lay. Without using the ocular wicrometer to correct the initial 
pointing I should frequently have boon compelled to forego observing, and thus protract the work. 
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In its use l feel a certainty and confidence which have greatly impressed me with the value of the 
method, and the results confirm my judgment. Even when all the signals are showing, the method 
has never prevented me from making all the observations necessary at any morning or afternoon 
work." 

For azimuth, observations were made upon B. A. 0. 4165 at western elongation, and a Urs. 
Min. at easteru elongation, the position of the instrument being changed fol' each star. From 
Mount Tamalpais the light of the six-iuch piano-convex aziHiuth lens at Mount Diablo {thirty-eight 
miles distant) was frequently •isible to the naked eye, and was sometimes obsened through mod
erate smoke. The ocular micrometer readings were used on the Mount Diablo light, but not on 
the st::ir. At the close of each night's work the direction of the light on the S. E. Farallon was 
observed. · 

For azimuth two hundred and sixty-seven observations were made on the mark and three 
hundred and seventy-six on the stars. The number of ocular pointings was one thousand. 

For time and latitu<le, the observations were made hy Subassistant J. P. Pratt, with meridiau 
instrument No. l and zenith telescope No.1. For latitude, twenty-eight pairs of stars were observed 
on an average of seven nights, and for time, two hundred and forty-two observations were made on 
twenty-two nights. The usual observations for instrumental constants were made. 

Subassistant E. F. Dickins was assigned to duty in Mr. Davidson'R party on the ~!)th of July. 
He assisted in the preparations for field-work, examined several main triangulation stations and 
posted the heliotropers, set up the azimuth lens at Mount Diablo, and observed the vertical angles 
to all of the main stations. For this purpose four hundred and twenty-six double zenitl1 distances 
were observed upon eight objects. 

At this station Assistant Davidson and Subassistant Pratt observed upon the great comet of 
1882, making meridian observations for right ascension ancl declination on three days, and subse
quently a large number of observations for altitude and azimuth. 

Mr. C. B. Hill kept the records of observation of horizontal directions and of azimuths, and 
aided Mr. Davidson and his assistants in the current work of the party. By the 9th of October, 
all observatious ueeded at Mount Tamalpais were completed. It had been expected to occupy Sierra 
Marina as the next station in tbe series, but the delays caused by bad weather, and the necessity " 
of beginning at once preparations for the organization of the party to observe tbe Transit of Venus 
at a station in New Mexico, made a postponement of that occupation unavoidable. 

Full reference is made in Part I of this report, and under the heading of Section XVI in thiR 
part, to the observation of the Transit under the direction of Assistant Davidson. 

After his return from that duty early in 1883 to the close of the fiscal year he was occupied iu 
the preparation of his report upon the observation of the Transit, in the completion of his "Field 
Catalogue of 1278 Time and Circumpolar Stars," and in the compilation of material for a new edi
tion (the fourth) of the Coast Pilot of Oalifornia, Oregon, and Washington Territory. The great 
amount of new material available since the publication of the edition of 1869 has made it necessary 
to rewrite this Directory, and the usual office duties have retarded its speedy completion. The first 
part, comprising the coast from San Diego to San Francisco, will be put in print whilst the second 
part is in preparation. 

In answering calls for information upon the suboffice at San l!'rancisco, Assistant Davidson 
had the aid of .MesHrs. Ferdinand W estdahl and C. B. Hill; the former aided also in Coast Pilot 
work, and the latter in geueral office-work and at the observatory. 

During the year, assistance was rendered by Assistant Davidson to the parties of .A.8sistant 
Smith and of Mr. Preston and Mr. Marr in making their pendulum experiments at the Lafayette 
Park station, where a.temporary building had been erected for this work and for comparing base· 
bars. 

Continuation of the hydrographic survey in the vicinity of Point Arena, Oat-Early in July, 
1882, Lieut. W. T. Swinburne, U.S. N., Assistant Coast Surv~y, was instructed to make ready for 
sea the steamer :McArthur under his command, and to proceed to the vicinity of Point Arena, Cal., 
in order to ma.~ hy~rographic survey in continuation of that made by his party during tbe pre
cedmg season. o this surTey between "Bodega Bay and Point Arena, reference was made in my 
I.Mt annual report. · 



 

UNITED STATES COAST AND GEODETIC SURVEY. 57 

The hydrograpby executed between October 5 and November 23, 1882, extends from Point 
Arena to Salmon Point, and is comprised in three sheets on a scale of 1-10,0oo, ranging in latitude 
from 38° 55' to 390 13' north, and in longitude from 123° 40' to 1230 49' west of Greenwich. Sta
tistics of the work are: 

- Miles run in s1;mnding _ . • . - - . . . . . . . . . . . ... - ..•................... - . . . . . 312 
Angles measurell . . . . . • . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . 1, 170 
Number of soundiugs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... _ ....... _ . . . . . . . . . 6, 458 

In this work Lieutenant Swinburne had the aid of Lieuts. J. B.1\lilton and W. P. Elliott, U.S. 
N., and of Master F. H. Lefavo'r, U. S. N. 

Other service 11erformed in the ~lcArthur by Lieutenant Swinburne and by his successor in 
command, Lieut. E. D. Taussig, is reported umler the heading of this section. 

H.vdrographic 1Jurve-.1J in the vicinity of 11fenrlocino City, Gal.-In May, 1883, Lieut. E. D. Taus
sig, U.S. N., Assistant Coast Survey, was directed to take command of the steamer McArthur, 
relieving Lieut. W. T. Swinburne; awl after making the vessel ready for sea was instructed to 
proceetl to the vicinity of Mendocino City, Cal., and make a hydrographic survey iu accordance 
with a scheme to be sent to him from the office. The progress of this work will be stated in my 
next annual report. 

Continuation of the primary triangulation of the north coast of Gnlifornia.-The scheme for the 
extension of the triangulation of the north coast of California preseuted by Assistant A. F. l~od_ 
gers as the result of his reconnaissance of the previous year having been accept~d, he was instructed 
in ,July, 1882, to occupy the stations in the order deemed best as soon as the resumption of the 
work became practica.ble. 

Having organized his party for the field, he established his camp upon King Peak, Humboldt 
Comity: California, a mountain of about four thousand oue lmntlred feet in height, and began 
ob8ervations. This station forms a quadrilateral with the primary stations Great Caspar, Sanhe
drim, and Lassie to the south and east, and another quadrilateral with Bear Ridge, Mad River 
Summit, and Lassie to the north and east. (See Sketch No. 17.) 

The season proved exceptionally unfavorable ou account of smoke and fog, the former being 
so dense that for days at a time not, eveu the outlines of mounta.ins four or five miles distant were 
visible. This constant prevalence of smoke, more or less dense, during the months when access 
to the elevated peaks of' the north coast range is practicable, presents a serious obstacle to the 
satisfactory progress of' the primary triangulation, and some method of overcoming it remains to 
be devised. 

All of the observations of horizontal directions and vertical angles desired were· obtained at 
King Peak by the 28th of October, and arrangements were at 'once begun by Assistant Rodgers 
for the occupation of "Lassie," a station six thousand two hundred feet in height. Part of the 
equipments had been packed down the mountain trail, when a storm of rain, hail, and snow came 
on, which, for severity and duration, exceeded any that l\lr. Rodgers had experienced during 
twenty.five years of camp life. He was storm-bound with bis party for ten days at King Peak. 
After the storm abated, it was found impracticable to approach" Lassie?'; hence the occupation of 
that station was necessarily deferred to another seasou. 

Assistant Rodgers expresses bis high appreciation of the services of Assistant Stehman Forney 
who aided him in the field work at King Peak, and subsequently in the revision of the record: 
and in the computations of results. In this duty, and in collating the original tiehl-uotes relatin~ 
to descriptions of stations of the i1orth coast tertiary triangulation, Messrs. Itodgers and ~'orne) 
were occupied at the suboffice in San Francisco until the close ot' the fiscal year. 

SECTION XI. 

OREGON AND WASHINGTON TERRITORY, INCLUDING COAST, INTERIOR BAYS, PORTS, AND RIVERS. 
(SKETCHES Nos. 2, 17,AND 18.) 

Triangulation and topography of the Umpquah River and approacMll, Oreg.-In accordance with 
instructions received toward the close of July, 1882, Assistant L. A. Sengteller left San Francisco 

S. EL 29 8 
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August 11 to begin a sur\'ey of the Umpquah River, Oreg. This is the largest stream which 
enters the Pacific between the Sacramento and Columbia Rivers. A preliminary survey of the · 
entrance was published in 1854. 

Through the kindness of the Coos Bay Steamship Company, 1\Ir. Seugteller and bis party were 
landed at Gardiner, on the Umpquah River, August 15, and the next morning he established bis 
camp at Winchester Bay, llear the mouth of the river. 

Field operations were begun by locating a preliminary base upon the sand dunes lying upon 
the north bank of the river and extending from the mouth northward. Pending the arrival of the 
subsidiary base apparatus, a measurement of the base was made ·with steel tape. Observations 
of horizontal angles were then begun, a sufficient number of triangulation stations having been 
established; and about the middle of September the topography of the shores of the river and 
approaches was commenced. In October the base-line, one thousand one hundred and ninety-two 
meters in length, was measured with the subsidiary base apparatus. Observations of horizontal 
angles and plane-table work were continued till NoYember 17, when fieJli operations were closed. 

Assistant Sengteller remarks that in crossing the bar all sailing vessels are now towed in and 
out by powerful tugs, practically removing the dangers attendant upon passing a narrow channel 
with strong currents and usually heavy swells. Botl1 the bar and entrance are constantly shifting, 
but at the time of his survey could be safely crossed, except in rough weather, by vessels drawing 
thirteen to fourteen feet water. The nver is navigable to Gardiner, a large mill site, about seven 
miles above its mouth, for any vessel which can cross the bar, while to Scottsburg, which is prac
tically the head of nadgation, and twenty-five miles above its mouth, seven feet may be carried. 

About a mile above Gardiner a large tributarJ·-Smith River-empties into the Umpquah, 
affording about the same advantages of navigation as the main river. 

At the beginning of the season dense smoke from the many forest fires raging along the coast 
materially impeded the progress of the work, and towards the close delays occurred owing to 
heavy and protracted rains. 

The statistics of the partly completed survey are: 

Number of angles measured .......... _.................................... 186 
Number of observations made ... _ ................. _ ...................... 3, 713 
Miles of ocean shore line surveyed. . . . . . ........................ - . . . . . . • . . 4 
Miles of shore line of rivers and streams surveyed ................... - . . . . . . 11 
Miles of trails surveyed. . . . . . . . . . ..... _ . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 
Area of topography in square miles ............ _. . . . . . . . . . . . . . . . . . . . . . . . . . . 6 

After disbanding bis field party Assistant Sengteller proceeded to San Francisco, and was 
occupied until the close of the fiscal year in the preparation and completion of the records and 
results of his field-work. He will resume the Umpquah River survey at the earliest date practicable. 

Continuation of the survey of the Cohnnbia River and tri/Jutaries.-At the beginning of the fiscal 
yeal' Assistant Olm·eland Hock well was engaged in making a topographical survey of the Columbia 
River lowlands between Saint Helens and the mouth of the Willamette. Abbut throo-fourtbB of 
the work was completed liy the 28th of October, when field operations closed. 

Mr. Rockwell was then directed to report for duty at the suboffice in San Francisco, and was 
engaged there until June in inking and duplicating records of field-work. Early in that month he 
was instructed to proceed to Portland, Oreg., preparatory to resuming charge of the Columbia 
River survey. The progress of that work and of other examinations and surveys assigned to 
Assistant Rockwdl will be stated in my next annual report. 

Hydr()graphic surveys of Gray's Harbor and in the Straits of Fuca and Ad11iiralty Inlet.-Having 
received the requisite instructions, Lieut. T. Dix Bolles, U. S. N., Assistant Ooast Survey,)>ro. 
ceeded with his party, organized on board of the schooner Earnest, to make a hydrographic sutTey 
near Cape Partridge, at the entrance to Puget Sound. He was also directed to make such addi· 
tional soundings between Point Partridge and New Dungeness as were needed to complete the 
bydrography, including that of Dallas Bank. 

A hydrographic sheet, scale 1-20,000, including in its limits a distance of one mile west of New 
Dnngeness and three miles east of Point Partridge, was begun on the 28th of August, 1882~ and 
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finished about the middle of December. A plane of reference for the soundings was obtained by 
observations of tides at Port Discovery and at Port Townsend. Upon the completion of this work 
the vessel was laid up for the winter. 

In April, 1883, Lieutenant Bolles was directed to reorganize his party on board of the Earnest, 
and, ·as soon as the weather would permit, to proceed to Gray's Harbor, Wash. T., and to Tilla
mook Bay, Oreg., for the purpose of making resurYeys of the bars and as much of the harbors as 
might be found necessary to correct and complete the charts of those localities. These resurveys 
were begun at Gray's Harbor May 28, and the party was still occupied in that harbor at the close 
of the fiscal year. 

During the year ending June 30, 1883, the statistics of work reported by the commander of the 
Earnest are as follows: 

Miles run in sounding .. ""...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 274 
Angles n1easured. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1, 599 
Number of soundings ..................................................... 4, 212 

Lieutenant Bolles had the aid of Ensign J. N. Jordan, U. S. N. 
Continuation of the triangulation of Hood's Canal, Puget Sound, Wash. T.-For the more 

economical and effective prosecution of the stu,·ey of Hood's Canal and other waters in Puget 
Sound, the construction of a steam ll,mnch bad been ordered. At the beginning of the fiscal year 
Assistant J. J. Gilbert, under orders to continue the triangulation of Hood's Canal, was at Seattle, 
Wash. T., acting as inspector on behalf of the United States of the work upon the launch. 

Early in September the steam launch, the Fuca, was iu readiness, and Assistant Gilbert, 
having organized his party on board of her, began the triangulation, starting from the last two 
stations established by Assistant Ellicott in 1881. The season, though sometimes rainy and often 
foggy and cloudy, was upon the whole a favorable one, and by November 3 the triangulation of 
the canal was completed to its head. 

Assistant Gilbert, in pursuance of instructions, then proceeded to Rort Townsend and marked 
a new station to take the place of the old astronomical station on Point Hudson, the site of which 
has been covered by recent improvements. The new station was referred to the old, and a descrip
tion of it made. 

Having disbanded his party for the winter; Assistant Gilbert laid up the Fuca at Olympia, 
Wash. T. (she was afterward removed to Port Townsend), and left for San Francisco, where he 
reported for duty, as directed, to Assistant George Davidson, and was assigned to service in con
nection with the Transit of Venus party of observation in charge of that officer. Mr. Gilbert's 
work in this connection is referred to under the heading of Sections X and XVI. 

After the completion of this field ·duty in December, and until the close of the fiscal year, 
Assistant Gilbert remained attached to the party of Mr. Davidson, and was employed in office-work 
relating to the computation of the observations for time and longitude in connection with the 
Transit, and in the computations of his triangulation of Hood's Canal. He made also a computa· 
tion of the latitude of Mount Tamalpais from observations made by Subassistant Pratt in 1882, 
under Assistant Davidson's direction. 

All of the records and computations of the Hood's Canal work have been forwarded to the 
office. Following are the statistics: 

Number of angles measured . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ............. - .. 
Number of observations made ........ _ ................................. . 
Number of secondary readings . . . . . . . ................................... . 
Number of geographical positions determined ......................... ; ... . 

SECTION XII. 

264 
1,643 

107 
52 

ALASKA, INCLUDING THE COAST A.ND THE ALEUTIAN ISLANDS. (SKETCH No. 19.) 

Continuati()'ll, of the kydrographic reconnaiBaance of the s1wre-line a,nd harbors of Soutlieastern 
Alatka.-ln pursuance of instructions directing as early a resumption in the fiscal year as practicable 
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of the hydrographic sun-eys in the waters of Southeastern Alaska, Heut. Commander H. E. Nichols, 
U.S. N., Assistant Coast Survey, had brought the steamer Hassler, under his command, to an 
anchorage at the north end of Mary Island, Revillagigedo Channel, on the 6th of July, 1882. His 
working parties were immediately organized, astronomical obser,·ations were made, a base-line was 
measured on Mary Island, and the triangulation, sketching-in -of shore-line, and the hydrograpl1y 
begun. 

On August 3 the anchorage was shifted to Hassler Harbor; at this station also astronomical 
observations were made, and the work was carried on from here until September 27, when the 
anchorage was shifted to Ward Cove. 

The work of the survey of Uevillagigedo Channel from Foggy Point to Point Higgins was 
completed October G, and on that !lay the Hassler left Ward Cove for Port Wrangel, anchoring 
that night in ~olstoi Ba.r, which waR sketched and a few Roundings taken; the next night an 
anchorage was made in Steamer Bay, wliich was also sketched and sounded, and on October 8 the 
lfassler auchored in Port Wrangel Harbor. A plane-table survey of this harbor was made with 
umuerous souudings. It was Ijieuteuant~Commarnler Nichols' intention to carry this survey around 
I>oint Highfield in order to settle a disputed point regarding its latitude. Bad weather, however, 
compelled the postponement of this part of the work, and the original sheet has been retained on 
board till another season. 

• Ilaving renewed his suppl,Y of coal at Port Wrangel, Liootenant-Commander Nichols steamed 
t.o Port Wraugel Straits October 21, and anchored there to verify the astronomical observation of 
1881; then passing through the straits he entered Portage Bay, of which he made a complete survey. 
Leaving Portage Bay November 6, he anchored the same night in Port Houghton, which was 
sketched; a few sonndiugs also were taken. Returning by way of vVraugel Straits the Hassler 
came t-0 anchor off Port 11\T range! November 10. Some additions were made to the partly completed 
survey of that port, but the weather became too stormy for the advantageous prosecution of the 
work, an<l on the 20th of November Lieutenant-Commander Nichols started on his return to San 
Francisco, stopping at Esquimalt for astronomical observations, aud at Departure Bay for coal, 
an<l arriving at San Francisco December 20. 

During the winter the part~' of Lieutenant-Uommander Nichols was engaged in office work, 
and tlle steamer was under repairs. Towards the close of March, in pursuance of instructions to 
resume the surrny of the coast-line and inland waters of Southern Alaska, the hydrographic party 
on board of the Hassler was reorganized, and towards the close of Ma~r, 1883, Lieutenant-Com
mander Nichols had l>egun a hydrographic survey the in vicinity of Cape Fox. This survey was 
continued throughout the rnontli of .Tune, and will be connected with work of the previous season. 
A report of this and other surveys is necessarily deferred until my next annual report. For the 
season of 1882, the statistics are: 

Number of astronomical stations occupied .. : .......•... _ .•.•.•.. __ ......• _. 7 
Nnm her of magnetic stations occupied . _ ......... _ ....•....•... __ .. . . _.... 2 
Number of tidal stations established...... • ..... _. - -_____ ... - _. _ .. _______ . 5 
Number of' angles measured in triangulation . - - -...•.•.....•. - - . - .. - ....•.. 21 679 
:rtliles run in sounding ••. , .•. - .. - . _ .. _. . . • • ....... - -- . , .•........ _. . . . . 476 
Angles measured .. _ . . . . . _ ...••.. _ .... _ .••••••.. - . _ - .. _ ... _ . _ •... _ . . . . . 3, 153 
Number of soundings -.. - - .. ___ - ...•.•. __ . - ... __ ..... _ .... - -- _ . _. _. __ . . . 7, 910 

The following-named officers, attaclied to the Hassler, rendered effective service in the work 
of the party: Ensigns F. W. Coffin, C. F. Pond, S. E. Woodworth, W. V. Bronaugh, and F. M. 
Bostwick, U. S. N. The observations for time, latitude, and azimuth were made by Mr. Fremont 
Morse, of the Coa.'!3t and Geodetic Survey. 

Acknowledgment has been made by the Alaska Salmon Packing and Fur Company, tbrongh 
its secretary, Mr. David Wilder, for valuable information furnished to the company by Lieut.enant· 
Commander Nichols, with my sanction. His examination of Naha Bay, whero the fisheries of this 
company are located, and his charts of that vicinity, proofs of which were flll1lished to Mr. Wilder, 
enabled the company to decide upon the proper point for building a new wharf at \\hich large 
steamers might load with safety. 
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Tidal observations continued, with self-registering tide-gauge, at Saint Paul, Kadiak Island, 
Alaska.-The self-registering tide gauge at the town of Saint P.tul, in the island of Ka. Jiak, Alaska, 
has made a continuous record to date. At the outset of the work, Mr. W. J. Fisher, the observer, 
was fully instructed by Assistants Davidson and Colonna, and through the liberality and courtesy 
of the Alaska Commercial Company he erected the tidal house and gauge on the company's wharf. 
The curves and tabulated results have been very satisfactory; the meteorological record is valuable 
in giving the percentage of cloudy weather, the rainfall, &c. Sketches of the localities adjacent 
lrn,ve been made by the observer. The work is under the direction of Assistant Davidson. 

The earthquake waves of the great Java earthquake were exhibited upon the tidal curve at 
this station, but not so markedly or distinctly as upon the record of the San Francisco gauge. 

Determinations o.f the force of gra1,ity, a,nd relative magnetic intensity at Point Barrow, Alaska.
Reference has already been made under the heading of Section X to the co operation of the Coast 
and Geodetic Snn>ey with the Signal Office in the establishment of a station of the Inter
national Polar Commission at Point Barrow, Alaska, and to the observations for the determination 
of gravity and of relative magnetic intensity at San Francisco, Cal., made by l\Ir. R. A. l\Iarr, Act
ing Assistant, previous to hi8 departure for Point Barrow. 

Mr. Marr will transmit full reports of the obsen'ations made by him at stations en route to 
Point Barrow and after his arrival there. These will be the subject of mention in my next annual 
report. He left San Francisco June 16, 1883. 

Longitude of Point Barrow, Alaska.-The station of the International Polar Commission at 
Point Barrow was visited during the summer of 1882 by a relief expedition under the command 
of Lieutenant Powell, of the Signal Service. Atlrnntage was taken of thi!I trip to determine as 
closely as practicable the longitude of the Point Barrow Station h,v the transportation of chronom
eters. Observations for time, and comparisons of the four chronometers used, were made June 19, 
20, and 21, 1882, by Messrs. F. Westdabl and C. B. Hill, of the Coast and Geodetic Survey, at the 
foifayette Park Observatory in San Francisco. The ratei; were again determined hy observations 
at Plover Bay and at Point Barrow Oil both the outward and retnru voyages hy Lieutenant Powell, 
and finally by observations, October 27 and 28, on the arrival of the expedition at San Francisco. 

On a<:count of very unfavorable weather at the Plover Bay and Point Barrow Stations, but 
partial observations could be obtained; hence the determination of chronometer ratns depending 
on these observations was not vcty satisfactory. A discus11ion of the results by Mr. Winslow 
Upton, of the Signal Service, gh·ps the following longitude for the Point, Barrow Station: lOh 2Gru 
:~fls west of' Greenwich. This value is sul~ject to future redsion, and itR uncertainty may he 
greatly diminished by observations of moon culminations at Point Barrow. 

SECTION XIII. 

KENTUCKY AND TENNESSEE. (SKETCIIES Nos. l,4,G,20,AND 24.) 

Occupation of the longitud,e station at Louisville, Ky., for the determination of the wngitude of 
additiona.l stations in Kent·ucky by exclta,nges of f{Jlegmphic sign11ls. Observations for the latitude of 
these stations.-ln compliance with a request from Prof. John R. Procter, State Geologist of Ken
tucky, arrangements were made in l\fay, 1883, f'or the determination of a number of points in 
Kentucky in longitude by exchanges of telegraphic signals with the station established in 1879 at 
Louisville. 

Assistant George W. Dean was charged with the direction of the work at Louisville, and 
Subassistant F. H. Parsons with that at the several stations to be determined in geographical 
position. The observations at Louisville were made by .Mr. Dean's assistant, Carlisle Terry, jr., 
Aid in the Survey. 

Work was begun at I10uisville by observations for personal equation between Messrs. Parsons 
and Terry. For this purpose sixty-five stars were observed on the nights of May 8, 11, 12, aud 
H. Mr. Parsons then })roceeded to Lexington, Ky., and established an astronomical station in 
the grounds of the Kentucky Agricultural and Mechanical College. Longitude signals were 
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exchanged with Louisville on the nights of May 24, 25, and 28, and the latitude was determined, 
by observing twenty-eight pairs of stars on three nights. 

Louisa, Lawrence County, Kentucky, at the fork of the Hig Sandy l~iver, was the next station 
occupied ; exchanges of longitude signals with J4ouisville were bad upon four nights hetween 
.June 8 and 16, and t.l1irty-four pairs of stars were observed for latitude ou fiye nights. 

At the 1rnxt station, Greensburg, Green County, longitude signals were exchanged with Louis· 
ville on the nights of ,June 22, 23, and 25, and thirty-two pairs of stars were observed for latitude 
on four nights. 

Preparations were then made by Subassistant Parsons for the occupation of a station at Jel
lico, '\Vhitley County, Kentuck~-, in order to <letermiue the geographical positiou of the 59th stone 
in the Kentucky and Tennessee boundary line. This work will be referred to in my report for the 
next fiscal year. 

Mr. J. W. G. Atkins, Acting Aid, rendered acceptable service in the party of Subassistant 
Parsons. The statistics of the work at his stations are as follows: 

Number of nights of observations for time .................... _ ... _ . _ .. _..... 19 
Number of stars observed for time ................ _ .......................... 290 
Number of nights on which longitude signals were exchanged...... . . . . . . . . . . . JO 
Number of nights of observations for latitude............... . ........... _. . . . . 12 
Number of pairs of stars observed for latitude.......... . . . . . . . . . . . . . . . . . . . . . 94 

Reference is made under the heading of Section XV to determinations of the latitude of addi
tional stations in Kentucky by Subassistant Parsons in connection with determinations of their 
longitudes by exchanges of telegraphic siguals with the longitude party at Saint Louis, Mo., in 
charge of Assistant Dean. The original records and reductions of the work at Louisville and at 
the stations dependent upon it have been transmitted to the office. 

In his report, Assistant Dean acknowledges his obligations to Professor Procter for informa
tion relating to the statious, aud to Mr. Geo. VV. Trabue, General Superintendent, and Mr. James 
Compton, district superintendent, of the Western U niou Telegraph, for their friendly co-operatiou 
in extending to the astronomical parties every facility in their power. 

Reconnaissance for the extension of the triangulation of the State of Kentucky.-In July, 1882, a 
reconnaissance for the extension of the triangulation of the State of Kentucky was begun by Mr. 
Carl Schenk, Acting Assistant. His explorations were confined to that pa.rt of the State lying 
to tile south and west of Frankfort, between the Ohio and Salt Ri\rers. Mr. Schenk has submitted 
a report of his reconnaissauce, with a sketch showing the intervisible stations developed by it, and 
steps will be taken at the earliest date practicable to resume the triangulation. 

Occupation of stations in continuation of the triangulation of the State of Tennessee.-Field-work 
for the extension of the triangulation of the t5tate of Tennessee was begun by Prof. A. H. Buchanan, 
Acting Assistant, in July, 1882, by the occupation of station Apple, between the Cumberland River 
and the Chaney Fork of that river. Previous to the occupation of Apple, the signal at Hall Station, 
which had been destroyed by lightning, was rebuilt. 

Observations at station Apple were closed early in August, and the party transferred to 
Chestnut Mountain, about thirteen ,miles to the eastward of the town of Sparta, in White County. 
'fhis station had been previously occupied; its reoccupation was found necessary in order to get 
observations upon station Walker for the better development of the scheme of triangulation. To 
see the signal at Waiker a cutting of three and a half miles had to be made. Early in September 
observations upon Walker were finished aud work begun at Mount Lore Station, about eight miles 
to the westward of Sparta. AU of the horizontal and vertical augles needed at Mount Lore having 
been obtained by October 1, the party was transferred to Walker Station October 5. With the 
completion of work at this station, Octouer 24, field operations closed for the season. 

The occupation of Walker finished work at all of the primary stations in the system of trian· 
gulation west of the Orab Orchard range of mountains on the eastern edge of the Cumberland 
Mountain table-land, and connecting the cities of Nashville and Knoxville. 

In June, 1883, field-work was resumed by the erection of signals in continuation of the State 
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triangulation at two stations, aud the work was iu progrm;s at the clmie of the fiscal year. The 
statistics for the season are: 

Horizontal angles measured ........... _ ...........•............. _ ....... _ _ 25 
.. Vertical angles measured . __ . , . _ . _ ... ___ . ______ . .. . .. _ .... ___ . ___ .. _ .. ___ .. _.. . .. ~5 

Number of observations of horizontal angles.... . . . . . . . . . . . . . ................ 858 
Number of observations of vertical angles ............................. _ .... 750 

S E"C T I 0 N X l V. 

OHIO, INDIANA, ILLINOIS, l\IICHIGAN, AND WISCON8IN. (81'ETCHm; Nos. 1, 4, ~o. 21, ~i. AN!> ~4.) 

Reeonnaissanee for the primary triangulation nea.r Uie thirt,11-11inth parallel extended .frorn West 
rirginia into OJiio.-An acconnt has alread~· been gfre11 under tbe heading of Sectiou III of' this 
report of the reconnaissance executed by Assistant A. 'I'. 1\losman dnri11g the autumn a11d part of 
the winter of 1882 for the extension of the primary triangulation along or near the thirty ninth 
parallel from West Virginia westward into Ohio and Kentucky._ 

The stations selected in Ohio were ·wray, about three miles east of Marion, Marion County; 
.Newcastle, three miles to the northward of Ironton, l1awreuce County; Gould, two miles north of 
Haverhill, Scioto County; and Scioto, about three miles northwest of Portsmouth, Scioto County. 
Some of these stations were provisionally located; their final incorporation in the scheme will be 
determined during the next seaso11. 

Ooeupation of stations in continuation of the tria11g11lation of the State of Ohio.-The triangulation 
of the State of Ohio was advanced from Athens towards Columbus in July, August, and Septem 
ber, 1882, by Prof. R S. Devol, Acting Assistant. As mentioned in my report of last year, obserYa
tious at Brooks Station, about thirteen miles northwest of Athens, had been partly completed when 
the season closed. Between the middle of ,July and the middle of August, 1882, Brooks Station 
was re-occupied by Professor Devol. Upon the completion of observations at that point the party 
was transferred to McDaniel Station, thirteen miles westward from Athens, and the weather being 
favorable, the work at this station was finished September 9. 

The barometric observations begun last year for obtaining the comparative heights of the 
triangulation points were continued during the season; daily rea1lings of two aneroids bei11g taken 
at Brooks and McDaniel Stations. 

The number of angular measurements at these two stations was one thousand and eighty.five. 
Hecords of the observations have been forwarded to the office. 

Reconnaissance for the extension of the triangulation of the State of Indiana.-Prof. J. L. Camp
bell, Acting· Assistant, who had been temporarily relieved frolll the charge of the triangulation of 
the State of Indiana, in order to assume the direction of works undertaken for the reclamation of 
the swamp lands of the State, spent parts of the winter and spring of 1882-'83 in a reconnaissance 
iu Clark and Floyd Counties with a view to the expected resumption of geodesic operations in the 
State at the earliest date practicable in the fiscal year 1883-'84. 

The result of his reconnaissance will tend to the enlargement and improvement of the scheme 
of triangulation. 

Determinations of tlie latitude and longit1tde of stations in Indiana and lllinois.-A full statement 
will be made under the heading of Section XV, iu the a-0count of the occupation of the station at 
Saint Louis, Mo., of the exchanges of longitude signals between that station and the stations estab
lished in November and December, 1882, at Springfield, Ill., and Indianapolis, Ind. Also, of the 
observations made for latitude at these points. 

Transcontinental line of geodesic levelfog exfmtdcd from ,ffitelwll, Ind., to Saint Louis, Mo., and 
thence westirard to Etlali, Mo.-At the beginuing of the fiscal year, Assistant Andrew Braid bad 
rniarly completed the line of leveling of precision from Vincennes, Ind., to Mitchell, Ind., the ter
minal point of the season of 1879. The several sections of this line from the sea-level to Mitchell 
are: 

I. From Sandy Hook, N. J., to Hagerst-Own1 Md. 
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II. From Hagerstown, l\id., to Grafton, W. Va. 
III. From Grafton, W. Va., to Athens, Ohio. 
IV. From Athens, Ohio, to Mitd1el1, Ind. Upon reaching the town of Mitchell, primary 

bench-mark X was cut on the sill of a window of M. N. Moore, as full.r described in the record, and 
the Iiue was started for Saint Louis, following the track of the Ohio aud Mississippi Hailroad. 

Section V, from MitchPll, Ind., to Saint Louis, was run iiccording to the method described in 
deta,il by Mr. Braid in Appendix No. 11 to the Report for 1880. It is the same as that emplo~'cd 
in the sections preYiously run, two· simultaneous lines being carried in the same direction with the. 
rods at different distances from the instrument, and alternat.e sections of the line being run. in 
opposite directions to neutralize any tendency to cunmlatin~ error dne to direction. . 

.At Caseyville, Saint Olair County, Ill., a brauelt line or ofli;et was run to connect with the 
north end of the "American Bottom Base," and a bench-mark was established on the head of the 
copper bolt in the north base monument. 

Upon reaching East Saint J,ouis, arrangements were made for carrying the line of levelis across 
the Mississippi Hiver on the Saint Louis bridge by three independent methods. For this purpose 
two instruments an<l two observers were needed, and· Subassistant J. B. Weir was directed to 
report to .Assistant Braid. The 1i1etl10ds employed were: 1. Leveling over tlw top of the bridge ; 
2. Simultaneous sig11ts across the river by two observers stationed on opposite banks; and, 
3. Water·level observations. 

The results deduced were based entirely upon the two methods first named, and the agreement 
of the separate results is quite satisfactory. 

At Saint Louis Mr. Braid connected with the bench-mark known as the "City Directrix," and 
established two duplicates of it, in elevation, on the cast and west land-piers of the "Great 
Jkitlgc." These bench-marks are bronze plates an inch thick, and with a surface of eight by twelve 
inches, set into the granite on the south faces of the east and west piers, respectively, and secured 
by cement and screw-bolts. 

Appendix No. 11, Coast and Geodetic Survey Ueport for 1882, gives descriptions of these and 
all other bench-marks established ou the line between Sandy Hook and Saint Louis, with a state
ment of the results of the leveling as made out by Assistant Charles A.. Schott. 

Jlefore closing field operations in December, .Assistant Braid continued the work westwartl to 
Etlah, Franklin County, Missourj, about seventy-five miles from Saint Louis. In March, 1883, 
Assistant Braid was directed to report for duty to R. D. Cutts, Assistant in charge of the office 
and topography. 

Continuation to tke ea.stward of the primary triangulation in Illinois near the thirty-ninth par
allel.-The primary triangulation iu the State of Illinois along or near the thirty-ninth par.i.llel, 
which forms part of the geodetic connection between the Atlantic and Pacific coast work, was 
advanced to the eastward in 1882 by .Assistant George A. Fairfield. Arrangements·were made 
early in the fiscal year for the occupation of Hoile Station, near the town of Greenville, Bond 
County. Before the arrival of Mr. Fairfield, August 7, the observations at Hoile were made by 
Subassistant J.B. Weir. Signals being needed at Hartlin, Bording, and other stations, a signal· 
building party was organized and kept constantly occupied till about the middle of October . 

.All of the observations of horizontal directions at Hoile and the other stations occupied were 
made by night upon the lights shown by the student lamps, the atmosphere by day being too 
smoky to admit of .satisfactory work. Hoile Station was finished September 3, and the party was 
transferred -to Bording Station, near the town of Carlyle, Clinton County. At Bording, observa
tions were made for horizontal directions, and for time, latitude, and azimuth. .All work at this 
station was completed November 14; and Mr. Fair.field immediately moved bis camp to Hartlin 
Station, about six miles north of the town of Salem, Marion County. The occupation of this 
station finished field-work for the season, which closed December 3. At that date all of the hori
zontal directions required had been observed. 

Extremely cold weather was encountered while at Hartlin. On the night of December 2 
Mr. Fairfield observed for six hours while the mercury stood at mo above zero (Fahr.). On the 6th 
of December, the day of the Transit of Venus, the sky was entirely overcast, and the weather oom· 
paratively mild until about 4 p. m., when the mercury began to fall very rapidly, the wind blowing 
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a gale from the northwest. On the 7th the thermometer during the whole day did not rise higher 
than 20 below zero, and at 10 p. m. it marked 150 below. This severe cold delayed packing, so 
that it was not till the 13th of December that the tents were stored. 

Mr. Fairfield reports four quite perceptible shocks of earthquake during the season: one on 
September 27, two on October 14, and one on November 14. None of the.m occurred while he was 
observing, and no damage was done to any of the high signals. 

While field operations were in progress, Subassistant Weir connected Hoile Station with a 
bench-mark of the transcontinental line of geodesic ltweling on the Vandalia Railroad track at the 
depot in Greenville. He connected also in the same manner (by a line of levels) the station at 
Bording with the bench-mark established on the east pier of the Ohio and Mississippi Railroad 
bridge across the Kaskaskia River, near the town of Carlyle. Following are the statistics of work 
acc~mplished: 

Tripod and scaffold signals erected (one 45 feet high, two 75 feet, one 80 feet).. 4 
Number of observations for horizontal directions .. _ .... _ ........ _ .......... 1, 256 
Number of nights on which observations for latitude were made. . . . . . . . . . . . . 8 
Number of pairs of stars observed for latitude ....... - . - .......•..... - . - -. - 100 
Number of nights on which observations for azimuth were made .. - - . . . . . • •.• 5 
Number of observations for azimuth ......... -.....•.•.••.• -.......•.... - . 136 
Number of stars observed for time. . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . • . . . . . . 90 

Assistant Fairfield makes cordial acknowledgment in his report of the efficient and faithful 
service rendered by the members of his party, Snbassistant J.B. Weir and Messrs. Carlile Terry, 
jr., and T. P. Borden, Aids. Mr. James S. Harper acted as recorder. During the wint:er Mr. 
Fairfield was occupied in completing the records and computations of his season's work. All of 
these have been transmitted to the office. In the spring of 1883 he recefred instructions to prepare 
for the resumption of field-work, and at the date at which this report closes had advanced the 
triangulation in Illinois eastward by the occupation of both primary and secondary stations. In 
this duty be was assisted by Isaac Winston, Aid, and James S. Harper, recorder. A statement of 
the progress of this work will be given in my next annual report. 

Occupati01i of stations in contimtation of the triaiigulation of the State of lVisconsin.-The trian
gulation of the State of Wisconsin was resumed in July, 1882, by Prof. John E. Davies, Acting 
Assistant. One of the principal objects of the season's work was a determination of the geograph· 
ical positions of the Beloit Astronomical Observatory and of one or more of the monuments marking 
the boundary line between Wisconsin and Illinois. Finding that the Beloit Observatory was not 
visible from any one of the surrounding primary stations, owing to its location in the Rock River 
Valley, it was decided, after conference with Professor Smith, Director of the Observatory, to 
determine by careful observation the position of the spire of the Congregational Church, which is 
a conspicuous object from several primary stations, and to refer this by measurement to the 
observatory. This work was successfull1 accomplished. Two of the monuments remaining upon 
the State line were also determined in position. 

An examination of the notes of the original survey of this important boundary line, on file 
in the State land-office at Madison, Wis., was made by Professor Davies. 'fl]e results of his 
geodetic work in the vicinity of the boundary line show discrepancies, amounting in some cases to 
from one-half to three-quarters of a mile, between the line as actually marked out and the parallel 
of 42° 30', whfoh is prescribed as the boundary line by the constitutions of the two States. Addi
tional stations on and near the boundary will have to be occupied to determine its actual position. 
It has been ascertained that a copy of the original report of survey of the line made by the United 
States OommiBSioner to the President of the United States January 29, 1833, is on file in the 
General Land Office. 

The stations occupied by Professor Davies were Janesville, near the town of that name, in 
Rock County; Plymouth, in Sheboygan County; Wohlford, near Beloit (a subsidiary station); 
Harmony, about five miles east of Janesville, and Bald Blu:lf, in Palmyra, Jetferson County, Wis-

s. Ex.29 9 
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consin. Prom Bald Blnff can be seen two of the triaugulatiou stations e8tahlhihed IJ_y the U uited 
Staks Lake Suryey-Delaficld and W uterford. Statistics of tlrn season's work arn: 

Number of high tripo11s erected for observing .............................. . 
Numher of horizontal m1gles obsen·ed . . . . . . . ........................... . 
Number of rnrtieal angles observed ................................. .. 
Number of repetitions of horizontal angles . . . . . . . . . . . . . ..........•........ 
Number of repetitious of Yertical angles...... . . . . . . . . . . . . ................ . 

4 
174 
25 

7, 182 
uoo 

Professor Da,·ies lias submitted a scheme for the c011tiuuatio11 of the triangnlatio11 whid1 will 
be followed in the execution of the work iu the next season. 

SECTION XV. 

MISSOURI, KANSAS, IOWA, NEBRASKA, MINNESOTA, AND DAKOTA. (SuTc1rns Nos. 1, 22, AND2~.) 

Occttpation qt'the lon,qitude station in Saint Loui.~, Mo., for the determ·ination of the lon,qitudes of 
points in Arkansas, J11issouri, Nebraska, llent1wky, Indiana, and Illinois by exchanges of telegraph-iv 
signals. Determination.~ of the latitudes of these points.-The scheme of longitude operations adopted 
for the autumn and part of the winter of 1882 involved the assignment of .Assistant George W. 
Dean to the charge of the station at Saiut Louis and to the geueral direction of the work depend. 
ing upon it; the assignment of Snbassistant C. H. Sinclair to the charge of the corresponding 
pa.rt~y for primary work, and the detail of Subassistant F. H. Parsons to the charge of a secoudar.r 
party. Carli8le Terry,jr., Aid, on dnt;y with tbe party of Assistant Dean, made the observations 
at the Saint Louis station and exchanged places during the season with Subassistant Sinclair. 

Messrs. Dean and Terry completell all preparations needed at the Saint Louis station soon 
after the middle of September. Kansas City wa,s the first of the primary stations to be determined. 
Subassistant Sinclair was in readiness there for exchange of signals with Saint Louis by Septem· 
her 15. He had obtained permission of the superintendent of the Board of Education to establish 
his station in the grounds of the l~ranklin public schooJ. Unfavorable weather delayed observa
tions for a few days. On the nigh ti;, of September 21, 23, 26, aud 29, longitude signals were trans-

. mitted to and from Saint I,ouis; aftl\r which, in order to eliminate personal equation, the observers 
changed places, and longitnde. 8ignals were exchanged iu their new positions on the nights of 
October 3, 5, 6, 11, and 13. 

For the latitude of the Kansas Oity station, Snbassistaut Sinclair made sixty-five observations 
upon fourteen pairs of stars 011 six uights. 

Between Saint Louis and the station, firl3t occupied by the secondary party in charge of Sub· 
assistant Parsons at London, Ky., signals for longitude were exchanged on the nights of Sep· 
tember 23, October 4 and 5, and between Saint Louis and the next secondary station, Guthrie, Ky., 
on the nights of October 13, 14, and 15. Determinations of the latitude of these two stations 
were made by Mr. Parsons. 

Upon the completion of the primary work betweeu Saint Louis and Kansas City, the party at 
the latter station, under the immediate charge of Mr. Terry, moved to Omaha, Nebr., to exchange 
signals with Safut Louis. The stone block put down by Assistant Edward Goodfellow to mark 
tbe position of the astronomical station established at Omaha in 1868-'69 bad been destroyed dur· 
ing the grading of the grounds in 1875, lmt the lower stone of the north meridian mark, fixed in 
1869, was undisturbed, an<l Ly measuremeut back from this mark the center of transit was estab
lished almost exactly in tbe same position a8 that of 1868-'69. The exchange of longitude signals 
with Saint Louis began October 20, and by October 27 five nights had been obtain€<l, whereupon 
the observers changed places and five more exchanges were had between November 6 and Novem· 
oor 21. 

The party at Saint Louis exchanged longitude signals with Mr. Parsons at Henderson, Ky., 
on the nights of October 20, 21, and 23, and with toe same observer at Little Bock, Ark., on the 
nights of November 6, 7, and 10. I>eterminations of the latitude of thes~ two stations were ma.de 
by Mr. Parsons. Upou his removal to the next station, Springfteld, Ill., he exchanged signals 
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upon the nights of November 20 and 21 with Saint Louis, and on No,'emlH\r 23 with the party at 
Omaha. 

It was deemed advisable to include the line Kam;as City-Omaha as a check determination, 
this being the third side of the longitude triangle Saint Louis-K:mRas City-Omaha. Arrange
ments· ha Ying been made for this work by Assistant Dean, .Mr. Terry proeeeded to Kansas City 
with tlte astro110111ical iustrmneuts aud telegraphic apparatus which had been in use at Saint Louis. 
The flrnt exchange of signals for longitude between Kansas City arnl Omaha was had on the 26th 
of N0Ye111ber. 

Assistant Dean ba\·ing been relieved from duty at his own request, Mr. Terry was placed in 
charge of one of the longitude parties upon his recommendation, and co11tinned the work in 
co-operation with .M:r. Sinclair. Between November 2!J aud De<'emher 2 fonr more mgllt exchanges 
\"ere liad. The observers then chimged places, and the final exchauges of the season at the • 
primaQ· i;tatio.ns were obtained between December 10 and January I. Extremely cold weather at 
Omaha made the work one of much hardship and exposure. 

For the longitude of Indianapolis, the last secondary station occupied b~· l\Ir. Parsons, signals 
\\"Cle exchanged with Mr. Terry at Kansas Cit;y ou three nights, closing December 2. Ol>serva· 
tious for the latitu<le of the Indianapolis station were niade also. 

"\Vith reference to the instruments and methods emplo~·ed at tl1e primary stations, Assistant 
Dean remarks that the new diagonal c.re-pieces, h~wing a magmf~·ing power of about ninety five, 
which had been applied to transits Nos. 4 and n, Wf\re more satisfactorJ· to the obser,·ers than 
tl1e eye-pieces of higher power used during the JH'f'Yious season. All of the stars which were to be 
obsern'd for determining time were selected from the American Bpheuwris and from the Berlin Star 
Catnlogne, particular care being taken to arrange t•ach group, coni,;istiug of one circumpolar and four 
time stars, so that the corrections depending upon the north and south zenith distances should be 
as 11early equal as possible: Whenevn the weather permitted, two groups of five stars were 
observed at each station (one with transit lamp east, the other west) before exchanging longitude 
signals. These signals were immediate!~· fo1lowed by obserYing two similar groups, which com-. 
pleted the work for the night. 

The itrrangemeuts made with the telegraph companies rendered it advisable to limit the time 
of occupation of the lines to not more than five or ten minutes each night. The clock signals were 
tlierefore abandoned, and only arbitrary signals \Vere exchanged: 

.Assistant Dean hits submitted with his report an a.bstract of results for difference oflongitude 
lH~tweeu the primary stations. He ack1wwledges the cordial co-operation of Subassistants Sinclair 
and Parsons and of Mr. Terry in the work of the season. 'l'hP original and duplicate records and 
computations have been.deposited in the office. 

Continuation to tlte 1.oestward of tlte primary triangulation in .Missouri near tlie thirty-ninth par
allel.-Instructions issued to Assistant F. D. Granger, in July, 1882, directed llim to proceed to 
Se1la1ia, Mo., and organize a party to take the field for the continuation of the triangulation west
ward from that vicinity, in accordance with the scheme developed hy his reconnaissance of the 
preceding season. 

The extreme violence of the storms which prevail in this section of the couutr~- made it desira· 
hle. to amid building very high trip~ds at the stations to be occupied, two of those alrcad;y built 
having been destroyed. An interior poiut, "Kendrick," was therefore selected in the quadrilateral 
lleard-Schnackenberg-Righ Point Tebo-Knobnoster (sec sketch No. 22), and signals of twenty
lh-e feet in height, were put up at" Kendrick," and" Kuobnoster." At the three stations first named, 
observing tripods and scaffolds fifty feet in height were erected. At" Caldwell," one of forty feet 
wa,s put up, and.at "Warrensburg" (both stations in the next quadrilateral westward) a pole was 
placed upon top of the large chimney of the Normal School building. 

Observations were begun by the re-occupation of "Heard" for determinations of the primary 
directions to Schnackenberg, Kendrick, aml Kuobnost,er. This stat.ion being completed Septem· 
bcr 1, the camp equipage and instruments were then forwarded.to" Sclmackenherg." At this station 
five primary directions were determined. Upon its completion, "Keudrick ''was occupied, observa
tions being begun September 26, and finished October 4, wlien the party was transferred to "High 
Point Tebo." Observations upon five primary and four tertiary voiutrs lw.Ying been completed at 
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this station October 20, "Knobnoster" was next occupied. By November 15, field operations were 
closed, observations having been obtained upon five primary, two secondary, and three tertiary 
points. Mr. J.E. McGrath, Aid, and Mr. J. A. Johnson, Acting Aid, served iu the party. 

During the winter and part of the spring of 1882-'83 Assistant Granger was ou duty with the 
party of Assistant Henry Mitchell, at Boston, Mass. In May, 1883, in accordance with instructions, 
be re-organized his party in Missouri for continuing the primary triangulation to the westward. 
Tripod and scaffold signals were erected in advance of the stations to be first occupied, and by the 
15th of June all was in readiness for the occupation of station "Normal." The point selected for 
this station, with the permission of the regents of the school, was the top of the chimney of the 
Missouri State Normal School building, at Warrensburg. This chimney being nearly ninety feet 
high, and capped with heavy blocks of sandstone, offered an excellent substitute for the ordinary 

. observing tripod. 'l'o the regents and to the principal of the School, Professor Osborne, Mr. 
Granger expresses his acknowledgments for kimlly interest and courtesies. 

Observations at "Normal" were nearly completed at the close of the fiscal year. The progress 
of this work will be referred to in my next annual report. For the fiscal year the statistics are: 

Number of observing tripods erected . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . 12 
Number of observations for horizontal directious ........................... 2, 484 
Number of double zenith distances ......................... _............. 323 

Transcontinental line of geodesic leveling carried westward from Saint Louis towards Kansa.s 
City, Mo.-Full ref<>rence has already been made, und~r the heading of Section XIV, to the exten
sion of the transcontinental line of geodesic Jeyeling from Mitchell, Ind., to Saiut Louis, Mo., and 
thence towards Kansas City, as far as Etlah, Franklin County, Missouri. The results of this work, 
which was executed with great care and according to the most approved methods by Assistant 
Andrew Braid, ha Ye been giyen in a report by Assistant Charles A. Schott, published as Appendix 
No. 11 to my report for 1882. His discussion takes up the work at its starting-point-Sandy Hook, 
N. J.-in December, 1881, and closes with the establishment of the primary bench-mark at Saint 
Louis, Mo., in October, 1882. 

SECTION XVI. 

NEV.ADA, UTAH, COLORADO, ARIZONA, AND NEW MEXICO. (SKETCHES Nos. 2, 23, AND24.) 

Primary triang11lation in Nevada and Utah, near the tldrty-ninth parallel, extended eastward.-In 
July, 1882, Assistant William :Eimbeck was instructed to visit Mount Nebo and Beaver Mountain, 
in Utah, and to examine the country from these stations with a view of extending to the eastward 
the primary triangulation across tlle Wahsatch Mountains. Upon the completion of this duty he 
was directed to occupy Jeff. Davis Peak, near the thirty-ninth parallel, about fifteen miles to the 
west of the eastern boundary of Nevada. 

In pursuance of this dut.y Mr. Eimbeck reached Salt Lake City, Utah, early in August, and 
at once occupied himself with the preparations needed for the reconnaissance from the summits of 
Mounts Nebo and Beaver, and for the posting of heliotropers upon these elevated summits. Having 
accomplished this duty, Mr. Eimbeck organized l1is party for the occupation of Jefl: Davis Peak, 
a mountain st.ation thirteen thousand one hundred feet in height. Arrangements were made for 
the transportation of camp outfit and instruments to Lehman's Ranch, in Snake Valley, near the 
uortheastern base of the mountain. Mr. Eimbeck arrived at t.his ranch on the 22d of September, 
aud, having explored the mountain for the best location of a trail to the top, established two camps: 
the first at an altitude of seven tbousaud eight hundred feet, distant about seven miles from the 
summit; the second about two miles below the summit and at an altitude of eleven thousand feet. 
The trail having been opened and instruments and camp outfit pa.eked to the top of the peak, hello· 
troping parties were dispatched to Gosi-ute, Pioche, and White Pine Stations. The work a.t Jeft'. 
Davis Peak involved the determination of horizontal directions from that station to fl.ve other 
limiting points of a great hexagon, the longest side of which was the line Jeff. Davis Peak-Mount 
Nebo, one hundred and fifty miles, and the shortest, Jeff. Davis Peak-Gosi-ut.e, sixty-three mile& 
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Preparations for observing were delayed by violent storms. On the morning of October 5, after 
one of these storms, the mercury fell to thirteen degrees above zero, and the suow at camp was a 
foot deep. The work was pushed, however, at every opportunity of favorable weather, and by 
November 23 the observations for horizontalCdirections and for the magnetic elements had been 
completed. A few days more sufficed to obtain all needful obS'ervations for double zenith distances. 
During November the lowest temperature recorded was twenty degrees below zero (Fahr.). Field 
operations were closed and the party disbanded early in December. While at Lehman's Ranch, 
successful observations of the Transit of Venus were~obtained by Mr. Eimbeck. For details see 
Appendix No. 16. 

Assistant Eimbeck was efficiently aided throughout the season by Acting Assistant R. A. Marr. 
During the following winter and spring Mr. ijimbeck was engaged in completing tlie records and 
results of his field.work. In April, 1883, he was instructed to extend the reconnaissance to the 
eastward of the line Mount Nebo-Beaver by occupying such points as would determine definitely 
the most advantageous figure for continuing the main triangulation across the Wahsatch Mountains. 
A change in the position of station "Beaver" for the proper development of this figure appearing 
unavoidable from previous examinations, he_was authorized to establish a new station upon one of 
the neigh boring peaks, so located as not to affect the essential geometrical conditions of the great 
hexagon, and to refer the observed direction Jeff. Davis-Beaver to the new station by the re-occn· 
pation of Jeff. Davis Peak. 

Assistant Eimbeck reached Salt Lake City in June, and at tl1e date at which this report closes 
was actively engaged in the prosecution of the reconnaissance. 

Reeonna,issanee for the extension ea.stwa.rd of the primary triangulation near the thirty-ninth 
parallel in Oolorado.-In August, 1882, Assistant F. W. Perkins waA directed t-0 organize a party 
for the continuation to the eastward of the primary triangulation near the thirt.;r·ninth parallel in 
Colorado and Kansas. Starting from the line Landsman-First View, which marked the terminal 
points reached in 1881, Mr. Perkins established movable camps at points on the line of the Kansas 
Pacific Railroad where water could be obtained, and from these campA sent out exploring parties 
in different directions, with the lightest possible equipment, officers and men sleeping upon the 
ground without shelter, other than their blankets and buffalo robes, until the latter part of the 
season. 

About twenty-seven miles to the eastward of the starting-points, the boundary line between 
Colorado and Kansas was crossed. The scheme of triangulation de,·eloped by the reconnaissance 
involves a series of triangle sides extending on both sides of the Kansas Pacific Railroad from the 
line Landsman-First View to the line Teeter's Hill-Sheridan, about thirty-five miles to th(i eastward 
of the Kansas-Colorado boundary. Beyond this line the railroad passes to the north of the thirty. 
ninth parallel, and the triangulation is developed south of that pa.rallel to the liue Walters House
Schmidt's House, about two and a half degrees of longitude to the eastward of the points of 
departure. The reconnaissance was closed early iu Novem her, fourteen primary and nine secondary 
points having been selected. 

With reference to the character of the country over which bis work extended, Mr. Perkins 
remarks that it is a plain, destitute of timber, slightly undulating, and deeply seamed by the 
streams, which, though dry during the greater portion of the year, have cut deep and wide bot
toms, with walls generally rising at a sharp angle to the level of the plain. Owing to the strong 
winds which sweep over these plains, it is not practicable to use high observing tripods, and in 
cases where the instrument ha.s of necessity to be mounted even a few feet above the ground, very 
heavy timber should be used in constructing the tripods. 

Mr. Perkins refers in his report to the difficulty of recovering triangulation points in a country 
practically uninhabited, and almost entirely destitute of well.marked natural objects, and recom
mends special care in marking the stations, and their careful reference ~ the corners of the land 
sections, thus making it the interest of every settler to preserve them. His suggestions as to the 
details of marking are of much p~tical value. 

Mr. George F. Bird served as Aid in the party; Mr. J. J .. Fatzinger as recorder, both in a manner 
highly sati6faetory to their chief. 
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Duty assigned to Assistant Perkins during the succeeding winter is referred to under the 
heading of Section VIII. 

Ob11ervation~ of the Transit of Venus at Cerro Roblero, near Fort Selden, N. Jlfex.-ln July 
1882, .Assistant George Davidson, then on special duty in Washington, was appointed by the Transit 
of Veum; Commission chief astrouom'er of a party to be organized for the obsen·ation of the rransit 
at a station in New .Mexico. The meteorological conditions were more likely to be favorable in the 
interior of the continent, and .Assistant Davidso11's experience in observing in high altitudes 
suggested a station embracing these conditions. Upon his return to the Pacific coast he traveled. 
by the southern route to stml.r the best location for a station at a great elevation where all four 
co11tacts could be successfull,v observed. 

After a careful persounl examination of the couytry as far south as the latitude of the highest 
peaks of the Organ ::\fountains, l\Ir. Davidson selectecl as the most available station the summit, 
of Uerro Hoblero, an isolated mountain mass rising abruptly to a height of nearl.Y seventeen 
hurnlred foet from the right bank of the Rio Grande del Norte, and. about four miles from Fort 
Selden, N. Mex. 

Authority for military assistance at Fort Seld.eu having been obtained from General Mackenzie, 
m'ery support and addce was rendered by Major Bascom, commanding that post at tlle time of 
Mr. DaYidson's reconnaissance, and subsequently during tile occupation of tile stati,on by Lieutenant 
Uhance, who succeeded l\Iajor Bascom in command. 

Ifaviug orgauized his partj" by the selection of Assistant James S. Lawson and Subassistant 
John F. Pratt as assistant astronomers, and accompanied by Messrs. D. C. Ubapman 'and T. S. 
Tappan as photogmpht•m, Assistant Davidson arri,·ed at Fort Selden early in November. Instru
ments, lumber, camp outfit, autl all supplies for the observers and men having to be packed on. 
mules to the summit of Cerro H.oblero, over a rough mountain trail, extraordinary efforts were 
required to have all the instruments in position before the day of the Transit. All preparations 
were completell, however, ou the 5th of December, and a programme of operations had been matured 
for the uext day. 

Special care had been taken to obtain satisfactory adjustments for the horizontal pliotohelio
graph, a method of ohservation which in the opinion of the Commission offered as much accuracy 
as that of ohservi11g contacts, and presented many more chances of success. The atmospheric 
c011<litions had been gradually becoming more favorable during the first few days in December, and 
011 tlw tith the air was clear and all outlines sharply defined. About six minutes before first 
contact the sun appeared above the crest of the Organ Mountains, and, although at this time the 
atmosphere wa.<i slightly disturbed near those crests, a good observation was obtainecl, and d.nring 
the rest of the Transit the steadiness aucl sharpness of the limbs of the plauet and sun were 
improving. 

All four contacts were observed by Assistant Davidson with the five-inch Clark equatorial, 
No. 802; the first aud second contacts were observed by Mr. Lawson, and the third and fourt11 
contacts by Mr. Pratt with the Coast and Geodetic Survey Hassler equatorial, of three inches aper· 
tnre. The systematic exposure of two hundred and sixteen plates resulted in very superior photo
grapbs, every one of which was available for measurement . 

.Assistant DaYidson has submitted an elaborate report of the observation of the Transit, 
including a statement of the subsequent operations for determining t11e latitude and longitude of 
the station, and accompanied by views, drawings, and photographs. ThiR re11ort. has boon trans
mittt~d to the President of the 'fransit of Venus Commission; a copy of it will be preserved in the 
archives of the Sur,·ey. 

SECTION XVII. 

IDAHO, WYOMING, AND MONTANA TERRITORIES. (SKETCH No. 2.) 

Completion of the 1rork of verification of the northern boundary of Wyoming Territory.-A~ 
already stated in Part I of this report, the work of verification of the northern boundary of Wyo
ming Territory for the Int.erior Department was completed in the field at the close of August, 1882. 
Assistant B. A. Colonna, to whom this important duty was intrusted, has made to me a full report 



 

UNITED &TATES COAST AND GEODETIC SURVEY. 71 

accompanying the records and results of his work for tra11smission to the Department of the 
Interior. His examinations 011 the ground invoked determinations of time, latitude ancl azimuth, 
aud of the magnetic declination, relative total intensity, and dip at tlrn northeast coruer of "'yoming 
Territory. Thence he prolonged a tangent west, to and beyoud the little Missouri mver, testing 
the afignment of the mile· posts on the boundary and their latitude. Observations were then made 
for time, latitude, azimuth, and the mag·netic elements at the Little Mit-isouri Hiwr, near mile-post 
329, thus Checking the Work and uniting the two stations by means of the taugent Jll'OlOllg't>d from 
the northeast corner. Similar determinations were made at tbe three lmndred and sixth mile-post; 
in the vicinity of the two hundred and eighty-third-two hundred and eighty-fourth mile-post; at 
the one hundred and eighty-fifth mile post, aud at the forty-seconcl mile post. The seveuteenth 
mile-post was examined, and various measures were made to check distances between the se\'eral 
mile-posts. 

Mr. Colonna expresses his great obligations to the commander of the escort furnished to him 
at my request-Capt. l'. 1\1. Gibson, of the Seventh Cavalry, United State8 Army; also to his 
second in command, Lieut. B. D. Spillman. These geutlemen afforded valuable assistance in the 
conduct of the expedition . 

.Mr. Culonna's report makes special mention of the able and faithful senice rendered in his 
party by Mr. T. P. Borden, Aid. For a part of the time Mi. C. D. Getl11e;y was attached to the party. 
lie has duplicated the records and results of the work, and furnished sketches to accompany the 
fidd-notes. 

In reference to the senice rendered to the Interior Department by this special inYestigation, 
the following letter was received from the Secretary of the Interior: 

"DEP.A.R'l'MENT OF THE INTERIOR, 

"Waskington, December 7, 188'.!. 
"Sm: Your communication of the 4th instant contaiuing the result, muler date of the ~9th 

ultimo, of the investigation of l\Ir. Rolliu J. Reeves' survey of the northern bom1dary of \Yyoming, 
conducted in the field by your assistant, 1\lr. Colonna, in accordance with my predecessor's request 
of August 25, 1881, is received. 

"This Department feels under great obligations to rour office for the sen-ices rendered, because 
of the thoroughness of the examination of the line of snrvey antl the fullness of the field-notes, 
which learn in the possession of thh; Department a complete history of the liue for future rn;;e. I 
desire, therefore, to put on record my appreciation of your valuable aitl in establiishing this impor
tant boundary line, and of the ability and thoroughness with which the iuvt>stigation was made. 

''Very respectfully, 
" H. M. TELLER, 

"l'rof. J. E. HILGARD, 
" Secretary. 

"Superintendent of United States Coast and Geudetic Swrvey. 

A communication of similar import was received from the Commissioner of the General Land 
Office. 

SPECIAL OP.ERATIONS. 

Observations of the Tmnsit of Venus at Auckland, New Zealand. Also, df1tcrminations of the Force 
of Gravity at tile Transit of Venus Station and at stations in New South Wales, British India, and 
Japan.-In Part I of this report, reference was made to the town of Aucklamt New Zealand, as 
one of the stations selected by the Transit of Venus Commission for the olJservation of the Transit. 
Assistant Edwin Smith having been appointed to take charge of the expedition to New Zealand, 
reported for that duty August 7. Prof. H. S. Prichett, of the Washington University, Saint Louis, 
Mo., was attached to the party as assistant astronomer, and Messrs. Augustus StoQ' and Gustave 
Thielkuhl as photographers. 

Leaving San Francisco September _19, the expedition arrived at Auckland October 15. With 
the permission of the authorities of the city of Auckland, Mr. Smith established his station on a 
reservation known as "The Domain," in the eastern portion of the city. Its geographical position 
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was determined by the assistant surveyor-general, Mr. Percy Smith, who connected it with the 
New Zealand Trigonometrical Survey. His results were, approximately: latitude 360 51' 55" south, 
longitude 1740 46' 47" east of Greenwich. The height of the ground at the observing pier was 
found to be two hundred and sixty-two feet above high water. 

While preparations for the Transit were in active progress, the latitude was obtained directly 
by observations upon eleven pairs of stars, and the longitude by exchanges of telegraphic signals 
with an English party of observation at Burnham, this party having exchanged signals with the 
observatory at Sydney, New South Wales. 

On the day of the Transit the weather was clear at intervals only, and success but partial. 
The son rose in clouds; these partly dispersed as Venus advanced on the sun's disk, and seventy
four negatives were secured with the horizontal photoheliograph; but at no time during the Transit 
was the sun free from clouds, and all of the photographs show their presence. A few moments 
before third contact the clouds became quite thin, and both third and fourth contacts were observed 
by Messrs. Smith and Prichett with their equatorial telescopes. 

A full report of the obserrntions has been prepared for transmission to the president of the 
Transit of Venus Commission. Mr. Smith bas also prepared a report of the determinations of the 
force of gravity at Auckland with the three Kater invariable pendulums. These pendulums were 
swung continuously from Novenber 27 to December 4, inclusive, in a small brick building known 
as the "Block House," near the Transit of Venus Station. 

Leaving Auckland towards the close of December, 1882, Messrs. Smith and Prichett arrived 
at Sydney, New South \Vales7 January 2, 1883. Every facility for pendulum work was afforded t.o 
the party by the kiudness of H. C. Russell, esq., Director of the Sydney Observatory. The pendu
lums were swung in the cellar of the observatory under the transit room from January 5 to January 11, 
inclusive. The conditions of obsen'ation were exceedingly favorable, the room being dry and the 
changes of temperature during the experiments not exceeding three degrees Fahrenheit. 

From Sydney Mr. Smith proceeded, by way of Brisbane, Australia, and Batavia, Java, to 
Singapore, Straits Settlements, British India. Permission was granted by the governor of the 
Straits Settlements to swing the pendulums at the European Hospital. The station was estab
lished in the laboratory of the hospital, where the pendulums were swung continuously from March 
2 to March 7 inclusive. Acknowledgment is made by Mr. Smith of the hospitable attentfons 
received from_ Dr. Simon, in charge of the hospital, and for liberal assistance rendered by Captain 
McCallnm, R. E., in charge of the office of the Colonial Engineers. At the request of this officer 
a meridian line was established for the use of the Colonial Survey. 

Proceeding thence to Hong-Kong, China, en route to Yokohama and Tokio, Japan, Presi
dent Kato, of the University of Tokio, oflered every facility for the observations, ancl caused a 
stone pier to be erected for the apparatus in a new fire.proof building but a short distance from the 
physical laboratory. A continuous series of observations was lilecured from April 24 to May 1 
inclusive. Professor Paul, of the Tokio University, took g_reat interest in the success of the work, 
and rendered personal assistance and hospitality to the observers. 

Leaving Tokio May 15 the party arrived at San Francisco May 31, and, as already mentioned 
under the heading of Section X, made a series of gravity determinations at the station selected 
there by Assistant Davidson. To complete the series it is intended to swing these pendulums at 
the Smithsonian Institution, where they had previously been swung by Lieutenant-Colonel Her
schel, Royal Engineers. 

Observations in coniiectwn with tlwse made at Caroline Island, South Pacific Ocean, of the Total 
Eclipse·of the Sun, lrlay 6, 1883. Also determinations of tlw Foroo of Gravity at the Eclipse station, and 
at stations in the Sandwich Islands, and in San Fra'IWisco.-The special expedition organized for the 
observation of the Total Solar Eclipse at Caroline Island in the South Pacific, mention of which 
was made iu Part I of this report, was plaood in charge of Prof. Edward S. Holden, Director 
of the Washburn Observatory. Mr. E. D. Preston, of the Coast and Geodetic Survey, was ordered 
t-0 report to Professor Holden as a member of the expedition. The United States ship Hartford 
conveyed the party to Caroline Island, arriving there on \he 20th of April. 

Preparations for the work were at once begun, each observer having had a special duty allotted 
to him by Professor Holden. To Mr. Preston were assigned the determinations of time for the 
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eclipse, observations for latitude by the method of equal zenith distances, and tbe observation of 
the four contacts. As girnn approximately by the field computations, the geogmphical position of 
the station was found to be: Latitude 10° 00' 01" south; longitude IOti oom 56• west of Green
wich. The longitude is from the observations of Mr. Winslow Upton, of the Signal Sen·icP, who 
was a inember of the party. · 

On the day of the eclipse the weather was clear <luring totality, except a slight haze for a 
minute or two at oegiuning. All four· contacts were ob11erved by Mr. Preston, using a small tele
scope of about two and a half inches aperture and three feet in focal length, with a magnif~·ing 
powpr of about 115. 

Heferring to the aPJwarance of tlie first ray of sunlight after the darkness of the long totality, 
:\Ir. Preston remarlrn that it was like a flash of tlie electric light as contrasted with the iutense 
color of the ebromosphere on the western edge of the moon for the few seconds preceding third 
contact. 

In addition to the obseryations pertaining to the eclipse, Mr. Preston was chargi·d, 011 behalf 
of the Uoa8t and Gt>o,letic Sur,'ey, with determinations of gravity at Uaroliue Island, and at sta
tio11s in the Sa11dwich IslandR on his homeward vo,yage. For this 1mrposP, pPndulnm No. 3 was 
8Wm1g- OB eight nig"l1t:s at the Eclipse station. On the 9th of Ma;r, Mr. Pre:ston left the Caroli11e · 
lsla111ls for IJ011olnlu on hoard the Hartford, and upon his arrival recein•d instructions to 11etPr
mine the forc1• of gnwits at the station ou the island of Maui, occupied hy De Frciyciuet in 1Sl9. 
At this station (Lahaina) the pendulum was swung on ten nights, and the latitmfo detnmined hy 
011e hundred and fourtee11 ohiml'\'ations on thirty-five pairs of stars. A second station was occupied 
at Honolulu (Oahu) where the pendulum was swung during three co11secutive da~·s a11d nighb"I, aud 
a limited numl)('r of obsern1tions for latitude were obtained, but little time being available before 
the departure of the steamer for San Fral1cisco. 

Upon rPachiug San Francisco July 9, comparatfre determinations of gravity were begun at 
the station established there hy Assistant Davidson. Mr. 0. B. Hill, of :\Ir. Davidson's party, was 
assigned to aid Mr. Preston in his observations. The work was prosecuted between July 15 and 
27, with many interruption_s from unfaYorable weather. 

Mr Preston acknowledges the efficient assistance of Ensign S. J. Brown, U.S. N., in the work 
at the Caroline and Samlwieh Islands, and expresses his obll.gations for mauy kind attentions 
rt~cefred from Mr. H. Turton. of Labai11a; from W. D. Alexander, esq., Superintendent of the 
Hawaiian Gonirnment survey, and from the Goveruor of Oahu. 

An abstract of the report of Mr. Preston appears as Appendix: No. 17. 
Tidal obseri•ations at Honolulu, &andwich Island.~.-In oriler to obtain a record of the Sandwich 

Island tides for comparison with the tides of the Pacific coast, a self registering ti1le-gange, loaned 
by the Coast Survey to the Superintendent of the Hawaiian Government survey, bas ueeu kept in 
operation under the clirectio11 of that officer since June, 1877. Uecor<ls from this tide·gange are sent 
from time to time to this office, the latest received bringing up the series to near the cl mm ot' July, 
1882. In connection with the tidal records from ~he self·registering gauges 011 San Francisco Bay 
and at Kadiak Island, Alaska, this series will have a special value. 

COAST AND GEODETIC SURVEY OFFICE. 

It will appear from the report of Assistant Richard D. Outts, in charge of the Office and 
'l'opograpby (Appendix: No. 4), that all of the material received from the field bas been put rapidly 
int-0 shape for record and publication. Consideration has been given and experiments made with 
a view to the introduction of improvements in methods an<l processes. The demands upon the 
office for the charts and other publications of the Survey are increasing year by year, as also are 
applicatious for special information, transcripts from original surveys, &c., from persons not con· 
nected with the work. A tabular statement of information furnished is given in Appendix No. 3. 

To the report of Assistant Cutts are appended the reports of the chiefs of the sernral office 
divisions. Accompanying these are tables giving the titles of the charts aIHl engraved plates 
begun, completed, and continued during the year i also a list of the publications of the Survey 
received from the Government Printer and an account of their distribution. 

S.E:i.~m-10 
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Assistant Cutts refers to the eollectio11s of geographical data in the office which are now avail
able for tlie cons1ruetion of a map of the l'nited States, and suggests that, under the authority of 
Congress, steps be taken toward tlrn <~onstruction of such a map, based upon a scientific frame
work and executed upon an appropriate scale. This suggestiou meets with my cordial approval. 

The progress made iu the prepai ation for publieatio11 of the third Yolume of the Atlautic 
Coast Pilot (Dh'isio11 C), inelnding the coast from New York to the Chesapeake, has been alread_y 
referrPrl to in Part II of this report, under the heading of Section II. 

Numerous additions have been made to onr knowlerlge of Southeastern Alaska since 1879; it 
lias bePn 11t>cessary therefore to reYise portions of the text of the ma1111Rcript of tlie Coast Pilot of 
Alaska and to make a<lditions or corrections to the charts in order to bring them up to date. 
ARsistant '''- H. Dall has been e11gaged in this work <luriug the past fiRcal year, his knowle<lge of 
that coast acquired by liis own long service tlwre making him peculiarly fitted for it. The manu
script is now in the liarnls of 1he printer. It relates to or describes about 8,800 miles of shore-line. 
'Jlle collection of material has compelled frequent reference to works in the Russian, Spanish, Ger
man, French, and other Jangunges, in order that no information of value might be ornrlooked. 

Upou tlte request of four committfes of Congress, special information ou the Alaskan region 
· wa!l furni8hed to them, under my direction, b~- Mr. Dall; re8pornseR were also made to a large 

number of requests relating· to thiR rPgion b;y private ilH1iYidnals. During the period from August 
18, 1882, to April ;{O, 188:l, Mr. Dall wa8 aided h;y Mr. Isaac Winston. 

Mr. 'Y. R. 1\lorgan has continue11 in th<> J>08ition of disbursing agent of the SnrYey. Mr. 
Morgan has been assisted by Messrs. John W. Parsons and W. A. Herbert as accountants; the 
latter during the fiscal year, the former since March last. 

In tl1e preparation of this report I have bad the aid of Assistant Edward Goodfellow. The 
derical duties in my office have been llerformed by Messrs. W. B. Chilton and C. D. Gedney. 

Hespectfully RulJllli tted. 

Hon. c. J. FOLGER, 

Secretary of the Treasitry. 

,J. E. HILGARD, 
Superintendent. 
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_A_rPENDIX No. 1. 

Distribittion of surveying parties upon the Atlantic, G1tlf of Jfe.rico, and Pacific coast.Y, and the inte1·io1· 
of the United States dw·ing the fecal year 1882-'83. 

Sections. 

SECTION I. 

l\fainf', New HampRhire, 

Vermont, Mas•achusetts, , 

and Rhorle Island, indud- ' 
ing conRt and seaporte1 ! 
bays and rivers. 

SECT!Oll II. 

Connecticut, New York, 
New Jersey, PennMylva

nia1 and Delaware, in
cluding ooaat, bays, and 
rivers. 

rartie8.' Operations. ; Persons conducting operatioM. 

No. 1 Triangulation nml C.H. Ro.nl,assistant; E.L. Taney, 

j ~ topo!(raphy. aid. 

Localities of worl<. 

Triangulation an<l topography of Machias Ba,v 

antl Rh·er, Me. : (&.e also Section VIII.) 

2 : Topo~rapb~· ...... J<;ngene_Ellieott. assistant. . . . .. Topography of isl•nds in Moos-a-bee Reach and 
shore line of Chandler's Bay, Me .. (See also 
Sections III aml VI.) 

3 Topog1aphy ·:·· .. ' A. W. Lon)'follow, assistant ...... Topography'oftheshoresof Plf'&sant.Ri'l'er, life. 
4 : Il;nlrography . . . Lieut. H. G. 0. Colby, U.S. N.: as· · H.nlrogTaphic Rnn .. f'yR in Narra~nagns and 

si•tant: Eusi~nsD1wid Daniels, Pigeon Hill. Bays:· sounding• off Gouldahor . 

. 0. G. Dodf(e, and A.Jeffrit•s, U. ongh Bay and in D,Yer's Bay and Rockland 
S. N. Harbor,'Me .• 

5 •ridal obson·atious .r. G. Spaulaing .. __ ............... Series of tidal obserY-atiom:i with self-reghi;t.etin~ 

6 Triangulation ... - Richard n. Cutts, H~sii•taut; ,John-. 

7 , Gendetic ..... .. 

8 , Geodetic ..... . 

9 Deep-sea sound. 

in gs. 

A. McNirol. 

Prof. E.T. Qniml>y, acting·aasist

ant. 
Prof-..'V."G.' Barbour, actiug .,.. 

sistant. i 
Lieut. Commamler W. H. Brown· 

I : ~on, U. S, N., a.saiiitant. 

10 
. I . 

Tidal obser'l'atlonsl .................................. . 

l 

tide-gauge .continued, and met,-orologic.al ob
•enations recorde<I at l'nlpit- Co'l'e, XorU; 
Hav-en Islaml, Penoh~cot Bay. 

Pdmary triangulation for the connection of the 
station upon :Mount Washin!(tou, N. H., with 
the triangulation of Maine, and of the Hudson 
River and Lake Champlain. 

Occupation of stations for determining points in 
the triangulation of New Hampshire. 

Stations occupied iu continuation of the triangu. 
lation of the State of Vermont. 

Line of deep-sea BOunding• from off Nantucket 

acros• the Gulf Stream. (Seo also Section• Il 
and VI.) 

Observations continued at Providence, R. I., 
with a Relf.re,gistering'tido-gauge loaned to the 
city en,L?;ineer. 

No. 1 Doop-sea and off-
1

·commauderJ.R. Bartlett, U. S.N., ! Deep.sea •onndings from 'l'icinit.v of ~Ion tank 
shoreso11nding11. .; M•istant-; Lieut.-CommanderW. Point to the Ilermuda l•lan<1", and linrs of 

2 Hydrograpby .. 

H. Brownson, U.S. N., assiatant; 
L!Put. G. W. Mentz, U. S. N.; 

Ensi11n H. S. Knapp. U. S. N. 
Lient.-Commander W. H. Bl'OWll· 

son, U. S .. N., assistant; Lieut. 
H.B. Mansfield, U. S. X., assist

ant; lfaste\' C.R. Me Winslow, 
U. S. N.; Enslpl W. B. Caper· 
ron, U. S. N.; .Midiahipmen W. 

C. Canfield, R. 8. Sloan, and 
Wm. Tru:rtu11, U.S. N. 

soundin,gR normal-to coast off south-shore of 
Long Isla,;d. (See al•o Section• I and VI.) 

Hydrographyof ea>!t<'rn •ntrance to Long Island 
Sound. (S.e also Sections I and VI.) 
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Stations. 

SECTION II-Continued. 

UNITED STATES COAST AND GEODETIC SURVEY. 

.APPENDIX No. 1-0ontinued. 

···---.. ---- ~-----------· 
' 
'Parties. Operations. Persons conducting operations. i Localities of work. 

' No. Tidal observationsi J. l\L Conley .................... . 

Trian,!(Ulat.ion ... I Spencer C.McCorkle, assistant 

i 

5 Topoi.'laphy ···--·I Edwin Hergeshei.mer, assistant; 
: A. E. Burton, aul. 

: Self-regist!'ring tide-gauge established on the 
breakwater, Block Island. 

Re-establishment of points of old triangulation, 
and determination of new points from Watch 

Hill westward for resurvey of Long Island 
Sonnd. (See also Section VIII.) 

Topoil'raphical snrv0y of Fisher's Island. Long 
Island So .. nd. 

Hydro~rnpby ..... j Lieut. Richardson Clover. U.S. , Hydrographic resm·vey of Fisher's Island Sound 
N., assist~1nt.; Lieut. A. V. Wad

hams, U. S. K., assistant; En
sign L. K Reynolds, U. S. N.: 

Midshipma.n Harry Phelps, U. 

, S.N.; W. C. Willenbucher. 
Tof'ogmphy ...... : W. C. Hod)!kius, subassistant 

8 Topography - - -- . 1V. H. Denni~, af'Ristant 

' Tidal olJi-'en·ationr;; E. Koch._ ....... _.. . .. 

J 0 T1 iangnlation · C.H. Yan OrdPu, Hubassistant 

11 Topogr&.ph)' aml Charles Honme1\ aRHil'ltauf., Ma.s· 

h)·drugraph)·· trr J.C. Fremout,jr .. l!. S. N.: 
'Ensii:n A. F. Jo'ech1.eler, e. S. N. 

12 HydroJ!raphy _... J .. ient. Edward bf. Hughes, U. :-;, 

N., R~RiRfsnlt; Mi11MhipmPn V. 

W. Kello)!:: aml A. A. A!'lrnt" 
man, U.S.;.,", 

an<l New London a.ml Stonington Harbors. 

Topographic resnrvey of north shore of Long 
Island Sound to eastward of Thames River. 
(Seo also Section VIII.) 

Topogra11hic resnrvey of New London and 
,~icinit.y. 

Self.ri:-~:;isteriu~ tide-gau~e established at Fort 

Trnmbull, New London, Conn. 
lte-estahlishment of points of former triangula

tion, and det<Jrmination of new points on •outh 
shores of I~ong Island Hound in vfoinity of 

::lfontauk Point and Gardiner's .Bay. (See al•o 
Section VIII.) 

Topographic and hydro~1·aphic resurvey of east

ern part of south shores of Long Island Souutl. 

H;vdr(}grapbir resnrv~y of Gardiner's Bay and 

npproache~. south coast. of Long Island Sound. 

(SP" also Section IX.) 

,J. A. HuUivan, aetin~ assistant . Determination of the geographic&l position of 

the uew oh•en·atory of Yale College. 
14 Triongulatinn <>ershom Bradford, &l!Sist:mt; H. Points determined for the resurvey of the north 

J:-~.Giu·lancl. Rhore of Lou~ Island Sound from vicinity of 
nriclgeport, Conn., westward. 

15 Special 01wratio11s F. H. Geriles, assIRtant ..... . P..ecovery and ma.rking of triangula.tiou points 
on the north sbore of Long Island ootween 
Hempst.-a.d Raroor and Horton's Point, N. Y. 

16 Topograph~· ancl 

h'"lrol(l';iphy. 
Chari~• Hosm<'l', 1t><sistant; Mas- Topographic and hydrographic .resurvey of the 

ter ,f. C .. Fremont, jr., U. R N.; western part of Long Tuland Sound in vicinity 
Ensil!'D A. F. Fecht<iler, U.S. N. of '.l.'hro;.(s Neck. 

17 Hs<lm~raph,1·.... Lient.-Commandcr E. R. Thomas, Hydrogra.rhic re•nrvey of the approaches to 
r. S. N., assistant; Master F. N<•W York Harbor. 
A. Wilner, U.S. N.; EnsignN H. 

lf. Witzl'l, .J. M. Orchard, and 

C. K McClain, U.S. N. 
18 Tidal obs<•rvations F. W. Slwpheanl .......... .. Series of tidal observatioJll\ continued with self

rei:istering tide w>nge at Sand,y Hook, N. J. 
l>etermination• of the fowo of gravity at 110· 

boke-n, N. J., and at Albany, N. Y. (See also 

19 

l 
For('e of icmvity .. 1 Charles S. P~iroo, assistant; E. D. 

i Preston and ]', B. Hall. 
! Section• Ill, V, and VI.) 

20 ' Off.shore hrdrog- i Linut" Commander W. H. Brown- ' Hydrography oil' B-Onth coast of Long Islaud, 

raphy nm! deep- I ROD, U. S. N., assiRtimt; Li•mt. and lines of deep-sea ROnndinp In the vielnlty 
sea MOnnding. G, W. Mentz, U.S. N.; Ensi11:Ds of New Yo~k Bay entranoo. (See alao See-

l H. C. Wakcnshaw, W. M:. Con- tlons I and VI.) 
j st.ant, am! HatTy S. Knap11, U. 

I 
S.N. 

21 Verillootlon of hy· J J. S. Bradford, IW!llif!taut ..... 
drography. 

Veriftcation of hydrography for the At.Jutlci 
t:0011t Pilot. 
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rivers. 
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APPENDIX No. 1-Continued. 

PartieH. Operation"'. Persons c.ornlnctiug- operations. Localities of work. 

No. 22 I~e\Pling opera. o. B. rrittmann. assistant: ,J ,,\r.n. Le,\·elin~ operations for ronnr-etinj! the CoaAt 

tiomi.. Atkins and W. O. Jone". 

~3 Triangnlation ..... c. o. llont<'lk, assirdnnt: J. Jl. 

Bnylnr, s11b:tsRh1tant: ,T.ll. Bon-
telle, extra obst'J'''Pr. 

24 Triangulaticm ..... Prof. E. A. Unws('r. ndinz Bfi:•dRf-

ant. 
2r. TopographJ· ...... C. M. Ba<' hf', aflRiHtant ............ 

26 Triangulation..... A. 'l'. Mosman, as•i•tant: W. Jl. 

~7 Phy•ical hydrog
raphy. 

Fairfh1ld. extra (lh1'el'Vf'r. 

Hem-:• ~itel1t•ll. a"•i•\,.nt; II L. 
Marin,lin, as•iBtant: F. D. 
Hrang-t>r, a~8is1,ant; tT. A. Sulli-

"Van. 

:4nrvp>· 1·pfpren(·e murk Ht Alhan,\', N. Y .. witl1 

thp prhua1·y triangnlatiou station on Mount 

ManAfiPld, Vt. (SPe also Section YI.) 
Prhuar~· trian~ulation ac!'ORS tlw State of New 

York for connecting the triani:nlatiou of Hml· 
sou l!iV('l' an<l Lake Champlain with that of 
the ~urver of the (I-re.Rt LakeR. 

Continnation oftlu• triru1~ulfl.f.ion oft he northt-'rn 

part of th~ State of New ,Tersey. 
A~idHions of topogravhiea1 t1Ptail~ to original 

sheM:;; of surn~:r oft.he N('w ,JerRey coaRf· he

twePn the higblnndg of Nnn·siuk and Tom'~ 
Itinr. (St•c alsn Sertion III.) 

Tl'iangufatiou of ])e]awan· nay and RiYer. 18ee 

al~o Spetiou~ III antl XIV. 

Phyj;,icnl hytlro~1ilph)· of D{':\nware Bny nnri 

River. 

28 Hydro)!f~Ph.r..... Il. L. Marindin, a~si•taut: IV. I. H.nlrographfr, rn•nrvey of Delllware Ba~- and 
Vinal, snhassistnnt (part of •ea- Rh·er. 
son): Ensiµn E. }.{.Katz. lT. ~. 

N.; Mid~Jiipnien ·~r. A. Dou,g'l1-

ert.vaml L. S.Van Dnzeu,U. S. N. 
Lieut. R. B. Man•field, U. S. ~.. Ilydrographie reenn·oy of Delawat'<' Rily and 

assistant; Li.e11t. Hu~o 0Rkr- River. 

hau•, U.S. N., assistant. 
30 Topogre.phy ...... W. I. Viual, suba••istant. R.f'i;:.urvey of tupugraphy in vicinity of Cape Ilen· 

]open, Del. 
31 Hydroi;raphy ..... Lieut, G. C. Hanus, U.S. N., assist- Continuation of hplrograpbic resurvey of lower 

ant; Master W. G. Cutlet', U. 8. ' Delaware Bay. 
N.; Ensign5 E. F. Leiper nnd G. 

It French, U.S. N. 
32 ' Topography . . . . . . RM. Bache. a••istant, 

Sa Topograpb,,· ...... · C. T. Tardell", asHistaut ..... . 

34 Geodetic ....... . Mansfitld Merriman 1 acting as

sistant. 
35 Special operations. c. H. Sinclair, suhilRBistant; u. n. 

yan Orden, subassistant. 

Topoi;:rnphie resurvey of the New Jersey shore 
of Delaware Rfrer and Bay continued. 

Continuation of the topographic resurvey of 
the weet shore of Delaware River and Bay 
from NewcRStle southward. 

Reconnni~RHnCfl tnul ex:tensiu11 westwa.rcl of the 

trianirulation of the State of Pennsylvania. 

No. J, 

Determination of houndary line betW(l('D Penn
syh·ania and We•t Virginia. (Se<' also ~
tions III and XIV.) 

Determinations of : C. S. Peirce, assistant; E. D. Pre•- ; Det<erminations of gravity by pendulum experi-
1 i 

gravity. ' ton, Carlisle Terry, jr., andR A. 1 ments at Baltimore and at Washingt-On. (See 
Marr, aid•. also SeetionH II, V, a.nd VI.) 

2 TransitofVenus .. Charles A. 8chott, ll88ist.ant~R .A. ! Observations of the Transit of Venus of Dee.em-
Colonna, as•istant; ,f. 0 .. Por
ter. 

3 ' Topography...... John W. Donn, asllista.nt: D. B. 
Wainwright, assistant. 

4 Spedal operations.' H. G. Ogden, assistant ..... 
1 
i 

5 TopolO'aphy ••.••. ! Eugene Ellioott, assMant 

htor 6, 1882, at Washin~ton, D. C. 

Continuation of the detailed topographical •nr
rny of the District of Colnmbia. 

Exarolnatfon of the monuments of' U1e Trial 
BaS<l Line :it l<'ort Myer reservation, Ya. 

Spooial survey for the Fish Commission near 
the Great Falls of the Potomac. (See also 

Se<itions I and VI.) 
Contillnation of topographic survey of the sout,h 

shore of Hampton Roade, between Cranoy 
Island and Nansemoml River. (See also Sec

tion II.) 
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Sections. 

8RCTIO" III-Continued. 

SECTION IV. 

North Carolina, indrnling 

coaat, sountlH:, seapot't ~, 
and rivers. 

SECTION V. 

South Carolina 1t11d Ge01·· 
gia, induding coast, Rea

water, channds, sounds. 
harbor•, and rivers. 

SECTION VI. 

UNITED STATES COAST AND GEODETIC SURVEY. 

APPENDIX ~o. I-Continued. 

Pa1iie8.' 

No. 

Operations. Pers,1ns conducting opt rations. 

Hydrography.... Master.Tolm C. Fremont, jr., U. 
S. N., assistant; Ensigns .d. F. 
Fechteler and F. W. KellogJ!. 
U.8.N. 

Localitie• of work. 

Current observations at stations near the en
t.rance of Chesapi,ake Bay and thence south· 
wa111. (See also Section VI.) 

Determination of C.H. Sinclair, su hassistant; F. H. Determination of the longitude of the University 
laUtutle and lon· 

gitncle. 
Parsons, ~ubassistant. 

9 GAotfotic ('onnrf'· C. H. Rinrlair, smhilARistant. 
tion. 

JO Special reconnais. H.F. Walling ................... . 
sance and trinn-
galat.ion. 

11 Reconnaif'~ance 

No.1 D1•ep-Rea sound· 
in~s nud tem

pern.tures. 

2 Hy<lrography 

A. T. Mosman, assi•tant: W. B. 
Fairfield. extra ob•erver. 

CommanderJ. R. Bartlett, U. S. N., 
assistant; Lieut G. W. Me11ti, 
U.S. N.; Ensign R. S. Knapp. 
U.S.N. 

Lieut. F. A. Wi)ner. U.S. N., as· 
•istant; Ensigns 1<'. H. Sherman 
and Harry Phelps, U. s. N. 

No.1 Ilydrograpl1y ..... Lieut. J. T. Sullivan, U.S. N., a•-
sistant; Eusign8 W. H. Allen, 

E. N. Fisher, and J.P. Parker, 
U.S.N. 

2 Telegraphiclongi· CliarlesS. Peirce, assistant: E. D. 
tndes and pen. 

dulum ohserva
tions. 

Prest~n. 

of Virginia, Charlottesville, by exchan~e of 
telegraphic signals with W asbington, and of 
the latitude of the Charlottesville station. 
(See also Section• II, VIII, XIII, XIV, and 
XV.) 

Connection of the astronomical station at the 
University of Virginia, with the primary tri
anpilation. (See also SectionR II and XV.) 

Reconnaissance, triangulation, and hypsome
tric observations in the region alxmt Wasl1-
ington, D. C. 1 for t11e construction of a general 

1nap. 

Reconnaissance for the extension of the pri· 
mary triangubltion near the thirty-ninth par
nllel westward, in West Virginia, Ohio, and 

Kentucky. (See also Sections II and XIV.) 
Lines of deep-sea soundings and temperatures 

off the Atlantic coast of the United Statee. 
(Sec also Section II.) 

Hydrographic surveys of Cape Fear River 
entrance anti in Cmatan and Pamplico Sounds. 

Hydrographic survey in the vicinity of Cape 
Uomain, S. C. (Soo also Section II.) 

Occupation of tbe Hta.tion at, Savannah, Ga., for 

the determinati<m of the longitude ot Saint 
Augustine, Fla., by exchange of teleirrapbio 
signals. (See also Sections II, III, V, VI.) 

Pe1tinsula of Florida1 from No. 1 Ilydrography .... ' Lieut. E. l), F. Hea1d, U.S. :N., as- Hydrop;raphic resurve,y of Saint, Joh11 1e River 
Saint Mn.rs's River on 

the east coast te .A.nclote 
Keys on the west roast, 
iuclmlin~ t11e coAAt ap

proaches, ret"fs, keys. sea- · 

11orts. and rivers. 

2 Telegraphic longi-

tudes. 
1 

sist.ant; I,ieut. Davit! Daniels, 
.U.S. N.; Ensigns 0. G. Dodge 
and Alfred Jeffrie~, U.S. N. 

CluU"]eR g_ PAil'eP., aii~iRhtnt, in co-

operation with Col. F. Perrier, 
Director of the l<'l'l}nch geo
graphic service and chief of 
party for observation at Saint 
Angu•tlne of the Transit of 
Venne; E. D. Preston. 

Reconnal•sance •.. : Eugene Ellicott, as•istant ...... . 

Trinngulation1 to

pography, and , 
hydrography: 
ulu~ervati-one fur 

azimuth and of 
magnetic decJi. 
nation, dip, and 
intensity. 

Triangulation, to. 
pogmphy, h y. 
drography, and 
obaervatlons for 
azimuth. 

B. .A. Colonna, assistant; T. l'. 
Borden and 'E. L. •.raney, aids; 
W. B. Fairfield, extra observt>r; 
Ensign FAward Simpson, U.S. 
N. (part of season). 

0. H. Tittmann, assistant; J. B. 
Weir, subamstant; Ensign E. 
lll. Ratz, U. S. N.; Mid•hlpmen 
J. A. Doaghertyand L. S. Van 
Dnzer, U.S. N. 

an1l bar. 

Determination of the longitude of the Transit 
of Venn• station at Saint Augustine by ex· 
change of t<ilegraphic signals with Savannah. 
(See also Sections II, III, and IV.) 

Reconnaissance of Saint John's River from La.ke 
Monroe to Lake Washington. (See alao Soo· 
tions I anti III.) 

Survey of tl1e eastern coast of FloridA from In
dian River Inlet southward. (See alao Sec
tion XVII.) 

Survey of the shores and lagoons of Eut Florlda 
from Key Biscayne oorthward. (lie& alaoSetl· 
tiuu II.) 
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APPENDIX No. 1-Continned. 

___ Sec_ti_one_. ___ JParties., Operations. / Peraona conducting operations. I Localities of work. 

$JICTIOKVI-.Continued. I No. 6, Hydrography •.••. I Lieut. H.B. lilansfield, U.S. N., I Hydrograpb.icsurveybetweenJupiterlnletand 

8BcTIOK Vlil. 

1 I al8ietant: Ensigns W. B. Caper· Key Biaeayne. (See also Sectio11 II.) 
I I ton, H. M. Wetzel, J. M. Or.

1 
I I chard, and C. S. llcClain, U. 

I
I S.N. I 

7 Current observ&- Lieut. J.C. Fremont, jr., U.S. N., Observations of ourrenta at statlona olf Jupiter 
tlone. aaalstant. Inlet, Fla. (See alao Section III.) 

8 Deep- sound- i Lieut. Commander W. H. Brown· Deep-sea soundings, with aerial t.emperatnrea, 
Inga. i eon, U.S. N., assiat&nt; Lieut. betweentheBahamaaand theBermndaa. (See 

' G. W. Hentz, U.S. N.; Mae. alll<ISectlonalandll.) 
tere Henry Morrill and Luolan 
Flynne, U.S. N.; Ensigns H. C. 
WakeW1baw, W. }[. Constant, 
and H. S. Knapp, U.S. N. 

9 Topography and Joeeph Hergeeheimer, snbaaaiat- Topographic and hydrographlo nrvey of the 
hydrography. ant; J. B. Bontelle, extra ob- weateoaatof Florida between Charlotte Har. 

I 
server. bor and Tampa Bay. 

10 Hydrography ..... Lleut.H.B.Manafield, U.S. N., I HydrographyolftheweateoastofFloridatothe 

1 
aeeil!tant. northwardandsouthwardofTampaBay. (See 

Alabama,Hlulasippl,Lolli· No. 1 I 
I also Section II.) 

Rooounaiaeanee... Spencer C. lloCorkle, assistant; Reconnaissance for the connection of the Gnlf 
j W'. O. Jonee, acting aid. coast triangulation in :Mobile Bay, Ala., and eiana, and Arkaneaa, ln

cl11dingG11lf coaet,ports, 
and riven. 

2 Topography and 
hydrography, 
with supple
mentary trian
gulation. 

3 Triangulation, t,o. 

pography, and 
hydrography; 
measurement of 
base and obaer
Tatiiona for lat!· 
tude and azl-

math. 

i Ylcinity, with the primary tria.ng111ation at or 
' 11ear Atlanta, Ga. (See alao Section Il.) 
C.H. Boyd, auistant; Midship- Continuationofthea11rveyoftheooastof Lo11i-

manJamea C. Drake, U.S. N.; ai&na westofthe MiasiaaippiRiver. (See also 
J. De Wolf, extra oh9erver. Section I.) 

F. W. Perkina, Malstant; W. C. Survey of the ooast of LonWana from Sabine 
Hodgldna, aubaeellitant: G. F. Pasa eastward. (See alao Section XVI.) 
Bird, aid; Lieut. Lucian ll'lynne, 
U. S. N., aaaistant. 

I 
' Telegmphio 

gUu.des. 
ton. J!'. H. Paraone, 1111-eiatant ...... ·I D&t.ermlnatlon of the longitude of Little lloelt, 

I 
Arll:., by exchange of tA!legraphlc elgnala with 
Saint Louia. (See also Seet!oaa Ill, xm, and 
XIV.) 

I 

Tena and Indlaa Terri. No. I Hy4ro!tfAphy .••.. 
tory ,including Ga1f eout, 

Lieut. E. H. Hughes, U.1!!. N., ae
alatant; Lieut. C. lloR. Win
slow, U. 8. N.; Enaign9 T. )(. 
Brumby, W. C. Canfield., and 
Wm. Truxtun, U. S. N. 

Bydroirraphyofthe eoastofTexas from Galves· 
ton entrance -tward. 

baye, and riv-

8aonox X. 

Califonlla, laollllliq ille 
.,..., -,., llarlloft, ed 
riv-

2 Trianplatloo, to
pography.
-tofbue, 
... determina
tion of asinunh. 

:&. E. llalter, aalatant: J.E. llo
Grath, aid. 

No. I XlpeUe ohaer. llueu BHe:r, IM!Ung -latlni: 
~ Weraer&i-

1 'l'rJupJadoa ··-· J- 8. La--, MBla&aat. ··---· 

8. Ex. 29--11 

Topography of the llhoree of Nuecea Bay; trlan· 
gulatlon In the vicinity of M:atagorda Bay, 
~-t of 1»ee of verillcatioa, and ob
er'l'atlou for azimuth. 

Eatabllebment of a mapetl.c, eelf-registering 
re®nl atatio.D at Loa Angelee, Cal. 

Coo'1Daal.lon of th& primary trlanga:latlon north· 
waid fl'om Point Conoepolon. (See alao S&o
tion XVI.) 
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____ Sec_t_io __ n_s. ____ jParties./ 
:--
1No.3 

Operations. I Pereone conducting operations. I Localities of work. 

SECTION X-Continned. 

SECTIOll XI. 

Oregon and Wa•hington 
Territory, incl udlng 
OOIW!t, lnteriorbaye, 
ports, and rivers. 

SECTIOI! XII. 

I 

Hydrograpby... •• Lient. W. T. Swinburne, U.S. N., Hydrographic snrveyftom Monterey10uthward. 
aui8ta.nt; Lients. J.B. Milton 
and W.P. Elliott, U.S.N.; MM-
terF.H.Lefavor,U. S.N.; Mid-
shipman P. B. Bibb, U. S. N. 

Telegraphic Ion· George Davidson, asaistant; J. J. Observation• at San Francisco, Cal., for the de-
gitndes and ob· Gilbert, assistant; E. F. Dickins, termination of the longitude of the Transit of 
servation of the subassistant; C. B. Hill. Venne station, near Fort Selden, N. Mex., by 
TransitofV eons exchange of telegraphic signals. Obaervationa 

I 

of the Transit at San Francisco. (See al&o Sec-
tion XVI.) 

Hydrography ..... ! Louis A. Sengteller, assistant; I Completion of the supplementary survey of the 
I Ferdinand W estdahl. San Franeleco Peninsnla. (See also Section 

I 
XI.) 

6 Force of gravity R.A. Marr, acting assistant; A. Determinations of the foree of gravity and of 
and magnetic 1 D. Schindler, acting aid. relative magnetic intensity at San Francisoo, 
observations. I Cal., in eonneetion with similar observations 

at Point Barrow, Alaska. 
7 Force of gravity .. 

1

. Edwin Smith, assistant; Prof. H. 

1

1 Determinations of the force of gravity at San 

S. Prichett. Francisco in connection with similar detenni-
: ! nations at the Transit of V enua st.ation in 

I 
New Zealand, aud at atatiou in Aualiralia and 
eastern .Asia. 

8 Tidalobserrations /' E. Gray........................... Tidal observations, with self-regist.ering ti.ie-
11;auge, continued at Saucellto, near San Fran. 

I I cisco Bay entrance. 
9 Triangulation .... i Goorge Davidson,aeeistant; E. F. Occupation of stations of the primary triangn-

/ Dickiu, assistant; J. F. Pratt, lation north of San Francisco Bay. (See also 
I subasslotant; C. B. Hill. Section XVI.> 

10 Hydrography..... Lieut. W. T. Swinburne, U. S. N., Continuation of hydrograpl:Uc survey in the 
aesistant; Lieuts. J.B. Milt.on vicinity of Point Arena, Cal. 
and W. P. Elliott, U.S. N.; Mas-
ter F. H. Lefavor, U.S. N. 

11 Hydrography..... Licnt. E. D. Tall811ig, U.S. N., &a· Hydrographic survey in the vicinity of Mondo-
sistant. cino City, Cal. 

12 Triangulation .... A. F. Rodjliers, assistant; Stehman Continuation of the primary triangulation of the 
Forney, assistant. north coast of California. 

No. Triangulation and L . .A.. Sengteller, assistant ......... I Survey ot the Umpqruoh River, Oreg. (See alao 

and topography. 1· Section X.) 
2 Triangulation and Clevelaud Rockwell, assistant . . . . Continn&tion of the Survey of Columbia River 

topography. and tributaries. 
3 Hydrography..... Lieut. T. Dix Bolles, U. S. N., as- Hydrographic surveys of Gray'a Harbor, &ad ill 

eistant; Ensign J. N. Jordan, U. the Straits of Fuoaand Admiralty InI,t, Wash. 
S.N. Tet. 

4 TriRngulation . ••. J. J. Gilbert, assistant............. Triangulation of Hood'a Canal, Wae). Ter. (See 

alao Seetion X.) 

Alaska, includinz: the coast No. 1 i Hydrographie re· Lieut. H. E. Niehola, U.S. N., aa- ' Continuationofthehydrographioreoonnaiu&Me 
and the Alentian Islauds. conn al esa n c e j aietant; Ensigns F. W. Coffin, of shore line and harbo1'8 of -themitern 

and ma.gnetie ' C. F. Pond, S. E. Woodworth, Alaaka. 
observations. i and W. V. Bronaugh, U. S. N. ; 

1 j Fremont M01'118, aid. 
2 / Tidal observations j W. J. Fisher .....•.•••••.••.•••.•. 

' ' l 

Force of gravity I R. A. ¥art, aettnir aeailltuJt; A. 
and magnetic I D. Schindler, acting aid. 
obaervations. • • i 

4 Longitude .••••• ··j Wine, low Upton, Signal ~; 
F. Weetdabl &Jld C. B. Hlll, 
Coa1$ and Geodetio SUrvq. 

Tidal obaervatlone oontian...I with eelf·regiater· 
ing tide-gauge at Saint Paul, Kac1iak Ialand, 
A.laab. 

Determlaations of the force of pa'f'liy, mad nl· 
atkre mapetlll ill~ at Patal llamJW, 
Alllllb. (Sae aleo Section X.) 

Longitrule of Poiat llamnf, .AJuka. 



 

UNITED STATES COAST AND GEODETIC SURVEY. 83 

APPENDIX No. 1-Continued. 

SectioD&. Parties. Operations. Pereons condncting operations. I Localities of work. 

S11er1011 XIll. 
I 

Kentucky and Tenn-.. No. 1 Telegraphiclongi· 
tndes. 

Goorge W. Dean, aeBistant; Fran· ! Occupation of the longitude station at LoniB· 
cis H. Pareona, subassista.nt; i 
CarlisleTerry,jr., aid; J. W.G. i 
Atkins, acting ai<!. ! 

ville, Ky., for the determination of the longi
tudes of additional stations in Kentucky by 
exchanges of telegraphic signals. Determin&· 
tions of the latitudes of these stations. (See 
alao Sections XIV and XV.) 

2 Geodetic ......•••. ! Carl Schenck, acting assistant. 

SECTIOX XIV. 

3 Geodetic .•........ 1 Prof. A.H. Buchanan, ooting as. 
I sistant. 

i 

I 

Reconnaissance for the extension of the triangu· 
Jatlon of the State of Kentucky. 

Occupation of stations in oontinna.tfon of the 
triangulation of the State of Tennessee. 

Ohio, Indiana, Illinois, No. I 

~lehigan, and Wisoon-1 
sm. I 

Reoonnaissa.nce. ··1 A. T. Mosman, assistant; W. B. 
Fail field, extra obseITer. : near the thirty-ninth parallel extended from 

I j West Virginia into Ohio and Kentucky. (See 

Reconnaissance for the primary triangnlation 

811CTI011 XV. 

Mi880uri, Kan.111111, Iowa, 
Nebraska., Minnesota, 
and Dakota. 

SJi:oTIOllf XVI. 

Nevada, Utah, Colorado, 
Arizona, and New )(ex:. 

ico. 

Baanox XVlL 

I '1 also Sections II and III.) 
2 ' Geodetic ..•.•••.•. Prof. R. S.Devo~ acting assistant. Occupation of stations in continuation of the 

! trian~lation of the State of Ohio. 
9 Geodetic .........• Prof. J. L. Campbell, acting as ! Reconnaissaneefortheextensionofthetria.ngu-

slstant. I Iation of the State of Indiana. 
4 Geoitmphical posi. Francis H. Parsons, subassistant. i Determinations of tbe latitude and lon~tude of 

ti one. stations in Indiana. (See also Sections III, 
V'Ill, and XIII.) 

5 Good68io leveling. Andrew Braid, 9.88ista:nt .......... Transcontinental line of geodesic Ieveliog ex· 

6 Triangulation .... G. A. li'airfleld, 9.88istant; J'. B. 
Weir, snhassisto.nt; Carlisle 
Terry, jr., aid (part of season); 
T. P. Borden, aid (part of sea-
eon). 

tended from Mitchell, Ind., to Saint Louis, 
Mo. (See also Section XV.) 

Continuation to the eastward of the primary 
triangulation in illinois, near the thirty-ninth 
parallel 

7 Geodetic.......... Prof. J. E. Davies, acting assist- Occupation of stations in continuation of the 
ant. triangulation of the State of Wisconsin. 

No. 1 Telegraphiclongi. George W. Dean, aasisto.nt; C.H. Occupation of the longitude station in Saint 
tudes, and deter- SiDclalr, subassistant; F. H. Louis, llo., for the determination of the lolfgi· 
minatlonsoflatl- Parsons, subasaistant; Carlisle 
tudea. Terry, jr., aid. 

tudes of points in Arkansas, Missouri, Ne· 
braska, Kentucky, Indiana, and Illinois, by 
exchanges of telegraphic signals. Determina-
tions of the latltudtlB of theae points. (See 

also Sections XllI and XIV.) 
2 Triangulation ...•. F. D. Granger, assistant; J. E. Continuation to the westward of the primary 

McGrath, aid; J. A.. Johnaon. triangulation in Missouri near the thirty-ninth 
parallel. 

3 GeOOeaic leveling. Andrew Braid, assistant; J. B. Transcontinental line of geodesic leveling car

ried weetward from Saint Louis towards Kan-
8&8 City, Ho. (See also Section XIV.) 

Weir, aubaasiatant. 

No. 1 Trilmgulatlon .•••. William Elmbeck, ualatant; R. Primary triangulation In Nevada neart.Jieillirty· 
A.. Karr, a.id. ninth parallel extended eastward. 

2 ~ ... F. W. Perklns, aeaistant; G. F. 

8 Obaervattona of 
the T-1t of 
Venne. 

Bird, aid. 

~rge Davidson, aaaiatant; 
Jamee S. Lawaou, usiat&nt; J. 
F. Prat~ sabueietAnt; D. G. 
Chapman and T. B. Tappan, 
photographer&. 

Reoonnala&anoo for the extension ea.stw&rd of 
the primary triangulation near the thirty
nint.11 parallel In Colorado. (See a1ao Section 
Vlll.) 

Obaervation of the Tranalt of Venue at Cerro 
Roblero, nea-r l'ort Selden, N. Hex. (See alao 
Section X:.) 

Idaho,WJ'lllDing,llllllJloa. l!£o. l Ve-riftcatiH of B. A. Ooloima, uaiat&nt; T. P. Compl&tlon of the work of verilloation of the 
-. Tenito17'. bcnmclar,y. Borden, aid 1 0, D. Gectaey. noribern bouadary of Wyoming Territory. 

(See*° 8ectloll VI.) 
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Sections. iParties.1 Operations. I Persons conducting operations. 
----- ·--------···~~!______ I 

Localitiea of work. 

SPECIAL 0PB&ATIOll8, 

Auckland, New Zealand, 
and stations in Eastern i 

Asia. , 

I 

Caroline Island, South p,.. i· 
clftc Ocean. 

,------
Obeervatlona of! Edwin Smith, auistant; Prof. H. 

the Transit of I S. Prichett. 
Venus and de- 1 

terminations of 
the force of 
gravity. 

ObeervatioW1 of the Tta11alt of V enua at Auck· 
land, New Zealand. Alac determinations of 
the force of gravity at the Traneit of Venus 
station, and at stations in New South Wales, 
British India, aud Japan. 

0 bservatlons of E D. Prearon, aid .•• •• . .• •• •• • • • . Obaervations in oonnectlon with those made at 
the Total Solar Caroline Ialand, South PaoiB.c Ocean, of tho 
Eclipse and de- Total Ecli)llle of the Sun, May 6, 1883. .A.lao 
termination• of determinations of the force of gravity at• the 

Honolnlu, Sandwich 
ands. 

the force of: Eclipae station, and at stations in the Sand-
i gravity. / wich Ialands, and in San Fnuiclaoo, Cal. 

la!-: .•..•... Tidal obscrva- i···························-········ Tidalreoordfromthelltllf·regilterlngtide.puge I tiona. I eatabliahed at Honolulu, Sandwich !Blanda. 
-----------'-'--~---- --··- ---------
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APPENDIX No. 2. 

Statistics of field and office work of the United States Ooast and Geodetic Survey for the year ending 
June 30, 1883. 

I 
I I 

Total to I Total during i Total to 
June 30, 1882. ' year. ! June 30, 1883. 

------ - - ------------1---,------
RECONNAISSANCE. I I ! 

::::.::::rS:~~.~'.~~~::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::J ..... ~~~~~-! 8,so: j ...... ~~-~~ 
B..\l!E·LINES. 

Primary, number of........................ . . . .. . .. .. .. . . . . . . . . .. . . . . . . . . . .. . .. . . . • . . . . .. . . . .. • •• .. 14 
Subsidiary, number of . . • .. . .. . . . .. • . .. • • . . . .. • • • .. .. .. • • . . • . • • .. .. . • . • • • • • • • • • • . .. . . . . . . . .. . .. . . .. 124 

Primary, length of, in statute miles ............................. :.................................. 90 
Subsidi&ry, length of, in statut-e miles .. . . • . .. . . .. .... . . . •. • • .. ... .. . .. .. •• ••. .•. .. .. . . .. •• .. .•••.. 301 

TRIANGULATION. I 
Area in squaro statute miles .. . .. . . • •. . . .. • • • • •• .. .. . . • • . . . .. . .. . .. . . .. . . . . . . .. . . . .. . . .. . . • . . . • . • . . 175, 1971 
Stations occupied for horizontal measures, number of.............................................. 10, 328 
Geographical poeltlone determined, number of..................................................... 10, 570 

1 

Stations occupied for vertical measures, number of . .. .. . .• • • . . .. • . . . . • • • • . . . . . . . • •• • •• . . • • . • . • • • • • 639 i 
Elevations determined trigonometrically, number of............................................... 1, 680 i 
Elevations determined by spirit-leveling, number of bench-marb.......... •• . .. .. . • • .... •.• •• . . . . 1, 700 t 

Lines ofeplrlt-leveling, length of, in statute miles . • . . . • . • • • . .. . . . .• ... • • • . . . . . . . . . . . . . • • .. . . . . . . . 2, 162 [ 
Triangulation and leveling parties, number of,. ................................................................. j 

Azim.nth stations, number of ...... .•• ~:.~~~~~~~~~ -~~~~:...... ............ ....... ........ ..•••. 1751 

Latitude stations, number of .. . . . . .. .. .. ... • . • • . . • . .. . . . .. . . .. .. . . .. • .. .. . . . . .. .. . .. .. .. .. • . • . . . • . 279 i 
Longi1'nde stations (new), telegraphic, number of............ .. .. .. . . .. . . . . . . . . .. .. . . . .. . . . . . . . .. . . 105 ! 
Longitude stations, chronometric or lunar, number of............... .. • • • .. . • • • • • • • .. ... • • • • • ••• • • 110 i 
Astronomical parties. nnmoor of ................................................................................. I 
Stations occupied, number of new •••••• ~~?~~~~. ~~~~'... .. . . . .. . . . .. . . .. . .. .. . .. . . . . . .. . .. .. .. 651 I 
Pennauent magnetic lltatione, number of ............................ · ...•• •• • •• • · · · • • .. • · • · • • • · · .... • .. · .. · .... · i 
Magnetic parties, number of .................................................................................... ·I 

Area surveyed, in square statute miles ·--~~~~~~-~~~'.. ... ... . .•. . . •..••.. .. .. ••.. .... .... •.. .. . . 28, 255 
Length of general eoast, In statute milea....... .. . . •• .. . . . . . . .. . . .. . . . . . .. . .. . . . . . . . . . .. . .. . . .. .. .. 6, 868 
Length of shore-line, in atatnte mllee, inolndlng rivers, creeb, and pond& . . . . . • • • . • . . . . . . . . . • . • • . 80, 878 
Length of roada, in atatute miles .. • • • • • • . • • • .. . . . . . . . . . • .. • . .. . . . . . . . . • • • • . • • • . • . . . . • .. . . .. . .. • . • . 41, 106 

Top0graphlcal partl.ee, number of ................................. · .. · . · • ••• · · · · · • · · • • · • · •• • •• · · .... • · .... · · • · ·· 

Parties, nnmberof ....................... ~~~-~~~~~~'. ...................................................... .. 
N mnber of mllea (geograpJtical) run while sonndin&.... • •• .. . . • . •• • • • • . • • • • • . . • • • • . . .. . .. • . • • • • • .. U5, 763 
Area Bounded, in square geographical mlle8 . . • . • • • • • • • • • •• • • .. • . • .. • • .. • • • • •• • • • • • . . . • . • • • . • • • • • • • 87, no 
Miles rnn, additional to oatside or deep-sea 110andlng .. • . •• .. . . . . . . . . • . . . •• • . ... . • • . .. . . . . .. . . . . • .. '13, 180 

s===::~~~==~::::::::::::::::::::::::::::::~:::::::::::::::::::::::::::::::::: :::~~:~~~7:: 
~:::: = pennanent, number of .............................................................. i 256 

~~~~'7~?7-~~::::::::::::_::_:::::_::::::::::::::::::::::::::::::::::::::::J-····- .. :-:. 

0 

3 

0 

14 

127 
90 

125 426 

! 
15, 500 I 190. 697 

1114 10,522 
488 I 20, 058 

:j 1,: 
331 I z Oll7 

au I 2.'86 

211-··-......... . 
8 I 183 

17; 296 

1
0
0 I 116 

110 
8 ! ............ .. 

I 

131 ~ 
21······· ...... . 6 ............ .. 

:: I ~::: 
1, 700 I 82, 678 

s: 1--------~~·-~~ 
116 J--- ......... .. 

10, 806 I sM, 5119 
3, Bl• , 90, 70. 

1,518 

390, 704 
3,19' 

74, 7'8 

16, 203, 402 

S,036 ............. . 

' 2511 

: J ........ :.~~~-
15 ! 687 
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Total to 
1
1 Total during I Total to 

. Jone 30. 1882. year. : June 30, 1883. 

. HYDROORAPHY-Continued. -----1 
Cn1Tentpe.rties, n 1mberof .•............•.......•....•.........•...••..••..........••......••..•...••.....•..... , 
Specimens of bottom, number of............................ ........••..•.. ........ .•...•. 11, 784 [ 

RECORDS. 

Triangnle.tion, originals, number of volumes ..................................................... . 
Astronomical observations, originals, number of' volumes ...........••••••.•.•••.•••.••..•....••. 
:Magnetic observations, oril!'inals, number of volumes ...•...........••.•..•....................••• 
Dnplicat.ee of above, nnmber of volumes ..................................... _ .. --· ______ . _____ ..... _ 

Compatations, number of volumes ...........•.••••••...•.•.•••••••••••••••..•••.•••.••••••••..•.. 
Hydrogrnphic soundings and angles, originals, number of volumes ..••••...••••..•.•••.....•..•.. 
Hydrogrnphic soundings and angles, duplicates, nnmbeJ" of volumes .•........••.•.•...••...•..... 
Tidal antl current obsflrvations, originals, number of volumes ..•.•••.•.•.•.•.••..••.•.••......•••. 
Tidal and current observations, duplicates, number of volumes .••••••..••••••••••.••••.•••.•..••. 
Sheets from self-regisforing tide· gauges, number of .................•..••..••.•••....••.•..•....••. 

Tidal reductions, number of volumes ..... - -...... -·--·· ···· -· · - · · · ····· · · --- · - - --- - · -- - · -·-- ------1 
KAPS AND CH.ARTS. 

Topographical maps, originals .... --- .......•.............•..••..•..••...•••..•......••••••.••••••. 
Hydrographic charts, originals .....•.•.•.•.•••.•.....••.........•.••••.•••.•.••••..••••..••••..••. 
Reductions from original sheets .....•.........•..••....•..•......•••••••.•••.•.•••••.•••.••.•..••. 
Total number of manuscript maps and charts ...••...•....•.•.•..•.....•••••..••.•.•.....••••••.•. 
Number of Rketches made in field and office .••......•.•.•....•....•..•••.....••....•...... __ .•.••. 

ENG RA VIJIG AND PRINTING. 

Engraved plates of finished charts, number of .. ___ ...... _ .........•.••..••.... _ .•.•...•...•...••. 

Engraved plates of preliminary charts, sketches, and diagrams for the Coast and Geodetic Survey 
reports, number of ....... ---· ...... , ..................................................................................... -· 1 

Electrotype plates made .•... _ •••..••..••.......••••••••......••••••.•••••••••..••.••.•••••••••••. ! 
Finished charts publishe<l ..••••••••••.••••••.•..••••••.•••••.••••••••••.••••.••..•••..•... ········/ 
Engraved plates of Coast Pilot charts .. __ ........•.•••.•.••......•••.••••.•.••••.•••.••••••••••••. 
Engraved plafos of Coast Pilot views .••....•...••••.•.••..•.•••.•...•••....•••••.••..••........••. 

Printed shoot. of maps and cha.rte distributed ....•••.•••• - . - • - - - - - - -- - - - • - - '"· - · - · · · · · · · · - • · ·· - · • · 1
1 

Printed sheets of maps and charts deposited with BAie agent.I ...••••••••••.•.•.•.••••••••••••••••• 

i 
a.mi 
1, 589 

525. 

B,879 

3,420 

8,450 

1, 508 

3,377 i 
2,186. 

!l,853 

1,850 

1,625 
1,671 

913 : 
2. 6'14 I I 3, 164 I 

2571 

&21 

308 

27~ 

62 
11 

321 

159 

257 

191 

85 

~~Ii 
so 

17 

50 

u 
14 
42 

10 

71 
39 I 1,6241 

il64 I 21 I 

:! '-··········-~-
61lll93 I 32, 012 

196, '°° I 16, 612 

4,010 

1, 651 
,!1841 

4,200 
3, 579 
8, 7111 
1,6!111 

3,4G2 
2,262 

2, 924 

1, 880 

1, fl4S 
1, 721 

927 
2,688 
3,206 

1139 
1,fl6ll 

391 

62 
78 

533, 205 
212,062 
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APPENDIX No. B. 

Information furnished from the offee of the Coast and Geodetic Survey in reply to special calls during 
the year ending June 30, 1883. 

Date. I Name. Dat.a furnished. 

1882. I 
Jnly 21' Hon. J.K. Upt.on, Waahington ........................... ., Compiled map of the Atlantic coast of Florida from Saint Andrew's 

! Sonnd to Biscayne Bay, and map of Peninsula of Florida. 

Ang. 

5 J. K. Biua and M. de K. Smith, attorneys, Chestertown, As to secular change of magnetic declination since 1728. 

5 
5 

6 

6 

13 

14 
17 

18 

18 

18 

24 

• 24 
28 

9 

Md. 
G. Edmunds, Harrisville, N. J............. . . .. . . . • . • . .. . . . Height of Monadnock Mountain and bearings to other stations. 
J. 0. Caldwell, Corpus Christi, Tex ........................ Geographical positions vicinity of Corpus Christi. 
F. Sylvester, Pleaeant Plains, Staten Island, N. Y..... .•. Magnetic declination at New York. 
Mr. W.R. Hutton, con1mltlng engineer, New York . . . . • • . Topographical and hydrographic surveys of Hudson River from Mount 

· I Saint Vincent to Piermont. . 
F. Sylvester, Maepeth, Long Island .•.•.•..••.•..•••.... ·I Bench-marks at Keyport for settmg a dook. 
Richard Lamb, city engineer, Norfolk, Va ............. ··I Tides in the Bay or Fundy and on th<> Atlantic coast. 
J.C. Hoadley, Boat.on, Mau .•.••..........•....••........ 

1 

Position of Lawrence, Maas. 
C. A. Aahbumer, Geological Survey, Pennsylvania ....••. Geodetic information in regard to stations Whitehorse, Port Clinton, 

and Bake Oven, Pa. 
Hon. Eugene Rale, ot Maine .............................. I Topographical survey of part of Mount Desert Island. 
Hon. Samuel F. BatT.,of Pennsylvania.................... Topographical survey of Mount Desert Island from Northeast Harbor 

to Seal Cove, Me. 
CommaoderW. T. Tmxton, U.S. N ..........••..••...... Hydrograpbic survey of Elizabeth River from Fort Norfolk to Tan-

i 
ner's Creek, Va., made in 1882. 

Mr. W. L. Creiglar, WMhingt.on County, Fla . ..• . . . .• . . . Unfinished proof of coast chart No. 85 from Saint Andrews Bay to 

I 
Chootawbatchee Inlet, Fla., brought up by hand . 

Mr. E. H. Robert&, Santa RA>M County, Fla .•...•.. _. _... Do. 
J.P. Genthon, S. Penn. R. R.Co., 57 Broadway. New York. Geographical positions of Harrisburg, Wheeling, Washington, Alle

ghany, and Pittsburg. 
Ditector of the United St.atee G1loi.glcat Survey.......... Geographical position• in the region <if the mue Ridge, in Virginia 

and North Carolina. 
11 do .••••••..........•..•.•••.••• _..... .. • . . . . . . • . • • • • . Geographical positions in Missouri. 
12 lL J. Campbell, Sibley, Iowa.............................. Geographical positions, altitude, and magnetic declin&tion of Sibley. 
15 Mr.JamesAlbertCla.rk, Waabington, D. C ............ _. Topographical survey of the Virginia shore of the Poroma.c River 

from Roeler'e Creek to Monroe's Creek, made in 1862. 
17 Mr. S. K. Abbott, 98 Federal iltreet, lloeton, Mau . • • • . • • . . Topographical survey of Petit Manan Point, 188C, aild Trafton' s Island, 

• 1881. 

21 J.P. lloprt, Shell J1'lah Commiaaioner, New Haven, Conn Positiona of Branford Church, Falkner's Id. L. H. and N. Killings· 
worth, and distance and azimuth between the latter objects. 

22 Chief of Engtneera, U.S. A . . . . . . • • • . . • • . • . . • • . . . . . • • . . . • . Latitude and longitude of a number of astronomical stations 
2' ~I Bi~ Commisaion..... . .. .• . . . .... • •. . • . . . . . . Result.a of spirit-levels on the lliBBiuippi River between Greem·ille, 

Mia. and Carrollton, La., and descriptiona of bench-marks between 
Lake Providence, La., and Fort Adame, 14181. 

24 New York ll:'l"tlll1iag ~el~ •• • .. • . • • • . • • . •• • • •• . • .. • • • . Hap of Cooey Ialand iBBned in J nly, 1879, showing comparisons of the 
surveys between 1840 and 1881, with fonr profiles from the surveys 
of 1855, 18'78, and 1881. • 

21 V~k Col.Till, ~ent Adirondack Snrvey... Geogmphioal }I08itioDB of Bigelow, Mount 1'laW1tleld, Dannemora, and 
it.ad. 
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Date. Name. I Data furnished. 

-------~----1----
1882. ! i 

Aug. .261, Prof. George H. Cook, State Geologist of New Jersey ..... [ Copies of the plane-table work, ooaatof New Jersey, from Brigantine 
I Inlet northward to near Tom's River, and of the survey of 1839 of 
I Long Beach, south of Barnegat Inlet, New Jersey. 

Sept. 

I eurvey of 1879. 
28 I Mr. Morgan Hand, deputy clerk Cape May County .. -... · 1 Topography of Cape May, N. J., survey of 1842, with shore-line of 

28 l Peter C. Hains, major of Engineers, Washington, D. C ... , Information relating to self-registering tide-gauges, and the makers of 

I 
'1· them. · 

29 

1 

Prof. George H. Cook, State Geologist of New Jersey. . . . Topography of the coast of New J eraey, Turtle Gut Inlet to Leam. 

·1 1· ing's Bea.ch, 1880 and 1881. 
291 C. C. Perkins, office City Surveyor, Bost-On ..•...........• Description of old station Powderhorn. 
31 , Prof. A. W. Phillips. Yale College, New Haven, Conn .... 1 Special tables for predicting tld68 for New Haven aad aevsral other 

[ I places in Connecticut. 
4 ! General John Westcott, president Coast Line Canal and i Hydrographic surveys of the Florida passage from Elbow Creek to 

1

1 
Transportation Company. i Indian River Inlet, made in 1878 to 1981-1882. 

5 General H. G. Wright, chief of enj(ineers ............... I Hydrogmph'.c survey of Norwalk Harbor, Conn. 
5 1 •••••• do ....•......•••••.....•.••..................•....• •• 1 Hydrogi·aphic survey of Black Rook Harbor, Conn. 
u / ...... do . ... • . . . . . . . ... .. . . . . . . . . . . . . .•. .• . . .. . . . • . . . . . . . . Hydrograpbic survey of Stamford Harbor, Conn. 
5 ; ...... do ................................................... I Hydrographic survey of Southold HarboT, Suffolk County, N. Y. 

5 •

1

' ...... do······················· ··········-- ··· ······ ······1 H~!;;,.~~~:n:;~;~ y~f channel-ways of Peeonle River and bays, 

5 ...... do . . . . . • . • • . • • . . . • . . . . . • •.............•.........•••• : Hydrograpbic surveys of Stony Brook Harbor, SwfJlk County, N. Y. 
6 J. G. Bramley, Saybrook, Conn .......................... ·I Description of se..-eral triangulation stations, northern shore of Long 

' , Island Sound. 
8 i G. E. Waring, engineer, Newport, R. I. ................... i Computation of distances and azimuth of two points by latitude and 

I 1 longitude. 
16 General M. C. Meigs, Unit<-d States Army .........•...... : Rise and fall of tide at W11Shingto11, D. C. 
21 Captain J. H. Merryman, Unit<ld Stat.es Revenue Marine .. 1 Topography of the oo&&t of New Jersey, Whale Pond to Shark River. 
21 Mr. S. T. Abbott, United States civil engineer ....••.... ., Hy•lrographic survey of Quantioo Creek, Va. 

21 '. ...•. do ..............••••.•........................ ······.' Hydrographic survey of Piscataway Creek, Md. 
21 : .••••• do ................................................... ! Hydrographic survey of Chickamuxen Creek, Md. 
21 j ....•• do ...........•••••....••.......••..........•..•...... j Hydrographic survey of Port Tobaeco Creek, Md. 
21 ! ..•••• do .................................................. ' Hydrographic survey of Great Wioomioo River, 1rl<l. 

21 I'····· .do · · · · · · · ·· · · · · · · · · · · · · · · • • · · · · · ·. · · · ·. · ......•...•.. 
1 

Hydrographic survey of Hull's Creek, Va. 
21 .••••. do ................................................... : Hydrographic survey of Piank&tan~ River, Va. 
25 H. G. Brewer, Brighton P. 0., Md ...................•••• .; .Magnetic declination at Brighton. 
25 : G. E. Waring, :Newport, R. I ............................ ._ Geographical position of Nashua, N.H. 
28 1 E. E. Glaakin & Co., 39 Broadway, New York City ....•... Topographic and hydrographic survey of Deadman's Bay, w~t CIO&llt 

' ! ~~k 
Oct. 2 , CensUll Bureau ........•..•.•.•...............•......••... i Table of factors of value of one minute of arc for varioUll latltudea 

I ' 

on the earth's surface, expreased In statute miles. 
7 Prof. J. R. Eastman, United State.. Naval Observatory ... I Geograpllical positions, triangnlatlon of Cedar Keye, Fla., with de· 

j scription of stations. 
9 Commander W. P. Sampson, U.S. N ................... ---1 Chart of magnetie declination in New Ye:riQO for 1882-11183. 

12 Widdlfteld &t. Co., opticians, Boston, Maes . . . . . .......•.. i Geographical positions and description of otations Mount A.llcutney, 
i of the village of Windsor, Vt. 

14 Prof. J. Ficklin, Glasgow Observatory, Mo ..•......••••.. I' Results of star places and star factors in oonnootion with latitude de
, termination. 

17 Dr. B. L. Brigham, Franklin, Pa ••....•..••.............. i Information about the position of the line of no magnetic declination, 
19 O. Stone, Leander McCormick Observatory, University I Astronomic.W position of observatory. 

of V lrginia. 
1
1 • 

19 Jed. Hotchkil8, Staunton. Va ............................ , Geographical positions, aetronomloal and geodeUe, for Hetob.killll' 

I Map of Virginla and West Virginia. 
20 Lieutenant F. W. Symons, United Statee Engineers ..••.. , Heights in WMhington Territory and Oregon. 

20 Dillon k Swayne, attorney&, New York City. ············1 Information r~lating to the tides In New York Harbor. 
23 Prof. O. R. Ludreth, Vanderbilt 'O"niverslty, NMhville, Geographical positions of C and G. S. aatronomlcal atatlo11 in Nub· 

Tenn. 1 ville, and information respecting looa.l dellectione of the vertlAllll. 
23 C.H. Haawell, eivll engineer, New York .••............ ··/ Several geographical positions determined byiho tTaiW StMee Ooaat 

and Geodetic Survey. 
2ll M11!81Aalpp1 River Commill&ion, Lieut. S. S. Leaob, lll!Cl"6- Heights and descriptions of two benoh-marka ne.or Fort .A.dlma. 

tary. 
:Iii W. Watson, C. B., Plttell.eld, Kauachuaette . . .•• . • •.. . • . Heights of ataU.Ons in western lla88&0hnll6Ua and~ oa lllAIC· 

netlc declination in M:auaoh111ette. 
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-~~1 Name. ______ J ___________ Da_ta_r_u_rni•he~~------ ______ _ 

0 
1882

.271 M' · · · R' C .. : G h' 1 't' f th M' ' ' 'R' b t "' •-h d ct. I 1ss1ssipp1 1ver omm1ss10n ....................... ···I eograp ma pos1 10nso e iss1ss1pp1 1ver e ween .... .,a"' ez an 

'1 DonaldsonYille. 
281 :Mississippi River Commission ............................ Elevation of several bench-marks. 
29 V. Calvin, superintendent Adirondack SurYey, N. Y ... ·1 Description of Coast and Geodetic Survey station•. vicinity of Lake 

1 
Champlain. 

31 I Col. Jobu Newton, United States Corps of Engineers ..... 
1 

Hydrographic survey of Stony Point Ba.rand Peekskill Harbor, Hud
l son Ri¥er, N. Y. 

No•. 7 Lieutenant Smith S Leach, secretary :Mississippi .Rfrer I Two printed reports on tidal discussions. 

I 
Commission, Ssint Louis. I 

Dec. 

1883. 
Jan. 

11 Mississippi River Commiosion ......................... --! Description of trigonometrical stations on the Mississippi River, be· 
1 tween Vicksburg and Natchez. 

131 Commander Henry H. Gorrini:e, United States Navy 
1 Topogr~phical and hydrographic survey of Arthur Kill, vicimty of 

1 
:Rossnlle. Staten Island, N. Y. 

H i :Mr. William H. Doolittle, Washington, D. C ............. Area, length, and width of Salter's Islaud, uear entrance to Kennebec I , 
1 River, Me. 

14 : Unitlt:-d States Census Bureau ______ .....................•. Geographical positions of a number of towns. 

16 ! Prof. N. S. Shaler, Cambridge, Mass ..................... I Topographical sur,.ey of part of the island of Rhode Island, !870. 

17 : C. P. E. Burgwyn, en,,<>ineer, James River Improvement .. j Results of Coast Survey tidal observations at Rockett's wharf in 1852. 
I I 

18 , H. Vance, aasistant engineer t-0 :Major Suter, United I Geographical position of Tavern Rock and Cedar, Mo. 
. States Engineers, ' 

20 Mississippi River Commission ....••......•......•.....•. ' Description of trigonometrical stations on the Mississippi River be-
1 ! tween Natchez and ]'ortA.clams. 

21 P.H. Baermann, assistant superintendent Water Commis· j Information relating to self-registering tide-gauge. 
! sioner's office, Troy, N. Y. j 

22 Prof. R. W. Wilson, astronomer Yale College Observatory, 1 Geographical position of obaer\'atory, azimuths and distances. 
New Haven, Conn. I 

22 H. E. :Magruder, Keswick Depot, Va ..................... j Magnetic declinatien at Charlottesville, Va. 
22 Mr. Calvin W. Pool, Rockport, Mass ..................... i Hydrography and shore line of Cape Ann, Mass., from Andrews on 

I to Cape Hodge. 
2!{ C. H. Bnnce, city engineer, Hartford, Conn .............. 1

1 

Geographical positions In Ha.rtford for 1186 of the German Trauoit of 
Venus party. 

24 F. L. Pope, solicitor of patents, 32 Park Place, New i Geographical position of New York City Hall. 
York. I 

27 City of Portland, :Me ...................................... i Topographical survey ol the Hog Islands, Casco Bay, Me. 

28 Advisory Board for Norfolk Harbor ..................... J Hydrographic surveys from above the Navy-Yard to Norfolk and 
I Western Railroad bridge. 

J.P. Bogart, engineer, New Haven, Conn ................ Geographical pooition of Branford Congregational Church. 
C.H. Rockwell, Tarrytown, N. Y ....................... 1 Geographical position of Tarrytown school-house. 
Mr. GOOTge C. Burgess, 11880llSOr, Portland, Me ........... j Topographical survey of Peake'• Ialand. Portland Harbor, Me. 

2 H. GBnuett, chief geographer United StaW8 Geological I Dietance triangulation stations Benn-Poore, ""'. C. 
Survey. I 

J, Fioklin, University of the State of :Millaouri, Columbia, 'I Proper motion of Stars 1683 and 1855 of Coast Survey catalogue. 
}{Q, I 

Lieutenant Smith S, Leaoh, secretary Mississippi River I Six rolls tide-gauge paper sent to W. G. Price, Ocean Springs. Miss. 
Commi88ion. I 

E. S. M:artln, Wilmington, N. C .......................... / Position of astronomical station at Wilmington, and description of 
same. 

11 J. T. Sprague, for Major Hains, Potomac Flats Survey... Information relating to •elf-registering tide-gauges. 
22 W . .A • .Allen, engineet' of the :Maine Central Rallroad, Bench-marks on the Coast of Maine. 

Portland. 
J. S. Leach, Seotland poet-oftloe, Maes .................... 

1 
Formula for secular variation of the mai,'lletic oleclinatlon in Plym· 

outh County, Maaa. 
26 

28 Mr. S. :K. Abbott, 83 Federal street, Boston, 1ilaa .••..•.. Area, in acres, of Petit Manan Point and Trafl.on's Island, Ue. 

2 Xenos Cla.rk, Boston. Maes .............................. . 
a Dunham &. Payne, Cleveland, Ohio ..................... .. 

• llr. T. B. .Brooks, Newburgh, N. Y ...................... . 

10 V. Colvin, eapertntendent Adirondack Survey .......... . 
10 H. S. Deval, St.ate Engineer, JacbonvilltJ, Fla .......... . 

10 W. Evana, Hooreat.owa, ll'. J ........................ . 

S.Ex.29-12 
''" .. 

Information relating to the new ti<le-predioting machine. 
List of height& above sea-level in Pennsylvania . 
Shore-line enrvey of the shores of the Hndaon River, Stony Point to 

West Point, from aurveye between 18M and 1882, 
Geo£raPhioa.I pooitions to the eut and south of the Adirondacks. 
Notes on magnetic deoll.111\tion at month of the Saint John's River and 

geographical positions of ligbt-hoWltlll. 
Geographical poeitlon of Mooreet.own church. 
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1883. 

Jan. 11 War Department, Adjutant.General's Office ...... . Tracing of Narrows, New York Harbor, giving distances between 
Fort Tompkins light-house, Fort Hamilton Jlag.staif, and up:per 

Quarantine. 
16 Mr. J. Reed, Chincoteague, Accomac County, Va ....... I Hydrography of Chincoteague Bay, vicinity of Chincoteague Island, 

I 
1880. 

17 i Geo. E. Waring, expert and special agent Tenth Cen- Autographic map of Newport and vicinity, 187t, scale 1-10000. 

! sus. 

18 1 C. C. Perkins, office city surveyor, Boston, Mass ......... I Description of station Prospect HU\. 
26 '. .I<'. E. Idley, Consolidated Electric Light Company, N.Y .. I !:Iorizontal magnetic intensity, New York and Brooklyn. 
29 : ,V. H. Riclm1·ds, New London 'Yater Works .. _ .......•.. ) Informatinn on magnetic declination at New London. 

I , 
30 : Cornell University ........................................ ! Stlltement of length of4.tneter base bars A and B 
30; F. B. Brooks, Newburgh, N. Y ........................... ! Magnetic declination on the Hudson River, middle and lower part • 

.l<'eb. 1 : J.1'. Bogart. engineer Shell Fish Commission, New Haven, I Geographical position of Eaton Neck light-house. 
I Conn. . l 

Mar. 

3 I Prof. W. P. Trowbridge, School of Mines, Columbia Col- Compiled topographical map, bordering Hell Gate, Harlem and East 
I lege, N. Y. Rivers. 

5 : R. E. Peary, civil engineer United States Navy, Key 

l West1 Fla. 

Ilydrographic survey part of Key West Harbor, 188'l. 

6 j T. B. Brooks, Newburgh, N. Y ........................ . Geographical positions, vicinity of Bear Mountain, Crow's Nest, and 
. Newburgh, with description• of trigonometrical stations. 

10 Prof. C. F. Emerson, Dartmouth College, Hanover, N. H .. i Magnetic horizontlll intensity at Dartmouth College Observ&tory. 
10 Hon. D. Ermentrout. ..................................... : Geographical positions in Berks County, l'a. 
10 W. C. Kerr, State Geologist of N. C .. . . .... .... .. . . ... l'o•ition of a n11mberof prominent mountain pe&ks in North Carolina. 
10 i C.C. Royce, Bureau ofEthn'.•logy, Smithsonianlnstitution.

1 

T'.d011 in Sa.int Ma:y·s River, Fla. , . 
12 

1 
H. Best & Son, Dayton, Ohio ..........................•.. : Difference of longitude, Dayton and Columbus, Oh10. 

16 : W. C. Kerr, State Geologist of N. C ...................... i Height of Mitchell's Peak, N. C. 
19 I Messrs. Whitman & Brook, civil enginoots and surveyors, · Topographical survey of part of Cape Ano, vicinity of Gloucester, 

' Bost.:.n, Mass. 
1 

Mass., 1851. 

23 i 0. S. Wilson, New York State Survey, Albany .•.•..••••. i Geodetic data with reference to stations Helderberg and Rallneaque. 
24 ' J. K. Rhees, Columbia College, N. Y ...................... i Magnetic declination at Coney Island, Long Island, at two epochs. 
24 , Genenl Wm. B. Hazen, Chief Signal-Officer ............. i Magnetic chart of Smith Sonnd, Kennedy and Robeson Channels, 

27 

3 

North Greenland, 1882. 

George E. Waring, jr., consulting engineer, &c ..•••..•. I Tracing of Thames River, vicinity of Norwich, Coon. 
Lieutenaut-Commander C.H. Davis, United States Navy.i Description of Coast Survey astronomical station at Galve.tton .Bay, 

: Tex., and telegrapbic longitude of same. 
Prof. J. R. Eastman, United States Naval Observatory ... I Information respecting Coast Survey astronomical station, Cedar 

' Keys,Fla. 

son of 1882-'83, with a profile. 
Prof. Alexander Agassiz .. . .. .. . . .. . . ... . . .. .. . . • ..... 11 Pr~liminary plotting of the steamer Bl•ke'• deep·- oowulings, ae&· 

5 T. J. Long, engineer Department of Docks, NewY01·k ... , The average tidal curve at Sandy Hook. 
6 H.J. Lovick, surveyor, New Berne, N. C ................. Magnetic declination from 1760 to present time. 
6 Publisher of "Science" ... -............................ · I Section of deep·~ea soundings by steamer Blake, scale 1-5000000, with 

25 profiles. 
7 H. T. Bradford, surrnyor, Lebanon, Ohio ................. / Information about terrestrial magnetlom. 
9 Mississippi River Commission ; .......................... I Description of trigonometrical stations between Baton Rouge and 

: Dunaldsonville. 
9 F. W. Schwartz, assistant engineer. United States Engl- ! Result<! of spirit levels, Greenville to Carrollton. 

neer office, New Orleans. i 
12 J. I'. Bogart, New Haven, Conn ......................... 1 Annual variation of the magnetic declination at New Haven. 
12 Mr. W. W. Coe, chief engineer Norfolk an<l Western ' Topographical snrvey of the eastern shore of Elizaootli Ril"er from 

Railroad. 1
1 

Lambert's Creek to Tanner's Creek. 
13 Lieutenant Smith S. Leach, secretary of Ml88issippl Three blank tide·rolls sent at his requ011t to G. B. Fewell, gauge· 

River CommilBion. · keeper at Biloxi, Miss. 
14 Commander fiagsbip Tennessee ........................... Hydrography of Norfolk Harbor, from Craney Island to .Nam Hoa· 

pita\. 
14 Prof. C. Abbe, United States Signal Corps ............... Geogr&phieal positions of 98 points. 

19 J.B. Hoeing, Kentucky Geological Survey . . . . . • . . . . • • . . . . Position of astronomical ~tation &t Goodson, Va. (Brietol, T111111). 
20 J.P. ~gart, Shell-Fish Comm~ion, Connecticut ...... ···j Geoi:nphieal JJ?8ition of a.epire in West Raven. 
21 J.P. Little, surveyor, Belzoin, Ml88.... ... . •• . •• • •• . .... .. Ad nee respecting magnetic chart. 

23 M. Sharpless, Ph.iladelphia ... : ...••.... : . ·: · ............. ·1 Information respecting local delleetion of vertlC!a.I. at atation yard. 
26 J.P. Bogart, engmeer, Shell· Fish Commi881on.. •.. •••• •• Two projeetions, sC!a.l.e 1-20000, of the Con11ect.lcut ahore, t- raear 

Rye Point eaetward to Pine Creek Poillt, 'll'il!L llll:llfe nae. 
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1883. 

Mar. 27 Lieut. Col.George H. Elliot, Corps of Engineers ...... . Topographical and hydrographic surveys of the Providence River, 
from Field's Point to Conimicnt Point light-house, R. I. 

29 E. W. Little, Ocean Grove, N. J .................... _ ...... , Relative to the depth of the Atlantic and Pacific Oceans. 
29 H. E. Rosenstock, civil engineer and surveyor, Mont- : Information respect.ing magnetic declination at Mobile and Mont-

gomery, Ala. gomery. 
29 J.P. Bogart, engineer, Shell-Fish Commission, Connecticut • Geographical position of Stratford Beacon. 
30 Major P. C. Hains, U.S. Engineers, W asbingt.on, D. C ...... : Relating to supply of blank rolls for a tide-gauge. 

Apr. 2 Mr. W. W. Coe, chief engineer Norfolk and Western 1
! Hydro~phic survey of the Elizabeth River, between Lambert's and 

y,.y 

Railroad. ' Tanner'• Creeks, 188"2. 
Mr. W.W. Huck, secretary Louisiana Telephone Company , Shore-line of the Mississippi River, vicinity of Baton Rouge, 1880,scale 

1-10-000. 
6 .T. T. Glll'duer, superintendent New York State Survey, : Sixty.five geographical positions and descriptions of stations on Staten 

Albany. Island. N. Y. 

7 V.Colvin1 superintendent Adirondack811rvey .....•.•••.• : Geographieal positions of stations connecting tl.Je triangulation of 

Lake Champlain with the main triangulation. 

9 

9 

11 

13 

14 

16 

16 

18 

19 

21 

27 

28 

James L. J,usk, first lieutenant Eul(ineers, Apalachicola, I Bench-marks for several places in Florida. 
Fla. I 

G. H. Cook, director Geological Survey of New Jersey .... j Descriptions of six trigonomAtrical •tations in New Jersey. 
W. Sharswood, Philadelphia .............................. / Height of Mo.ore's Knoh, N. C. 
J. T. Gardner. superintendent New York State Survey .. ! Geographical position of Princess Bay light.house. 
Mr. L. B. Rossell, count.y surveyor, Refugio City, Tex .•.. i Unfinished proof of coast chart No. 109, Aransas Pass, AranBBs and 

: Copano Bays, Tex., brought. up by band. 
Mr. Martin P. Gray, Salem, N. Y ...... _ ................... , Topographical snne~· of the rennsyl·rnnia •horeofthe Delawa..., River, 

I vicinity of Hog Island, 1842. 

Commander Gecrge ,V. Coffin, light.house inspector....... Hydrographic survey, Western Coast, between Point Couception and 
Point Arguello, Cal. 

Prof. F. J. Child, Cambridge, Mass ....................... . 
Mr. Oseo.r Darling, civil engineer and surveyor, Hnnting

ton, L.I. 
N. H. Hatton, engineer office, Harbor Board, Baltimore . 

Jifr. Thomas H. Abbott, pilot revenue steamer E. A. 
Stevens. 

Mr. Oscar Darling, civil engineer and surveyor, Hunting· 
ton, L. L 

:Engineer department, R. and H., Ottawa, Ontario ....... _ 

Mr. W. W. Coe, chief engineer Norfolk and Western 
Railroad. 

G. F. n..uwrge, for :Minlst..r of Public Works, Ottawa, 
Ontario, Canada. 

Yearly highest rise of water at New Orleans during several years. 
Topographical survey of the eastern side of Cold Spriog Harbor. Long 

Island, N. Y., 1836. 

Geographical positions of Havre de Grace light-house and Mauldin 
Station, with distance and azimuth. 

Unfinished proof of coast cha;ts Nos. 42 and 43. Eastern and middle 
parts of Pamplico Sound brought up by hand. 

Sketch of Cold Spring Harbor, L. I., showing triangulation stations, 
1836. 

Difference of level New York, half.tide, and Albany, sill of canal, lock 
No.l. 

Hydrography and topogl'a]lhy of the .Tames River, vicinity of City 
Point, n!01J, compiled from the surveys of, 1852, 1875, and 1880. 

Mean low water at Governor's Island below that at Albany. 

4 Mr. Lavalette Wilson, eivil engineer, Haverstraw, N. Y .. 1 Shore-line of the -west 11ide of the Hudson River, from Waldberg Land
i Ing to Caldwell's Landing, 1854-1864, and 1881. 

5 Director of the United States Geological Survey .......... , Geographiool positions of astronomically determined stations in the 
.Appaloohian Range, south of latitude 390. 

6 Department of the Interior, General Land Office .••...•... Astronomical positions in Utah, Idaho, Oregon, aud Washington Ter
ritory. 

7 lllajor James B. Roohe, paymaster United States Army .. Distances in statute and nautical miles from Pier 28, North River, to 
Newport and Fa!l lUver. 

ll I L. Q. C.Lallllll', United States Senate ...................... Height and slope .of Mississippi Rh·er, Gulf to Carrollton and Red 
:River Landing. 

12 Commandant J, Penier, Paris, France .................... Statistics of base-lines measured by the Coast and Geodetic Survey 
J since 1879. 

12 W. Welch, lieut. United Stat.ea Navy, Pensaoola, Fla ..... I Bench-marks at.Pensacola, for tbe nee of oommissiou on navy-yards. 
12 Lieut. Wm. Welch, commanding Penaacola navy-yard .... I Description of bench· mark at Fort Pie kens, Fla. 
12 lli\lor Jamea R. :Roche, paymaster United States Army. ·1' Distance in nautical and statute miles bet-ween Boston and Province

town, Mau. 
17 •••••• do ................................................... ! Distanoeinnautioal.andstatutemilesootweenBaltimore and Tolches· 

ter Beaob, Kent County, Md. 
19 llr. :tueharcl. WaJ'116 Parker, l!T<>w•d:, N . .T. . . • . . • • .. . • • • . High and low ..,..ter linee of J ereey City, from survey of18S7. 
28 I. P. Autlu, Salt Lake CU;y, Utah . • • • • • . . . . . • . • •• •• • .. . . . A oopy of the Atlantic Coast Tide Tables for 1884., sent to him for nee 

' on hia Boston Almanac. 
23 C. lt llet:ciaH;B°lll"l"anl Univaty, Cambridge, lrfaae ••.•• I A oopy of Tide Tables for Atlaatio 0.-t for 1884 aent to him. 
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--!--- ------- --------- ·------~------ --------·-
1883. 

May 24 · G. H. Cook, director of State Geological Survey, New J er-

~ sey. i 
24 J.B. Hoeiog, Kentucky Geological Survey ................ I 

' i 

Description of six trigonometrical stations, coast of New Jersey. 

Descriptions of some astronomical stations in Kentucky, Ohio, and 
Illinois. 

Mr. H. S. Crowell, Boston, Mas• ......................... I Topographical snrvey of Buzzard's Bay, Bennet's Neck to Weweantic 

i River, made in 1845. 

25 MaJ. Chas. W. Uaymond, Corps of lfogineors. engineer I Hydro/?l"aphic survey of Burnt Coat Harbor and approaches, Blue Hill 

first and second light-J1ouse districts. 
1 

Bay, Me. 
26 Geo. Davhlson, for lawyers in San Francisco ................... I Tracings from Saucelito tidal curves from 16 to 21 of June, 18821 for 

I use in a case about a Jost ship. 

29 Maj. James R. Roche. paymaster United States .A.rniy .... 
1 

Distance in nautical and statute milts from New Bedford to Wood's 

: Holl and Wood's Holl t.o Nantucket. 
29 Bureau of Navigation, Nav:;- Department. ...•...•••..... ! Hydrographic projection, scale 1-5000, part of Beaufort River, S. C., 

I 

31 Prof. W. C. Kerr, ]\orth Carolina ........................ . 

south of Battery Crook; description of tl'iangnlation stations, hy

drographic signals, and bench-mark. 
Sketch showing deep-sea contours, Atlantic coast, from soundings 

taken by steamer Blake lo 1880 and 1883, scale 1-500()000. 

June C. P. E. 1-Jurirwyn, engineer James Rivtir Improvement, Description of trigonometrical station, 11 Capitol.n 
Richmond, Va. 

2 Mr. J. N. Lyles, New York .............................. Topographical survey of 1882 of Fisher's Island, Long Island Sound, 

2 Mr. Theodore On~rheck, city surveyor. of Gloucester, 
Mass. 

7 i Prof. Geo. H. Cook, State Geoloi:ist, New Jer•ey ........ . 

9 J. Clyde Power, engineer in charge Southern Maryland 

Railroad. 

N. Y., scale 1-10000. 

Topographical survey of the western shore of Annisquam and Glou· 
0011ter Harbors, Mass., 1851, scale 1-10000. 

Photographic copies of plane-table sheets of Absecon Inlet and head 

of Barnegat Bay, N. J. 
Topographical snrveybetween Benning's Bridge and eaat corner stone 

of District of Columbia, 1865. 
9 .J. S. Underhill, Rast Charleston, Vt....................... Secular variation in maguetiodeolination. 

11 Lieut. E. H. Moore, United States Naval Ohservat.ory •.••• Longitude of Loulsrllle and Paducah, Ky. 
11 W. C. Kerr, United Stateo Geological Survey. . . . . . . . . . . . . . Dimensions and information ab-Out eonoidal reflectors for triangulation 

purpOl!es. 

12 United States Light-House Board ........................ Hydrographic resurvey ofCroatan Sound, N. C., 1883. 
13 Mr. Geo. Eldridge, hydrographer. . • . • • • . . • . . • • . • • • • • • • . • • Hydrograpbic survey of Ba8'I Harbor Bar, entrance t.o Blue Hill Bay, 

Me. 

U United States Ligbt-Hou•eBoard ......................... Hydrographlc enrvey of Shagwong Reef, Block !eland Sonn<l, 1882. 

15 Prof. Geo. H. Cook, dit'ector of Geoloirical Snr-ve.v of New 
Jersey. 

A nnmber of geographical positions and triangulation data, coast of 
New Jeraey and shore of Delaware Bay. 

18 M1·. H. S. Crowell, Boston, Ma•s.. . . • . . . . . . .. • • . . . . . . . . . • . Topographical snrvey of east side of Buzzard'• Bay from Bennet's 
Neck to Sersggy Neck, 184.5. 

18 Col. Chas. E. Blunt, Corps of Engineers . . . . . . . . . . . . . . . . . . . Hydrograpbic survey of Wood Island Harbor off Saco River, Me., 1857. 

20 1 J. Fras. Le Baron, United State~ Engineer office, Jack. Bench-marks for several places on the Saint John's River and Saint 
ville, Fla. George's Iulet for ahip-canal surveys. 

21 Q. A. Gillmore, colonel of Engin0<•rs, United States Army. Geographical positions and deJJCriptions of trigonome~rlcal stations 

Savannah River between Bird Island and Tybee light-house. 
SO .••••• do . . .. • . ••• . • . • . . . . . . . . • . .. . . . • . •• •. • • • . • • • . . . . •• . • •. .A.<ldltional geographical positions on Savannah River below Bird 

Island. 
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A p p E N D I x N 0 . 4. 

REPORT OF THE ASSISTANT IN CHJRGE OF OFFICE AlW TOPOiiRAPHY FOR THE YEAR ENDING 
JUNE ao, 1883. 

WASHINGTON, Jttne 30, 1883. 
SIR: I submit herewith the reports of the chiefs of divisions of the office, showing the gen. 

eral character and extent of the work executed during the fiscal year ending June 30, 1883. 
Beside the regular operations of the office, as given in appendices 2 and 3, and in these 

reports, I beg leave to refer to a few special results of the year, in the introduction of new instru· 
meut,fl and of valuable additions to our facilities for prompt and superior out-turn of work. 

TIDE·PREDIC'l'ING MACHINE. 

The maxima and minima tide predicting machine, designed by Mr. William Ferrel, of this 
office, has been completed. A full description of this intricate labor-saving machine, with the 
necessary illustrations, will appear as Appendix No.10 to your annual report for this year. I deem 
it only necessary to add here the fact that the principles on which it was constructed and the con
struction itself have been tested, and the results, compared with those deduced from the long pro
cesses of computation, have been satisfactory. 

CLOSING LEVELS. 

A new method of making and clm . .Jing glass tube levels has been lately adopted, at the sug. 
gestion of G. N. Saegmuller, chief mechanician. The tubes are made with a short, neck, as in the 
case of a vial, in wbiP-h a closely fitting ground glass stopper is inserted, and then hermetically 
sealed by the usual simple means. The improvement consists in the facilit,y with which the tube 
can be opened and cleared of impurities, or resupplied with ether in case of leakage. 

CALENDER PRESS. 

A large calender press or machine for finishing, by pressure, the surface of the largest charts 
issued by the Survey has been lately added to tht' printing.office. Independent of the improved 
appearance of the charts resulting from a pressure of nearly 2;>0 tons, the paper is hardened and 
macle tongher; the ink is more fixed, the distortion is more uniform, and hence sheets intended to 
be joined can be more correctly put together; and, it is believed, that further experiments ancl 
comparisons between the hancl ancl machine made paper will result in the use of American paper, 
which would be a step favorable to economy. 

ELE<Jl'ROTYPING. 

An increase in our capacity for electrotyping the engraved plates of the Survey has been long 
needed and discussed. Inquiries and personal examinations were made during the year, at some 
of the principal 6lectrotype establisbment.s in New York and elsewhere, in regard to the dynamo. 
electric machine, with a view to its substitution for the combination of Smee's and Walker's bat
teries now in use. '.J:lhe inform.a.tion obtained was not 'conclusive. The electrotyping of plates as 
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large as those of the Coast Survey had not even been attempted. As a last resort, we obtained 
from the navy-yard, Washington, throngh the courtesy of Lieutenant R. l\L Cutts, U.S. N., the tem
porary use of a 10-inch Weston dynamo-electric machine, and employed as the motive power our 
two-horse Baxter steam-engiue. The result.s were quite satisfactory on the small scale necessarily 
adopted. Nevertheless, taking into consideration the expense of the outlay and of additional 
labor, as well as the uncertainty in regard to large plates, it was deemed advisable to await further 
developments, and, in the mean time, to add two cells to our present batteries. 

l\IA.P OF THE UNI'l'ED ST.A.TES. 

The accunmlation of geographical data in the office of the Stuve~' resulting from its own oper
ations, as well as from other Government, State, and private surveys, would seem to snggest that, 
under the authority of Congress, initial steps should be taken toward the construction of a map of 
the United States. 

Such a map, or rather atlas of maps, based on a scientific and unchangeable frame-work, exe
cuted on a scale appropriate to the extent of the country, and with· all possible care and judgment 
iu the selection and combination of the data, would constitute an official map of special value to 
the Government. EYentually, iu the distant future, the different States will be in a condition to 
undertake a thorough snrrny of their respective areas, but until that time arrives, the official map 
will prove of acknowledged uscfnlnes:s. 

With a ''iew to ascertain the practicability of the plan and of the probable time and expense 
to be incurred, experiments ha Ye been made both as regards the data and drawing, and so far with 
such promise of success that I do uot hesitate to recommend that Congress sl;iould be requested to 
make a special appropriation for this i1articular work. 

A.n estimate of the time and expense which will be required for the construction of the atlas, 
with a specimen of the style and scale proposed, will be presented in time for consideration at the 
coming session of Congress. 

Besides the regular force permanently attached to and employed in the office, the following 
field officers were detailed bJ' the Superintendent at different dates during the fiscal year for duty 
in the office of the Assistant in Charge, and were employed in the inking of topographical sheets, 
in bringing. up the party records, and in the computations required before the field-work could be 
turned in to the office: 

Assistant A. "'\Y. Longfellow, January 11 to February 14. 
Assistant A. T. l\Iosman, .Jannary l to April 30. 
Assistant W. H. Dennis, January 1 to June 30. 
Assistant Charles Hosmer, January and February. 
Assistant Andrew Braid, January and February. 
Assistant Gershom Bradford, February 1 to June 30. 
Assistant R M. Bache, Aprill to June 30. 
Assistant E. Ellicott, April 22 to June 30. 
Assistant C.H. Boyd, May 20 to June 30. 
Assistant F. W. Perkins, June. 
It gives me sincere pleasure to refer to the zeal, efficiency, and promptness with which the 

chiefs of division have performed the various duties assigned to them. 
In the office of the Assistant in Charg·e Assistant H. W. Blair served as his Assistant from 

July 1, 1882, to March 12, 1883, antl Assistant Andrew Braid from March 12 to June 30, and I beg 
to acknowledge their valuable assistance and constant interest in the conduct of the office. 

Mr. William B. French also deserves my thanks for the fidelity with which he has performed 
his clerical duties. 

Yours, respectfully, 

Prof. J.E. HILGARD, 

RICHD. D. CUTT~, 
A.asistant in Charge Ojftce and Topograplg. 

Superintendent United States Ooast and Geodetic SuNJeg, 
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AN.l'fUAL REPORT OF THE OOMPUTING DJrJSION, COAST AND GEODETIC SURVEY OFFICE, FOR THE 
YEAR ENDING JUNE 30, 1883. 

COMPUTING DIVISION, COAST AND GEODETIC SURVEY OFFICE, 

Washington, June 30, 1883. 

DEAR SIR: In conformity with regulations, I herewith respectfully submit the usual annual 
report of work done by the several computers during the year ending June 30, 1883. 

The charge of the Computing Division has been continued with the undersigned, and no mate
rial change took place in its organization or management. With two exceptions the personnel is 
the same as in the closing month of last year. Mr. Alexander Ziwet was given the place vacated 
by the death of Dr. Rumpf, and the place of copyist or clerk, formerly held hy Mr. C. W. Hen
derson was, after his decease (on December 24, 1882), filled first hy l\Ir. ,T. \Y. G. Atkins temporarily, 
and afterwards permanently by Mr. P. R. Stansbury. There was also some temporary assistance 
given by persons assigned to the Computing Division when not on field duty. 

Almost the whole of my spare time, after attending to the mere routine work of the Computing 
Division, was taken up by the discussion, report, and preparation for the press of certain geodetic 
and magnetic matter, viz: An account of the construction of a new compe11sation primary base, 
apparatus, including the determiuation of the length of the accompan,ying fi rn-meter standard bars. 
Accompanying the description there are two large plates of illustrations and some small diagrams. 
This paper forms Appendix Nu. i of the anunal report of the SmTe,r for the fiscal year ernling with 
June, 1882. In connection with this paper numerous comparisons were made under my direction 
by Messrs. D. C. Chapman, J. G. Porter, and A. Ziwet, of the six-meterand the five-meter plus one
meter standards, also of the two five-meter standards, and oue of the five-meter standards with five 
joined meters. After the completion of this work in the comparing room the firn-meter field 
standard, which had· been used in the measure of the Yolo base, California, was returned to that 
State. The title of a second paper presented is "Computation and discussion of the length of the 
Yolo base, &c." The report made on the results of the transcontinental line of geodetic spirit
leveling, Parts I to V inclusive, or from Sandy Hook, N. J., to Saint Louis, 1\10., forms Appendix 
No. 11 of the annual report for 1882. The discussion of the Davidson quadrilaterals (of the pri
mary triangulation in Califoruia) was advanced as far as the state of the field-work permitted. 

Respecting terrestrial magnetism, a fifth edition of the paper on the secular variation of the 
magnetic declination was brought out (illustrated with four plates). In this greatly enlarged edition 
about 837 declinations, observed at eighty-two stations, are full,\' discussed; this paper forms 
Appendix No.12 in the annual report for 18ts2. The next paper brought out, and forming Appendix 
No. 13 of the same report, is entitled "Distl'ibutiou of the magnetic declination in the United States 
at the epoch January, 1885, with three isogonic charts and one plate." This paper contains a table 
of all magnetic declinations taken in the country (as far as known to me) up to date-about 2,360-
and reduced to the same epoch. 

Magnetic observations were made on two days at the magnetic observatory in this city, and 
practical instructions were given under my direction by Subassistant Baylor to certain Signal Corps 
observers intended to participate in the magnetic work at the two polar stations. 

The number of applications for scientific information from persons not connected with the 
Survey has been on the increase for some time. The ordinary office correspondence, the reporting 
of results of computations, the demands from the Drawing Division for geographical positions, of 
the Engraving Division for geodetic, astronomical, and magnetic data for the charts, and of the 
Hydrograpbic Division for description of geodetic stations, were promptly attended to. The 
registers of the duplicate records of the Survey were kept up to date. 

. The work, in detail, performed by each computer tluring the fiscal year is given below, together 
With a statement of the work done by those temporarily attached to the division. 

Mr. Edward H. Courtenay computed part of the supplementa.ry triangulation of l.oi1g Island 
Sound, 1882, also of 1873 to 1877, and fitted the old work of 1833 in tltis locality to the new data; 
computed. the supplementary triangulation of Delaware Bay, 1882, antl brought to the same uniform 
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data the older resuUs of the triangulations of 1840-'41-'75-'77-'81; computed part of the triangu
lation near Tillamook Head, Oreg., 1875; computed the supplementary triangulation of Norfolk 
Harbor, Va., 1882; revised the results for magnetic intensity obtained by means of magnetometers 
No. 3 and No. 8; computed the absolute values for magnetic declination, dip, and intensity at Ooglita· 
mie, Alaska, 1881-'82; arranged about fifty volumes of computations for the binder; had charge 
of the duplicate records; attended to the insertion of resulting geographical positions in the reg
isters of this and of the Drawing Division; prepared geodetic data called for by field parties; and 
assisted in the preparation of the annual geodetic statistics. 

Mr. Myrick H. Doolittle adjusted the triangulation of the east coast of Florida south of Saint 
Augustine, including the Indian River, of 1860-'61, of 1880-'81, and of 1882 and computed the tri:w
erse-work south of Indian Rirnr Inlet, 1~82; computed the main triangulation in Western New 
York, intended to connect the triangulation of Lakes Champlain and Ontario, 1880-'81-'82; fitted 
the secondary triangulation of fatke Champlain of 1870-'71-'72 to the primary work; revised the 
triangulation connecting Jacksonville, Fla., with the sea-coast, 1854-'55; supplied a few additional 
positions of the old sm·,·ey of Savannah River, and of Charleston Harbor and Saint Augustine, 1882, 
computed the triangulation at Sabine Pass, Tex., 1882; computed the base-line at Laguna Madre, 
Tex., 18S2, and connected it with the triangulation; computed the traverse and geodetic work coast 
of Texas between Gatveston and Sabine Pass, 1882; computed the triangulation of the coast of 
Oregon between Tillamook Head and Tillamook Bay, 1875, and of Tillamook Bay, 1866; assisted 
in the preparation of the aunual geodetic statistics, and made progress with the reduction of the 
vertical angles of the prim:iry triangulation of California. 

Dr. Jermain G. Porter prepared the least-square abstract of resulting horizontal directions at 
primary stations Mount Como, Ne,·., 1879, Mount Grant, Nev., 1879, Carson Sink, Nev., 1880, Vaca, 
Cal., 1880, and Mount Tamalpais, Oal., 1882; revised the computations for latitude of Northwest 
Yolo base station; computed the magnetic observations of 1875, and of the northern boundary of 
Wyoming of 1882; assisted me in the reduction of the magnetic declinations to epoch 1885; made 
some miscellaneous magnetic computations and soh•ed the normal equations containing the distribu
tion of the declinations iu Alaska; computed the 8pirit levels, Mount Diablo to Martinez East, Cal., 
1880; assisted in the comparisons of the fh·e- and six-meter standards (already referred to), and in 
the compntatious relating th~reto; assisted me in the computation of the length of the Yolo Base, 
Cal., 1881; made t,he computation connecting the Yale College Obserrntory with the coast triangu
lation; supplied some miscellaneous geographical positions; prepared revised abstracts of result
ing angles at all the stations of Pennsylvania arnl New Jersey, forming the so-called horseshoe 
triangulation, and established the first 1:1et of conditional equations for its adjustment. 

l\Ir. Alexander S. Christie computed time and astronomical azimuth at the following stations: 
Northwest base Yolo, Cal., 1880; ~Ion ti cello, Cal., 1880; Vaca, Oal., 1880; Venado, Tex., 1881; 
North base Laguna Madre, Tex., 1882, and made progress with station Mount Tamalpais, Cal., 
1882; computed latitude and azimuth of station Ooglaamie, Alaska, 1881-'82; applied correction 
for changes of temperature to spirit leYel results between Hagerstown, Md., and Athens, Ohio, and 
prepared abstract of results for the whole line between Sandy Hook, N. J., and Saint Louis, Mo., 
as printed iu Appendix No. 11, report for 1882. Mr. Christie supplied the mean places of stars 
required by our astronomical parties. 

Mr. Charles H. Kummell made the office computation of the following differences of longitudes 
as determinetl h.v the electric telegraph, viz: Nashville, 'l'P1m., and Oolumbus, Ohio, 1877; Colum
bus, Ohio, and Washington, D. C., 1877; Columbms, Ohio, and Cambridge, Mass., 1871; Columbus, 
Ohio, an<l Uleveland, Ohio, 1871; Cleveland, Ohio, and Cambridge, Mass., 1871; Savannah, Ga., 
and Cedar Keys, Fla., 1874; Savannah, Ga.., and Punta l~asa, Fla., 1874; Oakland, Ky., and Cam
bridge, Mass., 1871; Shelbyville, Ky., and Cambridge, l\fa~s., 1871; Falmouth, Ky., and Cambridge, 
Mass., 1871; and commenced Baton Rouge, La., and Atlanta, Ga., 1880. Mr. Kummell also fur· 
nished some star }Jlaces for field parties and re\·ised vertical angles at Mount Diablo, Cal., 1880. 

Mr. Henry I!'arquhar completed the computation for magnetic declination in OaJiforoia, Oregon, 
Washington Territory, and Idaho in 1881; computed the spirit levelings of Yolo Base, Cal., and of 
the line between Sandy Hook, N. J., and Hagerstown, Md.; revised the computations for two 
astronomical azimuths in Texas, 1881-'82, and computed the latitudes of Monticello, Oa.l., 1880, of 
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Carson Sink, Nev., 1880, and of Toiyabe Dome, NeY., 1880. He also computed the spirit-leveling 
between Flora, Ill., and Saint Louis, Mo., and made some progress with the continuation of this line 
t-0 Etlah, Mo.; he also gave some attention to pendulum matters in charge of Assistant C. tl. 
Peirce: 

Mr. Alexander Ziwet wa.'l assigned to the Computing Division August 15, 1882, and has been 
engaged on the following work: The determination of the run of micrometers used at 11tations, 
Monticello, Cal., Vaca, Cal., and Como, Nev.; the computadon of geographical positions (urnlPr 
Mr. Courtenay's special 1lirection) coast of Connecticut, Long Island Sound, Delaware RiHr aud 
Bay, 1881-'82, and Norfolk Harbor, 1882; assisted in checking computations in connection with the 
length of Yolo base and other miscellaneous computations; plotted the position of the magnetic 
declinations for the new isogonfo charts, and near!~· completed t.lie computation and adjustment of 
the triangulation connecting Suisun Bay, Cal., with Mount Diablo, 1880. He also assisted in the 
metric comparisons. 

Mr. C. W. Henderson attended to the clerical duties of the Computing· Division, chiefly fur· 
nishing copies of descriptions of stations and copying star-places for field parties, entering geo
graphical positions in the registers of the Computing and Drawing Dh·isions, &c. 

Mr. J. W. G. Atkins succeeded Mr. Henderson December 26, 1882, as copj·ist; he wa" orrlered 
to field duty May 1, 1883. 

l\fr. V. J. Fagin acted temporarily as clerk to the Computing Division between May 10 and May 
n, 1883. 

Mr. P. R. Stansbury reported for clerical work in the Computing Division May 23, and con
tinued to discharge this duty to the close of the year. 

'l'he following computers were temporarily assigned for duty in the Computing Division: 
I. Winston between July 1 and July 18, and two days in August, 1882, was engaged on revision 

of magnetic computations. 
C. B. Turnbull between July 7 and July 19, 1882, was engaged on miscellaneous copying. 
Subassistant J. F. Pratt reported for duty January 11 and continued to May 25; was engagt'd 

on miscellaneous computations; computed geographical positions on the Saint John's River and 
other localities, and made satisfactory progress with the reduction of the spirit-levels between 
Mitchell, Intl., 'lnd Saint Louis, Mo. 

l\lr. J. C. Power was assigned to the Computing Division January 10, and continued to April 
28, 1883; was mostly engaged in copying and some light computations. 

CHAS. A. SCIIOTT, 

R. D. CUTTS, Esq., 
Assistant in Oharge Computing Dit,ii.-ion. 

Assistant in Charge of Office and Topography . 

.JNNUAL REPORT ON THE FIELD .JND OFFICE WORK R1'JL.J.TfNG TO THE TIDES FOR THE YEAR 
ENDING JUNE 30, 1883. 

TIDAL DIVISION, COAST AND GEODE'l'IC SURVEY OFFICE, 

June 30, 1883. 

DEAR SIR: I respectfully submit this report 011 the work of the Tidal Division, of which I 
have been in charge during the ;\'ear. 

OBSERVATIONS. 

Self-registering tide-gauges have been nse<l at the following stations: North Haven, Me.; 
Providence, R. I.; Block Island, R. I.; New London, Conn.; Sandy Hook, N. J.; Saucelito, Oal.; 
Kadiak, Alaska; and Honolulu, Sandwich Islands. Nothing more has been learned about the 
observations at Mazatlan, Mexico. The Alaska Commercial Company was furuished some time ago 
with a box-gauge for temporary uoe at Copper Ioland, oft' the Asiatic coast of Bering Sea., but no 
return bas yet been received. 

S.Ex.29-13 
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So soon as a permanent tidal station shall be re-established on the Southern Atlantic coast of 
the United States, it would be advisable to estabfosh a similar one on the island of Bermuda with 
a view t-0 simultaneous observations for two or three years, in order to obtain data for a more full 
and general discussion of the tides. 

To complete the data for a full investigation of the tides of the Gulf of Mexico, it will be 
necessary to occupy two or three new stations west of the Mississippi for a year each. 

While at Long Branch last year I inspected the iron pier of the Ocean Pier Company there, 
and it seemed to me that a self-registering tide-gauge might be nsed on it successfully, by employ
ing an iron pile for a float tube. As a permanent station the place appears to be free from some 
of the objectionable circumstances at Sandy Hook, and if, after a fair trial, the gauge should" be 
found to work well, the Sandy Hook gauge could be stopped. 

As full information bas been given in the tidal notices under the different sections of the sur
vey, of the observations made with self-registeri11g gauges during the ,year, it is not necessary to 
give details here. 

The following table gives the stations occupied by self-registering tide-gauges, and the da• es 
an<l period of the euservations. 

Seetion. 

I 

II 

II 
x 

XII 

Time of occupation. 

Name of station. Name of observer. ' Kind of gauge. Permanent or 
temporarY'. 

Total 
·· --·--------·------- ---, days. · 

From- To-

I 
1 North Ha-ven. Me. J. G. Spaulding ....... ' Self-registering., Permanent . . . April 24, 1882 .... May 30, 18&1 

Providence, R. I S.M.Grnv ........••..... do .......... Temporary .. , ................... . 
Block Island, R. I. ..• r. M. Conley.......... . . do ............... do ......•..•. Jnly 27, 1882 ....... July 1, 1883 ...... . 
NewLondon,Conn ... A.Koch.. . ... dn .... do ........... · Octob1·r6, 1882 .... Julyl, 1883 ..•..... 
SandyHook.N.J .. F.W.Shepheard .... : .. do. Permanent. Jnnel,1882 ..... Jnlyl,1883 ....... j 
Hancelito, Cal. ...... E.Gray ................ do .. do ........... June 1.1882 ....... July I, 1883 ....... \ 
Kadiak,.Alaska .... W.J.Fioher ........... do .. do ....... 'Novernberl,1881..' Marchl,1883 .... · 

Honolnlu, S. I ...... W. D. Alexander ..•..... do . Temporary . . . December 28, 1881 July 20, 1882 ..••.• I 

410 

339 ' 
267 i 

395 i 
395 : 

I 

485 I 

204 
-- . ·-·-·-------- ----------' 

A Helf.rPgiHtering tide-gauge is now being repaired and fitted for use in the Delaware River 
below Philadelphia, in accordance with an arrangeme11t with the United States Engineers, and 
there are two more in the office for which clocks are needed. 

The titlal observations made by the hydrographic parties of the Coast Survey are inspected as 
soon as received, and mostly recluced in the Tidal Division. Notices of them will be found in the 
accounts of work done in the different sections of the Survey. They are generally inade with a 
staff or a box-gauge, and are usually day observations only, and sometimes in disconnected 
groups. Where the diurnal inequality is large, this mode of working sometimes resulrs in imper· 
foctly reduced sounding . ..;. The only sure remedy is more continuous work kept up day and night. 

OFFICE-WORK. 

The obsern-rs using self-registering gauges are now generally n·quired to tabulate the high 
:111d low waters aud hourly readings from the curves before sending these to the office, and to send 
the tables and curws at different times to prevent losses by accidents. The observers in this way 
ha,·e become more skillful ancl careful, aml the work in the office is considerably reduced. The 
ohserrntions received from the self registering gauges and 11ydrograpbic parties are reduood as 
80ou as they can be conveniently, and the rt.>sults used in prediction work, chart making, and for 
other purpoHPs. The reductions and discussions that have been made enable the Division to fur
nish a large amount of information relating to tides to officers of the Survey, civil and United 
States Enginet.>rs, and otht.•rs, tl!e demand for which is rapidly increasing. 

"'fide Tables" containing the predictions for the Atlantic and Pacific coasts of the United 
StateH for the year 1884 hiwe b(teu comput-ed by the Tidal Division, and have been published, 
making the eighteenth year of the series. 

The computers employed in this division in the coarse of the year were R. S. Avery, L: P. 
Shidy, l\L Thomas, a11d C. B. Turnbull in the office, and J. Downes and J. G. Spaulding out of it. 
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Mr. Avery, being in charge of the division, inspected all tidal observations when received and 
prepared them for reduction, attended to the correspondence relating to tides, planned and super
vised the work on tides and tide-gauges, prepared the predictions for printing and read the proofs, 
all<l computed when not otberwhie engaged. 

Mr. Sbidy reduced many observations received from hydrographic parties, predicted for places 
where the diurnal inequalit;r is large and some others, and aided in a large amount of miscellaneous 
work. 

Miss Thomas worked on the simplest reductions and on the honI'ly ordinates for permanent 
stations, aiding sometimes on miscellaneous work and copying. 

Miss Turnbull has been employed copying-, tracing, tabulating tides, a11d -sometimes ou eal",\' 
reductions. 

Mr. Downes, by a special contract, was predicting for certain place8 ou the Atlantic Coast, lmt 
<lied before the work wais completed. 

Mr. Spaulding computed the predictions for "Boston, as he bas doue in past years, in addition 
t{l his services as a tidal observer at North Haven. 

R. S. ·AVERY, 
In Oha.rg1: Tidal I>in'.~1'.on. 

R. D. Ou'l'TS, Esq., 
Assistant in Charge of Office and Topography. 

J:VNUJL REPORT OF THE DRAWING DIVISION, COAST AND GEODETIC SURVEY OPF'ICE, FON THE 
YEAR ENDING .TUNE'30, 188.1. 

DR.A. WING DIVISION, COAST AND GEODETIO SURVEY OFFICE, 

Washington, June 30, 1883. 

DEAR Srn: I have the honor to submit the following summary of work performed under my 
direction in the Drawing Division duriug the year endiug June 30, 1883. 

In the detailed statement accompanying is given, iu tabular form, a list in geographical sequence 
of the charts completed, contiuued, or commenced, with the particular kind of work executed and 
the names of draughtsmen engaged thereon. In Appendix No. 3 has been incorporated a statement 
of the information furuished and the names of persous to whom given, iu reply to special requests 
made to this office for tracings, transcripts of records, &c. 

The division, has maintained its efficiency, and, by the close, faithful a1>plieation of its attaclies 
to the duties assigned them, has met all the requirements of the yearly increase in the demands 
upon its service. 

The personnel has been about the same as in past years with regard to skill and numbers, and 
onls a few minor changes have taken place. 

The photolithographic process, quick and reliable in its results, has become more aml more a 
very important feature with us, and, as usual, much time bas been given to the construction and 
inking of charts and drawings designed for reproduction and publication, by a method which facili
tates our efforts to provide the public with charts of e\Tery locality at an earl~- date alter the com 11le-
tiou of the surveys. . 

The general features of the work allotted to the draughtsmen and other employes are stated 
below: 

Mr. A. Lindenkohl, in the compilation of the fiuer scale-dmwings, has displayed his usual 
skill and celerity. Most of the small scale charts, especially those requiring rare judgment for 
their execution, have been intrusted to him, his long experience enabling him to meet successfully 
the geographical and other difficulties not infrequent iu compiling from data of various dates, kinds, 
anll scales. An elaborate map of t.be Unitetl States, from the latest authorities, based upon our 
own sm·veys, has be.en begun by Mr. Lituleukohl, on ·a scale of ten miles t-0 the inch. A chart of 
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the harbors of Washington and Georgetown was completed by him during the year. He has kept 
the Progress Sketches supplied with all additions up to date. 

l\lr. H. Lindenkohl, equally accomplished as draughtsman and engraver, bas been occupied 
principally with the preparation of standard drawings of harbor and coast charts for photolitho· 
graphing, beside8 engnwing on stone se\reral diagrams and sketches required for illustrations to 
the appendices accompan~·ing the annnal report of the Sun'ey. 

Mr. Lonis Karcher, notwithstanding the ~reat number of projections calleAl for during the year, 
has ext~cn~ed most of them with dispatch, and found time to construct the many projects needed 
hy the office, and to t>xecute 11umerous diagrams and other miimellaneous work. · 

Mr. E. J. Sommer was employed in a variety of ways: making projections on paper and on 
copper, preparing tracings, and reducing topography and hydrography. 

l\fr. P. E1iclnien bas drawn topographical d.etails on engraved outl.ines, and made drawings of 
instruments of precision, perRpectiw· arnl otherwise, imrne of them of quite iin elaborate character. 

l\lr. C . .Ju11keu, wbo111 tl1e Superintendent had detailed for special duty in surveying and map
ping a tract ot' laud in W.rthe Uonnt,Y, Virginia, for the United States Fish Commission, was 
Pngagt•d in the purformance thereof until its completion, in July, when he reported back to the 
dh'it>ion, wheuce be was detached November 11, and assigned to the Hydrographic Inspector. 
Between .Tuly and NO\·emher, Mr. ,Jnnkeu gaye his attention to hydrographic reductions. 

l\1r. T. J. O'Snllinm has been engaged almost exclusively in the preparation of charts and 
lrawings for publication by photolithography. Efo also made diagrams, projects, and tracings, 

and did general letteriug. 
Mr. A. B. Graham, in addition to constructing- projections for the use of hydrographic parties, 

has reduced and transferred the shore-line upon ne'1rl.r all projections made in the office during the 
year. Triangulation sketches, diagrams, &c., have all received a share of Mr. Graham's time. 

l\lr. J. 8. Tyrrell was employed wholly iu coloring buoys, light-houses, and other aids to navi
gation upon the printed charts until March 21, 1883, when he was transferred and worked under 
the direction of Assistant Andrew Braid. 

Miss I<'. Cadel also did dut;y in this division, in coloring buoys and light-houses, until :\larch 
21, 1883, when she was tmnsferred to the immediate direction of Assistant Andrew Braid. 

Messr8. E. H. Fowler and E. Molkow, who were detached from the Drawing Division, in July, 
1881, and assigned to the then newly c~eated Division of Topography, were returned to this divis
ion in Octoher, 1882, and have been engaged since then mostly in inking plane-table sheets. 

Mr. \' .• J. Fagin joined the division in February, 1883, and performed the clerical duties 
required hy me quite acceptably till the 12th of March, following, at which date he was transferred 
to the otlhw of tbe disbursing agent. 

Mr. ,J. C. BaIT became re-attached to the division on the 12th of March, 1883, since which 
time he has acted as clerk, and done duty in coloring published charts and making corrections, 
when required, to the aids to navigation on the same. 

Yours, respectfully, 
W. T. BRIGHT, 

. In Ohargt I>rawing Diri8ion • 
R. D. CUTTS, B8q., 

AssU!tant in Oharye of Office and Topography. 
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DRAWING DIVISION. 

Charts completed or in progress during the year ending June 30, 1883. 

1. Topography. 2. Hydrogmphy. 3. Drawing for photolithographic reproduction. 4. Inking and lettering plane-table •beets. 
5. Engravin~ on stone. 6. Compilin~. 7. Veri:fieation. 8. Diagrams. 9. Measuring area of engraYod Rand. 

Number of 
charf,H. 

Series. Cata
,logue. 

TitleR of chartH. Scales. Draughtsman. 

. .. - ·····-·---··-·· -------· --~---L-~--------~~---

PACIFIC COAST SAILl~G CHARTS. 

600' San Diego to San Francisco (with subsketches). 
600 2 : San Francisco to Strait• of Fu ca (with subsketches) 

GENEKAL CUASl' CH ARTS. 

II 7 Cape Ann to Gay Head . . . . . . ................ .. 
III 8 Gay Head to Cape Henlopen ..................... . 
VI 11 Cape Hatt.eras to Cape Romain .................. . 

162a ' Cape Canaveral to Jupiter Inlet light-house ...... . 

xv 20 
XVI 21 

676 

11 681 

102 

103 

45 145 

48 148 

51 151 

52 152 

53 153 
58 158 

S:l 183 

84 184 

llO 210 

Ill 21! 

.A.tchafalaya Bay to Galveston, Tex .............. . 

Galveston to the Rio Grande ............ . 
Western coaatof San Francisco to Poinl .A.rena ... : 
C1'!1cade Head to Shoalwater Bay .... 

COAST CHARTS. 

Seal Island Light to Petit Manan Light .......... . 
J<'renchruan's and Blue Hill Bays, Me ............ . 

Cape Hattfiras t-0 Oora-0oke Inlet, N. C . . . . . . . . . . 
: Bogue Inlet to New Topsail Inlet, N. C .. 
, Tubbs Inlet toward Winyah, 8. C ........ . 

Winyah Bay, Cape Romain, &c., S. C 

Winyah Bay to Long Island Sound, S. c ..... . 
Cumberland Sound to Saint John"s River 
Saint George's I.land to Cape San ~las, Fla ..... . 

' Cape San Blas to Saint Andrew's Bay, Fla ...... .. 
Corpus Christi Bay southward, Tex _ ........... . 
Coast of Texas southward of Corpus Christi Bay, 

Tex. 
HARBOR <CHARTS. 

308 Approaches to Blue Hill Bay and Eggemoggio 
Reach. 

344 , Mononoy Passage to Nantucket Sound ........... , 

369 New York Entrance .................•........... 

· 36la 

540a 

1260 

Hart and City blands, Long Island Sound ....... . 
Jamaica Bay and Rockaway Inlet ............... . 
Delaware River, Cherry Island Flats to Brides. 

burg. 

Delaware River, Bombay Hook Island to Cherry i 
Island Plats. 

: 39la Harbol't! of Washin~on and Georgetown ......... · 

5 · 40lc Jamee River, Kingsland Crook to Richmond .••. 
· 404b : N 01·folk Harbor, Va ....................•......... 

3 455b: Saint John's River, Jacksonville to Hibernia ..... · 

4 ' 455c Saint John's River, Hibernia to Racey'• Point .. 
-~ Btianfort River, inside pa.saage between Port ' 

Royal and Saint Helena Sound, S. C. 
13 W4e , Florida, Inside passage, Indian River ........... . 

469 Key W eat Harbor, Fla., with subsketch ... : .... . 
6211.1 San Franciaoo eotra.nce, Cal. •••••••••••.....•.... 
807 San Clemente, southwest anohorag<>, Cal ....• ; ... 

807 San Clemente, aoutheaat anchorage, Cal •...••.... 

1-120,000' 2. C.Junken ........................ Commenced. 
1-120,000 1 2. C.Junken ....................... . Do. 

1-400, 000 ; 2. A. Lindenkohl. .. . . . .. . • .. . . . . • . • . Additions. 
1-400, 000 i 2 . .A.. Lindenkohl.... . . . . . . . . . . . .. . .. Do. 
1-400, 000 2 . .A.. Lindenkohl..................... Do. 
1-200, 000 ! 2. E. J. Sommer....... . . . . . .. • . . • .. Photolithograph: corn· 

i pleted. 
1-400,000. 1. C.Junken ................•....... I Commenced . 
1-400, 000 i J. A. Lindenkohl. .. . .. . . . . . . . . . . Completed. 
1-200, 000 · 2. A. Lindenkohl.................... Do. 
1-200, 000 1, 2. A. Lindenkohl. . . .. . .. . . . . . . . In progreso. 

1-80, 000 1. A. Lindenkohl. 1. H. Lindenkohl Commenced. 
1-80, 000 1. C. Jnnken. 1. P. Erichsen. I. A. Completed. 

Lindcnkohl. 2 . .E. j_ Sommer. 

l-80, 000 2. A. Lindenkohl. 7. C. Jnnken. ... Do. 
1-80, 000 J. P. Erichsen ...................... In progres•. 
1-80, 000 2. A. Lindenkohl......... . . . . . . . . . . Complet<>d. 
1-80, 000 2. A. Lindenkohl.................... Do. 

1-80, 000 2. T. J. O'Sullivan . . . . . . . . . . . . . . . . • . Do. 
1-80, 000 

l-80,000 

1-80,000 

1-80,000 

1-80, 000 

9. P. Erichsen .. . . . . .. .. .. . . . . . . . . .. Do. 

2. E. J. Sommer .......... ···········! Do. 
2. E.J.Sommer ..................... 1, Continued. 

1 . .A.. Lindenkohl. 7. H. Lindenkohl I In progress. 
I. A. Lindenkohl ................... f Completed. 

I 
1-40, 000 I. P. Erichsen ..... . . ........... ; Completed. 

I 
1-40, 000 l. A. Lindenkohl (new edition) . . . . . Do. 

1-40,000 2. E. J, Sommer; .A.. Lindenkohl Do. 
(new edition). 

1-10, 000 1, 2. E. J. Sommer . - .. . .. . .. . .. In progress. 
1-25, 000 2. E. J. Sommer (new edition) . . • • . . Complet<>d. 
1-40, 000 2. C. Jnnk•n (sailing lines, &c.) 1, Do. 

2, 3. H. Lindenkohl. 

1-40, 000 1, 2, 3. H. Lindenkohl. 2. C. Junken. Do. 
1. .A.. Lindenkohl. 

1-15, 840 l, 2. A. Lindenkohl. 1, 2, 3. H. Lin- Do. 

denkohl. 
1-20, 000 1. E. J. Sommer............. . .. . . .. Do. 
1-10, 000 1, 2. H. Liodenkohl (new edition) . . . Do. 
1-40, 000 2. A. Lindenkohl . . . . . . . . . .• . • . . . . . . Do. 

1-40, 000 l, 2. E. J. Sommer. . . . . . . . . . . . . . . . . . . Do. 
1-40, 000 2. A. Lindenkohl . . . . . . . . . . •• . . . . . . . . .Addition•. 

1-250. 000 l, 2, 8. T. J. O'Sullivan ..... . 
1-50-000 2. .A.. Lindenkohl ........... . 
1-40, 000 l. E. J. Sommer (new edition) ...... , 
1-30, 000 I, 2, 3. H. Lindenkobl. .............. · 

1-30, 000 1, 2, 3. H. Lindenkohl •••••.••••.••. ., 

In progre••· 
Completed. 

Do. 
Do. 

Do. 
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Number of 
charts. 

UNITED STATES COAST AND GEODETIC SURVEY. 

DRAWING DIVISION-Uontinned. 

Titles of charts. Scales. Draughtsman. Remarks. 

Series i Cata. 
· 1loguo. 

i 
--1------

llARllOR CHARTS-Continued. 

6072 Cuyler' a Harbor, Cal. .. _.. .. .. . .. ......... 1-20, 000 l, 2, 3. H. LindenkoLl (new edition) . ' 
607 1 Prisoner's Harbor, CaL. __ .. _ 1-20, 000 1, 2, 3. H. Lindenkohl (new edition) . Completed. 

Port DfaC'O't"ery and Wai;;l1in~ton Harbor 

!HSCELLAXEOVS. 

1-40, 000 1, 2. E. H. Fowler . . . . .. .. . . .. . . . . .. . Do. 

Compiling State mnJ1" of N "'"York. Pennsylya. JO miles to 
nia, and Maryland. the inch. 

Map for l':reasury Uepartnwnt. custom~ rlistricts, 1-l, 250, 000 

Maine to New York. 

RKETCH1<:8. 

Revillagigedo channel sketches, 01· Ton:,!"as Nar

rows. Alaska. 

Granite CoTT'", .Alaska, and Whitewater B~.Y. 

..Ala!iika. 

Sea ott~r aml cod tisbing-~rvund8, Kachekmak 

Ray, Alaska. 

,J uueau Harbor, :Fritz Cove, WacbUticU Cor-e. 
Alaska. 

Security Bay, Alaska ....... ___ ............ _ .. 

6. A. Lindenkohl .................. . 

6. H. Lindenkobl . . .. . .. . .. . .. ..... 

G. A. B. Graham .. .. . . ............ . 

6. ll. Lindenkohl. .................. . 

6. H. Lindenkohl. 7. T. J. O'Sullivan 

6. T. J. O'Sulli•an ................. . 

6. T. J. O'Sullivan ................. . 

Cape Henlopeu and vicinity .. . I-JO, ooo 4. E. H. Fowler ................... . 
l'oint Buchon, Cal 1-10, ooo ! 4. E. Molkow .................. .. 

DIA.GH.AM15. 

Plan of new base apparatus .. : P. Erichsen; E. J. Sommer .....••... 
Tide-pn•dkting machine. plan of . . . . . . . . . . . . . ; P. Erichsen ................. . 
Drawing apJlaratus for weiµ-bts and measures, re- P. Erit:hscn ........................ _ 

port 1882. 

I'lan of apparatus for t~'ting micrometer screws. . . . . . . . . . . ' P. Erichden ...................... .. 
Plan of comparin:.:. apparatu8..................... .......... : I>. Erichsen········-··-- .......... . 

Yolo ha8c, Cal., three Bkt·tc11t•s (report of 1882). - . i a. T .• r. O'Sulli \"S.D - ••. - • - - • - •• - - -

0.ut"r hedH o/' Chesa1wake Bay (sketch of) .................. 8. T. J. O'Sullivan ............ .. 

:!\fagrwt.ic charts and di:igramR.................... '5.H. Lin1lenkohl .................. . 

West em p>1rt. of North Atlantic O"ean, model of ll. Lindenkobl ................ . 
bot.tom. 

Sketches on stone, tide station, Pacific coast, for 

report of 1882. 

.Mag;m·tic mapM on stone for report, of 1882 

Mapi:; of transcontinental line of Rpirit-levels, 

Sand.1· Hool<, New Je18ey, to Saint Louis, Mo. 

5. H. Lindenkobl 

5. H. Lindenkobl ................. . 

8. E. Molkow. 5. H. Lmdenkohl .. 

REPORT OF THE J.;JWRAVJNG DJVISJON FOR THE YEAR E.XDING JUNE 30, 188:l. 

U. S. CoAs'.r .A.ND GEoDE'l'IC SURVEY OI<'FICE, 

Washington, Juiie 30, 1883. 
Sm: I respectfully submit the following report of work executed in the Engraving Division 

during thu fiscal year ending June 30, 1883. 

Number of plates completed: 
Charts . . . . . . . . . . . . . . . . . . . ... - .... - · . - · · 
Sketches and illustrations . . . . . . . 

Number of plates continued: 
Charts ................ . 
Sketches and illustrations 

27 
5 

19 
3 

32 
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Number of plates commenced: 
Charts ................... . 13 
New editions of charts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
Sketches and illustrations ..... . 34 

49 
Number of plates corrected: 

Charts .......................... . . .. 423 
Sketches . • . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... 14 

-- 437 

Total number of plates worked upon...... . . . . . . . . . . . . . . . . . . . . . . . . 540 
Number of unfinished plates on hand at the close of the year: 

Charts. . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 41 
Sketches and illustrations . . . . . . . . . . . . . . . . . . . . . . . . 50 

91 

Of the 27 completed chart plates, 10 are new charts, 13 new editions, and 4 reissues. 

103 

I append hereto a list showing in detail the plates that were completed, continued, or com
menced during the year. 

The corrections to the plates of the published charts were not so numerous as during the pre
ceding year, although this class of corrections required the handling of 423 plates. 

As a rule, a few hour's work suffices to make the chauges iudicated. 
lu addition to the engraving, we have had the usual amount of cleaning electrotypes, erasures 

from altos, drawing and arranging titles, general lettering and notes, marking instruments, &c. 
The force of the division remains as at the beginning of the year, and bas been employed as 

follows: Messrs. J. Enthoffer, A. Sengteller, and R. F. Bartle, on topography; Messrs. E. A. 
Maedel, A. Petersen, J. G. Thompson, and F. Courtenay, on lettering; Messrs. \V. A. Thompson 
and H. C. Evans, on topography and sanding; Messrs. E. H. Sipe, W. H. Da>is, and A. C. Ren h
sam, on lettning and miscellaneous corrections; Messrs. H. M. Knigltt and F. W. Benner, on 
sanding; and Mr. T. Wasserbach, on sanding and miscellaneous corrections. 

'fhe work of the printing office has been conducted as described in my report of last year. The 
addition to the force of one helper has permitted running the third press almost constantly since 
that time. The two large presses haYe remained, as heretofore, in charge of Mr. F. Moore and 
D. N. Hoover. The third press was placed in charge of Mr. J. L. Smith, and has been used prin· 
cipally in printing the Coast Pilot work and the smaller chart plates. 

The new paper press mounted in April has proved most satisfactory. It does all that the 
builders claimed for it and greatly enhances the artistic appearance of the charts. 

The great annoyance arising ftom sending plates to lithographers for transfer proofs, led me 
to attempt pulling our own transfers. I am pleased to report the result as entirely satisfactory, 
and am confident we can now furnish transfers of the finei;t work, that in the hands of skilled 
workmen will not fail on the stone. 

The following is a summary of the printing during the year : 
Number of impressions for chart room...... . . . . . . . . . . . . . . . . . . . . ........ ·. ·. · · · · · · · · · 
Number of impressions for Assistant in charge...... . . . . . . . . . . . . . . . . . . . ............. . 
Number of impres · fi E · D' · · s1ons or ngravmg lVlSlOil • • • • . . . . • . • . • • . • . . . . . . . • • • . . . . • • • - •.• 
Number of imp · fi H d. h' I to · ress1ons or y rograp IC nspec r . . . . . . . . . . . . . . . .................. . 
:Number of impressions for lithographers (transfer proof}. . . . . . . . . . . . . . . . . . . . . . . . ... . 
Number of impressions of Atlantic Coast Pilot charts and views ................... . 

26,767 
3,627 
1,853 
1,726 

182 
14,165 

48,J~O 

. The general superintendence of thA electrotyping of the office plates, placed under my charge 
m Decembtir laat, has received my close attention. 'l'he plans yon have approved for increasing 
t~e facilities of this work are in preparation, and it is my hope will be in successful operation suffi· 
citmtly early to show a marked increase in the coming year's results. 11 is a question of quant.ity, 
as We can hardly e.~t any improvement in the excellent quality of the plates now turned out. 
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Dr. A. Zumbrock, electrotypist, furnishes the following statistics of the electrotyping· and 
photographing during the year: 

For the Survey, 18 altos weighing 401 pounds, with a plate surface of 21,012 square inches, 
aud 21 bassos weighing 710k pounds, with a plate surface of 23, 76:~ square inches. 

For the Hydrographic Office, United States Navy, 2 altos weighing 44 pounds, with a smfaee 
of 2,264 square inches, and 4 bassos weighing 108 pounds, with a surface of 3,426 square inches. 

For the Engineer's Office, United States Army, 10 altos weighing 220 pounds, with a surface 
of 11,472 square inches, and 10 bassos weighing· 365 pounds, with a surface of 11,472 square inches. 

Total number of plates electrotyped, sixty-five, weighing l,848~ pounds, with a plate surface 
of 73,408 square inches. 

Besides these electrotypes an alto and basso were made of a seal for the General Land Office, 
and two clock faces for instrument shop; 69 plates were steel-faced, 56 negatives were taken of 
maps and instruments, and 163 prints were made. 

Mr. J. H. Smoot has attended t.o the clerical duties of the division in a most satisfactory 
manner. 

Yours, very respectfully, 

R. D. CUTTS, Esq., 

· HERBERT G. OGDEN, 
Assistant in Oltarge of Engraving Division. 

Assi'.stant in Charge of Office and Topograplty. 

Plates completed, continued, or commenced during tlte fiscal year ending June 30, 1883. 

1. Outline. 2. Topography. 3. Sounding. 4. Lettering. 

Cata- Plate 
'To.e No. Title. Scale. Engravers. Date of comple· 

tion or is8ue. 

COMPLETED. 

11 1429 Cape Hatteras to Cape Roma.in . . ..•. 
l3 1456 Saint Mary's entrance to Cape Canaveral. .... 

1-400, 000 : 1, 2. W. A. Thompson. 4. J. G. Thompson .... November 23, 1882. 
1-400, 000 1, 3. W. A. Thompson. 4. E. A. MaedeL A. , October 24, 1882. 

Petersen, an<l J. G. Thompson. 
10!1 1113 : Prenchman'• and Blue Hill Bays .............. '. 1-80, 000 l, 2. J. Enthoffer. 3. H. M. Knight. 4. E. A. May 31, 1883. 

142 1272 ' Pamplico Sound. Roanoke Island t-0 Hattem• 
Inlet. 

I 

158 1234 ' Saint Mary'• entrance southward to latitude 
30° north. 

159 1411 Saint .Augustine Inlet to Halifax River ... _ ... 
16-0 , 1526 Halifax River to Mosquito Lagoon .•.......... 
161 1602 Cape Canaveral, Fla ....................... . 

·' 
344 1716 ; Monomoy Paso&ge, Ma.ss .................. .. 

37la 1713 Topojl'l'aphical map, West Point, N. Y ........ : 

EDITION OF 1882. 

129 1286 Chincoteague Inlet to Hog Island Light ...... ' 
3~8 779 Wood'• Holl. y.,,.. .......................... · 
1152 1088) Port of Providence, R. 1 ...................... ; 
aoo . 1148 J Potomac River No. 3, Lower Cedar .Point to : 

Indian Head. 

Ma.edel and J. G. Thompson. , 
1-80,000 1, S. W. A. Thompson. 3. F. W. Benner.!. June,1883. 

4. E. A. Maedel, J. G. Thompson, and A. C. 
Ruebsam. 

1-80, 000 1, 2, 3. W. A. Thompson. 4. J. G. ThompMon Novemher29, 1882, 
and T. Wasserbach. 

1-80, 000 4. J. G. Thompson and .A. C. Rnebsam ........ · August 4, 1882. 
1-80, 000 4. J. G. Thompson and T. W8.aserbaeh.. ' September23,1882. 

1-80, 000 3. W. A. Thompson, R. F. Bartle. 4. E. A. March 17, 1883. 
Ma.edel, .A. Petersen, and J. G. Thompson. 

J-40, 000 1, 2, 3. H.C. Evans. 4. F. Courtenay&nd A. C. June, 188B. 
Ruehsam. 

1-4, 800 l, 2. H. C. Evans. 4. E. A. Maedel..... ..... . June ll, 1883. 

1-80,000 1,2,3. H.M.Knlght. 4. E.H.Sipe ...... .. 
1-20, 000 4. T. W888tlrbach ......................... . 

1-10, 000 3, 4. T. Wa-rbaoh .... : .................. .. 
1-80, 000 1, 2. A. Sengteller. 3. W. A. Thompson. 4. J. 

G.Thompson, W. ll. Davis, and A. C.Rueb-
aam. 

Deeember, 1882. 
Jnly,1882. 
September, 1~. 

November, 1882. 

488 699 : Saint Antlrtow's Bay, Fla.......... 1-40, 000 3. W. A. Thompeon. 4. W. H. D&vis and A. C. November, 1882. 

Ruebe&m. 
623 1006 i SuPahloBay, Cal .............................. .' ...... 3,4. T. Wa8881'bacb. 4 • .A.C.R11ebeam ........ : .November,11!8%. 
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Plates completed, continued, or commenced du.ring the fiscal year ending June 30, 1883-Continued. 

Cata- : Plats 
loinie l "'o Title. Scale. Engravers. Dat<l of comple

tion or issne. No. j ~' ' 

------!------~------~1-· 
RRISSUED 1882. 

349 ! 1005 Sippican Harbor ...................... . 
I 

622 ' 1074 San Francisco Bay, Cal ....................... , 

EDITION OP 1883. 

18.3 · 1681 
1 

Apalacbicola Bay to Cape San Blas .... 

186 1290 I Choctawhatchee Inlet, to Pensacola entrance. 

346 169 Edgartown Harbor ......................... . 
369 1639 New York Ba~· and Harbor (upper) 

369 1641 New York Bay and Harbor (low<"r). 

391 1319 Potomac River No. 4, Indian Head to George-
town. 

643 ~31 Gray's Harbor ........................... . 

REISSUED 1883. 

421 1018 Core Sound and Straits .••••.•••. 

629 864 Drake's Bay ........................... -

MISCELLANEOUS. 

! 
1-20,00014. W.H.Davis ...... • .................... i December,1~82. 
1-50, 000 4. W. H. Davis and .A. C. Ruehaam ............ ! No.-ember, 188~. 

1-80, 000 4 . .A. Petersen an<l A. C. Ruehsam,.... May, 1883. 
1-80, 000 3. W. A. Thompson and H. M. Knight. 4. IL .January, 1883. 

i M.Knight. 
1-20, 000 ! 1, 2, 3. W . .A. Thompson. 4. II. W. Davis.... January, 1883. 
1-40, 000 ; 1, 3. H. M. Knii.:ht. 2, 3. W . .A. Thompson. June, 1883. 

4. E . .A. Jlfaedel and H. M. Knight. j 

1-40, 000 
1 

1, 2. \\".A. Thompson. 4. E. A. Maedel. ...... , .Jmrn, l>l83. 

1-40, 000 1, 2. E. J. Enthoffer. 2. W. A. Thompson. 3, 4. February, 1883. 
T. Wasserbach. 4 . .A. C. Iiuebsam. 

1-40, 000 1, 3, 4. J. G. Thompson . . . . . . . . . . . . . • . 

1-40, 000 4. W. H.Davis ....... ,, .................. . 

1-40, 000 4. H. M. Knight ........................... . 

June, 1883. 

June, 1883. 
June, 1883. 

1697 , Atlantic CoMt Pilot, vol. I, entrance to Port- ............ . Etching \,y .r. R lfarkPr. 4. W. H. Da·ds ..... , October, 1882. 

D 
17 
21 

143 

153 

175 

182 

184 
186 

192 
195 

20i 

209 
306 

I land Harbor. I 
1703 Topographical specimen, The Dalles, Colnm- •..•....•..•. 

bia River. , 

1692 Plate of squares, decimal division ........... J .......... .. 
1708 Magnetic or chart compass .................. · 1 · ..... . 

1743 Conventiona: signs and symbols .......... :· .............. . 
1653 Gulf of Mexico . . . .. . . . . • • .. . . . . . .. . . . .. . . .. . . 1-2, 100, 000 

1603 Tampa Bay to Cape Sa.n Blas ................. I 1-400, 000 
1090 Galveston to the Rio Grande ................. ! 1-400, 000 

1190 Pamplico Sound, Ocracoke Inlet to Pamplico I 1-80, 000 

1503 
1093 

1447 

1601 
1498 

1537 
1314 

1247 
1248 

1186 

River. i 
Winyah Bay to Long Island ................. - l 
Charlotte Harbor and San Carlos Bay .••.... -I 

A,.. ..... &, ~· """'"'""'"''' ., ....... ·I 
Saint Joseph's Bay to Saint Andrew's Bay ... 

Saint Andrew's Bay to Choctawhatchee Inlet. j 

I 
Chandelenr and Breton Island Sounds •.•..... I 
Mississippi River, from Grand Prairie to New! 

Orleans. I 
Pase Cavallo, Lavaca and San Antonio Ba.ys .. ; 

Aransas Pass, Aransas and Co1>a.no Bays_ .... I 
Frenchma.n's Bay and Somes' Sonnd .......... 1 

1-80, 000 

1-80, 000 

1-80, 000 

1-80, 000 
1-BO, 000 

1-80, 000 
1-80, 000 

1-80, 000 
1-80, 000 

1-40, 000 

307 1265 Blue Hill and Union River Ba.ys ••••••••••.... ! 
. I 

1-40, 000 

308 1376 Approaches to Blue Hill Bay and Eggemog· I 1-40,000 

4. E. A. Maedel aml J. G. Thompson ........... , Sepfomber 1882. 

4. W. A. Thompson and E. H. Sipe ............ : .July, 1882. 
4. J. G, Thompson ............................ i August, 1882. 

2. W. A. Thompwn. 4. ll.M. Knight ....... ! May,1883. 
1, 4. J. G. Thompson ......................... i 
4 . .A. Petersen ................................ I 
1, 2, 3. W . .A. Thompson. 3. H. M. Knight. , 

4. E . .A. Maedel and A. Petersen. 
3. n. M. Knight and];'. w. Denner. 4. E. .A. I 

Maedel. I 

4. 1<'. Courtenay ............................... I 
3. H. C. Evans and H. M. Knight. 4. E. A. I 

Maedcl and .A. Petersen. I 
3. H. C. Evans. 2, 3. H. M. Knight .. 4. E . .A. I 

Mae<lel, F. Courtenay, and .A. C. Rnebsam. I 
4. F. Courtenay .............................. ' 
1, 2. II. C. l!:vano and W. A. Thomptton. 3. T. 

Wasserbach. 4. A. Petersen and .A. C. 

Ruebsam. 
1,2,3. W.A.Thompson ....................... 

1 
4. R.M.Knight .............................. . 

3. F. W.Benner. 4. A.C.Ruebsam .......... \ 
4. A. C. Ruebsam ............................ .. 

2. R. F. Bartle. 3. II. C. Evans. 4. A. Peter- ! 
sen and E. R. Sipe. I 

l, 2. H. C. Evans. 4. A. Pet<lrsen, R. F. I 
Bartle, and E. H. Sipe. I 

2. R. F. Bartle. 4. J. G. Thompson ......... --l 
gin Reach. I 

401.t 1664 , James River, No. 4, City Point to Kingland's ! 
Creek. j 

1-20, 000 2. E. J. Enthoffer. 3. H. M. Knight .......... J 

4010 1679 Jamee River, No. 5, Kingland'a Creek to 

1 
Richmond. 

62la 1532 San Franeis6o Ba.y entrance .•.••.•••.•.•••••• , 

1565 .Alaska Coaet Pilot ohart, Cape Mudge to I 
Cape Co-erell. 

8.Ex.29-14 

I 

1-20, 000 1, 2. J. ~thoffer. 2. E. J. Enthoffer .•.••..•. 

1-40,000 

1-510, 720 

1, 2. W. A. Tbompeon. 4. A. Petersen.... . • . ; 
4. A.C.Ruebeam ............................. 1 

I 
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Plates completed, continued, or commenced during the fiscal year ending Jttne 30, 1883-0ontinued. 

·---------------------------···-------

c .. t,.. i Plate I 
logue, No. I 1\o. 

Title. 
! 

_sc:le. \ ____ _ 
Engravers 

I 

102 

14G 

151 

152 

181) 

212 

-- -----~-----
1 

i CoNTINUEu-Contimrnd. 

1566 I Alaska Coast Pilot chart, Cape Commerell to 
f Point Walker. 

1fiH7 

1742 

1725 

1695 

1606 

1746 

171.1 

AlaAka CoaAt Pilot chart, Point Walker to 
Swanson Bay. 

COMMENCEJ), 

Seal I.land t" Petit Manan ................•.. 
Cape Hattera• .............................. . 

I,ittlo ltirnr Inlet anrl the noa•t of Long Bay I 
I 

Win;vah Ila~- to Cape Romain, &c., east part .. 1 

CP.dar Keys to Dtad Man 1R Ba~· . __ .. _. __ .. __ . 1, 

Rrazo~ 8antia_go1 &c .. __ .. ·---· ........... . 

I 
·-----~--r 

1-510, 720 ! 4. A. C. Ruebsam -····· ................... ····I 
I I 

1-510, 720 i 4. A. C. Ruebsam ........ H. ·-- -- •• • • • . I ··········1 
I 

1-80, 000 i 1, 2. J. Enthoifer. 4. J. G. Thompson ........ j 

1-80,000 ! 4. A.Petersen ...... ·······-------··--····----~ 
1-80, 000 i 1, 2. J. Enthoffer. 2. W. A. Thompson. i 

! 4. E. A. Maedel, ·.r. G. Thompson, and l:'. ! 

1-80,000: 1,2. A.Sengt,eller ............................ . 
i Courtenay. 'I 

1-80,000 1,2. H.C.EvauR. 4. A.C.Rnebsaru ·······-·· 
1-80, 000 I. E. ,J, Entbofkr. 2. J. Enthoffer. 4. A. Pe-

344 1716 Mouomoy Passagl', Mass ................. . 

tcnH:n, I?. Courtenay, and A. C. Rucbsam. 

1-40, 000 1, 2, 3. II. C. Evans. 4. F. Courtenay and 
A. C. Rnebsam. 

:ma 1713 Topo!!raphical map, West Point. N. Y ....... . 1-4, BOO 1, 2. II. Evans. 4. E. A. Maedel ............. . 

4:i~h 1704 Sn.int John'R River, No. 3. Jacksonvil1c to 1-40, 000 ], 2, 3. R. F. Bartle. 4. F. Courtena~', E. /!.. 

Hibernia. Maedcl. and J. G. Thompson. 

455c 1729 Saint John's River, No. 4, Hibernia to Racey's 1-40, 000 1, 2. RI<'. Bartle. 4. E. A. Maedel and J. G. 
l'oint. Thompson. 

600f> 1 1754 San Francisco to Cape Flattery......... 1-1, 200, 000 

6111Ja 1755 San Diego to San Francisco ......... _ .......... 1-1, 200, 000 ......••..•.•••..•••.•...••••.•.•.....•..••. 

676 1741 San Francisco to Point .Arena 1-200,000 1, 2. W. A. Thompson ........................ . 

NEW ElJITIONS. 

469 1n6 Key West Harbor ............................ : 1-50,000 4. H.C.Evans ............................... . 

626 1 175~ Suisun Ba:v----------·-·---------- ........... 1 

I • Atla~tic Coast Pilot ·dew; I 
1-40,000 4. T. Wasserhach ............................ . 

1717 

; 1722 

1721 

1720 
1718 

. 1707 

VolnmA l, Monhegan l~land from thr east- i ............ . EtchinghyJ. R. Barker .•......•. 
ward. 

Volume 1, approaches'to MnscloRidgeChan- !·············:······do ..... .' .. ···· ····· ····················[ 
nel. i ! 

Volume 1, Muscle Ridge Channel off Metink i- ·· ·· ....... ·1 ···· .. <lo . ···· - .. - ........ · ··· · ..•••........... ( 

1"\aml. j 1· : 

Volume 1, entrance to Carver's Harbor, &c. _ .!. -·- ................ .. do . . .. . . . . .. . . . ...... . ....... _ ..... i 
' ' Volumu I, Muscle Rillge Channel and Rock· [ """ ............. do ...................................... I 

land Hnrhor. i · 
Volume 1, approaches to 8aintGeorge'sRiver, \···· .. - •.•••. ! ...... do ..••.....••............•...•.........•. 

&c. 1 I 

1 1709 Volt1me 1, approache~ to John'• Bay, &c ••. ···'1· ..... · · ...... i ...... do · · -- · · ··• - . · - - · · · .... · · .•........ - .. -- . 
• • I 

, 1710 Volume 1, entrance to Sheepscot River, &c ............... ·I· ..... do ...................................... . 
1711 Volume 1, aµproachesto Kennebec audShoop-

1 

............. 
1 

•••••• do ..•...........•..•..•.•..........•..••. 
scot Rivers. ' 

1698 Volume 1, Wood Island ....................... I. . ......... : ...... do ...................................... . 

1705 Volumel, Cape Ann from eastward and north- i ......•..•... [ .••... do ..•••.........•.......•.•..........••.. 
ward. i , 

1694 Volume 1, entrance t.o Sale1n by main cha.n· ]·····-·······:-~---·do .................... ...................................... . 
nel, &c. 1 i 

1702 Volume 3, Fort Washinj1ton, Potomac River . .\. ••..••........••... do ...................................... . 

1701 VolumP 4, eutranoe to North Edisto River, &c.; ............. : ...... do ...................................... . 
172."i Volume 4, BAD.. ufort, S.C ...........•.......... ,. ..... ·-····1···--·do ...................................... . 

1726 Volume 4, Tybee entrance, TybooRoads, &c .. : ..........•.. 1 •••••• do .............•........••..••..•...•.... 

1728, Volume 4, city of Savannah and Tbunderbolt.i .....•...••.. 1· ...... do ...................................... . 
1732; Volume 4, Wasoawentra.nce, OssabawSound, [ .•....••......••... do ...................................... . 

&c. ! I 
I 

1733 Volume(, SalntC&therine'sSonnd, &c ....... I'. ................. do ..••.............• 

1735 : Volume 4, Doboy and Altamaba Sounds, &c ............. : •.••••. do ................. :.:::::::::::::::::::: 

1737 I v:c~e~r~:~tG~mon's Sound and Brun•-1············· ...... do ..•.............•............••••...•.. 

Date of comple
tion or issue. 
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Plates completed, continued, or commenced during the fi.wal year ending June 30, 1883-Continued. 

---·---------------- -----------

ct i ' a a- 1Plate 1 

lol?'.'e · No. I Title, Scale. Engravers. Date of comple
tion or issue. 

No. --1----~---------- ~ ·-------~---~-------------
NEW EDITIONS-Continued. 

Atlantic Coast Pilot view: 
1739 ' Volume 4, Saint .Andrew's and Cumberland : ............. ; Etching by ,f, R. Barker .................... .. 

Sounds, &c. 

' 1744 Volume 4, Old and New Fernandina ............................. do .................................... .. 
! 1759 Volume 4, Saint John's Riv-. &ntrancc, &c ....................... do ...................................... . 

, 1745 Progress sketoh, Hudson and Saint C1·oix ............. 4. E. H. Sipe ................................ .. 
Rivers 1 extension western part. 

1749 Maryland and Gewgia base-line, north part, ............. ' ...... do ...................................... . 

extension northwest corner. 

: 1753 Progress sketch between Long Island and the .. . . . .. . .. . . .do .................................... .. 
Blue Ridge, extension Honthward. 

1692 Plate of squares1 decimal divisions ............ _ ......... . 4. W . .A. ThompRon and E. II. Sipe ........... , . 

1 1699 Topographical specimen Cathlamet. Channel.. 
1700 Topographical view of Cape Disappointment. 

. . . .. .. • . . . . Etching hy .r. R. Barker ..................... .. 
. ............. do ....................................... : 

1743 Conventional si:;,rns and syu1buls .. _ .... _ ...... ,. __ .... _ ... _ ' 2. ".,.·A. Tl.10mp~ou. 4. H. M. Knight. __ .... . 

1750 Topographical specimen. Plymouth, Mass ................ ; Selmar Siebert .............................. , 

1751 Topographical specimen Plymouth contour ............ .' ...... do ...................................... . 
lines. 

1708 Magnetic or chart. compass ................................. 4. J. G. Thompson .................... .. 

ANNUAL REPORT OF THE MISCELLANEOUS DIVISION FOR THE YEAR ENDING JUNE 30, lt!83. 

UNCTED STATES COAST AND GEODETIC SURVEY OFFICE, 

Washington, D. O., Augu,qt 1, 1883. 

DEAR SIR: I have the honor to submit herewith the annual report of this division for the year • 
ending J nne ::io, 1883: 

The work of the division has included, as heretofore, the correspondence with sale agents 
relating to the supply and sale of Charts, Coast Pilots, and Tide Tables; the purchase, custody, mul 
isirne Of SfatiODPry i the printing and distribution Of the blank forms, record books, &c., Ui<ed ill 
tl..w office and in the field-work, and of the annual reports and other publications of the Survey; 
the supervision and care of the office buildings; the general charge of camp equipage, &c.; the 
gl'neral direction of work in the carpenter-shop, and such other special duties as have been assigned 
from time to time by the Superintendent and the a:-;sistant in charge of office and topograph~·. 

Satisfactory progress was made during the year in the publication of the Annual Reports, which 
from a variety of causes had fallen far behiwl current dates, and those for the years 1878, 1879, a111l 
1880 were printed and distributed. The text of the Report for 1881 was also printied, but its issue 
before the close of the year was prevented by the failure of the contractor for the lithographing to 
furnish the sketches and illustrations. , 

'rhere were received from the Public Printer during the year the following aggregates of pub
lications of 18e Survey: 

Annual Reports for 1878, 1879, and 1B80 ................................. . 
Appendices to the Annual Reports (extra copies) ......................... . 
Tide Tables for the Atlantic an<l Pacific coasts for 1884 ............... , ... . 
Catalogue of Oharts, edition of 1883 .................................... . 
Notices to Mariners, Nos. 34, 35, 36, 37, 38, and 39 ....................... . 
.Atlantic Coast Pilot, Subdivisions 2, 4, 5, and 6 (second editions) ........... . 
Deep-Sea Sounding and Dredging (reprint).... . . . . . . . . . . . . . . . .. ......... . 
A. Treatise on Projeetions. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . ...... . 
General Instructions for Hydrographic Work ............................. . 
Summary of Report of Supl·rintendent for 1882 ......................... . 

A detailed statement concerning the foregoing publications is appended hereto. 
' 

Copies. 

7,054 
10,200 

4, 500 
600 

3,000 
848 
3i4 

1,000 
500 
500 
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Subdivision 15 of the Atlantic Coast Pilot was sent to press. 
The usual distrilmt1011 of t111> variom; publications of the SunTey was made to the Department,s 

of Government, and the sale agencies were regularly supplied with charts, the Atlantie Coast Pilot 
and its imbdivisions, and the Tide Tables for the A.tlantic and Pacific coasts. The Appendices to 
the Annual Ifoports, of which extra copies in pamphlet form have been published for free distri
hntiou, were furnished t<l all proper applicants. The Notices to Mariners were also distributed 
gratuitously, as soon as practicable after their publication. 

Three thousand and seventy-six copies of the Annual Reports were distributed duriug the 
year; also' G!}G copies of the Atlantic Coast Pilot, including subdivisions. 

Second editions of' the following Emhdivisions of the Atlantic Coast Pilot were published,_ viz: 
No. 2. "F'renchrna11's Ba,v to Isle au Haut;" No. 4. "\Vhite Head Island to Cape Small Point;'' 
No. 5. "Cape Small Point to Cape Ann;" No. fl. ''Cape Ann to Cohasset." The edition of" Deep. 
Sea Soundiug all(l Dredging" haviug been exhausted, a reprint of that work, with the addition of 
a supplmne11tary chapter on improvements made in the apparatus used in deep-sea work, subse
quent to tlw publication of the original, was brought out. 

New editions of ''General Instructions for Ilydrographic "\York,'' and of the "Catalogue of 
Charts," were also published. 

'l'hcre wf1re received in the ehart room, during the year, 31,527 sheets of charts, of which 24,720 
were copper-plate impressions, and 6,757 were printed from stone. Twelve thousawl five hundrnd 
and uiuc copies were i~s1ietl to 'the scYeral Departments of Government and to Senators and Hep· 
rc;;entatiYcr;, arnl 16,Gl:.l copie;; were supplied to sale agen~s. The total distribution of charts 
duri11~ tlw ;year was ~2,01:! copil~H, being an incrpase of 2,963 copies over the preceding year. (See 
statement appended hereto.) 

l\1r. Hugo G. Bichholtz has continued in charge of the chart-room, and the issue of charts has 
been made under his immediate supervision. 

The carpenter-work of the office, including the wood-work of instruments and their packing 
for transportation, the construction of frames, vats, &c., for the laboratory, repairs of forniture, 
and repairs to the office buildings, &c., was done by Mr. A. Yeatman, assisted, as heretofore, by 
Messrs. G. F. Cox and G. \>V. Clarvoe. 

l\Ir. R. T. Basset,t has been in charge of the work in the map-mounting room, and the duties 
of janitor were performed h~· Mr. N. Y. Cavitt. 

The fidelit,Y and zeal displayed in tlie discharge of their <lntit>s by the meAsengers and Iaburers 
employed in the office tleserve special commendation. 

Yours, respectfully, 

R. D. CUTTS, Esq., 

M. W. WINES, 
Chief of Miscellaneous Division. 

Assistant in Charge of Oifice and Topography. 

List of tlw publica,tions of the Coast and Geodetic Survey received from the Public Printer durin.Q the 
fiscal yer1,r endin.q ,Jitne 30, 18~3. 

Name of publication. l No. of \, No. of 

i:~~e~ I!- Name of pub:~tio~------- copies. 

Annual Report for 1878 .... __ . _ ................. .. .... . . ..•. 1, 306 I; Atlantic Cosst Pilot, Subdivision 4-" White Head bland to 200 

A nnnal Report for 1879 . . . .. .. ... • •• . .. . •• . .. .. . . . . . • . . . . . . • . 2, 966 J'I Cape Small Point" (second edition). 
Annual ltcport for 1880 ........ -. . . . ..... ... .... .•. . . .. .... .. 2, 782 i Atlantic Coast Pilot, Subdivision 5-"Cape Small Point to 200 
'l'i<le Tables, Atlantic coa.•t, for 1884 ........•••..... _ ... _... 2, 500 I Cape Ann" (second edition). 

Tide Tables, Pacific coast, for 1884 ......................... .\ 2, 000 i I Atlantic Coast Pilot, Subdivision 6-" Cape Ann to Cohaaeet" 
Cataloi:ue of Cbart• (edition of 188.1) ...................... i 600 :! (second edition.) . 
Atlantic Coast Pilot, SnbtliYision 2-" 1''reuchman's Bay t<i / 198 // Deep-Sea Sounding and Dredging (reprint) .••••• ...... ...... 314 

Isle au llaut." Ii A TreatiseonPl'(\jootions.................................... l,000 
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List of the publications of the Coast and Geodetic Survey received from the Pnblic Printer, &c.-Oont'd. 

Name of publication. , 1No.of' i 
copieR. ! 

i 

Name of publication. 

General ln•trnctions for Hydro~raphic Work ................ ' 

Summary of Report of Snpcriuteudeut for 1882 (8vo, paper) .. 

NO'fICRS TO MARlNERB. 

No. 34- 11 Dangerous rock in eMtern Plltranre to FiHher's 
Island Sound." 

No. 35-HDangt~rons rochs in weRtern paTtof },isliet'sIRlmul J 
Round, approaches to New London and Mystic 1 

Harbors." 
No. 36- 1'Su11:ken wrerk in the track uf ves1-H.'1.salong 1l1e Nflw 

Jersey coas.t.'' 

No. 37- 11 \Vreck in the track of vessels along th(> enst c•oast : 

of Floricla." 

No. 38-"Discovery of a rook in SurA"o (nr Southei·n) Nar- i 

rows, Peril Strah1 Southeast Alm:-1ka." 

No. 39--"\.Vreck in the track of coastinj!:vesReh~ otf New Jer-1 
Rey.'' 

• Al'PENIHCES TO RR!'OR'l FOR 18BO, i 
No. 9-"Comparison of the surveys of tlrn ])elawar·e Hiver 

in front of Pbila;!Blphia, 1~43 arnl 1R78." 
No.13-".A treatis" on the plane table arnl ilR use in t.0110-

~rapical snrYf\\o~inJ!:." 

No.14-H Determination of time, 1ongit.ude, latitutle, and azi
muth.'' 

No.15-"A review of various pl'ojections for charts in con

nection with the polyconic projection nsed iu the 
Coast and Geodetic Survey." 

No.17-"An account of a perfectBd form of the contact-slide 

base ap11.aratus us~d in the Coast and Geocletic I 
Survey.'' 

~i 

500 : 

500 : 

I 

500 I 
500 i 

I 
500 I 

500 I 

No. 18-".A.n attempt to solrn the pr~blem of the first lantliug 
place of Columbus in the New World." 

No. 19-''Au inquiry into tl1e Yariation of the compasR off t1H• 

Bahama Islands at the time of the landfall of Co
lumbus in 1492.'' 

APPENDICES TO HEPOitT FOil 1881. 

No. 6-" General index of RCie-ntific papers contained in t]u>: 
annual reports of th(1 United States Coast ttu<l Geo

<letic Survey from 1845 to 1880, inclusive." 
No. 7-"Type forms oftopog:raphy, Columbia River 1

'_ 

No. 8-" DiroctionH for measurement of terrestrial rnagnt~t.-

ism." 
500 ' No. 9-" Tencstrial magnetism. Collection of results for 1' 

declination, dip, and intensity from ohliervations 

500 ruado byt1w Unit Ad Statt~s Coast and Geodetic Rnr

Y<'.Y hdw~"" 1833 and July, 1882." 

No. JO-" Metmrolo1'ical researches (Part 3), barometric hyp-
300' sometry mu1 reduction of the ba'rometer to the Rea 

levcl. 11 

l, 000 No.11-"Rnport. on t.he oyster beds of the ,James River, Va., 
and of Tangier and Pm•omolw ~onnd8.. Maryland 

800 1· ancl Virgiuia." I No.12-"0n the le~gth ofa nautical n!ile" .......... . 
300 ii No.13-"0n a method of readily transforrin!( the under. 

I
' J ground terminal marks of a bW!e line." 

.'! Nos.14, 15, 161 an(~,17 (bonud together)-" Pendulum ex:peri- I', 

300 : : ment-s. , 

!i No. 18-''Report on a new ruie for currents in Delaware Bay I 
JI and River." 

No. of 
copie1::1. 

1. 000 

l, 000 

1, 000 

200 

l, 000 

500 

500 

500 

500 

500 

500 

300 

Report of charts received in and is.med from cltart room during the fiscal yea.r ending J1me 30, 1883. 

Number of sh1>ets. 

To whom issuod. On hand. 

I 
Rooeived. ii 

July I. ': June 30, 

l-··--·---~~-
1---- ---~---1-88_2_._1 ~1883_. ___ _ 

: 31, 527 . • • • • . . . . . . . 36, 256 35, 771 

Executive Departments . : •••................ \ ............ . 
Senators and Representatives .............. ·I· •........ -. ' 

1 
! 

10, 601 :·--···----
1, 908 

::~~gu::::~~~~~:::::::::::::::::::::::: 11::::::::::::' 16,: ::::::~::::/::::::::: ... 
··-······-·-:······------: 

:Miscellaneous ..•........ ····-· ...••........• ',............ 1, 586 ............ i ........... . 
·------------'----

Totals ................................. ! 31,5'n 32, 012 36, 256 35, 771 

--------~-

,d llCHIVES. UNITED STATES COAST AND GEODETIC SURVEY OFl"lCE-ANNUAL REPORT FOR THE 
FISC.J.L YEAR ENDING ,JUNE ao, l88:l. 

Srn: In compHance with tl1e regulations of tbe Survey, I herewith respectfully submit, in the 
following tabulated form, the annual report of the receipt and registry in the Archives of all orig
inal and duplicate records and computations, topographiu and hydrographic sheets, and specimens 
of sea bottom turned int.o the office during the fiscal year ending J uue 30, 1883. 
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!.-Records and computations. 

GEODETIC WORK. 

Number of volumes. 

Original. Duplicate. I c~'!lputa· Total. . • 
1 tions. ' 

137 ----;;r~~-= ---;~--Observations of horizontal angles or directions .. _. _ 

OhserYation8 of vertical aughls --·-- ............... . 22 26 ·----· .......... 48 

Descriptions of stations .......................... . 26 27 .••......... 53 

Measurement of base . __ ................ _ ......... . 19 ..•..•.•..•. 22 

8phitltweling ...... .... .. . ... . . . . . .. . .. . . . . .... .. 35 32 ............ , 67 

Geo<letio miscellany . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26 19 I· .......... . 45 

Cornputa.tiuus ....... - . - - -- --- -- · · - - · · ·· - ·· · · · · · · · · · ··•· · ··· · ·· · --- ········I 103 • 103 

------------- ----------------~--- -- ---· -----------~---

.ASTRONOMICAL WORK. 

OhSt-'lrvations for 1atih1du ..•... 

ObservatiouR for longitude .. . 
Ollsen-ations for time ........ . 

OhserYation~ foraziw11th ·----· ·-----·-····-··--· 

.Astronomical miscellany ........................ . 

11 

27 
9 

9 

7 

13 .•.••..... ·· 1 

15 

5 ···-·· -----

11 ·•······•··· 

Co1uputations ............ - ... - ... - .... - .. - -- . - - ... ---- ...•.....•........ -- 42 

MAGNE'l'IC WORK. 

~----------------------~-~----

24 

42 

14 
20 

9 

42 

[ • I i I Ol1serrntlons oft,eJTestial n1a::netisn1 .............. 
1 

10 , 18 ,. . . . . . . . . . . . 28 

Corn_1mt~t-i~ns .••........... ~.·~-~~~~-~~j""·····~±~~~==L 10 / 10 

HYDROGR.A.PHIC WORK. 

Observations for soundings .. _ ... _ . . . . . . . . . . . . _. 

ObMervatiun~ of angleM 

De•criptions of hyuroirraphic Rignals .... 
SpecimeuR or Kea hot.t-0m 
Tidal obsen at;ions ..... . 

209 

38 

11 
308 

94 

162 [ .....•...... : 

39 l···········-1 
4 I ••••••...•• ' 

I 
·-······--··;·····--··-·· 

76 

II.-Topographic and hydrographic surveys. 

Original topographic and bydrographic sheets. 

371 

77 

15 
308 

170 

Ry reforring to the foregoing lists it will be found that there were registered in the Archives 
during the past fiscal year, H36 volumes of geodetic obRervations and computations; 151 volum("s 
astronomical obtiervations and computa.tions; 38 ,·olumes magnetic observations and computation1:1; 
63:~ volumes hydrographie ohserrntions; 308 specimens of sea bottom; 16 original topographic 
sheets, and 54 original bydrographic sbeets, making an aggregate, in volumes, specimens, and 
sheets, combined, of 1,836. 

Respectfully submitted. 

RICHARD D. CUTTS, Esq., 
Assistant in Charge of Office and Topography. 

GORDON .A. STEW ART, 
Oustodian. 
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REPORT OF WORK DONE IN THE INSTRUJ!EXT DIVISTON DURING THE YEAR ENDING JUNE 30, 1883. 

UNITED STATES COAST AND GEODETH1 SURVEY OFFICE, 

Washington, June 30, 1883. 
DEAR SIR: I have the honor herewith to ~ubmit a report of work done in the instrument shop 

during the last fiscal year. 
In addition to th<.J usual routine work of keeping the records and superintending the repairing-, 

adjusting, and sending out of instruments, a great part of my time was occupied with the diYiding 
engine and in graduating a number of iustrurnents. The tide·predicting machine was also full~

tinished, and it is now in perfect order and can be used at auy time. During the year I perfoct-0d 
ahm a uew method of clm;ing leYel vials, an account of which appears in this report. 

Of other special work do'ne in the i1uitrument shop, I mention the entire reconstruction, by Mr. 
John Clark, of Theodolite No. 10 (14-inch Wurdemann); its whole superstructure has been changed, 
a new graduation having been put on some time ago, and Assistant Granger pronounces it one of 
the best theodolites in the service. 

The larger repeating theodolitl R have nearly all recein~d new tangent screws. 
Mr. E. Eslllemau, besides his regular work of getting iustruments ready for the field, has 

reconstructed Theodoliti>s NoR. 82 and 127. The former i1mtrument had bad a fall, and although 
badly injured, it was repaired so thoroughly that. the officer who afterward used it pronounces iL 
first class. The instrument recPived a latitude level and circle, and also a micrometer eJe-piece, 
and is now a<htpted for time and latitude ohsenation:s, and it was used on the boundary surve;y 
between Pennsylvania and West Virginia. 

Mr. P. Vierbuchen overhauled .the 4-meter base-bars, and tested and adjusted meter-chains. 
Ile also reconstructed a number of the older protractors and commenced the making of 6 new ones. 

Louis Fischer rendered valuable assistance to me while working on the dividing engine in 
taking micrometer readings. Ile also prepared the silver surfaces ready for graduations. The 
experimental work on the new machine for grinding fine levels automaticall~· was all done b~" him 
under my direction. A description of this machine will be submitted at an early day. An appa
ratus for testing micrometer screws, which prove.d of great utility, was also his work. 

S. Kearney was kept busy with overhauling all our heliotropes and making back-mirrors and 
plumb-bobs. He also made all the needed brass work for tripods and telemeters, besides repairing 
the drawing instruments and executing miscellaneous work called for by the office. 

Yours, respectfully, 

R. D. CUTTS, Esq., 
Assistant in Charge of Office and Topography. 

G. N. SA.EGMULLER, 
Chief Mechanician. 
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APPENDIX No. 5. 

REPORT OF THE HYDROGR.:lPHIC IN8I'BCTOR FOR THE YEAR ENDING JUNE 30, 1883. 

UNITED STATES COAST AND GEODETIC SURVEY OFFICE, 

W a.~hington, August 1, 1883. 
Srn: I have the honor to make the following report of hydrography 1111der my charge for tbe 

fiscal year ending June, 1883. 
The commencement of the year found the vessels situated al'.! follows : 
The steamer Blake, Commander J. R. Ba,rtlett, U. S. N., at work-dee1)·sea soundings-off 

Montauk Point. 
The steamer .A. D. Bache, Lieut. Uommander B. B. Thomas, U.S. N., at New York preparing 

for summer's work off New York entrance. 
The steamer G.e<luey, Lieut. Commamler ,V, H. Brownson, U.S. X., at ~ew York preparing 

for summer's work o:ff New York entrance. 
The steamer Endeavor, Lieut. H.B. Mansfield, U.S. N., at work, Delaware River. 
The schooner Eagre, Lieut. H. G. 0. Colby, U.S. N., at work, coast of Maine. 
The schooner Silliman, Lieut. E. M. Hughes, U. S. N., at New York preparing for summer's 

work, Long Island Sound. 
The schooner Drift, Master J. 0. Fremont, jr., U.S. N., at New York preparing for work, Long 

Island Sound. · 
The schooner Ready, Assistant H. L. Marindin, commanding, preparing for work in Delaware 

River. 
On the Pacific coast: 
The steamer Hassler, Lieut. Commander H. E. Nichols, U. S. N., commanding, at work in 

Alaska waters. · 
The steamer McArthur, Lieut,, W. T. Swinburne, U. S. N., commanding, at Marc Island pre· 

paring for summer's work. 
The schooner Earnest, Lieut. Perr~· Garst, U. S. N., commanding, at Olympia, Wasl1ington 

'ferritory, preparing for summer's work. 
All the remaining vessels of the Sun·cy were laid up or under repairs. 
The Rchooner Palinurus, however, was put in commission uuder command of I ... ieut. R. Clover, 

U. S. N., and during the summer was engaged in the survey of Long Island Sound; and tbe 
sehooner G. M. Bache, under the command of As!'listant J. S. Bradford, was engaged in Ooast Pilot. 
work. 

Commander Bartlett, after commencing the season i11 command of the steamer Blake, rumiing 
a line of deep-sea soundings and temperatures from Nantucket to Bermuda, and thence to Cape 
Hatterai,;, was compelled to succumb to the great strain upon his system during over four ;vcars' 
conimand of the vessel, and was relieved October 1, li582, by Lieut. Commander W. H. Brownson. 
who had previously been ordered by you to the vessel to become acquainted with the methods of 
carrying on the work. 

Lieut. Commander Brownson's plaee as commanding officer of the steamer Gedney was filled 
bs the transfer of Lieut. H. B. Mansfield from the command of the steamer Endeavor, and hiR 
place in turn was filled by the promotion of Lieut. Hugo Osterhaus, the senior Assistant on board 
the Endeavor. 

S. Ex. 29--15 
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After assuming command, J,ieut. Commaniler Brownson, in the Blake, ran a line of deep.sea 
soundings to the eastward of Nantucket, and then returned to the southern coast of Long Island, 
continuing the work upon which the party was engaged at the commencement of the fiscal year. 

Litmt. P. Garst's time having expired, he was relieved from duty in the Coast Survey on July 
2, 1882, arnl the command of the schooner Earnest was given to Lieut. T. Dix Bolles, U. S. :N., 
transferred from the steamer Hassler. 

Tlie Yarious parties remained at work in the Jiort.hern waters as Jong as the weather permitted, 
or until about November 1, wlten they prepared for the winter season iu the southern waters. This 
timt' waH taken to make some changes in the organization of the parties, necessitated by the expi
ration of the terms of service of some of the naval officers attache1l to the Survey. 

Lieut. Commander E. B. TI10mat>' ver,v efficient service, first as commander of the steamer 
Endeavor and lastly' or the stm1111er Bache, Jrn,·ing been completed, he was relieved b~T the Navy 
DepartrneJJt November 25, 1882, and tlie command of tlle latter ''essel assumed, under your instruc
tions, by l .. ient. H. B. Mansfield, while the command of the Gedney devolved upon Lieut. E. M. 
Hughes. 

Lieut. H. G. 0. Uolby, CT. S. N., very much to the regret of this office, was, after over two 
;years' servicfl as chief of party in cornmalld of the schooner Eagre, withdrawn for regular naval 
duties and his place taken by Lieut. E. D. F. Heald, U. S. N. 

Iiient. Hugo Osterhans's services were ahout the same time lost to the Survey by the expira
tion of 11i8 tl1ree years' senice, and Lieut. John 'l'. Sullivan, U.S. N., haYin~ been ordered to the 
Survey hy tl1e Navy Department, was assigned to the command of the steamer Endeavor in hiR 
place. 'l'he \'acancy in t11e 1~ommand of the schooner Silliman, made by the transfer of Lieut. E. 
'.\1. H11gl1t':s to the t:edne,Y, \ms filled by Lieut. F. A. "Wilner, the senior Assistant on the Bache. 

I will append to this report a complete list of the naval officers on Coast Survey service dur
ing the fiscal year, giving the dates of their attachment and detachment, with the names of those 
officers still ou duty in the Survey. Also, a list of the vessels belonging to the work, their ton
mige, &c. 

During the winter the rnssels were engaged in surveys at the following points: 
The Blake, iu deep-sea soundings, between Bermuda and the Bahamas, and along the outside 

of tlte Bahama Banks. 
The steamer A. D. Bache, during the earlier part of the season on the west coast of Florida, 

and later OH the east coal'lt. 
The "teamer Gedney surveyed Galveston inner bnr an1l continued the outsjde work from Gal

veston entrance to the eastward. 
The steamt>r Endeavor, in the vicinity of (]ape l~omain, South Carolina. 
The steamer Hitchcock, in charge of Assistant F. Vf. Perkins, in Sabine Pass and Calcasieu 

J{iver. 
The steamer B~trataria, in charge of Assietant 0. Il. Boyd, in the bayous of Louisiana, to the 

westward of the ,Jump. 
The schooner I~agre, in the Saint, .John's R.iver from Jacksonville to the bar. 
The schooner Quick, in charge of Hubassistaut J. HergeHheimer, in the vicinits of Sara

sota, Fla. 
The schooner Silliman, at Cape Fear entrance, North Carolina, and later in Pamplico Sound. 
The schooner Drift, engage1l in obtaining current observations off the coast,, from Ca11e Charles 

to Oape Florida. 
Tlw scl10011er Hea1ly, in charge of Assistant 0. H. Tittmann, in Key Biscayne Bay, Fla. 
The sloop Steadfast, in charge of Assistant B. A. Colonna, in Indian River, Fla. 
On the I>acific coast. t.11e steamer Hassler, having returned from Alaska about December 1, 

was preparing during the winter for a continuation of the important work 011 that coa.st as soon 
as the weather would permit, and sailed about the middle of .April. 

The steamer McArthur continued the survey of the coast of Oalifornia. from Monterey south· 
ward. . 

The vessels actually at work continued until about :Ma_y 15, when they were withdrawn t.o pre· 
pare for the summer season. 
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During the latter part of the fiscal year tlw following vessels were at work in 11ortltern waters: 
The Blake, off New York entrance; 
The Arago, under command of J,ieut. t:.. C. Hannis, in Delaware Bay; 
The Scoresby, in charge of Assistant Charles Ho8mer, at Hart and City Islands, Long Ii:ihmd 

Sound; and 
The Palinurus, Lieut. A. V. "\Vadhams co111maudi11g, at Stonington, Con11. 
All tlle other vessels were, at the close of the fiscal year, either lai(l np or were engagrd in 

active preparation for commencing the summer season's work at a11 early date, after .July 1. 
The results of the various surveys are given in the detailed reportis of the chiefs of parties. 

REPAIRS. 

'l'he Yery small appropriation at the disposal of tl1e oflice in cari11g for a fleet of twenty-fiye 
\'l'Ssels, with nearly double the immlJer iu commissi•m tl.u111 there han been in prPYiom; yl'aris, has 
rendered it only possible to make the most important repairs. The nrnclti11ery of the l:tr::er 
steamers (Blake, Bache, Gedney, Hassler, and McArtlrnr) alonl' requires a good sharp of the 
$30,000 to keep it in order. Particularly is this the case on the western coast, where thii,; class of 
work is very expensive. 

The schooners, such aR the Hesearch, Drift., Palinurus, Ready, Brisk, Quick, &c., being what 
are knowu as composite vesseh;, require to be Rtripped of their copper at allont the end of tin1 
years (or the average age at wliich copper sheathing lastB), Ro that thP iron l101ts may he re11ewe1l 
where the fastening·s haVf• becu looseiw<l and galvanic action g·oing 011, ret near]~- all the nsselt-> 
are ten or twelve years old now, and the Sillirnau is the fir:-:t one that bas bee11 rernetale(l. 'l'his 
vessel, although one of the class having wooden frames, was found to require new metal before 
going south last year, and the result proved that in addition to the cost of replacing the metal (a 
matter of some $1,200 or $1,500) the expense was much increased by the umnber of bolts that were 
found corroded. This loosened the planks and the vessel had to he docked SlWeral times, stripping 
a goo(l portion of her copper each time before she was made tight again. In this case, the work 
being done under contract, the expense of the additional labor was met by the coutractors. This 
action betwt;ien the copper and the iron ha Ying takeu place in a wooden Yessel much more expeuse 
is anticipate<! in rem<>taling the VE>SRels with iron frame8, where larger masses of iron are exposed 
to the galvanic actiou between the two suhistauces. 

While the usual allowance of $:~0,000 for repairs of vesKels is Rufficient for the onlinar_y wear 
awl tear of material, these and other causes make it 11ccessar~· for me to submit for your cou:-:id
eration an additional estimate for the extraordinary Pxigencies of the Sf>rviee. During the year 
the steamer Arago has heen supplied with new boilerH. [n taking the old ones out it was found 
that many sheets of her bottom plating were nearly ea.ten tlmmgh, aud tweu~·-oue of them. eov
ering a good portion of her bottom, had to be replaced. These extensive repairs have put lter 
iron hull in very good C6ndition, but the expenses ran up to such a Anm tlmt lit.tie or nothing could 
be done to the wood-work, which is sadly iu need of repairs, aud when made the YeSS('l will lie in 
very good condition. 

The steamer Blake baA had only enough repairs to make her tide over another seai;on, whe11, 
it is thought, a consulerable amount o:( money will h:we to be expe11ded upon her or the vessel put 
out of commission. 

About five years ago the boilers of this vessel were reportrnl as requiring replacing. hut a.11 
examination made it advisable to put extensive repairs upon them which would carry her through 
two years' more service. Stnce that time they have been kept running, tmtil now they have gotten 
tn such a point that it is dangerous to run them except under a. low, and not an ecouomieal, 1iress
ure of steam. 

Her upper deck ba.s in a like manner been patched up to await the removal of her boilers, when 
a good portion of it would have t-0 be replaced an,1way! and economy demands that this should he 
done at the same time. This will be a matter of $10,000 6r $12,000, and if required to come out 
of the general appropriation leaves a very small proportion for the rest of the fleet. 

The steamer Bacbe, in addition to incidental expenses, such as a new hoat, new awni11g!l: slight 
repairs to the machinery before starting south for the survey of the coast of Florida, returned in 
!June requiring new braces and extensive patches on the boiler and o.ther portions of the machinery, 
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and also a general overhauling. This, through the courtesy of. the commandant of the New York 
navy.yard, has been done for less than any outside contractor would do the work, and it is believed 
that a better job bas been made than otherwise would have been done. The boiler of this vessel 
is beginning to show its age (over ten years), and within a short time will have to be replaced. 

The steamer Hassler, as has already been mentioned, was compelled to have her repairs made 
in an expensive market on the Pacific coast, and the $5,000 or $6,000 expended upon her has allowed 
but little more than an extensive overhauling of the boilers, machinery, and hull to fit her for he~ 
long season's work in Alaskan waters; and it is thought the end of this season will find her boilers 
in such a condition as to make it unsafe for further demands to be made upon them. 

In renewing the boilers of this vessel there will be required, as in the Blake, a new upper deck. 
This vessel ;rns built of iron of i inch thickness, in 1872, and the question of sheathing her with 
wood, as was done in the case of the steamer Bache, will soon have to be taken up. Four inches 
of oak or Oregon fir over this iron would make her a most efficient vessel, of great strength, and 
much more lialJle to e:scape serious injury iu grounding (an accident that is very likely to occur to 
a surveying vessel). The iron bottom now compels docking the vessel once in six months at least, 
to clear the extensive growth of barnacles, grass, &c.; in fact, after two months t.be speed of the 
vessel has been reduced to ;mch an extent by fouling, that economy would demand docking to save 
the expense of coal wasted. Of course this would be unnecessary with the wooden sheathing cov
ered with metal, and it is thought it would take only a few years to make up the difference in con
sumption of coal, docking expenses, &c. It would seem very much to the interest of the Govern
ment to execute both of these extensiYe repairs at the same time. 

The steamer Gedney has had during the year some general repairs to machinery and hull, new 
masts, new sails, and two new boats; has been fitfod with a distiller for condensing fresh water for 
the crew, thereby b~nefiting the sanitary condition of the ship and saving much time usually 
required in replenishiug the tanks. Steam heaters have been fitted throughout the vessel, which 
proved conducive both to the health of the crew and safety of the ship. This vessel, with the ex
ception of her propeller aud shoe, which have gradually become corroded by the galvanic action 
going on between its iron and the copper of the vessel's bottom, is in very good condition. 

The :McArthur's repairs have heen slight during the year, and with the exception of some im
provements to be ma{1e to the fittings of the vessel, Ruch as a steam windlass, will probably be 
8light during the coming year. 

The steamer Bndeavor has had quite extensive repairs on the machinery, consisting of lining 
up shaft, new brasses, and new fittings required to an engine of old design and imperfect attach· 
ments. The lower part of her hull is in good conditiou, with the exception of the rudder, which is 
likely t.o require replacing at. the end of this season. Some repairs may be anticipated upon the 
hull and rigging als8. 

The steamer Ilitchcock was fouud to require some general repairs upon preparing for the last 
winter's work, such as a new stem, a number of new planks, repairs to stern-post, &c. The vessel 
waM fitted out quite inexpensively throughout by Lieutenant Flynne, who, with some old sails belong
ing to the Brisk, rnadt~ new ones for this vessel, ~well as fitting rigging, &c., by the ship's crew. 
She is likely to require some slight repairs before taking· the field again. 

The schooner Eagre, formerly the yacht .M:ohawk, has had nearly a complete set of new sails 
during the year, and as far as they are concerned she is in good order, but her hull begins to show 
signs of weakness. A vessel of her size and build requires all her parts in good condition. Lieu
tenant Heald reports that 011 tl1e passage north from the Saint.John's River, during a gale of wind, 
while she showed qualities that her officers and crew were compelled to admire, yet the indications 
were that some defect existed that could not be seen, since she leaked as much as twenty-four 
inches a day. Before subjecti11g her to so severe a strain again, it will be necessary to remove the 
olJ copper, calk the vessel, and put new metal on the bottom, and Lieutenant Heald reports that' 
new decks w:ill also be required. This is a matter of $5,000 or $6,000. 

Besides these vessels, the steamer Barata.ria, schooners Earnest, Scoresby, Quick, G. M. Bache, 
Drift, Palinurus, Ready, and sloop Steadfast have been in commission and required more or less 
repairs, as indicated in the statement of the disbursing agent of amount of money expended on 
each vessel. The steamer Barataria is likely to require extensive repairs before again ta.king the 
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Jiehl. Oue of the two vessels, Palinnrus 11r Heady, should he P,lltirely remetalled this year, and 
one the rwxt, until which time the~- shonl I 110! lie exposed to much outsi{le weather. 

'l'he schooner Heseareh, after rt>placi11~ some rotten plauking am! fitting,.,, with 11ew ~mills arul 
"'J1ii1nneuts, will be ready for· 1-1nch ·.v01·k aH Rhe iH likely to be called upon for. 'l'hc Ynkou hall 
heen fitted out, for lntrhor work only, hnt can Rtarnl thP sl1ort passap;eR slie may haYe to make. 

Tlre following vessels han!. beP11 laid up <luring- the whole year: 
Stt>aruer Fathomer, at Wa:;;hing-ton. H'·r 111achi1l('l'J' iR of a peculiar type and could he pnt in 

order at a rno1lerate expense, hut tire hull will rpquire $1,000 to $1,500 to prepare her for inside 
work. 

The schooner Brisk, at New Orka11;;. In atte•npting to fit this vessel out for service in tlH• 
fall of 1883, the estimates came to nearly as much as a new vessel wonld cost. to put her into onl,Y 
fair order. I would reconnner11l .that· Hl1e he :sol!l, aH of 110 f11rt11er u;;p to the Survt>,r. She is not. 
likely t-0 lJriu;.:· Ill'lre than $'.!00 whe11 the eq11ip111e11ts that c:rn IJ1· usrd el;;ewhere arc remO\'ecl from 
her. 

In addition to these \'esselH the steam lan11el1cH helo11gi11g- to the ~nnrey, fiftee11 in 11umher, 
have had rnor11 or lflss repairH. 111 t.liiR co1111el,tion I desire to state that the ;;en·ice ha,.; deri\·ed 
much liendit from the uHe of fo11r stp:1111 la1111clies loaiw1l to it th rough the chief 1'011structor of t.lw 
N~wy, a8 well as the facilitie.~ that. lrnn1 1Jee11 com;tantly c·xte11dcd hy the commamlants of the 
81weral mtVY·.Yat'<'8 for repairing vessels, &c. 

TI\"DTWl<Il.\PllJ() DIVl:-llON. 

The mmal routine duties of the office have contiune1l. The aids to navigation, as will be seen 
l>~· the catalogue recently published, are indicateLl on the charts to the latest date. This part of 
the office duties has been under the direction of Lieut. .T. E. Pillsbury, U. S. N., who brought to 
the office on his re-entry into the Survey in July, 1882, an expPrience in the handling- of charts 
8eldom had by one officer, and his Rystem aud zeal ha,·e euabled the office to keep our charts to the 
latest dates. I would call your attention to the hearty co-operation of the I,ight.·llonsc Board, 
through its secretaries, in informing thiH office at the earliest moment of changes or contemplat1~(i 
changes in aids to navigation. Upon authorit,v being g'iven by the Board to one of the Iight-hon:-:e 
i1nipcctors, in any wa.v relating to aids to 11avigation, the Naval SecrcLar,y sends tu this ofJie.e a 
chart showing the proposed change or a.Idition, and this office return:-; at once a fresh cop,v of the 
chart sent, in order that the files of tile Board may be complete. 

The plotting and preparation of the hydrogmphic sheet:;; from the data sent in by the parties 
have lwen carried on in the usual efficient manner by l\Jessrs. E. Willenbucher, \V. C. Willenhucher, 
]'. 0. Donn, and since 11is a.ssignment, by l\Ir. Charles Junken. 

The latter, in addition to his regular work referred to in the report from the Drawing l>iYiRio11. 
was engaged iu revising" miscellaneous projectiom1, Yerit~·iug proofs of sailing· charts, &c.; whill; 
the others were employed in making transfers and in the plotting of an~les and soundings. l gin 
a synovsis of the hydrography plottcll by the l\frssrs. \Villenliucber anrl hy Mr. Donn. 

Number of-

Names. 
Volumes. ,, Anglea. 'Soundings.~ :\fill~s. 

i 

n ... ,P·•"·" I 
sounding.s. 1 

I ;J·:.~~~:~.;_:::_:-:- :• •:·---~•:_.•7-•-••-~·-•· __ -_ .~ £§-£§1 -~§: i <:: 
-------·--·-- --'----·-------'·-----! ----

Lieut. Richardson CloYer, since returning from field-work iu January last, has been engaged 
upon the preparation of tbe second rnlition of tbe "ln.structwns for llydrographic Parties," allfl 
~rorn him I have received much assistance iu the preparation of the plans and specifications 
for the new steamer Patterson. Patised Assistant Engineer H. N. Stevenson, since his assignrne11t 
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to Coast Survey duty in l\Iarch, 1883, has reurlere!l valuable assistance in the steam engineering 
department of this ve88cl, preparing: the plans for the boilers aIHl engines, with what re13ults the 
data which have n'ceived your approval will sliow. 

I::.espcctfnlly submitted. 
O. M. CHESTER, 

Commander, United States NtH'JJ, Bydro[Jraphic Inspector Coast Sun1ey. 
J.E. Bu.GARD. 

8uperintendent Coast and acodetie Surrey. 

Errata in the report o.f the Jiydrographic InNpector for the fiscal year ending .Tune 30, 188'.!. 

111 CoaHt an<l Geodetic SurYey Heport for 188i-
l'agc !JS, liue :3'.!, '' Hteamcr Eudcanir," should he "steamer Gedney.'' 
Page !J!J, line:; 41 and 4j, the address "Ge11l. R. D. Uutts," &c., should be "Prof. J. E. Hilgard, 

Superintmuleut Coast au1l Geodetic Survey." 
J'age 100, line .'.!8, the name of "J. C. l<'rernont, jr.," should be omitted from the li8t of lieu

tern1nts. 

Ojficers of the Nrwv on Coast Survey serri<Je during the .fiscal year ending June 30, 1883. 

:Xanw uud ra11k. 

f'O~Df.\~llRHB. 

Date of 
attachmeut. }{pmarks. 

J. R. Bartlett. .......... 0l't. 23, 18i8, Detached November 1, 1882. 
C. M. Chm~ter .. -- . . . . . . Oct. 2, 1877; Sti11 iu service. 

LIEl.."TIOiANT-f'OMMANI1-

EH.t-i. 

'\r. li. Brownson . ... . Au~.11, 1881 Still in sen·ice. 

H. E. ::lfichols..... .Tan. 22, 1879 llo. 

K ll. Thomas.......... Oct. 8, 18i9 Detached November 25, 1882. 

I.ll<~l-TE!liANTt;. 

W. T. Swinburne 

.John '!'. Sii IliYJHJ •••••• 

II. B. Man•field .... . 
E. D. F. Heald ........ . 
Richardson Clover .... . 

H. G. 0. C'olb~· ....... .. 
E. Il. Ta11o•ip: ........ . 
J.E. Pillsbury ........ . 
_,_\. V. \\.,.ndha.m.s ...... . 

Ma~· 5, 1879 Detached May 24, 1883. 

:'\o~. 21, lPl-42 Still in s1·nic<'· 

Feb. 28, 1881 !Jo. 
Mar. 23, 1882 ; Do. 
,Jnly 26, 1881 f Do. 

Oot. i, 1880' Det'1ched l>t>cemher 20, 188~. 

A pr. :Jo, 1803 Still in •ervic''· 
July la, 1882 Do. 
A pr. l ~1 18.83 Do. 

G. Blocklini:•"' ......... Jau. 30, 188:J nu. 
Perr,r Gar•t.. .......... A up:. 29, 1879 Detached ,July 17, 1882. 
T. Dix Jlulle" .......... Apr. 5, 1881 Still in senicc. 
E. M. Hughes .......... Tune 22, 1882; Do. 

IlugoORtt•rhans ........ July 31, 1879' })et.ached Nove-mh~r25, 188::?. 

},. M. Cror;hy ... -----· Nov.17,1882 Stillinservict>. 

G. W. Mentz... ,\ug.19,1879 Det•chod Nov .. rnb~r23,l882. 

J.B. Milton ............ S•·pt. 6, 1882 Still in service. 

G. C. Hanns ... . .. . .. Mar. 20. no. 
W. B. Elliott....... . . Jan. 25, 1879 

F. H. Lafavor .......... Sept. 6, 1882 

J. C.1''remont, ,ir .... . 
F. A. Wilner ........ . 
Harry Morrell ...... . 

JI. F. Reich .......... .. 
Lucian Flynne ........ . 

}fa~· 21, IAAI 

Nov.-, 1880 
Dec. 8, 1879 

Ma:r l, 1879 
Mar. 7, 1881 

"IV. H. Cnt.ter ........... Mar. 29, 18R.1 

C. Mc R. Wiuslow ..••. .Auj!'.16, 1881 

M. L. Wood .. . . . .. . • • . Sept. 19, 1878 

David Daniels .. •• . . Apr. 21_. 1882 

El!SION8. 

Do. 

Do. 
Do. 

Do. 
nelachoo Jmw 14, 1883. 

Detache<I Ortobei· 16, 1882. 
Still in $e\"Yice. 

Do. 
Do. 

Detaobe.d July 25, 1882. 
Still in service. 

F. W. Coffin ........... May- 24. 1880 Detached February 22, 188.3. 

W. B. Ca.perton .....•.. i Nov. ll, 1880 Still in service. 

------·--····-- ------

Name and rank. Remarks. 

EXHIG~T&-Continued. 

W. H. Allen ............ June 27, 1879 Detached June 27, 188a. 
E. M. Katz . . . . . . . . . . . . . Nov. 22, 1881 Still in service. 
H. T. Mayo.......... May 1, 1879 Detached July 13, 1882. 

,John T. Newt-0n ....... Aug.19, 1882 Still in service. 
C. F. Pon<!........... May 1, 1879 Detached March 12, 1883. 

L. K. Reynolds........ July 13, 1882 Detached Januar.v 18, 1883. 

E. N. Fisher..... Feb. 10, 1882 Still in service. 
T. D. Griffin........... May 20, 1883 Do. 
F. H. Sherman.... Oct. 31, 1882 Do. 
II. :M. Weitzel. ......... Feb. 10, 1882 
0. G. Drnli,:" .. . . .. .. .. . lfay 10, 18Hl , 

J.M. Orchard . .. . . . . . Feb. 10, 1882 i 
J. N .• Tordan ............ .Jan. 25, 1881 
,r. P. l'arkcr . . . .. • • . . . . . Mar. 5, 1883 
H. C. Wakcnshaw ....... June Z:J, 1882 

A. F. Fechtel<'r .. .. .. . . .June 24, 1882 
·, T. M. Jlrumby .......... · Doo. 21, 1882 

S. E. Woodworth ....... June 9, l&l2 
Alfrcd .Teft'reys.... . . . . J nly 17, 1882 

\V. Y. Brona1qi;h ........ , Aug. 12, 1881 

F. M. Bostwick ........ ~Sept. 28, 1881 

Do. 

no. 
no. 
Do. 

l>o. 
llo. 

!Jo. 
'no. 

Detathed April 19, 1883. 

St,ill in P.ervice. 

Do. 

Do. 
W. M. Constant .. . .. . . June 5, 18fl2 Deta.ched November 4, 1882. 
.A. L. Hall ............. ! Ma.y 1, 1883 Still in service. 

; J. H. Fillmor" .......... ,fan. 24, lh83 Do. 
' C. S. McClain....... . Apr. 14, 1882 Do. 

HaITy S. KMpp.... July 6, 1882 Do. 
. P. P. Bibb . . 'Nov. 30, 1882 Do. 

W. C. Canflei<l.: ........ Sept. 26, 1882 Do. 

1 ,V. P. Wbik .......... Feb. 10, 1883 Do. 

J. H. Hetherington ..... June rn, 1883 Do. 
'. R. J'. Schwerin .. . .. . . .. May 3, 1883 Do. 

J. A. Doup:IUlrty ...... ' Oct. 7, 188'& Detached June 26, 1883. 
Harry Plrnlp• ...•....• .'.June 30, 1882 Still in •ervice. 
F. W. Kell()gg. •. • . .. .. . .Aug. 23, 1882 Do. 
.A. • .A • .Ackerman ....... Jnne30,l882 DetacbedNovemberao,1882. 
'Villiam 'l'rnxtun ...... July 3, 1882 

: L. S. Van Dn•er . • . . . : Aug. 22, 1882 

E. Simpson, j r ......... i Oct. 21, 1882 

E. F. Loiper ........... .' Apr. 26, 1883 
.r. V. Drake. .. ......... ; Dec. 18, 1882 

. I 
T.G. Dewey .•.•••...... :Junel9,1883 

Still in service. 

Do. 

Do. 
Do. 

Detached .J nn" 21, 1883. 

Still in Sllrvice. 
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Officers of the Navy on Coast Survey service during the fiscal year ending June 30, 1883-Continued. 

Name and rank. Date of 
attachment. Remarks. Remarks. " i Date of 

1· Name and rank. I attachment. 
f ______ ,, _______ , ____ _ 

ENBIGNS-Continued. I 
! 

PAY.MASTER. : , 

W,J. Thomson .••••••• !Dec. 18, 1880. Still in service. George R. French...... May 4, 1883 I Still in service. 
I M. C. Gorgas .. . . . . . . . . . Oct. 26, 1882 I Do. 

Gny M. Brown . . . . . . D~c. 26, 1882 l Do. 
PASSED ASSISTANT EK· I i 

PASSED A8818T.U.'T SUR- l 
GIN BERS. I I 

C.H. Greenleaf. ........ ! Ang.19, 1880 Detachetl May 28, 188.1. 

GEO NS. I 
Er,ra Y. Derr .. _....... Sept. 7, 1881 / Still in sen-ice. 

John F. Bingham ....... ! Mar. 4, 1882 Detached Fel.miary 24, 18R3. 

H. Main ................ l May 29, 1883 Still in service. 
D. O. Lewis ............. Nov. 16, 1881 ! Detached June 6, 1883. !I. N. Steven•On ........ ; Mar. 10, 1883 Do. 
R. M. McCarty . _.... .A pr. 8, 1881 j Still in servicP. G. H. Kearney .......... i Oct. 5, 1881 Do. 

S. W.Battle ............ Nov.17,18811 Do. R. W. Galt ............. I Nov. 26, 1879 Do. 
!LC.Beyer ............. May31,1882 Do. 
l!'. C. Dale. __ ..••.•.. _ .. Jnne 6, 1883 f Do. 

Edgar~· Warburton ... / Feb. 24, 1883: Do. 
R. I. Reid . . .. . . .. .. .. . June 9, 1882 : Do. 

I I 

SUMMARY. 
Commanders ............................................................................................................................... 2 
Lieutenant-commander• ....... .. . . .. .. .. . .. . . . . .. . . . . . .. . .. . . . .. . . .. . . . . .. . .. . . . .. . . . .. . .. .. . . .. .. .. .. .. . . . . . .. . . .. . . . . . . .. .. . .. . . . . . . . . .. 3 

Lieutenants . . .. . . .. . . . .. . .. . . • .. . .. . . . .. . .. . . .. . . . . . . .. .. . . . . . . .. . .. . . . . .. . . . . . . . . . .. .. . . . . . .. . . . . . .. . . .. . . . .. . . .. . . . .. .. . . . . .. . . . .. .. . . . . 29 
Ensigns ................................................. ................................................................... __ ............ 4G 
PaRsed aMsistant surgeons .......................................................... _ ......... -- . ---·- --- . . . . .. . . . . .. . . . . . . . . . . . . . . . . . . . .. . . 6 
Paymaster............................................................................ ... .................................. .. . .. . ....... J 
Passed assistant engineers . . . • • • .. .. . • . . ............................................................... .' ... ·.•.... . .. . . . . • . .. .. .. . . . . . . . 8 

Name.~ rj 1'C88e&~, their tonnage, &c., in tlte .~eri,ice of the Coast Survey d1trin.fJ the fi.~r:al Jlear 
ending June 30, 1883. 

No. 1 Name. 

_ _[ ___ _ 
I 

Steamer Blake ...............•.........•............•....... ; 
2 SteamerA.D.Bache ....................................... 1 

: ~=:::~~:::::::::::::::::::::::::::::::::::::::::::::! 
'I 

5 Stieamer McArthur ........................................ ..... ) 

l §;E:4L::·. : •.•• •.:.:··········••'! 
10 Steamer Fathomer (laid up) ................................ ! 
1 Schooner'G.N. Bache ....................................... i 
2 Schooner Eagre ..•.. _ ....................................... I 
3 Schooner Silliman .......................................... \ 
4 Schooner Drift ..•....•... _ .................................. : 
5 Schooner Earnest .......................................... . 
6 Schooner Palin urns ........................................ . 
7 Schooner Ready ........................................... . 
8 Schooner Scoresby ......... _ ................................ 

1 

9 Schooner Quick ............................................ . 
10 Schooner Yukon (laid up) .................................. . 

11 Schoone.r Brisk (laid up) ................................... · I 
12 Schooner Research ........................................ .. 
1 Sloop Steadfast ........................... - ............ -..•. 
2 Sloop Kincheloe (laid up) .................................. . 
1 Barge lleauty (civilian party) .............................. . 

Tonnage. 

218 
186 

13~ 

243 
112 

38 

10!; 

50 
83 

!iO 

46 

202 f 

72: 
87 

Complement of-

Officers.

8

1 Mon. 

~I 
I I 

9 
I 

3 

4 
1 

3 

2 
41 

3) 
: 

4i 

36 : 
33 
29 . 

34 

29 
]5 

17 

14. 
! 

80 2 12 ; 
76 14 I 

RO 14 1
1 

12 2 12 I 
381 2 141 
78 i ......... ~.1 ............ 1 

I ; I 
as I······ .. ···+·····---··-, 

!: L ...... Jl ......... ~;·j1 
28 i .......... +··-····--·· 

-"----- -~-------

Whole number of vessels: 
RECAPITULATION. 

Steamers.................................................................................... 10 
Schooners................................................................................... 12 

Sloops....................................................................................... 2 

ijje.rge ..................................................................................... .. 

Total ..•.••.••..••..•..•.•.•••••••.•.•..•...•...........•..................•......•.. ~ 
Nu11;.berofv6111ela in aetiveservice ............................................................. 21 



 

Blank page retained for pagination 



 

APPENDIX No. 6. 
lJESC!UPTIVE CATALOGUE OF PVHLICATIO~S RELATINU TO THE COA8T AND GEODETIC 1-lURYEY 

AND TO i:'iTANDARD MEASUHES. 

Co1npi.le<l by Ji:DW ARD GOODFELLOW, -'"-"''"'i:.;taut. 

C 11 A S S I l'' I C A T I 0 N . 

1.-Annual ReportR and other documents of the l:nitHl States Coast and Gl'odetic Survey and 8taudanl 'Veiglds 
imd Measun:s. 1~07 to ltkll. 

II.-Gcueral Irnlex of Scientific PaperH coutained in tho .Annual Heports of the United States Coast and Geodetic 
Snrvcy from 1845 to 1880, inclusive. (Published as Appendix No. 6 to the Report for 18bl.) 

III.-List of Tide-Tables from the date of earliest publication in the Survey to thP yea.r lHl"ll. 
IV.-Catalogue of Coast Pilots for the Atlantic and Pacific Coasts of the llnited States from the date of earliest pnh_ 

licatiou to the year 181'31. 
V.-Chart. Catalogu<'S, C:~talognes of MapH and Charts pnlilished hy tlrn 8urvey between the years 18:hl and 1e81. 

VI.-Notices to Mariners. 
Vll.-l:lpecial pnlilication~. 

I . 

. LY,V[TAL REPORTS AN!> OTHER DOCUMENTS UF THE Tl. S. t'OAST .IXD <;JWl>ETIC 81.:RTTY 
..J.\'lJ STANDARD WRIGHTS AND JlfEASC-RES. 180i TO l&il. 

Date. 

180i. 
:F\•.hruar.'' lo . __ . 
Marth 25 ••••.•. 

A]lril 2 

U. S. CoAS1' 8uitVEY. 

REPOHTS AXD OTHER DOClJMENTS. 

-------~-----

Subject. 

An act t-0 pro~ide for surveying tlw coast of the Unite<l States .. _ .. __ .........•........................... 

Numlwrof 
pages 

and size. 

Circular letter addressed by the Secretary of thti Tre,asury t.o Ji'. R. l:la~tder1 reqtu>l'lting that lw ,,.tmM 21 tp1arto. 

suggest the outlines of a plan for the snr"°ey of the <:OR.1't-such aM would unite co1Te(·t11eH~ and prac-
ticalJility. 

[Transaction• American Pbil<>SO]lhi<"al Society. Vol. II. New ""ries.] 
Letter of Mr. Hal:"~ler to the Secretary of the Treasury, transmittiDI! n. pla.n for putting into operation : 131 quarto. 

the survey of the coast of the United States. 

[Transactions American Philosophical Society. Vol. II. New series.] 
1816, 

May l5. · · · - · -.. · · ··... Communication made to the Secretar~· of the Treasury by 1'"'. R. Hassler, on tbo measu •es 11eces15ars tv 
be taken to put into immediate operation sueh portions of the wo1·k as could IJe undertaken during the 

June> 11, rn, July 12; 
August 3, 18. 

November 23, 30 .••••• 

comin~ $easo~ 

Com-oponden~-e with the Treasury Department and articles of engagement bctwec•n tht• TrPasur,v Depart

ment of the United States and l<'. R. Hasaler, relative t-0 tho sm·vpy of the coast of t,hf' United RtatM. 

Fil'8t Repmt of F. R. Hasaler, Superintendent of the Survey of tho Coast of the United States, to the Sec· 
retary of \he Treasury upon the progr61!8 of the work. 

91 oct.aYo. 

a, octavo. 

A 1818. 
Pril 9· · · · · · •· -••·•·• Lett<·r of Mr. Hassler lo the Secretary of the Trewmry, discusaing the obJecta of the •nrvey of the coast ' .1. oota,·o. 

and reviewing the progress of the work. 

S. Ex. 2S..::..-.16 l:tl 
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Date. 

1818. 
Apri122 ...... . 

U~ITED STATES COAST AND GEODETIC SURVEY. 

REPORT8 AND OTHER DOCTTMENT8-Ct:-ntinued. 

Sul>ject. 

I,ett<er of F. R. Ha•sler to the Secretary of Urn Treasury, in ri•gar<l to the repeal of the act *authorizing 

Number of 
pages 

and eize. 

2, octavo. 

I 
the suITB,\' of thf' coast and making statement of arrangements desirable for thl' presen·ation o.f the 

work a1rea1ly nccomplished. 

April 27 .•••.••.•..••. ' Communication b.Y Mr. Hassler t-0 the Secretary of 'Var, respect.ing the transfer oft.he work of the Coast 
Surniy to th<• War Department; also, a statement of the "Principal dates of the survey of the 
CO&.."lt.•· 

ta, octavo. 

1832. 
Jnly 10 ••••••.•••..... An act· to carry into effect the act to provide for a survey of the coast of the United States. Approved 

I July 10, 1832. , 
July . _ .....•... _ ..... 1 Letter of :F. R. Hassler to the SE'cretary of the Treasury, presenting the principles antl views of his plan 9, octavo. 

of operation for the survey of the coast ns adopted in 1807. 
August.6... ...... Upon the articles of agreement between the Tn>.rumry Department of the United States and]'. R. Hass- 2, octavP. 

Augusto ..... . 
!er, relath·e to the sun-cy of the coast of the United Stat.,s. 

L!ltter of the. Secretary of the Treasury to F. R. Hassler, appointing him to make, under the dire,ction of 1, octarn. 
the Treasury Department, the survey of the coast as provided for by the acts of February 10, 1807, awl 
July 10, 1832. 

Augusto_ ......... __ Circular Iettt"r from tbf» Secretary of the Treasury, ni·qnA~ting all owners and occupiers of lands over 

1~33. 

December 1 

1834. 

which Mr. Hassler and his assistants ma~- have occasion to pass in the performance of their public 

cluties to permit them free!~· to pass over and remain on the same as long as may be necessary in execut

ing the work of tlrn survey of the coast. 

Letter of Mr. Hassler to the Secretary of the Treasury, reporting the progresR made in the work of the 2, octarn. 
Bttrvey of the coa.•t. 

March 12 ............ i Letter from the Secretary of the Treasury to Mr. Hassfor,.informing him that, with the appro..-al of the 
President, the superintendence of the Coast Survey has been transferred from the Treasury to the 

Navy Department. 

March 14 to April 14.' Corresponclence of Mr. Hassler with the Secretary of the Navy, relative to the transfer of the Coast 19, octavo 
Survey to the Navy Department. With a "Continuation of the principal facts and dates relating to 

Ma.y17 .....•.... 

18.15. 

, the Coast Survey, after the inteITUption of the work in 1818. •· 
1 Report hy F. R. Hassler to the Secretary of the Navy upon the "Works executed for the survey of the 14, octavo 

<·oast of the Unite<! States, upon the lawoflR32, and their junction with the works madeiu 1817 by and 
under the direction of F. R. Hassler." 

Report of F. R. Hassler as Snperinten<lent of the Survey of the Coast, additional to that dated May 17, 7, octavo. 

c-0ntaining an account of the proirress of that work <luring the summer and until November of 1834. 

J<'~hrnar,v Ii......... Statement by]<', R. Hassler of the ''Considerationswhich make an increase of the appropriation proposed 2, octavo. 
for the survey of the coast for the present year dAairabln and advantageous." 

May 8 ................ ' Third Iteport of F. R. Hassler, as Superintendent of the Survey of the Coast, upon the progre8S of that 4, octavo. 
work from November, 1834, to May, 18.%. 

November 22 ......... 
1 

Fourth Report of F. R. Hassler, 1\11 Superintendent of the Survey of thn CoMt·, npon the operations per· 6, octavo. 
formed in that work between the months of May and December, 1835. With an estimate of the appro-
priation re•1nired for the next year's work. 

1&16. 

Mardi 8... Statement made by Mr. Hassler to the Secretary of the Navy, of reasons for placing tl1e Coast Survey in 2, octavo. 
the Treasury Department, and neither in the War nor Navy Departments. 

March 25-27 .••. -. . • The direction of the Coast Survey transferred from the Navy Department t-0 the Treasury Department. 15, octavo. 
s.,,, letters of March 25 from the Sooretary of the N a..-y to Mr. Hassler, and of March 27 from Mr. 
H888ler to the Secretary of the TreA8ury. 

April 13, 18,30 .•....... Reports from the Secretary of the Treasury and the Chief of the Topographical Burea.u, United St.ates 15,octavo. 
Army, upon the salaries of the Superintendent of the Coast Survey and his assistants. With remarks 

, by Mr. Hassler in relation thereto. 

Novemoorl9 ..•...... : Fifth Report of F.R.Hassler, asSuperintendentoftheCoaatSnrvey, • * • exhibiting the operations 5,octavo. 
performed In 1836. 

•An act to repeal part of tho act entitled "An act to provide for surveying the C-OASts of the United States." .Approved April 14, 1818. 
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UNITED STA'l'ES UOAST SUR.VEY AND STANDARD WEIGHTS AND MEASURES. 

ANNUAL REPORTS. 

FERDINAND R. HASSLEH, Superintendent. 

,I Numberofpages II 
Period of report. 

1 
Subject. antl size. I Designation aH a public document. 

18~7 ................. i ~ n~;.,~~~t:: ~:s~~~~ey .. ~=.:-,, octa\·=.~~- I Twenty.fifth Congress, second session, No. 79, Senate. 

i Weights and Measures ............... · 11, octavo .. , .... ·1 Do. 
1838 .................. i United States Coast Survey ........... ! 6, octavo.... .. Twenty-filth Congress. third seRRion, No. 4, Senate. 

Weights and Measures .............. : 1, octavo .. .. .. . Do. 
U nitetl States Coast Survey ....•...... 

1 
6, octavo. .1,I Twenty-sixth Cou~resH, first seM8ion 1 No. 15, Senate. 

·weights and Measures .............. ·I ~.octavo.. .. .. Do. 

18:•9 ........ 

1840 .................. 1 United States CoastS~rvey ........... I 7, octavo ........ I Twent.r-sixth Conl!ress. second session, No. 14, House of 
I Representativeo-Trcasury Department .. 

, Weights and Measures ............... / 1. oct:ivo ........ / Do. 
Der., 1841 ............ : ......................................... 118, octaYo ........ j 'l'wcnty-seventh Congi·ess, second session, No. 28, House 

, 1 ! of Representativt•s-Treasury Department. 
:Yau 1849 * . I 8 octavo i Twenty-seventh Congress, second •e .. ion. No. 5i, Honse ::: :~; : F - _ :- -1 .~ :~:: - ~:::,:::~·i==::::=:.:·~: :i_ ~:=~ .. 

I Representati.-es. 
Feb., 1843t.... J I 93 octavo Twenty-seventh Congre8s, third 6ession, No. 170, Houim ..... l ............................ -.......... 1 ' ........ 1 of Representatives. 

N~~~843; and fan., ; .......... _~~~~~-~~==~--8, oct:iv:~~j '!';:;:~:~~~~' ~~~,~~:~:~~:~:::~"· 9~ House o 

N OTE.-The reports and other papers named in the preceding list, beginning with June, 1816, h:ive been collected and hound t.ogether 
in two octavo volumes, which are deposited in the Coast Survey archives. Th~ titleH of these volumes are: i·Principal D<Mnments relating 
to the Survey of the Co:ist of the United States since 1816. Published by F. R. H:issler, Superintendent of tue Survey, 18;!4;" a11<l. "Coast 
8mvey Weight a.nd Measure Documents, 1832 to 1843." 

* Report in regard to progress and ex:penditnres. 
I Reports of select committoo of the Honso of Repre8entstives upon progress :ind expenditure in the Coast Survey. 
: Last report of .I<'. R. H:issler, as Superintendent of the Coast Survey, transmitted January 29, 1814, uy the Secretary of the T1·e,.sury 

to CongreMs. 

UNITED 8'l'A'.l.'ES COAST SURVEY. 

ANNUAL REPORTS. 

Au:xANDlrn DALLAS BACHE, S1tperi.nt1.mdm1t. 

' Nnmuer of Number of ! Report for year 
ending-

Number of 
pages and Mize. i appendices. illustrntions.' Designation as a public document. 

No'., 184~-~~~~=:, 22, octavo ... ·.:.-.·:· .. 1~--~-::~:-.~- 4 -;we~~:igh~~-C_o_n~~s, ~~:c:~~~e~:i~::~~:.-25, House of Represent-
atives-Treasury Department. 

1845 ............ : 44, octsvo .. . .. 3 Twenty-ninth Congress, first session, No. 38, Honse of Rep1·esentstives-

1846 ............ j 74, octavo ....... . 
i 

Oct., 1847 .............. : 88, octavo ........ j 
Nov.,1848 ............ 1120,octavo .... 1 

18,9 ........... ! 98,octavo.: .. :: .. :: 
I I 

185o ............ j 134, octsvo .... •• 1 

1851. ........... i 559, octavo ....... I 
I , 

1852 ............ 
1 

173, quarto ........ j · 

Oct., 1853 ............ 186, quarto ..... __ ,j 
1854 ............ 288, quarto ........ : 

I 
1855 ............ 420, quarto ........ ! 

I 
1856 ........ ····1358, quarto ........ I 

II 

18 

19 

20 

37 

57 

52 

5ll 

73 

86 

86 

9 

11 

16 

16 

27 

58 

37 

54 

58 

60 

67 

Treas11ry Department. 
Twenty·ninth CongrosK, second ttt'SSion, No. 6, House of Represent-

atives-Treasury.Department. 
Thirtieth Congress, llrat session, Senate, Executive No. 6. 

Thirtieth CongreBl!, second session, Senate, Executive No. I. 
Thirty.first Congres•, first oession, Senate, Executive No. 5. 

Thirty-first Congress, second session, Honse of Representathes, Ex· 
ecutlve Docnment No.12. 

Thirty·&eoond Congress, first session, Senaw, Executive Document 
No. 3. 

Tblrty-seoond Congl'lll!8, second session, Honse of Representatives, 
Executive No. &I. 

Thirty-third CoDgre88, first session, Sen•te, Executive No. 14. 

Thirty-third Congress, sooo111l session, lionse of Representatives, Ex· 

ecutive Document No. 20. 
Thirty-fonrth Congress, first session, House of RepreseutatiYea, Ex· 

ecutive Document No. 6. 
Thirty.fourth Congre .. , third eession, Senate, Executive Document 

No. 12. 
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Heport for ~·ear 
endinJ!-

Number of 
}lages aud size. 

Oct., 1857 ............ W, <1ua110. 

lRf.8. _. ___ • __ .. _ 464, 11uarto. 

lR59 ............ 371, quarto ... . 

1860 .... , ______ : 409, quarto .. .. 

1861. 270, quarto ... .. 

18G2. 4:J4, <1uarto. ___ _ 

1863.... 21P. quart.o ........ ; 

18H4 ............ 315, 11uarto .... 9···! 

(h't. 1 18G5 .........•.. ~31, tjlW.l'tO. 

1866 ....... ____ 140, quarto. 

Oct., 1867 .. :J:14,tpmrtn .•...... 

1861' ... '277. quarto ... 

l8B9 ............ ~:i9, qnarto _. 

1870. -- • - ·----- ~3~, quartn ........ 

1871.. .... ------ 2HI, quarto ........ 1 

187~. -·--. ---· •. 267,quarto .•...... 

187~. -- - -- ---- -- 180, quarlo ...... __ 

187U .•••.••.... 412, quart.o ....... . 

1876 ............ 4ltl, quart<'---·----

1877 .. ·- 192, quarto ..... _ .. 

AXNUAL REPORTS-Continued. 

Nnmher of 
appendiceH. 

60 

aO 

43 

45 

:14 

40 

29 

24 

i I Numberof 
illu•trations. 

I 
I 

7~ 

40 

40 

30 

31 

41 

:w 
39 

Design:'ltfon as a public ducument. 

'l'hirty-fiftL Congress, first session, Senate, ExecnHve Document. 
No. :m. 

Thirty-fifth Congrr.ss, Recoud sesAion, Ht•natB, Executi¥e Docume11t 
No.14. 

1 

'l'hirty-8ixth Congn~ss, first sessiou., Hou:w of Hepres<:>ntatives, I~xec
utive Document No. 41. 

Thh't._y-sixtl1 Congress, stwontl session, Sfmate 1 Ex(•fntive l>oelnuent. 

Thirty-seven1l1 Congreiss, ~eC(IIJd 8€SRiou, ~..:~uatf', Exe{'ntiv<~ Docu
ment. 

Thirt.s-seveutl1 Congress, third session 1 Honse of Repr~sent.ativt•s. E~. 
ccutive Document No. 70. 

Thirty-eightL Congn~ss, first Hession, Senate, Executive Ducuml'ut. 

''.rhirty-eighth Congr.-sR. second session, ~enate. 

,Jrun.; E. HII.CTAHD, Actin_q S11pe-ri11fe11dmd. 

22 32 

20 30 

'l'l1irty-niJJth Congresll, firnt Aes•ion, Ilous1• of Represent11tiv~s. Ex
ecutive llocument Ku. 75. 

i Tl.Iirty-ninth CongreRs, si.econd Sf'>ssion, Honse of RcpreRtmta.tin~s. ~~x

ecutivt-. Document No. 87. 

BEN.JAMIN PEIHCE, Superintendent. 

20 

15 

15 

2'2 

18 

18 

15 

' 28 j Fortieth Congres8, se(;oncl seasiou, Ilonse of ltepre.sentativcR, Exeru-

! tive Document No. 275. 
29 ; .E'ortieth Congress, third scsaion 1 House of Representatives, Exerutive 

Document No. 71. 
28 ' :F'orty-first CongreAA, secontl session, Jlouse of RepresentativeB, Ex. 

ecu ti rn Document No. 206. 
28 :Forty-first Congress, third ,13essiou 1 House of Representatives1 Execu-

tive I>ocmmeut No.112. 

36 Porty-second Conbrt'CSS: second session, House of Representatives, Ex-

erntive Document No. 121. 
24 ; F'orty-Hecond CongresR, third Atission, 11ou8e of Representatives, Ex· 

' Prnt.lve nol'Ument N 0. 240. 

18 Forty-thirrl Congress. first Het'!sion, Honse of Rf\pres(•ntatives, Execu-
tiYe Document No.133. 

CARULJ·; P. PA-rn;mmN, Bupcri11tende11t. 

18 24 

20 

23 37 

15 25 

"Forty-third Co11gress, secoml seeHion, House of Representativ1•s, Ex
ecn1ive l>o<mment No. 100. 

}'orty-fonrth Congress, first session, House of Repcee;entatives, Ex· 
ecntiv~ llocnmenl No. 81-

:Forty-fourth Congress, second session, Senate1 Executive I>ocument 
No.37. 

' Forty-fifth Congreas, second session, ~ena.te, Executive Document No. 
12. 

- ----------- ~-------------------------------------· 

U:rnTED STATES COAST AND GEODETIC SURVEY. 

June, 1878 ........... 3-0-I, <JUart-0 ........ ' 

1870 ••••. ___ # .. ' 213, quarto ...•.... : 

1880 ........ ---- 419, quarto ........ : 

11 

JG 

19 

39 

84 

Norn.-At the <lat.· of publicatio11 of this Descriptive Catalogue the reports for the yeartt 6Dlling June 30, 1881and1882, J.E. HILGARll 
Superinteuclent, have been published. 



 

Date. 

l83l. 

Apr. 30, ,Juue 18 ..... 

18:.:2. 
• Mar.r) 

l833. 

tl au. 27 and J uuP 20 

1834. 
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UNI'l'ED 8'.l'A'.l'ES STANDARD .WEIG-HTS AND MEASURES. 

REPORTS AND OTHER DOCUMENTS. 

Number of 
SubJect. page• 

antl sir.l". 

Letters of the 8ecl'et.ar_v of the Trea..~nry to P.R. llas!ilcr, 811pe1iutendt'nt United Rt.at.es Standard 2, octavo. 

'\T eightR and lfenBm·cs, i·t~spectiug permanm1t standards of weight:.- aml mea~nres for tlH, Trna11nr~· 

Doparhuent; the m1urnfadure of weights autl meumres for all th1~ cw·itum-Lon:.;t's iu tlw truitt1tl 

StateA, aud the adoption of uni is or weight and of capacity. 

.An enumeration of the ol>jed.s and Rtatemeuti~ des.it-able to form a col1ectio11 of' standartl weights and a, octavo. 

measures of foreii:n countries for the Department. of State of thP l:nited Stat<is. 

Heport niadt~ Uy Ferdinand Rodolph Hassler to the Treasury Department upon a compari1ion of 122, o<'t.~ffo. 

weights antl measures as used at the senral custom-houses of the Unit-0d States: also u general 
I'!!port upon comparisons of weights n.nd measures, of length and capacity, in compliance with a 

resolution of the Slmato of :M_uy 20, 1830, with four illustrationB. 

[Document No. 299, Hmtsf'i of Representative-s, Twenty-second Cougress, firR1 seEJsiou. I 

,July and Auu-., amL .... CorreRpondeuce with the Secretary of tlrn 1'n~asnry, rrnd reporti:. of progreRA i11 thn <'OHstrnt'tion of 20, octavo. 

1835. standard weightR and measures. F. H. Hassler, Superintendent. 
,Jan. and .l<'eb. 

1836. 

Ma.' 13, 18 •••••.... Correspondence with the Secretary of the Treasury in relation to the conotruction of Rtandard 2, octavo. 
weights for the Unit.ell States Mint at Philadelphia. 

tlune 16 ·--- -· ..... -- .... Letter of the Secretary of the Treasury to JI''. R. Hassle1\ Superinteudentof '\reigl1tA anll :Measures, 

ineloRing copy of a joint J'esolution of Congress in regard to thf' ]ffeparation of t•omp1t~te setN of 

,June 17 

::iov. rn ..............•.. 

1837. 

NO\-. 18 ..•.............. 

1s:1s. 

tTm1t• 26, .•••..••.•••. 

standard weights and measures for each of the St.ates of the Union. 

Reply of Mr. Hassler to the Secretary........................................... . .. . . . .......... .. . ~.octavo. 

Report of progress in the construction of standard weight~ and measures, h~ F'. H. HnsRler. Super· 

intcndent. 
[This report is combined with that of the Coast Survey.) 

Report by F. R. Hassler, Superintendent Weights and Measures, upon the est:ihlishnwut of the sys· 

tem of ounce·weii:hts for the mints of tho United States. 
[Above fonn~ part of Senate Document 79, Twenty-fifth Co11:rress. SN~0111l ~eRsio11.J 

10. OC'tUYO. 

Ueport fo the 'l'reasury Department of the United State• upon the con•tructiou aml cmuplPtiou of 6, 1wtavo. 

tlw standards of weight for all the States of the Union. 
[Document !54, Hom'!e ofRepreMtmtatives, 'fwenty-fit'th Con~n~s~. st'CmHl se8Miou.J 

~ 0 "· 14 · · · - .. - . . . . . . . . . Seventh report of}!"", R. Hassler, as superintendent of the construction of stnudan1~ of wei~ht.s arnl 

measures. 
[Part of Senate Document 4, Twenty.fifth Congress, third session.] 

1839. 

N °'·· 16 · . . . . • • • • • . • • . • . • Upon the construction of the standards of weights ru1d me3'lures ....................... . ~.octavo. 

1810. 

July 10 ......•..•••••••• 

[Part of Senate Document 15, Twentr-sixth Congress, first session. J 

Report upon the completion of the st,.ndard yar<l measures for the respective States. By 1-'. R. Hass- · ii, octavo. 
ler, Superintendent of Weights and Measures. 

[Document No. 261, House of Uepresentatives, Twenty-sixth Uongref'ls, firRt Hession.] 

Nov. 17,. •...••..••..... Upon the construction of standard. weights anrl mea•nre• ................................ · · ],octavo. 

l84l. 

J Ille 22 .. ·-· ............ . 

1842. 
Apr.r, .••.••••••.••. 

June 29 ...................... 

[Part of Document 14, House of Representatives1 '.fwcnty-sixth Con~reeH, secoml ~essiou. J 

Report upon tho completion of the standard ounce-weights for all the State• of the Union. B) F. R. 

H11ssler, Superintendent of Weights and Measures. 
[Document No. 33, HoW1e of Representatives, Twenty.seventh Congress, first se~ion.] 

Report upon the construction of standa.rdR of liquid capacity measul'es, with descriptions of the :!6, O(~tavo. 

&ppa.ratne devised for standarding, tables of last weigl1ings, and ult.imate results of ad.in•tment. 
With a illustrations. 

[Senate Document No. 225, Twenty-seventh Congress, second session.] 
ReP<>rt by F. R. Hassler upon the works of the establishment of uniform weights and measures for 

the United States, made upon a call from the select committee of the House of Rep1·esentatives. 
[Coaat Survey llJJd Weight. and Measure Documents, 18.12-184:1. •Volume In Coast Survey 

Libmry.j 

17, octa..-o . 

• tn this volume have been oollected ihe reports and other papers ne.med in the preceding list. 
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Date. 

1843 and ls44. 
N uv. 121 1843, and Jan. 

'!lo. lll44. 

1845. 
Feb. 26, 27 . ~ ...•. 

1846. 

Apr. 25, Aug. 7 

1848. 
July 30 . .A.ug. 12 .... 

1851. 

Feu. 7, 10 .......... . 

l8fi6. 

nee. 31 

1869. 
NoTemher 15 . 

1876. 
March 1 

1876. 

1877. 

1X78. 

March 21. ~3, 2~. 

Mays, 18 

UNITED ST.A.TES CO.A.ST A.ND GEODETIC SURVEY. 

REPORTS AND OTHER DOCUMENTS-Coutiuued. 

Subject. 

-·-------~-------~------ ~-------~-----~·--- -·---- - ----------~ ---- -----·--1· 

Number of 
pages 

and size. 

Report o! F. R. Hassler, as superintendent of the constructiou of standards of weight and meaaure ! 31, octavo. 
upon the progress of the works in the construction of standards since December, 1842. Report ' 
transmitted to Congress by the Secretary of tbe Treasury after the death of Mr. Hassler, together ' 
with a tabular statement of the work executed for the system of unifonu standards for the United 

St~tes from the beginning of the year 1836 to Juue, 1842, with their state at that epoch, nnrl t.110 
additions matle until November, 1843. Six illustrations. 

[Document No. 94, House of Representatives, Twenty·eighth Congl'ess, first session.] 

Report of Alexander Dallas Bache, 8uperinten<lent, on the construction ofstamlard weights, measures, 32, octavo. 

anti balances, for the year 1844. 

[Senate Document 149, Twenty-eighth Congress1 second session.] 

Heport upon the pro~ess ruacle in the construction of standard weights, m~asnres, nrnl he.lances, in 23, octavo. 

the year 1845, under the superintendence of A. D. Bache. 
[Senate Dqcument 483, Twenty·ninth Congress, first session.] 

Report to the Treasury Department, by A. D. Bache, on the progress of the work of constructing 29, octavo. 
standar•l• of weights and measures, and balances, in the years 1846 allll 1847, Four illnstri>tions. 

[Senate Executive N~. 73, Thirtieth Congress, first session.] 

Letter from .A.. D. Bache, Superintendent of Weights and Measures, communicating a report of the 168, octavo. 

computation of a manual of tables to be used with the hydrometers recently adopted in the United 

States custom-houses. With six illustrations. 
[Senate Executive Docurnent28, Thirty.first Coni;ress, second session.] 

Report to the Treasury Department of progress made under the superintendence of Alexander D. 218, oetaYo. 
Ba<:he, in the construction and distribution of standards of weights and measures, and snpply of 
hydromet<>rs to custom.houses; also of balances made and distributed to the States, and the laws 
seve.raJl)~ enacf.tjd. therein relative to standard weig-hts and measures from tlm 1st of January, 184-81 

to the 31st of December. 1856. Six illu•trations. 
[Senate Executive Document 27, Thirty-fourth Congress, third session.] 

Report hy Benjamin Peirce, Superintendent of Stan1lard Weigbt,s and Measures, to the Secretary of 4, octavo. 
the Treasury, upon .the progress made in the construction of metric standards of length, weight, 

a1ul ca11a~ity, in pursuance of a joint resolution of Conwess of July 27, 1866. 

Papers relating to metric atamlardM distributed to the States of the Union under a joint resolution : 6, ocfai.YO. 

of CongresR of July 27, 1866, including a description of the metric standards, with directions for ·, 

their use, hy J, E. Ililgard, inspector Unite<l States standard weights and measures. 
The relation of the lawful standards ofmensure of the Unite1l States to those of Great Britain and , 5, quarto. 

France; .T. E. Hilgard. (Publishe<l as Appendix No. 22 t-0 United St.ates Coast Survey Report 
for 1876.) 

CompariHon of American and British standard yards: J.E. Hilgard. (Published a.s .Appendix No. , 33, quarto. 
12 to United States Coaet Sun-ey Report for 1877.) I 

Letters of C. r. Patterson, Superintendent Coast Survey, and of .J.E. Hilgard, .Assistant Coast Sut·· : 7, oct<tro. 
V<'Y and Inspector United States Standard Weights am! Measures, in relation to the proposition 

for making the use of the metrical system of weights and measures obligatory in all governmental 
aD1l individual transactions, em bodied, with other statements, in i> communication from the Secre
tary of the Treasury, in response to a reeolutton of the House of Representatives. 

[Execut.ive Document No. 71, Honse of RepresentatiYe•, Forty-fifth Congress, second session.] , 37, octavo. 
Statement of J. E. Hilgard, inspector United States standard weights and measures, before the I l~, octavo. 

Committee on Coinage, Weights, and Measures of tho House of Representatives, concerning the ' 
standaril weigl1ts and mea1mres of the United States. 

(Mis. Doc. No. 61, Honse of Repr686ntatives, Forty-fifth Congree•, second session.] 
c _____ _ 
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II. 

(;ENERAL INDEX OF SCJKVTJfi'IC l'Al'ERS CONTAINED IN THE ANNl~AL REPORTS OF THE 
UNITED STATES COAST AND GEODETIC SURVEY FROM 1845 TO 1880 INCLUSIVE. 

The General Index reforred to in thiR title waH pnbli8hed as Appendix No. 6 to the R•'p01·t for lfHl. 
A large edition of this Appendix having l111en printed separately from the report, copim; of it. will be available for 

distrihntion for some yearn to come. It has not lieen deemed advisable therefore to reprint it here. In tht1 page" 
immediately following is given a list, properly classified, of Appendices to the Reports for the years 1881, 1882, and 
188:3. 

CLASSIFIED INDEX OF APPENDICES TO THE Rf:PORTfi l•'OR 1881, 180°'2, 18A:J.-SUBJECT1': 

GEODESY :-Gravity; Base Lines and Standards of Length; Triangulation and Instruments; Time. 
HYPSOMETRY :-Spirit-leveling. 
SURVEYING :-Topography; Hydrography. 
PHYAICAL HYDROGRAPHY :-Tides, Currents, and \Vinds; Deep-sea Soundings and Temperatures. 

Tmmm3TRIAL MAGNETISM. 

ASTRONOMY. 
SPECIAL. 

STATISTICS. 

Year. 

1881.. ....... . 

1881 .........•....•. 

1881 ............... . 

1881. .............. . 

18F2 .............. . 

188.1 .............. . 

1883 .........•.... 

1881. .............. . 

1881. .............. . 

1882 ............... . 

1882 .•••.•.••. ·••••· 
1883 ............... . 

16 

G.J<.<ODESY. 

GRAVITY. 

Subject and author. 

359-441 On the flexure of pnndulum oupports. Ry C. S. Peirce. Assistant. 
442-456 On the deduction of the ellipticity of the earth, from penilulum experiments. By C. S. Peirce, 

.Assistant. 
457-460 On a method of observing thr coincidence of vibrations of two pendulums. By C. S. Peirce, 

Assistant. 

17 ' 461-463 On the value of gravity at Paris. By C. S. Peirce, Asoistant. 

~~ J ..... ~~~~-
Report of a conference on grovity determinntions, behl a~ Washington, D. C., in May, 18R2. 
Deoonnina.tione of gra·dty and other observations mnde in connection with the Solar Eclipse 

Expedition, May, 1883, to Caroline Island. A report by E. D. Preston. 
IO 1 •••••••••••• Determinations of gravity at.Alleghany, Ehensburgh, and York, Pa. By C. S. Peirce, Assistant. 

13 

7 

8 

BASE-LINES A.ND STA}.'D.A.RDS OF LENGTH. 

354..J56 II On the length of a nautical mile. B~· J.E. Hilgard, Superintendent Coast and Geodetic Survey. 
357-358 On a method of readily transferring the uncler!(l'Ound mark at a base monument. By 0. II. 

I 
Tittmann, As•ist..nt. 

107-138 Description and con•truction of a new eompt>nl!Rtion base apparatus, with a detennination of 

I the length of two five-meter •tandard bars. By C . .A.. Schott, .A•sistant. 
139-149 II Report of the measurement of the Yolo base, Cal. George Davidson, A•slstant. 

11 •••••• •••••. Results for the length of the primary base line in Yolo County, Cal. Mea•urement in 1881 by 

I 
Geori:e Davidson, Assist.ant. Computation and ditmU88ion: of results by Charles .A. Schott, 

A.e•istant. 
_____ !...._ __ _J_ __ _j_ _______________ ···-··----------

TRIANGULATION A.ND INSTRUMENTS. 

IS82 ................ ! D j 151~-1-111-1~:1~~~~~~·:, th-e t-ri~ngnlation, third edition; R. D. Cutts, A••i•tant. 
1882

• • • • .... •• •• - .•• J lO i 199-208 i On the construction of observing tripod• and scaffold~. C. O. Boutelle, .Assi•tant. 
~~~~~~-~I ____ !___ I 

TIME. 

1883····"··········1 18 J ...... ······j Field catalogne of 1278 time &nd c;ron.1npolar stare;-::~~~~::~ for!~~~;; Goorge ~:vid-
• j . son, A11•il!tant. 

____ ...J.__~-'---- -·--··----·-----·· 
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Year. 

1881. •••••.......•. 

18S:l. 

1882 ......•.•.•.... 

1881. •..•.••••••.... ! 

ioo .. _ .......... -. ·I 

1883 .••....•.•...••. ', 

1881.. ............. . 

1882 ........ . 

1882 .••...... 

1883 .••............. 

1881. .....••........ ' 

1882 .••••.••.••.... 

1883 .••••..•.•...•. 

1883 .............. . 

1882 •••••.•••••••••. ~ 

1882 .•••.•.••...•••. 

1881. •••••.•....... ' 

1881. •••...•....... .' 

1882 .....•...... - -·· 

1882 .•... ·•··· ...•• 

1882 ...•...•••. 

1883 .••••. ··········\ 

I 

UNITED ST.A.TES CO.A.ST .A.ND GEODETIC SURVEY. 

A.ppemlix. 

10 

HYPSO.M.E'l'HY. 

Subject and author. 

225-268 Meteorological rescarche:.;;, Part III. Barometric hypsometry. and reduct.ion of the barom· 

etcr to .ea-!e¥el. \V11liam }'enel. 
12 . . . . . . . . . . . . HiAcnssion of resultA for atnioRplH.'J'ic refraction and of comparative hypi·wmotric moaaurcs, tak('Il 

at 1\lount llia.hlo and Martinez, Cal, in 1880. ObservationH hy ~eorg:e Daviclson, Assistant. 

l>iscnr;sion hy U. A. Schott, As8i8tant. 

SPIIU'l'-LEVELING. 

11 20!J, 5li -556 HeRnh~ of the t.ran~cont.inrn1tal 1irn• of ~uodetic JeyeJing near the parallel of 39c., executed by 

Andrew Braifl, AsAiRta11t, Coa:st and Geodetic Sm·yey. Part 1.-.lfro.m Sandy Hook. N. ,J., to 

Saint T,oui•. Mo. C. A.. Schott, Assistant.. 

SURVEYI:N"G. 

TOPOGRAPHY. 

124-J~;; 'r_vpA fo1'111H of topo,!:..,rraph~·, Columbia River. l!y E. Hergc~heimer, Assistant. 

14 . ·- .... ____ . Ueport npou standanl topog:raphical drawings (firRt antl seconcl series). By E. He1·g:esheimer 

11 

16 

Assistant. 

HYDROGRAPHY. 

Table of depths for harbors on the coast• of the Unito<l State<. 

PH">.~SICAL HYDROC+RAPl--IY. 

26fl-:Jt,:J Report on the oyster beds of tlie ,James Rh-er, Virginia. and Tangit'r a11d Poe-omokll 8011n<l•, 

Maryland and Virginia. By Licnt. Francis Winslow. U. f'. N., Assistant, Coast !lll(l Geodptic 
Survey. 

4-~7-4J2 , Compari~on oft.he snrY(',y of the nelaware River in 1819 with more recent Rurvoys. H. L. Mar

indin, Arrni)ojtant. 
43:J-43fi Study of the effect of ri~er bends in the Lower Mississippi. Henry Mitchell, Assistant. 

, ..... ·---·-' The Estuary of the Delaware . .A report by Henry Mitchell, Asshdant. 

'l'IDF.S. CURHENTS, AND WINDS. 

JR 464-460 : New rule for t.ifles in Delaware Day. Ry lleur.v Mitchell, Assistant. 

17 437-450 Discussion of the tides of the Pacific coast of the United States. By William Ferrel. 
Report. on the harmonic analysis of the tides of Sandy Hook. By 'Villiam :Ferrel. 
Description of a maxima and minima tide-predicting maohine. By William Ferrt1l. 

n ...... --8··· 
10 

18 

8 

I 
9' 

12 

DEEP-SE.A. SOUNDINGS .A.ND '.l'EMPER.A.TURES. 

4GJ-4:•7 J1eport on the Siemens electrical deep-sea therrnome.ter. By Commander J. R. Bartlett, U.S. N., 
ABRistant. (With a description of the apparatus hy Wemer Suess.) 

45!J-461 Urcent deep-•ea soundings off the Atlantic Coast of the United States. By Lieut. J.E. Pills· 
bury, U.S. N., AS!!istant. 

'I' 11-:: RR E S '.I' RI A L M AG N :Fl TI AM. 

l2U--J:>8 Terrestrial magnetism; directions for magnetic ohserrntions with portahle in•truments. ByC. 
A. Schott, Assistant. 

1;,!)-224 Terrestrial magne.thmi: collection of resultB for declination, dip, and intensHy, from observa

tions made hy the United States Coast 1111! Geodetic Surny between 1833 and 1882. By C. A. 
Schott, Assistant. 

211-276 Secular variation of t,h., magnetic declination in the Unit.,d States and at some foreign stations· 
C. A. Schott, Aosistant. 

13 2Ti--328 , Di8tribntion of the magnetic declination in the Unitetl States at the epoch 1885. o. C. A. Schott, 
/ A88istant. 

14 329-426 I RPcords and rmmlts of magnetic observations made at the charge of the lJ Ba<;he Fund u of the 

National Academy of Sciences, 1871to1876. Unde1· the dire1,tion of J.E. Hilgard, M.. N. A. S. 
13 .•.•..•..... Discnssion, by C . .A. Scl1ott. .A.ssistant, of magnetic observations made at the United States polar 

station at Ooglaamie, Alaska. 
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AS 'l' R 0 N 0 1\'.[ Y . 

I Appendix. ! Pages. 
----1----1 _______ !-----
Year. Subject and author. 

I

' 20 463-4681 The wt.al solar eclipse of January 11, 1880, as obser,·ed at Santa Lucia, Cal. By George Da..-id-

1882 ................ , 21 i 469-502 !, A 
8

~1
1

~~A:::1~::,~~n of La Caille·s observations of fundamental stars in the southern heavens, 

1882 ............. .. 

1880 .............. . 

1883 .............. . 

I 
1882.. .............. 1 

1881. ............... 1 

188~ ................ 1 

1883 ................ J 

1881.. .............. 
1 

1882 ............... . 
188.1 ............... . 

1881. .............. . 

1882 .............. .. 

1883 .•.............. i 
1881.. .............. 1 
1882. 

1881.::::::: :: :: : : : : I 
1ss2 ............... I 
1881. .............. . 

1882 ............... . 

1883 ............... . 
11'83 ........... . 

1883 ...... ·•·•·•··•· 

1749-1757. Hy C. A. Powalky. 

15 The transit of Mercury of No'l'ember 7, 1881, as observed at Yolo bll8e, Cal. By George Da'l'id· 
son and J. J. Gilbert, Assistants. ' 

16 ............ Observations of the transit. of VenuR of December 6, 1882, at Wa.shiDi.:ton, D. C.; at Tepusquct 

24 I 

2 

Station, Cal.; and at Lebmann's Ranch, NeY. 

5;;g_:;63 Tri butt• to the memory of Carlile P. Patterson. Superintendent of the Coast and Geodetic Sur

"''Y from 1874 to 1881. 

ST A 'l' IS 'L' I CS. 

I 
67-72 i Diatrihution of surveyinJ! parties upon the Atlantic, Gulf of Mexico, and Pacific coast.of! aud 

1

1 interior of th(• United States <luring the year en<lin~ June 30, 1881. 
71-76 The same, 1881-1882 . 

. .. • . . . . .. . ! The same, 1882-1883. 

73-74 i Statistics of field and office work of the United States Coast and Geodetic Survey for the year 

I ending; December 31, 1880. 

77-781 The same for the eighteen _months emling June 30, 1815~. 

2 ............ Tho same for the year ending June 30, 1883. 

3 

3 

7f>-80 I Information furnished from the Coll8t and Geodetic Survey Office from original sheets, transcripts, 
J records, &c., in reply to special calls during the year ending Jnnc 30, 188L. 

70...84 ! Information furnished from the Coll8t and Geodetic Survey Office in reply to special calls dur-
1 I ing the year ending ,June RO, 1!182. 

3 .......... ..! The same, 1883. 

4 81-83 1

1 
Drawing Division.--Charts completed or in progress during the year ending June 30, 1881. 

85-86

1 

The same, 1882. 

84-90 Engraving Division.-Platos completed, continued, or commenced during the year ending June 

I 3o, 1881. 

4 

5 

5 

6 

87-93 ' The same, 1882. 

91-123 General index of scientific papers, methods, anc! results contained in the appendices to the 

annual reports of the Unitetl States Coast and Geodetic Sur\'ey, from 1845 to 1880, inclusi'l'e. 
Compiled by C.H. Sinclair, Subassistant. 

6 95-106 Ofiice reports for tho fiscal year ending June 30, 1882. 

4 ............ , ReportoftheAssistantin chargeol'theofficeand wpographr forth<' fiscal yearendingJune30,1883. 
5 ............ I He port of the Hydrographic Ins11ector for the fiscal year ending June 30, 1883. 
6 .•.••••.•••• i Descript·i-re catalogue of publications relating to the Coast and Geodetic Survey and t<> stand· 

! arcl measures. Compiled by Edward Goodfellow, .Assistant. 

III. 
LIST OF TIDE TABLES FROM THE DATE 0 F EARLIEST P TJB LI CATION IN THE S DR l'EY TO THE YEAR ltl81. 

UNITED STATES COAST SURVEY. 

Yoarof I 
pubhcation. I Description'. 

I 
1854 .......... / Tide tables for the United States; prepared from the Coaat Sur

i vey observations by A. D. Bache, Superintendent. 
1855 · · - - ••. : Tide tablea for the coast of the United States ..•.......... · · ·. · · -

'No. of pages I 
and size. Mode of publication. 

4, quarto .. Appendix No. 26, report for 1853. 

1856 Tide tables for the use of nsvigatol'S; preparctl from the Coll8t I 
Snrl'ey observations by A. D. Bache, Superintendent. : 

10, t]uarto. Appendix No. 51, rt'port for 1854. 

12, quarto .. ! .Appendix No. 53, report for 1855. 
! 

S. E:x:. 29-17 

14, qnarto .. : Appendix No.17, report for 1800. 
21, quarto .. : .Appendix No. 20, report for 1857. 

22. quart<> ... Appendix No. 43, report for 1858. 
32. quarto ... Appendix No.14, report for 1859. 

34, quarto.. .Appendix No. 16, report for 1R60. 
:U, qnarto .. ! Appendix No. 9, report for 1861. 
34, quarto .. ! Appendix No. 8, report for 1862. 
34, quarto .. ! Appendix No.12, report for 1863. 
33, quarto .. I Appendix No. S, report for lSM. 
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TIDE TABLES FROM THE DATE OF EARLIEST PUBLICATION, .j'c.-Continued. 

Year of , 
publication. [ Description. 

No. of pages 
and size. Mode of publication. 

I
' -------!----- -------------------------~--

1866 ......... .: Tide tables for the Atlantic Coast of t~e ~nited States for tbe 101, 12mo .... Pamphlet [Government Printing Office]. 

I year 1867. 

186G ........ •· [ Tide tables for the Pacific Coa•t of the United States for the year 32, 12mo .•. - Do. 

I 1867. · 
1867 ....••••• ! Tide tables for the Atlantic Coast of the United States for tbe 

I yeax· 1868. 

109, 12mo.... Do. 

1867 ......•... 1 Tide tables for the Pacific Coast of the United States for the year 

! 1868. 

1868 .. ········! Tide tahleo for the Atlantic COAAt of the United States for the 
yeax· 1869. 

1868..... .. . . . Tide tables for the Pacific Coast of the United States for the year 

1869. 

58, 12mo.... Do. 

ll0, 12mo.... Do. 

58, 12mo. . • . Do. 

186~.......... Tide tables for the Atlantic Coast of the United States for the 111, 12mo. •• . Do. 

year 1870. 
1869 .......•• ·I Tide tables for the Pacific Coast of tlle United States for the year 59, 12mo.... Do. 

1870. 
1870 .......... Tide tables for the Atlantic Coast of the United States for the 112, 12mo. ••. Do, 

year 1871. 
1870 ..... _ ... - Tide tablos for the Pacific Coaat of the United States for the year 59, 12mo. -- - Do. 

18'1. 
1871........ Tide tables for the Atlantic Coast of the United States for the 119, 12mo.... Do. 

year 1872. 
1871. ... _... Tide tables for the Padfic Coast of the 'Cnitod States for the year 59, 12mo.... Do. 

1872. 
1872 ..... . Tide table• for the Atlantic Coast of the United States for the 121, 12mo .... 

year 1873. 
1872 .•....... - Tide tables for the Pacific Coast of the United Stafos for the year 

1873. 

1873 .... ······i Tide tables for the Atlantic Coast of the United States for the 

I 
year 1874. 

1873 .......... Tide tables for the Pacific Coast of the United States for the year 

i lil74. 

1874 .•.....••. j Ticle table• for the Atlantic Coast of the Unit<3<l States for the 
year 1875. 

1874 ... _ ..•. _; Tido tallies for the Pacific Coast of the United States for the year 
1875. 

60, 12mo .•.. 

122, 12mo .... 

6-0,12mo .... 

122, 12mo .... 

61, 12mo •••. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

1875 •.... -•. : Tide tabl<'s for the Atlantic Coast of the Unltsd States for the 109, 12mo. .• . Do. 
year 1876. 

1875 ...... _.. Tide tables for the Pacific Coast of the United States for the year 61 12mo.... Do. 
1876. 

1876 .... ·····-. Tide tables for t-he Atlantic Coast of the United States for the 124, 12mo. .. . Do. 
year 1877. 

1876 .... Tide tables for the PS<:ific Coa.st of tho United States for th<: year 61, 12mo •••. Do. 
1877. 

1877 -...•..•. ' Tide tables for the Atlantic Coast of the United States for the 124, 12mo.... Do. 
year 1878. 

1877 ......... .: Tide tables for the l'aeific Coast of the United States for the year 61" 12mo ... _ Do. 
1878. 

1878 ......... ' Tide tables for the Atlantic Coast of the United States for the 128, 12mo.... Do. 
year 1879. 

1878....... ' Tide tables for the Pacific Coast of the United States for the year 65, 12mo.... Do. 
1879. 

-----------------------------------------------------------------------

UNITED STATES COAST AND GEODETIC SURVEY. 

----;-------------
1879 . - - - . Tide tables for the Atlantic Coaat of the United States for the ! 129, 12mo .... 

year 1880. ' 
Pamphlet [Government l'rinting Office]. 

1879 ....•...•. : Tide tables for the Pacide Coast of the United States for the year 65, 12mo .••. Do. l 1880. 
1880... • •.••. i Tide tables for the Atlantic Coast of the United States for the 129, 12mo .... Do. 

I 
year 1881. 

1880 • . • .. • • • Tide tablee for the Pacific Coaat of the United States for the year 65, 12mo .... 
1881. 

Do. 
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IV. 

CATALOGUE OF COAST PILOTS FOR THE ATLANTIC AND PACIFIC COASTS OF THE UNITED STATEB 
FROM THE DATE OF EARLIEST l'UBLICATION BY THE COAST SURVEY TO THE YEAR 1881. 

UNITED STATES COAST SURVEY. 

Year of 
pulilication. Title. I 

i No.of · 
No. of pages r_ charts, I 

and size. · viewH, I 
! I &C. I 

Mode of publication. 

------ - _·_------------------- -------- i-----1----1-----------------
1859 .....••... Directory for the Pacific Const of the United State•, re-1162, qunrto .. 1 ___ . _____ : Const Survey mport. 1858. Appendix 44. 

I ported to the Superintendent of the United State• I 1' 

I 
Coast Survey by George Davi<lson. Assistant. (First : 

~~~) I I 
Coast SurvPy report, 1862. Appentlix 39. 1864. ········! Thesame. (Secondeflition) ............................ \ 1G3,qnarto .. \ ..... . 

1869 .......... , Pacific Coast. Coast Pilot of California, Oregon, and 1 262, quarto .. : 33 1 volume, Government. Printing Office, 1869. 

1869 ......... . 

1875 .•.. -· ..•. 

Washington Territory. By George Davidson, A•sist- I 
ant1 Coa~t Rurvey. i I 

Pacific Coast. Coast Pilot of .Abska. (1''irst part.) '2.il, onarto __ ) 

From southern boundarytoCook'slnfot. By Geo1·ge I 
Davidson, Assistant, Coast Survey. 1 

Coast Pilot for the Atlantic sea. board. Gulf of :Maine 960, quarto .. : 
and its coast from Eastport to Boston. 1874. By J. 

_ I S. Bradford, A~slstant. 
1878 ........ I Atlantic Const Pilot. Boston Ba)· to New York .... _.. 62'1 quarto .. 1 

1879 ......... ·I Atlantic Coa•t Pilot. Boston Bay to Monomoy. _.... 92, quarto 
1879 .......... 1 Atlantic Coast Pilot. Nantucket and Vineyard Sounds. 107, quarto 
1870 •••.•...•. 1 Atlantic Coast Pilot. Buzzard's andNarragansettBays. 122, quarto 
18W .••••.... ·I Atlantic Coast Pilot. Block Island and Fisher's Island 66, qnarto 

I Sounds, Gardiner's and Peconic Bays. 
1R79 •••••••••• 1 AtlanticCoastPilot. LonglslandSoundandEastRiver.I 86,quarto 

18W .......... j Atlant'.c Coast P~ot. Harbors in J,ong Island Sonn<l ... 

1

112, quarto 
1879 ......... ·I Atlant1c Coast Pilot. South coast of Long Jslan<l, New 00, quarto .. 

! York Bay, and Hudson River. , 
i NOTE.-The seven volumes above named, published : 
' early in the year 1879, comprise a series intended to 

meet local wants, allll are all contained in the one vol
ume uf the .A Uantic Coast Pilot for 1878, compiled and 

verified by J. S. Bradford, Assistant. 

' i ' ~'•mo, o,.ommm' P"-tl•g "'""' '"" 

12 I 1 Yolume. Government Printing Ollice, 1875. 

5fi 11 volume, Gowrnrnent Printing Office, 1878. 

411 volume, Government Printing Otlice, 1879. 

7 1 volume, Government Printing Office, 1879. 

4 11 volurut', Government Printing Office, 1879. 

4 I 1 volume. Government Printing Office, 1879. 

6 I 1 volume, Go.,-ernment Printing Office, 1879. 

4 : l volnnie, Government- Printing Offic~. 1879. 

22 i I Yol11.me, Goverument Printiug Office1 1879. 

I 

UNITED STATES COAS'l' AND GEODETIC SURVEY. 
----------- ------------- -

1879. --· Atlantic Coast Pilot. Division A. Eastportto Boston. 
(Second edition.) 

1879, ••.•••••• 
1 

Atlantic Loool Coast Pilot. Subdivision 1. Passam11· 

I qnoddy Bay to Schoodic. 
1879 .......... i Atlantic Local Coast Pilot. SuMivision 2. French

' I man's Bay to Isle-au-haut. 
1879. • • .•••. - -i Atlantic Local Coast Pilot. Subdivision 3. Penobscot 

'1 Bay and tribntaries. (First edition.) 
1879 · · ... - .• _, Atlantic Local Coast Pilot. Subdivision 4. White 

l Head !Blan(} to Ca.pe Small Point. 

1879. · · · · · ... · 1 Atlantic Local Coast Pilot. Sn bdivision 5. Cape Small 
Point to Cape Ann. 

1879 ..•.•...•. Atlantic Local Coast Pilot. Snbdivision 6. Cape Ann 
to Cohasset. 

NOTE.-The six volumes of the Atlantic Looal Coast 
Pilot na.med above and publiehed about tbe middle of 
the year 1879 appear as separate parts of the large 

volume "Atlantic Coast Pilot, Division A, Eastport 
to Boston" (second edition), compiled by J. 8. Brad· 
ford, ABllil!tant, 

694, qnarto 

115,quarto 

190, quarto .. 

121, quarto._ 

126, qnarto .. 

141, quarto .. 

107, quarto .. 

IB711. · · · • ·• .• - Pacific Coaat Pilot. , Coast and lslanile of Alaska. Sec- 375, qna.rto • • 

ond eerles. Appendix 1. :Meteorology and bibliog-
raphy, By W. H. Dall, Aseiat&nt. 

56 1 .-olume, Gov~rnment Printing Office, 1879. 

10 1 volume, Government Printing Office, 1879. 

1 volume, G<ivernment Printing Office, 1879. 

18 1 .-olnme. Government Printing Office, 1879. 

6 1 volume, Government Printing Office, 1879. 

10 1 volume. Government Printing Office, 1879. 

5 1 volume, Government Printing Office, 1879. 

I 

27 1 volume, Government Printing Office, 18711. 
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CATA.LOU VE OF COAST /'I LOTS FOR THE ATLANTIC .A~UJ l'A CJ FJC COASTS, .f·c.-Co11tinue<l. 

No. of 
YPar of 

pnhlication. Title. No. of pages 
1 

d1artR. :Mode of puhlicatio11. 

------~:_a: size~J vi&3.• 

1880 .......... Atlantic Coast Pilot. Iliv1Sion B. Boston to New 
i i 
! 675, quarto. -j 53 1 volnme, Governmf:'nt Printing Ottict>, 1880. 

York. (Second edition.) 
1880 .......... 1 At,lantic Loe.al Coast Pilot. Snlidivision 7. Roston to 

Mouomoy. 
1880. Atlantic Local Coast Pilot. St<bdfrision 8. Nantucket. 

I and Vincy1ml Sounds. 
1880 .......... /Atlantic Loc,al Coast l'ilot. SuhrliYision 9. Rnzzard'R 

I and ~anagaul'4ett Ha~VR. 
1880 .......... Atlantic Locnl Coaot Pilot. Su hcli\•ision 10. Block 

Island and J1"il'lher's Island Sonnd.8; Gm·(line1"j.:I nnd 

Peconi<' Bays . 

86, •111arto. ··I 
1161 quarto ! 

I 
131, qunrto .. i 

1 I 
i 701 quarto .. -I 
I I 

I 

1880 .. .Atlantic Local Cua•t Pilot. Subdivision 11. Long : 92, qnarto. 
l~land Sonntl llntl EaFT Rh-er. 

lRFO . ......... .Atlantic Local Coa.st Pilot. Sululivision 12. 1Ia1·l>ol'R l~H. quarto .. 

in Long IRlluul Somul. 
18~0 .......... ; .Atlantic Local C~·a.st Pilot. Snbclivision 13. Sontl1 95, quarto .. . 

Coast. of Long Islaud, New York Ba~'· and Hudson 
River. 

NoTE.-The volumes of the .Atlantic Local Coast Pilot 
uumbered as SnbdiviaiollR 7to13 inchli:,ive, and enu· 

meratedasahove, appear as separate parts of the Jargf' 

Tolume Atlantic Coast Pilot., Divisio11 B, Boston to 
New Yot·k (itt'.<\ond edition), and like that volume were 
compiled and prepal'ed for publication by J. S. Brad
ford, .A.s•ietant. 

v. 

1 '\?olnmc~ Go'"Cl"DllH'llt PrintiU,!.!; omcc, lAAO. 

1 volume, GmTcrnmeut Printing- Oftice, 1880. 

I volume, GoYernmelll P1 in ting Oftice, 1880. 

1 volume. Government Pli11fi1Jg OHicP1 1880. 

l volume, Government Printing Ofticr, 1880. 

l volume. Gon.•rument P1·inting Otlkc, 1880. 

21 1 volume, Governm(•nt Printing- Oftict\ 1880. 

CATALOGUES OF ,lf,,1J'S AND CHARTS PUBLISHED BY THE COAST AND GEODETIC Sf,'RVEY JJETJJ'EEX 
J.'HE YEARS 1835 AND 1881. 

UNITED Sl'ATES COAST SURVEY. 

Dale of p,'11>1ication. 
Title of catalogue. 

Catalo~11e. Charts. 

No. of pages 
and ~ize. 

No.of , 
mnpsand. 
charts. 

Mode of publieation. 

______ ._ ___ . ___ : __ _ 

1843....... 183!"l-1~42. List of the intliYidual maps executed awl I, octavo ... _, 
doliverBd. 

Non:.-The list above named i• pub
li•hed also in Report No. 170, designated 

AA Twent.v-•eventh Congress, third ses
sion, Report No.170, Honse of R(lpl'<lse11t
atives. 

1849 .. _ ..... 1842-1849. Liot of Coast Survey maps engraved..... l, octavo .... 

1850 ........ 1842-1850. . .. tlo .................................. J,oct.avo ... . 

1842-1851 Lilt of CoaRt S11rvey maps, sketcbe•, aml 

preliminary charts, engraved. 

1842-1852 .. ' List of Coast Survey maps, sketches, anrt 
preliminary c:harts. 

8 'l'went:v-seventh Congross, third session, Re
port X o. 43, House of RepresentatirnH. (Re· 

port of Select Committee on Coast Survey.) 

33 Tbirtr·llrst CougreRs, first se•Rion, Executive 
Document 5, Senate. (Report of Superin· 
te111Jent Coast Snrvey for 1849. Appendix 
No. 2, bis.) 

43 Thirty-first Congress, second t\CSsion, Execw 
t ive Document 12. Honse of RepresentaUveR. 
( Rtlport of Superintendent Coast Aurvey for 
1850 . .Appendix No. 38.) 

78 Thirty«second Conc-ess, first session, Execn~ 

tive Document 3, Senate. (Report of Snper· 
intendent Collllt Survey for 1851. Appendix 
No.11.) . 

89 Thirty-second Congress, second seasion, Ex· 

ecntive No. 64, House of Representativtli!. 
(Report of Snperlnte1ulent Coast Survey for 
1852. Appendix U.) 
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CA1'.4LOGuE OF MAI'S AND CHARTS, <f·c.-Continued. 

------------~--------- - ------~-------------~--- ---·--

Date8 of publicatiou. ! 

Cat.1lo~ue. ~~~:r;:.-1 
Title of cataloguA. No. of pages 

and size. 

No.of 
maps antl 

charts. 
Mode of puUlicution. 

- - I : ______ _ ----- ------ -------------- --- -- --- --- ------

181>4_ ...... 11842-1853 .. 1 List of Const Snrvey tnaps, sketcheR, and 
preliminar~~ chart~. 

1855--------11842--1854 ..•••••• do ...................... -........ _,,. 

tlo ..••••. --···· ---------- .•.. : ..•... 

1856 _ .. _ .. i 1842-1~56. _I List of Const 81nvPy maps, preliminar~· 

charts, and sketches, engraw~a, ~eo· 
, I 

i l!l'aphicall,I' arranged. 
1858. - - .• - - 1842-1857 .. i •••••. do._ ......................... . 

1859 ... .... ! 1842-1858 .. Li•t of Coast Snrve,I' map•. preiminary 
<!harts, and sketches, engraved, ~po

' graphically nrran!(ed. 
IRGO ....... _ 1842-1859 .. i .•.... do ................................. . 

2, quarto .. _. i 

I 
3, quarto .... , 

I 
4, quarto .... 

r,, quarto .... 

6. quarto .... : 

6, 'llll'Lrto .•• -

6, quarto. 

'"" · ....... •Af,_,~J ..... <o ·---------- ---------------------- -i < ,, ___ -

, I 18ti2 ....... _ 184l-1861._ .•••. do ................................... 6, quarto. 

I 
1 \ 

1863. ·· ·· ... 11846--1863 .. , Catalogue of hydroi:raphic maps, cbarts, 17, quarto •. 
, I and sketches published by the United 
! I States Coast Survey. A. D. Bache, Su-

l I pm-intendent .. 1863. 
1866· - · · · · · -

1

1846--1864. · [ Catalogue of hydrographic maps, charts, 17, quarto 

I I and sketches published by the Uuiwd 

r 1' States Coast Survey. A. D. Bache, Sn-
, • l 1 perintendent. 1866. 

186 .......... , 1846-1867 .. r, Same. Benjamin Peirce, Superintendent. 18, quarto. 

I 
I 1867. 

!87~. -- ..... , 1846-1872 .: Same. :Benjamin Peirce, Superintendent. 20, quarto. 

I I 1872. 
lBi5. •• .. ·· 

1

1851-1875 .. United States Coast Survey. Carlile P, 28, quarto. 

I ! Patterson, Superintendent. Catalogue 
1 I of charts. 1875. i 

1877-·· .. · --1 1851-1877 .. 1 Catalogue of eharts of the United States 29, quarto_ 

' 1

1 

Coast Survey, 1877. Carlile P. Patter. 

I oon, Superintendent. 
I 1846--1880 .• [ United Stat<>s CoostandGeod~tic Sarvey. , 45, quarto_. 

I I Catalogue of cha1 ts. 18RO. Cai lile P. 

1~80 

129 

147 

192 

221 

240 

260 

268 

278 

290 

242 

242 

276 

278 

299 

325 

409 

Thirty-thinl Congress. first Hession, Exeruti,-e 
14, Senate. (Report of S1111e1intendent Coa•t 
Survey for 18!>3. "Appendix 5.) 

Thirty-third Con~ress. second session. Execn

thTe 20, House of Represent.ati ve~. (Hr-port 

of Superintendent Coirnt Survey for 1g,;4_ 
Appendix 31.) 

Thirty-fourth Congress. first Hession, Exef'u

tive 6, House of Ueprei,;t>ntati vt>s. (Report 

of Superintendent Coast Surve~- for 185:;. 
Appendix 36.) 

Thirt_y-fourth Congres.R. third Sf'RSion, Exeru

tive 12, Senate. (RPport of SuJH'riutenrlent 

Coast Survey for 18f>6. .Appendix 19.) 
Thirty-firth CongreMs, first session, Ext~cntivr 

33, SPnate. (Repo1 t of SnperinteiHlentCoa~t 

Sur-rny for 1857. A ppeudix 22.) 

Thirty.fifth CongreRs, Rooonil session, ExPcu-
tiYe 141 Senak. (Rt·port of Supprintendeut 

Coast Survey fol' 1858. Appendix 19.) 

Thirty-sixth Cong-resK, first !'!eRRiou, Ex:erutivC"\ 
41, House of R")"'e•entati,-c._ (Ueport, of 

Superintienrlent Coast Surrey for 1859. _-\ 11-

pemlix 17.) 

'.rhirty-sh::th CongresR, Recond session, Exrcu
th·o -, Senate. (Report of Superi11tendent 

Coast Survey for 1860. Appendix 19.) 
Thirty-seventh Congress, seconrl session. Ex· 

ecuti'\"'e-, Senate. (Report of Superintend

ent CoaRt Survey for 1861. .Appendix 12.) 

'VBBhingtou. Government l'rintinµ; Office. 
1863. 

Washington. Government J'riutinp; Office. 

Do. 

Do. 

Do, 

Do. 

Do. 

_______ l _____ j __ i:at~rson, Superh1temlent. i 

S 
NOTR-At the date of publication of this list~-th~~n-t~i~t~i~o;~~~;.~~a;al;gue of Char~~-;~~;i,;;~e;l-i:-t;J~~ for 188~. ,J, E. Hili.:iml 

npenntendent. 
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VI. 

NOTICES TO MARINERS PROM THE DA TE 01' EARLIEST PUBLICATION BY THE COAST SURVEY TO 
THE YE.dR 1881. 

UNITED ST.ATES Uo.AsT SURVEY. 

-------------------------------------------------·--·- -- -----

N °· of notice. Title. 
I 

Date I 

---~r 1869, .July 12 i ~otice to Mariners. Pacific Coast. Shoal off Cape Reyes, Cal. 
11872, Jan. 2~ , Notice to Mariners. Atlantic Coast. East coast of Florida. Saint Lucie Shoal. 
I 1874, June 20 ' Notice to Mariners. Northwest coast of' America. Aleutian Islands. 
i 1874, Oct. 10 Notice to Mariners. .Atlantic Coast. Long Island Sound. 

1 ! 1875, ,Jan. 14 I Notice to Mariners, No. l. Atlantic Coa•t. Sailing directions for Saint Augustine Harbor. 
2 i 1875, Jan. 20 Notice to Mariners, No. 2. Pacific Coast. Sailing directions for Mack's Shelter, Oreg-. 
3 i 1875, Feb. 10 ! Notice to Mariner8, No. 3. Pacific Coast. Sunken rock off the boundary of California and Oregon. 

4 1875, May 4: Notice to Mariners, No. 4. Pacific Coast. Additional peaks, Noonday Rock. Entrance to San Francisco Ea.v, Cal. 
G 1875, May 7 ! Not.ice•ro Mariners, No. 5. Pacific Coast. Sunken rock off Ca110 Mendocino, Cal. 
6 J 1~75. May 20 ! Notice to Mariners, Nu·. 6. Pacific Coast. Sunken Rocks. San Luis Obispo Bay, Cal. 
7 I 1875, July 24 

1 
Notice to Marine1·s, No. 7_ Pacific Coast. Shoal near South Farallou. 

8 ~ 1875, Sept. 4 Notice to Mariners, No. 8. Pacific Coast. Dangerous Shoal in the northern approach to San Miguel Passai:e. 
9 ! 187.5, Sept. 20 Notice to Mariners, No. 9. Atlantic Coast. Approaches to Chesapeake Bay. Wreck 12 miles to the southward and east-

ward of Cape Ilenry. 

JO 1875, Nov. 4 Notice to Mariners, No.10. Atlantfo Coast. Ledge in Delaware River. 
11 1876, J<'eb. 8 i Notice to Mariners, No. IL Gulf of }foxico. Positions of wrecks at the entrance of Pensacola Bay, Fla. 
12 ~ 1877, May 16 Notice to Mariners, Nu. I~. Atlantic Coast. Chesapeake Bay. 1Vrnek off New Point Comfort, Va. 
13 1877, Dec. 15 Notice to Mariners, No.13. A t1antfo Coast Wreck off Cn1Tit,uck Beach 1 N. C. 

14 1877, Dec. 21 Notice to Mariners, No.14. Gulf of Mexico. Observations upon northers and southeast gales. 

15 : 1878, Mar. 7 

15 1878, J uue 15 

16 1878, May 9 

17 ; 1878, July 16 ; 

Notice to Mariners, No. 15. Gulf of Maine. Tidal currents at entrance. 

Notice to Marinero, No.15. Gulf of Maine. Tidal currents at entrance. [Seoond edition.] 

Notice ro Mariners, No. 16. Atlantic Coast. Flori1la Reefs. Disappearance of 11 b~llCon. 

Notice to Mariners, No.17. Atlantic Coast. Nantucket Sound. Wreck in Hyannis Harbor. 

NOTE.-This list begins with the earliest separate publication of these notices on file in the Coast and Geodetic Survey Office. The 
atmual 1·eports previous to 1869 contain many such notices in the form of communications from the Superintendent to the Secretary of the 
Trea•nry, with re11uests that autborit~· be ~iven to pnhliRh for the benefit of mariner•. The separate publications of these notice• Rince 1869 

ar" for 1-<Jwcin] dii;itrihntion, nnd are E>npplt·meutary to the pnUlicution formerly wade and Atill continueil in the leatling commercial and 
nautical journals. 

J<'ur general lists of discoveries RlJ(] 1levelopments see the Report• from 1850 to 1864, inclusive. 

18 1879, ,June 27 

rn 1879, June 27 
20 l 8791 June 27 

21 187\l, July 9 
!!2 1879, .r nly 14 
23 : 1879, ,J nly 2fi 

24 1879, Oct. 14 

25 ' 1879, Nov. 15 

~G · 1880, June 7 

27 1880, Dec. 16 

28 : 18~1, Apr. 26 

UNITED ST.ATES CO.A.ST .A.ND GEODETIC SURVEY. 

Notice ro Mariners, No. JR. Padfic Coast. Depth of water over the bar •t ent.rance of Wilmington Harbor, Cal. 
Notice to MarinerR, No.19. Coast of Alaska. Location of Keen Rook in the middle pAAsage to Sith Harbor, Alaska. 
Notice to Mariners, No. 20. Atlantic Voast. Clmdng of New In1et, mouth of Cape Fear River, N. C. 

Notice to Mariners, No. 21. Atlantic Coast. Increased depth of water at entrance of Cape Fear River, N. C. 

Notice to Mariners, No. 2'J. Atlantic Coast. Sunken wreck in the track of vesselR running along the New Jersey coast. 
Nolie" to Mariners, No. 23. .Atfantic Coast. Development of Johnson's Rock, Cas<\o Ba_y, Me. 
Nutice 1<> Jtfariners, No. 24. Atlantic Coast. Dangerous rock near Isle of Wight Shoal. Coast of Maryland. 
Notice I<> :Mariners, No.25. Atl,.ntic Coast. Development of Schuyler's J,e<lge, olfSakonnet Powt, R. I. 
Notice to Mariners, No. 26. Pacific Coast. Development of da.n~erons rocks near :Fort Ross, Cal. 

Notice to Mariners, No. 27. .Ailantic Coast. Sunken wreck in entrance to Rappahannock River, Va. 

Notice to Mariners, No. 28. Atlantic Coast. Improvements of ·1·ivers and harbors on the coasts of M:.ino and Mlll!Sachu · 
setts, under the direction of Gen. George Thom, Engineer Corps, United States Army. 

29 i 1881, Apr. 27 Notice to MarinerH, No. 29. Atlantic CoaMt. Couuecticut. Brt'lakwater in proce~s of constraotion to t11e w@tttward ot 

I ' Bartlett'• Reef. Fisher's Island Sound. 

NOTE.-The greatrr unmber of I.be &bove·narued noticel! are printed somewhat Ill! hamlbills, in large type for llMY reading, and occupy 
abou tone page quarto. 
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VII. 

SPECIAL PVBLTCATIONS. 

UNITED STATES COAST SURVEY. 

Year of I 
publica

tion. 
Title. 

- ·--- i ----------------

1858 ... ·1' Laws relating to the survey of the coast of the United States. with the plan 
of reorganization of 1843, and regulations by the Treasury Department. 

l862 .... 
1 

Standard places of fundamental stars. (First edit.ion.) ................ .. 

1866 .... j The same. (Second edition.) ......................................... . 

1869 .... j Statutes relating to the Survey of the Coast of the United States. with the 

I plan of reorganization of 1843, and re~nlations by the Treastir.1· Depart
! ment. 

1874 .... i United States Coast Survey. Carlile P. Patterson, Superintendent. The 
] Star factors A, H, C, for redueing Transit obRervations, 1R74. 

1874 .• . i United States Coast Survey. Field catalogue of 983 transit stars. Mean 
' places for 1870.0. 

1874 ... r United States Coast Survey Rqiort, 1874. Appendix. Tidal researche•. 

I By William Ferrel, A. l\I., member of the National Acaclemy of Sciences, 
I Assistant United States Coast Survey. (With four illustrations.) 

1874 .... i Unit.ed States Coast Surny. On the air euntuinetl in st•.a water, byOsrar 
i Jacobsen. Republished for the United States Coast Survey, from Annals 

I Ch. and Ph., Vol.167, 1873. 
1874 ... ., United States Coast Survey. Report on the Nicaragua route for an inter. 

I 
ocee.uic ship-can11l, with a review of other proposed rontt's; made by Max
imilian Von Sonnenstern to the minister of public works of Nicaragua. 

No. of "('&ges and 
size. Modo of' publioation. 

2u, octavo. Public Printer, 1858. 

' 15, quarto ..•.... ' Washington, Government Printin~ 

Office, 1862. 

15, quarto ....... : Washington, Government Printini:; 
Office, 1866. 

27, duodecimo.. Washington, Government Printing 

Office, 1869. 

60, quarto ....... , Washington, Government Printin~ 

32, octavo ....... ' 
i 
I 

268, quarto ...... j 

I 
JG. quart.o ....... ' 

I 
I 

22, quarto ...... · 1 

Office, 1874 . 
Do. 

Do. 

Do. 

Do. 

25, octavo._ .... _ 'Vashington, Government Printing 

Office, 1875. 

I 
(One illustration.) (Translated for the United States Coast Survey.) 

1875. •• ., General Instructions in regard to the hydrographic work of the Coe.st 
Survey. Four illustrations. (Printed for the use only of the hydro. 
graphic parties.) 

1875 .... On tides and tidal action in harbors, by Prof. J.E. Hilgard, of the Unit-0d 22, octavo ..... ··,I 
States Coast Snrvey. (Reprinted from the Smithsonian Report for 1874.) 

Do. 

1877 ... i United States Coast Survey. Carlile P. Patterson, Superintunclent. 45, quarto ....... ! W"sbingt-0n, Gov6rument Printing 

I I ~~ hethods, disoussions, and results. Field-work of the triangulation. , 
: By Richard D. Cutts, a8Sistant. (Reprinted, with additions from the I I 
i Coast Survey report for 1868.) I ' 

1878 ... .i General Instructions in regard to inshore hydrographic work of the Coast I 50, octavo ....... \ Washin~-0n, Government Printini: 
I Survey, 1878. Office, 1878. 

1879 .... I' Cost of certain surveys ...................................................... 4, octavo ........ Forty-fifth Congress, third session, 
Honse of Representatives, Execu
tive Document 29. 

!879 .... \ United States Coast and Geodetic Survey. Carlile P. Patterson, Snperin· 50, quarto ....... Washington, Government Printin~ 
\ tendent. Methods and Resnlts. Secular change of magnetic declination I Office, 1879 . 
. 

1

. in the United States and at some foreign stations. (Third edition. With 
two plates.) 

1880 .... 1 United States Coast and Geodetic Survey. Carlile P. Patterson, Superin-
1 tendent. Deep-sea sounding and dredging. A. description and discussion 

I of the methods and appliances used on board the Coa.at and Geodetic 
Survey •teamer Blake. By Charles D. Si11:sbee, lieutenant-commander, 

221, qnarto ...... Washington, Government Printini: 
/ Office, 1880. 

I
' U.S. Navy, .A.88istant in the Coast and Goodetic Snrvey. (With 54 illns

tratione.) 

l88L ... United States Coast and Geodetic Survey, Carlile P. Patterson, Snperin- 26, quarto ....... Washington, G<Jvernment Printini: 
i tendent. Methods and Results. General properties of the equations of Office, 1881. 

i steady motion. 
42, octavo....... Treaaury Department, Document 

110, Coast and Geodetic Survey. 

1881. .. ·: Laws and Regulations relating to the Coast and Geodetic Survey of the 
i Unit.ad States. 

188L.. "I Laws of general application for the nae of the United States Coast and 52, octavo ....... 
I Goodetic Survey. 

Treasury Department, Document 
167, Coe.st and Geodetic Survey. 
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APPENDIX No. 7. 
' 

A TABLE O.F DEPTHS FOR THE H.UrnORS OX THE COASTS OF THE UNITED STATES. 

Tlw following table, showing the best water that can he taken through tlie entrances and up to 
tlw usunl ancbor2ges in the harbors of the United States and those of flt<' immediately adjacent 
t:oasts, was fin;t prepared in outline (under instructions from the Superintendent) by Commander 
Edward P. Lull, U. S. NaYy, Hydrographic Inspector United States Coast and Gl)odetic Survey, 
arnl afterwards expanded and perfected in detail by Assistant J. S. Bradford, aided by M:r. Jno. 
W. Parsons. 

TIDES. 

I. From Eastport, llflJ., to Saint Auvustine, Fla., the tides are of the semi-diurnal type, the two 
titles of the same day being pra.ctically P<J!Ull in r:mge. There is, howeTer, a marked difference 
between the range of "spring" tides (that h;, those whicll follow tlw full and change of the moon) 
and that of the "neap" Wies (those followiug her first and third quarter:-;), tbe raiige of the former 
being abo,·e, and that of the latter below the ::werage. 

II. Passing southward from Sa,int Augustine, the range of the tides is considerably diminished, 
and the modification due to the moon's declination becomes more and more apparent: That is, near 
the periods of the moon's greatest declination north or south there is an ineqnalHy in the range of 
the two tides of the same day, which disappears as the moon approaches and crosses the equator. 

Ill. Pas1Jing up the 1restcm ct>ast of the peninsula <!f Florida, the semi-diurnal tides gradually 
disappear. To the northward nrnl westward of' Cedar Re_\·s, and thence to tlte mouth of the Hio 
Grande~ there is but one astronomical tide tluring eacli lmwr day, and that of small range. This 
tide is of greatest range at and near the pe.riods of the mo011's greatest declination uorth or south, 
aud disappears at the time of the moon's crossing the equator. "\Vind-tides" are Yer~· marked-
80utherly winds (particularly if prt>vailing fur several d,1ys) raising the lenl of the water, and 
nortl1erly winds having the opposite effect. 

IY. On the Pacific coast (including the southern coast of Alusl~a), the tides are of the semi.diurnal 
1 ype, the two tides of the 1'1ame day having different rauges. The inequality increases as the moon 
Ui<H'e~ uorth or son th from the equator; is greatest at the moon's greatest declination; 1lecreases as 
she approaf:hes the equator; and disappears at tlie period of no declination. There is also a sensi· 
hh, modification of the tides following the moon's phases. Thus, wllen the fnll or change occm·i; 
at or near the time of greatest deplination, the range of tide will be somewhat augmented; and, 
on the other han<l, if neap tides occur at the same period the range will be diminished. 

S. Ex. 2fl--18 137 



 

138 UNITED STATES COAST AND GEODETIC SUltVEY. 

'I' A B J, E 0 I~ ]) J·; P '1' II I-' • 

ATLANTIC COAST. 

NOV A 8COTJA. 

Least water in channel. 

I'lnces. ::If r.m. Rprin,!! tide8. 

I 

I I 
V>w 

watN·. 

----------1-- -----··-·---· .. --·---
1

1·-Feet. 
' Halifax: Harhor ........... - - - - 'l'o anchora~,, off George 1Hlaml ..... - ·-- ... -- - -- . ::G 

To anchorage .. --· - ....•• · - - · · ---· · 
1 

.. .<lo .......................................... 1 
Sam bro Harhor ............. -·. 

l'cnnant Harbor ....... . 
Tcunant.'~ Harbor .....•...... ..do ....... : .. ---------· ............ --···· ---·! 
Sha.g l~:t.Y .. f ••••• do ......•.... -- ...••..•...• ---·-······- ---· - .! 4~ 

:w 
4~ 

3!1 

42 
3(j 

311 

BliudBay. __ ...... 1 
•••••• do ......................................... . 

Don1· l'ort ........... _ ! To ancborai'O in Ride Taylor'H Islanrl ............ . 
Mur i!.a.rt•I 'tt Bay ........ _ .... __ . i To anl'horag-P iuHide .Jollimore'!-! !~land .. -

MabouP Hay 

' To anchora,!!e in :Frend1 Cove ... -.. 

i To a.nchornge in Head Harbor . . . . . . . .... 

I To anehorng-c in Hublw1t'i:i Gove. __ - - .. -- - . - .... - . 

To and10r;.1gf' iu Northwest lla.rbor inRi'1e Horne 

I:-1la.ntl - .. ··--· -----· 
To anchorage nn<lPr Tancook IslandA 

To andwrag:e off town of ~ '.Jie~ter 

3G 

4:.J 

4J 

To an1.:homge iu Mahone Ilarlior .. - - - . . . . 4:2 

Tu nncborage in Aspotag-oen River . . . . . . . . . . . . . lb 

1\> anchorag•~ in EaRt River B:i:'\· _ .••......... --- . - 45 

'l'oanrhoragt•.iu Scotch Cove ....... -----·-- ... 48 
To a choragP in 'VeRt Cht'AtPr B:1y. 4-2 

To auchomgB in Cht•stcr Basiu 

T.> a11ebt)rage uu<lPr Oak I8lam1 
To anchor·agn in Deep Co\"e 
To auchora_!!e in Prince'8 Inlt•t 

24 

21 

30 

·i2 

llalagua..<\b Ba:v-----·------ To anchorDg-oofftowu of LunPnburg ··-·· j4 

At anclwrag1~ undt·r On'nA I'uin t ........ _ ........ · ~W 

Rm~e Bay ........... -_........ At, anehorng'P. . ............ _ ..... _.... 2i 
Lt• HaveRiver....... To a.nch01ag-t- un<lt·r Lt·t·'sI>oint lf1 

nrePll Bay........ To anchorage. 3;1 

Port Metway .. _... At anclu .• ra;:re inside Neil's Point . 1;, 

Atancbora;:reinXorthwestB:ty ......... 15 
l.i\'Ul'J>ool Bay At anchorage off lkooklyn (IlPrriuµ. Cove) _____ _ 

At anchorage off Li"<"erpool ..................... ! 
Port.Mont.on·--·-·····-····· To anchorage unaer western Hhore of Mouton 

Island·---·· ......... ·· ······-·I 
To anchot·ag-e Wt•st of tlH' ~lh'ctacleR ............... i 
To anc.horage throu;.rh W esten1 Chaunel i 

Port Ebert ..................... To anchorage off ShillJ."d£\ PClint ............ . 

Rugi'ml Island Harbor..... . • . . To anchorng~ off Clam I ehmd ..................... 
1 

G-rPenIIarbor ................... Toanchorngeoff.J,·nkinislaud .... . 

Jor<lnn Rivm· -· ... ··-· __ . 
~hellnuue Harhor ...........•. 

Nt-gro Harb,}r 

l~:u'l'ingtnn Un>-~ 

I '.la1·k·· llarlwr (Cape ~able I"J. 
: ltl ~ 1 ) 

Saint Mur~ ·~Bas·······----· 

To anchoragf' ........ . 
To anchora~""<~ within ha.lf a mile of the towu .. 

1 
.At anchora;:?C bt·tWl'Cn East, Point ancl X e;:ro Islancl 

At anchorn.Ji:c: bctwc<'ll X ef1ro Is1aml urnl Purga-
fory Point ..................... .. 

~ t upper ancborago off Da"<"is' I.J.and . 

To anchorage off Beach Point .......... . 

To anchorage .................................. .. 

'.io anchorage off northmst point of Sable Island. 

rl'o anchorage off \\ ... eRtport., inside Hr_vf·r I~land 
To anchorage off Weymouth ............. .. 

18 

12 

42 

42 
21 

~7 

21 

21 

21 
18 

36 

42 

Ild1 
wafp1·. 

Prfi. 
41} 

:w 
4S 
48 

48 

3G 

:w 
48 

42 
3G 

4~ 

4H 

Low 
watl'l'. 

48 41~ 

24 li~-

51 441 

5:J1 I 4a 
4-Jl 41~-

291 

2fit 

36 

48 

:w 
4:! 

:r.1 

47i 

471 
261 

21 

27 

2i 

32~ 

26~ 

27 

30 

27 

53 

59! 41 

High 
water. 

Fert. 
411; 

42~ 

48!! 

48i 

481 

241 

fill 

54~ 

48~ 

31!~ 

27~ 

36! 
48! 

l3ti1ish Atlmirnlty, 1853. 

lll'iti8h A1lmiralty, 1RG7. 
Do, 

B1·iti:-1l1A1l111intlt,\,H\6I. 

Do. 

J)o. 

Vo. 
II>. 

D". 
Ilo. 

Do. 

no. 
llo. 
1Jo. 

no. 
Jlo. 

l>o. 

lJo. 
Do. 

no. 
llo. 
Do. 
Do. 

30:! Do. 

42i Do. 
33~ Do. 
2l:f ]lo. 

391 Briti"h A1l11iir"lty, 1867. 
2:;1 1>11. 
221 Jlo. 

49 

49 
28 

21! 

27i 

2ii 

21lt 
39 

39 

27~ 

54 

OOf 

Do. 

Do. 

Do. 

Do. 
Ilritish A<lmiralty, 1861. 

British Ailmiralt.y, JR67 

Do. 

Do. 
Do. 

Do. 
Do. 

Do. 
llo. 

Jlo. 
BrltiHh Admiralty, 1865. 

Do. 

Do. 

Do. 
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'Palilc of tlepths, Atlantic Coast-Continued. 

NOV A SCOTIA, XEW mrnNSWICK, AND l!AIXE. 

Least water in channel. 

Limit 8 la,hveen which depths aro gh·en. Mean. I Spring tide1:1. 
I I --- -----1--~------, 

Low ! Hiirh I Low : Iligh · 
water. ' water. ! wate-r. water. 

llA Y OF FUNDY (Hathor~) . To au<'lrnrn:n~ in ~hag TI arbor, in:-;idP "Mntton I~larn.1: 
Feet. 

33 

30} 

BAY OF :FUNDY (Chiguectb 
Channel) 

To auchora;_!c in Pulmi1·0 IIurl>•)I' ------

Jones' anchon:1;..:.e under eat.tt'ru shore of' Jom·:s· 

Island __ . __ .... _ .. 

At anchoragr nrnfor Bi~ Fish Isbrnl .. . 

To :mdrnraa:e off Yarmouth .... _ ·--- ...... _. 

Entr:mn• to Anuapoli~ na,.in, through Digby Gut 

At rmehomgr· ofl' Di~hy ·----- _____ _ 
To anchora,::e off ..._\.nuavolis Hoyal . . . . . . _ ...... . 

To anchora:.:.:e off Bunit-Coat Ht~ad. Uasin of' Mines 

, In entrance and up to Cape l~nrag6 
Atan1·llnrn.~t1 oft'mo11lh of'rantrem:11· Hi,er (S<l.('.k-

villc~ t·ut ranc(') ..... . 

At :rncliorage Gff Foll.v Point .. _ .. _ ..... 

I 
·1 

:m 
19~ 
]j 

9cl 

31) 

15 
:w 

120 

18 

rn;,. 

5l 

12 

.A.t anclwrage in Saint John Harbor on west side 

of l\a,~: Islam~ ... _. ···-------· ·----- .. __ ..... 
, To anchorage in 1fnsquu.t->hJfa.rbor 

RAY OF FUNDY (ll:nbors) .. : To anchor:.1!-!'e in Lr-pre:u1 Bay. 

j To anelwra~·· in Lf>preau Ifarhor ............. . 
21 

15 

33 To auclwrnge in Beaver Ilarlmr ...... _. _ .. . 

Tu aucliora,!!1·s in Etan~ Harbor: 
1. Off Etanp: Yiliap:e - - -
2. In Bla"k llay -...... - -- _ - ... _ .. ----- ______ _ 
3. Ju Deadman's Bay. 

To anchorage in Bliss Harbor._ ... _ ...... __ ... . 
PA~S.d.MAQUODDY- BA¥ To anchorage in Back Bay ....... -- .. -- -

47 

33 

30 

39 

27 
(Harhors) To anchorages in Saint Andrew's Harbor: I 

1. Oft' Joe Point ............ __________ ........ : 60 
2. Off ~tern entrance ~- _ .... _________ .. .. . .. 33 

3. In Inner Harbor, ott' 11larket wharf. 12 

To anchorages in Chameook Harbor: 
1. InOuterorNortheastHarbor _______ ------ 48 

~. In Inner Harbor, off northwest end of Min-
h~ter Island . __ ..... 

Grand Manan I.:-.land ..•• ___ . __ At anC'hora.gf• in S('nl Cole.-·._ ..... _. 

EastportHatborandapproaches' Passage by East Quoddy Head Light-house to : 

33 

36 

(Maine) · Eastport ... __ .. ---- ___ - ....... - - ..... - - --- ... !JO 
Passaµ;e by West Qt~oddy Head Light-house to , 

Lower Micldle Ground........................ :!l 
Passage from West Quod1ly Hearl to Luhec _____ _ 

~ Paasa~e through J..,uh~e Na.rrows (oi-·er the bar) . . Gl 

: l<'rotn J,ubec to Shackford's Read buoy 3i 
: From Lubec to Eaatport, by Pope's Folly ______ . 31 

1 From Eustport to Kendall's Head ....... _----·-- __ ' 81 

To anchora.gp, in Quotldy Roai]i;i, behvepn Lovrnr , 
Mi<ldle Grouncl ancl Western B~acon. _. ________ . 

To anchorage in Qnoddy Roads, J..,low the Middle : 
Grot111d •.••••••••.••....•.•. -~- •••. _ 19 

To anchorage in ,Tohnson'• Bay ... __ .. l O 

To anchorage in llroad Coye (Moosfl Island)·----- 9 
To anchorage in Johnson's Coye (~fooso Island) .. : l:J 

To anchorage in l<'riar's Bay.---- - . -- --- -·-··- -···i 27 
: To anchorage in Harbor de Lute .. - . - ... --- ---- - -1 21 

Eaot•hor~of(.)ampubellolsland' To anchorage in Herring Bay._-·_ --·. --- -- . -·-·· .! 1G 
j To anchorage in Schooner Covo ........... _ .. __ . J 12 

: To anchorage in Mill Cove ..... _ ... __ ------ .... __ I 

____ i ___ -------~--~ 
Peet. Feet. I Feet. 
41~ 3:!! 42k 
40 30 40! 

4G} 3jb 47 

29! 181 30!; 

28 14:3; I 2Pi 

113 89 114 

50 3'; 60 
38 14 3H 

79! 341 81 

1j5l 118! 159 

56 rn.t 5-• '• 
57~ 171 595-

74 t10 75 
34 11 ;J:; 

45! 2~1~ 43 

;JG1 14~ 34 

541 32! 59 

6S!t i 40! 69 

G.J§ 32! 59 
5q 29§ 53 

6oa 38i 61 
48! 26§ 49 

81 59 82 
54 32 55 
3.1 11 34 

69 47 70 

[>4 3" !');) 

54 341 551 

108 881 109/i 

39 rn1 40! 
26 Ci! 27! 

24~ 5k 261 

55 35;f 563 
49 291 50!i 
99 791 lOOl 

27 7i 28?! 

37 171 38/r 
28 ei 29?! 
27 7} 281 
31 lli! 321-

45 25:1 46! 
39 191 401 ~ 

3( 141 35! 
30 lO'l 31$ 

21 7! 28i 

I&J 

Authorities. 

British Admiralty. 1867. 
llo. 

Do. 
Do. 

Do. 

Do. 

Do. 
Do. 
Do. 

Do. 

llo. 

Do. 

Rriti8ll Admiralty, 1864. 

BritiHh Admiralty, 18G2. 

Do. 
Do. 

Do. 

Ilriti•h .Admiralty, 1847. 

Do. 

J)o. 

Do. 
Do. 

British Admiralty, 1868. 
Do. 

Do. 

Do. 

llo. 

British AdmiraUy, 1862. 

Coast Survey, 1861. 

Do. 

Do. 

Do. 

Do. 

no. 
Do. 

COllllt ~urwy, 1~00. 

Do. 

Do. 

Coast Survey, lout. 
Do. 

Do. 

Do. 

Do. 
Do. 

Do. 
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Table of depths, Atlantic Coast~Uoutinued. 

M:AL.,-E. 
-------··------- ----·-·- ______ _.__ ___ _ 

I .. ~,H~t water iu cbaunul. 

Plsc&a. Monn. Spring tides. AnthoritiAE'. 

Low Ili~li Low i High , 
water. ' water. water. 1 water. 

; 

En~tshoreof Campobello Islandi To Rnchorages in Read Harbor: 

Continued. ! 1. At north encl ............. . 

Deer Isl:md...... . . 

'N ortLweMt Harbor 

Rnint Croix l:ivrt 

Bayles·• ~Iistake 
~Iomw Hi,·er 
Littl(1 Tiin•r 

Little :\JacbiaH Bny. 
!fad1ias Bay ..... . 

~lonB·•-beoRenrh ... 

Il f'ad Harbor , 

Cnpe St.lit Harbor 

Be:il'H Harbor ............ . 

Harrin;,rton Ri"''~r .. 

N arraguagus nay 

Pil(ehn Hill Bay .... 

2. At south encl ................ . 
3. Three-quarters of a. mile up 

1 
To anchorage in Grdlt Duck Pornl --·· 

.... ~ In entranc11 to Little Harbor ... 
! At tht> uuehorage. 

.. do ... 

To '"The Didil•"' ..... . 

To '·The Lellge ". -

To Calais ... -- ---

, .At the anchorrt,!!e .... 

:H'rom entPu1ce to anchorage 
To n11cliorHge off .Acklt:\''(~ Puiut. 

Fmm (•ntraucl~ to anchorugn .... 

Through ~aln Chanue.l to ~ac:b.iasport _. 
From l\lal'hi:rnport to the tlraw-bridg-t-i .. _. 
From the. draw-bridge, to Machia,s ... ___ . __ .... _. 

'Vestern chamwl-Avt-ry·s Rnck to Machiasport 
Through Cross Island Narrows ...... ___ ....... . 

.F't·oru. entran0e. through Ram Island Paasage to 
anl'.liorage. .. . •.. . . . . ..........•..... 

'C"p Chandler's River to Joueshoro' ....... __ . 

Entrauc<', frum tht•w1·.~tward (mnsitleall dangers) 

to 8qnier's 1>oint .......................••. 
From eH~twa.nl ~)H~r itlooe-a-b~c Bar ...•••.••... 
Seguin Passa,i.:.e .. 

Cbannt'l J{('ach ........... _ .................... . 

W cstPrn entrance, tbrough Tabbott's Narrow•. 

' At auchorng~ in Moos a-bee Reach····-······· .. 
To anchorage in ''The. Cow Yar<l" .............. _. 

To nnchorage off Wright's Point ·-· 
To anchorn;;e Jn the Harbor ................ ~·· ... . 
To anchorage hetwPen Fh;i.her's Island and Rip-

ley"• Nerk ....... . ··········-···--··1 

To anchorage off Nash'• Point.·-··--···········- I 
To anchorai::_~ off Steam boat Wharf ........ _. ...... 

1 
To nnchorage off Patterson's Point ............... . 
Through Dyer'A Is1aml Narrows to n.nchorage .... ! 

Throagh M~in ChannPI to anohorage, 11hove Chit. : 
nlan's roint, .................................... ! 

:From the Westward (out•idePetit M:anan Island) ! 

Feet. 

6 

9 

6 

30 

12 
8 

24 

30 

24 

24 
1:; 

12 

10 

15 

24 

18 

25 

13 

27 
19 
1~ 

53 

151 

12 

12 
g 

12 

21 

Feet. 

24 

27 

24 

~6 

24 
27 

24 

52 

34 

30~ 

40 

46 
39 

39 

30 

27 
24 
30 

39 

32 
12 

36 

181 
36i 

241 

381 
30! 
23! 

64! 
27 

23 

17 

23 
20 

23 

32 

t() ancbora~e ..................................... : 21 32 

From the w~.twa.rd (inside Petit Ma.nan Island) : i 

Donglass l•land Ilorbor ..... . 
Dyer's Bay ................... . 
Gonldeboro· Bay .......... . 

1. Over uuter bar ...... ·--···.···-·· .......... 1 ~ 
2. On"r inner bar ..............•.............. 

1'o anchorage . - . . . ............................. . 
...... do ....................•.................... 

Entering from eastward (outsid,e Petit Manan Ial-1 
and) to anchorv.ge ...•............••..•........•.. 

• I 
Entermg from we~tward, to northward or Aouth- i 

ward of Moulton s lAl<lge .....•....•.....•.• _ ... 1 

24 

24 

24 

18 

18 
35 

35 

35 

29 

i 

Feet. Feet. 

4i 25! 

7i 28! 

4! 25! 

61 27! 

4! 25b 

7l 28! 
4fl 251 

29 53 

10 35 

5l 31 

23 41 

29 47 

23 40 

23 40 

14 31 

II 28 
25 

14 31 

23 40 

17 33 

13 

21 37 

mt 
24 37! 
12 25! 
26 391 
18 311 
11 24i 

52 65! 
141 28 

11 24 

18 
11 24 

21 

11 24 

2() 33 

20 3i 

8 21 
e 19 

23 88 

23 36 

23 811 

17 BO 

I 
' Coast Surve:r, 1861. 

Do. 
Do. 

Coast Survey, 1866. 

Coa•t Survey, 1861. 
Do. 
Do. 

Atlantic Coast Pilot, 
1874. 

Do. 
Do. 
Do. 

Do. 
Do. 
Do. 
Do. 

Do. 
Do. 

Do. 

Do. 

Do. 
Do. 

Do. 

Coast Survey, 1870--'71. 
Do. 

Do. 

Do. 
Do. 

Atlantic Co~•t Pllot 

1874. 
Coast Survey, 1870--'71. 

Do. 

Atlantic CoMt Pilot 

1874. 
Do. 
Do. 
Do. 
Do. 

Do. 

Do. 

Do. 
Do. 
Do. 

Do. 

Do. 

Do. 
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Table of depths, Atlantic Coast-Continued. 

MAINE. 

Least water in channeL 

Place... Limits bet.ween whi1•h <fopths arP given. 

Prospect Harbor ......... . Entrance between Big Blaek Ledge and Cranberry 
Point ........ . 80t Coa•t RurvAy, 1871. 

llirrh Harbor .... 

Bunker'• Harbor ........... .. 

8choodic Harhor. 

FRENCHMAN'S BAY and 
frilmt.arif~s. 

B~rHarbor. 

FRENCHMAN'!'\ BAY snd 
t.rlbutarfos. 

Entrance between Old Woman's I.R.dge and mouth 
of Birch Creek .......... . 

To anchora;:re in Sand Cove, above 1
' TheSandR ''. 

At the anchoragl• in Inner Harbo1'. abreast of the 
Village .................................. .. 

Ent.ranee to harbor 
To anchorage, half-way up 

At the auchoragt.~ ... . 
Northeast entrancft ............................ .. 
Southwest entranc<" -···-· ....................... . 

At the anchora~e ........... __ .... . 

At anchora~<·, west of Rowland's Island ......... : 
At ancbora~e on weAtern side of Sprnoe Point 
'l'o uneboragt• near head of harhor _. 

To anchorage in Pond Island Cnve. 
To anchorag('. in Mosquito Harbor, bPtwPen Fra-

BC'f'8 Point and Holmes' Island ........... . 
At anchorago in Ilenry Cove _ . _ .......... _ .. 

At anchorage in Winter Harbor, west of Villago. 
At anchorage in Sand Cove (W'inWr Harhor) 

At anchorage in Deep Cov1• ...... 
Over Jordan's Bar ...... _ 
Passage t.luough Halibut Hole 

At anchorage off the Ville.go ............ . 'i 
At anchorage to westwanl of the bar ............. : 
.Passage bet.ween Bar Island and Sheep Porcupine i 

Islancl ......................................... i 
Up the bay t.o Sands' Point ..................... . 
At anchorage in Hull's Cove .................... . 
Entrance to Sta.ve Island Harbor= j 

I. Over Jordan's Bar_ ........................ : 

4P 

7~ 

21 
rn 
6 

12 

22 

16 

45 

27 

1911 
IR 

1~ 

21 

11 

30 

17 
!\ 

61~ 

24 

l2i 
108 
rn 

2. Between Jordan's and Stave Islands ...... i 39 

At the anchorage between .Jordan's Island and ! 
! 'I d • 1 

r E::a:.:::;...-~~~~~-~~-~;.;.~-~~~;~~~~-~~~~~~·;·1' . 36 

I 1. Southern Channel, between Stave and C::alf 
I Islands .............................. : ... ' 11 

2. XorthernChannel, between Calfaml Preble 
Islands ............................... . 

At anchorage off West Gouldsboro' ........... .. 

At anchorage under Wankeag Neok ............ . 
At anchorage in Basin Cove ..................... -
In entrance to Sullivan Harbor (or Flanders Bay) . 
Up Flanders Bay to anchorage off Sullivan ....... 

1 
Up Flanders Bay to West Sullivan··············· 1 

From West Snlliva.n to Crabtree's Island ........ . 
At anchorage in Ej?ypt Bay ..................... . 

I 
Over "The Falla" .............................. . 
From Crabtree's ll!l&nd to Franklin ...•.....••••.. 
. A.t the anchorage in Fr1111klin Bay .............. .. 

69 

42 

36 
]!) 

60 

28t 
12 
16 

16 

12 
5 

30 

59! 

lBl 

34! 
17t 

23 

118! 

261 

46t 

216 

20 

18 

5 

11 

21 
6 

15 

44 
26 

J8 

15:1 

11:1 
20:1 

10:1 

29i 
16! 

4:1 
602: 

lli 
107! 

l:it 

IOi 

23i. 
32:1 

22:1 

41! 

28i 

161 
77t 

3!\ 

18 

23! 
119 
27 

221 ! 

Do. 

no. 

Do 

Do. 

Do. 

Do. 
Do. 

Do. 

Do. 

Do. 
Do. 

Do. 
Coast Survey, IR'rn. 

Do. 

Do. 
Do. 

Do. 

Do. 
Do. 

Atlanti~· CoMt P\loi 

1874. 
Coast Survey, 1873. 

Do. 

Do. 
Do. 

Do. 

Do. 
Coast. Snrvey, 1882. 

Do. 

Do. 

Do. 

Do. 

Do. 
Do. 

Do. 

Do. 
Do. 

Do. 

Do. 
Do. 
Do. 

Do . 
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TrciJlc of depths, .11 f./a11ffr Coast-Continued. 

MA1XK 

Lca:'lt wnter in channel. 

Place8. Li111it.'-l. hPtw1 f'H whil'h tlcpths arc given. 
]\Jean. Spring tides. 

.Authorities. 

Low IIi;:h Low Hi:!l1 
watt'r. water. water. water. 

Feet. Fed. 

l"HE~CHMA?\·s g_,\y awl '..ntrat 1 (T to Sl\illiugs· Riv«r -~-- -···- 60 
trihut .. 'lrics-Ci,IJtinm·d. Frnn1tilt·1·nttant.:P to Lower :Xarrnws.·--·--·---·: ~n~ 

Easteru Bny 

Otte!' Creek 

:-:;outhwn•t flarhnra11tl arlj:lf't'J1t 

anrhoragP~. 

Senl llarhor 

Lon;,!" l'ond H:irhor .......... . 

Nortl1p,~·"'t Rarl>or 

Fn1rn tlu• l,mi.:t·r Xarro\.\l" to Yonug':; Point. 

Al an•·lwraJ,:.t> i11 Younf.(fl Hay (i1ff Ha1wockJ ·---··, 

From J."mrng'H Point to S<•al Jloint 

.At ::u1chor·ag\· in I)artri<l;.:/s Co,·c. 

'fliron~d1 rpp<"r Xarrowg ·····-------
,\ t anthoragt' in Kilkenny Con~ ___ . __ _ 

,\ t audrnragr- in l~aecooH CoYt· 

Entrarn·t· lwtween Sarn1.-,' Point aIHl ~fr':Hlow Poiut. 

Thn)nµ,h tlH' hay fron1 S;·rn]~· J>oiui. to Thonrns' 

r,Jan<I -. . . . .. -....... . 
Frntu abrea~t of Thom:n.;' h1a1Hl to the Bri11gf' 

111 tie Putranco to .Jordan':-; l!.ivN· 

'fp ~nd1orago off J,emoiiw~ (.Jorilm1'::-i J~i~f'J') __ _ 

.\J Jli1· aud1orage in Tlrnnm~· Ba,\·--------------: 
.~ t tl1t· :uwhoraµ;e* . ______ .. __ . 

111 maiu <·ntranc..'.~· to SouthweRt 1Iarhnr: 

1. "North of Suttou's I!:iland. ----

:!. South of Sntt011\1 l"land 

At au(·horagP off' 1.~1hst1·r-foctor,y \Vharf 

fliutrarn'P from thf' wcRtwanl over Cranbp,JT.Y 

Isfoml Bai· ...... _ --- ........... _. _ 

At anrhorag<'* .... __ ................ . 

·--···do····-·····-·· ............................. . 

_ ..... do-········--·-···-·· ................. . 
In i\fain C1mnne1 entmnf'f· (weRt of BPar 181arnl) 

l'aMage north of Hear Island _ ............... . 

At and1orage 

11 

Hi 

rn 

90 

-1 

11 

8'.; 
10 

8 

14 

3G 

]f> 

21 
Somes' Sonn<l ........•. _. _. .. . . In main channel east of Greening's Island to "~he 

Cranheny Island Harbors 

Ba"" Harbor_ ................. . 

Throttg-11 th(• Narrows ..... 
rasS..'1;.!C bctwf(>:D Grrening'H Island ancl C1nrkc'8 

40~ 

49! 

Point............ .. ' 18 

Up t11e Sound from the. Narrowt" to B~r lFllarnl . . . 4r, 

At !lie Anrlwrage off Somes..-illc _ ...... -.....•... - 16~ 

. ..\ t tlu.~ a1whora~c at ~cad of Souwl.... ... . . . . . . . . . 28~ 

Jn eutrimcn to Great Cranhcrry l81aml Harbor... 21 

lnPntranr.P-to"ThePool) 1 
·····----············· 3 

At tlw nnd1oragf· in the Ila.rhor .............•.... ; 13 

At, tlw anchortt:,!(' in H The Pool'',. __ . 0• •••••••• , g 
Through l>etwt•PJI (;re>1t an1l Little Crnnberry _ ... : 

A f ancborag:e iu Littlt• Cranlier1·y Island Harbor: 

1 Ea~t s.ich· of harbor···--···-·-······· 
2_ Vl'est si1k of harbor ................. _ ..•. 

From t1rn f\aRtwa.lfl ovPr 13aRs Harbor Bar .. 

lD! 
24 
14 

i At. the am·hora-ge in Out.er Harbor................ 27 

At, t.lw anc110rag-e iu Inner Harbor .•..••..... _._·I HI 

Entrance from Blue Hill Bay ... -.....•••...•••.. I 51 
Entrance hy passai:c between Placentia. and the I 

Gott Islands·············---·······-·······-·- i 30 
Channel to westward of Weaver's udge ....... - .I ~o 

• Little shelter, and "rarely u~ed. 

21~ 

26& 

2!!~ 

18~ 

108,\ 

24 

46 

25 

l9 

4~ 

16 

31 

5fi 

29~ 

34 
24 

37 

29 

61 

40 

40 

Feet. Feet. 
77i Cumit Surn~y, 1882. 
421 Do. 

Do. 

Do. 

Do. 
Do. 

J)o • 

15! 2ik no. 
18~ ! , 304 Jln, 

71 19:! J)o. 

8Ut 108'1 CoaKt Survey, 1874. 

3;,;, 
-]~ ! 

10} 

71 ~ 

9~ 

7;} 

13~ 

35~ ! 

14! 

8! 
:12i ' 
5! i 
20~ 

40 

49 

17~ 

44~ 

16 

28 

20! 

2! 
12~ 

18l 

4t 

51i 

60! 

28l 

fi5l 

27! 

39! 

Do. 
no. 
])o. 

J)o. 

Du. 
Do. 

Coast. Sur..-ey, 1871. 

Do. 
Do. 

Do. 

Do. 
Do. 
Do. 
Do. 

Do. 

Do. 

Do. 
Do. 

Do. 
Do. 

Do. 

Do. 
:n1 CoaM, Sur..-ey, 1874 

1~1 Do. 
231 Do. 
19! Do. 
15l Do. 

Do. 

Dn. 
Do. 
Do. 
Do. 
Do. 

Do. 

Do. 
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Table of depths, A tlrrntfo C'o1rnt-Conti11ue11. 

-----~·- - ------

l\.lcan. 

Low Ilic:h Low lli.d1 
'' ater. water. water. water. 1 

ll1111' Hill Jlay aml trilrnt:nit>A Chnnnf'ls: Feet. Feet. 
~4 

Feet. Feet, 
1. J;ntr::mcr ovc·r J3ai'.t-< Ilarhm· Bar ..... 

•) l·:ntrancf• h<·tWH'll tl11• (iott l~l:md~ and 

Black J slall<l 

3. )J;ii11 Channd frnm t>ashv:ntl ht'tWt·eu tl11~ 

Grl'ell I~lamls arnl Lou;: Ishlrn1 

4. l-faiu Ch.rnnf'l from w1·:;:;.tw;11·d 11~ tw1·(·Il 

Lou;..: nrnl.Johu'~l~lands .......... ------ 11..J. 
ft. Jla!oll'mgf' l~l'twP~)n ,Jolm·~ arnl :-;,Ta~ b1awls. CO 

Throug-h )Jai11 Chaund from WP~tw:-rnl and 

hPtWPf'll nnrut Cont I:-<lmul fllltl The 

Sistt·r~ ....................... . 

7. 1'111'011.~h Main Cliaund from westwan1 aiHl 
lwtwPet1 Tlw SiRter~ and CrClw I:-l:md. _.. !HI 

J>asf<H~~)· hf·tW('('U Tlw SiP.tf'r~ :!l 

9. J>:ui.sagn ht'tv"t'Pn Til:u·k 1111<1 Plnc(·1.1tia 

Jsluntls . . . . . . . . . . . . . . . . . . . . . . . . . . :rn 

From the w~stwanl l1~· tlu• Pa~~ag•_. lwhvt•eu -:\lar

sball's I~la.1111 and hle au ILm1: 
1. 'l'o t>ashvard of ~poon l~lamig .. _ .. - .....•.. 

2. To Wt'i::.twartl of Spoon l~1nncls ... _. ______ _ 

"From off north t·ml of ~l:lrsl1~11r~ I~laIHl to ::\a~-

GG 

kea~ Point .... __ .......... _.----- ......... _.... 48 

Through bet Wl~('ll Gn_·eu autl rond I:slarnlt'! into 

We.tern Chatlllel of HltH' Ilill lla~· .. . . . . :lo 
Up t,llc bn:v to:XorthcnHtor Crm1h("rry-Marsh Point 81 
From ahrP:u.;t of Craul1c-r1 ,\·-~lan~h Point, throud1 

'Vt'Edern or ]3.}ue Jlill Channel, to Ht·rrirn:ln·t-i 

J>oint . _____ ..... _ . . . . . . . . . . . . ... - . . . . . . . ~~ 

Fmrn alneastof Cranlwrry-Ma1 ~h l'oiut, thro11~lt 
Eastcn1 or Al;.iiu Chflnnd, 1o lkniman'R Poiut. 108 

'l'hro11gh Rasf('Tn Chan1w1 np to llopki11s1 I)oint. 168 
'fhrongh En~h·rn C'lwnnt•] up to Dog--fi:1h I 1oint . _ 15G 

Fl'om nhrcal'lt 111' lif'rrinrnn'1' J>oiut to Nitrn.uci· to 
Tnrn~T-Iill Tlarhor ................................. 'i5 

l"'rom nl>rt•a8t of llollliirn'I· Point to Southwl·st : 

Poinf,(N"ewlmry Neck) ......•••••...••.... ·-·-·· 81 
l'~rom nbrn1st. of IJnpkim;,' Jloi11t to Hip.Ji llcacl 

{enirau('e t<1 U11ion J{h"l·r Hny) .......... _ ... _... 114 

J<'rom uhrenst of Dog-fi1-1b Point to t•utrnnc(~ to 

'Vestel'n Bay (lwtweeIJ Oak l)oiut nrnl Bartlett's 

I•fallll) ........................ ········-··-· .. . 
Throni!h Bartlett·, Narwws to Wt>steru Bay 

(Trenton Ith-er) ........................................ . 
Throng:b pmumgu ht'twcwn Ilurtl•·lt's an{l llar<l-

WOOll I.lnn<ls ............ ···--··---···········-
At aucLorap:l~ in l~il-h'M Cove (Ontrr t.ong: I81ant1) 
At anchorage in.Deep Cove (Out<.•r Long: Island) 

At anchorage in JJunt's Harlwr (Outer Long lio0l- 1 

nnll) ...............•.. ······-······-·-··-····-·· 
At rurnborolle in MankPr<'l Covt' (Burnt-Cont) ..... 
.At. An<'lmrap:e iu GoOl'Ot~ CuY(~ (Mount. Desert) 

At anchorage in Seal Cove (Mount Desert) .•••••• 

.At anehorago in Derrick's Ba~·-··--··-···---····. 
At .cmchorv_g1J nn ont:iforo side of Mouse Islaml ... ~ 

.At nnchorag" in Allen's Co-ve ................... . 
At anchornge In Pretty.Marsh IIarbor ........... . 
Ji. t 1111ebornge in Seal Co\·e (B111tlett's Is!o.lld) .•.•• 

8-1 

42 

156 
3-0 

36 

21 
16 

14 

19 

25t 
22t 

11 
13 

21 

94 

l~! 

70 

46 

40 

57 

40 

91 

118 

178 

l!lG 

fiJ 

1~4 

94 

52 

30} 
25 
2l 

29 
3i.! 
32! 

21 

23 

32 

113! 

41/; 

20?t 
lo! 
13! 

18! 

24!1 i 

211 

lOi 
121 
20i 

24l Co:tRt Survt•y1 1874. 

40~ 

Do. 

Do. 

Do. 

!Jo. 

75~ Const SmTt'.\·, H76-'i7. 
7;,~ Do. 

mi 

911 

3li 

no. 

llo, 

}Jo. 

Do. 

llo. 
Jlo, 

Do. 

1Jo. 

J10. 

Do. 

Do, 

Do. 

Do. 
llo, 

l>o. 

llo. 
Do. 

CoaNt Snrvey, 1872-'i.t 

'. Con.st tiUt'V<'j, 1874, 
!lo . 
Do. 

Do . 

llo. 
Do. 
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Table of depths, Atlantic Coast-Continued. 

MAINE. 

/ Least ~~:;i:~hanneL -r -- ------
1 ----------· --···--1 
' ' ! Mean. I Spring tides. 

I - . I Places. Limit• between which depths are given. Authorities. 

i Low High : Low Hi"h I 
------ _ _ _ __ j wate~ water. -=-~~e~ i_w_a_t'_er_-!_ __ _ .. • ·-·-

At auehohtµe~ in We~tetn B1ty: ! Fut Feet. Fut. / Fut. J Blne Hill Bay and tr!butaries

Continoed. 

l'ase&gt'S eonnectJng Penobeeot 

an<lB!neHil!Baye: (withhar-
bora adjacent). 

L Between Oak Point and Alley's Island .... ·\ 27 371 26! I 371 ' Coa•t S~rvey, 1874. 

~.In Goose Cove (West Trenton).... :.·:·:·:.·!' 7 17! 6! t' 17i II Do. 
3. In Clarke's Cove ... _ .. _ . .. . 11 211 10! 211 Do. 

4: Eastern side of Green Island. 8 18! 71- I 18i j Do. 
At anchorage in Blue Hill Harbor: I 

L In Outer Ilarbor...... .. ... _. __ . _ 33 43 '32! . 43! Do. 

2. In Inner Harbor 17 27 16! 27i i Do 

At anchorage in Deep Cove (Upper Long Island). 30 40 29! 401 1· Do: 
In entrance to 1\kHeard's Cove.................. 13 22 12lt 22! Coast Snrve.v, 1876-'77 

In entrance to Morgan's Bay: 

!. Between Conary's Point and Conary's Nub. 2:1 32 22!i 32! I Do. 
2. Betm·en Conary's Nnband the.Tedislands* 36 45 3!\t 451 I Do. 

3. Between Newbury Neck and the Jell Isl· I 
arnfa (over bar') 

Up the bay to anehorag~. off the Carrying-Place .. 
At anchorage in the bay ...... ___ .,_ ..... -· ...... 
At anchorage in "The Nook" (Newbury Neck) 
In entrance to Union River Bay ......... .. 
Up the bay to Union rnver .......... . 

16 

l~ 

24-:10 

30 

96 

36 
ln entrance to Union River ..... __ .... _... 19 

On Sawdnst Bar,! Union River .......... __ 

IJ p the river to Ellsworth after cros•ing bar ... - . . 1 i 
At anchorage in Patten's Bay _ .......... - .. 18 

Eggemoggin Reach: 

1. Passage from Blue Hill Bay, by Main Chan-
nel, between Calf and Mahoney'• I81ands 
and up to Channel Rock .. . .. .. ••••.• . 

2. Between Mahoney's and Smnttyno•e ..... . 

3. lip the Reach t-0 Benjamin River ....... .. 
4. From Benjamin River toEastPenobocotBay 
5. At anchorage in Naskeag Harbor, entering 

from the eastward ..................... .. 
At anchorage in N askeag Harbor, entering 

from the Reach ........................ .. 

7. ln entrance to Southea..t Harbor ......... .. 

8. In entrance t-0 Green law's Cove, south of 
White Islan<l .......................... .. 

9, In entrance to Greenlaw's Cove, north of 
White Island ..... _ .................... .. 

10. At anchorage in Gray's Cove ............. . 
11. At anchorAge in Babaon's Cove .•• -....... -
, 12. At anchorage in Northwest Cove ......... . 
13. At anchorage in Centre Harbor ........... . 
14. In entrance to Benjamin River ..•.......... 

15. At anchorage in Benjamin River .......... . 
16. At anchorage in St&ve Island Cove ........ . 
17. At anchoral>!e in Billings' Cove ............ . 
IS. In entrance to "The Punch-Bowl"..... . .. 

10. At anchomge in "The Ponch-Bowl" ...•.. 
!W. Paaaage between Pumpkin Island and 

30 

27 

37 
54 

19 

11 

37? 

28! 

30 

2 

11 

15 

11 

19f 
19l-50 

10 

19 

8 

Little Deer Ioland. .. .. .. ... .. • .. . • .. .. .. 17 

21. In entrance to Buck's Harbor by the East. 

25 

25 

33-39 

39 

105 

45 

2S 

11 

10i 
27 

ao 
36 

46 
63 

28 

20 

46l 

37! 

39 

11 

20 
24 
20 

28i 
28!-5!1 

19 

28 
17 

12 

15i 25f 
15t 25t 

2~!-29! 33!-391 

29! 39! 

9fit 1051 

35t 45! 
!Si 

l! 
l 

171: 

281 

11i 
111 
27! 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Do. 

89t Do. 

36! Do. 
461 llo. 
63i co ... t 8nrvey, 1874. 

18! 28! .coast Survey, 1876-'77. 

10} 20f Vo. 

37 471 Do. 

2& Sst llo. 

29t 39i 

li 11! 
1QS 201 

Hi 24! 
lOf 201 
ll!t 2llt 

181-411! 291-591 
DI 19t 

18! 28i 
7Jr 171 

2i 12t 

Do. 

Do. 

Do. 

Do. 
Do. 

Do. 

Do. 
CoRllt Surve-y, 11174. 

Do. 
Do. 
Do. 

lilt 2Gt Coaet Survey, 18711-'74 

ernl'assage............ .................. 6 15f 5i 15! Coast Samy, 1874. 
22. ln entrance to Buck's Harbor by the W eet-

ern P&88age.................. ...... ...... 5 l'i 4l l'f Do. 

23. At the anchorage under Harbor Ielaod.. . . . 24 33i 2St llBt Do. 
• ll&uy ledpa and roek1. t B&r fOrmed by depoeit of ilabll and eawduat from the mllla at Ellsworth. 
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Table of depths, Atlantic Coast-Continued. 

I Least water in channel. 
i I 

I Mean. '. Spring tides. I 
l~o-:-·-;~g;:-i ~:---Iligh [ 

Place a. Limits between which depths are given. .Antlloriti{•y 

1 water. water. · water. wa.Wr. ! 
i 

I 
Passages connecting Penobscot Eggemoggin Rench-Continued. Feet. Feet. Feet. Feet. 

und Blue Hill Bays:. (with 
harbors adjacent). 

24. Eastern Channel over Torry's lslnnd Bar: i 
By Eastern Slue . . . .... - .. - . - -· - · -· · · · · i 15 

17 

24 
26 

24% , Cuast Survey 1876-'i7 
By Western Slue ........................ i 

At anchorage in Southeast Harbor (Deer Isle): 
I. Off Ocennville ______ ---- __ ·--- ... -·- _. __ .... 

2. Off Wnnen Point ................... . 
3. In Inner Harbor . . . . . . .................. . 
4. Inner Harbor oJfWhitmore's Neck ...... . 

I 
I 18 

25 

191 
13 

5. Passage through to "Deep Hole" .......... ' tit 
6. In "Deep Hole"-------·................... 102 

At anchorage in Pickering's Cove .••............. · 14 
At ancbornge in Fraser's Co\"e. ____ _ _ __ _ 16 

At anchorage in Western Cove (Stinson'a Neck). 7 

At anchorage in Conary'a Cove (Stinson'• Neck).. 9 

Casco Passage: 
1. Through from Blue Bill Bay to Eggemog- i 

gin Reach ................................ 1 21 

2. From Blue Hill Bay to Deer Island Thor· 1 

onghfare ................................. j 21 
3. From Blue Hill Bay to Merchants' Row .... 1 21 

York Narrows: Passage through ................. i 36 

Across from Burnt-Coat Island to Deer Island ' 
Thoroughfare. .. . . . . . . . . . . . . . . . .. . .. . . .. .. .. . . i 

Across from Burnt-Coat Island to Merchants' Row : 
At anchorage in Buckle's Island Harbor ........ .. 
At anchorage in SPal Corn (Burnt-Coat) .. . 
.At anchorage in Toothaker s Cove .............. . 
At anchorage in Burnt-Coat Barbor ............ . 
At anchorage between Burnt-Coat and Harbor I 

A !':!:r~~~ b~~~e~ -H~~b~~ ~d -~~~~ I~l~~d~ ·I 
Through Deer Island Thoroughfare: j 

1. By the South Channel, hetw~en Crotch Isl- i 
and and Crotch Island Ledge ............ f 

2. Through Indian Nnrrows, Jwtween Crotch I 
Island LOO ge and Moose Island ......... . 

At anchorage in Webb's Cove ................. .. 
At anchorage oil' Green's Landing .............. .. 
At anchorage in Mill Cove (Crotch I.lruid) ...... : 

I 
At anchorage in Allen's Cove (Moose Island) ..•. 

1

1 

Through Saddle-Back Pnseage: 
' l. From entrance to Devil's Island ..... · ... -.. j 

2. From Devil's Island to George's Head . - .. ' 

8. From off George's Head to llark Island l 
Light-house ......... - ................... . 

Through Merchants' B<>w: 

1. North of Mark Island .................... .. 
2. South ofMaI.k Island····-· .............. .. 

At anchorage in Burnt Ial:md Harbor: 
1. Coming from the en:.twnrd .............. - -. 
2. Coming from the westward • • • .. • . .. ..... . 
3. On bar eepa.ratillg East and W eat Anchor· 

ages ................................... . 

1

1 At mehorage in Merchants' Harbor •...••..•..•. 
In Scl'llilQ' .Ialand Pauage ...................... .. 
ID JIMllll8 between Hardwood and Herolumtli" 

. Illhmcla ............... : ........ ~ ....... , ....... . 
B.EL29-li .. 

27 
52 

10 

14 

19 

25 

23 

21 

15 

8-14 

20 

4 

4 

15 

:14 

8 

16 

72 

26i Do. 

27 

34 

281 
22 

17! 

24! 
18f 
12t 

27! Do. 
34i Do. 
29 Do. 
221 Do. 

15! 5i 
Ill I 1011 

23 13! 

25 15! 

16 6i 
18 st 

30 20! 30i 

30 20! 30! 
30! i 

451 

30 20! 

45 85! 

36 

61 

19 

23 
28 
34 

32 

ao 

16 

17-23 

29 

13 

13 

57 
:l3 

64i 
63 

24 

33 

17 

25 
81 

26} 361 
&Ii 611 

9t l!li 
13! 23i 
18! 28i 
24! 341 

22! 321 
20! 301 

14! I 241 

I 
Gi I 161 

7i-13! 117t-231 
191 I 291 
8! 13t 

3i I 131 

47i I 57i 

. 231 1· 331 

33t I " 
54! 65! 
5.11 63i 

7i 17i 

15; 251 
71l ; 81! 

Do. 

Do. 
Do. 
Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Do. 

Do. 

Do. 
Do. 

Do. 

Do. 

Do. 

Coast Survey, 1877. 

Do. 

Do. 

Do. 

Do. 
no. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Do. 

Do. 
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Table of deptlts, Atlantic Coast-Continued . 

.MAINE. 

Le11st-;ai::-1n =:;;f-
Menn. ! Spring tidea. 

r1aeee. Limits between wbloh depth• are given. Anthorltle<i. 
I . , i 

I 
l~i~i~ ~· 

____________ 

1 

_ -----1w:::·,w::~·:w;:· w:::·i--- --------

' ' PaaeageoconneetingPenobscot Anchorage on western side of Mercbants' lsland.i 13 22 121 22i ! Cooat Survey, im. 
"nd :Blue Hill :Ba,\ o: (with Passage into Deer ls!Jtnd Thoroughfare or Mer- : I 
bubora adjacent). chants' Row between Isle au Hant and The Fog i 

l&hinds: 

h!" au Hant (Hatboro) . 

EAST PENOBSCOT B.A. Y 
(Channel•). 

EAST PENOB8COT BAY 
(BQtbol'8 •nd A•cborageo). 

l. To eBStward of Spoon Islands ............. i 00 

2. Between the Spoon Islands ................ i 116 

3. To westward of Spoon Islands ............. 1 66 

' Passage between Bnrnt-Coat Island and Long i 
Island: ! 

1. North of Sist<'r Islands. .. .. .. .. . . . .. . . . ... 
1 

36 

2. SouthofSisterlslands ................... , 42 

PMsage between Burnt.Coat and Marshall's Islands, 54 
..At anchorage in Head Harbor* .................... ! 12 

..lt anch>rago in Duck Harbor ................... i 10 

At anchorage in Moore's Horbor ................. \ 21-39 

At anchorages In Isle au Hant Thoroughfare: I 

1. Belowtbebar.............................. 30 

2. On the bllT ............ ....... .•.•.. ... ... 15 

3. Off the settlement...... . .. . .. .. .. . .. . . .. . .. 33 

At anchorage in Marsh Cove . . .. . . . . .. . . . .. . .. .. . 12 

Passage from eastwa11l. between Isle an Haut and 
the Fox Islands to Engle IRiand: 

I. EaatofSaddle-BackLedge ................ 75 

2. West of~addle-Back Ledge................ 75 
Passage from westward between Seal IsL·md and 

Three· Fathom Ledge to E&gle 'Island .......... ·I 
Paesage from westward between Matinicus and I 

Wooden llall Islands to Saddle-Back Ledge ... ,, 
: P&811Sge from westw11r<l between Matinicus and I 
I Tho Fox .Islands................. . ............ .. 
! Up the bay from abreast of Eagle Island Light- ! 
' honee to Capo Roeier : 

1. Through Main Channel • .. . . .... _ ...... . 
2. Between E:>gle and Bald Islands ......... . 
3. Between Beach and Spruce-Rend Islands .. 

From nbreaat of Cape Rosier to month of Penob-
ocot River ..................................... ! 

A. t anchorage in Southweat Cove (Seal I..land) . _ / 
At anchorage in Western Bight (Seal Island) ... _. [ 

A.t anchorage in Shag Roost (S..al Island) ...... - . ·I 
At anchorage in Frenchman'• Cove (Wood~n Ball 

Island) ......................................... 1 
At anchorage in Matinicus Harbor (Matinicus) ... / 
At anchorap:e in Old Cove (Mo.tiniens) ........... I 
At anchorage in Condon's Cove (Matinicus) ...... 

1
: 

Entering frorn the eastward, to anchorage in Ma- ' 
tln!cuo Road• ................................. . 

To anchorage in MaNh Cove (l!.agged hland) .. . 
To anchorage in Camp Cove (Raggf'd Island) .•.• 
To anchorage In Indian Creek (Vinal Haven) .... 

75 

108 

96 

69 

30 

15 

811 

6 
21 

17 

8 

21 

H 

8 

To anchorage in Roberts' Harbor (Vinal Haven).. 15 

To anchorage in .Arey's Cove (Vinal Haven)...... 8 
: Jn elltrancc t.> Seal Bay (Vinal Haven): 
I l. Between Din.ft' ilead aud Heu hlllnda.... • . a 

I i. Betwll('Jl Hen Islands and Long Ialand.... ll7r 

.l.Uachorai:e In Seal U..y.. .. .. • . . .. . .. . . . .. . I lll-08 
• Dan18?1)1111 la -tb•rly wlade. 

IHI 

74 

74 

45 

51 

63 

20l 
lSi 

30-48 

39 

24 

42 

21 

l!llf 
74t 

74! 

S5i I •Gt 
4ti I 51! 

63i I Gal 
111 2lt 

Di I llli 
20i-38J 130H8i 

2Di 89f 
14i 24i 

321' 421 

lli 211 

Do. 
Do. 
Do. 

Do. 

Do. 
Do. 
Do. 
Do. 
Do. 

Do. 
Do. 
Do. 
Do. 

831 
83! 

74j 

74! 
Mt Const Survey, 1889. 

1166 107i 

1041 951 

5li 4lj 

381 291 
231 14i 

47i B8i 

29i 20f 
22i 13i 

16i 7i 
lilt 6 
241 14 

17i 7 

84i Do. 

117i 

lost 

75i 
50 

7tij 

80i 
23i 
17i 
17 
2~ 

It 

Coaat Survey, 1860-'llS. 

Coe.at Snney, 1"8-'._ 
'611. 

Do. 

Coaat Survey, 1873-'Tf. 
Do. 
Do. 

Cooet survey, 1871. 

I 
CtJaat Survey, 1!!00-'CIS. 

Do. 
Do. 

Do. 
Do. 
Do. 
Do. 

Do. 
Do. 

Do. 
Com Survey, 1870. 

Do. 
Do. 
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Pl&eeL 

EAST PENOBSCOT BAY 
(Harbors and Anchoragea)
Continuod. 

Table of depths, Atlantic Coast-Continued. 

MAINE. 

J Least water in channel. 

Limits between whloh depths are given. 
\ ~:.--rSpring tides. 

Authorltlee, 

I Low I High ! Low High 
water. water. i water. water. 

i i , __________________ --·---·---·--- ------------

At anchorage in Smith's Cove .................. . 
To anchorage in Smith's Cove (Vinal Haven) ..... , 
To anchorage in Deep Co'Ve (Vinal Haven). _____ _! 
To anchorage in Winter Harbor (Vinal Haven) ... ; 
At anchorage in Winter Harbor (Vinal Haven). 
At anchora1Ze under Fifield'• Point (Deer Isle) 
At anchorage in Burnt Cove (Deer Isle) ...... . 
.At anchorage in Crockett's Cove (Deer Isle) ... . 
At anchorage in Southwest Harbor (Deer isle) . 
To anchorage in Sylvester1s Cove .......•......... 

To anchorage in Carver's Cove (eastern end of 

Fox Islands Thoroughfare) ..•••................ , 
At anchomge in Jriullen'• Covo (North Haven 

Ful. 
D 

8 

31 

15 
25 

22l 
9 

10 
21 

13 

16 

Wand)......................................... 9 

At anchorage in Hog Isfand Cove (nuder Oak ! 

Hill, North Haven) .......................... ···: 24 

Over the bar between "The Porcupineb" and ' 

Eagle Islnnd .......... - - -· ---- ---- - - ······ ... ·· ·i 
At the anchorage between Burnt Island nnd Oak ' 

I Hill ............. ······ .•..................••.•.. : 
1 At anchorage under south shore of Butter Ielaud.: 

At ancherage In Northwest Harbor (Deer Isle) .. l 
At anchorage in N orthweat Slue (under Carney's I 

Island) ..... --------·····-···· -----·-······----! 
, To anchorage between Eaton's and P!okering i 
: Islands (enteting from eastward) ........•.•••.. 1 

, At the anchorage ............................ ·····1 
At the anchorage in Billings' :Marsh Cove ....... . 

' At the nnchorage under Birch Island ............. , 
: At the anchorage under Pond Island ........... -i 
, At the anchorage in Weir Cove (Cape Rosier). -·-I 
'. At the anchorage in Horse-Shoe Cove (Cape Rosier) 
· At the anchorage in Orcutt's Harbor ............ ·I 

At the ruichorag<> in Orr's Cove ................... 1 

' Entering Holbrook's Cove: 

1

1 

1. By the South channel • ................... . 
2. By the North channel.. ...•................ 

At anllhorag" ln Holbrook's Cove .•••........•••• ! 
At anchorage In Bounty Cove (Islesboro') ....... ·i 
At anchorage in Sabbath-Day Cove (Islesboro') ··l 
At anchorage in Coombs' Cove (Ialeaboro') · -- · · · · 1 

At anchorage in Pa.rker'a 'Cove (laleeboro') •••••• 

Bagaduoe River: I 
:Entering Caat!ne Harbor, from Dloe'a Head to , 

anebora.ge oft' the town ............•.....•.. \ 
Up the river to the Middle Ground ........... i 
Channel west of Middle Ground ...•.......... : 
Channel east of .Middle Ground ....••. -•. -•. - i 
Up the river to Trott'a Ledge ............... .I 

13 

19 

18 

13f 

14 

llli 
37 

7i 
18 
30 

8 

llli 
21 
24 

20 
33 

21-M 

11 

11 

18 

8 

42 
39 
66 

22 

30 
42 l4ain Channel &0uth of Trott'& Ledge .• ·. - . · -i 

Clu!.nnel north of the led~ ..•............•.. · l 111 

To anch01"&g>i off North C98tlne ........•..... : BO 
Up the river to The Narrows................. 27 
A.tanehorage in H&tch'a Cove .............. . 
lha$ering Smith'• C<Jve,t from H1111pital labmd: 

FuL 

18! 
l7i 
40l 

241 
34t 
31! 

17i 

18i 
29f 
2lf i 

18i 

211 

27! 

261 
22i 

Ful. 
8 

7 

30 

14 
24 

2lf 

Si 
9) 

201 
12i 

15 

8 

12f 

18i 

17i 

12! 

131 

28i 191 
41! 32f 

30i-43i 20i-33i 
20i lot 
20i lOt 

25l 15i 
17t 7t 

Fut. 
19 

18 

41 

25 

35 

32 

181 
191 
31Ji 
22i 

26 

Coaat Survey, 1871. 
Do. 

Do. 
Do. 
Do. 

Cout Surve;r, 187b, 
Do. 
Do. 
Do. 

Do. 

Coaat Survey, 1868. 

19 Do. 

33t Coast Survey, 1873-Ii. 

23 

48' 

COIU!t Snrvl'y, 187.>. 

()oMt, Snrvey, 1878--'R 

De. 
Coast Survey, 1876. 

Do. 

17 I Coast Snrv.,y, 1875. 

27i De. 
311f j Coaot Survey, 1873-'TI 

17! : Coast Survey, 1874. 

29i i Do. 
30! 

1

1 Do. 
33! - Do. 

2IJt I Coast Survey, 1815. 

42i ' Do. 
80l-43t 1J, Coast Survey, 18711. 

21 , Coaot Survey, 1871. 

21 Do. 
26 Do. 
18 Do. 

5lt 
48f 
75f 
31! 

Biii 
5lt 
28i 
391 
36! 
lot 

Cout 8o1'Vfly, 1871-
Do. 

Do. 

Do. 
Do. 
Do. 
Do. 

Do. 
Do. 
Du. 

to Sheep Ialaod ..••..•.....•.... , • . . . •••••• 22 Sli 21t 81! 

• Daaprou&; many ledges. t Sometlmee called Llnnenoe'• Bay. 
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Places. 

EM;T P.EKOBSCOT E.A.Y 
(Uarhors and .Anchorages)

Coutinucd. 

Penobscot Ri-..er ............ . 

Table of depths, Atlantic Coast-Continued. 

MAINE. 

Least water in channel. I 
--

.Mean. ! Spring tidee. I 
Limits between which depths ure given. .Authorities. 

i Low : High 1

1 

Low I High , 
: water. water. water. I water. I -------------1--·--1--1----1 ____ _ 

At anchornge in Smith's CoTc: I Feet. I Feet. Feet. i Feet. [ 
L Outer anchorage . . . . . . . . . . . . . . . . . . . .22§ 3li I 22 1 3-~1 Coast Survey. 1873. 

2. Upper anchorage (aho"<c 8herp Island) .... 16--~91 j_2_5_~~-Ei 1·. ~~§-~9 1 25}-2.Qi' ~:: 
At anchorag£' in 'Vadsworth's Co•e - - - -- - - -- - . - - I , 

At anchorage in Stock ton Ilar!Jor . . . . . . . . . . . . . 14-19! : . . . . . . . Do. 

From abreast of :Fort Point hy lllain Channel to , 
Ilucksport ..................................... 1 

1 
At anchorag-e in Fort Point CoYo. - -... -..... - . - . 

Throui:h Eastern Channel (behind Whitmore's 
Island) to Iluc ks port ............... · · .. · · · ·. ·. i 

At anchoruge off Backs port . - - - - - . - - - - - . - .. - - - -I 
At Bucksport wharves ........................... ; 
Up river from off nucksport to Winterport ..... i 
At anchorage off Winterport ......... ··········· i 
At Wintcrpmt wharves .••..................... --1 
Upriver from off Winterport toCrosby'sNarrows. \ 
From Crosby's Nat'l'OWB to Bangor ................ I 
At anchorage below the bri<lge - . - .... · · · · · · ·. - . i 

""2-i 31!i 
16 25j 

12 2lt 
75 84l 

12-18 211-271 

21 34! 
27 40l 

12-18 251-31l 
21 341 
14 27f 
17 30f 

23j 34 Coast Survey, 1871-'73. 

151 251 Coast Survey, 1873. 

Ut 22 Do. 

74! 85 Do. 

11§--171 22-28 Do. 
20 35f Do. 
26 411 Do. 

11-17 261-32! Do. 

I 20 25j Do. 
13 28! Do. 
16 311 Do. 

WEST PEXOBSCOT EA Y From eastward, by Main Channel, to abreast of I 
(.Approaches and Channels). Owl's Head ................... ·•••·· ···•·· ...... 1 

Fi·om eastwaTd, by pa8eage between Seal Ieln.nd 1 

and Malcolm'sLedges ............•.•••.•....•.. l 
From eastward, by passage between Malcolm's / 

Ledges and Wooden Ilall Island ..•.•. · ......... 

1

1 

From eastward between Wooden Ball Island and 
I 

Matinicus .............. · · • • · • • · • • · • • · · · • ·······I 
From westward by Main Channel, between Mati- j 

nicus and the Green Islands .................... I 

Passage between the Green Islands ............•.. I 
Passage between the Green Islands and Metinlo . 
PMSage north of :Metinic (Two· Bush Channel) ... 

Through Muscle Ridge Channel and Owl's Head 
'.Bay to Owl's Head ............................ .. 

Through Fisherman's Island Passage from .Mus· 

51 

48 

45 

66 

66 

44 
145 

60 

30 

c!e Ridge Channel . . . . . .. . . . . . . . . . . . . . . . . . . . . . . 26 

Up the bay from abreast of Owl's Head to Turtle 
Head (Islesboro') . . .• . . . . . .. . . .. . .. . .. . .. . .•• . .. 66 

From abreast of Turtle Head to entrance to Pe-
nobscot niver (Fort Point) .................... . 

Through the :Middle Passage into East PenobBCOt 
Bay ......................................... . 

.Across the hay from Two.Bush Channel to Fox 

Islands Thoroughfare ..... ·-········ ......... .. 
Across the bay from Owl's Head to Fox Islands 

Thoroughfare ................................ . 
WEST PENOBSCOT BAY .At anchorage in MatinieuB Roads ...........••. 

(Harbort< and Anchorages). At anchorage in Wheeler's Bay ..••........•.... 
At anchora,,..., in Raeklilf's Ilay .................. . 
At anchorage in Seal Harbor . . . . . . . ............ . 

In rntranee to W ea'keag River ................... . 
At anchorage otl' Dyer's Point ................... . 
Up Wcekoog rh·er to South Thoma~ton .......... . 

.At anchorage in Home Hal'l>0r . . . • . . . •.•••..•... 
At anchornge in }"alse Whitehead Harbor ...... . 
To aneho1 age in Dix Island Harbor: 

45 

138 

621 

15-27 

111 
15 

24 

101 
116 

• 
10 

591 sot 

56i 47i 576 

53t 441 

741 65i 

741 65i 
52'1 431 

5Ja 44; 

681 59i 

39! 29l 

35i 251 

1sa 65j '76 

6ij 441 

1471 lil7i 

436 331 441 

611 Sit I 6ll 
231-25f U!-26i , 24t-36l 

28i l!ij ' 29 

24! 14} 25 

B3i 23i 34 

19! 10 2ot 
20i 11 2lt 

Dt 0 tot 
B3i 23t u 
191 ot 20 

Coast Survey, ~·os. 

Do. 

Do. 

Do. 

Do. 
Do. 
Do. 
Do. 

Coast Survey, 1866-'67. 

Do. 

Coast Survey, 1871. 

Do. 

Do. 

Do. 

Do. 
Coaat SurTey, 186fl.·'ll8 
Coaat Surrey, 1867. 

Do. 

Coast Sarvey, 1873. 
Do. 

Cout Suney, 1867. 
Do. 

1 East<'m Pn•1<1g-e . • .. . • . . • • • . • . . 8 llij 8i: 18 Do. 
2. W <•skrn 1 'RR•ai;c .. . .. . . . • . . .. . . . . 191 2d! 19 29i I Do. 

• AJ, bM' near Odom's L•'<lge. 1 Gtt>atest depth in channel (abreast of FiehenDBJ1'• Ialarul) 408 feet. 



 

UNITED STATES COAST AND GEODETIC SURVEY. 

Place•. 

WEST PE'.":OBSCOT BAY 
(Ilnrbor• and Ancbomg .. s)

Continued. 

Table of depths, Atlantic Coast-Continued. 

MAINE. 

Least water in channel. 

I 
Limit. between ~hlch depth• arf' given. I Mean. ! Spring tides. 

i 
I--

Low I Hig:h ,-T.-ow--1-H-~~· 
, water. ' water. i water. 1 water. 

·--·- ··-. . I I --- -------- -----
i 

At the anchorag'' in Dix Island Ilarbor ......... -i 
At the anchorage untler Ash Island·-·--· ... ····i 
At tbc anchorage off Dodge's Point (Owl's Head I 

Bay ....................................... , 

In entranre to Can-e_r's Ha_rbor ....... - . - ......... I 
At the anclioragf' off tbP. Tlllage ............•..... 

1 

At tht' anehorogr in Sand Cu'\"e ....... --- ........ . 

At the anchorage in D ... p Cow (Green Island) .. . 
Throu~h F"x ~slaml l:each to Ilurricane Sound . i 
.Atancboragt:" m Quan<lary Cove .••.•.••......... 

1 

At ancbor3ge ~n Union Cove• ..................... . 

At nuchorage m Old Ilarbor...... . . . .. ..... . 
• Tbrou;;h Ilnrricaue Souucl to Lail ey's Narrow•. · 
In entrance to Tht> Ilasin: 

Fut. 
24 

15 

33 

27 

7 

24 
15 
14 

7 

8! 

1. Through paEZrmg-e south of Barton Island .. i -~ 

2. Through paRRagc north of narton Island ... i 3 

At the anchorn;!'P in Th~ na•in ................. 122-1!1 

Through Ha:1·ie~ne_R .. und to Leadbetter s Narrowsl
1 

66 
Through La1rey s .!\arrows t-0 tlrn bay . .. . . . . . . . . . 36 

: Through Lradbettcr's Narrows to the bay .. - ..... i '24 

Totheanrhoragein Long-Corn ................... 
1 

13 
In fntrance to Crocke1t's Cove ..... _ ............ · l 30 

Attheancli-0ra;i:e ............................... 1 11 
In entrance to Fox JHlands Thorou:;?:hfare ........ i 52 

At anchorage in coYe south of Brown's Head ..... j 10 

At anchorage in Wooster's Cove .................. ! 15 
Entering Rockland Harbor : I 

1. NorthofSonthLedge ..................... I 22 

2. South of South J,edg-e ...................... I 31 

At the ancl:orage off Croeke.lt's Point . -..... - ... ·I 191 
At. the ancboro.ge off Atlantic Point .••••..•...•. -1 21 
At the anchorage in Droad Cove .. _ ...... _. ___ ._ .. ! 21 

At the anchoraj!e in Deep Cove ................... J 18 

A :.~;l anc~~~~~~- ~n. ~~ -~~~· .(~":'_~~. ~~.~~:·I 21 
Over the bar between Ram Island and Brewster's 

In~~::.~~-~ t~·Ro~~~~t ~~~i,~;:::::::::::: ::::::1· ~ 
At the anchorage o1f the town .. _... .. • . .. . . . .. . .. 27 

At the anchorage in Bartlett's Barbor (North Ha- . 

ven) ...................................... ··--·I 13 

At the anchorage in North Har.hor (North Ilaven)I 22 
In entrance to Camden Harbor: 

1. Through Northeast Cb&nnel .•••....... - • . . IDt 

2. Between Inner '1nd Outer Ledges .•. _ •..•.. I 22 

3. Through Main Channel ••••••..... - ... -- .. · I 28 
4. To anchorage In Sherman's Cove ......... " I 17 
5. Over Negro Island Bar ..................... ; 

Attbe anthorage off" Easton'• Point Wharf ....... \ 15 
At the anchorage in Inner Harbor, oft' Camden .•• I 1 
In entrance to Gllke:v 'a Harbor: I 

1. :Bet- Job'~ and Seven Hundred A.ore I 
Island ................................... ! 55 

2. Through M'mot'a lforrows ...... _ .......... 
1

: 8 

F"t. F"t. 
33! 231 
24! 1411 

42! 32! 
36! 26 

10~ 6 

16~ 6 

3:li 23 

24t 14 
2311 13 

16t 6 

181 8 

Pon 80 

9 -l!r 

I 12! 2 
'31i-J20j 21-110 

I 
75! I 65 

. 4511 I 35 

1333123 

i 221 I 12 
1391'29 
1201110 

I 

31t 

40i 
29 

22i 
Mt 
361 

221 
a1t 

311 

871 

261 
13l 

24i 
lOf 

Ml 
17t 

51 

9 

21 

30 

181 
20 

20 

17 

20 

12 
511 
26 

12 

21 

I. By tho )lain Entrance from the nort.hward 
1 

under Grindel'• Point ......... , ..... - -.. : ~ 151 
• Dllngol'Oll8 ll-feet l'Ollk -ly ln mld.(lbannol. 

FMt. 

34 

25 

4J 

37 

17 

17 

34 

25 
24 

17 

rn 
91 

IO 

rn 
32-12! 

76 

46 

34 

21 
40 

21 
62 

20 
25 

32 

41 

29f 
31 
31 

28 

31 

23 
70 

37 

23 

32 

29f 
321 
38f 
27i 
H 

25i 
lli . 
615i 
1st 

Ill 

149 

Coast. Survey. 1867. 

Do. 

Do. 

Co:ist Survey. 1870. 
Do. 
Do. 
Do. 

Coast Surveiy, 1869. 
Do . 

Do. 

Coast Surrey. 1870. 

Coa.st Runey, 1869. 

Do. 

Do. 

Do. 

Do. 
Do. 

Do. 

Do. 
Do 
Do. 

CoAst Survf>.y, 1R68. 

Do. 
Coast Survey, 1871. 

Coast Surr~y. l~. 
Do. 
Do. 
Do. 

Const Surrey, 1~71 

Do. 

Do. 

Do. 

Coa•t Survey, 1865. 
Do. 

Coast Survey, 1871. 

Do. 

Coast Survey, 1865. 

Do. 
Do. 
Do. 
Do. 

Do. 
Do. 

Coaat Survey, 18'71. 
Do. 

Do. 



 

150 UNITED STATES OOAST AND GEODETlO SURVEY. 

Places. 

Table of depth~, Atlantic Coast-Continued. 

MAINE. 

Llrnlte between whkh dept he are given. 

Least water in channel. 

~-~f spring tide•. 

Low . Hiirh Low ! Hiirh 
1. water. ' water. water. •

1 
water. 

.Authoriti ... 

- -- ---- ------ -:---1-- -----~~

Feet. II Feet. ' Feet. ;_ Feet. 
WEST PENOBSCOT IlA Y 

(Harhor• l\nd Anchornge•)
Continued. 

Paeeageo eonn<'Cting Enet. and 

West. Penobocot Bays: (with 
anchorages therein). 

TT p the harbor from Minot's Isfand to Spruce 

Island----· 
. At anchorage in Ames' Cove .................... . 
: At anchorage in Cradle Corn . . . . . . . . . . . . . ...... : 

.At anchora~(· in cove east of Thrumbcap .. - . - .. -

.At anchorage off Spruce Island .................. -, 
At anchorage in month of Broad Cove ............ ; 

' At anchorage lwtween Spruce aml Warren's Isl- ! 
ands·-----· ............ -----· ----- --·--- -----·l 

i At anchom~'.e under Spruce Head (Duck Trap I 
· Harbor)........... .... . ......•............. 

1 
At anchoragp,abreast of nTheBeach" (Lincolnville)~ 

: At anchorage in Crow Co·rn (Son th Tule•horo') ... 1 

At anchorage in Saturday Co'"e ............ · · .... I 
At· anchorage in Seal Ilarbor (Xorth Islesboro'). ··1 
At- anchorage east of Seal Island .............. . 
Throuitb Hog Island Narrows .... -..... _ . . . . . .. . , 

At anchora!!• in 'l'urtl<' Cove Harbor -... - -....... ·I 
.At ancbora!!e in l'prague 's Cove ................. . 

To ancbornge in Jklfast llay, belo\v the t-Own. ····I 
Up the bay to Patterson's Point ................. · 1 

At the ancborag<' off the town .................... !I 
To thi- anchorage off the town ................... . 
To the lower bridge ............................ .. 
To the upper bridge ............................. . 
At anchornire in Searsport Ha1 bor _ ............. . 
At anchorage in Long Cove ................... _ .. . 
At anchorage abreast of Mack's Point ........... . 
Fox Islan<ls Thoroughfare: 

I. In 'Vestern Entrance ..................... . 
2. In Eastern Entrance ...................... . 

From eastward through the Thoroughfare to I 

'Vidow's Island : ' 
I. North of Channel Rock ................... ·I 

2. South of Channel Rock . . .. . .. . . • . . . . . .. • "r' 
From abreast of Widow's Island to Iron Point .. 
From abreast of Iron Point to Young's Point ...•. 
From abreast of Young's Point to West Penob-

scot Bay: 
1. Between Brown's Heiwl and the Sngar-

Loavee .................................. . 
2. West of the Sugar-Loavlll! ................ . 

Throngh Little Thoroughfare t.o abreast of Calder-
wood'& Point ................................... . 

At anchorage in Carver's Cove ................... . 
A.t ancho~e in Kent's Cove ..................... . 
At anchorage in Waterman's Cove ............... . 
At anchorage oft' North Haven village .......... .. 
At anchorage under Zeke's Point ................ . 
At anchorage abreMt of Hopkins' Point ......... . 
At anchorage in Perry's Cove ................... .. 
At anchorage in mouth of Mill River ............ . 

I 
At anchorage In Seal Cove ....................... . 
In entr.lll<le to Southern H..rbor .................. . 
At anchorage abreast of Dnmplinir Islands ••••••• 

I At anchorage aboveLohllter Island ............... , 

! ! 
36 45i 35! 46i ' Coa•t Sune;-, ll!Tl. 

9 18i Bl 19i Do . 
11 201 lOi 21 i Do . 

32 

11 

3li 
33 

14 

21 
34 

33 

30 

22! 
8 

191 
16 

17 

13 

8 

15 
27 

68i 
63 

46 

43j 
42 

19i 

31j 
33 

18 
16 

9-14 

8 

21 

28 
25 

lll 
14 
1~ 

38 

llJi 
1-l 

161 II! 17t Do . 
41! 
20! 

I:'! 

41i 

42f 

231 

30f 

4H 
42~ 

Bili 
32 

17! 

291 
251 

261 

22! 

181 
lli 
17i 

24! 
36j 

681 
721 

41! 
421 

t271 
251 

ISf-231 
171 

301 
87l 

84t 
211 

231 
191-451 

'51 
2Dj 

231 

31t 

lOt 

7i 

31i 
32! 
l3i 
20! 
33l 
321 

291 
22 

71 
181 
151 
Ill! 
12! 

8i 
li 
7l 

141 
26i 

58 

621 

31 

32i 

17l 

151 
8i-13l 

42i Do. 

21i llo. 

18i 

42 

43i 
24t 
Bit 
44 
43 

40 

321 

lfli 
30 
26i 

27i 
23i 
lDi 
121 
18l 
251 
37j 

681 
731 

411 
48i 

2S1 
20i 

19i-24l 
181 
Bli 
38l 

Do. 

Coast Sut"Tey, IAA5. 
Do. 

CoMt Survey. 1871. 

CoMt Survey, 186fi. 

Coast Survey, 1871. 
Do. 

Do. 
Coast Survey, 1872. 

Do. 
Do. 
Do. 
llo. 
Do. 
Do. 
Do. 

Coaet Surny, 1871. 

Do. 
Do. 

Coaet Sun'e7, l!!M. 

Do. 

Do. 
Do. 

Do. 
Do. 

Do. 
Do. 

Do. 
Do. 
Do. 
Do. 

Do. 
Do. 

24i llGl Do. 

Do. 
Do. 
Do. 

11 211 

lBl 241 
9t-35i ~ 

35l 
19 

1Bi 

461 Do. 

211 Do 
241 Do. 

•Between Grindstone and Iron Point Ledge&. Elaowhere not 1- than eeven fathom._ tDu.-, 



 

Plaee1. 

UNITED STATES COAST AND GEODETIC SURVEY. 

Table of deptM, Atlantic Coag~ontinued. 

MAIN.ll:. 

Limlta between wbleb depth• ore itven. 

i
! 

Least water in channel 

I 
Mean. j Spring tides. 

-Low Hi~-;; I ~:;-r-;~~ i 

wa.ter. wa.ter. !i water. I watf..r. 
1-- ------·~---

151 

.latborttl .. 1. 

Pa•sages connecting East and / Fox Islands Thoroughfare: 
1 

Feet Feet . Feet II Fut 

West Penobscot Be.ya: with j At anchorage in month of Ames' Creek. ' !0
11

. 4191 ~ 3
9
1
; 

11 

;o
1
i ' Coast Survey, 1<!03. 

anchorages therein. ! .At a,ncboragc DOrth of Cral.itree Point Ledge.,· ., 'I" • ... ~ Do. 

At anchorage in rove south of Brown's Head . •10 10: Iii 201 Do. 
At anchorage •outb of Stand-in Point _ .... _ .. 1 •16 24l 141 ! 251 Do. 

Pwtaage between Eagleund North Haven lEtlanUs: 

Through to the north ward of Spoon Ledge . . 40i 40 

28 

60 CoAat 8111·vey, 1173-'74 
'£hrongh to the soutbwa1 d of Spoon Ledge_ . _ l?St 
Between Oak and llurnt Islan<ls _ ......... ___ . 36 

Paa.age between Beach and Spruce Head Islands: 

Through to the eastwud of Colt's Head ... ___ i 86 
Between Colt's Head and Mark Island._.. · 69 

Clark1a CoYe (near Tennant'• 
Barbor). 

, Passage between Hog and llcacb l•lands: 
: Tbsougb from the aouthw,.rd ..... . 

Through from E1:gemoggin neach __ .. __ ... ___ : 

Northern Pa8f-oge: I 
Through betw1>0n Cape llo•ierand Pond Island.\ 

Outside Passngo between Vinal Ha-,.en and Outly- ! 
iug lsl!'ts : I 

1. Entering between Sheep and c .. rvt1r'• Islands, 

2. Be~~=~ ~~-~~ -1~1~~~ _ ~~~e- ~n-d ~~~~r_·:. I 
I. Between CarYer's lslaLd and Middle Le<\ge1 

4. Betwee11 Middle L•dg~ and Hny Island•- __ -! 
6. From abreast of Carver's Island into West I 

Penobscot Bay ------ ____________ .. - __ .. I 
Ju entrance north of Clark's Island Ledge .. - .. _ , 

Jn entrance south of Clark's Island Ledire- .. - -. _. : 
.A.t the anchorage ...... ------ ............ ___ . ____ ,i 

Long Con (near Tennant'• Jn entrance between Clark'a Island and The i 
Barbor) Spectacle•------ -- -- ---- -- ____ --- _ - ___ - -- -- -- .. 1 

In entrance between The Spectacles and Hiirh i 
Islilnd ... -........... - ------· · -- - .<. -·--·--- --

Jn entrance west of Northern Island. . . . . • . . . -
At anchorage abreaat of The Spectacles: 

1. Ee.st aide ............... _ .......... --- --- . 
2. Westside ................ ------ ..... .. 

At allchorage oft' northwest end o!Clark'a Isl•nd 
.A.t anchorage oft' north end of Clark's Island .... -
At upper anchorage.......... . ....... ___ .... ___ i 

Teunant'e Barbor .••••••••••••• At auchorag<> under Hart'• Nook-----·------- .... 
1 At anchorage olfJ.ower Wharf .........•••.••••••. 

At upper anchorage oft' the .,-illage .•• _ ........... · 1 

Over the bar between Soutbem Island and Hart'a 

M.oequ1toBarbor i Nll<'k ............ ·-·---------------- -------·--
• • • • • • •. In entrance between Mosquito Head and :Mosqnito 

19atnt Geo1 P'• Rtnr (Oka
n<ls). 

Island (Main Channel) ..•..•••....•...•.. - --- - .. 
ln entrance over bar west of Mosquito Island . - •. 

At lower anchorage ..•.....•....... ___ •••.•. --·---
To anchomge in Inner Harbor ............. __ ... .. 
Through paeMge between lifosqui 'o Island and 

'.l'h" Brotbeis to Marshall's Point ____ . 

From abf<'&8t of Ma'nlhe.U'a Point between Hoop. 
er'• Ia~nd e.nd Allen's Ledge .................. . 

Fl'Olll abreut of Karahall's P11lnt, through lier-

116 
68 

114 

62 

86 

411 
39 

SQ 

15 

1t 
ta 

22 
13 

11 

13 

81 
16 

l4 
II 

2 

25i 
D 

21 
9 

«l 
771 

Gli 

Sli 
22t 

20i 
22i 
15! 
25i 
231 
18i 

84t 

ISi 
30i 
Jlij 

ring Gut, to anchorage off South Saint George. . SO 99i 
• Ohatructed by rocka. Not eafe for airtlllgen. 

11 

a~ 

(ii 

38 

21i 
126 

lOi 

121 

6 
151 
13i 

Si 

ll 

Iii Do. 
45i Do. 

•61· ! D ... 
! 

78& ' Do. 

l'l 

40 

25 

26 
21 

17 
24 

a2 
23 

21 
23 

16i 
26 

24 
111 

12 

S5t 
10 

Bl 
19 

u 

Du. 

Do. 

Do. 

Coot Surny, 1161. 

Do. 

Do. 

Do. 

Do. 

Coaat Survey, 11167. 
Do. 
Do. 

Do. 

Do. 
Do. 

Do. 
D ... 

Do. 
Do. 
Do. 
Do. 

Do. 

Do. 

Do. 

Coa&t Snrny, lt!65. 

Do. 

Do. 
Do. 

Do. 

Do. 

Do. 
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Table of depths, .Atlantic Coast-Continued . 

.MAINE, 

--------,------ ----

i Least water in channel. I 

!·------·,-, ------

Places. Limit• between which depths are given. 

Saint George's River (Chan- · At the anchorage off South Saint George 
Dl•ls)-ContimJed. 

Saint George' a River (Harbors 
and Anchorages) 

Over bar at northt·rn end of Hening Gut . _ .... 

Into II erring Gut through Passage hetwee-n Gun-

ning Rocks and Hart's Island ... _ .• _ ....... .. 
Through Middle Channel, between Old Cilley 

Ledge and George's Islands: 

1. North Passage .... _ ............... _ ..... .. 
2. Main Entrance ... _ .. _ ................... .. 

Through between Burnt and Allen Islands to 
abreast of Hooper's Island .... ______ .. _____ .. __ 

Through Davis' Sti-.. its to Hooper's Island ...... . 
Through South Channel (west of George's Islands) 

to north end of Caldwell Island ....... : ......... , 

Through Old Hump Channel to north end of , 

Caldw .. n Island ... . . .. ..................... .. 
Through tlJe We•tern Passage between J<'ranklin 

and Harbor Islands to Caldwell J,Janrl .. _ .. 

Up the river to Howard's Point from abreast of 
south end Hooper's Island (East Channel) ...... 

From abreast north end of Cal<l well Island t.o 
Pleasant Point (West Channel) .......... _ ... .. 

Through The Nan-owe and up to Bradford's Point. 

From abreast of Bradford's Point to Hospital Point 
From Hospital l'oint to Thomstsfon ......... ·. 

.At anchorage in George's Harbor. . . . . . • . • • . . . . . / 
At anchorage between Caldwell and Teal's Islands 

, At anchorage under Hooper's Point .•.•••........ 

i At anchorage in Gay Cove ............... _ ....... . 

At anchorage In Pleasant Point Got ............ .. 
At anchorage in Deep Cove ...................... . 

At inner anchorage in Deep Cove .............. .. 
At anchorage in Turkey Cove .................. .. 
At anchorage in Maple-Juice Cove ............... . 

! At anchorage in Otis' Cove ..•..............•..... 

: At anchorage in Watts' Cove ................... .. 
: At anchorage in Broad Cove .................... . 

MUSCONGUS BAY (Chan- Frnm eastward between Caldwell and Gay Isl· 

nela). ands (Saint George's River) ................... .. 
From eastward through Davis' Straits ........... . 
From eastward south of Old Man Ledge ......... . 
Fl'Om ell8tward between The Old Man and The 

Old Woman .................................. .. 

From eastward between The Old Woman and Al-
len Island ..................................... 1 

Through the bay from abreast of Little Egg Rock I 
to mouth of Mednncook River ................ .. 

Through Old Hump Channel to mouth of Mednn-
cook River .... __ ····--··--- ......... __ ... J 

Through Western Channel from abreast of Perna- ! 
qnid Point to month of Mednnoook River ...... : 

Through the bay to westward of Eastern Egg Rock ! 
and Harbor Islnnd entrance to "Medomak River.' 

, Through Western Channel from abreast of W eat- I 
l ern Egg Rock to mouth of Mlldomak River ....• -1 
J From abreast of Thief Island to entrance to 

i Hookomock ChlUlllel ......................... .. 
•over liar abreaet of "The Ktp." 

Mean. 1 Spring tides. 
------1 -------

Low I High 
water. I water. 

Low High 
water. 

Feet. 
35; 

9 1st 

~:st. Ii F::· 
St 19 

24 33! 231 34 

39 48t 381 49 

48 571 471 58 

48 57. 471 58 

2811 381 28 38i 

60 69! 59! 70 

191 *29i 19 29§ 

60 69J 5911 70 

30 39f 2911 40 

76 85i 75f 86 

66 75f 65f 76 

21 30! I 201 
7 : 16! 61 

25-00 : 34J-75! 1241-&t 
ao i 3911 291 

21-45 i 30!-54i ! 20f-44i 
13 221 121 I 
13 22! 12t ' 

31 

17 
35-76 

40 

31--55 

23 
23 

t21 30f 2ot 31 

7 16i 6l 17 

19 281 ll!l 29 

10-21 19t-00i !ll-201 20-31 
II 18! Bl 19 

7 1611 611 17 

8 17! 7i IS 

60 69* 59! 70 

28t 37! 28 38t 
96 105! 95f 105! 

46 Mi 45f 66 

40 49* 39t 

4D 58j 48l 

20 29' 19' 30 

54 631 53t 

ao 47t ast 

40 48t B9f 

'2 50t 41t 61 
t Dallpl'OUI. Bocks aud blp. 

Authorities. 

Coast Survey,' 1866. 

Do. 

Do. 

Do. 
Do. 

Do. 
Do. 

Do, 

Do, 

Do. 

Coa..t Survey, 1884.. 

Do. 
Do. 

Do. 

Do. 
Do. 
Do. 
Do. 

Do. 
Do. 
Do. 

Do. 
Do. 
Do. 
Do. 

Do. 

Coast Survey, 1865. 
Do. 
Do. 

Do. 

Do. 

Coast Survey, 1868-'67. 

Du. 

Do. 
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Table of depths, Atlantic Coast-Continued. 

MAINE. 

Least water in channel. 

Plaee•. Limits between which depths are given. 
Mean. 1

1 

Spring tides. 
.Authorities. 

I Feet. Feet. i Feet. I Feet. 

--------------- ----------- - - -- -- ------I ;-a~:r.11 ~~i:,I ;:;:,! !r.:.! 
MUSCONGUS BAY (Chan· From eastw:.rd to entrance to Museongus Sound: i I I 

1 

nels)-Continued. I. Between Ross and Haddock Islands . . I 25§ 34 25 34-j Coa•t Survey, 1867-'68. 

2. North of New Harbor Suut..eu Ledges ... ·\ 311 40 I 31 406 Do. 

MUSCONGUS BAY (Harbors 

and Auchorages). 

Tributaries to Muacongua Bay 
(Jdeduncook Biver). 

3. West of N cw Harbor Sunken Led11es . __ . . . 31i 40 I 31 40t Do. 
From westward from abreast of Pemaquid Point I 

to entrance to MWlCongus Sound ..•. _.......... 72 SOi I 711 81 Do. 
• I 

From abreast of Thief Island, over Muacongua i 
Bar, into Muscongna Sound .................... I 6 131 4i 14 Do. 

At anchorage in Monhegan Harbor ............. ·I 33 Ht I 32i 42 Do. 
At tho anchorage between Friendship and Moree 

1 Islands .. _ ........ .. . . . ... .. ... . .. . . .. . . . ..... 18 26t 17i 27i Do. 
! In entrance to Friendship Harbor .... __ .......... 36 «i 1 35l 45 Do. 
' At the anchorai:e otf Jameson's Point............ 22i 31 j 22 3li Do. 
At the anchorage abrea•t of Garrison Island 19j 28 19 28l Do. 
To upper anchorage . . . . . . . .. . . . . . . . . . . . . . . . . . . . Do. 
At upper anchorage . . . . . . . . . . . . . . . . .. · ······ .. I Do. 

3 lli 2i 12 

10 l8l 9i 19 

To lower anchorage in Hatchet Cove . . . . . . . . . . . . Do. 19} 28 19 28i 
To npper anchorage . . . . . . . . . . . . . . .. . . . . . . . . . .. . . . Do. 15 231 14l 24 
At npper anchorage . . . . . . . .................. _ . .. Do. 19l 28 19 28i 
At anchorage between Black and Cedar Islands . . Do. 42 50t 4li 511 

At anchorage between Hall's and Harbor Islands. Do. 22 301 211 31 

At anchorage between Friendship and Cranberry 
Islands ...•.....•...........................•... 

In entrance to :Marsh Harbor: 
1. From eastward between Marsh Island and 

Polin'a Dry Ledges .................. . 
2. Between Pcliu'• South Ledge und Ross 

Island ................................. . 
3. Between Ross and Haddock Islands ..... . 
i. From weatward between Rosa Isl&nd and 

Webber's Ledges .•..............•..... _. 
At anchorage In Marsh Harbor ....... _ .......... . 
Throngh the harbor into .Muscongus Bay north of 

Marsh Island. . . . . . . . • . . . . • . . • . . . . ......... . 
At anehora~ in Long Cove (Pemaquid) .••..••••. 
At anchorage in New Harbor (Pemaqnid) ....... . 
At anchorage in Pumpkin Cove (Pemaqnid) _ .... . 

Io entrance to Meduncook River ...•...........• · 1 

T:::.~ -~~~~ -~~~~-~~~-~~ ~~'.~~~~. ~~ -~~-
Up the river to Crotch Island ..••......••......••. 1 
Through Crotch Island Narrows to Bradford's j 

Point ...............•......•••..............••. I 
From abreast of Bradford's Point to Upper An· , 

chorage ............••••••.................•.... / 
From olf N ortheut Point Reef into Friendship I 

Harlior ....•••.••...........•••........•.•••... 
At anchorage ill Davia' Cove .................... .. 
At uchorage in Horn barn Cove ..•..........•..•. 
To anchorage west of Crotch Ialand t ............ . 
At the anchorage ....••.•••..•..•........•...•. 
To anchorage between Friendship and Ga:rriaen 

Ialanda -.•.•••.••... ····•··•···· .••.•......•.... 
A.t tlleauehorage .......•..•...••..••............. 
At aacb-ge l>etw- Crotch I.eland Led&ea and 

Frleudahlp laJand .••••..••.••....••.•...•...... I 

I9i 28 

~ 55 

43l 52 

25i 34 

42 60i 
21-371 2DH6 

•24 32i 
24 S2i 

10 lSi 
26i 34 
36 46f 

28 87i 
29i 38i 

18 27i 

·8 171 

15 24i 
15 24i 
7 16i 

17 26i 
196 281 

15 lMi 
llO 89t 

19 

46 

43 

25 

Hj 

21Ji-37 

23i 

231 
9j 

25 

36f 

27i 

28t 

171 

7i 

14i 
14i 

6t 
161 
111 

l't 
291 

28i 

551 

62l 

841 

61 

31J...4-0i 

33 
33 
19 

34i 
i6 

18 

25 

Do. 

Do. 

Do. 
Do. 

Do. 
Do. 

Do. 
Do. 

Do. 

Do. 
CO&llt Survey, 186&-'67. 

Do. 

Do. 

Do. 

Do. 

Do. 

25 Do. 
17 Do. 

27 Do. 
29t Do. 

25 Do. 

40 Do. 

15 2fl Ht 25 Do. 

• C?ooked an4 nanow.-Unobaliruoted eh&anel with 12 feet. t No P8lll&p IOll~ of Crotch Ial&D4. 
S.Ex.29-20 
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Ta/Jlc of dcptlls1 Atlmitic Coast-Continued. 

MAINE. 

I Lea8t water in channel. 

l---·-----i------
1 .. Men~-1 Spring tideio. Plu<"e•. l,imils bet.ween wl1ich ilepths are given. Authoritie•. 

f Low High Low High 

, ................. ~ ..... &, , .. .,=~ '° ." .... : : ...... , ...... ~~~f; ·; ·; -~ ~~.,.~,~:~ 
1Medomuk llivPr). ' Up river to Fit·st Di~ide ....................... ·1 33 4ti 32l 4~ Do. 

'. Through FI~·ing Pa.~~agc to ,f oueR' Point. __ .... - . 27 35i 26l 36 Do. 

Throu~h Hungry I.sland Nar-ron·s to Jmt:k River 
' Cove ............................... 1 21 

' Thr~ngh Ba.ck River Cov<' to Jtm1•s' l'oiut ....... · I 21 
Up Ale<lumak lliver from Jone;,' I'oi11t to The . 

NarruW:i ·-·--······-···-·····--····-·· -·-····-· I 30 
Through Tho Narrows............ .... . .. . ... . 27 
],1'0m Tl1eNarrowstvliol1iR1 J>ojnt ..•••..••.•.• 1 

From allreast of Ilollio' I'oiut t.o lloff•e'ij Point .•. ' 
}""rom abrpast of lloffH•·'K Point to Wa1dolmro1 

•••. 1 

In entran"" to lledomak Riv<'r hy Hockomock 
1 

Cl1annel ...................................... 1, 
Through Hoc.komock Clrnnuel to Junes' Point .... ! 
T~rough Low~J' ~ru:1·ow~, :i-om Musc>ongns Sound [ 

mto Hockomock Vbanml ..................... 
1 

'l'hrough Keen<~'8 Yarrowij ..•...... _ ··--·· ..... · 1 

Pi:::!; ~~~·~et~~l. ~~~-~1~~1~~-~~. ~)--~\:~t~ -~1:~. ~~~~l·e·r~~~ 
Passal(e lletween Dutch Neck and Havenner'• 

DryLedgol ................................... . 

To anchorage in Delano's Coye ................•.. 

9 

Bi 
2 

13 
(*) 

15 

13 

10 
At the anchorage . . . . . . . . . . . . . . . . . . . .. . .. .. .. .. . . 21 

At t.be anchorage in Back River Coye . ..... .... . 19t-46i 

In entranctdo Broad Cove.............. . . . . . . . . 24 
A.t anchorage in cove, abreast of Johnson's Islan1I.I 39 
A.tinner anchorage ....................... · .... i 10 
From Broad Cove into Easteru llmnch . . ....... I 15 
To lower anchorage in Eaatern Branch . . . . . . . . . . / 10 

, .At the anchora_!(e ............................... J 14 
Trilmtariea to M nscon~s Bay In entranco to 'Muacongus Sound . . . . . . . . ... _ J 72 

1Mnscongu• ~onll<I). Up the sound to allreast of Round Pond Harbor .. : 461 

From allreast of ltound Pond entrance to Mu&con- I 
gns Harbor . . . . • . . . . . . . . . .. . . . .. . . .. .. . .. .. . I 22t 

j 2.'>i Through Eaatern Channel to Lower Narrows. 

Tb•ongb Lower Narrow• to Medomak River. 
Through Weatern Cbrumel to Greenlanil Cove 

I ia 
i 

. 1 12 

1 
At anchorage in Browu•1:1 Cov-o._ ••.•.••••......•.. \ 24 

i At anchot·age in Round Pon<l Harbor ...••.•.•...• 
1 

11-14 
At anchorage in Mnocongus Ilarllor .............. [ 9 

· At anchorage in Greenland Go•·e .................. I' 13 

: Over Mukoongue Bar to Medomak Ri1'er .. .. . .. 5 

John's Jlay am\ River ......... ' In ontrllllce t-0 bay...... . •••• . . . . . . . • . . . . . . . . . . . . lii6 
: Up the bay to John's lsblnd: i 

l. From the t.•astwnrtl ...•.......... _ •.•...•.. / 

2. From St'awar.l............ .. . . . .......... ·I 
3. From seaward W<"St of Pewaquld Ledge .... 1 

45 

51 
78 

381 29t 
356 26t 
17j 8! 
17 8 

1011 ! l! 

52 43 

35t 26t 

2Jt 121 
(*) 

2311 Ht 

211 121 

18t 9t 
29t 20i 

28-55 1M6 

321 23t 

47i 88i 
18t 91 

211! 1411 
181 ill 
22t 13t 
Rot 7lt 
5;; 46 

31 
94 26 

216 12i 

206 llt I 
82i 23i 

19i-22t 10i-13i 
171 8i 
21j 12j 

13l q 
164l lMt 

: Up tho l>ny from abreast. of John'• ls!Mld to eo- I 
· trance to Pemn.quid Harbor: i 

1-.EastofJolm'~Mund ...............•...... / 4!1j 58 49 

2. West of Johns Island .....•......•••. ······1 57 05t Ml 
lo ont11•nce to J oho 'a River . . . . . • . . . • . . . . • • . . • • . 00 Gilt 69t 
Up tho tiver to Clarke's Point ................... ., 21 291 l!OI 

• BIU'e before low water. t lllmy ledge. and !OOU. 

30 

30 

39 

36 

18 

17l 
11 

526 
36 

22 

86 

24 

22 

19 
30 

28i-55t 
33 

4R 
19 

24 

19 

23 
81 

Ml 

Bil 

341 
22 
21 
33 

20-23 
18 

22 
H 

165 

64 

60 

87 

58i .. 
G9 
80 

Do. 

Do. 

Do. 

Do. 
Do. 
Do. 
Do 

llo. 
Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Do. 
Vo. 

Do. 
Do. 
Do. 

Do. 

Do. 

Do. 
Coaat Survey, 18117-'68. 

Do. 

Do. 
Do. 

Do. 

Do . 

Do. 
Do. 
Do. 
Do. 
Do. 

De. 

Coast Survey, 11111'1. 

Do. 
Do. 

Do. 
Do. 
Do. 

Do. 
Dangerou. 
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Table of dcptlis, Atlantic Ooast-Continue<l. 

MAU\E. 

----------..,-------------· --------- - -----

Places. Limits betwl'lm which <kptha aro given. 

------------------------ I 

John'• Bay lllld River-Cont'd I Thron;!l1 "Thn•;l!l of Lifo" Narrows: 
I !. Between Crow am! Ifay Islands . 
/ 2. Betwrcll Ilay and Jlird1 fal:mds ..... 
I In cntranco to P1·maquid Harbor 
i At. anehoragfl _. __ ... _ ....•••..•. 

I 
In mouth of Pemaquitl Rivpr . . . . . .......... . 
To lower anchorage in the river ................. . 
To aucl.torage off Coombs' CuvA .............. _ 

In ant.ranee to McFarling's Cov~ 

Through Narrows between Da\"is' and Ituther-
ford's Islands ................................ . 

At northern anchoragtt in oove ................. . 

At Bouthem anchorage ...•.•.................. 
In entrance to Robinson's Co\"c ............. . 
At lower anchora~u in COV"e •••••••••••••.••••.•• 

To uppcrancborage ·--·····--·- ..... . 
At upper anchorage .. 
In entrance to W Mt,crn Rrnncb ...... . 
To anchurage in W cstcrn Jlmnch .............. . 
In entrance to Fm;te.r's Cove 
At anchorage under Poster's Island .............. . 

Daruaifocotta River (Channels). In Main Entrance ; 

D'llDariscotta Rh tr (Harbors 
"'1d Anchorages) 

I. }'rom tho eastward ...............•........ 
2. From tho westward ...................... . 

In entrance thmugh Inner Heron Island Channd 
In entrancetbron~h \Vhit"' Island Pass1ge ...... , 

In mtrance hctwren Da.misco'<'e and Outer Heron 
Island ......................................... · 

In entrance betwcl"n Damiscove and Fisherman's 

Island............................... .. . ..... 
In entrant'e thronf!h Fi•hermnn's blaud Channel 
Up the river to Fa.mum's Point 
From Farnum'e Point. to The Narrows ........... . 

Through The Narrows 
From The Narrows to !I iller'e Island 
Through l.Jetwcen Miller's and Carlisle Islands ... 

From Miller's !Rlao<l to Merry Islaud ....•.. 

From abreast of Merry Island to '•The Ledges" 
From The Lt'dgc.s to P~rkins' Point ........... . 
From off Perkins' Point to Newcastle .......... . 
In entrance to Little River ..........•........... 
At twltern anchorage (rmder Tiood'e Ialand) ..... 
'.l'o upper Anchorage . . . . . . . . . . . . • • . . . . .. 

I At upper anchoragtt . . . . . ............. . 
In entrance to Christma.s CoYe 
At the outer anchorage ... 
To the Inner anchor.ige 
At tho Inner anchoral!e ... 
At anchorage in F;,trnum's Cove .• 
At.anoborage in Jont·s' Uovc ..... 
At anchorage off flod;:;dl>n'• Mills ...........•.. 
At anchonge In Meadow CoYe ...... . 
Ataxaehorage lu Dack Narrows ................ . 
.At anel.ol'aj(e In Se.1 I Cove . . . . . . .............•... 

At anchorajte in Long Cove 
At f'IM!t.erll anehorage in Clarke's Co\"e ...•....•.. 
At western anchorage in Clarke's Cove ......•.•.. 
A.tanehorage in Pleasant Cove .•...... ,. ....... . 

Loast wotor in channel. 

Mean. i Spring ti<leB. 
I 

Low 
water. 

Feet. 

42 

48 
18-37 

21 
21 

9 

32 

19! 

25! 

21 

40 

17 

12 

I3 
15 

10 
16 

21 

57 
78 
54 

60 

78 

30 

31i 

341 
42 

3Ij 

42 
51 

39 

36 

141 
JO 

18 

7 

9 
18 

551 
36 

17 

21 

8 

9 

24 

24 

24 
l:i--21 

15 
u 
'¥1 

14-17 

____ , __ _ 
i 

Iligh I Low 
water. I water. 

- ;ee•. I Fut. 

50/, I 41! 
15i 6§: 

56! I 47! 

26j-45/, '1· 17!-36. 

29lt I 201 
296 '1 2Qi 
17. 8! 

40! 31/, 

28 19 
34 25 

29i 201 

481 Bili 

2'>t 161 
20\ Ill 

21 ! 12i 
231 14§ 

18! 111 
24i 151 

291 20i 

861 7711 

38i 29! 
40 31 

43 34 

501 411 
40 31 

50t 41! 
591 50l 
47j 381 

446 351 
23 H 

llli 9! 
261 17i 

15i 6i 
17l 8j 

:• j ~· 
:: I ~~ 

I :!j ~ 
I 

17i Si 
321 I 231 

a2• I 231 
I 32i I 23t I 
i 23i-211i 1'i-20i 

1

23iju1i 
32i I 23i I 

I :ri:!.. 1;:6i 

Hi2h 
water. 

Feet. 

51 
16 

57 

27-46 

30 

30 

18 

41 

28l 
34h 

30 

49 
26 

21 

22 

24 

19 

25 

30 

66 
87 

63 
69 

87 

39 

40! 

43! 
5l 

40i 
51 

60 

48 

45 

231 
19 

27 
16 

18 

27 

64i 
45 

26 

30 
I7 
18 

33 
33 

33 
24--30 
2( 

33 
36 

~6 

153 

.Authoritie•. 

Coast 8urn•s, lb67. 

Do. 
Du. 

Du. 

Do. 
Do. 

Do. 

Do. 

Do. 
Do. 

Do. 

Do. 

Do. 
Do. 

Do. 

Do. 

Do. 
Do 

Do. 

Coa•t liurvey. 1860. 
Do. 
Do. 
Do. 

Do. 

Do. 

Do. 
Do. 
Do. 

Do. 
Do. 
Do. 

Do. 

Do. 
Coast Surrny, 1860-'66. 

Coast Survey, I 866. 
Coast Survey, 1860. 

Do. 

Do. 
Do. 

Do. 
Do. 

Do. 
Do. 

Do. 

Do. 

Do. 

Do. 
Do. 
Do. 

Do. 
Coast Survey, 1866. 

Do. 
Do. 
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I 

Table of depths, Atlantic Ooast.-Oontinued. 

MAINE. 

Limito between which depths ure gi~en. 

Len.et water in channel. I 
Me:n. l Spring tid~i 

! Low High 1--;.:-;igb I 
Authorltieo. 

""·-----------·--~:-----· 

1 water. water. I wakr. water. i 
__ I _____ !_ 

Fut. Feet. , Fut. Feel. I 
l>amarlscotta Rh·er (Ilari.oro · At anchorage iu Wadsworth's Corn 

and Anchorages)-Contiu"d. Jn month of Salt-Marsh Cove. 
J3 
14 

21 i I 12!: 2'J i Coast Surrny, IBM. 

22§ I 131 23 I Do. 

Booth Bay and tribntu·ies. 

Sbeepaeot Ri..-<'r and trlbn· 
tariea. 

At anchorage in Mears' !light 
At anchora_!!e iu Fitch's Oov-e_ 

To aoc11oragc in FitL:. 's Cove. 

21 

13 
Wt I 201 ao I Do. 

~ll! I 121 22 

1

1 Do. 
11 IDi I Oj 20 Do. 

, At anchorage off N cwcastle ... 13-21 21 ~29! 12!:-201 22-30 Do. 
lBi I 9l 19 J Do. : To the ancbord.ge _.... . . . . . . . ..... - : 

In entrance through Fi•hennnn's Island Channel.! 
Channel between Damisrovo und Fi.hcrman's : 

Island ................................ . 

10 

3li 

30 

66 

66 

40 31 

38t 29t 

40i I Coast Survey, 1880. 

89 Do. 

Channel t•ast of Squirrel Island. - ... - ..... - .. - .. j 
Channel we•t of Squirrel Island . . · · .... · · · · · · 1' 

From Squirrel Island, by main channel, to Mc. , 
Kown'fl. Point......................... I 

Throu,gh channel west of Ilumt Island. 
Channel into Line kiu 'a Bay. . . . . . . . . . . . .. .... ! 
Channel between the Cuckolds and Cape Islan<l. . 1 

.At anchoragA in Da.miecove Harbor .............. . 

At anchorage in Squirrel Cove .................. . 
At anchorage in Pig Cove ..................... .. 

At anrhorage between Burnt and Yonse Islands .. 

At anchorage in Card's Cove ................... ··I 
In entrance to Linekin 's Bay: 

1. Through Main Channel ................... ·I 
2. Between Spruce Point and Spruce Point 

Ledges .................................. . 
Up Linekin's Bay to Cabbage Island ............ . 
Through ehann<'l west of Cabbage Islanf\ ....... . 

Up the bay to anchorage at its head ............. . 

At anchorage abreast of Fish· Hawk Itiland ...... . 

30 

39 

96 
39 

11 
39 

27 

ilO 

39 

96 

39 

5i 

36 

21 

27 

741 65i 
74t 65f 

75 I 
75 

381 29l 
471 38t 

104l 951 
47t 38t 
191 tot 
47i 38i 

!l5f 261 
38t 29l 

47i 38J 

1041 951 105l 

471 381 
621 5-11 

«t ll5l 
29! 261 
33t 26t 

At anchorage in Lewis' Cove . ... . . . .• . . ... ... . • .. 21 291 20l 
At lower anchorage under north shore of Line-

kin's Point ........... .. ........ .......... ... .•. 45 531 44l Mi 
At anchorage in Eastern Harbor oft' Town's End. 19t-28t 28-37 19-28 2Sf-37t 
At anchorage in Mill Crook. .. . 9 17t Si l!!i 
At anchorage in Campbdl's Creek . . .. • • . .. . • . •• 21 20i 201 301 

At anchorage in West~m Ilarbor .... . . .......... 22 30j 211 31i 
Through Town's Entl Ont to Sheepsoot Ri..-er . • . . 21 2Pl 20i 301 
Up rl..-er to abreast of Jewett'• Cove ............ • 1 

From abreaot of J ewett's Cove to Cro"" River ... . 

From olf Croos IUver to Tbo Narrows .......... , 
' Throngh The Narrows .......................... 1 

•75 831 741 84i 
66 741 651 75j 

51 62t 53t 1131 
00 681 59i &Ii 

At ancborag<" in Wisca..,.,t Bay off Wisll888et . 28-33 ~It i 27t-a21 37i-42l 
A.t anchorage in Griffith's Cove .............. . 9 171 Si 181 
At a.nohoraire between Griffith 'a Read and Onter 

Do. 
Do. 

Do. 

Do. 
Do. 
Do. 

Do. 
Do. 

Do. 
Do. 
Do. 

Do. 

Do. 
Do. 

Do. 

Do. 
Do. 
Do. 

Do. 
Do. 
Do. 
Do. 

Do. 
Do. 

Coast Snrvey, 1858-'60. 
Do. 
Do. 
Do. 
Do. 

Coast Survey, 18416. 

Head .• ...... ...... ...... ............ ... ..... 12 201 11i 21t Do. 
A.t anchorage in Cape Harbor . .. .. . .. .. .. .. . rn 211 121 22t Do. 
At auchorag<' in mouth of Chrl•tma.• Con> 33 41! 32t 42t Cout SnTVt'y, lsel>. 
In southern entrance to H6mlrl.-k's Harbor 251 341 25 86 Coaet Survey, !1'611. 
In northern ent1ance to Hendrick's Har1w1r ..... , 28i 371 28 38 Do. 

A.t anchorage in th• harbor 1 9-16 17f-24t. *'15j
1 

18i-2l>t, Do. 
At anchorage in Herm•n'a Harbor ........... - : ll-4~ ' 211-50!1 l.2l-41t1 22i-51i! Do. 

InentrancetoHerman's llarbor ................. 1 2:\i Mi I 25 85 'CoutSurvey,1880. 
In entrance to Fh·e Islaurl !Iurbor: : 

I Il.r tl1e Northern or lldn ChannA! j Iii 58f GOl 69t eo..t 8arYe7, l&88° 

2. By the Soutb .. ru Pas"'':!" ........... 1 27 351 ] Siil 361 Do. 

•Off Heodrlck'8 Read. ::.lot lelM than 21 fathoma elsewhere on thle llne. 
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p1...,., •. 

Sht>epscot Ri"ter and h·ilmta

rics-Conti1111eil. 

Pasaages oonnecting Sheepacot 
and Kennebec Rivera :-(Sas· 

anoa River) 

Table of deptlis, Atlantio Coast-Continued. 

MAINE. 

Limit<1 between which deptho ere 'liven. Authoriti"8. 

Lea:~ ..-ater 1n_ c~el. ---\ 

Mean. Sp~g ~~~~I 

I Low r~igh- Low l High I 
___ :·_w_a_te_r_.

1 
wat<>r. water. 1 _~_,._ie_r: 1 

___ _ 

Feet. Feet. Feet. · Foet. I 

To anchorage in Fit'~ Islond llarhor ... 
.A~ the anchorage . . . . . . .. . . . • .. . . .......... . 
In t ntran<'e to Little Sheepscot River ... -
Tbr, uµ-h Little Shc:-epscot f.o SaMnoa RiYor ... . 

. In main entrance to Ebenecook Harbor. . . .... . 
I In entranco north of tbH f:reen Islands. 

At anebor•g~ in tbe harbor ........... . 
At a.ncborag~ in f'iHRte.rn cove of harbor. 

At nncborage in mi<ldlc corn of h1t1·1>01· 

At anrl10rage in wc"frru cove of barhor 
Through Ebt Dt'cook Hat boriuto Town's Eml Gut. 

Pa.Rsage b1,tw .... ,·n lloRton Island au<l Tho Spectadt>R 

Paijsage l)f twt~eu The8pt•cf ar·leA and Swe.ct'slsland 
Passa~c betwt·t·n Rwft'lt.'"" aud Rnm l~lands. 

PaF1sagt1 betWt'f'll Saw:"let's untl Sweet.A Islands 
Entranf'.f'I to Back Rh-er hf':tween Sawyer's and 

Bart<lr's J.Jands .. - ........ . 
Through The Narrows and o\'l•r bar int-0 Ba.ck 

28t 

27 

72 

27 

24-54 

10 
JO 

12-30 

19! 
10 

35 

30 

lilt 

191 

River .................................... ······I 8 

Throngh Back River to Cross River ..... -• . -.... I 12! 
! 

At anchorngr, in Jewett's Cove .... -- ...... ······; 10 

At anchorage in Long Cove .................... · l 11 

At anchorage in Tarbox 'e Cove ........ · · - · · · .. · · J 4 
At ancbot'age in Green~eaf's Co't"e ...... - .. - . -- - ... i 5 

In entran~"' to Cross River .... ---- ........... · 1 61! 
Up tbe 1iver to Ov~n·s Mouth................... 27 
Through the Oven's Month .................... \ 16 
At inner anchorage . .. . . . . . • . . . . . . . .. . . . . •• . . . 30-78 

At anchorage in mon1b of Par.ons' Creek.... I 80 

At anchorage off month of Back River .•.•.... · [ 83 
At anchora~e in Rmn Cove . . ....... - .. - . . .. . . \ 8 

At anchorage in Colby'• Cove ..............•. ···1' 15 
.At anchorage In moutb of Merrill'• Cove . . . • . . . . 10 

At anchorage in "The Eddy" .................... I 2( 

In month of Back River (WiscaSBet Ba.y) ........ 30 
Through Goow Rook Passage to Lowe's Point: 

1. North of Wbittnm Island.................. 42 
2. Son•h of Whittum Island............ . . . M 

From Lowe'• Point through Knubble Bay ...... . 
From Willis' Point through Great Hell-Gate .... . 
From abreut of Bare-N rck Rock throttgh Hoek· 

omock :Bay to Hockomook Point . . . •.•.•.••... 

From ahreaet of Hookomook Point to Upper Rell-
Gate .......................................... . 

Tbronl[h Upper Hell-Gate ...................... . 
Brom Upper lJell..Qate to Preble'a Point Bridge .. 
Through the bridge and into the Kennebec ••••••• 
.At anchorage in Brooks' Cove (Goose Rook) .••••• 
At aneborage in Ncwdiok'• Cove ................ . 
At anoborage in Lowe'8 Cove .••....••••••.••...•. 
I:n entrance to Robin Hood'• COTe .•...•.••.••••.• 
At outer auehonrge in oove ••.•••..•...•••••••••.. 
At hmtt anchorage In oove .••.•••..•.••••••••.••. 
.At anoborage ln Rigg'• Cove .•••....••.•..••.•••. 
.At anchorage in .Dark Cove ..................... . 

4ot 
33 

13 

20 

22t 
11 

22t 
15-27 
14-33 

l!l 
4li 

28t 
15 

10 
11 

37i 

381 I 

371 

28 
29i 
28 

261 

711 
2tij 

38 i COlll\I· Snr\"oy, 1800. 
39' i Do. 
38 i Coa.st Survey, 11!67. 

361 ' Do. 

81! i Coast Sur""Y· ISM . 
3tij : Do. 

321-62! 23t-53i 33J-63t Do. 

1!\i : 9j lilt I 

!Sf 91 l9i 

: 20t-:J8i llt-2Dt 2lJ-39t. 
28i 19 2!I 

181 llt 19i 

141 351 45' 
38f 291 39f 
2Si 19 29 

281 19 29 

16! 71 i;i 
2lt 12 22 
181 Di 19l 
17t St 18l 
121 3i lilt 
131 4t 14t 

70l 61 71 
35i 26f 36l 
241 lilt 25t 

~flt 29l-77t 39i-87i 
381 29f 39i 
4lt B2t 42t 
16l 7t 17l 

%3i 141 241 
181 Ill 19l 
32f 23t 33t 
381 29l Z9l 

22 12l 22l 

Do. 
Do. 
Do. 

Do. 
Do. 

Do. 

Do. 

Do. 

Do. 

Do 
Do. 
Do. 

Coaot Snn·ey, 1858-'00. 

Do. 
Do. 

Do. 

Do. 
Coaet Survey, 1806. 

Do. 

Do. 
Coaet Sur .. ey, 1"5S-'IJO. 

Do. 
Do. 
Do . 
Do. 

Cout Snrvoy, 1800, 'ITT 

Coast Survey, 1807. 
Do. 

Dn. 
Do. 

Do 

28l llli 27 
"29 22 29t 
171 lQl 

1 
171 I 

Do. 
Do. 

U.S. Eng!Mera, JAAl 
COMt Snrvey, 1802. 28t 

1:: 
At 
871 
231 
SS 
211 

22 I 29 
141-26,i : Z4f-30t 
13i-Jl2! ! 23f-'2I 

201 I so• 
... Mt 

Cout Snrvey, 1867. 

Do. 
Do. 
Do. 
Dn. 

Do. 
Do • 
Do. 

• Da.ageroue.--y ery •kontt oummte, eepeolall7 on ebb tic1ea. 
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Table of depths, .Atlantic Coast-Continued. 

MAINE. 

---------------------------------------

l'IRr.rs. 

Paesa.,z;es r:onnecting Shecpsoot 

and Kenn~b"" River•:-(Sa. 
8"1101 Rirnr)-Continued. 

Least water In channel. 

Limits between which depths are given. 
M61t11. 

--;::,w I High 
water. I water. 

-Fee!.1--:;.: 
At anchora~~ in Uonn<l Cove..................... 11 20 

At anrhora~e in Tarbox's Cove................... lOl I 27i 
Tbrougll tbtJ B wk-door to Tyler'• Island .. - . . . . . . 10 191 
Thron,l!h tht'Back-cloortoHeal'BMillR. .......... t ! 

j Through th1~ Bnck-<loor into Hockornock Day .. _. 7 ! 
10 

161 

l3i 

221 
Chann!'l nndPr Hubbard's Point t-0 n~al's Mills .. 1 4 I 
At anchorai:e in centre of Bockomock Ba.r . ... . . 43i 52j 

Al. ancborage in mout.h of Hall's Bay ............. 

1

1 13f 

At anchorage in Hockomock Bay south of Phipps' 
Point .....................•..•..•.........••.. 

' To anchorage in mouth of llrooking'• Bay 
At the Hnchora~ ........•................. 
Up lllont.seag Bay lo 'V•stport Bridge ........... . 
Through the bridge and up tu Half-Tide Rock .. . 
Through Baek River, from Half-Tide Rock, to 

Cuwseaga.nNarrowA .•....•...... __ ........ . 

Throngh Cowsttagan Narrows ............... . 

From th<> Narrow• to 'Viscasset Bay ........... . 
In ent.rance to Montscag Creek ........••..••..•.. 
At anchorage off north end of Oak I.land ..... 

25i 341 

lai 226 
l9i 28! 
30 38l 
13 21i 

18 271 
'}!; 36i 
18 27i 

9 ll>ft 
27 80l 

Spring tides. 

Low High 
water. water. 

Ft"!. Fut. 

lfli 20t 
18f 291 
9l 20i 
0 11 

6i 17i 

31 141 
13 23i 
43 53! 

25 35! 
13 23i 
181 29 

29j 301 
121 23 

171 28 

26! 37 

17! 28 

8i llij 

26t 361 

Authorities. 

Coast Survey, 1867. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Do. 
Do. 

Do. 
Do. 

Do. 

Do. 
Do. 
Do. 
Do. 
Do. 

Sheeps(ot Bay . . . . . . . . . At anr.Jrnrai:t• in Stage Island Bay .........•....•. 16 24 156 25 Coast Survey, 1856, '57. 

To anchorag<' in Sai:adaboc Day . . . . . . . . . . ...... . 
Thronli(b betwel'll Salter's l•la.nd and Indian Point 

int-0 Stai:P Iolond Bay ...... _ . . . . .............. . 
Kennebee River (C'hannele)... From eastward to abreast of Pontl IRlaml Light .. 

From seaward along west shore of S(\!,'llin Island 

to Pon<! Island . . . . . • . . . . . . . . . . . .....••...•.. 
F'rom westward alongshore from Casco Bay ...•.. 

From abreast of Pond Island t-0 Huuniwell's Point 
(west of the Sagar-Loaves) ..........•....... 

From ahrel>8tof Pond Islall<l to Hunuiwell's P<tlnt 
(eaHt of the Sugar-L-Oaves).. . . . . . . . . . . . . . . . . . . 

From abreast of Bonniwell'• Point to Parker's 
Head ....•.............•..............•....... 

From abreast of Parker'• Head to Sqnirrd Point. 
From off Sqnirrel Point to Blo1f Be"'l: 

1. East of Ram Island nod Pettis' Rooke ..... 
2. W ""t of Ram Isl:ind and 1 'ettis' I:oeke.. . . 

From Bini!' Head to Fiddler's Reach .••••......•.. 
Through Fiddler's Reach : 

1. East of Lithgow's Rook fMaln Channel) .••. 

2. WestofLtthgow'sRock .•.••..........•... I 
I F;.~a~~~-~f~~~~~~-~~~-~~-~~~~~~-~~.I 
I A.t anchorage oft' Bath .••...••.•.........••.•••••• 

From oft' Bath up river to Telegraph Point .•••••• 

From Telegraph Point through WeBtem Braneh 

6i 

17 

33 

•24 
•24 

Bli 

SH 

Mt 
24 

45 
36 

84 

78 

28l 

40 
3().41 

25 

141 6 15l Do. 

25 161 26 Do. 

H 82* 42 Do. 

32 23i 33 Do. 
32 236 33 Coast Survey, 1856, '57, 

'58. 

89i Bl 4ot Cout Sorvl!y, 1856, '67. 

89i 31 •Ol Do. 

•2t 8' tat Do. 

80l 23i 83 Cout Survey, 1857. 

51 ... 61i Do. 

42 86i 42l Do. 

1111 l!8t llOi Do. 

84 77t 84l Do. 

tau 28 35 Do. 

46 ll9l 46i Do. 
86-47 28t-fOi 80t-47t Do. 

31 241 Bll C.-i Survey, 18M. '5'1, 

'GS. 

to "The Chopt1 "............ . . . . • . . . . . • •• . • • • • • . BO a& 2111 8llt Coaat Sarvey, 18118-'111. 
Throogh Eutem Branoh and Bumt Jacket 

I Channel .•. , .•.••...•.•••••.•• • · . • • • • • . • • • • • • • • 1' :IO J3t 20i Pl. 

I 
Throu1th Baatern Branch by Vain Channel....... 18 M 17t Mt Do. 
Up river from The Chops to Naumkeag Ialand.... 7 12 Ol J2l Oou$ Sdtffy, 18111-'70· 
UpriverfmmNaumkeaglalaudtoPittatonBrldp. l!l 18 19 l8i CoutSuneJ', 111'19. 

• On l'oml ltlland Bar. t ;l>IUlplOU, on t.eeouD$ of Ollrlellt. 
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Table of deptlts, Atlantic Coast-Continued. 

ll.UNE. 

! Least wnte.r in (_·bann~l 

Places. ! Mean. - · 1 :•~:'._":~des.-
' I I i Low ! High Low I High ! water. i water. \ watt-r. j water. 

Limits between which tlepths aru given. 

Ua1ho1~-"':1 Ancho:ge8 10--=-anchorn~~'~::ou~J:ofl1"al'•-~•~tl_v ...•.. ~-~rP~t. -P;;'· -· H~ 1 · ~~i 
At anchorage in Ilunniw1·ll'• Cove 
At anchorage in cntl'ance to A tkinfl' .Bay. 

'I'o an1•horage in Parker's llt~atl Co\'ti 

Through tho Passage between l'erkioK' and lliarr'• 

Islands ... - - - ...•. --- -·-· ---· - - -
In eut.ranc6 to Back River ( A.tT'OWHic) 

Up Back lth·er to Arrowsic Bridge ... 
From the bridge to Hockomo<:k Bay . 

16 

II 

11 

39 

21 

8 

i 

24 

19 

19 

47 ~~I 1 : ...,.. 296 

7i Hi 
-1 6i 

159 

Authorities. 

----··--------

Const Surv(~y, 18li8. 

Coast Survuy, J85r;-'fi7. 

Coast Rurvey, }i-;56 

Const Surn'-'" 1857. 

Do. 

Do. 

Uo. 

' Coast. Hurn:\Y 1 1867. 
Tbton~h Passage west of Goat. lsla11d. _ .. _ _ "'10 16 lit lOl Coast Rurvt·y, 18,j7. 

Coast, from Seguin IRiand to 
Calle Swa!l Point. 

At anchorage in mouth of JJrnmmore Ilay. _ ... _. 36 

Through Drummore Bay ------ -----------· 3 
At anchorage under Lell '• bland [north <'nd of 

_DrummoreBay>----- ........ -- ... . 8 

At anchorage lu Fisher'• Edtly. _. _.. . . . . . . . . . . 14 

In entranctt to Winnegance Ct"L"Uk ___ . - .. -- • . . . .. 9 
At ancbonige 011· th11 Mills...... ... .. ....... ..... 7 

At anchorage in MuNle's Cove...... . . . . . . . . . . . . . 24 

In eotraore to Merryrueeting llay --. - ..... - ..... - 17 
Through the hay to mouth of Androscoggin , 

River ·····················----------------------1 2 
Up the ADdrosooggin to Bay Britlge ............ 1 ll 

Fro": ~e~nebec River through th~ bay to Sen- I 
ter s I omt (mouth of C11thance Rn-erl - -.. -•... 

1 Through the bay to momb of Ahaga.Juseet River., 
Pa&1age alvngshore inside of S.-guin .... _ . . . ... I 
1'11811age betwe<>n S.·i,,'llin and Mile Ledge and up I 

8 

t2 
42 

toCapeSmallPoiot ·-------------------- ------ 84 
Through betwoeu Cape Small Point and Fuller's 

orGlover'slWt:k ........................ ,.... 38 
At 111.nchorage in Seal Cov~.-.. .. . .. . ... . . . . .. . . t 15 

At anchorage in Bald Hea<l Cove . .. . .. . . . . . . . .. §16 
CASCO 1lA Y (Chanuel8) ...... Aci·ose the h11y from Cape Small Point to Half-

way Uock............................ 69 

l!'rom JI.If-Way Rock. to Cape Rli20.heth ___ ..... . 57 

I 
'fhrougb the Outside Channel from Seguin L!l-

laud to Cape Elizabeth ......... _ ........ __ _ 

Through the Inside Passage from Cape Small 
81 

Point to l'ortl&ml ----· ....................... . 1117 
Channel north of Weet Cod Ledge to Portland 

Entran<'e. ....•• . . -- ------ ---
Aeroas West Cod Ledge, bt•tween Tumbe Roek and 

W ""t Cod Ledgto Rock, to Portlund Entrance. I 
A::~:::~~~~-~~-~'.".'~-~~~-~-~~-~~ 
Channel butw., .. n Alden's and Hne anti Cry Rook& 
From a.breutof &Id Head to mouth of New .Mead-

ows River ................................. . 

l>'rom abl"llll•t <>f Saddle-Back Ledge to entranco to 
Quoh(lgBa.y ......••.. --···-···--'·····---- .. 

I 
Thrungh C111wo Bay to t1ntrance to the Gnrnet •... 
F1·01U llhl._t of Cape Sm.JI Pulnt to Entrance to 

I llerleoneag SolUld ..•...•..• ·····--······-··· 
•Over bar between ~·a aud Goat I.W.nda. :Rlaewhere not 1- than 4 fathoms. 
: Dangerous ill &llltberly or -u-t6 rly windlt. 
I Ovl'l' Hog falaud Bu-. Elauwht•l'ti nor. IMa tlal!D 21 feet. 

45 

72 

84 

42 
30 

42 35t 426 Do. 
9 2! Di Do. 

14 7t 14! Do 

20 13i 20i Oo. 

15 8l l!ij Do. 
13 6i 131 Do. 

30 236 3Ui Do. 

23 161 236 Coa•t Survey, 1861. 

8 li 8! Ilo. 

7t Do. 

14 7t 14! Do. 

8 li 81 Do. 
50 41t 51 Coaet Hnn·py, 1Rf.ti}-'fi7, 

1~6i. 

re 8.1i 93 CoaAt. Sur Hy. 1 s.-.a. 1 i-l67 

44 36! 45 Do. 

23 14i 24 Con.Ht 8urvey 1 1R67. 

24 lf•i 25 Do. 

78 68t 78! Coast Sun-e,r, J 8.""l-4. 

86 56f tl6t Do. 

00 sot 001 Do. 

26 16i 261 Do. 

M «t 54i Do. 

M 44i Mt Do. 

81 7ll 8ll Do. 

113 83t 93t Do. 

57 •7t 57i Goa.et Survey, 1866. 

51 4ll fill C08.!lt Survey, 1864. 

39 2llt 39l Do. 

18 53t 83l Coast Survey, ISM. 

t~erb&r. 
~ Dugerou• ID eoutberly winds. 
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Table of depths, .Atla,ntic Coast-Continued. 

MAINE. 

------------------------------~ ·-- ·- --· .. _ --
I.ea.st water in channel, 

1- --------
Mean. I Spring tides. 

i Low [ High Low High 
! water. ! water. water. water. 

Llruitll lietween which depths are given. Plaeee. Authol'itlea. 

Feet. Feet. Feet. Fut. 
CARCO RAY (Cbannel11l-Con· From ahreast of Half· Way Rock, throngb Broad ; 

t!nued. 

CASCO BA. Y (Harbors and 
Anchorages). 

Souml. to Middle Bay ....... ,........ . .. ... ... 66 75 

i Fron> abreast of Cape Elizabeth to Luckse's 
~onntl . __ . _. _____ . ____ . ___ . ____ .... _.......... 5t 

: From abrnast of Cope Elizabeth to Hnssey'e 
Sound .... . . ......... ...... ........ ... . . 54 63 

i From abreast of Cape Elizabeth to Portlund En· ' 

I trance...... .......... ....................... 45 54 
42 '1 Pas•ag" between llfark and Little Mark Islande .. i: 33 

I Passage l>f>twot•n Great aIHl Little Rog Islands ~ 

an<l Peak'• Islam! ............... · · · · · · .... -- · 
1 

19 28' 

Through White Head Passage .................. 1 24 33 

.it uncl!ora:ie iu Wood Island Roacls ............. i 
. At ancborai;e in Tottman's Covo -......... . 

30 39 
H 23 

At outl'r aucbor,.gc in Small Point Harbor ..... . 18 27 

At anc!.01·age iu Inner Small Point Harl>or H 23 

To anchorage in Inmr Small Point Harl>or .... .. 3 12 

At anchorage in Carr)ing-Plact:' Co,~e -...... -·. - . 21 30 

At anchorage in Fi•h-House Co<"e ............... . 19 28 

At anchorage behind Burnt-Coat Island ......... . rnr-21 1 ~st-3o 

At anchorage in Horse IRiand Ilarbor ........... . 19! 28/t 

At ruichorage in Cromw.,ll's Cove ................ . 17 
At ancbornge in Riclley's Cove .................. . 30 39 

At ancborag:e in Hen Cove ........... -- . . .. . . ..•.. 16 2S 

At anchorage under south shore of Yarmouth 

18t 

23i 
2911 
131 

17t 
131 
2t 

2ot 
lilt 

19-26l 
19 

7t 
20f 
151 

751 Coast Survey, 1863. 

631 Coast Survey, 18M. 

&It Do. 

541 Do. 
42i Do. 

28! 
331 
39f 
23i 
27i 
2~ 

12l 

3ot 
28l 

29-31Ji 
20 

17t 
39i 
25i 

Do. 

Coost Snrve.y, 1862. 
Coast Sur.-ey, 1866. 

Do. 

Do. 
Do. 
Do. 

Do. 
Do. 
Do. 
Do. 
Do. 

Coast Survey, ll!M. 

Do. 

A ~:::o~~~~ ·u·~~~~- .;.;~~~- s~~r~ ~~·~~~·;~I~~~ ::I 1~27 281-3{;1 181-261 29-361 Do. 
Do. 
Do. 

Do. 
At anchorage in Lowell'• Cove (Orr's Island) .. _ .. I 24 

161 71 17i 

At llllchotag. e in Hurse Cove (Hailey's Island) ... II 16 
Atruichorage between TumipandJaquishlalands. 48 
In e-ntrance to Potts' Harbo1·: 

l. From Mericoneag ~ound . . . • . . . . . . • . . . . . • • . 16 
2. Channel west of Haskell's Island.......... 27 
3. From Broad Sonne!, between Horse and 

UpperFlaglslands ..................... ! 5' 

At anchorage in Potts' ~bor ....••••••••••..•••• 21-311 
At anchorage !11 Ash Pomt Cove .................. ; 10 
In entranro to Basin Cove .....•.....•.••....•...• l 11 
To inner anchorage in Basin Cove ............. 1 8 

At inner anchorage In Basin Cove . . . . . •• . . . . . • . H 

At anchorage on eastern tiide of Upper Flag Island. 27 

At anchorage nnder eastern shore of Crotch Jal.and. 21 
Atanchoragennder northern shoreofCrotchialand 21-28f 
At anchorage in Coleman's Cove.................. 17 
In entrance to Chandler's Cove: 

321 

24! 
57 

25 
36 

63 

00-40t 
19 
20 
17 
23 

S6 

so 
3l)..37t 

26 

1. From eastward ............................ . 31i 40t 
2. From westward .. . . . ..................... . 

At anchorage in Chandler's Cove ............... . 

At anchorage between '.Marsh and Overaet lelauda. 
To anchorage in Broad Co.-o (Yarmonth). 
At anchorage in Diamond Cove ...••....••.•...... 
At anchorage off l<'oster'e Landing • . . . . . . . . . .. . 

At aoohorage off York's Lauding ................ . 

At anchorage betw- Great Hog la1and and 
Peak's Ialand ................................. . 

Trlbntariea of CASCO BAY Up New lileadowe River to Birch Point .•...••••• 

(New Meadow• Rinr). From abnaat of Birch Point to Bragdon'• Il1ad. 

39 48 
lf>-60 24-69 

16-Mt 25-431 
u 23 
11 20 
24 sa 
22t Slt 

331: 

25t 

57t 

531 631 
201-aot 301:-41 

9i lllf 
101 2ot 
71 17t 

131 23t 
211! 36t 
201 30i 

Oi-27t SOt-38 
16t 26t 

31 41 

38t 48t 
l'i-fi9i 24j-69l 

151-34 251-U 
131 23l 
ll)j 20t 
23l 38t 
22 32 

Coast Survey, 1863. 

Do. 
Do. 

Do. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Cout Survey, 1811t. 
xx.. 
Do. 

Do. 
Do. 
Do. 

Do. 
Do. 

Cout Survey, 1889. 
Cout Surny, 1-. 

Do. 

llll Ill ~ Surny, 1888· 

ll8l "' 0.-. Surffy. tall-
.. 11t I Do. 
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Table of depths, Atlantic Coast-Continued. 

MAINE. 

I ~t water in ~~an~~!:_ __ _ 

I Mean. I Sprini; tides. : 
Places. Limits between which depths are girnn. Authol'itit>R. 

Low Hii:h Low High 
water. water. water. water., 

1 
' Tributaries of CASCO DAY I From Bragdon's to Bombazine !~land .... 

(:::i"ewMea<lowsRiver)-Con-
1 

From Botnbazine Island to Howard'• Point ...... 

Feet. 

24 

l~ 

Feet. 

33 

2l 

Peet. 
23;; 

Feel.. 

33§ 

21~ 

! Cuast Survey, 1866. 

tinued. At anchorage in Cundiz Harbor . .. .. . . .. . .. 19-25[ 
1 

28-34! i 
11* 

18i-~5 

· At anchorage in Sandy Cove................ 9 ' 18 I 8j 

26! 

38i 
3~! 

20§ 

16i 
19-46 

181 

To anchorage behin<l Bear Island. . . . . . . . . . 2
39
1 I :6

8 
,1 

At anchorage behind Bear Island. .. 

; .At anehorage behind Malaga Isla-nd .. .. . .. . 33 42 I 
1 

Pass.age through behind BeHr and Malaga Islanils. 2
17

1 I :0

6 

!' 

In entrance to 11 The Basin" . . . . . . . . . . . . . . . _ 

At anchorage in "The Basin".............. 19!-461' 28!-55! 

At anchorage in Dingley's Cove -- . - - - · - - - · - 19 I 28 
At anchorages in Winnei:ance Bay; 

~: ~i:~; :::~:;:~: . . . .. .. . .. . .. . . .. . ~t ! ~~~ 
3. Under Hen Island......................... 21 I ao 

At anchorai:e in Cove behind Long Island ....... " 12-30 J 21-39 

At anchorage nnder the Three l•lands ........... 1 27 I 3G 
In entrance to Mill Cove.. .. . .. .. .. . .... .. .. . . .. 15 I 24 
At anchorage nnder Rich's Mountain............. 14 i 23 
At anchorage under Merrit's Island .. 
In entrance to Broad Cove .......... .. 
At the anchorage .............................. . 

Ju entrance to Simons' G urnet ................. . 
At anchorage under Coombs' Island ..... . 

24 I 33 
22t ! 3lt 
12 

14 
31! 

21 

23 

At the bridge. .. .. . .. . . .. .. . .. .. .. .. . .. .. . .. . .. 14 23 

In entrance to Woodward's Cove.. . .. . .. .. .. . .. 2 11 

22 

lOi 

i 20§ 
: ll!-29§ 

! 26i 

I 14i 
! 133: 

23t 

22 

31 

28!-35 

18§ 

36i 

481 
42! 

Do. 
Do. 

Do. 

Do. 
Jlo. 
Do. 

30! I Do. 

26i Do. 
29-56 Do. 

28§ Do. 

32 Do. 

20§ Do. 

30§ Do. 

21§-39i ; Do. 

36t Do. 

24! Do. 

23t Dv. 
33§ Do. 

32 Do 

2li Do 

23§ Do. 
41 Do. 

23i Du. 

llt Do. 

At the anchorage .................................. ., 21 20! 1 30! Do. 
At the anchorage abreast of Woodward's Point .. ' 2'~t 

To the anchorage abreast of \Voodward's Point_ 15 

To anchorage under Howard's Point .............. 1 12 

22 :i:! Do. 

14i 24i Do. 

lli nt Do. 
<Quohog Bay).... . .. . . . . . . .. .. In entrance ....................................... : 42 

30 

311 
24 

21 
50? 41i 51! Coast S11n-ey. 1864. 

!The Gurnet) 

<Mericoneag and Harpswell 
Sounds.) 

Up the Bay to Snow's Island: 
1. East of Pole Island ........................ ' 24 32! 

2. West of Pole Island ........................ j 24 321 
Through between Grwit and Yarmouth Islands to I 

Ridley'• Cove .. .. ....... . ........ 1 21 29i 

At anchorage under Snow's Island ................ i 15 23! 

At anchorage north of Swan's Island ............. ! 15 23! 
At anchorage in Orr's Cove ....................... [ 14 22i 

~p·:::c=r;~~-~ ·_ :::::: :: : ::: : :·:: :: : ::: : : . ::: : ::I 4! ~= 
At the usnal anchorage ........................... / 17 25! 

Through Mericoneag Sonnd .. .. . .. .. .. .. .. .. .... f 55l 646 
To anchorage in Mackerel Cove . .. .. .. .. . .. .. .. .. BO 39 
Up Harpswell Sound to High Head............... *24 33 

l''rom abreast of High Head to Harpswell Cove... 14 23 

At anchorage in Harpswdl Harbor . . . . . . . . . . . . . . 14 23 
At ancbora;:e in Entranee to Willa' Straits . . . . . .. 15 24 I Through Wills' Strait.a ro Horse Cove . .. . .. .. . . .. 4 13 

, At anchorage in Horse Cove.................. . .. 16 241 
\ At anchorage In Clark's Cove. ... .. . .. . . .. .. .. . .. 16 25 

' At anchorage io Mouth of Reed's C<lve.,.. ... . . .. 15 24 
I In entranoo to Mill Cove .. • . . . . . .. .. . . .. .. .. .. .. . 19§ 28i I At anchornge in Mill Cove . .. . . . . .. .. . . . .. .. . .. . .. 15 24 
In entrance to Long Cove...... .. . . . .. .. .. . . . .. .. . 16 25 

S. E:x:.29-21 
• 01f Wyer' a Ialand Bar Elsewhere not leu than 'J:l feet. 

231 

231 

3ai Do. 

33t Do. 

3tli Do. 

24! Do. 
24i Do. 

23i Do. 

51! Do. 

17! Do. 

2t;t Do. 

65 . Const Survey, 1862. 

391 no. 
33t Do. 

23! Do. 

23t Ilo. 
241 Do. 

13t : Coast Suney, 1864.. 

2:\i Do. 
25t . Coast Survey, 18& 

24i Do. 

29 Do. 

24t Do. 

25t Do. 
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Table of depths, Atlantic Cuast-Oontinued. 

MAINE 

Least water in channel. 

Placea. Limits between which depths a.re given. 
Mean. I Rpring tides. ..A.utboritif'I. 

i Low I Hiith I Low High 
I water. I water. i water. water. 

-----------!-------------------.--. ·--- --1--- ----

'frllmturiB!I of CASCO BAY 
(Mericon.•ag and Harp~well 

l'lounrl•>-Continned 

1Mtddle Bayi . 

.At the usual anchorage ... ·-·-- ........... - . - .. - . 
Fut. Feet. Feet. Fut. I 

17 26 llJi I :J6t coast Survey, 18113 . 

16 25 l!ij 25! i Do. 

18 22 121 221 I no. 
.At anchorage behind Uncle Zeke's Island .. _ ... - . 
At anchorage in Harpswell Cove ......... - --··-
Throuirh Prince's Gurnet to Long Reach ......••. 

To ancbora;re in Southern Arm of Long Reach -

Through the Reach lo Simon's Gurnet ..... - .. -- - . 
At the ancboragfl off month of Buttermilk Cove .. 1l ~ ~~ ill I ~· 
In entrance east of Whaleboat Islan<l .. - - ... - . - - . 60 

I In~:~;~::~:t~:~~~-~~-ale.boat ~n~ -~'.~He-~~-~!~: 
In entrance from westward between Little Whale-

57 

boat Island and the Goose Islands. -- . - - . 40l 

Up the hay to Birch Island: 
1. East of Shelter !•land ...... - ........ -.. .. 33 
%. West of Sbelterfaland ................... 221 

i From abl'f'ast of Birch Island to Scrag Islan11.. - . 18 
! From Scrag Jsland to Dunning's Wharf . - . - . - - . 4 

.At the Wharf.... ............................... 6. 
; At anchorage in mouth of Peter's Cove .. - ... -- - . -

.At anchora11:e north of The Goslings ....... - - .. - - 24 
At anchorage in Birch Island Co'l'e .. - . .. .. .. - . . 7 

;, .At anchorage in Wilson'• Cove ..... - .. -- .... --- .. 16 

691 69t I 
56i 66i I 

69 

66 

50 

Do. 

• Do. 

Do. 

1Maquoit llayJ ........ _. _ ... _. From Broad Sound south of Whaleboat Island.. 63 

42 
3Jt 
27 
13 

l!ii 
18 

33 

16 

25 

72 

42l 
32 

27i 

131 
16 

181 
33i 

161 
25j 

721 

Do. 
Do. 

Do. 
Do. 
no. 
Do. 
Do. 
Do. 

Do. 
Do. 

il"rtltlport River) ............ . 

tYurwouth R1vear> ... 

Channel west of Little Whaleboat IRiand to abreast 
of Lower UooSfllsland .................. .. 42 

From abreast of Lowf'.r (fi.oose Island W Sister 

Islhnd ........................ ·-----·-----·----- 27 
~ From abreast of Sister Island to anchorage below 

Bunganuc Rock ..... ---- .......... ----. ---- .. 
To anchora11:e under Mare Point Neck. -•.. 

' Tbron11:h Inside Passage in Casco Bay from abreast 
<1f Sand Island to French Island . - - - .. - - -- - . 

From abreast of French I•land to Sister Island 
From Portland Eastern Entrance lo Chebea11: 

Point (past Chebeag Bar) ...... ----- ......... . 
From a.breast of Chebeag Point to Lower Gooae 

1 

lsl,.nd (Maqnoit Bay) ......................... I 
From Middle Bay to Maquoit Bay: I 

1. Between Goose and Little Whaleboat Islands: 

2. Between Birch and Upper Goose Islands . · 1 

In entranc" to Mare Point Bay. __ . - ..... - ...... .. 

To the anchorage ........................... -----· 

At the nncborage ........... -----------
lo entrance between French and Great Mosbier's 

Island ....................................... .. 

From Moshier'• Ledge to Bowman'• Iolaud. ··--· 
From Bowman's Island through The Narrows to 

Strout'• Point Wharf .......................... . 
From abreast of Strout's Point to Bartol'• Island I 
From abt'flast of Strout's Point. to Bartol's Point._ 

1 

To anchorage west of Flying Point N eek ........ ! 
.At anohorage between the Moshier hlands and ! 

Cousin's Island ..... _ ..... _ .......... _ ....... __ ./ 

Through HuBBey's Sound to Sandy Point Ledges I 
}'.,,m abreast of Sandy Point Ledgea to Brown's 

Point ...... 
From 10breut of Brown'• Point fo Yarmouth F31ls. 

~8 

27 

21 

49i 
30 
19 

17 

10 

21 

4 

6 

11 

21 

22 

4 

51 

a7 
36 

30 

371 

58i 
39 

28 

26 

28 

ao 
13 

15 

20 

30 

31 

18 

11 

41i 

lBt 
2lf 

271 

21! 
22 

206 
21i 

511 

29 

32 

38 

32 

3~ 

30t 
Bit 

I 

Do. 

Do. 

Do. 

Do. 

Do. 
Do. 

Coast Survey, 1882--'6S. 

Do. 

! Coast Survey, 1863. 
i Do. 

Do. 
Do. 
Do. 

Coaat Survey, 1862. 

Do. 

Do. 
Do. 
Do. 

Do 

Do. 
Do. 

Do. 
Do 
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Table of depths, Atlantic Coast-Continued. 

MAINE. 

Least water in channel. 

Plaeea. Limite between which depths are given. Mean. Spring tide•. A nthoriti6". 

·-~ow High Low I High. 

----------!-------------------- water. waier. ~ water._-----· 

Tributaries of CASCO DAY 
(Portland Harbor). 

Harbors on Cape Elizabeth 
Shore. 

81WO B1ty (Harbora and An
chol'llgea), 

Stage bland Harbor .•••••.. 

From Portland Head Light-house to Breakwater 
Li1rht-house ................................... . 

Channel south of Middle Ground ....•......... 
Between llliddle Ground and wharves .......... . 
To Portland, Saco and Portsmouth Railroad Bridge 

To Vaughan's Bridge ............................ ! 
To upper Railroad Bridge ........................ : 

To Westhroo~ Bridi:e ........................ --··[ 
At anchorage m the harbor ....................... : 
To anchorage in Hog Island Roads ............... ! 

; Channel to Railroad Bridge ...................... 1
1 

Channel to Tukey's Bridge ....................... j 

Channel to Back Cove Wharf ..................... ! 
: Channel to :Martin's Point Bridge (Presumpscot ' 

River) .......................................... ! 
· Channel to Casco Iron Works ................... -i 
, To Cape Elizabeth wharves . . . . . . . . . . . . .. ...... .I 

At anchorage in Seal Cove: I 
1. Northeast of Seal Rocks .................... ! 
2. 8outhwest of Se.al Rocks .................. . 

Richmond's Island: 

To anchorage in Broad Cove ................. · 1 

To anchorage in Muscle Cove ............... . 
To anchorage in Richmond's Island Harbor 

west of Breakwater ....................... . 

'fo anchorage off month of Saco River ........... . 
To anchorage under Pront's Neck ............... . 
In entrance to Wood Island or Winter Harbor: 

1. Between Wood Island and Gooseberry ; 

Island ..................................... j 
2. Between Wood Island and Stage Island .... : 
3. Between S~e Island and Basket Island . ·I 

'fo anchorage abreast of" Biddeford Pool" Village.' 
In entrance to Biddeford Pool. .................. [ 
In entranc• to Saco River between Ram Island I 

and Ram Island Ledge ........................ · j 
Passage north of Basket Island ................. .. 

Passage between Ram Island and Sharp's Rook .. 1 

Up river to Jordan's Pier ........................ / 

From J ordan'e Pier to Chandler's Point .•....... · 1' 

From Chandler's Point to Johnson's Wharf ..... . 
From Johneon's Wharf to Potter's Pier .......... , 

From Potter's Pier to Thunder Island ...•...•.... 

From Thunder Island to Factory Island .....•.... 
Pa&11&ge around Seal Rocks .................... .. 
To anchorage ................................. . 

Cape Porpoi10 Harbor .. • Entrance nort.h of Old Prince Ledge .........•.•.. 

i Entrance south of Old Prince Ledge ............ . 
I To anchorage below Light-house ..•.......•••.. 
l To anchorage above Llgbt-honse ...........•..... 

Kenn~hunk River ....•....•••• : From entrance to anchorage .................... . 

Cape Nt·dcllck Roacle .......... II To anchorage .............................. ·•••• 
Covo north of Capu Neddiok ........ do .......................................... . 
Cove aouth of Cape Neddick ....... do ........................................ . 

Feet. Feet. Feet. II, Feet. 

21 30 20! 30! : Coast SurvC'y, 1854. 

28! , Coast Snn-ey, 1868. 
28! Coast Survoy, 1869. 

19 

19 

19 

16 

14 

19 

15 

1 

8 

6 
a 

24 
14 

10 

21 

24 
21 

22 

13 

16 
3 

16 

6i 

171 

7i 
12 

21 

6l 
at 
9 

6l 

3i 
71 
8 

19 

24 
18 

12 

4 

22l 
21 

18 

28 

28 

28 

25 
23 

13 

30 

33-48 
28 

24 

10 

17 

15 

12 

as 
23 

19 

30 

2lt 

2~ 

llt 
24t 
14l 

25J 

16 

20i 
11 

15 

121 
17l 
15 

lll 
15f 

lGl 
25 

30 

24 
18 

10 

28i 
Z1 

24 

~~ I 
18!: I 28! Do. 

Hit I 251 Do. 
mt j 23! , Do. 

31: 131: Do. 
201: 30! Do. 

23f-381: 33H8i' Coast Survey, 1867. 
18t ' 28t Do. 
14t 241: Coast Surv.,y, 18.;4 

t lilt C<>ast Survey, 1869. 

7i 17i Coast Survey, 1868. 
5f 151 Do. 
2t 121: Coast Survey, I8:i4 

23j 34 Coast Survey, 1!!50. 
131 24 Do. 

9i 20 Do 
20i 31 Do. 

231 34 Do 
20i Sl Do. 
21i 32 Do. 

12 221 Coast Survey, t87L 
15 251 Do. 
2 121 Do. 

15 251 Do. 
5 15l Do. 

18l 26i Coast Survey, 1806. 

6l 171 Do. 
11 211 Do. 
It llt Coast Survey, 186'1'. 

51 15! Do. 
2f 13 Do. 
8 181 Do. 

5f 15i Do. 

2i 12t Do. 
6 16i Coast Surv•», 1871. 

7 171 Do. 

181 25i Do. 

23i 30f Do. 

171 24t Do. 

Ill 18i Do. 

a1 lOf U. S. Engineera, 11181. 

21! 291 Cout Survey, 18&3. 

20i zrt Do. 

171 24t Do. 



 

164 UNITED STATE~ COAST AND GEODETIC SURVEY. 

Table of depths, Atlantic Coast-Continued. 

MAI:'SE, NEW HAMPSHIRE, AND MASSACHUSETTS. 

Least water in channel. 

Places. Limittl between which depths are givt'n 

L()W 
' water.· 

York River ............ . 

Portsruontb II a r b o r (N flW 

Hampshire). 

Channel to Rock"• N o•e 
Channel to Ba1Tdl's Wharf. -- - .. 
Chanm·l to Dennett:• Wharf ..... 
To anchorage in York IUvt>r Harbor .. _ ... 

From 'Yhale's Back 10 Fort Washington . 

i From Fort Wa•bington to The Bridge ........... . 

i Off the Cit) Wharves 
Passa~e through Little Harbor t.o Sagamore CrN~k 

Passage to Sa:!amore CrePk Tiridge 

To an~horage in Little Harbor .... -

To anchorage in Spruce Creek : 
1. Below KiHery Bridge ........ . 

2. Above Kitt.f•ry Bridge ....... . 

To anchorage in Pepperell's Cove ............ . 

IslM of Shoals :Maino an<l Paosage between Hog Island and Smutty N9se 
New Hampshire). Passage east of Lunging Island -

Pas8agf'I west of Star Island ........... . 

Passage betwc<m Star and Cedar Islands ... . 
To anchorage in Gosport Harbor ... - . . . ........ . 

Rye Harbor ... To ancboiage. _ ... . 

Cove Routh "f R~·e I.edge .... - . ..do ............ . 

Cove south of Great Boar's .••.•. do ................................. . 

Head. 
ll;impt1in Harbor ancl Ri'r"er 

(~la••achn•etts) 

Xewbmyport lfarbor 

lpRwich Bay and tribntarif'R. 

Pigeon c.,ve ........ _ 

Rockport U:u bor . 

Whaln Cov~ 

From Ole! Cellar Rock to Town Rocks ............ ! 

At the ancbora~e .... - - .. - - -·. - - -- · -- · - · · · · - - · ···I 
O..-er the Bar .. ····-···-· ..................... ···I 

, Channel to Town Wharves ............ ····-·-···! 
'Channel to Ipswich River ...••. ···--···-·-·-----·! 
! At anchorage beyond Breakers. . _ .... _ ......... 1 

At anchoral(e in Plum Island Sound under Great : 

1 Neck ................. ··········-····-······--·! 
; To tbe anchoral(e . . . . . . .... · .. - - . . . . .. - · · · · · i 
1 

In entrance to Essex River O'\"er bar .............. ! 
: At the anchorage in Essex River .......... _. ___ . ! 

In Channel over Annisqnam Ilar to Jones River .. 1

1 
' At the anchorage abreast of the Village ......... . 

Toanchorage .............................•. ! 
In main entrance to Harbor ..................... : 

To wbarv<•s ................. ·······--·---! 
At anchorage inside Breakwater . - ............... I 
At anchorage in Sandy Ba.y .... -- ...... _ .. __ ... _ ·: 

Over bar, from Westward, between Gap Head ! 
and Straitsmouth Island ··--· ······-···-·-·· .. ·i 

From the Sonthwiml ovt'r Milk Island Ilar. ·----·/ 
Betw~cn Straitsmouth Island and Avery's Ledge I 

............. ! 
Lo1'1olly Covo 
MASSA.CHU5ETTS BA Y : Broe~·s Covo: 

·····-··--······---! 

Feet. 

13 

s 
7 

10 

42 

36 

63 

28§ 

21 

71 
24 
54 

33 

6 

21-51 

3 
18 

9 

•4 

12 
•5 

9 

19t 
13 

*6 

21 

*6! 
21 

7 
15 
5 

11 

18 

3 

71 
34 

11 

13 

Feet. 
21 

16 

15 
18 

50~ 

44! 

711 
111 
9t 

18 

7 

6 
9 

4li 

35i 

62! 
21 
i 

22 

17 

16 
l9 

5Jl; 

45! 
72! 
12! 

JO! 
181 

37 28 37i 

291 201 30t 

JG 16! 
32! 221 3.1! 
621 53i 631 

411 I 32i 421 
141 I 5§ I li;i 

29!-591 i 201-50/i 11301-601 
I II I 21 111 

26 171 261 

17 I Si l7t 

lli II 

12! 

11! I 
l!li II 

131 

171 

271 
21 

15 

3-0 

151 
30 

151 

23! 
13! 

191 
26t 

lll 
16 
421 

19* 
211 

18i 
nt 
5 

20 

5t 
20 

6 

H 
4 

10 

17 

2 
6j 

33 

10 

12 

121 

13! 

12} 

20} 

14 

18 

28 
2It 

16 

31 

16t 
81 

161 
24l; 

141 

201 
271 

Authorities. 

Coast Survey, 185.~. 
Do. 

Do. 
Do. 

Coast Survey, 1851-'57. 

Do. 

Do. 
Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Coast Snrr~y. 1874. 
Do. 
Do. 

Do. 

Do. 

Coast Snrv~y. 1870. 

Do. 

Do. 

Do. 
Do. 

L't.-House Boar.I, 18S1 

Do. 
Coast Survey, 1852. 

Do. 

Do. 
Do. 

Coast Snrvey, 1856 
Do. 
Do. 

Do. 

Coaat SurvAy, 1857. 
Do. 
Do. 

Do. 

Do. 

Do. 
Coast Snn •y, 1873. 
Coast Sun •Y, !8.57. 

Do. 

Do. 

(Harbo"&R and .A.nebora~es> At ancbora:;e .•.•. ........ . ...••......•.. 1 16 161 Coast Survey, 1856. 
I GloucePter Harbor: , 

Up the harbor to Ten Ponn11Islancl Light-hou!l6. 30 
From Ten-Ponnd I.land I.igbt-house to Fort : 

Point....... i 19 

From Fort Point to Spindle on Five-Pouncl l 
Island ................... i 3 

• Shifting bar. 

39 391 Do .. 

Do. 

12 Do. 



 

UNITED STATES COAST AND GEODETIC SURVEY. 

Table Qf depths, .Atlantic Coast-Continued. 

MASSACHUSETTS. 

Places. Limits between which depths are given. 

~L\S5ACIIUSETTS BAY Gloucester Harbor-Continued: 

Mean. 

· Low Ilii:h 
: water. water. 

I 
! 

Low '. High I 
water. 

1 
water. ( 

Feet. Fat. Feet. 

165 

Autbo:,;L;-;, 

tlfad;oro;; (Im} Anchma ea)- ~ 

t:ontiuue1l. 

..it Upper Wharves .. ----···_ .............. . 

Feet. 
l 

18 

6 

10 lOl Coast Sun-er. IIJ5:J . 

At anelwrage on north sid£11 of Dog Bar ... _ 
At. anrhora~e in Light-house Cove ......... . 

.At Wharf in Light-house Co'l'e .............. ' 
.At aucbora~e in Southeast Harbor ............ :, 21-!..J.S 

At anchorage in Inner IIarb<>1'.... ! 13-22~ 
At anclwra~e in Smith'~ C()ve............... 12-16 

At anchorage in 'V cst.cru Harbor ...... . 

At and.iorage in }'reRh Water Co'i;e ........ . 

Kettfo Co'"': 
To anchorage ........ . 

1 
Salem Harbor: 

18-251 

8-15 

10 

27 17i 271 

15 5i 151 
13 J! I J4 

30-37 '201-211 
1
30i-37i 

22-31! ;121-~li \2~i-32i 
~1-25 illH5i i~li-~52 i 
27-34~ jI7i-24'! :~7i-35i ! 
17-24 I 71-14J; ilii-24~ 

19 9i I J 9i 

Do. 

Do. 
Do. 

Do. 
Do. 
Do. 

Do 

Throuirh MaiJJ Ship ('h;mu~l t-o Bowuitch's ' 

Ledge Hearon............ . .. . .. .. . .. .. .. .. 42 
Throu:;:h ~taiu Ship ChaJJnd to Litt!~ Ifaste 

5Ji 411 I 5C ' Coa•t Snrv~y. 1850-'51. 

Bear.on 21 33! 201 

Throu:;b Cat Island Channel to Little Haste 
Beacon ....... _.. . . . . . . . . . . . . . . 25 34! 211 

Through Western Channel past. Marblehead 
Rock .......... 2;\ 34! I 241 

From abreast of Littk Ila•t<• Beacon t-0 Nau- ' ·i 
guR Ileacl ........... - -·· · - - · ··· · · ···· ·· · ·1 34-; 24i 

14l 4i 
11! H 

From abreaetof SaugUA Read to LowerWharfi 
At east eJJd of Derby Wharf .................. f 
ToanchorageabreastofFort Pickering Light· i 

house . . . . . . . ............................. : 25 34-; 2ti 

At anchorage in Inner Harbor .. . .. .. . .. . .. .. 21 30f 201 
Channel to B~verly Entrance_....... *19 281 181 
At anchorage in Beverly Harbor .............. : 15-18 241-271 ':14!-171 

At anchorage in Manchester Road• . . . . . . 21-40t '3\JH!l!I 
1
21li-39! 

Marblehead Harbor: j 

In the entrance .. - . .. -- .... - ............... .ii 28 
At the anchorage ........ - .. . . .. .. . . .. .. .. .. . 1 13-21 

Nahant Bay: J 

At the anchorage .. . .. . .. . .. . .. .............. I 11-42 
BOSTON BA. Y (Harbor• and To anchorage in Broad Souqd at month of Lynn 

Anchorages). ' Harbor......................................... 9 

Lynn Harbor: 
Channel to Sands' Point .............. - .. .. .. . 6 
Channel t-0 Pines Point ................... , . . . 3 

Channel to Railroad Bridge ..... -.. . .. .. . .. .. 2 

At the anchorage............................. 7 

Boston Harbor (Channels): 

From the southward from off Harding's Ledge 
through Main Ship Channel to Boston Light-
house .................................... j 

From abreast of Booton Light-house through J 

Ma.in Ship Channel to the city ....... -- · -- "I 
Through" The Narrows" (Main Ship Channel), 

Through Main Ship Channel to anchon.ge in I 
l'resldent's Roads ........ __ ....... - ..... __/ 

Through Main Ship Channel to anchorage in 
N=taaket Roads ........................... : 

P-..ge in lfain Ship Channel north of the ; 
Lower Middle .............................. .' 

• Very narrow and orooke4. 

80 

22t 
25 

22* 

21 

19 

37 i 27 

:22i-30i i 12t-20i 
i i 
!201-511 1101-41! 

. 181 I 
If;! 

121 
lli 
16i 

391 

31! 

34t 

3lf 

Bot 

28t 

81 

29 

2li 
24 

2lt 

20 

18 

31 llo. 

3:; Do. 

3,) Du. 

35 Do 

1:, Do. 

12 Do 

35 Do. 

31 Do 

29 Do. 

25-281 Do. 

31-SOi Do 

38 Do. 

2,1-31 Do. 

21-52 Coa,at. Suf'l'r;I', 18.'\8. 

19 no 

16 Do. 

13 Do. 

12 Do. 

17 Do. 

40 Coast Suf'l'ey. 1867. 

321 U. 8. Enginoors. 1879 

351 Coast Snrvey, 1867. 

32f Do. 

311 Do. 

291 Do. 



 

lGG UNITED STATES COAST AND GEODE'rIC SUlWEY. 

Table of depths, Atlantic Goast-Oontinued. 

MASSACHUSETTS. 

Least water in channel. 

Places. Limits between which depths are given. 
Mean. Spring tides. 

-----1------' 
Authorities. 

I Low : High Low 

1

1 High i 
-----·---·---- ___________________ ,water. 1 water. water., water. I ________ . __ 

I Boston Ha1l1or (Chnnnels)-Continned: I Feet. , Feet. Feet. Feet. 
BOSTON BAY (Harbors and i Through Hypoc1ite Channel as far as Little Calf 

Anchoragee)-Continued. i l•land . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .. . . . .. 49 581 I 48 

Plymouth Harbor.. . . . . . 

! Through Hypocrite Chann('l to South Channel of 

Broad Sound . . . . . . . .. . . . . . . .. . . .. . . . . . . .. .... 
Through South Channel of Rrnad ;;ound to Boston.' 

Through l\ mtlJ Channel of Broad Sound to Boston. 

Through Back or Western Way ............... . 
Through Black !tock Channel fromN arrows Light-

house to Hypocrite Channel .......... ·' ....... . 
'l'hrongh Govcrnol''s Island Channel. _____ .. __ .... I 

To EaBt Boston Whan-es through Governor's Isl- I 
and Channel .................................... ! 

Throui:.'h Sliirfoy.Gut ...... _. ..................... 1 

Through Scnlpin Ledge Channel ................ . 
Through Fort Hill Channel into South Bay ..... .. 

'.l'o EaM. Boston W lrnrves by the passage north of ' 
Noddles J sfarnl Flai • 

From Boston Whan-es to Charlestown '\V'barves .. 
Between East Boston aml Charlestown to Chelsea 

Bridgo ....................................... . 

Between East Boston and C barles!own to Chelsea 
RiYer BridgH __ . . __ .. _ ...... --·. __ ...... . 

Through Nanta•ket Gut. into Hingham Bay .... .. 
At anchora~e in Bingham Bay .... _ ............ . 

To anchorage abreast of Sailor's Island, Hingham 
Harbor ...................................... .. 

At tho anchorage abreast of Sailor's Island ...... . 

To Lower WharvPs, Bingham Harbor ........... . 

To llampton Rill. Weir River ................... . 
To East Neck Wharf, Weymouth Back River ... . 

. To County Brhlge, Weymouth Fore River ....... . 

' To Weymouth J,anding, Weymo11tb Foro River .. 
To Phillips' Read, '.!'own River Bay ............ .. 
To anchora#;Z'c in Quincy Bay ...................... . 
'.l'o Sa"t"in Hill, Neponset River ................... . 

To Nep nset Bridge, Neponset River ............ . 
To Q11i1JC)' Railroad pier, Neponset River ........ . 
Charles River, from entrance to Long Bridge ...•. 
Charles lliver, f1 om entrance to Brookline Bridge. 

! Mystic River, from entrance to Boston and Maine 
l!ailroad Bridge ............................... . 

' To ltllchornge in Cobaoset Harbor ..............•.. 
From entrance to Duxbury Pier Liizht·bonse ..... 
Through Goooe Point Channel to anchorage ne&r 

HighCliff ....................••.•. ··············! 
Through Main Channel to abre&11t of town wharves: 
Up t-0 Long Wharf ............................... 1 

At the anehorage between Gurnet Point and 

Saqnish Head ............................... .. 
Channel to Captain's Hill Wharf, Kingston Bay .. 
Channel to mouth of Jones' River, KiDgston Bay .. 

From Duxbury Pier Llght-honse to Clark's IRl-
and, Duxbury Bay . . .. .. . ..................... . 

At anchorage under Clark's Ialand ............... 

1

. 
Channel to Powder Point, Duxbury Bay ......... . 

To anchorage in "Cow Yard",Duxbury Bay ..... ; 
.At anchomge abreast of Duxbury ................ i 

19 
20 

11 

9 

24 
l9 

lli 
l3 
11 

7§ 

30 

19 

33 

19-48 

15 

19 

4j 

11 

11 

5 

10 

7 
g 

7 

16 

Iii 

8 

8 

24 

12 
13 

H 

10 

9 

s 

15 
26 
7 

21 
15-23 

28i 

29t 
20l 

181 

331 

2i<f 

lllf 
221 
201 

171 

11§ 

39t 

281 

Hi 
421 

28l-57i 

241 

28i 
14 

201 
161 

201 
15 

19i 
16i 

18i 
16i 

12i 

t51 
151 

17! 

17i 

831 

211 
22i 
101 

191 
181 
12i 

18 

19 

JO 

e 

23 

lfsi 

Si 
12 

10 

61 

1 

29i 

llli 

4! 
32 

18-47 

14 
18 

3i 
10 

Si 
101 

41 
g 

6 

8 

2 

151 

4t 

71 
7 

231 

lli 
121 

t 

g 

Si 
21 

141 
2fii 
st 

20 

14-22 

291 
301 

2li 
19! 

34! 
291 

llli 
231 

211 

18 

121 
401 

29§ 

1st 
431 

291-5Si 

25t 
291 
Ht 
211 
171 
21; 

151 
291 
171 

191 

171 

131 

26t 
16 

181 
l~ 
34 

22 
23 
lli 

20i 
19 
18 

25 
BG 
17 

311 

26i:-33i 

Coa.st Survey, 1867. 

Do. 
Do. 

Do. 
Do. 

Do. 
Do. 

no. 
Do. 

Do 
Do. 

Do. 
Do. 

Do. 

Do. 
Do. 
Do. 

Do. 
Do. 

Do. 
Do. 

Coast Survey, 1869. 

Do . 
Do. 
Do. 
Do. 

Coast Sn vey, !MT. 
Do. 
Do. 
Do. 
Do. 

Do. 
Do. 

Coaet Surve7, 1870. 

Do. 
Do. 
Do. 

Do. 
Do. 
Do. 

Do. 
Do. 
Do. 

Do. 
Do . 
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Pla_cea. 

Table of depths, Atlantic Coast-Continued. 

MASSACHUSETTS. 

Limits betwet'n "bich depths are glnm. 

Least water in channel. 

Mean. i Spring tide. 
I Antboritiea. 

Low I High i Low I High I 
l water. I water. I water. water. I _________ , ________________ , __ . __ . ____ ! _____ _ 

I 1~1~ ~ ~I 
Plymot1thHarbor-Coutlnued.' To anchorage In Warren's Cove·---··--·--------- 13 22i 12 231 i CoastSurvey,1870, 

Bame!AhleHa"hor ............. Overthebar* .... -·----·----------··--··········· 71! lffi 6i 17t : CoastSur\"'ey,1861. 

~~::::~; ~~::::;;::~ ~~:t.:~~~~:.::: :: : : : : Hl-6~:6 2~~;:ii~ li::i~>i !1124--462~2~~1! JI ~D:o:. 
Wclltlt•et Harbor ..... __ .·--- .. Over outer bar* ....... -·- __ ·-- ................ _.. " 

Over inner bar ... - ..••.....•. ·-·-· .... --- . - . Do. 

' To Mayo's Rooks ... - . - . -· - -- ............... - .. --· 247 31~ 252! 3169 1' Do. 
To anchorage behind Billingsgate Shoal . . . __ . _. v 4 • Do. 
Toancborageoutsidelowerbar ................... 17 281 li\i 29 Do. 
To anchorage between tbe ba1·s.. .. . . . . . . . . . .. . . . . 15 2fii 13i 27 Do. 

To anchorage above Billingsgate Light-house .... . 38i 251 39 i Do. 
Pro,incetown Harbo1· . __ .. .. . To anchorage ... __ ............................ --·· 

27 

36--60 45t--69i 35l-5!Ji 46-70 i Coast Sut\"'ey, 1868. 

XANTUCKET AND VINE-1 Through North Channel into Butler's Hofo be-
y ARD SOUNDS (Channell!). , tweeu Pollock Rip and its Broken Part ...... . 21 

NANTUCKET AND VINE· 

YARD SOUNDS (Harbors 
and Anchoragee). 

i Through North Chann"l into Butler's Hofo from 
Pollock Rip Light-vessel to Shovelful Light-
v.,.,,.el. ................. ·-·-·· ··--··· ........... . 

Passage betwown Broken Part of Pollock Rip and 
Twelve Feet Shoal to Pollock Rip Light.-vessel.. 

Through North Channel from Sbovefful Light-
veosel to Handkerchief Light-vessel ....... -· ... 

1 
Through North Channel from Handkerchief Ligbt

vessel to Bishop and Clerk's Light-honso ... _ ... 
Through North Channel from Bishop and Clerk'• I 

Light-l1ouse to Sncconesset Shoal Light-vessel.. 
Throu~h N ortb Channel f1 om Succonesset Shoal 

Light-vessel to Nobska Point Light-house ... - .. 
From Nobska Point through Vineyard Sound ... . 
Through Beach Channel into Butler's Hole ...... . 
Through Beach Channel around :Monomoy Point 
Through Main Channel to Cross Rip Light-vessel. 
Froru Cross Rip Liglit-vesscl to West Chop Light-

24 

19 

45 

22 

19 

21 

52 

lRt 
13 
26 

house........................................... 42 

Thronizh from Handkerchief Light-vesael to Cross 
Rip Llgbt-vellllel................ ................ '/:I 

Through Middle Channel (between L'Homme 
Dien Shoal and "The Hedge Fence") . _..... . . . 21 

Through Middle Vhannel from Sncconesset Shoal 
Light.vessel to Nobska Point................... 21 

'£hroua;h Muskeget Channel: 
l. By the Main Passage........................ 19 

2. Between Waeque Blu:ft' and Skiff Island .. 111 

8. Between Mns'keget Rock and Mutton Shoal. 15 
4. Between Norton'• Shoal and Long Shoal.. . . 22 

lttto Chatham Roads from Butler's Hole by the 1 

pas.age betwt'6n Monomoy Point and "The 

Handkerchief"··--········-········-··········· 22 
At anchorage in Chatham Roado. _ •.. - --_......... 19-33 
Over the bar into Stage Harbor........... . . . . . . . . 3 

At the anchorage in Stage Harbor ....•• _ •....• _.. 12 

At anchorage in Bass Rh•er Roa.els nnder Bre&k· 
water............... .......................... 8 

At outer anchorage ____ ..... _ .... --· ... . . ....... 18 
Over bar into Naotucket Harbor to Brant Point 

Ligbt-house .......... ......... ....... ......... 4 
*Shifting und-bar. 

i 

241 

271 

22! 

48! 

25 

201 

zit 
541 
221 
16t 
291 

43! 

30 

221 

22t. 

20 

20! 
161 

231 

20i 

23i 

18i 

44! 

21i 

18f 

20! 

5li 
18 

121 
251 

411 

26i 

201 

201 

18 

181 
141 
21! 

251 

281 

23f 

491 

25i 

21 

23 

56 

231 

171 
30 

44 

SOI 

23 

23 

21 

21 

17 
24 

i 25! 2li 261 
122!-361 18l-32i 23i--37t 

I at 2• 11 
151 lli lilt 

i 
' Coast Snr\"'ey, 1872. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Do. 
Do. 
Do. 

Do. 

Do. 

Do. 

Do. 

Coast Survey, 1851. 

Do. 

Do. 
Do. 

Coaat Snrve.), 1872. 
Coast Survey, 1874. 

no. 
Do. 

llf 

211 

71 
17! 

121 Coast Survey, 1872. 

221 Do. 

7 1i Atlantic Cu""t Pil<>t. 



 

lGB UNITED STATES OOAS'I1 AND GEODETIC SURVEY. 

Places. 

Table of depths, Atlantic . Coast-Continued. 

MASSACHUSETTS. 

Linut• hetwaen which depth• ar~ given. 

Least water in channel. 

Spring tides. 

I 
Low i Iligh i Low , High 

water water. ; water. water. 

NANTUCKET AND VINE- PToru inside bar to Nantucket wharveo. 

Feet. 

11 

Peet. 
14 

Peet. 

10! 
Feet. 

14} 

YARD SOUNDS (Harbors Through channel from Lower Ilarhor to Middle 
and Anchorages). Ilarbor . ___ .. 

j Through channel from Middle Harbor to Upper 

Harllo1·* ·- .... _ ..... __ .. __ ..•.•.•............. 

At anchorage in Upper Harbor . 
Iu entrance to Matacut Harbor _ ........... . 

At the anchorage ............... . 

At anchorage in II yannis Roads under Breakwater 

To railroad wharf at Hyannis Port·----· .. 
At anchorage jm~t to \'\«etitwarcl of llreakwatcr .. . 

' 21-22! 

7} 

]lj 

7 
13 

Into Lewis' llay ................................. • 3 

10-13 At anchorage in Lewis' Bay ___ - . . . _ ..... _ .... . 

Tbrougl1 between Hodges' Rock and Sonthwest 
Ground... .............. 16 

Through Ea•t Channel into Ccutrevillc Harbor ... , 10 

i 5il iii 
I 
I 4i ~ 

24-25! i20!-22! 24!-25! 
llli 

I 
7! 10! 

14! 11! 15 

19? 15! l9t 
10! 6! lOc 
lfi! 12! 16§ 

6! 2i 6§ 

13!-lfl! 9§-12! 13!-lfii 

19! 15! 19§ 

13! 9t m 

At the anchorage ............................... . lS--19! 2li-22i1 17§-19 2lt-23 
Through West Channel. ... _ _ ............ . 

At anchorage in Deep Hole (Osterville) ...... . 

From Pntrance to anchorage in Edgartown Outer 
Harbor . . __ . _ . . . . . . . • . . . • •• • • • . . . . . _ .. 

Over bar to Inner Harbor and anchorage . - • - - - - · 1' 

Through from Inner Harbor to Cotamy Point ..... 

To anchorage in Cotamy Bay ....... - . - -- .. - · - - ·I 
From Cot.am y Bay into Mattakeset Bay . - - ..•. - • • 1 

To anchorage in Outer Roads of Vineyard Haven. 

i To anchorage off Holmes' Holl Village ............ j 

' Through main channel of Wood's Holl to anchor- i 
ai.:e in Great Harbor ....•..........•.•. --- ....•. : 

I 

Through channel into Buzzard's Bay. --- ... ---- .. I 
: Into Little Harbor ......... ·········-···--······-! 

Into Hn.dley's Harbor ..............•.......•.... ·! 
Into Hadl..y's Harbor and up to wharf.---·-· .... . 
Passage between GrMsylsland and Red Ledge .. . 

To anchorage in Tarpaulin Cove._ ...........•.... 

, Through Robinson's Holl into Bnzzard's Bay .... 
! Througl1 Qnick's Holl into Buzzard's Bay _. ____ . 

10 13! 9t 131 
7-9 lOt-12! ~ JOt-12! 

21 

13 

8 

7 

3 
19f 
9! 

15-36 

14 

10 
14 
6 

9 

14-30 

14 

28 

2H ~'Oi 

15 12i i 

lU 7i 
9 Ill 
5 2i 

2li lf!! 

I 
lli 9~ 

116i-37t 14i-'!5i i 

115111311 
! lli 9i 

18 13i 
10 5} 

lOi 8i 
'16!-32i 13i-29i 

I 15t 13! 

' 3li! 27t 

23! 
151 

tot 
9l 
5! 

21! 

lli 

17-38 

16 

12 
18! 
lOt 

11 

16t-32t 
16 
321 

i 
I 

IHlZZARD'S RAY (Channels).· From off Hen anrl Chickens Light-ship to abreast 

llUZZARD'S :BAY (Harbor• 
and Anchorages). 

ofWing"•NeckLight-bonse .................. 22 ' 25i! 

From Hen an<! Chickens Light-ship to Dumpling I: 

Itocks Light-houso (New Bedford Entrance) .... : 24 . 27i 

21! 

Sew Bedford Harbor: ' ! 
ToClark'sPointLlght-house ................. ! 22 I 25{ 2lt 26i 
'l'oRntler'sFl•t• ·······---·-··········--·1 19 22i llij 231 
To Palmer's Iala.nd Light-house··········-···! 16 20! J5l 20j 

ToPope's:Bridge ... --·········-········ ····1 9 1131 8t lat 
TotheNewBedfordwharves ......••••...... 7 11!. 6~ I llt 

To bead of Clark'• Co.,.e .•. - -... - .... - -..... ··I 9 I 12! ! Si 131 
At usual anchorage in Clark's Cove .. - - ...... , 13-18 16i-2lt 

1

l2t-17i 17i-22i 

At anchorage in Padanaram Harbor .. -·--- .. : 7-12 110!-15l 6i-lli llt-161 
Mattapoiset Harbor: ; 

T~~;::h::!ta:.~~~~. ~~:·~:. ~ .~.~~:·.-~~'.~~.I 13 161 

At anchorage off Ned's Point ...•.........•• ··I 7 20l 
-'.t anehorage off the village ... - ........ - -- - . · 1 12 l5f 
To anchorage in Aucoot Cove._............... 14 171 

• J4any lhoabt betw-~and Upper Harboro. 

l2i 
166 

lll 
laf 

17t 
211 

166 
181 

A uthoritks. 

Coast Snrvey, IHlti. 

Do. 

Do. 
Coast Survey, 1872. 

Coast Survey, 1854. 

Do. 

Coast Survey, 1872. 
D11> 
I'lo. 
Do. 

Do. 

Do. 
Atlantic Coast Pilot, 

1880. 
Do. 
Do. 

Do. 

Coaot Su1·vey, 1871. 
Du. 

Du. 

Du. 

Coast Survey, 1860. 
Coast Survey, 1871. 

Do. 

Atlantic Coast Pilot, 

1880. 
Coast Survey, 1845. 

U.S. Engineers, 1880. 

Coast Survey, 1845. 
Do. 

U.S. Engineers, 1880. 

Coast Survey, 1845. 

Do. 
Do. 

Do. 

Do. 

Do. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Do. 

Do. 
Do. 

Do. 
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Table of depths, .Atlan6c Ooas!-Continued. 

MASSACHUSETTS AND RHODE ISLAND . 

. ~--~---~------·--------· -

I 
I 
I, Limits between which depths are given. , Mean. I Spring ticlos. 1. 

I 1--------·I -
Plaoos. 

Least water in channel. 

AutlwritiC"!. 

1 water. water. 1 water. water. 
, I 

I I~ ~1~1~ 
---------- --~--- --- ----------------------- ---1---

BUZZARD'S BAY (Harbors 
and Anrhorages). 

Sippican Harbor: 
Through the harbor to J{arn I&land . 

To Nye's whlnf ............................... , 

To Sippican wharf ............................ ' 

To Bush Rocks .............................. " 
.A.tinneranchorage ........................ I 

Up Wareham River to Swift's Neck...... I 
To the town of Wareham .................... · I 

Up Weweantic River to the bridge ...... - ....... · 1 

Feet. 
13 

12 

6 

10 

10 

9 

7 
Through Cohasset Narrows from Wing's Neck , 

Light-house to Hog N eek ....................... 1 12 
l<'rom Wing's Neck Light-house to Onset Island. J 
In entrance to Vataumet Harbor .. · · · · . - · - -- · · · · · ·I 19 

.Attheanchorage ............................... 
1 Up Pocasset Hat·borto abreast of Pocasset village. 

l:l-18 

.At anchorage in outer harbor .................... . 10-18 
From Pocasset Harbor into Red Brook Harhor . . . 11 

Passage south of Bassett's Islancl . . . . . . . . . . . . . . . 3 

To anchorai;e in Wild Harbor ..... - . . 15 
To anchorage in Quamquisaet Ilarbor .••.... ___ .. 
To anchorage in Cuttyhunk Barbor . _.. 19 

To anchorage in Westport Harbor. ___ ..... _ ..... . 

Sakonnet Rivrr: 
From entrance to Monnt Hope Bay 2ll 

To a~chorage in Church's Cove........ 13 

To anchorage in Nannaqua.cket Pond ..... _ .. _ 19 

In entrunceto 0 The Cove"................... 11 

At anchorage in "The Cove" .................... - :l! 
NARRAGANSETT BA y Through Eastern Passage from Brenton's Reef 

!Channels). Light-ship tu Conimicut Light-house . . . . . _... ~?-§ 

1 
Through Wes tern Passage from Point Judith 

' Light-house to Conimicut Light.house......... 17 
Through the Middle Passage, between Conanicnt 

and Prudence Islands .... -- ....... - .. .. 19§ 

Through the Passage between l'rudence and 
Patience Islands .............................. . 

NARllAUANSETT BA y Newport Harbor: 

(lfar~ors and Anchorages). Through the Southern Entrance to anchorage 

S.Bx.29-2~ 

in Newport Barbor ......... ------.......... 15 

To anchorage through the Northern Entrance I 21 
To anchorage in Brenton 'a Cove . • • • . . . . . . . . . . 15 

To anchorage in Mackerel Cove ... _......... 12-221 

'.l'o wharves at Narragansett Pier ......... _ ..... - . 8 

T<> anchorage in W esqueag Cove ... - ....... - . . . . . 13 

Dntch Island Harbor: 
Through the South Channel to anchorage .... . 
Through the North Channel to anchorag1t ... . 

Wlckford Harbor: 

Through the Western Pamiage of the bay to 
Wickford Light-house .. . . .. ......... - ... . 

To anchorage in Inner Harbor. . . . •.. - ......•. 

From the Northward around Quonset Point to 
Wickford Light-house .................... . 

To anchorage in t.:00.dington Cove ..........•...•. 
Mount Hope Bay (R. I. and :Maa.): 

From abl'!lMt of Prudence Island Light-bouae 
to Fall River ................................ . 

To anchorage In Cburch"tt Cove .••••••.••••..• 

16 
16 

14 

8 

7 

18 

17 
13 

16! 
131 

23! 
17-221 

10! 
141-221 

151 

71 
191 
13! 
22 

12 

24 

17 
23 

15 

7! 

2li 

Feet. Feet. 
121 17i 

11! 16! 
5! 10! 

21 7~ 

9§ 14§ 

9! Hi 
8! 13j 

6~ lli 

11! 16! 
8§ 131 

181 231 
I2-17i 17i-22i 

~ I JO! 
9H71 14i-22! 

IOt I>! 

21 7! 
14! 19! 

81 13! 
18i 22i 

Coast Survey, 1866. 

Do. 
Do. 

Do. 
Do. 

U. S. Engineers, 1879. 

Do. 

Coast Survey, 1845. 

Do. 
Do. 
Do. 
Do. 

Do. 
JJo. 
D(). 

Do. 
Do. 
Do. 
Do. 

l~l Coast Survey, 1839. 

24t CoaRt Surv-ey, 1848-'61. 

171 Coa>!t Survey. 1848. 

23! Coast Survey. 1861. 

101 ! 151 

·7i 

27· Coast Survey, 1868. 

16t 211 Do. 

19 24 Do. 

12 Do. 

19 14§ 191 Do. 

Do 

Do. 
Do. 
Do. 

Do. 

25 20i 251 
19 14t 19! 

16--26§ llf-22 . Hij-261 

12 7§ 121 
17 

20 
20 

!Bi 
12i 

lli 
22 

2lt 
171 

12t 171 

lli 
22i 

22 
18 

Do. 
Do. 

Do. 
Do. 

Do. 
Do. 

Do. 
Do. 



 

170 UNITED ST!1.TE~ COAST AND GEODETIC SUI~VEY. 

Z'aUle of dep:lis: Atlantic Coast-Coutiuued. 

MASSACUUSETTS, I~nmm !SLA\'D, AKD KE\Y YORK. 

Least wai<'r in chanuel. 

Places. l..imits between whlcli t1eplhs are given. Afrau. I Sprin;::: titl.cB. 

- -~I···------· . -- --. .A111horitie~. 

Low Hi;.rl1 ! IJow Ili 11'h 
·watfT. 1 i;\·;:ttcr. ! water. water. ' 

Feet. Feet. Feet. Feet. 
NARI:AGAX>-iETT llAYI Afmrnt IIopc Dar-Couthrnt>d. 

(Ilarbor~and Anchon1geH). To anl'horag(~ in Kickamuit TI.iv-t•r ·----- 8 in::o. 
-4 iJ rn Co11f.;t ~urve.\. 18(';8. 

To andtorage in Col1··s Hin•r .... l" " I"' .. 12! 18 Do. 

To anc11or;t~{; in Lee'."3 J~iver ...... ] n:~ .. 7~ J:l l>o. 

rp Taunton HiYt't· to Dighton ~1 \J :i: 91 n.s. Engiw·Pr~ 18,0. 

Up Taunton Hivrr to ~""Pir _. 51 B± l>o. 

1 Bristol Harbor: 

Throu;:::h Eastern Cl:annd to and1ora~f:: JG 20! lGlJ 21 Coa~t 8urve,v, 1868. 

1~hrongh ,,.,.estcrn Chamwl to audwrage 16 20;} 151 21 !Jo. 
To andwragt\ in }>otowon~ut Hin~r ·-------------· 4 8, 3t I Du. 

, Greenwicl1 Das: 

To auchorage- off 8aUy'R Ho('k ----- -----·- 13 17~ 12! 18 Dn. 

From aLrpa.st of Sally's I~ock to anchorage oil' 
East GrePnwich (Gri·enwich Cow) -·-·· -- 10 !4~ 9~ 15 Do. 

To o.nrboragA in ..Apponu,n~ nive1· :12 • 8 ~! 
; Ho. 

To :mcborngt"~in Old W :ll'wiek CoYe .. 9 l:l§ 8~ 14 Do. 

To anchorage iu lirnsh N rck Cove. l~ 6 l 6~ Do. 

To anchorage in PoUP1":;i. Con' ... _ .. 10 14~ 9& Hi Du. 

: WnrrenRiver; 

From entrance tu abreast of the town of \V a.rren 11 151 10~ 16 Do. 

To anchorage below the Lower Michlle Ground 12 IG~ 11~ 17 Uo. 

J<'rom Warrf'n to the railroad hridgo ------··· 8 12t 7t 13 Do. 

To anchorage in Smith'8 Cove ..... -........... 8~ ·~ 
fi Do. 

1''rom Warren to Barrington fUvcr Bridge 12 16~ 11~ 17 
To anchorage in Barrington River ····· 12 16~ u, 17 

! Proddence T!iYer: 
l<'rom al>rra.st of Coniwicut Light-llouse 

anchorage otf Providence ...••....... ..... 14 I!) 13! 20 Dft. 

}"rom Conimicut Light-hou~e to Fox Point, 

wharves ... -· ....... ······· 11 IG 10~ 17 Do. 
At hratl ;,fharbor ........... ................ I 6 11 r~ 12 
Prom abreast of Sassafras roint Light-house 

I 

to East Provitlencc Bri<li:e .. -.... _ ... - ..... 14 w 13t 20 l>o. 

Prom abreast of WarwickLii:ht house over the 
bar \)t)tween Conimlcut Point arnl Ohio Lruge. 17 :!~ 16~ 2:i Do. 

To anchorat?:~ iu Turtle Co\""c ................. , 5 to 4! II I>o. 
l"rom Main Channf'l of tbc rin:>r to anthorage 

in Pawtnxt•t CoYe ...... - .................... 1 G 7 Do. 

From East Pro\'idcncc Bridge to U1,per · 

Brid!!e-geekonk lU\"er. .. ········· ····-- 27 32 261 33 Do. 
llLOCK ISLAND SOUND From off Point Jmlith to ahr.·ast of Watch Hill 

(ChJLnnels). Li;.:ht-house. "'·. ······-······················ 3:1 36 a21 37 Coast .'lurYf-'.Y, JR45. 

From off Point Judith to abrea•t of Little Gull ! 

Island Li!!ht-house .. ····-·········-········· 30 33 29! 34 Do, 
From off Point Judith to abreast of Montauk i 

Point. --··-· --········· ·-·-····- ....... 42 45 Ul 46 Do. 

I 
From off southern end of Block lslanu to abreast , 

of Little Gull 1Hlaud ... ···-·················· 42 45 4li 46 Do. 
Y.'rom off soctlu•ru end of Block Island to abreast 

of Gartlim1r 1
8 Point . ··- ············· 42 45 41! 46 Do. 

From off .lfontauk Point to nlJrrn1st of Little Gull 
16hm•l ........... ·······-················ 30 33 29i 34 Do. 

llLOUK ISLAND !'\OUND To ancUorng:e on Wcst('rn side ofl>oint ~Judith 19§ 22! 191 23! Do. 

(Anchorages}. To ancbor:iirc h<·tween Gardiner'• Point and East-
em Plain l'oinL (G,1rdiner's Island) ............ 15 18 141 19 Do. 

To oucborage in Dlodi; Island J3aain , ............. lOj 6i llt Atlwtic Coaztt Pilot 

1875. 
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f'l,;tmw,; l,;LA:\l> SO[;);j) 

1'.:hanud•). 

F!Sl!ER'f' hl.AXD l>OU:-!P 

( Ilarhrn Han cl Ant'hora.ge~). 

Table <!f' depths, Atlantic Ooasl-Contiuued. 

CO::S-XECTICUT AND :\EW YOllK. 

Limits between which <lepths a1·1~ given. 

To anchorage in Fort Pond B:~y 

To andwra~t· iu 80uthern parL of Xnpeaguo na,\. 
To anchur:tgl' i11 XnpHaguP Ilarbm· 
Through Ham Jgl:md Passa~e into GarUiner's Bay.· 
To anebor;.1g-l' in Tobacco-Lot Bay ... _ ..... . 

Th rough \Y at.ch II ill PaRsag-c into thl' Main Cbannd, 

Hy :\lain Chanuuel lhrough the Sound- .......... . 
T1tl'ough Sugar H••ef Pa8sag" into Hie lsfain Chau-

ncl. .... .. ...... .... . ................. . 

Through Catumb Passage iuto the !fain Channt·l 
Thl'oug;h Lor,l7s J)asisa~c intv the Ya:in Clrnnnd 
Through \Yicopessct PassagP intoth\l Ma.in Chau~ 

Through North CUaund irit-0 Lon~ Island Sound 
from Stoui11~ton _ 

Thnmgh the Sl1uth Clrnuud iutu Lung Island 

Round ·----- .••.. --·. __ . - .. 
Lit ti" ::": arragansctt Bay: 

To l-tnchoraw~. - - - -- . - - - . - · · - -
1~o nz1chornge otJ' San<l;r Point ........... ~ ... . 

To anchorage in Pawratuck River by North 
Chonnel through the Bay .................. . 

1,o anchorage in Pawcatuck I?iver by South 

Channel through the Bar .......... . 
~ton in gt on Harbor: 

To anchorage .... _ ........... _. ·-- ... ...... : 

To anchoragA off TippPr whan-es ·----- -----
Tu anchorage in East Harbor . -........ . 
To anchorage in West Harbor 
To ,anchorage in Mystic River .. . 

I To Mystic llri<lge ..................... . 
' To anchorage in }fumfor<l's Cove .... ___ ._ .....•.. : 

Least waler in chanr11d. 

Mean. Spring tides. i Authorities. 

Low Biuh LO\v High I 
water. water. ·water. water. j 

I -- --- -- i ·----- ----

Feet. : Feet. 
24 27 

24 27 
g 11 

12 15 

27-.t 

2i 

23 

:io 

21 

lG 

11 

Jfl 

7 

4t 
10 

8 

12 

lll 
10 

IO 

3Q 

291 

181 

21~ 

7 

121 

!Ol 

14!! 
14 

121 

Peet. 

23i 
23} 

7i 
Ill 

6i 
27 

15! 

1~ 

Peet. 

28 Coast Sun·e_y, 1845. 

28 Do. 

12 Do. 

rn Do. 
11 Do. 

30! Coast Sun·t>y, tx:m. 
30 ! Coast Sun-.. y, IR77. 

26 
3.1 

24 

1D 

14 

Do. 

Do. 

Do. 

Do. 

Do. 

22 J Atlantic Coast Pilot, 
I 
' 1880. 

\0 i Coast Sur..-ey, J83Q. 
lli Do. 

10 

71 
13 

11 

15 

141 

rn 

Do. 

Do. 

Coast Surve,r, 1874. 
Do. 

Coast Snrvey, 1839. 
Do. 
Do. 

Do. 

Do 
LONG ISLAND BOUND Through Main Channl'l from "Th~ Race" to 

(Channels). abreast of Cornfiel<l Point Light-ves•el __ ...... 120 

LONG ISLAND SOUND 
IHarboroall!l Anchoragll8). 

Through Main Channel from Cornfield Point ' 
Light-vessel to abreast of Stratford Point Light. 
house .................... -- - .................... : 39i 

Through Main Channel from Stratford Point : 

Light·housetoThrog's Neck ............ ...... 391 

Through North Channel from "The Race" to 
ab1·cast of the southern enn of Saybrook Bar.. 48 

Through North Cha.nnel from off Saybi-ouok Bar 
to a.breast of Stratford Point (junction with the 
MainChannell ............... 21~ 

Through" The Thimbles'· Channel . . ... . .. ...... 27t 

Through the Sontlt Cbannel from "The !tare" to 
a.breast of Cornflcl1l Point Li;.::ht-ve~sel. 721 

Through the SontL Cl1annel from Cornfield Point 
Light-vessel to abrea.Rt of Oyster Il:._y (jnnction , 
withtheMainChannl'l* ................. 21! 

Passage throuµ:h Plum Gut into Gardiner's Ba.y .. · 

Thame. niYeran.1 New r.outlou Ifa1bot: ' 
Through Main Channel from Loni: Island 

Sound t.o anchorage off Kuw Loudou....... 25 

At wharves of New Lundon. ... .. . .....•. .. . 11 

At Groton wharves 9 

125il ll!li 

45 39 

53! ' 47l 

27 
Ba 

78 

30 

51 

21 

27 

72 

24 

41! 

1261 

54j 

78l 

28 

14 

12 

Do. 

Do. 

Do. 

Do. 

no. 
Do. 

Do. 

Do. 

Coast Survey, 18'74 

Coaot Surrny. 1839. 

D<J. 
Do. 

•This depth is found only otf E:iton's Point. Elsewher.., on tbi• line there is not less than nine fathoms. 
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LONG ISLAND SOUXD 
(Harbors and Anchorages). 

Table of depths, Atlantic Coast-Continued. 

CO!>NECTICC'T AXD NEW YORK. 
-------------! -

Lt~ast wat!'r in channPl. 
i 
/ _ _:~.:.___i _ Spring-~ides. 
) T,ow 

1

1 Hi;;th ) I.ow / High 

Limits he.tween which Oepthfl ar~ ~ivPn. 

1
1 
water. l w-a1er. : water. I water. 

I ! I : ·····-----·--- -- ----------------- ----------1-- ----
Thames River and New London Ilarbnr-CoD't'd.: Feet. 

Throu~h PinP Island Channel from Fisher'8 I 
IslantiSournl .-- ... ---·- ·····--·---- ----, 21 

Ft'otn off Groton to abreast of Cow Point I 24 
:From off Cow J'oint t-0 abreast of Clarke's 1 

Cove by the East Channel _. - . - _ .... -..... i 15 
From off Cow Point to ahrea.st of Clarke's J 

Cove by the West Channel. ............ -- ... \ 1:1 

From off Clarke's Cove to nbrea,st of Trading i 
Cove ..... _ .. ____ ................. _ ... ___ I JO~ 

.From off Trarling Cove to Norwich . _ ......... \ 

To the Upper Bridge-Shetucket River ...... _ 
At entrance to Tradinii Cove -... _ ... _ ... . 
To anchorage in Trading- Cove .... ......... . 

To anchorage in Paquatannock Cove .... . 
To anchorage in Horton's Cove ............ . 

To anchorage in Winthrop's Cove ...•.. 
To anchorage in Gref'n's Harbor ........... . 

Niantic Bay : 
To anchorage ..... ------ ....... _ ........•.... 
To mouth of Xiantic River···- - .... __ ...•.... 

Connecticut River: 
On•r Sa~.,.hrook Bar ........................ -1 

A ~:~n~a~~.i-~~ _ B_ar_ to_ an~~~~~~ ~~ -~~y~~o-~. J 

To anchorage Ill Westbrook Harbor .....•.... _ ... 

1 Dnc:OI=~::~:=~~~.'-· -- .... - . - - -- .... -·. - - ..••. 

Through Passage between Duck Island and I 
Menunkete•uck Point ....•...•..•..•. __ .... i 

Throul.(b Passage between Dnck Island and 

Kelsey's Point .....•... __ - - .. -- -- -- ..... 
Through Passage between Stone Island Reef 

and East !,edge ..••.•••....... _.. . .... - .... ! 
To PiAr Head, Lewii:,' Landing ................ ' 

To anchorage in Killingworth Harbor •. -.••.... 
To anchora!!e in Guilford Harbor 
Sachem's Head Ha.rbot: 

In the entrance ......... -----·· ...... -- -----· 
To anchorage ............................... ' 

Passage north of Goose Rocks . _ ......•....... 
To Thimbles Anchorage 
Branford Harbor: 

In the entrance_ ... _ ...•••... ___ ..... __ .....•. 

Tothelanding ..•.••............ ··········-
To anchorage in Outer Harbor ..•............ 
To anchorage in Inner Harbor ..•••• ·--· _ ... 

New Raven Harbor: 
Through Main Channel from Long Island 

Sound t-0 Lower Bri<lg~ .................. . 
Int.> Qninnipiac RivPr ancl up to wharves . _ 
Into Quinnipiac River an<I to Up;rer Dridg<> 

Tnto Mill Rircr through <lritwb• i<lge to the 
Milltllo-Ground bt•IWf't•n tho hr·i!lgrs .. _ .. . 

Into Mill River and to Upper Bridge ........ . 
To OyRtt-..r Point \\""h..'1.-t"t'"P~ 

To 0,rstl'r Poiut flritlge . 
'l'otuwhomgoin Morris' Cove .....•..•...... 

7 

7 

l! 

JO 

15 

101 

18 

13 

20 

15! 

19 
7 

8 

8 

19 

19 

13 

25i 

10 

6 

13 

6 

13 
7 

2 

1 
l 

2 
8 

F'"3t. 

17i 

11 

22 
11 

17 

24 

23 
ll 

12 
12 

19 
13 
7 

8 
7 
7 

I! 

14 

Feet. 

14£ 

I2i 

Gf 
6i j 

11 
51 
Ii 
21 
9! 

10 

12! 

15 

Ii 
i 
1 
li 
7i 

Feet. 

24 

27 

18 

13! 
IO 

10 

4i 
Bi 

5§ 

13 

10 

18 

131 

Ill 

22} 

lli 

171 

24i 

20 

23l 

llt 
12i 

12t 

25 
25 

19 

311 

16 

12 

19 

12 

191 
131 

7i 

Bi 
71 
71 
81 

141 

A utborit.ies. 

Coast Survey, 1839. 
Do. 

Coast Rnrvey, 1874. 

Do. 

Do. 
Do. 

Do. 
Do. 
Do. 
Do. 

Do. 
Coast Survey, 1838. 

Do. 

Coast Survey, 1836. 
Do. 

U. s. Engineers, 1880. 

Do. 

Coru1t Survey. J 838 

Coast Survey, 1877. 

'Do. 

Do. 

Do. 
Do. 

Coast Survey, 1838 

Do. 

Do. 
Do. 
Do. 
Do. 

Do. 
Do. 
Do. 
Do. 

Coal!t Survey, 1812 

Do. 
Do. 

Do. 
Do. 
Do. 
Do. 
Do. 
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Table of depths, Atlantic Coast-Continued. 

CONNECTICUT AND NEW YORK. 

I.-east water in channel. 

Places. A11tho'1''t'~ 

Low High 
water. watPr. ; 

I 

LO~fi ISLAND SOl"ND ' New Haven Harh.ir-Continue<l: Fat. 

7~ 

lli 

Feet. 

1Harhor• an<l Ani•.horages). To Forbe' Wharf ......... . 
To anchora~e in Milford Harbor 

! Hom~atonic Riv-rr: 
O•er tbe bar .... ------ .... ---- ... - ....... . 
From inaide the bar to Stratford .......... .. 

Bridgeport. Harhor: 
Over Urn bar t.o lower bridge. ..... 

To and1ora~e abreaflt of tlw dty 
Blaek Rock Harbor: 

From entraneo to t hr town 

To nnchora~A in Outer harbor 

To a.nchoro1ge in Innt-r harbor . 

Over Southport. Harbor bar t<i auchorag~ off 
wharve~ 

Saui:atuck River: 
Over the bar ... 
J<l'om inside bar to Clam Rock Point 
To a.ndiora~f\ .... 

Port J etferson Harbor : 
Approaching the entrauee by the passage be· 

tween Mount Miser)· Shn11J and Mount. 
Miser~· Point ...................... .. 

Over the bar .. . .. .. . .. .. .. .. . .. . .... . 

Aft.er pa,.sini: tbe bar, to anchorage .. .. 

Through passa,ge into Corn~cienct~ Bay .. 
Tbrou~h pa.saa;_!;A into Retanket, Harbor 

Smithtown Bay: 

12 

2 

12 

12 

16 

JR 

To anchoragP under Crane Ne<'k Point 21~ 

Int,.. Stony Brook Ifarhor 3l 
To wbarveR in Stony Brook Harl"'r . . . . 4~ 

In entrance to Nissequague River ......... - . . lt 
To anchoragA in f'ockenoe's IRiand HBrbor .... .. 
Norwalk Rh·er: 

Entrance from Cockenoe's Island Harbor to 
the northward of Betts' Island ........... . 

PM88ge between Ram J.Jand llJld Chimon'• 
Island....... . .................... .. 

Sheffield Island Harbor : 
In the entrance ............................ .. 

Up to anchorage ....................... . 
In entranCA to Da,rfon RivPr 

Huntington Bay: 
To anchorag~ ................................ - .. 
To anchorage in North]IOrt Bay ............. . 
To Northport Wharvoa .................. .. 

Entrance to Dnck Isla.nd Harbor .. . .. . .. ... . 
To anchorage in Duck Island Harbor ........ . 
Entrance to Huntington Harbor ............. . 
To anchorage in Huntington Harbor ........ . 
Entrance to Lloyd's Harbor ................ . 
To anchorage in Lloyd's Harbor .•••.•.•.••... 

Oyster Bay: 
To ancbora.ge ................................ . 

To anchorage in Oyster Bay Harbor ......... ! 
To doek at Oyster Bay Village ............ -·! 
Pa.uage into Upper Harbor overt.ho bar ....... 1 

To anchorage in Cold Spring Harbor ........ . 

-~ 

3 

ll 

10 

5t 

14 
18 

13 

lB~ 

18~ 

1:. 
rn 
15 

20 

11 

12 

9 

l!)i 

10! 

27i 
151 
121 

181 
141 

16i 
171 

191 
161 

12 

8 

21 

~ 

4 

1 

71 

2! 

10!! 

9! 
5i 

19 

4 

10 
6 

9 

11 
8 

19 

8 
5 

H 

16 

Hl: Coa.9f. Kur..-.. ,-. !Rn. 
181 Coa•t. Survey, 1859. 

S! Coast ~nrvt',\', 18'.~7. 

l:l! Do. 

19! l:. K Eugi11.-{ff.-1, 1880 

rn~ no. 

Hi 

~fl 

lfi 

13 

17 

17 

Coa8t ~url"P), 1>;.37. 

no. 
no. 

U. R. F,ngin~f\ff-0. 1880. 

Coai.d. Surl"f'y, 1859. 

lJo. 

no. 

23~ Coast Sur,ey, 1874. 

15! U.S. Engineers. 1880. 

2ili C<laSt- ~11n·Py, 1~7.t. 

8§ Do. 
Do. 

30 Coast Survey. I &17. 

11! Do. 
12! Do. 
9i Do. 

16 Coast. Snrv•y. 185P 

11 Do. 

19 ' Coast Survey, 1836. 

18 Do. 
131 Coast SnrvAy, 185!!. 

281 Coast Survey, 1836. 

161 Do. 
131 Do. 

191 Do. 
151 Coast Survey, 1836. 

171 Do. 
18* Do. 

201 Do. 
17i Do. 

281 Do. 
17! Do. 
141 Do. 
231 Do. 
25i Do. 
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Table of depths Atlantic Coast-Continued. 

:~rnw YOltK. 

J,east watel' in channeL 

EAST RITEH Whannel<J .. 

EAST RH.ER 1 Harhnr• nnil 
Anchora.gt>R). 

Limits bf'1Wt·en wllicl1 dl'ptht"J arl' giYCIL 

l-;1r1rn dlt1'11Jh'c to moi1tl1 of ..Mfll .River. 

To ;uw1wrage in Hoa<l~-- -- -- . -- -- - . -- . - ... - - .. 

Tv ancllon.1~f' in Inner Ilal'bor ........... . 

Tn :mdwra;.:t" ill Cfremrwicli CoYe alHJYe relican 

]Joint. _____ ... ---------

To and1or:-1g;t\ in Cos Cob ll:ulior . _.... . . . .... - .. 
T11 ancl1on1gi' iu Little Captaiu 's lH1and Jlarhor .. 

GreatCaptain"s l~la,1u.l Tiarlu)r: 

I Fe<Jt. 
4 

12 

16 

To anchora,g"'-' under wr·Rtt_:l'll Ride of Calf lRlaml 11 

'J'o anchma;:.:.e l1etw·e1·n !'H1utbN·n rrnl of Calf 

lslaml nml the HouthweP.krn cn<l of Great 

Co1ptain 1s lRlancl ....... . 
T11 audwra,;:c ht nush's Ilarhor 
At (•Jlfl'anc>(• to B:' 1·am RiYf'r. 

l1f'mp!'\frad Ilarbor: 
Cnannel to Ilarbor Beach ....... . 

To nnehora:.:,c in Onter HarLor 
l\1n.nhat-1:.;,1•t Dav: 

On:r har at e11tra1we. 

.AflPr ]IU8£.Jiu~ liar, (o aud1or..t~0 fJff ~foU ':-i I'olIJt 

To am:horH.!!f' in TJelann'y'R Cove 

To nntltoraf!e iu X•~w .HoclH:llt~ Hnrl~or 

To anehora~l' close under Hart. T:-.1.lud (Ilart awl ' 

City lsland Harbor) 

PPlham Bay: 
To anclwragc ............•.. 
Entrance to Ilntcbinson's Ri"vcr - ..... . 

To anehm Rl!e> in Litt.to N PCk Dr1r ...•.•. 

From Thro~'8 N<'ck to Port ;'llorris hy the pas
•age north of North llrotl1er falanil .. 

From Tbrog's. Neck tfl Port MorriA hy the pnR

Aage betwr-en North and South Urot.Jier ltilan'ls 
From Throi:'• XPck to Port Morris, hy the pas- : 

aag:e Ron th of Iliker's Iri1aml. ................ ~ .. I 
By tho lfain Channel through Ilell Gate . , ... - . __ ) 

By the :"lliddle Channel tbroui:h Rell Gate .... - ... ! 
By the EMtern Channel through Hell Gate ....... : 

; Throuf!h Ille pa•sage we•t. of Blackw.-lh Island .. j 
Through the pas•age east of Blackwell'• Island .. [ 
From Tihwkw1•1l'H Island through to Hudson RiT"er I 
Throu;:h the Iluttermilk Channel..,. ....... --· ... ! 
To anchora[!;O in Flushing Bay ................... _. 
Jlarlf'm Jfrq->S; 

From Ilell Gate to Mott Ra-,.en ....... ., ... . 

48 

24 

22 

28 

20 
:!.~ 

30 

~4 

31 

28 

17 
Through the Passage between Ward's and 

Ran<lall'sI.lands ····------········----· ···I JJ 
Pnssagt~ to the bridge in Newtown Creek. - . ..• ..... 17 

GA RDINERS TL\ Y at11I Trlh· Thron;:h Main Entrance between Gardiner's Isl-

11tBrie• (Channtil"). and and p;um Island ............. ···-········ 30! 
Through the paesa~e bet.ween Plum Island and 

Gl'~al Gull fahn1l ... , .. .,., .... ·------·--···· 

i Throu;:hPlumGul .. ----·- ··--····-·········· 
1 1'1U111age through Shelter Island Sound, pa.Rt Green-

port, int.o Litt h' Peeonic Bay. __ . . . . .......... _ 19~ 

Feet. 

11~ 

19~ 

141 

15~ 

15fr 
23~ 

201 

211 

19 

31 

29 

221 

32} 

23! 

21! 

211 

7;1 

7i 
15i 

JO 

14 

2 

fl~ 

13 

23 

21 

7 

7 

47~ 

30 

21 

19 

19 

AuUwriLit·s. 

Feet. 
12 Coat-'f, Surn:.v, J s:,.g, 

20 Do. 
15 Do. 

16 l.Jo. 
JG Jlo. 
24 Atlantic Coast Pilot, 

1880. 

l9 Do. 

Do. 
I:Jf Cnarr,t ~urvP.y 1 1831. 

Wi Jin. 

16l 
161 

16 

Coou::t ~nrvc.\", 1859. 

l>o. 

CoaRt Rur,'ey, 1s:u. 
Do. 

Ilo. 

Do. 

Do. 

Do. 

Do. 

Do. 

54~ Coast Surwy, 1841. 

Do. 

Coast Survey, 184\· 
Atlantic Coast Pilot, 

1880. 

Do. 
Do. 

Coast Snrvey, 184 L 

Do. 
Coast Survey, 185& 

Do. 
Coe.st Survey, 1841. 

Coast Survey, 18511. 

17 Do. 

23! Do. 

33 Coast Snrvey, ls:lf 

24 Do. 

22 Do. 

I 
22 i Coai;t Survey, 1839 



 

UNITED STATES COAST AND GEODETIC SUHVEY. 

Table of drpths, Aflanlir: Coast-Contim1cd. 

::\EW YORK. 

·-·~-~-~-----~------- ----------~ 

! 

PiaCt'S. 
.llean. 

Low j, IIi;.::l.t Lmv Ilidi 
W<lhT. watel'. water. watci·. 

ti.:\HlJIXi:I~'~ ll.\. Y autl tri· Passa;:t· t11rnug:l1 S!:dtei- J..,l.!1:111 Sunud pa~t St17 Feet. l'r:d. }i:.et. 

h11ta1it·~ <Clmm1dK)-Cun!'tl. IlarlH:r, in10 Littk Pf<·ouk lh,\· i:-11 lr: ('o.1~t ~UfY('}-, lti3~ 

~'>!'TH COAS'I' OF LONG 
!~LAND (Harhur. autl An
<:hura:..:t~8J. 

Fil'r lslarnl Inlet*. 

To um-"110ragf' iu Orit>nt 1I arh01· .... 

(~1·ee11port Ifarhor: 

'l'o mi<'lwr~l).!;e . 

Tu Greenport wlHHVt'~ ..... . 
TtJ andiurnge in Pipes' Co\ t> 

To an< horag-c in Southol'1 !by .. 

Sa~ HadlOr: 
To anchorage ..... . 
ci·o Sa~ Harbor wharn·~ .. 

To nnd1ora~e in N oya(·k nlly 

I .. ittle Pec<mic Bay: 

Passnge through 1b1• lm:•• 
rro fln(·horng:c 011 t•a.;t :-<idt> of LittlP Ho:.! .!\eek 

To nuclwragt_' in C11tdrng1w Uarhor .. -

G rent Pec<~nic Bay: 

Channel thrnugh t tie uay 

Main Clrnnne.1 over Bar._, __ , 

, Channel to abreaRt of Light-house Wharf 
I 

<;r1;;at South Bay ...... . -. i From ahn•ast of Fire falantl Light-house to tlw 

Ciil~oln1et.* ···-··-··--·-···-
".'\1,,\, Inlf'.t* ....•............ 

I:fwkaway Inlet* ..... . 
.hnuaica Bay ....... __ ... . 

Fir<' l slantlB .. _ _ . _ .. _ ... _ .... __ 

I ·From Fire l•lan1ls to Smith's Wharf. .......... .. 
.From Fire l8lawls to Nicoll'i;;. Point ...... _ 
From Nicoll's Point to Howt.•ll'l:'l J>oiut .. __ ...... _ 

1~~rom Howell's Point to Bell'~ Dock 

From Bell's Dock to Smitll 's Point ......... .. 
Iu the eutranet· to Connetquot lli"t"cr _ ...... _ ..... , 

To anchorage in Nicoll's Ilay1 oft' mouth of Con-
1 

netquotRivcr ........................... . 
In the cnlt;ince .... _ ....................... .. 

").·· do 
. .... do .. 

Through Big Channel to aUre.ast of Canarsie .... _., 
To Canarsie Lan<liu~ ........•.............• 

Throngh Islaml Channel to Ctimtrsiti I.anding .... ! 
Through Big Fishkill Channel to Du<··k Point I 

MarshPs ..•.................................. -: 

Through Onck Point Chanud .................... I 
Tbrou[h Ilettcb Channel t-0 l3roatl Channel ...... ·I 
At Ro<'kaway Wharves ....................... . 
Pass:ige over Lon;? Bar ....................... _, 

From Long Ba~ to Sloop Bar_ ................. _ ... f 
Througl1 Grass IIaRSock Channel to Norton'.• Point 
Through Broa<I Ch!lnnel to Hell-Gate .... _ ....... 1 

Throllg:h Rt·ll-Gate to Nig;.!t•r Pi1int _. _ ..•.•••... 

Through Hassock Creek to Groou Point ...... . 
Through ''The Rauot" to Goo•" Ilill Channel .. 
Tbm11gb tlJo Pumpkin Putch Cbamiel ........... . 
Ornl'the Ila~ ................................. .. 

1•hrough l>eep Creek'llml Irish Channel to Island 
Cbaunel (Jamaica Bay) ....... _ ........ , ........ 

• Shlftin~ llllll<l liars. 

J~ 

11 

R 

3 
6 

31 

17 

10~ 

8 

6J 

10 

7~ 

22 

7 

13 
]\) 

~l 

HI 

1:1 

JU 

l 1~ 

10~ 

7J 

6 

3~ 

m 
6~ 

9 

]ii 

14 

1:; 

JO 

f• 

7j I 

Do 

llu. 
Do 

Do. 

Lio. 
Dt1 

Uo. 

llo. 
Do. 
J)o. 

Coast. ~m·n•y, 187.1 

Do. 

l>o. 

llu. 

l>o. 

lJo. 

Do. 

Du. 
l)o. 

l>o. 

Coa.~t Surw·y. ll!:l5. 

l/o. 

Coast Sm·\-t•y, lt-.77 

Uo. 

Do. 
l>o. 

Do. 

Do. 

Do. 

lJo. 

Do. 

Do. 

Do. 
Do. 

Do. 

Du. 
Do. 
lJo. 

Do. 

Do. 



 

176 UNITED ST.A.TES CO.A.ST A.ND GEODETIO SURVEY. 

Table of depths, Atlantic Coast-Continued. 

KEW YOitK .AND NEW JEltSEY. 

Least water in channel. 

Place&. Limitl:I between which depths art; giYtill. 
Mean. Spring tides. .A.nthoritiea. 

I ! 

i Low High i Low I Hif!h I 
water. , water. : water. i wa'fur. ! 

Feet. Feet. Feet. 

NEW YORK l!AY AND , Through Gedne.l"" Cb.inuel ............. . 

Feet. 

221 

30§ 

2~~ 

21~ 

JI)! 

14 

20~ 

13§ 

22 

28 Coast Sur-re}', 18.56. 

HARBOR (Channels). ' Through Main Channt'l, after pasRin:; Bar 31 

Tributaries to New YorJ; Bay 
(Sandy Hook Bay) . __ .. _ 

1Raritan Bay). ___ .... - - . -

\Arthur KJ!J1 ------·---·-······ 

(Grav"•entl Bay) 

1K1ll Van Kull). 

t~fowark Bay) . 

((Jowanna Bay) ... -- - .... -- . __ 
1Hudson Ri-rer) 

; Tlnonglt Swash Chanut:l, after passing Bar 
, Through Sontl1 C.l.ianuel , . _ ........... - .. . 

'Through East Channel.. ····----- ·----·· 
Through Fourteen-Feet Chauuel ..•. 

Through False Hook Channel 
Channel north of East Bank ... _ ..... . 

Throuj!h the Lower Ba.i· to The Narrows. 
Through The Narrowa to abreast of the Quaran-

11 

tine Station .... _ .............. _ ...... --·. .. 36 

.l''roni Quarantine through Upper Bay to anchor-
1 

age in ll1Hlson lti-rer off New York City .... - - - :iu 

Through l3uttermilk Channel into l'ast ni-rer . - . i 2~ 
Passage north of Goveruor1s hland into East River 31 

To a.nchol'age . _ ...... _ .. _. __ .................. - . 

'l'o andiora.gt' in Horse-Shoe Covb . . . . . . . ... - .. -

Fmlll Sandy Hook to Segnine Point . -- . - . 
Frotu Seguint- i>oiut to Ward '8 Poifil, ............ -! 
Charmel at'ros~ thB flattt to mouth of Raritan Itiver ~ 
To Hailrtmd Brillire. Raritan River. 
Raritan River from Son th Amboy to Sayreville .. 

l''roru Sa;yrevillc to New Brunswick ............. -

'J'o anchora.p;:e iu J>rincess Hay ..........•....... - -

To ancborag<' off Ken•ort .. -- -- - . -- - - - . -· - . - - - -- - -
Eutrance to Shrew~lJury 1~iver ........ - . . . . ... . 

Eutrance to Navcsink River ............ - ... - ... - . 

To anchora~e off Port. Monmouth ........... - . -.. . 

l''rom W~rd'R Point. to Tuft's Point. __ ·----· .•••.• 

l"ron1 Tuft's Point to Prall's Isla.nil. ...•••.•.••• --
Through Korthweat Reach to Elizabetbport ..... . 

C'hannd east of Prall's Island ... ·--- - _ · .. - --- ..... -

'l:o anchorage .. ___ .. _ .. _ ... -- . -- -·-··- .••• -- - - - - - . 

I 

Through to lleri;eu Point, Newark Bay .. --- .. _. - .' 
Channel along north shore of Staten Island from 

Bergen Point to Elizahetbport .. ______ -... -_ _'_ - -

Channel from Berg.·n Point to Hackensack River 
Bridge .. _ .... ____ .. __ ._ .... ___ .••••••••••• ____ .. 

Channel from Bergen Point to Passaic River Bridge 
To anchorage in Bay j nst above Jersey Central 

Railroa<l Bridge. __ .•••••....... ---·- ..•••. -----·1 
'foanchorage ·-·~·········-~·······"···•·-·-·-·· 
From New York to Yonkers ......••••••.••..•... 

1 
.l<'rom Youkers t-0 allreast of Piermont .. - .•• - -.. - -

To abreast of Tarrytown ..•. --- . - -- .• _ --- ... - . -- -
Prom Tarrytown to abreast of Sing Sing • _ ••• ___ . 

From Sin;: Sing to abreast of Haverstraw __ - -.. - -

'l'o abreast of Peekskill.-·---·-----· ••.••. --- . __ . 

From Peekskill to West Point Light-house .. - -•. -

From WtllltPoiot to Newburgh----·· .... -- - •.. 

FromNewbnrghtoPonghkeepsie ----- ····---·· 
From Pon11hkeepsie to abreast of Rondont _ -- _. --

From Rondout to al.irea&t of Glasoo .. ----· .••..... 

.t'rom abreast of Gluoo to Saugertiee .. --- •. --·. -
From Saugerti.., toCat&kill (MaiD. Channel) ...•.• 

lo 

~ 

14§ 

19 

11 

II 

6§ 

6§ 

16 

4 

3t 
3! 

10 

15 

14 
13 

11 
9 

25 

9 

15 

12 

28 
8() 

31 

24 
30 

28 

60 

36 
39 

8l 

lll 

23 

lll 

36 Coast S11rvey, 1869. 

2& Coast Sur-rey, 1800. 
27 Cnast Survey, 1856. 

25 Do. 

19A Do. 
26 Do. 

19 Do. 

27i ; Do. 

41 

12 

21 

10 

9 

20 

17 

aa 
34 

35 

27! 
33f 
316 

6:J 

89 
42i 

35t 
25i 
27t 
25t 

llo. 

Do. 

Coast Survey, 1855. 
Do. 

Coast Survey, 1856. 

Do. 

Do. 
Coast Sur..-ey, 1857. 

Do. 

Do. 

Coast Survey, 11572. 

Do. 

Coast Survey, Jll57. 

Coast Survey, 1841. 

Coast Survey, 1840. 
Do. 

Do. 

Coast Survey, 1855. 

Do. 
Do. 
Do. 

Do. 
Do. 

Du. 

Coast Snrvey, 1872. 

Do. 

Do. 

Do. 

Coast Survey, 1854. 

Do. 

Do. 

Do. 

IJo. 
llo 

C-0.i.•t Survey, 1857-

Do. 
Coast Snn-ey, 18611. 

Do. 
Coast Survey, JBG2, 

Do. 
Do. 
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Table of depths, Atlantic Coa,st-Continned. 

Nl<}W YORK ANlJ V.lmMONT. 

Places. Limits between whid1 clepthfl are given. 

Tributaries to New York Bay: i 'From Catskill to Hudeon City ..............•.... 

(Hudson River). I ~""rom HuU.Aon City to New Ilaltimon•. ·-·-·····-· 
I From New Ik1.ltim01·e to Alb~tuy ·----- ------ ___ _ 
' l!'rom Allrnuy to Troy .......................... . 
. To anchorage in Haverstraw Bay .............. . 

: 'J'o anchorage off Ganison's Landing- ....•....... 

i To anchora~e in VaTHlerhf'rg1s Cove_ .....•.•... 
Up Rornlout Crt,ek to Houdont. .. - - ...••....•. 
Through The Mal'lstrom ....... - ........... -

j ChannelintoIIalh·uLeck 1sCret•.k ...... --------

LAKE CHAMPLAIN (Chan- From Fort. Montgomer~· to Isle La Motto Light.-
nels). 

LAKE CHAMPLAIN (Har
bor• ruul Anchorages). 

house .......................................... . 

Through Point au I1'""r Channel _. --- ...... -- ---- -

i Through Passage l~etwef',n I)ointau J'crR<'efnnd 

I l•le La M"tte ............. --·· .. _ ............ . 
1 Passage bet.weeu !.<mg Point, Shoal aud Gull 

Island Reef 
Passage between But.lcr's Island and Gull Islam! 

ReP-f ........................................ .. 
Passagn between Bntler'~ Islaucl and Kni~ht'A 

IHland ....................................... .. 

Passai:o between Wood's Island arnl the main· J 

land- ............................................ 1 

Passage west of V :i,lcour's Island ..............•.. 1 
Passage between Providence Island and Grand ! 

p::~:g~· ~~-;~~~;~ ~;~~~;~ ·;~;~~-~:,; ·~~~:~ ·~::.:~ I 
'l'~~:~~. ;;~,;,;~~- ~~~~-;~~. c;i:;~;~~~- ;~;~~- ~.;~· 1 

Crown Point, .. - .. --- -· ..•.... - .. _ ••............. \ 

From Cr_own Point through 'Vhifohall Narrows I 
to Wlntehall .................................... 

1 l\fissiS<JllOi Bay: - • I 
From abreast of Province Point to Stevenson 

Point ..................... , .............. .. 
'l'o auchorage in Chapman's Bay ............. . 

To anchorage in Ransoin's D"y - .. - - -- •.. ~ .••. 
Allmrgh Passoge: 

From Stony P?int ~ Hm·s"·~hoc Shoal ..... I 
To anchorage '.n D1ll~nbcck s Bay ............ 

1 

To anchorago m Sqmre• llny _ _ _ _ _ .. __ . .. 

'fo anchorage in Macomb's Bay .. . 

To anchorage in Pelot's Bay ...... '. ........... , 
Through La Motw PaBSage .................. . 

To anchorage in Kiug'• Bay ................ . 
To :mcborago in Little Monti Bay ........... -
To anchorage in Monti Bay .................. . 

Toa.nchoragelllldernorth shore of Treadwell's 

Bay ....................................... . 
The Gut: 

In the Eastern Entrance ................... .. 
In the Western Entrance .................... . 
Throngh the Passage ....................... .. 
Te a.oohorage in Hibbard'• Bay ............. .. 

To anchorage in McQnam Bay .. ___ .............. . 

To anchorage in City Bay ..•.•• , ................. . 

S.Ex. 29-23 
To anchMa,ge in Lapan's Bay .................... . 

Least water in channel. 

~feau~--~-~r~n~~~·~-1 AutLoritiPs. 

Low High I Low I Ilig:h I 
water. water. : water. i wa.kr. j 

Feet. Feet. 

1 

Feet. ' .. Fe-::-i 

3~ 27~ 28 a2~ ! Coast Suney, IRG2. 

14l 101 11 lf}l I Coast Survt'y, 1863. 

12~ 91 9! 1~2 ! r. K Eugint'en1, 1880. 

101 
i 

7~ I R 11 I Do. 
I 

11~ 7l 8 lll l Coast. SurvP~, 18.;4 . 
25 

3 

l:l 

JU 

116 
8 

15 

23 

12~ 

17 

7 

25 

8 

10 

7l 
9 

!Oi 
7 
7 
(j 

13! 

11 

8 
11 

13 

14 

9 

6i 
7 

61 
II 

8 
11 

:!71 

61 
161 

241 
n~ .. 
rn ... 

28 i Coast Hnrvt·y, l8f17. 

G~ ! Coast Surve~-, 1860. 
17~ 1 CT. S. Engineer.,, 1880. 

2:l 181! 23!i , Coast Hm·n•y, 1~6~. 

13 , 8!i 131 I Do. 

No Tides. I 
i········l········i CoastSurrny,1870-'74. 

.•. : ........ 1 ........ 1 Do. 

I I I ....... , ........ , ....... I 

11 ..•..•.• 

1 ...................... .. 

1- ....... ········ ....... . 

1 ....................... . 

:::::::: :::::::· ::::::::1 

........ , ............. . 

:::::::: :::::::r:::::: 
: ::::::t:::::::i:::::::: 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Do. 

Do. 
Do. 
Do. 
Do. 
no. 
Po. 
Do. 
Do. 
Do. 

Do. 

Do. 

Do. 
Do. 
Do. 

Do. 
Do. 
Do. 



 

178 UNITED STATES COAST AND GEODETIC SUHVEY. 

Tabfe of dcptlts, Atlantic Ooasf-Continued. 

NEW YOitK AND VERMONT. 

\ Lenst water in channel. 
/ __________ _ 

Pln.ces. Limits between which depths are given. 1 Mt'Rn. ; Spring tides. 

1
1 ;;.~:r.1 ;1dfe~-- ~1,~~:,.:r~Fe~ .. 

-- -----j- ·--------,---,--[----

[ 1~ ~1~!~ 
LAKE Cll.lMPLAIX (Ilar-. Saillt.Aloan'sBay, No tides. 

hors tmtl Auchorug1•s)-Con- j Jn the Entranco ............................. . 
tinnea. i At Saint Al ban's llay Wharf .......... - . ·-. - . 

/ To anchorage on w~st side of Bny .. _ .. _ ... _ .. 

I Keeler'a Bay: 

I
' To anchorage under south shore ...... _ ...... . 

To ancborn.ge under wP,st shorn. - .. - -...... -.. 

I, Cmnberlancl Bay: 
At Plattsburgh wharves ......•.......... - -
To anchorage in 13ay, dose along west •Me of 

Cumberland Hea<l --·-·· ...... ... : ....... .. 

To Anchorage behind Breakwater ......... - .. 
Mallett's Bay: 

In the l>ntranco ........ _.. .. .... _ ......... .. 
To nnchorage under Pickerel Point ......... . 

At tht• wharves in l•ort. lrt'11t .............. .. 
At th~ whanes in Port Jackson ............ . 

Corlcar1a Day: 
To Pott D<mglass . -......................... .. 
'l'o anchorage near w-ba1f ....•.. , ...•...•.. - •. 

lJurliugton Ilarbor: 
Atilurlington whll'Vc• .... _, .............. .. 
To ancho11tge behind Breakwater ............. ! 

:: 8h111bnrne nay: I 
: Entrance east of Proctor's Shoal ............. . 

Eu trance west of Proctor's Shoal. ............ \ 
To rmchor>tge ojf Ship-Yard .................. 

1

1 
Tu a.nch~nage in Willsborough B8y off Frisbie1s 

Point - ................... -·-. - .......... ·-- · · ·- ·1 

To anchorage in ~foaelt's Cove ................... \ 
To the wharns in Essei. Harbor •..•••.•.•..•.••. 
To anchorage in Wbalon's Bay ...............•.. - . , 

To anchorage in Mc.'." ell's Bay ................ · --·I 
i To ancbm·ub-e in Kingsland Bay . - .. - .... - .. - .... - · i 
'To anchorag:e in Pol't(~r·s Bay ............ , ........ ·'. 
To anchorage in Field's Bay .............. _. _ .. _. / 
To anchorage in Rock Harbor ...... _ .......... .. 
To anchorage in Barn Rock Harbor ............ -. 
To anehora.go in Bttsin Harbor ....... _ ........... . 
Northwe•t Bay: 

To anchorage umlcr north shore .........•.... 
At We•tport wharves ........................ 1 

'fo anchorai;:e in Button Bay ................... _ .. 
To anchomge in .Arnold's Bay .................... 

1 
To anchorngo in ~olo 's Bay .. ................... .. 

To the Wharves m Pott Henry ... -.............. ., 

To anchorage in llulwagg~ Bay .. ·: . ............ --j 
At Wharves at Crown Powt Landing ............ 

1 
At Wharf at Larrabee Landing ................. . 

At Wh1uf' at Ticonderoga Landing ......••.....•. 
A.t Wharf at Orwell Landing .......••.........•.. 
At Wltarfat Benson's Landing .................. . 
At WltarfatCold Spring ........................ . 

Pa8llllge t,o Wharf at Chubb'8 Dock .............. . 
Tc Wharf at Snowdy's Dock .................... . 
At the wharvee in Wltit.-hall .................... . 

In the Entmneeto South &.y .................... . 

21 

JO 

13 

9} 

10 

14 

63 
21 

15 

11 

27 

1a 

21 

20 

21 

14 

32 

15 

10 
31 

13 

22 
16 
8 

68 
64 
II 

21 

s 
8 

8 
11 

5t 
13 
6j 

7 

llt 
12 

16 

8j 
22 
27 

6i 

.. ···-····1······· 
.. T .. 

I -· j--
--1--·----l ..... 

+-
' " ( "" 

·--i--

::~: ~~;J~i ··: :~. -~:: _:;: 
........ ! ........ "'"'" 

.:::·:::!:::::::-r::::::· 

....... .1. ....... '····--··1 

1:.L:I::, 
I 

/ 

i:::::::: :::::::: ...... .. 
1 
........ 1 .............. .. 

·--·--·1·--·----1·--····· 

! 
........ ...... _T __ .... _ 

:::::::r:::::::::::::: 

::::::::,:::::::r:::::: 
1:::::::: :::::::: :::::::: 
········ ··-····· ......... . 

1 

....................... . 

......... -. ~ .. ~ .......... -.. . 

........... ......... ......... . 
I 1-·------ .............. .. 
1:::::::: :::::::: :::::::: 

:::::::: ::::::::i:::::::: 

Autlloriti<•s. 

Coi1~t S1u'\'l'Y, J~'i~- 1 74. 

Du . 
Do. 

Do. 
Do. 

Do. 

Do. 
Do. 

Do. 
Du. 

Do. 

Do . 

Do. 
Do. 

Do. 

Do. 

Do. 
Do. 
Do. 

Do. 

Do. 

Do. 
Do. 

Do. 
Do. 

Do. 
Do. 

Do. 
Do. 
no. 

Do. 
Do. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do . 
Do. 
Do. 
Do. 
Do. 

Do. 

Do. 
Do. 
Do. 
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1'able of depths, Atlantic Coast-Continued. 

NEW JERSEY AND DELAWARE. 

··------, ---·-

Least water in channel. 

Places. Limits between which depths are given. Mean. Spring tides. Authorities. 

i water. water. water. water. 
i I..o;·-- !,ow Low 

1
1 High I 

: : I _____ _ 
:---- ·--i--11 

1 
Feet. Feet. Feet. Feet. 

llarnegatlnlet ................. Over the Bar• .................................... ; 7 9 tt 91 j CoruitSurvey, 1876. 

I From inside the Bar, tltrou;:h Oyster Creek Chan·' !, 

I nel, to Barnegat Tiay...... . . .. .. . .. .. .......... : 8 10 7i 101 Do. 
Barnegat Ba.y ..... _............ From Oyster Creek Channel np the Day to abreast ; 

of Tom 1s Rivf'r entranco ...................... . 

Up Tom'a IUvn to town ...................... . 
From abreast. (If Tom's River to entrance to :Ale-· 

tedeconk Tiiver 

Through passilge into Metetleconk River ...... . 

From Oyster Crnck Cbanne.I, through southern 
part of the bay, into Little Egg: Barbo1· ........ . 

Channel to Seasido Park Wharf ................ . 
To anchoru,ge in Goose Creek .... - ........... -... . 
To anchorngn in .A pp legate's CoYe ......... . 
To-anchoraf!e in Mosquito Co'\""e ................ . 

To anchorage in Kettle Creek ............. . 
'l'o ancboragf': in Cedat' Creek ................... . 
Tu anchorage in Forkell River ......... _ ... . 

New Inlet•.................... Entranco tbrongh Tucker'• Corn Inlet to abreru;t 

Little E;rg Harhor ...... , .... 

Great Bay ................... .. 

Brigantine In;et • ..•••••• 

of Anchoring Islands ......................... . 
Entrance through Little I>gg Harbor Inlet. to 

abreast of Anchorini:t IsL~nds .................. . 
From abreast of Anchoring Islands, through Main 

Channel, to Long Point...... ...... .......... , 
From Long Puint to Jessie's Point ............. ···i 
Through Sbeepshead Creek into Great Bay ....... , 
Through Beach Channel into Barnegat Bay ...... -1 

p~:;g~. th~ugh .Shoot~~~ ~h~-ro~~~fa~~- '.~'.~ -~~~-1
1 

Across the flats to Mnlhe<ts RtYor ............... . 
In the entrance to Mullicas River . . . . . . . ..•..•.. , 
Up Mullicas Uiver to abreast of Dass River en- ! 

I 
o::~~: ~~~:: ::: :: : ::::::: :: :: : :::::: :::::: ::: :: ·1 

Thronp:h Brigantine Channel to Grassy Ray .•••. 

To anchorage In Brigantine Channel jnst inaide 

Ahsecon Inlet•.............. o:!,~!: ~~~:::::::: :::::: :::::: .::::::::::: ::::::: 
Abreast of Absecon Light-house .................. / 
At Atlantic City Wharf ........................ . 

firf'at Egg Harbor Inlet•...... Over the Bar ......................... · · .. · .. · · · · · · 

~:::::n:~l~:~;,::::::::::::::I ·:::.::. :::::::::::::::::: :::::::::::::::::: ::::::1 

:::1;:~;;;~~ v• •~;;;;•I·=.~;. .. ~:;.~~: :0;~;~;; ~·.:~~ ;;J 
RIVER (Channels). Gape Henlopen .. .. . .. .. .. . . . . . . • .. ........... 

1 Entering on Delaware Breakwater Range to i 
abreast of Cape Henlopen ..................... · 1 

To anebomi;e behind Delaware Rreakw•ter .•••. 

Froin Cape Henlopen, through Main Channel, to . 

abreut of Ship John Shoal Light-house ........ 1 

• Sbff'ting sand-bars. 

5 

4 

5! 

4~ 

3 

3 
3 

3 

5 
5 

11 
4 

15 

7 

20 

18 

7 

7 
4 

6i 
4 

38 

36 

191 

41 
6 

5 

10~ 

10! 

lli 

71 
41 
6f 

Pf 
7t 

)0 

181 

11 

24 

22 

lot 
lot 
7t 

10 

st 

42i 

31 

31 
4! 

Si 
51 

3! 
41 
21 
2i 
21 
2! 
4! 
41 

6! 

6 

3t 
6 

5 

37i 

361 
19 

I 

51 
6! 

5 

61 

5i 
51 
4 

4 
4 

4 
6 

6 

!Of 

11! 
7i 
5 

10 

7! 
lOi 

141 
7f 

Iii 

181 

lli 

24' 
221 

101 
lOt 

7f 
10; 

Si 

431 

4li 
24t 

31f 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Do. 

Do. 

Do. 
Do. 

Atlantic Coast Pilot. 
1882. 

Do. 

Coast Survey, 1873. 
Do. 

Do. 
Do. 

Coast Survey, 1871. 

Do. 
Do. 

Do. 

.Atlantic Coast Pilot, 
1882. 

Coast Survey, 1872. 

Do. 
A t.Jantic Coast Pilot, 

1882. 

Do. 
Do. 

Do. 
Do. 

Do. 

l>o. 

Do. 

Goruit Surves, 1841-'47. 

Do. 
Coast Survey, 1863. 

.AtL Coast Pilot, 1882. 
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1able of deptlrn, Atlantia Ooa&t-Coutinned. 

NEW JEltSEY, DELAWAltE, PENNSYLVANIA AND VIRGINIA. 

Places. 

DJ>L.\WAI:E HAY AND 

Ia VEl! (Chunn.,\s)-Cont'd. 

Limits uetweeu whieli 1kptlls arc given. 

Tiirough Capu l\[a:v Chaund ........... _ ... _ ..... . 

Eutcring l1y the r11hrough (;hanue) ............... -

I 
Tlirou~h I\iconl'H Channel ..................... .. 
Tbroug-h llluut'~ Cltanud ...................... . 

Throu~h Blake'~ Cliaund ....... ------ .. ---·-····· 

Tlirou11;h tl10 De:lawarc Shore Chanuel ....... . 

Eukrin;: hy the lieu and Chkkem; Ghannel .... . 
From lUcunl 's CllamH'L acro:-;s the flats, to ]·'our· 

Mean, 

Low Jii1T}i 1 Low 
w-akr. : wa&'.r. '. water. 

Feet. 

20 
~o 

l::i 

14 
1;; 

8 

Feet. 

24~ 

24~ 

rn~ 

I~~ 

JU 

12 

teeu Fut•t B:.rnk I ... ight-vesst·l --- .. 15~ 

From Ulu11CH Channel tu Cross Led~e 1.iight-
housc ........................................... ! l~~ 

Triln1t:tri1•:-1 to IJ1-1Jawa.rt• 1~a.y 

aml H.lvei·. 

(Maurice Hhcr) --..... - ..... 

(Dona lli'"cl') 

(~alen1 C: l'\'h) 

'l'hrou,;:b Pu.sa<l.;.!e Ju~t uoI"tL. of Cross Ijed,:!:c'! ...... ! 
l•'rom abreast (If Ship ,Johu Shoal Li,[!"ht hous<•, i 

tlirouµ;h l{ain Channd (on the Itang:es}, to 1
1 

Pllilathilphia ................................... ! 
Throuf!lt Ddawat·p Cit,Y Channel .. _) 

To tllo Wllarf at Lewe• ........... . 
Entrance to Uiver ..........•.. - . --- ........ __ .... . 
Channel to Port Xorris ....................•...•.. 

1 Channel to Mauricetown ····-----·········-·-···· 
Over Bar at entrance ................ -- ....•...••. ( 

, Chaund to "br·cast of Light-house ................ I 
In the ontrancn ............................... ··--) 

Chau1wl to Dona Lam-Ung .. --- - · - ·- - -- ...•• .,. ···• •· j 
On,r· D:1r at cutra.rJC(> .•......••.•.••• ---- .•... _ .. ' 
Cl1anrn·l to Grt'en,..,..ich \Yhn.rf ...................... I 

• I 
Entrauc" to CrN1k .............. · ·• ............ ···I 
Channel to Short'" Lamliug ...................... ) 
Entrance over tlw B .. tr ............................ i 

ChannPl to'Salem ................................ f 

(Ct1ristiium Greek) ............ : l•'rom Entrance to llmndywine Creek ............. ) 
CbannPl to Wilmington .. _ ......................... 

1

1 

(Sclmy1kiH Uin~r) 

COAST FI\OM CAP!> 
HEN'LOl'EN TO C,\p.J<; 

CIIAHLES. 

Channel to Railroad llridge (Brandywine Creek) .. 

, To Penrose Ferry Brid:,!e ..............•.......•.. 1 
To Grns's Ferry Briil1te ........................ .. 

: To ~1arket Strct:t Dridge ....•••.••••.•••••••.•••. 
Tu Ji''airmonnt Bridgo ............................... . 

ludian ltin·rlnlet* ........... 0YerBarat Entrance ............................ . 
To mouth of Indian River .. .. .. .. . • .. .. ........ . 

To Rehoboth Bay .. • . . .. .. .. .. ................. . 

Chincoteague .... "'-ut·horago To anchorage under the Shoals, oft' mouth of the 
I Inlet, .......................................... . 

.... 'Over thuBar ..................................... . 

; To anchorage iuside the Bar ...................... J 

AHsawomaniulet• ....••..•... On~rtbe B.rr ...................................... . 

Chincoteag:ue Inlet "' 

(inl'g:ltli.r Iuh,t* _ .............. do-·-···--·······-········-······-·--········ 
..... do·-·--- -·--- ............................. . 

Through Folly Creek t,o Landing ................ . 
Through Matomkln Bay to mouth of Parker's 

T~::~~:.;.~~ ~~;~:·t~~ -~~~::: :: ::: ::: :::::: ::::::1 
•Shifting MDd·bat'll. 

14 

20 

19! 

8 

5 

15 

15 

5 

6 

5 
12 

7;! 

13! 

Gt 
6~ 

7 

10 

13 

12 
5! 

20 
16 

13 

11 

19 

8 

18 

4 
4 

7 

6 

10~ 

18 

26 
25;! 

121 
Ill 

21~ 

211 
ll!r 
I~;! 

tit 
18 

m 
19! 

12! 
J2t 
13 

16 

19 
18 

lll 
25i 
21! 
I8t 

Illf 

211 

10! 

201 
6i 
6f 

tot 
96 

19i 
IO 

7~ 

4! 
14! 

14/r 
41 
5;! 

4t 
11/r 

7 

13 

6 

6 

6~ 

91 
12! 
lli 
5 

Jllf 
151 
121 

101 

2 

3 

2 

18! 
7f 

171 

3! 
at 
6t 
5! 

Feet. 

2G! 

251 

201 
mt 
19,i 

121 

2Ii 

m 
18il 

2&1 
25i! 

131 

lit 
2li 
211 

lli 
12i 
IH 
18/r 
14 

20 

13 

l3 

131 
16! 
19i 
181 
lli 
26! 
22i 
19* 
171 

71 
st 
71 

22 
11 
21 

7 
7 

lli 
lOi 

Authorities. 

CoaatSurvey, 1841-"4,7. 
Do. 

Co:uM5urvey, 184 l-'43. 
!Jo. 

A ti. Cm;st Pilot, 188~. 

Do. 
Du. 

Do. 

Do. 
Do. 

Coast SmTey, 1881. 
Coast ~nrvey, 187ri. 

Coast Suney, 1841-'4::. 
Atl. Coast Pilot, 1882. 

Do. 
Do. 

Do. 

Do. 

Do. 

Do. 
Do. 
Do. 

Coast Survey, 1843. 

Do. 
At!. Coast Pilot, I 8b2. 

Do. 

Do. 
Do. 

Coast SurYey, 184-1. 

U.S. Engineers, 1882-

Do. 
Coast Survey, 1871. 

Do. 

Atl. Coast Pifot, 1882· 
Coast Survey, 1847. 

Do. 

Coast Survey, 1851. 
Do. 
Do. 
Do. 
Do. 

Coast Survey, Ul62. 

Do. 

Do. 
Do. 
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Tahlc of depths, Atlantic Ooa8t-Continued. 

VIRGINIA, 

Least water in channel. 

Placea. Limits hetween which !lqiths aro given. [ J\fean. I Spring tides. 

'---·-------1-------- - -- -
.Authorities. 

) Low j niglt I' J,ow I High I 
\water._! wat.er. water. watl'r.; 

COAST FJ\O~-~~~:; HEN.1

1

----------------1·--1---- ~-lr--\----

LOP EN TO UAl'E' I 
Cll.AJ:L:cS. ! I Feet. R1e=~.. Feei. I F1~. l. (Wachaprcaguu Iufot') .... '; Onr Har ihr"11gh Ea:;t Channel .•.....•.••....... 1 8 ~" 7lr ,, 

Over Bar throu;h North Cbannel.---------------·!
1 

9 13~ B« 14 
To andmr<t~.m irn~itle t.Jrn J~ar ·--- ...... - .. ---... 21 · 25t 2t>~ 26 

~~~:g:h~.·;:~~~·.~~11c~~·~:~~~.!~c:i~~::::::::::::. Jj J~: l~l: II 1~ 
rassagcthroughJlorReSbooLen!l................ 2G 30J 2-:>! 31 

Through Bratlfon]'8 Channel .. .. . . ..•.•.. ....... 9 l3l S> 14 
' Through Mill st Oil<· Channel ..................... ·1 12 16~ 11~ 17 

(Little Mnrhipongo Inl~t ') . . • . Ov<'r Hart !trough North Cha.nnd ................ 1 12 16~ JJ ~ l7! 

(ti:1eat .Uachi])on:.;:o Inlet*) 

(San<l Shoal luJet•) ...... 

(Ship Shoal Inlet*) 

1Smith'•Islaml Inlet and Bay*/ 

CHESAPEAKE BAY (Chan
nels). 

~ Over Bar tl1rough Ea8t. Cha11111._-l ... - - .. - - .• - .••. • · 1 11~ G~ ]»! 

To auclrnrage in Sandy Islaud Clurnnel ...... _.... 2G 30! 25~ 31' 

Through Sarnly hlaJJ<l Cha1111<'1 tu Lower Gap .• -1 2~• Wi 24! :JO~ 
To anchorage in North Jnh•t... ... . .. .. . .. .. .. .. .. 26 30! 25! 31~ 

Through North Inletinto Great ~Iad1ip01q..ro lUyer 6 10~ ;j~ 11.~ 

Over Jla1· tlnongh East Clionnd .. .. .. .. ... 11 l5h 10,J 16~ 

Over Bar through Il1·a~li Cham1"1 .... ".. .... . 12 16~ 11?! 17! 
Over Bar tlmrngh South Channel.............. I 11§ 6§ 12l! 
'fhrough Great MachiJWllJ!O Rh·er to alneast of j 

Castle l{i<lge Creek .. .. . . ... . .. . . . . .. .... .. 23 
1'hrong.h Grt·nt lf."acliipongo River to Bell's Neck 

Through •·The Dt·ep•" to Point Creek .......... . 
To anchorage insltle the Bar ..................... . 

Ornr tho Bar ................................... .. 
'fhroughSand Shoal Channel to The Thorou~Lfaro 

Thrnul(h The ThoroughfaM to Magothy Bay .... 
TlJrough H Sergeant's Turn'' t-o Indiantown 

Creek ............... , .............. ---··· 
Through Eckichy Channel to " Tim Forks" ...... 

To anchorage in Lone Channel, alireruit ofCobu's 

o~:~~~i~~::::.:::::::::::::::::::::::::::::::::1 
A.t an choral!" inside tho Bar ...................... 

1 
Tbroni:h Ship Shoal Channel into Smith's Island 

0!:1t~~~~~-- :::::: ::::.::::::::::::::: ::: ::::: ·1 
A.t anchorage on we•t side ofSmith'• falantl ...... 

1 
Through Mag•ithy llay t-0 "The Thoroughfare" ; 

(Saud Shoal Channel) ........................... ' 
i Through :Magothy Bay t<> Ship Shoal Channel ... . 

From entran1·e through Main Ship Channel to 

Hampton Th>.'><la ............................... . 

17 

20 
13 
30 

16 

2i 

27 

21 

19 

From entrance through Main Ship Channel to 
abreast of Wolf TrapLigbt·honso............ . :;o 

Through North Channel around Cape Charles to 
abl'MSt of Wolf Trap Light-hou•o ........... - . 21 

Through Middle-Ground Channel to abreast of , 
Wolf Trap Light-house ........................ / 19 

Through Maio Sb.ip Channel up the Bay from 1· 

Wolf Trap Light-house to abreast of Smith's 

l'obitLight.holl8e ···-·-························! 26 

• Shifting l!&lld-bara. 

221 
llj 

27! 

21i 

141 
6i 

181 

13! 

ll 

29f 

29i1 

18f 

~Sj 

2'2t 

26.J 
2:.! 
171 

34~ 

20:! 

28l 
31! 

23i 

i2; 

281 

19! 
10 

22 

17 

33 

33 

24 

22 

Uoa~t SuITAY, 18:.~. 

llo. 
Const Survey, 1871, 

Do. 

Do. 
Do. 

Do. 

Do. 

Coa&I Sun·ey, um. 
Do. 
Do. 

Do. 

Do. 
J)o. 

Coast Snrve.r, 185:3. 

Do. 
Du. 

1 
Coa.!St Sun·ey, 1871. 

Do. 
])o. 

Do. 
Coast SuITey, 1850. 

Coast Survey, 1870. 

no. 

Do. 
Do. 

Do. 
Atl. Coast Pilot., JSR:!. 

Do. 

Coast. Surve~-, 1870. 
Coast Survey, 1852. 

Coast Survey, 1869. 

Do. 

Do. 

, CO&St Survey, 185!!-'73. 

Do. 

Do. 

Do. 
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1'able of depths, Atlantic Goast-Continue<l. 

MA.RYLAND AND VIRGINIA. 

---------! -----
Least water in channel. I 
--1 

; Mean. Spring tides. I Places. 

l'ITEf:APE.AKE BAY (Gliau-

nel•l. 

CHESAPEAKE BA 'I'. !Au-
choragAA). 

'1 Limits between which depths are given. 

i-Low j m;- -;:~T mir~-1 
water. water. water. 1 water. 

-·--·~----·---~--~---~ --~1~-----~l~-
Feet. Feet. Feet. I Feet. 

' Frum Smith's Point Li;:!ht-housP. to abr~ast of I 
Point Lookunt Li)!ht-h011se .................... ; 43 I 44lt 42i 45 

1 
F7:h:;:~;.~o~~-01'.t ~o- a~~cas~ _or. ~o~e- ~01~t I 

30 
I 40i 38i 41 

From Co\·e Point to nbreMt of Sharp'n Island I I 

I p,:;,1i~~;,~;~:1~~~~-,; ~;~;r~;~;~~-~~~;~~-;~1;.~ci-: !! , ~~ :~: ~~ 
: From Puplar Islam! to abreast of Swan Point ... · 1 25 26 24:f: 26! 
, }'rum Swan Point to abreast of Mitchell's Bluff ... 

1 

19 2C 18!! 20! 
1 l'rom Mitchell"• Illulf to abreast of Bush River , 

}<-~~:;:::~ ~~i·;~; t:: ~~-,.~-~~t- ~~- ;;i·cl; -;;~~~::::::::I ~: 
'F;:i~h:.l~:~.:~~~--~''. "~-~e~st __ "r-~u~~-ey_1:~'.~~-1 15 
l Lyn;,~,:vc~o!:~"'... . ........ _._·_·_·_·_·_\ 21 

In the Entrance to Lynn Haven Inlet. 9 
Willoul!hhy'R Bay: j 

In the Entmnce nrouwl J<:ort W~ol . . I 
To anchorage unrler t be San<! Spit ... _ ........ 1 

Ham11ton Roads : I 
1'o nnehotfl.ge off Elizabeth Hiver Ent,rnace,. _ ! 

7 

23 

7 

17 

16 

16 

23j 

11!: 

16i 

16! 

24 

12 

10 

10 

26 

JO 
TrlonMriestoCbeMpeak~Ras. i 

To anchom'.!e hehim1 Hampton l~ar ........... 1
1 

Oi:li•11beth Rivet·) ' To abroost of the Git,y of Norfolk ................ -1 
To the Navy-yard ............................... 

1 

(Nansemond River) ....... . 

Through Southern Branch to Dismal Swamp Cnnnl' 
Tbronj!h Southern Branch from Railroad Bridge I 

to Chesapeake and Albemarle cn.nal . - ..... - - . - ·I 
Up the Eastern Branch to Broad Creek.... .. . . . . . 
Up the Western Bmncb toDrnm Point Creek I 
Iu the Entrance to To.nner's Creek ....... _ I 

\To Tanner's Creek Bridge ...................... :1 
' Across ~ats ~tthe Entrance ...................... 

1 From Pig Point to Western Branch ... --- .. -- .... 1 
From Western Branch to Suffolk: whnrves •...... -I 

(James River) ................. To abrea•t of Newport News through Channel I 
north of :Middle Ground .......•..•...••........ , 

To abreast of Newport News through Channel 
sonth of Middle Ground ....... ___ .............. 

1

1 

From Newport News to White Shoal Light.house. 
From White Shoal TAgbt-hOnse to Point of Shoal• 

Light-house ................................ .. 
From Point of Shoals Light-house to Deep Water 

Shoals Light-house ........................... . 
From D~ep W<>ter Shoals Light-honso to Dancing 

Point ............................. --- .......... . 
From Dancing Point to Harrison's Bar ........... 

1 
Across Harrison's Bar ............................ I 

From Harrison's Bar to City Point ............. _ .. \ 
From City Point t-0 Dutch Gap Cl\llBl ...•••....... 

I Through Dutch Gap Canul .................... ; .•. 

I Tlirongh Trent's Rooe>h ............ ·····---------·! 
From Dutch Gap Cllllal to Graveyard Reach ...••. 

21 

21 

10 

11 

8 
6 
7 

16 

10 
s 

21 

25 
21 

18 

22 

16 

15 
14 

18l 

15 

19 

23} 

12! 

20i 

24i 

18 

176 
16l 

2li 

18 
17 

lot 
22 

20! 

176 

211 

15i 
14j 

13! 
18 

l'f 
lSi 
7 

181 

24 

24 

rn 

10 

14 

11 
9 

10 

19 

13 

8 

28 

24 

21 

lSl 

171 

16f 
211 

181 
17l 
lot 
2'Jt 

Authorities. 

Coost Snrvc~·. 1849. 

Do. 

Coast Survey, 1848. 
Coast Survey, 1847. 
Coa<t Survey, 1846. 
Const Survey, 184-5. 

Do. 
Coai:;t, Sun-ey, 1846. 

Do. 

Coast, Surw"y, 1854. 

Do. 

Voast Surv<'y, 1878. 

Do. 

J)o. 

Do. 

Do. 
Do; 

Do. 

Do. 

Do. 

Do. 
Do. 
Do. 

Coast Survey, 1872. 

Do. 
Do. 

Coaat Survey, 1874. 

Do. 
C088t Snrvey, 1873. 

Do. 

Do. 

COASt Survey, 1874. 
Coast Sarvey, 1815. 

Do. 
Do. 

c-tSurvey, 11179. 
CMBt Survey, 1880. 

Do. 
Do. 
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TriLut:ll'ie• tv CLe•itpeakc Ilay: 

Table of depths, Atla.ntic Coast-Continued. 

VIRGINIA A::iD ?11ARYLAND. 

Lea"! L water in rhann~l. 

:hfrau. I Sprin~ ti<l~:~ 
l--~------

1 I 
lligh ] Low I High 

water. : water. I water. 
I j ______ ,_ 

I 
Feet. Peet. I Peet. Peet. 

A uthoritier_,. 

(James River-Coutinuetl) 'rlnongl1 Graveyard n~ach ............ _ 13 
1:; 

IC>~ 
[.j 

16~ 1 Coast Survey, 1880. 

(lla«k River) ........•........ 

Pvqnosiu Itiver ..... - ..... . 

(York Rinrl ........•........ 

(Mnbjuck Bay) .............. . 

(Cbcrrystono fold) ........... . 

!Iluuger's Creek) ......... . 
!Naswaddox Creek) 

\l'iankatank Rh-er)...... . __ 

(Occohaunoek Creek) . . . • . . .. 

\Rappahannock River) ..•....• 

From GraYeyan1 Reach to Rockct.t'a _ .. . 

In the cu trance to ,\ppomattox Rivf'r ...... . 
Up Appnmattox RiYer to Port Waltliall _ ... . 

. Entering Chickal10miny Uiver by ('}1a01wl afoug 

north shore 1mcfor Harrr-t's Point . 

Across the mniu bar at entrm:tce !O Cbiekulrnrniny 
River ..................................... . 

Up Chickal10miny River from Barret's l"loint. to 

ll 

Yarmouth Crcrk. .. . . . .. . . . . . .. . . . ... . .. . . . . . . 15 

Pagan Creek. from entrance to SmithfiPl<l i 
\\"'llarves -·---···-·· ---····· ···-···--··········· 

1 \Varwick River, from entrauce to Potash Creek 

1 ToanchorngPotfNewportNews ......... --/ 
j Over the Outer Bar . . . . . . . . . ..... _ 

Over the Inner Ear ................ --- ··--·- ...... ~ 
To Booker's Point ...... __ ....... _ .........•.. _ .. 
From entrance to Larnh'H Creek ............... . 

To ancboragt--1 ofi'York Point-···- ............ . 
From entr.rnce to Yorktown .......... _ ....... .. 

From Yorktown to Tena pin Point ....... _ . _ .. . 
From Terrapin Point to West Point ........... . 
'l'o n.nthorage just above Too 1s Point.Light-House. 

From entrance to mouth of North H_iver.. . . . . • . I 
To anchorage off month of Severn R1,~er .......... ; 
To anchorag{'I off mouth of En at RiYer .....•..... ! 

Up Se-cern River from entrance to Eastern and I 
Western llrancbcs . . • • • . . . . . . . . ...•. _. _ ... _ .. _ I 

To Wilson's Creek (Waro lUvcr) ....... _ .. . 
Up North Ui"V"er, fi.\""e miles above entrance ..... . 

Over the bar at mouth of East River .......... . 
To Pull-in Creek, East River. __ ._ .............. . 
From entrance to Cherryst.one Light· House ..... . 

To Cherrrstono Wharf . __ .. _. . . . . ........... . 

From entrance to "The Divicle " .....•.... _ .... . 
Prom entrance to Warehouse Creek _ ............ . 
From entrance t<i 1V!lton Point ..... _ .. _ .... _ .. _. 

From Wilt.on Point to Ferry Point ............... . 
From Ferry Point to Deep Point .....•.... _ ...•.. 
To anchorage in Hill's Bay ........ _ ...........•. _ 
To anchorage in Godfrey's Bay ...............•... 

To anchorage in Fishing Bay . . . . . . . . • . . . . . ..•.. I 
In the cntranoo to Milford Haven _ .............. . 
At anchorage in Milford Haven .................. 

1 

To Heath's Lnnding .....•••...........•.......••. 
To abreast of Sandy Point .•....•...... _ •••...•... 

1 From ontranco to Tappahannock .•................ 
From Tappahannock to Occntiacla Creek ....... _. 
From Occnpacia Creek to Saunders' Wharf ..... . 
From Saunders' Wharf t-0 Long Point .•••••...... 
From Long Point to Port Royal .•.•••............ 
From Port Royal to Spring Hill .........••....... 
From Spring Bill to HaDafleld ........... : • , ••••••• 

40 

11 

7 

Hi 

34 
19 

13 

30 

]8 

18 

16 

19 
16 

8 

14 
14 
12 

9 

6§ 

4 

19 

15 

6! 
19 

19 

19 

3! 
8 
9 
6j 

lH 
71 

17 
14 

7l 
6 
4 

]tj 

17 

6' ' 

l(i~ U.S. En~ineers, JSSu. 

18~ Coast Survey, 1880. 

17 Co:ip.t 8urvey 1 Ht..:0,2. 

17~ 

111 

7 

4J 

14 

10 

9~ 

10 

18 

3i 

16 

33 

20 
20 

18 

21 
18 

10 

16 
16 
14 

11 
8§ 

6 

21 

17 

8~ 

21 
21 

21 

5! 
10 

11 

Si 
131 
91 

19 
16 

lit 
8 
Cl 

l>o. 

Do. 

Coast S1irvt:y 1 1B72, 

Do. 

Coast S1nvcy. l~r,'4. 

Coaf<t. ~nr.-ey, 1868. 

Do. 

Do 

Do. 

Do. 

Coa~t Survey, 1~57. 
Do. 
Do. 

Do. 

Coa•t, Snn'ey, 1854, '68 
CoaRt SuITe:y, 1868. 

Do. 

Do. 
Do. 

Do. 

I 
Do. 

Do. 
Coa.Ht, Survey, 187.L 

Do. 
Coast Survey, 186/l. 

Dv. 
Coast SurYt.1y1 1869. 

Do. 
Do. 

Do. 
Do. 
Do. 

Do. 

Do. 

Coast Su-rvey, 1868. 
Do. 

Coa•t Suney, 1853-'67. 

Do. 
Do. 
Do. 

Do. 
Do, 
Do. 



 

184: UNITED STATES COAST AND GEODETIC SURVEY. 

Table of rh1it11s, A tlantle Goa.s>t-Cont.inned. 

VIRGINIA A)[D MA.RYI,AND. 

LhnH~ ht•twt>en whh·h tlept11:-1 nrn giv(\n. 

Tril1utaries to Cl1csa11eak1· nay:~ 
(l!appaliaunod;.: Hivn---f'out\l.) From 11,I:nrnficld to Vn•,krkksbnrg _. _ ..... 

I Oorrotowau Ri>Tr, fnnu 1·11tnwl't' to ahrea.~t of 

I th• falht••n1 l»ratH\h . . . . . . . . . . . . . . . 

11.ittk lby)...... .. 'l'omwl.iorag1·ofi'Xorth Poiut. ....•............. 

( Dimor's Cn'cb.) ... - . - ........ . 

l L)i\·icliu~ ('1·('~'k) 

1~.:ndua Cit·dd 

1 l'nn_!!'ofl·ag:11c C1·t3..J\) 

j()11:1un1ck Cn•t·l\) 

{Potomac l~iver) 

i hi tlH·tmt1a11et• tf) Antopoiso1J Ctn.•k ·-·--------· 

! 1n 1h1• enhauet· --·----------------------
To the J:irnlin~ ................................... . 
1''r<1n1 t•ntranr-e tlrumiJ:'R IlJ> ......... ., ......... . 
I1'1·orn (·11tn111c1·. to "Tlw Divide" ............. --- . 

I<'l'otu entrance to Carratuck Cl't>(•k .. -... _ ..... . 

To :ihrn:ist of UH• wharves-·· ......... -- ........ .. 
Tn tlrn v ill ago of Onancock ..................... . 

To alirl'ast of Tobacco Ifilaml ............. . 

Fl'Om f·utrancc to ::Barrett's Creek ......•.......... ' 

'l'11 :tndJoritgt\ iu Ingrmu'H Bn.y ..................... 
1

: 

h~ thP (•Jll.I·anc•p to Mill Creek. ...............•..•.. ' 

! 111 thcenfrnn,·etoCockle'sCreek ....•........... : 

F'i·om Point I~ookout to Wicomico River .. _ ....... ' 
; Yt·om \Vicomfro Ri\·nr tt> Lower Celin)· Poiut ..... ,· 

i }'tom Lower Codar l'oint to lrnlian IIcatl ...... _ .. 
i Ftom l11di:tn Ile™! to Git>:;boto' Point_ ...... __ .... : 

1 
}"tom GiesUoro' Point to Washin~ton wharves .. ' 

, F'tom Giesboro' Jloitit to G<iot"gct~wn wha:rvr·s .... ~ 
i }'tom Giesboru' Point to Bnzzarcl's Point (Eastern i 
l. Jlranrh) .............. -.......................... 1 
.! I•"'l-om Buzzard1

1:1 Point to Navy-yard (Ea.'itern ) 

) ]kanch) ............................... ·----·····) 
· To anchorage in Cornfield Harbor .. - .. -· .... ·· - .. 

1 In tl1e entrance to Coan River ................... . 

Channel into Yeocornico lUv~r, ana up to Kinan.le. jl 

'I'o anchorag:c in Yeo('omico River ofl' narn Point . 

Saint Mary'• River, from ent.rance to Saint Uary's 
(., .. hauntl into Saint lld;?;O'H Creek .................. . 

Channd into Saint Gt~orge's Creek ................. . 
Passage into Lower :Macbodoc Rb·er as far ns 

(;Jebe Creek .................. -............... .. 
To an(~hora.ge in Nomini B~iy· ..................... 

1 Channel into Ureto11's Uay np to Leonardtown ... . 
To anchora~e in Breton'• Bay, off Protestant Point 
Cbfil!Dd futo Saiut Cforncnt's Bay up t-0 Gueilt's 

J>oiut ......................................... . 

\Vir-ornico River, from entrance to Dramleigb's 
Creek ........................................... / 

To anchorage in \'\11comico Itiveroft'Lancneter's .. ! 
Chuunel to Doop Point; Port Toba<>,co Riv1•r .•.•.. ( 
Ch:mnel to railroad depot, Aqnia Creek ..••••..••. 1 
At Aloxamlria wharves ... _ ........................... • 

(Pocoruok<• Sonnrl) ···- ...... _. 1''t•om off Watts' Isl:uul to abreast of Guilford'• 
Flats ......................................... . 

To ancborag<' under east shore of Watts' Ialau<l .. 

To the ent.r:mceto Pocomoke Ri'\""eT ··--·----·---· 

A.cross "The Mnd" to Williams' Point, POOQDIQke 
River ........................... ···-·· ......... . 

\ Chantwl Into Mc880n11:0 Creek ................... . 

\ Channel into Hnilford Creek ••••••...•••••••••••. 
Channel into Bunting Creek.·-····-····-····· .••. 

lC 
IR 

n 
n 

JG 
lo 
7 

J4 

4l 
7 

rn 
lG 

13 

14 

~a 

!!O 

10 

21 

15 

J4 

20 

JG 

15 
18 

8 

JG 

21 
13 

14 

13 
16 

8 

14 

13 

22 

18 

7~ 

)8 

21 
14 

7 

3 
8 

7 
7 

171 
mt 

RJ 
14!-

I, 

JO! 
lii 
10! 

8i 
1r.1 

"~ 
8i 

~Ill 

lG.\ 
14:! 
lG-J 

24~ 

21~ 

~0! 

23~ 

17~ 

161 

22i 

181 

Hii 
19} 

9~ 

l7j 

221! 
14~ 

JUj 

14! 
17! 
9! 
15~ 

14! 

23! 
191 
9 

Bi 
201 

22!1 
156 
Si 

41 
lit 
Bi 
8t 

Spring t hfe8. Anthoritie•. 

J,,ow ] uiµ:h 
water. ' wa.ter. 

Feet. 

151 

17l 
fil 

121 

R1 
1f:i1 
14~ 

GI 
1~11 

4 
6'! 

18l· 

141 
]'>:Jc "• 
13!! 

22~ 

19~ 

181 

201 
14i 

l:JJ 

19i 

1:.1 
14! 
171 
7! 

15! 
20i 
121 

131 

121 

15it 

7t 
131 

121 

211 

lil 

71 
~ 

171 

201 
13l 

6f 

2l 
7t 
6f 
tit 

Peet. 

18 

11 
IR 
17 
g 

JG 

G 

21 

17 
15 
16 

Coast Rnrv<"y, lE:-i~-·;.7. 

Con~t :-i.urYf>.y, 1R69. 

Do. 
lJo. 
D41. 
Do. 
Do. 
lJo. 

Coast, :-;urTTlJ", 1 Si:R. 

Coast !:-;111·vey1 18,jl, 'GS. 

Coa~1. ~urvey, l8C9. 
l>o. 

Do. 
]Jo. 

Jm. 
Do. 

Coast ~urYeJ, 18f.i0-'62. 

22 Coast Sm'VB.Y, J8G~. 

21 Coast f.;m·vns. )g(i~··'63. 

241 Coa..,t. ~!!rVl'S, 18.fi.1. 

1~l U. 8. I~nf!ineers, lfo<RO. 

171 Do. 

23;! Do. 

101 llo. 

17 Coast Snrve.y, 1860. 
20 co ... t f;nrvey, 1868. 

JO l>o. 

18 Do. 
23 Coast Survey, 18f•7. 

Jl) CoaRt Surv-ey, .1.059, '68. 

16 no. 

15 Do. 
18 Do. 

JO Do. 

16 Do. 

J5 Do. 

24.! Coast Survey, 1860, ·61\ 

201 Do. 

9} Coast Survey,,&;:?. 

9 Do. 

211 Coast Snrvey, 186.1. 

2\1 CoMt Surrey, JlJD5, 

16 Do. 
9 Do. 

Ii Cout Survey, 18611· 
10 Do. 

9 Do.· 

11 Do. 



 

UNITED STATES COAST AND GEODETIC SUHVEY. 

Table of depths, Atlantic Coast-Continued. 

VIRGINIA AND MA.RYLAND. 

Least water in channel. 

--------------

Places. Limits between whicli depths are given. Mean. ! Spring tides. 

;---i------l-- -~.---1 

i Low : High · Low I High I 
! water. J water. I water. ! water. I 

--------1 ---~-;--:- -;--·--~ 
: Fee~ I Feet. / Feet. Feet. 

\Tangier Sound) .... ·--· .... Passage throngb the Sound from Watts' Ishmd i I ! ~ 

185 

Antbot1ti60. 

l'nbutaries to Chesapeake Bay :1

1 

I I I 

i to abreast of Deil"s Island. - .. -............... I 33 3!~ I 321 35 ; Coast Survey, 1856. 
I I I : 
1 Thl'Oul(b Kedge's Straits into the Sound ......... · 10~ I Si 11 Do. 

Through Hooper'" Straits into tbe Sound. . . 13 141 121 15 Do. 

Channel to Crisfielu Railrowl wharf (Little Anne· I 
meesex River) ...................... _ ........... ! 

I 
To anchora~e in Crisfielll Harbor near Light-house. [ 

Channel into Ihg ..Annemessex RiYer as far as Col- ! 
bnrn's Creek. -- -- .... --- ........... - .... · - · -·- - ·/ 

Up Manokin River to llack Creek ............... _ .

1

: 

Channel into Fishing Bay as far up as Fishing 

Point . . .. . . .. . . . . . . . . . . . . ...................... ! 
To anchorage in F1shin~ Bay off Rose Xeck Poiut.

1 

Tu the entrance to Xaoticoke Tiiver. ............. . 

Up Nanticoke J:iver to Vienna .............. . 
To anchorage in Monie Bay ...... _. _. _ ........... , 

Channel into Wicomico River and up lo White 
lla'\"en 

(Honga River) .......... _ From entrance to Beu'• Point ..................... ', 

(Patnxent River) ............. / From entrance to Point Patit-nce ............... . 
To anchorage under D1um l)oint ...............•.. 

To anchorage behind Solomon's Island ........... . 
F1om Point Patience i-0 Point Judith ............. 1 

, I 
: Frum Point Judith to Trueman's Point ........ - .. ! 
' From Trueman's Point to Lower MaTlborough .... i 

FHnn Lower Marlborough to Jones' Point. ....... : 
(Little Choptank River) • .... • . From entrance to abreast of Ragg.ill Point ....... ·, 

From off Ra~ged Point to mouth of Church Creek. I 
.. Channel into Lee's Creek ...................... .. 
· Into Phillips' Creek as far as Chel'l)' Island ...... 

1 , I Up Church Creek to village ....................... j 
(Choptank River) ....... _ .... __ I Through main entrance, south of Sharp's Island, I 

1 to abreast ot Cook's Point ..................... . 

Throngh passage between Sharp's Island. and 
Tilgbruan's Island to abreast of Cook's Point .•• ! 

From Cook's Point to abreast of Cambridge ...... 
1

1 

To wharves in Cambridge Harllor ....... . 

Up the river from Cambridl(e to abre.nst of Hunt· 

ing Crook ..................... -.......... ·- - .. 
Up Tredhaven Creek to Oxford ................. . 
Up Tredhaven Creek f1om Oxford to Easton ..... . 
Channel into Broad Creek up to Hambleton'• 

Island .......................................... : 
Into Harris' Creek and up to Turkey N eek Point . 

IU•rrinir llay) ................. 1 To anchorage in outer bay.......... .. ......... · 

• 1 To anchorage in inner bay _,__ 
illa•teru Bay) .................. : From entrance to abreast of Tilghman 's Point .. 

' Up Saint Michael's Rh-er to abreaiit of Saint 
Michael's ....................... ·- .............. i 

To Saint Miehafil's wharves ...................... [ 
Up Saint Michael's River to G<lldsborough Creek.1 
To anchorage behiDd Tilghman'& Point ........... '. 

To Bnllf's Jala;nd, Wye River .................... i 
S. Ex.29-24 

8 9t 
8 9§ 

12 l3i 
7 Bi 

14 lf>! 

14 15t 
l~ 20! 
B 9! 

13 14i 

Bt 
19 20i 
24 25t 
22 23! 
13 141 
19 201 

13 14! 
11 12~ 

13 14! 
19 20! 
13 14t 

6! B 

61 7! 
6i 8 

24 25 

15 16 
19 20 
7 i 

rn 14 
18 19 

B 

14 15 

15 16 

14 15t 

7 B! 
27 28 

19 20 

9 10 

11 12 
24 25 

19 20 

7i 10 
I 
! Coast Survey, 186~. 

7i 10 Do. 

lli 14 Do. 

61 9 ~ Coast Survey, 185~. 

13! 16 ' Coast Survey, 1851. 

13! 16 Do. 

18i 21 Do. 

7i 10 Do. 

12i 15 : Coast Survey, 111511. 

6l 9 Du. 

181 I 21 Do. 

23! 26 Coast Survey, 1848. 

21! 24 Do. 

12! 15 Do. 

18i 21 Coast Survoy, 1857-'5~. 
12! 15 Do. 

10! I 13 Do. 

12i 15 Do. 

lBf 21 Coast Survey, 1871. 

121 15 Do. 

Iii st Do. 

6 Bi Do. 

61 st Do. 

23t 25! Coast Survey, 1847-'41 

14! Ilij- Do. 

lBi 20i Coast Survey, 1848, '71 

6t 8t Do. 

12! 14! Do. 

17t 196 
' 

Do. 

6t Si Do. 

13! 15i Coast Survey, 1848 

Hi 16i llo. 

13! 16 Coast Survey, 1846 

6f 8! Do. 

26t 281 Coast Survey, 1847 

18! 20i Do. 

Bi 101 Do. 

IO! 12l Do. 

23i 261 D<~ 

18i 201 Do. 



 

186 UNITED STATES COAST AND GEODETIC SURVEY. 

Table of dept11s A.tlantie Goa8t-Contiuued. 

MARYL.AND. 

Least water in channel. i 
I _______ ! 
I l\Ieon. I Spring tides. I 

Place. Limits between which clopths are given. .A.nthorit ies. 

i

1

--;:;,::-: Hi~l~l Low-~ -Iligh I 
water. i watel'.

1 

water.: water. I, ____ _ 

TribntarieAto Chesapeake Bay :I -- ---··Ii Feet. I Fee-;! -~~eet. - Feet. 

(Easteni Bay-Continued) .... ! Channl'l into Front Wye Il.ivcr up to Pickering1s . ! 
; Creek_____ _ ................ 1 rn 20 1s;i 2oa 
j Through Baek Wye River to Wye Narrows ..... .i, 9 71 
I Through Back 'Vye Rh·er to llig Wye RiYer ..... I 11~ 

I Channel into Coxc's Creek ...................... I si 

1 
Fassage (•ast of Poplar Island. ____ ............. .! 7!l: 

12 13 

IO 

9 

19 20 I To anchora•·e under Kent Po mt ................ I 18if 

(West Hh·er) ................. 

1 

Frum entranc:.t~ mout~ of: R'.iotlo.l{iver ........ 

1

i 12! 
From Rhode l.ner to Galf'! s ( rN·k. ........ 8! 

Rhode Hiver. from entrance to \Vater Creek ..... · I 8.f-

13 14 

9 10 

9 10 

(8outb River) .. ... .. .. .. .. .. J•'rorn entrnncc to the hri<lge - . .. .. - ... - I 14! 
To nnehor!lg:c oft' 'l'urk1..~y Point . 14! 

To anchomge in Seluy's Bay .. .. . .. .. .. . 6i 

15 16 

15 16 

8 

(S~vem Riv or nncl .Annapolis From entrance to abreast of the cit~- of Annapolis. J l~! l9 20 

llnrbor.) To nnelwra!!e in .Annapolis Roads _...... I 21i 22 23 

(Magothy River) .......... .. 

(Chester River) ............... . 

'f,, nn('horrt~e in Annapolis Harhor .. 

tTp 1hn l'ivPr from .Annapolis to ltonnd Bay ...... . 

To auchnrogf'I in liittle Ronntl Bay.. . .......... . 
To anchorage between Hackett's PointandGreen-

bU1'y's Point ................................... : 

l'rom entrance to Huddle's Point ................ j 
Chanu..J on west si<le of Gibson's Islan<l .... ...... i 

To nnt· horage inside the entrance. . . . . . . . . . . . . . · i 
Tbronj!h main entrance north of Love Poiut Light-; 

hons<>. ...................................... / 

Entrance across shoals south of Love Point Light-) 

houHe . • . • . . . . . . • . . - - - ..•••... -•.•. i 
To anchorage under Love Point .................. / 

1 Cbannl'l up the ri,.er to Deep Point ............... I 

\ From De<>p Point to Chestt\rtown .... - . - - ....... · I 
1 

Channel into Queenstown Creek ....... , ....... 

1 I Into Corsica Creek up to Emory's Cove..... 
1 Channel into Gre-y's Inn Creek ............... . 

Langford'i; Creek to "'I'Jrn .F'orks " ...... . 

(Patapseo River and Baltimore , Th1·ough th<' Craighill Channel .................. . 

Harbor.) : Through the Browerton Cbannrl. ......... .. 

1 
From Brewerton ChannPI to Laznretto Point_ ..... 

) Into Baltimore Harbor and up to main wharves at 

Locust Point. .. 
To Fell'o Point w!Jarve• ....................... .. 
To head of "Tbe Basin ' ....................... .. 

Channel south of Fort M cBenry to Long Bridge 

(Spring Garden) _ 

Channel int<> Rock Creek ..... . 

Into Stony Creek 
Entrance w Curtis' Creek .................... . 

Up Cnrtio' Creek to Marh'y Creek ............... , 
To anchorage in Ola Road Bay...... .. .......... . 

Up lleard Crook to Long Point .................. . 
Channel into Humphrey's Creek .... , ...•. -.. , ... . 

(Ilack River)................. Through Hawk Cove to entrance, and up to Pot. ! 
tcr's Point .. .. .. .. .......................... .. 

Up to railroad bridge ................. . 
Tel aurhorage in Bnwk Co'\"'c .............. - . 

( lli<ldle lli.-et)........... From entrance to Galloway's Creek ............. .. 
To a11rhomge oft' Turkey Point .•..••...••..•.•••• 

13 

19 

16 

18 

11 
9 

10 

21 

St 
19 
24 

9 

4 

10 

ll 

8 

24 
24 
44 

24 
20 

l4 

13 

11 

14 

21 

19 

13 
l4 
13 

8 

5 

8 

8 
10 

14 

20 
17 

19 

11~ 

9l 
lOi! 

22 

9~ 

20 
25 

10 

5 

11 
12 

9 

2Sl 
251 
2.'J! 

25f 
211 

15i 

14i 
121 

151 

221 
201 
141 
l5;t 
13i 

9 
6 
9 
g 

11 

121 

10! 
13! 
20! 
181 

121 

13! 
11! 

19i 
12 

10 

11 

22! 

9i 
20{ 
25! 

101 

bl 
111 
12! 

!!! 
2'4 
25i 

251 

25! 
2li 

I fit 

Ht 
12l 

151 

221 
201 

Hi 
15} 
131 

91 
tit 
DC 
Ill 

111 

I 

Con•t Survey, 1847. 

D1>. 
lJo. 

Jlo. 

Coast Survey, 1846. 

l!o. 
Ilo. 

lJo. 

Do. 
Do. 
llo. 

Do. 

Coast Survey, 1841, 'iO. 

Do. 
Do. 

Do. 
Do. 

Do. 

Coast Survey, 1845. 

Do. 

no. 

Coast Survey, 1846, '70. 

Do. 
Do. 

Do. 

Do. 

U. S. Engineers. 
Coast Survey, t>,46, '70. 

Du. 

Do. 
U. S. }:ugiueel'A, 1874. 

I>o. 
Coru1t Su• vey, 1880. 

Do. 
Do. 

Do. 

l>o. 

Coast Survey, 1869. 
Do. 
Do. 

Do. 

Do. 
Do. 

Do. 

Coast Survey, !84f>.-'46 
Do. 

Do. 

llo. • 
Do-



 

UNITED STATES COAST AND GEODETW ~Ul{\"EY. 

Table of depths, Atlantic Coast-Continued. 

MA1'YLAND VIRGINIA, .A:KD NORTH CAROLIN.A. 

Places. Limits between wlikh dt·ptlv~ are given. 

Least wati>r in channel. I --. ---1 
j Spring t,ides. I 
, I 

Mean, 

- L-o;v-1,-Hia;h 1 · ~:-w-1-~i~~ 'I 

water. 1 water. I water .. water. 1 

Authorities. 

I I I 

. Feet. I Feet. i Feet. , Feet. -·---------

Tributaries to Chesapeake Bay: 

(Gunpowder River) ............ Frnm entrance to railroad brid~~ ..... . 
To anchorage offCu.1roll's Point_ ... ····-- . ..,.. ... . 

(Uui:;lt River) .•••••.••.•. From entrance to railroad bridge ... _ ....... . 

'l'o anchorage oif SanJy Point. 

(oass"fras RiYer)......... .. . . • . Channel to Fredericktown ...................... . 
To anchorage cloRc under Ordinary Point ..... . 

(Elk River).................... From entrance to month of Bohemia RiYer ..... . 

}"rom Bohemia River to Court-house Point .. . 
From Court-house Point to Elkton Larnling ... . 
Up Bohemia I~iver to Stony Point 
Chnnnd np Baek Creek to Clwsapeake City . _____ , 

J To anchora,'..!H aho-ve Turkey Point .. _ ... __ ........ '. 
(K ortbeast River).............. Channel to Charlestown . . . . . . . . . . ............. . 

To anchorage off Red Point ........... . 
(Susquehanna River) ......•••. Channel to Ilauc de Groce .................. . 

COJ.ST FROM CAPE ™N
RY TO CAPE LOOKOUT. 

From Havre de Gmce to Port Deposit .......... . 

Oregon Inlet* ................... Over the Ilar ............................ . 

Frnm inside the Bar to Pamplico Sound ......... . 
Ilat.teras Cove................. To anchomgc ..•.................................. 

Hatteras Inlet*................ Over the Bar ................................... . 

From inside the Bar to Pamplico Sound ...... . 
Ocracokc Inlet* ... _._ Over the liar... . . . . .. . • • . . . . . . . ................ . 

From the Bar into Pamplico Sound .•............. 
Lookout Cove .. .''. .............. To anchorage ............................ .. 

Currituck Sound............... From Croatan Light-house t-0 Shellbank Point .. 

From Shellbank Point to abreast of Jew's Quar-

t<1r Island ..................................... .. 

J<'rom abreast of JtJw's Qnarter Island to month 
of North Landing Rh·er ....................... . 

Up North Landing River to Beacon No. I.. 

To Currituck Steamboat Landing ......•.......... 

ALBEMARLE SOUND and Channel into Cedar Bay . • . . . . .. ................ . 
Tributaries. From Croatan Light-house through the Sonnd to 

month of Chowan River ...................... .. 

From Croatau Light-honse to mouth of Pasquo· 
tank River ....................................... . 

Entrance to North River ......................... ) 
Pasquotank River, from entrance to Elizabeth 

City ............................................ . 
Cha.nlllll into Alligator River up to GrapeYinB Bay. 

Up Little River to Nixouton ............... . 
Perquimons River, from entrance to Hertford .... . 

Channel into Scuppernong Rh·er and up to Co- I 
lnmbla ......................................... .. 

Over Dar at mouth of Ro:wolrn RiYer, wes1 of the I 
light-house. . . . . . . . . . . . • . . ..................... .' 

Roanoke River, from entrance to Plymouth ...... . 
Through Middle River to Roanoke RiYer. 
Edenton Bay, from entrance to Edenton ......... . 
In the entrance to Chowan River . . . . . . . ..••..• 

Up Chowan River from entrance to Etheragc's 
Wharf (West Channel) ........................ . 

•Shifting 118Ild aho&la. 

!! I i! 
lOi 

121 

151 

7l 
11! 
8! 

12! 

19! 

Coast Survey, 1846. 
Do. 
Do. 
D.i. 

Coast. SurYe.1·, 1817 '70. 

Do. 

Coa&t Survey, 1846. 

Du. 
Do. IJ 

16 

7 
12 

8 

14 

6! 
41 

24 

7 
8 

13 
6 

14 

6 

11 

Jot 
g 

7 
9 

12 

13 

10 
7 

161 

15i 

8 
8 

17 

8! 

5i 
Gl 
6i 

15i 

61 

Do. 
Do. 
Do. 

Coast SurYey, l811J. 

13! 111 13! Do. 

9 7i 9~ U. S. Engineers, 1870. 

15 131 15~ Coast Survey, 185~. 

81 61 St 
6! 4! 6! 

27! 231 28 

10! 61 11 

111 7! l~ 

l'P. 121 15~ 

81 5i 8! 
17 13! 171 

No tides. 

I I 
I I ! ..••.••. , .••..... 

I I 
.••..... 1 ........ j .... . 

I I 
········1·····"l"'• 

:::::::r::·::r:::::· 
1········ ··-····· ... . 

....... J ....... 1 ....... . 

. ...... .!. ....... ········ 
I I 

·······r::::::···· 
I .•... 
I 

Coast Snrwy, 1862. 

Do. 
Coast Surrny, 1870-'72. 

Do. 
Do. 

Coast Sm vey, J 877. 

Do. 
Coast Survey, 1878. 

Coast. SuTYey, 18W-'51. 

Do. 

Do. 
Coast Snrvey,1851, '77. 

Do. 
Coast SnTYey, 1859, '77. 

Coast SnrYey, 1848- '51. 

Do. 
Coast Survey, 1850. 

Coast Survey, 1874. 

Coast Sc;rvey. 1876. 
Goa!-lf. !'urvey, 18-tS. 

Do. 

........ : ................ Coast Snrv~~-. 1819. 

........ / ................ 
1
' Coast Survey, 1864. 

1
........ .•••..•• .••.•.•. Do. 

1····---.1. ............... [ Do.. 1849 

1 

....................... I COllllt Suney, . 

1 

....................... 

1 

Coast Survey, 1874. 

1 ................ !........ Do. 



 

UNITED STATES COA.ST AND GEODETIC SURVEY. 

Places. 

.ALTIE~L~TILE SO!TND aud 
1rilint.u1Ps-Continued. 

Ronnoko Soun<! ............ . 

Table of depths, Atlantic Coast-Continued. 

NORTII CATIOLTXA. 

Limits between which deptbs aro gi'CeU. 

Le.1st water in channel. 

l\lean. ! Spring tides. 

Low . Hid1 'i I,ow I High . 
watm:. water. ' water.~ wat.er. 

. ! 

A uthoritiN1. 

~-----·----------~----- ---,------,--------

np Chowan Ilivrr f1on1 f'Utr:UJl'l1 tollo1ly's ,, .... lmrf 

(East Channel) 
From Orcgo11 Inlet to Broad CrPck Jloint 
Froru Broad Creek Point tbrongh tho sountl to 

abreast of Mann's Point ..... 
To al)rea:,t of Cruatau Lit:Ut-lioust." .. _ ...... . 

Feet. Feet. Feet. ! Feet. 

18 

4 ......... --- .... I. -- ... 
I 

"'I···--· 
.. 1 .•••.. 

Coast Survey, 1~7 4. 
Coa.st Surv-ey, 1373. 

Do. 
Do. 

Croatan Sound .............. - Frmu Orl'gon Inlet to abr•·a8t of Hoanol~t' Mardhes I 

PAMPLICO SOU ND and Tril>

utariea. 

Core llouod ..... - ·- .... 

Ligllt-homm .. _ . 

}'rorn l~onno1~01!arsl1~s Light-house through the 
~mmd to abreaRt of C1·oatan Li

0 
ht-hoU8ti. . .. _. 

Erorn alweaxt of Oregon Inh't to L'JDg ~boul l'oint 

Light-houRt' .........................•........ 

J'rorn Lon;! Shoal P11iut Li;rht-1wnse through the 
souml to thr entrant:\_' to Pampli('O T..i\Tcr .•...... 

From abreast of Hatteras lnlct to entrance to 
I>amp1iro Ilivt·r .......... - ... . 

Fi·oru abreast of Ocraooke Inlet to entrance to 
Pamplico River ............................... . 

Through the sound to the entrance to Neuse 
Rfrer ..... 

Channel into Stumpy Poiut Bay ............... _. 

In the entrance to Long Shoal I:i>er ......... - .. _. 

: To lwarl of Long Shoal IUvf'r ................ ···---
To Middleton andiora~e ........................ . 
To anchorage in Juniper Ba~· .......•........... 
Cbannrl into Swan Quarter Bay ....... ___ ..... __ . 

Through Swan QnarterNarrows ............... . 

noRO B:iy, from entrance to Swan Quarter Canal .. 

Pamplico Ri'Cer, from entmnce to Washington._ .. 

I Pungo Ri>er, from eutrance to Duran's Point .... 
Entrance to Mouse llarbor. _ ......... -·- ... _ -- . _ .. 
To anchorage in lfouso Harbor .... __ ... _ •... __ .. . 

Neuse River1 from entrance to New Bern ........ . 
Ilay Ri>er, froru entrance t-0 Jackson ............ . 
In the entrance to Cedar Islanrl Bay------ ....... . 
In I be northern entrance to Core Sonnd __ .. _ .. __ . 

Cedar Island Bay: 
In entrance".._._ .......... _._. ___ . - ·-··-- ___ . 

To anchorage---··· .... _-· ..... _._ ........... . 
At anchorage .......... _____ ... --·- ... -·- ___ _ 

Neuse River: 
Turn-a.gain Day, o~er bar ... _ ... _ ............. . 
Broad Creek, in entrance . _ - -.. _ ... - .. - - .... . 
South Rh-er, in entrance .. . . .. .. .. . .. .. __ .

1 
Adam's Creek, in entrance ....... _. __ .. __ .. _ .. 

Clnlifoot Creek, in entrance ... ·-·--·--·---1 
Clubfoot Creek, to canal. .. __ ... __ ......... _._ 

At the southern entrance to the Sonnd. __ ........ _ 

Through the Sound from Pamplico Sound to en-

11 

ll 

10 

12 

5 

7! 

9 

6! 
7 

12t 
11 

8 

9! 
8 
9 

5i 

D 
D 

12 

9 

11 
nt 
12 

11 

4 
6 

trance to Beaufort Harbor ................ --• - . 5l 

i 
1-- ... 

i 
I : 

"("""!, ...... 

Do. 

Do. 

I I · -· -.... i --- . -. -- --- ... ··, Co .. t Survey, 1873-'77. 

i • 
········1·····-·-1··-·····1 

:::::::::::::::r:::.:: 
:::::::: ::::::::!:::::::: 
·-·-·--· """"'"['•""" 
. ---"" . ---"" i ... -" -. 

:::::::::::::::r:::::: 
:::::::r::::::I:::::::: 
···-···· ··-····· ········ 

. ---. -" ... -"" 1· -- -" -. 
·---·--- ........ , ...... .. 
................. -······· 
.............................. 

Do. 

Do. 

Do. 

Coast Survey, 18i4-'i6. 

Const Snrvey, 18i3-'i7. 

Coast Survey, 1875-'77. 

Do. 
Do. 

Coast Survey, lb74 . 

Do. 
'Do. 

Do. 
Coast. Snrvey, 1871, '72. 

Do. 
Coast Survey, 1869-'70 

Th>. 
Coast Survey, ff63-'GG. 

Coast Surv<'y, 1RG9. 

Coast Snrvey, 1870. 
Do. 

Coaat Survey, 1874. 
Do. 
Do. 

Do. 
Do. 
Do. 
Do. 

Do. 
Do. 

Coaat Sarvey, 18711. 

Do. 
Do. ~::~ ~~~:ro:;!~:n~h;:~- (~~ -~n~~~~ -~ -~;.,,;~~;~ - 5t , ...... -- .... -. -.... " --. 

Sountl) ....... --· - .. ·--- ... - .. - .. .. 51 , . - ... - .. --- . _ ........ -- Do. 

Bog hlnnd Ba)-, over har by Ea•t~m Channel -- 41 !.-.--·.· .. ·.--. --·-· .. ·.·----· .. _._-_· __ ·_·--·. Do. 
Ho::: Island Bay, 0\'61' bar by Southern Channel. .. ! 7 Do. 

NOTB--l'ifte.·n frd "'"' \>~ takcu into this bay. hut the clu111n~l is DllJ:l'OW aD.d rana OIQ&e along t.be dangerous Oats, making all' frout 
Cedar lslanJ !Joint, and is tl;.m~crone to use. ' 
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P!a.eea. 

Core Sound-Continued ..... . 

COA.ST FR0\1 CAPE J,OOK

OUT TO CAPE FE.AR. 

Table of depths, Atlantic Coast-Continued. 

NORTH CAROLINA. 

Least water~n channel. --1 
Mean. J Spring tides. 

Limita between which d~pth• or~ given. I Authorit16'1. 
--~--1------

Low I Hl1th I Low i High 

- --- ······ ·;:· i ·;~: I ·~:· I:: I . . . 
Hog Island Bay, at anchorage -............ -. . . 8 I I I ..... - co ... t Survey, 187fl 

Rumley Bay, to anchorage.... .. .. .. . .. . . . . .. . .. .. 41 I I Do. 
Thoroughfare Bay, to ancborago.. .. .• .. . . .. . . . . . . 6j Do. 

Styran'a Bay, to anchorage._.. I 
Nelson's Bay, to anchorage .... - .... -- ..... ·,· ... --

Jarr::t:n~;;~~e .. - ----- ..... : ::·::: ::·: : .. ::: :·1 
Thr~1

1

i::0~~;~:~·~~;~i~~ ,; . ;~ -.oi~-. ~~P~~~. ~i~~-1 
(Beaufort F,ntrance) .. . . .. .. .. . ............. . 

i 
I 

5! 

....... 1 

Do. 
Do. 

Do 

Do. 

Do. 

Old Topsail Inlet (Beaufort 01·er Ilar,' ~Iain Ship Channel ................... ' 14 
21 

4 

4 

l6f 
23! 

13! 17i Co&et- SurTey, li74. 

Harbor). 

P.ack Sound 

Tn Railroad \Vharf, Morehead City ........... . 

To Beaufort by way of Dulkhead Channel ...... . 

'l'o Be.au fort by wa.v of Gallant's Channel. ... . 
In Harbor, from Shark Shoal Ill'acon to mouth of 

Newport River...... ...... . ............ . 

In Harbor, from Shark Shoal Beacon to month of 
Core Cr~ek .................................... . 

In Harbor, from Shark Shon! Beacon to entrance 
to tlogue Sound . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

From ''The Straits Channel" to Shell.Point ....... 
}""rom Shell Point tu abreast of Fort Macon ...... . 

J;ogne Sound . . . . . . . . . . . . . . . . . . Eastern entrance : t I 

I 
Over Bar to Carolina City_ .................. .. 
To abreast- of Morehead City ................ .. 
To Morehead City Wharf ............. _ .. _ . . . 

New Rh-er Inlet . . .. .. .. . .. . . . . Over Outer Bar .............................. . 

CAPE FEA.R RIVER ....... . 

At anchorage above Inner Bar ................. .. 

In the Channel to New Rher and Stump Sound .. 

We~~: ::e~::.~1-'-~- ......................... [ 
~;:::.::g::~,;.:.;~ ~~~ ~~~~~ -~~~-~;,;~~--! 

ville ........................................ ! 
Eastern or Bald Head Channel,• 0\"er Bar ........ I 
River Che.nnel from Bald Head Point to Smith- I 

I 
ville ............................................ ! 

I 

River Channel from Smithville to Federal Point .. ! 
River Channel from Federal Point to Old Bruns- ! 

'w11!k ............................................ : 
River Channel from Old Brunswick to Wilming· I 

t-0n ............................................. ! 

River Channel from Point Peter to the Bridge .. · 1 

N:!w:!:a:!~7r~-~-~~~~~~~~~!~~~~~~- '. 

15 

1011 

31 

9 

13 

2 

3 
9 

12 

24 

10 

11 

9 

l!l 

19 

Of 
6! 

llt I 

201 

3! 
31 

g 

~1 
17! I Ht 

--l~l. r. -~~ .. 
151 I 121 I 
4f I Ii 
4! 1 ........ 

1: [:::::::: 
I 

lllf 111 
12f 71 

27 22 
181 131 

15l lot 

llf 8t 
15{ 12! 

21! 181 

111 

9f 

18 

17 
13 

29 

15 

12i 
16l 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Coa.st Sun-e:r. 1876. 

Do. 

Coast Survey. 1874. 

Do. 
Do. 

Coast Survey, 1851. 

Do 
Do. 

Coast SurTey, 187~. 
Do. 

Do. 

Do. 

Coaat SnrTey, 1872-'73. 

Do. 

Do. 

Do. 
Do. 

Do. 

t Thla Sound cannot be tranraed without a pilot. 
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Pla<"f'R. 

Winyall Bay and Geor~eto,va 

liarbor. 

Table of depths, Atlantic Ooast-Coutinued. 

SOUTH CAROLINA. 

Least water in channel. 

: Mean. I Spring tides. I 
--1----

Limit:i between which depth8 are given. 

! Low Hig:h I Low ! Ili::<h J 

________________ I water. -=~er. , water. I water. ! 

I Feet. Feet. Feet. Feet. 
Sout!J Charmd': Over Barto abreast of the Light· j 

house . --- .. --- ...... - -- . ---- -----· ---- -- ------: 61': 10 G! 10! 

, Middle Channel: Over Bar to alJreaat of tho Light- I 
, house ..... ------ ------ .... -- ----·-. - - .. - - -- -- - 1 7! 11 71 lli 
i Bottle Channel: Over Bar to a"reast of the Light-

house. G! 10 6! 103 

Southeast Channell : From Georgetown Li;.:ht-
house to Frazier's Point . _ ................. - . - . - 13 161 12i 16! 

8an:w distaucc by Mid~Uo Channel .............. - . 9 12! Bl; 121 

8arue distance by West Chanud ................. . 10 13! 9i 13i 
I1~rom Frazier's Point to Georgetown ............ . 10 13~ 9:! 131 
Over nar at t•ntrancc to Southeast Cl.Jannel ..... . 7 101 6i 11 

South Santee River............ From tht~ entrance up to A.lligator Creek ........ . 5 4it 91 

North Santee River ..... . 

Cape Romain and vicinity .. 

Cape Romain River. 

; At the anchorage ............................... . 
}'rtlrn Alligator Creek to l'leasant Creek ......... . 
From Ph1asant Creek to Six-:Mile Creek ... - . - - .. - . 

From Six:<Uile Cr1~ek to Cansewas <:anal .. - ... - . 
ljassagr through Causeway Canal ...............• 

Passage tliruu~h Six-Mile Creek ................. . 

Dark Cn·ek and Canai to North Santee ......... . 
Passage tbrough Pleasant Creek ............... . 

Passage thron:,rh Alligator Creek . _ ... 
From the entrance to TI.ig Duck Crt!e.k ...... -

At the anchorage .......................... . 
J<'rom Bii; Durk Creek to Caus .. •way Canal 

I 

: Passage through Dig Duck Creek ........... - . ! 
P"8sage throngh.Atchison Creek to Sonth Santee.! 
Passage through Upper Branch of Ilig Duck i 

Creek ............ _ ............................ ! 
Passage from NoTth Santee Ray to ).1inim Creek .. ) 

P~:::: th~o~g~-~~~-~·r·~~~-~ ~~~t~-~~~.I 
Paasage through Bella Creek to North Santee ! 

River. ································--·-· ··· I 
.Alligator Creek: From entrance to South Santee I 

River .......... ..... ..........•.... •.. ' 
Passage tbrongh "The Noodles" . . . . . . .......... 1 

I 
Casino Creek: From entrance to Duck Creek ..... i 
Congarte Boat Creek to :Mud Bay . . . . . . . . . . . ... 1 
From Mill Creek to "Tho Needles" ............. ! 
Channel between Devil's Den and Mill Den from I 

entranC<'· to Oyster Ba.y ....... _ ................ r 
.At the anchorage ............. -·-... . ........•.. [ 
Passage through Oyster Bay __ .................... 1 
Passage through I:am 's Ho: n Creek ............. . 
.At the entrance. . ...........................•.... 

At the anchorage ........... --·· ..... - - . ·-·· ~- ... . 

From the entrance to Five-Fathom Creek ....... . 
Passage through Set.t Creek .........•............ 

F::t~he. '.i~~-r- .t.h~~~. ~l-~rk:~. ~.~~ .. ~. ~~ .1 
Passage through Bay Creek ..................... ·j 
Passage through Key's Cre6k .................... . 

11 

7 

6 

2 

i 
9 

3 

6t 
3 

6l 
11 
121 

5 

4! 
3jj 

Ci 

Il 

3 

5 

4 

14 
2 

9i 
16 

6i 
i 

8 
15 

7i 
3i 

Ii 
at 
6 

13 lOit I5. 
11 ti! 11§ 

10 5l 10! 

6 li 6! 

41 t 5 

I3 Bi 13! 

7 ~i 7! 
IO! 6j 11 

2:1. 7t 
8 6l 8i 

I2f IO! I2i 
14 l:ij 141 
6f 4i 61 
4i 2i 4i 

6 •t 6f 
5 at 51 

8 6i 10 

3 Ii 7 

7f 21 81; 

9i 4i 10!; 

81 31 9i 
l!lf 13! I9i 

6! It 71 

14! 9 15i 

20i 15! ~Ii 

11! 6 121 

51 i tit 
121 7i I3i 
l9l 14! 20i 

12~ 7 131 

81 9i 

6i 1 Ti 
Bi a 111 

lOi 51 lli 

.Autboritie•. 

Coaet Survey, 1876. 

Do. 

Do. 

Do. 
Do. 
Do. 
Do. 
Do. 

Coast 8urvey, 1873. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Do. 
Do. 

Do. 

Do. 

Coast Snrvey, 1874. 

Do. 
Do. 
Do. 
Do. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do-

Do. 
Do. 
Do. 

•Shifting sand.bar. tThe Southeast Channel is the only one buoyed; and is the safest and moat dlrecl&. 
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Table of depths, Atlantic Cuast-Continued. 

SOUTH CA.ROLI~.A. 

I 
Lea~t water iu chamiel. 

1-------------1 
j lllean. j Spring tides. 

j· _' i I 

I Low j Iligh I Low I High 

Plactl!I. Limits between wLiC'h depth::; nro given. 

, ____________________ !_water: i_water. ! wait.er.· water~ 

----- i Feet. \ Feet. I Feet. Feet. 

llull'• llay '1ncl tributaries . . . . At the anchor·age inside of Bird Island ...... -... 

1

1 8! 13! I 8 131! 

Bull's Harbor: 
Overthellar• ................................ [ 17 2li! JC:! 22i! 

Attbeanchorag:e ............................ I 25 w1 21~ 32i! 

From entrancet-0 Bull Creek .............. · I lli! 61 12i 
Bull Creek: Tl1ron~b creek to Sewee Bay ....... 

1 
7 lli! 6J 121 

Bull Narrows: Tbrouj!h to Price's Inlet .......... , 4~ 91 4 JUi 

Sewee Creek: I 
Over the Bar* .............. - .............. - 1 
Thronl'h creek to Se wee Bay ................. l 

Van Ros8 Crel'k: through creek to Sew<'e Day. - .. ] 

Bchedrrt• Cn·ek, over Bar .. _ ..................... I 
Salt Pond Creek, over Bar ...... -.. -....... - ...... I 
Graham's Creek, over Bar ....................... . 
Ffre Fatbum Creek: 

Over Bar .................................... . 

Up to •rowu Creek ............................ I 
Throui;h to Oysfor Bay ................. · • · .. -I 

Bull River:• I 
Over Bar .............. _ .................... , 
To Five J<'athom Creek ...................... . 

Sett Creek from Rull River to Five Fathom Creek. i 
Long Creek, over Bar ............................ I 

1 Har~:e:~:: ................................. 1 

At the anchorage ............................. \ 
Channel to Matthew's Cut ................... _ 

Owendaw Creek: 

8 

3 

14 

t 

3 

1 

1~ 
7 

lli 

t 

2i 

t 
6 

3 

2t 

13i 
12i 
121 

!}~ 

6! 

Sit 
19! 

51 

5:1 
lli 
81 
81 

201 
11 

6!t ~:::I~:~;~·~ H~~ ~rid~~-::·::::::: :::::::1 
Price's Inlet................... Over Dar* .. .. .. . .. . .. .. .. .. .. . .. ................ j 

1 

lt 
7 

6? 
121 

From entrance to Clauson Creek .. - . ---- -- -- ..••. 11 

Through to Sewee Bay ... _ ...................... .. 
Santee Pnas............... . .. From l'rke's Inlet to Caper's Inlet ................ I 
{'apeT's lnh•t ..•.•••••••..... _. _1 ()ver Bar* ......•. - .... - .•....••• - ..••.• - ........ -

I 
:From entrance to 'l'ooruer'sCreek ............... . 

Into Bull-~·ard Sound ....... _ .................... .. 

Passage through Bull-yard Sound .............. .. 

Plll!sagc through Caper's Creek to Mark Bay .•... 
Through Tooruer's Creek to Copahee Sound .... .. 
Passage through Copahee Sound ................. . 
Over Dar* ....................................... . D••wees Inlet. ............... .. 

:From entrance to I,ong Creek : .... _ ............ .. 
ThrOUJih the Seven Reaches to Gra;v's Bay ....... . 
Through l.ong bland Nanows to Breach Inlet ... 
Through Pushee CrePk to Copahee Sonnet ....... . 

Through Pushee Cre1•k to Hamlin Sound ........ . 
IntoBull-;ard Sound ............ _ ............... . 
Through Dewees' Cn~ek to Ilnmlin Sound .......... . 

Through Long Creek to Gray's Bay .............. . 
Ovir llar• _.. ..... .. .. . .................... .. Breach lulet ................. .. 

Through Swint<m's Crepk to Hamlin Sound ....... 

1 

Throul!'h Hamlin Creek to Gray's Bay ........... . 

Through Conch Creek to Inlet Creek .....•....••. 
l Through Inlet Crook to Swinton's Creek ........ . 

•Shifting aand·bar. 

14 

2i 
2 

8 

4 

6 

6i 
i 

5 

23 

6 

6 
9 

12 

6 

4 

1 

0 

2 

!Of 

11! 

2i!! 

11! 
6 

2 

Iii 

6 

0 

4! 
22j-
6} 

0 

191 

sl 
ii 

JC! 

J3i 

9i! 
61 

11~ 

12i 

6l 
10i! 

28? 

l2i 
6i 

12! 

12i 

15i 
lSi 
121 
9j-

61 
6f 
51 
7t 

Authorities. 

Coast Survey, 1859. 

Do. 
Do. 

Do. 
Coast Survey, 1875. 

llo. 

Coast Suffey, 1859. 
Coast Survey, 1875. 

Do. 

Coast STtrn>y, 1859. 

Do. 
Do. 

Do. 
Coast Survey, 1875. 

Do. 

Coa•t Survey, JS.59. 

Coast Surrn~-, 1875. 

Do. 
Ilo. 

Coast 'Survey~ J8j9. 

Coast Survey, 1875. 
Do. 

Coast Snr"ey, 1859. 

Coast Survey, J8i5. 
Coast ~ur\"ey, 1R57. 

Coast 8ur'\""ey, 1&7:>. 

Do. 

Do. 
Coa~t Survey, 18.i7. 

Coast Suny«>y, 1875. 

Do. 
llo. 
Do. 

Do. 
Do. 

Coast. f;urvey, 1857. 

Coast Sun-ey, 1875. 
Do. 
Do. 

Do. 

lJo. 
Do. 

Do. 
Do. I Coast Survey, 18(;7 

Coast Su:rves, 1875 

Do. 

Do. 
Do. 
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Table of depths, Atlantic Coast-Continued. 

SOUTH C.l.ROLINA. 

Least water in channel 

I 
Lim.ho lietween which depth• are giveu. Mean. \ Spring: tides. Authoritic•. 

Low-I Hi~~I Low High 
water. : water. I water. watirr. 

--~------ ~-----------·----- --- 1~--1--- ---· --

UJ:l.ARLJi:STO~ llARBOlt .. Over Bar• by Pumpkin Hill Channel ...... . 
Feet. J Feet. / Feet. Feet. 

11 I 16 101 16i Coast Surve.v, 1805 

lJi:ht-Hon•e Inlet •........•.. 

ltono Inlet and kive1 ........ . 

lfotih Edl1to R!ve1-. .... 

~outh Edl•to River . 

~a.fut Helena 8ouud aud Trilm. 

tarle •. 

Ove1· .Bar by Mahl Ship Channel. •••...•. _ .....•• 

Over Bar by South Channel ......•............•.. 
Ovtr .Bar by Middle Channel .............•....•. 
0..-er .Bar by Beach Ch8llncl .................... . 

Main S~ip Channelfr~m.insideBart.~ Fort Moultrie! 
South Channel from ms1de Bar to City..... . ..... 
Folly 1"1aml Channel from Rebdlion Roads to the 

City .•......•...................... ··········! 
Hog Island Channel from Rebellion Roads to the ' 

City ........................................... . 
Over the Bar by Swash Channd ................ .. 
Swosh Channel from inside liar to City .......... . 

At the anchorai;e in lte hellion Roads .•..••.•..... 
Throu"h .Aehley Rh·cr to the Bridge .••.......... 
Through Cooper ltiverto upperendofDt1llll l•lantl 
Through Town Creektoupper end of Drum. Island 
Througl1 theCoveChannel to MoultrievilleBridge 
Uvel' Bar*_ ... -----· ............................... . 

At tht' anchorage near Inner Beacon . • • • . . . . . . . 
Over Bat~ ................................... _ .... . 

At the anchorage off Cole' a Island ......... ·· · - ·I 
Th1ough ~tono lUverto Entrance to Wappoo Creek/ 

Through Wappoo Crack to Ashley lliver .... · .. · 1 

Kial\-'ah Ri'l'erEntrance ··----~-----······.········ 
:Folly Ishu1d River to anchorage off Secess1onville. I 
Onr Bar• by North Channel.. •...•.............. 

Over Bnr b~· Southwest Channel. ........•..••••. · I 
To Entrance to Wadruelaw River .......•.•....... ' 
Uv llohicket Creek to Rockville ................. . 

Up Steamboat Creek to Mud Flat ..............•. 
Through Daw ho River to S-Outh Ediato River ..... 
Onr the Bar' ....•........•••.........•.....••.... 

At the anchorage .. 1iove Bay Point .............. . 

Up river to Entrance to Dawho River ......•••••• 
Up Saint Pierre'• Creek to Peter's Point ....••.•.. 
Over Bar by Main Channel ........•....••...••.••. 

Over Bar< by East ChaJJ.nel. ........•........••.... 

over Ba.r' by South Channel. .................... . 
Channel int-0 Morgan River .•........•........•••. 
Paseage from Harbor River to Morgan River . : •.. 
Along Hhorn from the Sound to South Edisto River 
Up Harbor River to Tripp"• Inlet .•..•.....•.. , ••. 

Morgan Rivet: 
Up river to Lucy Powt .•..•..••....••.•.••••. 

Up river to Bridi.:e . . . . . . . . . . . . • . . . . . . • • • ••• • 1 
1:-p Lucy Creek to Coosaw River ............••.•.. 
Through Parrott Creek to COOS&w River ......... . 

Coosaw River : 
From :Entrance to Bull River ......•••••...•. 
Through to Brickyard Creek ........•••••.... 

.From Brickyard Creek. to Fort Royal ~rry ••..•• 

Tht"OnKh Briokyard Creek to Bt>aufort River ..... 

• ihlftm& -d-bv. 

JU l 15 9f 15! Do. 

14 I 19 l3i 19} Do. 

12! 1 17~ 12 18 Do. 
12 17 11! 17! Do. 
18 23 171 231 Coast Survey, 18611. 

~l 26 20i 2% Coast Survey, 1865. 

14 

15 

12i 
15t 

32 

21 
30 

23 

8 

3 

18 

6j 

24 

15 

2 

21 

10 

11 

12 

19 

10 

10 

6 

13 

27 

8 

ll 
16 

10 

16 

15 

8 

IO 

l7t 

i 
8 

14 

19 

u 
8 

I 

19 

20 
17i 
201 

37 

26 

35 

28 

rn 

24 

12t 
30 

20 

7 
20 
15 

16! 
l7i 
24t 
211 

151 

lli 
19 
33 

14 

17 
22 
16 

22 
21 

14 

15 

16 

23l 
6t 

14 
20 

26 

15 

14 

1' 

Ui 
12 

151 

31! 

201 

29! 
22! 

71 
2i 

17! 
6 

26i 

141 

l! 
2('f 

9f 
101 
lli 
18! 

15f 

9i 
5! 

12! 

26! 
7! 

l()i 

15i 
Iii 

151 

Hi 
7i 
8g 
Iii 

16i 
-t 

7i 
l!ij 

19i Do. 

2Qt Dv. 

18 Do. 
21 Do, 

371 Do. 

26! Do. 
35~ Do. 
2!!f Do. 
13t Coast Survey, U!65. 

Si Coast Survey, 1863-'64. 

23t })o. 

13 Uoaet Survey, 186~. 

33~ Do. 
20t !Jo, 

7i Do. 

26} Do. 
15' Do. 
17t Coast Survey, 1856. 

181 Do. 
251 Coast Survey, 1851. 

221 Do. 
16! Coast Survey, 1~7;;..'76. 

121 Do. 
lilt Coast Survey, 18W.'li7. 
331 Coast Survey, 1876. 

Hi Do. 
171 Do. 
22t Coast Survey, 18"6-'07. 

16J Do. 

221 Do. 
21! Do. 
Hi Do. 
15f Coast Survey, 1876. 

16! Coaot Survey, 1863. 

241 
1i 

Ht 
201 

CoaetSnrvey. 1860.1871 

Do. 
Coaat Survey, Ur12. l Coaa:rvey, 1860. 

I coas:'°~y, 1873. 

COMt Snt'1'e)', 1800· 
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'Table of depths, Atlantic Coast-Continued. 

SOUTH CAROLINA AXD GEORGIA. 

! 
Least water in channel. I 

--------"··-------1 

- M~an. - _ , Spring~~des. I Authorities. 

I.ow Hi~h J,o\v Hi~h I 
·Plooes. Limits between which depths are given. 

water. water. water. wat€r. 

--------!----·-----
Feel. Fe.ct. Feet. Feet. 

~aint Ilelrna Sound and Tribu- Through Whale Branch to Brond River ..•.••• ,. •. 8 14 7! 

tr1.ries....:continned. Ashepoo River: to Rock Creek Entmnce ........ . 12 18 ll! 
Up Combahee ltiver to Old Cheebaw Creek .•.... 

Through Cheehaw Creeks ...................... .. 
Up Bnll River to Williams' Island ............... . 

I• l'ijlJl'B Inlet . - - .. Over the Bar* ................................... .. 

Through the Inlet to Harbor Hiver .............. . 

Through Story River to Trenchard's Inlet ... . 

Trenchard's Inlet . . . . . . . . . . ~:::::: !1::~~l~t·;~ ~~~ ~~~·t;; ~~·~;~;i·~,;-~~~~~:: I 

11 

1 

14 

4 

8 

6 

JO 
18 

6 

16 

21 

Through Station Creek to Port Royal Sound ...... i 
PORT HOYAL SOUND and 

1 
Over Bar by East Channell ............... .. 

Tributariea. Ornr Bar \Jy Southeast Channel ................ . 
Ornr Har by South Channel..................... 10 

At the anchorage off Hilton Ilead . . . . . . . . . . . . . . . 48 

At the anchorage off Bay Point.................. 42 
Up Beaufort River to Beaufort . . .. . . . .. . .. . . .. . .. 13 
Up Broad River to Whale Branch t. .. .. . .. .. .. . 13 
Up Broad River to Pocotaligo. .. . . . .. • .. .. 9 

Cbt•chessee River to upper end of Lemon Island 7 
Colleton ltiver to CallawassiP I.land 
Skull Creek to Calibogue Sountl ................ . 

CaUbogueSound ............ Over Bar* from TsheeLi:.:ht ................ . 

19 

17 

9 

~i-'W JliY<·f ............ . 

TYBEJc; 1:0,'.DS AND 

\"ANN All lUVER. 

From inside Bar to May River ... _ ......... _ ....• 

Up May River to 1lluffton ................ _, 
Up Cooper River to New Uiver ................. . 
From Cooper River through Bull's Creek, to May 

j F!:~~~~-R~;~r ~h;~~~h·~~~:~~~-C.:;~k. ;~ 
New River. .................................. . 

Over Bar .. .. .. . ..................... .. 

Through to Cooper River............ . ........ .. 
SA- I Over :Bar hy Nortl1 Sine Channel.. ............... . 

Over Bar by Main Channel. ...................... . 
At the anchorage in The Roads .................. . 
Up Savannah River to the City ................. .. 

Through Lazaretto Creek to Ty bet> River. ...... .. 
Up Wright's River to Wall'~ Cut ....••.....•... 

. I Through Saint Augustine's Creek to Tybee River. 
\\ ••oa w 8ound an.I t liu tarie O n.. * 

• Sbif'tlng &alld·bar. 

u_ a.I ver ..... r ................................... .. 
At the anchorage off Wassaw Tuland ............ . 

· Tybee River: 

I 
Over Bar from W assaw . • • • •• . . . • . . . . • . • . . .. .. 

Tojunctionw!th Saint Augustine's Creek .. .. 

I 
Wilmington River, from the Sound to mouth of 

Skiddaway River .............................. . 
Wilmington River, throuirh to Savannah River ... . 

I 
SkidJaway River, through to Vernon. River ...•.• 

Pae8aj!e through Turner's Creek to Tybee River 
Bomerly Marsh Creek to Odingsell River ........ . 

I Through Adams' Creek t-0 Oasabaw Sound ........ . 

19 

12 

12 

6 

9 

12 
15 

17 
22 

9 

7 

10 
H 

10 

13 

21 
10 

1 

7 

4 

8 

17 

20 
101 

lH 
12~ 

16~ 

24i 

12! 

22:! 

27! 
25f 

54i 
481-
191 
19i 
151 

131 
251 

24 
16 

26 

19 

19 

13 

14 
16 

19 
22 
24 
29 

16 

14 

14 
17 
211; 

3:?i 

281 
171 
Bi 

14! 
l1i 
151 

141 

19& 
l"i 
Eli 
21~ 

111 
151 
13i 

171 
25l; 

l3t 

231 

28! 
261 
55i 

491 
20i 

201 

16i 

14! 

26! 
25 
17 
27 

20 
20 

14 

15 
17 

20 
23 

25 
30 

17 

15 

15 

18 

22 

33 

18 
21 

~'9 

18 
9 

15 

12 

16 

Coast Survey, 186:i-'73. 
Coast Survey, !Rn. 

Coast Survey, 1871-'73. 
Do. 

Coast Survey, 1873. 
Coast Survey, 1S5G-'57. 

Coast Surrny, 1863. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Coast Surrny, 1862-'63. 
Do. 

Coast Survey, 1862. 

Do. 

Coast Survey, 1865. 

Coast Survey, 1859, 1870 

I Do. Coast Survey, 1861-'62. 
Coast Survey, 1862-'66. 

Coast Survey, 1~62. 

Coast Survey, 1870. 

Do. 

Do. 

Do. 
Do. 

Do. 
Coast Survey, 1875. 

Do. 
Do. 

Coast 8urvey, 1874. 
Coast Survey, 1863. 

Coast Survey, 18i4. 
Do. 

Coast Survey, 1864. 

Coast Survey, 1863. 

Do. 

Do. 

Coast S111·vny, 1865. 
Do. 
Do. 
Do. 

Coast Survey, 1856. 
Coaat Survey, 1860. 

t Not buoyed, and 1lD8afe.. 

l Twenty feet at low water ean be a.ten ab-t of Whale Branch, but the channel ill uarrow, crooked, awl oau be used only by ates.men. 

S.Ex.29-25 
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Table of depths, Atlantic Coast-Continued. 

GEORGIA. 

-----·----------------1--L::t-~ater-iu channel. 

II Mean. -jl' -Spring tides. 
Limits between which depths are given. 

1----:-------
1 Low High I Low I High I water. water. ! water. water. 

1--;.::- ;,:-; -Feet. Feet. -

PJ:ves. 

();-l"':1h·1wRo11nd and hitutaries. Over Bar* by North Chnnnel. .. -I 9 151 

Over Bar* by South Channel . .............. I 15 

Up Vernon River to Little Ogcechee River ...... ·i 3111 

Up Vernon River to Burnside's River ---·········1 15 
Through Burnside's River and Skiddaway Nar-

rows to Skiddaway River ......... - ... -· - · · · .. · I 
Up Burnside's River to Cedar Hammock Creek .. .1 

UpV~rnonRi'\'"ertoVernonhnrg ........... ······I 13 
Up Little Ogeechee I:h·er to mouth of Forre•t I 

T:.~:;~-~~~~;:.~- ~~~·~;~;,;·~;;;;~-~~~~~~;~·;~·1 15 

OgeecheeRh·er ............................ ____ ._ 

Through Ht•ll-Gate from V-ernon Rh·er to Ogee· . 

cbeeRiver................. ................... 4 

Up Ogeechee Rher lo Harvey'R Cut-····· 
Through '' }~lurit1a P<issage ''to Bear RivC'r _ ... _. 10 

Anchorage in Vernon Iliver off Racroon Key... 30 

Throu;::h the Sound to mouth of Vernon River. 11 

:o;aiut Cntharinf'.'M 8omul aml OvtrBar*---·------·--··········--·-·········- 12 
tribut:ni~•- Through the S<mnd to mouth of Medway River 19 

At the anchorage off Walburg Creek............. 36 

Up Bear River to its junction with Florida Pass-

Sapelo SouUtl n111l tdhutn1 ieA . 

l.>oboy Sound nn<l 1 ril..n1 tarh,;:.i _ 

age............................................. 10 
Fp Bear River to Kilkenny Creek·--···.......... 21 
Up .North Newport River to it.a junction with 

i<outh NewportRiver............ .............. 4 

Through Walburg Creek to North Newport River 6 

Through Timmons' River to South N ewpurt River 4 

Throng~ Cedar Creek from the Sound t-0 Medway 

T:r~::h -.;.~i;~~~~;~ ·;;;;~k· f~~~ -N~~~-N~~~~~~-1 
Hivcrto Ra.pelo Sound ....... _ ............. ·- .. . 

1 T~::~~r~~;v~~,~~:• .~'.~~~- ~~ -~~~~ ~- ~-~~~. 
Tu tbe entrance ................................... I 
Through the Sound t-0 month ofSnpelo River ....• ! 
Tl1rongl1 South Newport :River to its jtmction I 

with North l\ewport .......................... / 

A ~.~::,~~~~-ra.:. -~~-~~~-th-~~-~~~-~~ ~l.".".~~-e-~~ ·I 
Through Tlfml Rh er to OM Teakettle Creek .••••• 
Through OM Teakettle Creek to Duboy Sound ... 
Throuj!h Mu<l River to New Teakettle Creek . _ .. ! 
Through New Teakettle Creek to Duboy SoUlld .. i 
Fp Jnlienton J:iver to Broro River .............. I 
Thront;h Broro River to ~apelo River .... _ ...... . 

[ Hp Sapelo River to mouth of Broro I:iver .•.•.•.. I Over Bar* .............................. : ...•..•.. 

1 At the Anchorage abreast of Snpdo Light ....... \ 
i Through the Sound to ahrt'ast of G1'1188y Point •. 
: U1• Duplin River to Jack's Hammock .••••. ····--
i Through Beacon Creek to Wolf Crook .......... .. 
i Up South I'.Jver to Wolf Creek ................ .. 

! Through Wolf Creek to B<>acon Creek ...... ·•••• I 
, Up South River to Little Mud River ............. . 

* Shiftlng aand-bar. 

8 

JO 

18 

33 

30 

5 

6 

5 
8 

10 

2 

13 
l!lj 

21 

22t 
11 

' 11 
8 

211 

38! 

7! 
Hi 
19! 

7! 

101 

l3i 
l()i 

36! 
171 

19i 
2611 

43i 

1711 

281 

lli 
l3i 

Iii 

g~ 

15! 

l7i 
25 

40 

ll 

37 

12 

13 

12 

15 

17 

9 

20 
20f 

281 
29! 
ll!i 
111 
181 
15} 

12i 

i 81 
7i 15! 

12! 20! 

14! 

3i lli 

6! l4i 
911 171 

2911 371 

l{li IF! 
111 20 

18i 27 

Mt 44 

91 18 

201 29 

3! 12 
51 14 

3f 12 

l 9 

71 16' 

9t JS 
1711 25l 

32i 40i 

!li 11! 

29i 37! 

4i l2i 

Si 131 
41 12! 
7i 15t 
Iii 171 

1; !!l 
121 20! 

121 211 

%0! 29 
22 !JOt 
10! 10 

3! 12 

l()j 19 

7i 16 

4t 13 

I 

Authorities. 

------··-----

Cmst Surrny,. 1860. 

Do. 
Coast Survey, 1865. 

Do. 

Do. 

Do. 

Du. 

l>o. 

Do. 

Do. 

Do. 

Do. 
llo. 

Coast Survey, 11'60. 
Coast Survey, 1867. 

Do. 
Do. 

Do. 
Do. 

Do. 
Do. 
l>o. 

Do. 

Do. 

no. 
Const Surn·y, 1859. 

Coast Sur\'ey, 1858. 

Cowit Survey, 1807. 

Do. 
Coo.st sur~ey, J868. 

Do. 

Do. 
Do. 

I Coost Survey, is;;s. 

I Do. 

I Do. 
COllBt Pilot aml Up;bt· 

bonae Board, 1878-'8'.!. 

Do. 
Coa11t SnM·ey, 1868. 

Do. 
Do. 
Do. 
Do. 
J)o 
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Places. 

])o\JoJ Sound and lri\Jutaries
Continned. 

Table of de1Jths, Atlantic Ooast-Contiuued. 

GEORGIA. 

I 

I.innt• Letween which depths are given I 

Least water in channel. 

I Mean. I Spring tides. I Author1tic~. 

water. I water. water. water. 
I I I I 

,, Low ! High -1-z.::--1 High -1 

---------------------1 Feet. I Feet. I Feet. I Feet. ----

Through Lit.tic Mud River to Altamaha Sound . . 5 l~i 4! 13 Coast Sui my, 18GK 
Up South Rinrto Itockdedrmdyltfr<•r ... ---·· , 5 12! 4! 13 Do. 

Through Rockdetlundy to Darien River .....•.. · I 6 13! 5! 14 Do. 
UJ) Daden River to Darien··--··_...... 8 15:1 7i 16 Coast Sm·,·1-y, IH7~ 

UpBaekRivertoNorthRiver ................... , 8 15! i 71t 16 Coast Kuney. 18~8. 
Through Back I!h·er to South Ri..-er ....... - ..... - 8 15! j 7!- 16 no. 
Through Back River to Darien ltiver ...• _... ••• . 10 l7i 91 18 Do. 
'l'hrou,gh Back lUver to Rock<lellundy Ri\·er...... 8 151 75-

Up North River to May Hall Creek ... ___ .. ... ... 10 

Through May Hall Creek to. Darien Rh-er ......... 

1 

Up North ltrrnr to Catfish Creek._ ....... _ ...... . 
Through Catfish Creek to D.1rh·n River .. _ ..•..... 

From North lUver up Darien IU'\"'"er to Darien ... _ 
Through New Teakettle Creek to 1\lud River .... . 
Through Old Teakettle Creek to Mud mver ..... . 
Up Do boy River to Connegan Hi Yer ..... _ ... __ .. 

Through Connegan Ri..-cr to North River ....... .. 
Up l!oboy River t.o Hudson's Creek ............. . 

4 

8 
4 

8 

13 

8 
13 

ll 

171 9! 

11! 3!; 
13! 7i 
11! 3! 
lfi 7t 
1fi 75-
13 5! 
2<il 12! 

15! 7! 
201 J2! 

Ii'! JO! 

IG Do. 

18 Do. 

12 Do. 

16 Do. 
12 Do. 

l5il Coa.st Survt\\', 1872. 

15! Coast Sun-<'J, 1868. 

13! Do. 

21 Do. 

16 Do. 
21 Do. 

19 Do. 
I 

Up Atwood's Creek to Bay of Islands .......... .. 

Altamaha Sound and trilmta- Over Bar* by Main Channel, .................... . 11 lf'i 10! ]9 Coast Surv<'J, 1860. 

rirs. Over Bar* by Buttermilk Channel ..... - ........ . 
At anchora~e under Little Saint Simon's Islan<l . 
Fri.m the Sound to the month of Uttle Mud Rivor 
Through the Sound to mouth of Altamaha Tiiver. 
Up Altamaha Riv<'r t.o Butler's Island ---- ...... .. 
Through Wood Cut to South Altamaha River . _. 

Through the Sound to Buttermilk Sound_ ....... . 
Through Buttermilk Sound to junction of South 

30 
8 

4 
4 

4 

9 

Altamaha. and Frederica Rivers ..... _.......... 8 

Up Sonth A.ltamaha to Wood Cut................ 7 

Through Frederica River t-0 Saint Simon's Sound 8 
Through Mackay's River to Saint Simon's S<mnd.. 9 

Hampton River ....... , ••.• ,. . . Over Bar* ... _ ............ _ ...... _ . . . . .. . . . . . . . . . . . 5 

Through to Frederica River .. -.......... - • . . . . . . . 10 

Paasage through Village Creek to Black Bank 
River ...................... •••••.•.••••...• •.. 13 

Through Black Bank River to sea ............ ... 1 

Saint Simon's Sound and tribu- Over Bar*......................................... 16 

tarlea. .At the a.nchorage southwest of the Li~ht-house... 35 

Saint An lrow'a and Jekyl 
SOUlld&. 

Through the Sound to Month of Frederica River. 13 
Through the Sound to mouthofMackay's River.. 23 

Up BruBswick River to mouth of Tnrtle River . . . 24 
Up Brunswick River to Brunswick ..... - ........ -
Up Turtle River to Hermitage Point ............ . 
Tbrnugh .Jekyl Creek to Jekyl Sound .......... . 
ThroughCedarHammookCreekroJointer'sCreek. 
Through Jointer's Creek to .Jekyl Sound ........ . 
Through Ba.ck River to Maekey's River ........ . 
Over Saint Andrew's Bar* ....................... . 
At tbeanchomgeunderLittleCumberland Island. 

1 
Attheanchorage inJekyl Sound under west shore 

: of Jeky!Jsla.nd ................................ . 
i Through Cnmberllllld Rivert~ Cuml1erland Sound 
I Through Brick-kiln River to Cumberland niver .. 
I Tlm>ur:hJekyl Soun1l to Jekyl Creek .-nt.rnnce. 

*Shifting BllDfl-bar. 

9 

13 
3 

2 

2 

4 
15 
256 

31i 

6i 
(I 

18 

141 
371 

i.;; 

lll 
11! 
111 

16.i 

15! 

141 
151 
161 
121 

171 

201 
81 

2.1 
42 

20 

30 
31 
16 

20 
10 

9 

st 
11 
21i 
321 

BS1 
13 
121 

24! 

6! 15 Do. 

29! 38 Do. 

7! 16 I~o. 

3! 12 Con.st Rnrvry, 18i2. 

3! 12 Do. 

3! 12 Do. 

8! 17 Do. 

7! 16 Do. 

6! 15 Do. 

7i lG Do. 

Sf 17 Do. 

4i 13 Coast Pilot, 1877. 

9i 18 Coast Survey, 1880. 

12j 21 Do. 

i 9 Do. 

n 23i Coast Survey. 1872. 

34i 42! Coast Survey, 1856-'57. 

l2i 20! Do. 

22t 30l Coost Survey, 1872. 

23t a1u Do. 

8f 17 Coast Survey, 1856. 

l2i 21 Coo.st Survey, 1856-'57. 

2! 11 Do. 

li 10 Do. 

lt 91 Coast Surv~y. lH~O. 

3t lll Coast Surv~y. 1 S72. 

14t 22! Coast. Sun·ey. 1869. 

25 321 Coast Sun-ey, 1870. 

31 38! Do. 

6t l;Jj Do. 

51 13i Do. 

17t 25i Do. 
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Places. 

UNITED STATES COAST .AND GEODETIC SURVEY. 

Table of depths, .Atlantic Coast-Continued. 

GEORGIA A.ND J<'LORID.A.. 

-------- ---------- -· /--
Least water in cbannel. 

---------- I 

Limits between which depths are given. Mean, 

\ Low i Hia-h 

--··· ___ i_wate~I water. 

I Feet. Feet. 

~:::~des. -I 
Low /I High 1

1 

water. i water. 

Authorities. 

---···'---i -··---------

Saint Antlrew's and Jekyl 1
, ThronghJt1kyl Sound toJointer'MCreeli entrance..\ 

; Tl1rougb J"kJI 8011ml to Little Satilla Wvei'. ••••. 1 

! I'p Little Satilla I\inr to L]lJ>rr lfarHh Toland .. 1 

14 201 
Fe.t. Feet. I 

mt 2Ji I Coast Survey, 1870. 

Sounrls-Continued. 

: Cp Satilla. IiiYcl' nn<l ovt·r '' Tl1t~ Bulk head'' ..... -1 
CUMBEilLAND SOUND anil' Over Bar* (c!innnrl in li'Sl) --_ .... _ ............ --·I 

tributaries. ..Andwrage lll mouth of Amelia. I!.1vPr .•••..••••••. J 

Through thllSoun1l to month of Saint. M.-rf• Hh·er.! 
Tlnouµh thr! Sound to .King's U..1,r .. 1 

, Vp Saiut Mar:y 1
8 Uher to Saint .Mar:, 'l" Ii 

rp King's Bay to Marianna Creek .. . : : . 

Through the Sound to Crooked .m"er ..... _ ----·- -/ 

T~;,'.;,~h -t~e .S~nn~ -t~-j~1~.c11on with Cu1n\Jer_1~-~~-I 
Thrnugh the Souud to n1nuth of .Brick-kiln RiYer .. 

f'.p Jolly River (Florida} to Saint llfa•·s's I:iver .. 
Up Amelin. RiYcr t • Feruanllina . . . . . , ........ -

Up Amelia IUver to Lancef0rtl Creek ............ . 
Bell's River from Amelia to .Jolly River ......... . 
B"II's Uh·er from Amelia to Saint Mary's River .. 

Amelia River to Kingsle.)"• Creek .............. .. 
Through Kingriley's Creek to South Amelia River. 

:Nassau Sound an<! tributaries .. 
1 

Over Barf b~·th11 Xorth Clrnnuel .............. .. 
i Over Bait hy the South Channel ................. . 

Fort George Inlet ..... . 

i A. t the anchorage under western shore of Amelia 
I Island ................................ __ ., ... .. 

i UpSonthAmeliaRiverto.AlligatorCreek ..... . 

I Through South Amelia River to Cumberland Sound! 
'I Through Alligator Creek to Nassau River ...... .. 

Up Nassau River to Sterrett'• Creek ........... .. 
\ Through Sterrett's C;·eck to Pumpkin Hill Creek 

I Up Pumpkin Hill Creek to junction with Sterrett's 
' Creek ........................................ . 

Throttl'(h Sawpit Creek by Gunnison's Cut to ~·ort 

George Inlet .................................. .. 
Passage through Back River .. _ ................. . 
Through Horsehead Creek to Alligator Creek .. . 

i Over Bart ....................................... . 
, Through Sawpit Creek to Nassau Soun cl .•.•••.... 

Through Sister's Creek to Saint John's nker .... 
SAINT JOHN'S RIVER ..... Over Bart (channel of 1879) ...................... . 

To ahrra.,t of Great Marsh Island .............. .. 
At tlie anchorage off Pilot-honse• ............... .. 

i At the anchorage at Mayport.Milla. __ ,, ...•..... 

' Through the North Channel to Dames' Point 
Light-house ...... _ ............................ . 

t'p to.Jacksonville ............................... . 

16 

12 

8 
11 

30 

25~ 

11 
17 

11 

14 

61 
7 

2 

28 
16 

2 

2 

14 

I 

4 
]0 

24 

9 

1 

7 
13 

l 

8 

11 
36 

24 

13 

12 
From Jacksonville to abreaat of Green Cove 

l'pringe ......................................... I 14! 
Up to wb111f at Green Cove Springs............... 7 
From Green Cove Springs to Toooi (lermlnna of 

Saint John's and Snlnt Anirustine Railroad).... lO 

: From Tocoi to Pilatka ............................ 

1 : l<'rom Pilatkato Welaka ...................... . 
R 

221 
18! 

Hi 
17 

36 

31~ 

17 
2:1 

17 

20 

l~t 

13 

8 

34 
22 

8 

8 

20 
7 

9i 
15? 

29! 
14! 

61 
l2i 
181 
8j 

5l 
llt 
11! 
9j 

6 

6~ 

l2t 

18* 
40j 

281 

14 
18 

lot 
8 

15t 23,\ 

1 

Do. 

11! l!J! Do. 

7~ 15l I Do. 
Wt 17! 1 C"ast Suney, 1881. 

29! 30~ Coast Survey, 185!>-'57. 

25 3li Do. 
lOj 

2a1 
Sf 
t 

lit 
121 

2! 

7! 

Ul 
llf 

14 

61 

10 

8 
No tides. 

17! 
2:3! 

17~ 

20! 

1211 

13! 
8! 

3{! 

22} 

Bi 
Bi 

20! 
7! 

9! 
l:l! 

29! 
141 
6f 

12! 
JR! 

8i 

l!lf 

6i 
12i 
l2l; 

9f 
lij 

6! 
12f 

18! 
40! 
28f 

141 

llli • 

Do. 
Coast Snney, 1871. 
Coast Surve~r, 1855-'Si. 

Do. 

Coast Survey, 1855-'57. 

Do. 

Coast S1lrvey, 1871. 

Coast Survey, 1857. 

Do. 

Do. 
Do. 
Do. 
Do. 

Cout Survey, 1871. 

Do. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Do. 

Coaet Survey, 11!70. 

Coast Survey, 1871. 

Do. 
Cout Survey, J81i7, 
Coast Survey, 1870. 

Coaat Survey, 1870. 
Coast Surve~·. J/l79. 
Coast Survey, 185:\. 

Coast. Survey, 1F57. 

Do. 

Coast Survey, 1856. 
Do. 

Coaat Surv,,y, 18'711-"'f'1 
Do. 

Coast SDl:Vey, 1878. 

Do. 
llo. 

! Fr j I 

; •omWelnkatoLakeGeorge ................... 
1
1 •••••••• i._·· .. ·.·.·.·.·_·:.·_· __ ·_· __ ·_·j 

; Through Lake Gl>orge and up to Volusia .. .... . H 

•Thia bar shift• so ofl\'11 u<•th in direction and depth that no soulldiDgs rt.·liable for llDY length of time C8ll be given. 
tShifting snnol-uar. 
!The depths on tlll's•· two bar• cannot be def>endrrl on ror •n,· lf>ngth of lime. Tb ha rs •hift ei00sl-1U>lly both Jn d..,th and dlfllt"ttOU· 
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Table of dept/is, Atlantic Coast-Continued. 

J~LORID.A. 

Least water in channel. 
, _____ _ 

Limit.fl botween whk:b depthR are given. Mean. l Spring tides. i A_nthorit.it\R. 

Low I ~i~~-,l ~:;-1 Iliah -I 
water. ! wa.fer. water. I wat'6r. ; 

1---- --- - ... . r~:~. -1-;,:1. I Feet. !--;,:-i- --
SAINT ,JQHN'8 RJVER-ro11· From Volusia to Lake Monroe ................... I 8 ~o tides: Coaot !!urvey, 1878. 

tinued. Through Lake Monroe to Enterprise Wharf..... 6~ . · Do 

Saint Au,i.;ustirn" InlAt 

Mosquito Tnl~t 

Indian River ..... ~ ........... . 

Rnnana River .....•••....•.... 

From Enterpri•e to Saufor<I Wharf....... . . . I I:::: ... f.. Do. 

Through Lake Monroe to Sanford Wharf. .. 

1 

... ~.

41
_1·:::11

. Do: 

Over Bar' hy North Channel 7! , 7 Coast Survey, 1870. 

O'·er Bar' by South Channel..... JO 9! Do. 
At the anchorage he hind North Beach...... 26 ' 30! I 25! 

, Up to City Wharves. . . . . . . . . H 17! 12! 

: Through North River to Guano lU\'er ......... . 
: Through North River to Cooper's Landing .... . 
' TTp Guano River to "Big Sand-bill" (t.riangnla-

1 tion point of Coast Survry) . . . .............. . 

D 1> Matanza~ River to San Sebastian River ...... . 

, Througll Matanza.s River to lfatanzas Inlet ..... ' 
i Up San 8d>asiian Rivt'r to thf\ Town Wharf ...... i 

0\·er Bari . . . . . . . . . . . . . . . . ........... ! 
Up Halifax H'.ver to Pelican Island ........... ····l 
vp Halifax River to abreast of Daytona ......... ·l 
L p Halifax Rinr to its head ............. . 

From Halifa•x River through Narrows to Rose Ba~· 
From Halifax River through Xarrow• to Strick-

land Bay ................................ . 
From Halifax River through Narrows to Turn- 1 

bull Bay.............. . ..................... . 
Up Hillsborough River from th<> In'et to abre88t J 

of New Smyrna ............. - ... - . - · · -··· -·····I 
Through Mo•quito Lagoon to Turtle )found ...... i 

i Through Mosquito Lagoon to Swift's Wharf ..... ·\ 
I Through Mosquito Lagoon to abreest. of Boat .. 

\ H~:~~e~Cb11:!i ~~- i~;jh:~ .ni~~~- •:::::::::::::::::I 
. From Haulover Canal to Arantla .......••••...... 1 

I 
From Hanlover Canal to Park Grove Wharf .••..• 
Down rh-cr to Titusville Wharf ................ . 

From Titns-ville to Curtis' ....................... . 

I From Titosvllle to month of Bannna Cr.,.,k ..... . 

l
,From Curti•' to Oleander Point ................. . 
From Oleander Point to Fisherman's Point ...... . 
From Fi•hermao's Point to Elbow Creek ....... . 

1
1 From abreast of Elbow Creek to Turkey Creek .. 
. l<'rom abreast of Turkey Creek to Rock Point ... ·1 
I Fr·om alrreast of Rock Point to Duck Point ...... . 
i From abreast of Duck Point to "The Dfvhle " ... . 

l 
From ••The Dh-ide" to Crawford·· Point ....... . 
From aureastof Crawforcl's Point to Round Island 

I From •breut of Round Island to Iulet ........•.•. 

1 
Thro11gh Inlet to Sea ..•...•.•....•......•..•.•••. 
From ent-rall«' (opposite Elbow Creek) to Bnek 

lfi 22! 171 
flt tot fi 11 

5 

14 

2 
6~ 

5 

·~ 
4& 
2 

ll 

li 

8 

2i 

3 

l 

9% 
181 

61 
IOI 
7! 

~ 

2! 
11 

2 

2 

ll 

4i 
2f 

:Ji 
Ii 

H 
13! 
Ii 
6 

41 
5! 
4! 

It 

71 
4 

2t 

9! 
18§ 

6~ 

11 

71 
6l 
5J 
2i 
11 

2 .. 

2! 

Ill 
4i 
21 

3 3! 

1 Ii 
o tides. 

::::::::1::::::::\:::::: 
. ............... 1 ...... . 

I 
. ....... ········1········ 
·····-·· ·····-··1······-· 

I 

1::::::::::::::r:::: .. 

;: i ·' :·:: 
5 

7 
i 5i 
! 91 

Point............ . . . . . . . . . . . . .. . .. .. . . . . . . . . . 5 [ No tidea. 

From Buck Pointt.o abrt>sst of Home Point . . .• . . :, ..... ··I· .. ···· -'. ---.. · 

Do. 

Do. 

Do. 
Do. 

Do. 

Do. 

Do. 
Do. 

' Coa8t Survey, 1873. 
Colll!t Survey, 1874. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Coa•t Snrve;v. 187!;. 

Do. 

Do. 
Do. 

Co88t Survey. 1871\-'77. 

Do. 

Do. 
Do. 
Do. 

Do. 

Do. 
Do. 

Coast Snrvey, 1878. 

Do • 

008'!t Survey, 1881. 

Do. 
Coast Sarvey, 1881-'~

Coast Survey. 188!. 
ro. 

Coast Snn·c.1-, I ~l. 

Coast Surn:iy, 1~75-'77. 

Do. 

From abreast of Home Point to J1ead of river at I · 
lllillauaCreek .. ....•.. .... .... .. .. ... ...... ... ...... ....... .... .... .. Do. 

Through Banana Creek to Indian River.......... !.:::: :.· -.-.,!:::::: ::i,::::::: Do. 
Aoohorage in New-Fonnd Harbor .• . • . • . • . . . . . . . . Gt Do. 

'The depthe on theee hrn bars eannot hf, depeode•I 00 for any ]t'lltlfb of time. The bara shift l'OD&tantly both in deptl1 and direction. 
I Shifting llllDd·bar. • • 



 

1D8 UNITED STATES COAST AND GEODETIU SURVEY. 

Table of depths, Atlantic Ooast-Conforned. 

FLORIDA. 

l'lace1. Limit• between which depths are given. 

Banana I~h-(>,r-Coatinued _ ... ;' At an<'horage urnler Cape Canaveral _ .. _ 

In11iau Rjver In1~t 

Key Bi•cayne Bay ..... 

- .! Over .Bar* hy the Northern entranr.o .. . 

; Ove.r Bay* by the Southern entrance ............. ' 
Over Bar* at Bt•ar's Cut ........... - ...... _ ...... -, 

I 

i Over Bar* to Buoy No. 2, Main Channel through 

Reef Passage ti miles southeast of Cape Florida 
' Over Bar hy Main entrance, to Red Buoy Ko. 2 

From Re<l Buoy No. 2 through North Channel 
(close to Cape Floridn) ..................... .. 

': From Re<l Buoy No. 2 tb1·ough South Channel .. . 
Up the Bay to abreast of Fort Dallas ............. . 
Through Ca,sar's Creek between E!llott's aml O!rl : 

Hho<le•' K<•ys ............................... . 

.HAWK CHANNEL 1ins1<l~ o~~r Tbe lteef toward Sol<lier'b Key ........... .. 

Florida Reefs). Main (1ntrance from abreast of Virginia Key to 

KEY WEST HARBOR 

Soldier Key ...... ·-···· ............. . 
From abreast of Soldier Key to Creaar's Creek 

Bauk ........................................ .. 

Lec;ar6 Anchorage : 
In entrance from northward ................ . 
Entering north of Triumph Reef ............ . 
Entering south of Triumph Reef ............ . 
At the ll.llchorage . . ....................... .. 
From Hawk Channel to the anchorage ...... .. 

i From abrea•t. of Cresar's Creek Bank to Alligator 
Reef Light-houoe ............................. .. 

': Tnrtle Harbor: 
Entering from sea ................... ., ..... .. 
Entering from Hawk Channel ............•.•. 
At the anchorage ........................... . 

' From abreast of Alligator Reef to Long Key .... . 
' From abreast of Long Key to "Eaat WMber· 

wonian" .........•...•.........••.......•....•.. 

I From abreast of East Washerwoman t-0 "West 
· Wuherwoman" .............................. .. 

From abreast of West Washerwoman to Key 
w .... t entrance .............................. , ... 

Through the Sonthwret Channel from Key Weet / 
to Boca Grande K~y .. .. . . . . .. .. .. .. ......... 

1 

Coffin's Patches: In entrance .................. . 
Coffin'e Patches: At the anchorage ............ . 
Bahia llond1< Harbor: In entrance....... .. .. .. .. 

Bahia .Honda Ha1·bor: At the anchorage ......... . 
In entrance to New-Fonnd Harbor ............ .. 
At anchorage in New-Found Harbor ............ .. 
Pye's I!arbor: In entrance .................... .. 
Pye's llarbor: A.t the anchorage ................. . 
Through the Eaat Channel to Whitehead's .Point. 
Through the Main Ship Chamiel to Whitehead's 

P<>int ........................................ . 

Through !Wok Key Channel to WhitAlhea4'a Point. 
Through Saud Key Channel to Wbitehead'a Point. 
Throu11h the Southwest Channel to Whitehead's 

Point ......................... _ .............. .. 

Through the West Channel to Whit.ehead's Point. 

• Sl1il\lng aa.nd-bar. 

Least water in channel. ,-
-~-·--~ 

Mean. Spring tide•. I 
A.uthoriti~s. 

--~- ·-~·----

Low High Low I Rii:h I 
water. water. water. water. 
_______ :__~_.! _ i --~- ___ --· 

I 
Feet. Feet. Feet. I Feet. 

14 19 13 I 19 Coast Survey, 187;;. · 

1! 4 ········ ·-······ Coast Survey, l81H. 

11 4 i Do. ..... · 1 

5f 5! I 7t Coast Survey, 187u. 

7 8§ 

I 
81 Coast Survey, 18.>.'J. 

7 8~ Si Do. 
I 

7 8! 7 
I 

Bl Co:iRt Survey, 1852. 

9 10! 9 lOi Do. 
7 7! 7 7l Do. 

8 Iii 8 9i Coast Survey, 185a. 

22! 24 22i 24! Co38t Survey, l8fi2. 

18 19) 18 19! Do. 

13 14i 13 141 Do. 

l9t ~! l!ij 211 Do 
20 2H 20 211 Do. 
2"2 236 ZJ 23! Do. 
27 28j 27 28! Do. 

16 m 16 17i Do. 

13 I4t 13 141 I Coaat Survey, 1854-"6'.J, 

BO 3li 30 311 Coaat Survey, 1852. 
16 17i 16 171 Do. 

281 30 281 31! Do. 

16 17i 16 17! Coast SurTI>y, 1860-'62. 

191 21 19l 211 Coast Survey, 1851, '67. 

18 19i 18 19! Do. 

22i 23f ll:!i l!4 Do. 

31i 32l 31t 33 Do. 
19 :Wi 19 20f Coast Survey, ISM. 

18 191 18 19! Do. 
19 20i 19 20l Coast survey, 1857. 

17 18l 17 IBf Do. 
7 8l 7 Bl Do. 

19 201 19 20t Do. 
9 lQS 9 10t C-t Survey, 1856. 

8 Iii 8 Iii Do. 
28 29t 28 m Coa&t Survey, 1851, '62 

27 28i :rr 28l Do. 

19i 201 ltli 21 Do. 
27 281 27 281 Do. 

30 a11 ao 3}i Do. 

2" 281 1fl 2llt J)e. 



 

. 
Places. 

UNITED STATES COAST AND GEODETIC SURVEY. 

Table of depths, Atlantic Coast-Continued. 

FLORIDA. 

Limits between which depths are given. 

i Least water in channel. I' 

l~~---~-------1 
.Mean. II Spring tides . 

Low I High Low High 
water. water.

1 
water. water. 

199 

A nthoritlea. 

i I Feet. Feet. II Feet. -Fi-ee-t.-
1

'i' _______ _ 

KEY WEST HARBOR-Con· 1 From abreast of Whitehead's Point to Key West I 
tinned. I City ........................................... 

1 
22! 231 I 22i 24 I Coast Survey, 1651-'52. 

I At the anchorage otr La.zarotto ................... 

1 

ao Bit ao Bli Do. 
I At the anchorage in :Man·o' -war Harbor . . . . . . . . . 24 25! 24 251 Do. 

I ~~~::ea~.~~~~~~-~~~~~~~~~~~~.~~~.~~~~'.~~-~- 20 211 20 2li Do. 
\ Through the Nor th west Passage to abreast of the \ 

I Ts::;::~~~~~~~-~~~~~:~~~~:~~:~~~:~~: ~~J :: 
Tortuga• Harbor .. .. . . . . .. . . . · Through the Southeast Channel . . . .. . . . . .. . .. .. . . 45 

'l'hrough the Southwest Channel to Bird Key 
Harbor.................... .................... 19 

Through the Northwest Channel to Bird Key 
Harbor......................................... 42 

Attho anchorage in North Key Harbor ......... ! 33 

InJ":i;e:=~~~ ~~- ~~~ -~~y -~-~r~~~'. ~s~ -~f ~~~.I 22i 

In the entrance to Bir<! Key Harhor, west of Fort 
J" eft'erson . . . . .. .. . . .. . .. .. . . .. .. . . .. . . . . .. .. 36 

At the anchorage in Bird Key Harbor. . . . . . . . . . . 30 

18! 

13! 

201 

23! 

371 
311 

. -·---------------· 
GULI' COAST. 

FLORIDA. 

San Cat los Bay 
trauce). 

(Caloosa Eo· \ From the entrance up to Punta;~~ ............ . 
At the anchorage under Sanibel Island ........•.• 

, At the anchorage off Punta Rasa ................ . 

To abreast of Middle Point ..................... . 
Up the Bay to abreast of Sword Point ...•........ 
Through to Matanzas Pass ....................... . 
From Punta Basa to mouth of Ca.loosa River. . .. . 

Charlotte Hal'bor .............. Entrance through Boca Gran<le ............ · ·· · · · 

TAMPA BAY .............. .. 

At the anchorage ins]de ......................... . 
Through ro Punta Blanco ....................... . 
At anchorage under Gasparilla Island ....•....... I 
Through Passage Key Inlet• ................•.... 
Through Southwe•t Channel .................... . 
Through North Channel ........................ . 
Through Pase a Grille to Boca Ceiga Bay ........ . 
At anchorage under Mullet Key .....•........•... 
At anchorage under Western Shore of Egmont 

Key ... ·-····--------- ......................... . 
At anchorage under N< rthem Shore of Anna 

Maria or Palm Key .................•.••••.••.•. 
Up the Bay to Point Pineloa ...••....•.••.•••..••. 
At anchorage In Boca Ceiga Bay. . ....•••••....•. 
Through Boca Celga Ba.y to Tru11pa Bay ......... . 
Through Sarasota Pass to Palmasola. Bay .••.•••.. 
At the anchorage in Palmasola Bay .••.••.•••••.•. 
Up lll:anatee River to abreast of Palmetto Landing. 
At the Landing .................................. . 
Up MaDClke River to abro:iet of Manatee Landlng. 
At the Landing .•.•••........•.•.......•••.•.••••• 

• Shifting ba.r. 

7 Si 
21 2"2i 
21 22! 

13 14f 
7 Si 

11 J~f 

6§ Si 
181 19t 

16 17 

7 8 

27 28 

10 111 
16 171 
21 2'll 

7 8i 
21 22i 

9 lot 

10 lll 
21 112* 
JO 20i 
6t 8 

St 5 

9 lOl 

8 Di 
lit 7 

5l 7 

5t 7 

17 Coast Survey, 1813. 

12 13i Do. 
45 Coast Survey, 1867-'W. 

19 201 Do. 

42 43i Do. 
38 I 341 Coast Survey, 1875. 

22i 24 Coast Surrey, 1873. 

36 37i Do. 
ao 3lt I Do . 

Iii Si \ Coast Survey, 1~~7~ 
20t 22; Do. 
20! 22!1 Do. 
121 141 Do. 

6i Bi Do. 
JO! 12i Do. 

6i 8! Do. 

18 lilt Coast Survey, JsG:l. 

151 17! Do. 

Of 81 Do. 

26i !!st Do. 

9i 121 Coast Survey, 1875. 

151 18i Do. 
201 23t Do. 

Ill 91 Coast Survey, 1873-'75. 

201 23l Do. 

Si lit Do. 

9l 121 Do. 

20! 23i Do. 

181 2lt Do. 

St 9 Do. 

Bi 6 Coast Survey, 1875. 

8! llt Do. 

71 106 Coaet Sul'Ylly, 1873. 

Iii ~ Do. 

Iii s Do. 

Iii 8 Do. 



 

200 UNITED STATES COAST AND GEODETIC SURVEY. 

Table of depths, Gulf Coast-Continued. 

FLORIDA. 

I Least water in c:~n~~.--1--- . 
ljl Mean. I' Spring1~des.. 1

1 • _ __ Authu1 itice. Li1llits between which depths are given. 

I 
Low I High 1 Low I High I 

·water. / water. I water~ water. , 

·-· -----·-··-- --·---- --1 . I Feet. Feet. ~~:~ Feet. /---·--· ·-

'J'AllPA 11.AY-Contlnued ... I Entrance to Terracem Bay ..................... ! 4i 6 4li 7 ' Coast Survey, 1875. 

lloca Ceiga Bay ...... . 

Clearwater Harbor _ 

W •Cal!llRB!lll Ba)' . . . . . . . ..... . 

C IW.Alt KEYS 

OeiJla River 

Apalachee Bay 

I At anchora:;:e in Tenaceia llay ...••..••......••.. I 8 9! 7i 10,\ Do. 

) u~:~::a;~:;:~.~~~~H~~~'.~~-~'.~-~~~~~-~nd 119 20~ 18! 21~ Coast Snn·ey, 1876. 

, Through R1llahoro Bay and np to Tampa wharves 
(Hillsboro River) ............................... [ 

Up Old Tampa Bay to its bead at De Soto Bayon i 
EntrnncefromTampailay _____ - ---- _ 

Entrance through Pass a Grille ................... i 
Through Blind Pase to the Bay .. • . .. ........... 

1

i 
Passage through John's Pass .. __ ..... - ... - .. -- - .. , 

Entrance by Indian Pass . . . . . . . . . . . . . . . . . . . ..... '. 

Passage through Th" Narrows to Clearwater : 
1 Harbor ........................................ ,i 

Entrance through Littl~ Pass . ____ . ____ . __ ... _ 
1 

Over Inner Flats ................................. . 
Through the harbor to Th•' Narrows .......... . 
Through the harbor to Big Pass Channel .... . 
Entranee through Big P"8s ... _ ............. -.. . 
U1> the harbor to Clearwater Bluff ........... .. 
At the anchorage below Little Pass ... - .......... ' 
Channel into the harbor ..... _ .............. _ .... . 
At the anchorage in Waccasassa Harbor ......... : 
Up the Bay to Grassy Paint.. ..................... i 

Through to Oyster Bay ............. _ ..... -...... ·I 
Sea-Hms" Key Channel to Railroad Wharf ...... : 
Through North K<>y Channel to Railroad Wharf.) 
Through Northwest Channel to Railroad Wha.rf .. \ 

At the anchorage between Depot Key and Rail- i 

In ~~i:'.:c~~~-~;~e~- :·: .. ·.-.-.-.·_· •::::: ::::::::::::I 
In the entrance .. _--·_---· ... _ ... ----------- ______ I 
Through the Bay t-0 month of Saint Mark's River.' 
Act'llSS the Bay to month of Oeklockonee Bay .... 
At the anchorage off Shell Point ..•...••••••••.. ) 

EntrancetoSaint Mark's River over the "Devil's', 

Elbow" ......... ····-· ............ ··-·······-·i 
Up Saint Mark's River to the village of Saint : 

Mark's ...... _ . . _ ............. --"~-- -·-· .. -··· .. 

Up the tiverfrom Devil'sElbowt-0 Hnntlng Bayou ·1 
At the anchorage below the Devil's Elbow.·-···· 
Entmnc" to East River ... _ ....................... 

1

. 
Up EMt River to Denham'• Bayou ....••.••...... 
Entrance from .Apolachee Bay to Oyster Bay, by 

th" East Channel ..............•..•............ 
1 

Entrance to same bay by West Channel ... _ ...... 

1

1 

At the anchorage off Piney Island ...•. '. ...•...... 
Passage between Piney an<l Porter's Islands Into 

Dickson's Bay ......•..•...••....•.•..... ······1 
At anchorage in Dick.aon"s Bay ........•....•... 
From DickBOn's Bay to entrance to King's "Bay ... 1

1 
At anchorage in King's Bay ..... _ .............. . 

Fron:~~~~~ -~y ~~- ~~~~~~~~·-~()~'.~~~~.I 
I ~::::;~i:t~~~-~~~r-~~~~~~:j 
, Through the Ba.y to Ookloc'ltonee :B.her .......... . 

5 

7! 
6! 

4~ 

3 

i 
ii 

8 

5 

tit 
u 
II 

3 

4 

9 

5! 
G 

16 
3 

3i 
9 

61 
13 

6~ 

7 

121 

12 

8 

6l 

111 
11 

1 

7 
3 
6 

6i 
9 

' 7 

9 

8 

8 

6 

4! 
2 
41 
9i 
6l 
8 

81 
11 

5t 
6! 
llj 
8 

Bi 

18j 

5! 
6 

llt 
Si 

li;J 

St 

Iii 
14! 

14i 
101 

3i 

8l 
S! 

13i 

3i 
Iii 
5i 
8i 

Ill 
111 
fl 

9 

4! 

3t 
21 
! 

21 
7i 
4i 
6! 
5:1 
81 
2! 
3i 
81 
5t 
5l 

151 
21 
31 
81 
6 

121 

6i 

6! 
121 

11! 
7t 
t 

6i 
6i 
lot 

t 
llf 
21 
i;t 

• 
81 
81 .. 

71 
10 

a 
8 

Si 

lfl! 
51 
Gt 

llJ 
9 

mt 

91 

St 
151 
14! 
10J; 

31 

Iii 
91 

13f 

st 
9f 
51 
Iii 

9 

11! 
1 

10 

D<I. 
Coast Survey, 187&. 

Coast Survey, 1873. 

Do. 
Do. 
Do. 

l>o. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Coast Survey, 1e;ro-·57 

Do. 
Do. 
l>o. 

Coast Survey, 1860, ·11. 
Do. 
Do. 

Do. 
Coast Survey, 1s; o. 

Do. 
Coast Survey, lb76. 

Do. 
Do. 

Coast Survey, 1875. 

Du. 

Do. 
Du. 
Do. 
Do. 

Coaat Survey, 1876. 

Do. 
Do. 

Do. 
1)(). 

Do. 
Do. 

Do. 
Do. 
I>.. 
Do. 
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Table of depths, Gulf Coast-Continued. 

FLORIDA. 

Least water in channel 

l'llMJCI& Limits between whkh depths are given. 
Mean. Spring tides. 

Authoritie&. , _________ : _____ _ 
I ' II. I I Low • High I Low High j 
I water. i water. j water. I water. j 

-- ·---------- ____________________ , ___ , ___ , ___ ! ___ . _________ _ 

A palachee Bay-Continued 

Saint George's Sonnd .....•.... 

i i I I Feet. 1 Feet. Peet. 1 Feet. 
Up Ocklockonee River to-northern end of Thom's I j I i 

Island 11 1 13 IO:! j 14 1 Coast Snn-ey, 1876 
Entrance ~~-t~~ ~~~~~ ·~;·;~~ -~.J~~~ ~~,;,;~~;-:: :! 13 \ 14! J2i I Hi Coast Sun·ey, 1872. 
At the anchorage in Pilot's Cove ................. i 21 2~i 201 22i Do. 
Entrance to the Sound through East Pass ..... -: 15f mt 15t II 17i Coast Survey, 18~8. 
At anchorage under Saint George's Island ...... ! 15 JO! 141 mt Do. 
At anchorage between the west end of Dog Island ! 

and Crooked Riv~r . . . . . . . . . . . . . . . . . . . . . . . . . . ' 
Over the Bar and in the entrance to Crooked j 

River by the East Channel ................. : 
Into Crooked River by the West Channel. ........ . 
Through Crooked River to Ocklockonce River .. 
Through the Sound from Do.~ Island Channel to . 

East Pass .. . ................ . 
Through the Sound from abreast of East Pass to 

"The Bulkhead" . 
Over the Ilulkheatl to Apalachicola. Ila.y .... 

19 

4 

3 

2 

15 16! 

! 

181 20:! Do. 

Do. 
Do. 

Coast Survey, 1878. 

14i lfii Coast Survey, 1858, '71 

Do. 

, Atanchoragein "The Gap" (Sain!Gt>orgc'slslaud) 
In entrance to Alligator Harbor -................ -I 

7 

6 

11 

7 

5 

6l 
ti 

7i i Coast Survey, 1871. 
l~i Coast Survey, 1858. 
81 Coast Survey, 11171. 

Over Inside Flats . . . . . . ........................ , 

! Attheant'horage ······················---·--·--·! 
.APALACHICOLA BAY . . . . , Entrance over Bulkhead from Saint George's Sound' 

Through New Inlet• to the Bay ................ 1 

Entrance, through Saud Island Pass .....•. _ ..... I 
Main entrance, through West Pasa• . . .......... ·I 
.At lower anchorage under Saint George't'I l:;iland. -I 
Tbroui:rh the Bay from the Bulkhead to entra11cc : 

to Saint Vincent's Sound ... ------------------1 
i In entrance to Saint Vincent's Sound ............. ! 

From the Bulkhead to East Bay ................. ·1 

A::•e:~~:~ ~ro~. ~~~- ~:'.!~~~~- ~- ~~~1:w-~i~.' 
At upper anchomi:re ..... - ... · ... · · · · · · · - · ······I 
From West Pass to East Ba,Y ••...••.•••.•.••••••• 

1

' 

Up East Bay to its head . . . .. • . . .............. . 
From West P8'!s to Apalachicola entrance ....... . 
Up Apalachicola River tot-he Town Wharves by 

I 

u:~:~;~::·;;:~~. ~~- -~~~.~~~~~~~~--~~-I 

15 
\8 

7 

5 
5 

7 
10 
6 

5 
7 

4 

Crooked Channel .............................. . 
SILiut Vincent'• Sound . Entrance from Apalachicola Bay .....•............ 

4 

5 
7 Entrance through Indian Pass t ..•.••..•••.•.•.••. 

Through the Sound from Apnlacblcola Bay to 
Indian Pa.s ....................•............... 

At eastern anchorage abreast of Saint Vincent's 
4 

Point ......................................... ! 8 
At western anchorage nnder N ortli Shore of Saint I 

Vincent's Island, near Indian Pa.e ......... -~ .. \ 9 
lialut Jo11eph'a Bay .......... ' In the entrance................. . . . .........•. ·I 19 

Up the Bay to abreast of Saint Joseph's.......... 28 
At the anchorage off Saint Joseph's.............. 28 
At the nnchorage in Eagle Harbor . . . 21 

Saint And1ew•a SoUud... E 
ntrance by Main Ship Chaunellt. . . .. . . . . . . . . . • . 66 

Entrance by Beaoh Channel . • . . . . . . . . . . . . . . • . . • . 8 
O\·er Inuer Bar ........•.......•.••••..•••....... j 8 
A.tanah~e under North Shore of Crooked Jeland' 19 

• Shifting bnr. t Shifting ehanneL 

s. Ex. 29-26 

71 
51 
bl 

71 
101 

6f 
51 
71 

8! 

9t 
201 
29i 
29i 
22l 
8 

91 
9l 

20i 

7 

5 
5 

7 
10 
6 

5 

7 

Ci Do. 
8! Do. 
71 Do. 
81 ' Coast Survey, 1873. 
21 i Coa.t Survey, 1860. 

15i 
18! 

j Const Survey, 1875. 

I Coast Survey, 1856. 

71 I Do. 
5! Do. 
51 Coast Survey, 1860. 

71 
101 

I 
Do. I

I Coast Survey, 1856. 

:: I Cua..t ~:~•e_y. 1860. 

7i Coast Survey, 1R56-'60. 

: I : 

........ 1 ... 

I 

Do. 

Do. 
i Coast Su.-vey, 1874. 

Coast Survey, 1874-'75. 

Coast Survey, 11175. 

........ ..... Coast Survey, 1874. 

Do. 

18! 201 Coast f;nrvey, 1875. 

27! 29i Do. 
271 29l Do. 

201 221 Do. 

6i Si Coast Survey, 1877. 

7i 9! Do. 
7i 9t Do. 

18} 20; Do. 

f Thia le the only ohannel buoyed. 
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Table of dept/is, Gulf Coast-Continued. 

FLORIDA. 

Least water in channel. 

I 

l'lacea. Limits between which depths are given. 
Mean. ' Spring tides. 

A utborUieo. 
I 

Low 'I Hiirh Low High 
water. I water. water, wa.ter. 

1 1------------1----i----- - ---------
Peet. Feet. Feet. Feet. 

sa:nt Andre-..'• !1-0UD\l-·Con-
tiu.uec.L 

Sllint .Audrnw's BAJ, .... 

At upper anchorage near head of the Sound ..... . 

At anchorage under North ~bore of linrricane I 
bland (PRl!sagekadingto Saint Andrew's Bay). 

Up Saint.Andrew's Sound to mouth of Wild Goose 
Lagoon ....................................... / 

l'llll8age to Saint Andrew's Bay . . . . . . . . . . . . . 
Over Bar• ...................................... ! 
Across Inner Bar {abreast of Hurricane Island) .. J 

At the anchorage off Davis' Point . _ ... -.......... \ 

At the anchorage o1f Courtney's Point ............ i 
From the Bar through the North Channel ....... I 
Up the Bay to Red·fish Point (entrance to East ! 

Bay) ............................................. : 

Up East Bay from entrance to East Point ........ 
1 From abreast of East Point to Last Point ......... 1 

From abreast of Last Point to Harrison'• Bayou i 
From abreast of Last Point to Wetappo Rh·er .... j 
Through the bay from Davis' Point to Dyer's : 

Point (junction with North and West B"ys) ... 1 

From Dyer's Point to North Bay Point ........... ; 
Up North Bay to Bull Point ................... .. 
From abreast of Bull Point to Williama' Bayou .. ! 
From abreast of Williams' Bayou to Read or the ! 

Bay ............................................ 1 
I In the entrance to West Bay ..................... 1

1 

'u~::·.t-~~~ ~~~ -~1~~1~~.r-~~.t-~~~-~.~-~~-
: From abl'eaat of Crane Point to Hea<l of the Bay .. 

1 
In entrance to Burnt Mill Creek ................ .. 

i At. the anchorage In Burnt :Mill Creek ............ 

1 /In entrance to West llay Creek ................. .. 
: At anchorage off Crane Point ................... .I 
I I 
I At anchorage In &nth Bight at Head of Bay -

CHOC::TA WHATCHEE BAY', In entrance through East Pass• ................ .. 
and tributa11e1. Through The Narrows...... .. ••...•.••...•••.. 

At tbeaochoraize between Cobll's Point and Black 
Point ........................................ . 

Up the bay from Cobb's Point to Four-Mile Point. 
From abreast of Four-Mile Point to Western Read 

of the.Bay ................................... . 
From East Pass to West End of bay at Five-llile 

Bayou ........................................ .. 
Up Five :Wile Bayou ti> Its Read ............... .. 
At anchorage ln Bayou ......................... . 

j Up Garnler's Bayou to its l!ead ................ .. 
: 'C'p Garnier's Bayou to Little Bayou ....•.......... 
: Up f}e.rnier'a Bayon to Ni~ger Bayou., ........... J 
'1 In Little Bayou to !ta Head ....................... i 

In Don's Ba~ ~n to its Head. . ................... / 
At the anchomge In Garnier's Bayou ............. l 

· At the anrboragr In Cnmmiuga' Cove ....... _. .... 1 
· In th•• entrance t-0 Joe's &yon ................... 1 

At the anchoraire in J oe'a Bayou, .. • ............ ·I 
In Bogiry Bayou, at the anchorage ............... . 
To Bea1l of Bayou ............................... · 1 
Rooky Bayou to !ta Head ....•...••••........•..•• 
.4.t tile &nohorar ia Bayou ....................... i 

• Shlttin• cba:aneL 

19 20! / lSi 20t Coast Survey, 1877. 

I 19~ 21 19!, 211 Do. 

10 

17 
JG 

21 

24 
10 

20 

21 

mi 
61 

4 
M 

13 

6! 
JO 

6! 
13 
10 

7! 
5 

83 

22! 

6 
13 

25; 
8 

24 
221 
7 
9 

25t 
21 

8 

13 
18 
II 

6 

lllf 

7§ 

lli 
18! 
176 
22! 

2511 
lli 

211 

22t 
15 

71 
4§ 

24 
27 
14 

5t 
23j 

Hi 
8 

11i 
Si 
7f 

Hl 
lli 
Si 
6 

34 

23} 

10 

14 

26i 
u 

25 
231 
8 

10 

266 
22 

4 

u 
19 

7 
7 

2ot 

51 
9! 

161 
151 
201 

23! 
9! 

19! 
201 
12! 
5 

2! 

221 

25! 
121 
61 

Bi 
231 

12i 
61 
9t 
6i 
a 

121 
9i 
7 

4l 

82i 
22 

Si 

5i 
12! 
25! 

71 
23i 
22i 
81 
Bi 

251 
201 

26 
12t 
17i 
Ai 
66 

18 

71 Do. 

lli 
181 
J7t 
221 
25! 
111 

21! 

221 

151 
8 

41 

24! 
271 

14i 
Bi 

fit 
25i 

H! 
!l! 

lll 
8! 
8 

Hi 
Ili 
g 

6i 

1146 
24 

10! 

7i 
141 
27 

Di 
25i 
24 

Si 
llli 
27 

:r.li ... 
Hi 
19l 
7i 
'ft 

21 

Do. 

Do. 
Do. 
Do. 
Do. 
Do. 

Do. 

Coast Su r>ey, 1876-'77. 
Do. 
Do. 
Do. 

Do. 
Do. 
Do. 
Do. 

Do. 
Do, 

Do. 
Do. 
Do. 
Do. 

Do. 
Do. 
Do. 

Coast Sar.-ey, 1871. 

Do. 

Do. 
Do. 

Do. 

Coaet Survey, 1872. 
Coaet Sarvey, 1871. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

eoaa Surve7, tm. 
Do. 
))9. 

Do. 
Do. 
Do. 



 

UNITED STATES COAST AND GEODETIC SURVEY. 

Table of depths, Gulf Coast-Continued. 

FLORIDA AND ALABAMA. 

J Least water in channeL 

I 
Place•. Limits between which depths are given. 1 Mean. Spring tides. 

.. ------------· __________________ !·'= I~~ ·'= 
CTIOCTAWHATCHEE BAY Tio~town Bayou toita Head ..................... . 

itnJ tril>ubriea-Contiuued. At nnchornge in Bayou ......................... . 
At mtrnnce to Bayou ............................ . 
Entrance to 11 The Basin" ....................... . 
Anchorage in 11 The Basin '' ..........••.......... 

.A.laqua Bayou to its Head ....................... . 
Entrance to Bayou. . ............................ . 
La Grange llayon to its Heatl .................... . 
At entrance to Bayou. ___ ._ ---- ..............••. 

Into Four-Mile Creek ............................ . 
Up Four<MileCreekto "TheDivide" ............ / 

:~n:n!::: ::1:;a~-~::::::::: :::: :: .::::: ::::::1 
mack Creek: at the entrance .................... ·I 
Up tbc creek to Month of Mit-0helrs River ....... . 

Black Creek to Russian Cut-off ... - -... - ....... - - ·I 
For Our-and-a-half Miles above the Cut-off ....... 

1 
At tbe entrance to Mitchell's River .............. ·i 
Up the l!h-er to Rusoian Cut-off .................. _

1 From Russian Cut-off to Live-Oak Cut-off ....... . 
Through Rnssian Cut-off to Black Creek ......... j 
Through Li,-~ Oak Cut-off to Choctawhatchee 

River ......................................... ! 
From Lfre-Oak Cut-off to junction of Mitchell's i 

River with the Choctawhatchee .............. ·I 
Entrance to Nancy's Gut ...... _ .................• 

Through the Gut to Mitchell's River . . . . . . . . . . • 1 

Entrance to ln<lian River ...•................•••.. i 
To junction of Indian River with .Tones' Creek .. 
To jnnctionof Indian River with Choctawhatchee 

River ......................................... '! 
Up .Tones' Greek to its Head ..................... , 
Entm•ce to Cypress-Top River .................. . 
Through the River to Indian River .........•.••• 1 

Entrance tO Cboctawhatchee River through I 
: 

Straight River of the Delta_. .................... 'I 
Entrance to aame River through Middle River of 

the Delta ...................................... 
1 

E~:nn:~:.~~~-~'.~~~-~~~-~-t-~:~.~~-1 
Up Choctawha.tchee River t.o junction with In-

dian River ...................................... I 
From Indian River t.o Live-Oak Cnt-oft' ...••.•.•• 

, From Liv.Oak Cn$-011't-O junction witli:Mitchell's I, 
River ..••••.•.•••.•••••••.•••..••••.•.•••••••• 

Peach Creek, entrance to ....................... . 

11 Up the Creek to Tneker'• Bayou ................ . 
anta Roaa Sound,, . .. . . .. . .. 

Entrance by Main Channel (Peilll&Cola Bay) .•••.. ! 
: Entrance by Narrows from Choetawhatchee :Bay , 
' From Pensacola entmnce_to Deer Point .......... I 

From Deer Point to Two Points ............ , . , .• · i' 

From Two Pointe to Manatee Point (entrance to 

~::~~~f ;~;~~~ ~-~~~~;:-~~~~i 
At the aneJ.orage ID Fiahlnc Bt>nd .............. . 

Feet. Feet. Fe<'>t. 
6 7 51 

11 12 101 

161 171 16 
3 4 21 
6 7 5i 

5 6 41 
5 6 4i 
3 4 2i 
Bl 91 Bi 
5 6 41 

9 JO Si 
4 

7/i 
6 

9 

Bl 
IO 

9 

11 
]0 

9 

7 

9 

2l 
71 
Bi 
9 

91 
10 

• 
6 

3 

8 

11 

14i 

15 i 
fli I 

7 

19 
5 

19 

17 

6 

8 

16 

I 

5 

8/i 
7 

10 

911 
11 
10 

12 

11 

10 

8 

JO 

31 
Bl 
4i 

10 

lot 
11 
5 

7 

' I 

16 

7t 
8 

20 
11 

20 

18 

7 

9 

17 

I 

St 
7 

5i 
St 
~ 

9li 
81 

IOt I 
9~ 
81 

81 
2 

7 
3 

st 

lOf 
14i 

lilt 

High 
water. 

Feet. 

7i 
12t 

18 

4i 
7i 
6i 
6t 
41 

10 

6i 
101 
51 
9 

7i 
101 
10 

lit 
lOi 
l2i 
lll 
lot 

lOi 
4 

9 
5 

lot 

11 

nt I 
lit 
7l 

12i 
16 

l6l 
8 

st 
201 
6t 

201 
Uij 

203 

Anthorit iea. 

Coast Sun·e~·. 187 !. 

Do. 

Do. 
Do. 
Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Do. 
Do. 

Do. 
Do. 

Do. 
Do. 

Do. 
Do. 

Do. 
Do. 
Do. 

Do. 

Do. 
:Qo. 

Do. 
Do. 
Do. 

Do. 
Do. 
Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Do. 

Coast Survey, 1856. 
Coast Survey, 1871. 

Coaat Survey, 1856. 
Coast Survey, IB7J. 

Do. 

Coast Survey, 1860. 

Coast Survey, 11151 



 

204 

Places. 

UNITED STATES COAST AND GEODETIC SUR.VEY. 

Table of depths, Gulf Const-Continued. 

FLORID.A., ALABAMA, .A.XD MISSISSIPPI. 

Limits between which depths are p;iven, 

Least water in channel. 

' 
Mea.n. j Spring tides. 

1~~~,.-~~ 1~~~~~~1 

Low I Ilig;h -
1
1 Low High 

water. [ water .. water. water. 

Authorities. 

I I I -- -~~- --1-------

PENSA COLA BAY nnd tri- Entrance by Main Channel _ -- --
Feet. / Feet. I Feet. Feet. I 

ID! 20! I 19! 21 Coast Survoy, 1856. 
butnries. l'rom entrance to Deer Point - -

Up to anchomge ulI Wanin;rton Navy-yard ..... 

~~ ~~:~:~g;o o:c~::~~:.v::·~-rd ---------.. - I 
At anchornge off Peaf;acola . . . .... · 1 

Up the Bny to entrance to East Day --_ - _ - --: : : · 
. I 

Throug;h East llay to Escribano Point (eutranc e j 
: to Blackwater Ri,1') ..... _ -- .. -- .. -- .. -- ....... 

1 

Up Pensacola Bay to entrance to Escambiii Bay._ 

r Throngh Escambia TI~~ to,~iYc-Oak Point - ..... i I At ancliora~e oJf Denl s I omt _ _ . _ _ . .. I 
Perdido Rh-er (Boundary line) .. ~!c:n~~:~age in. ~ld .N.avy_co_ve _<~~n- fl~-~I~ ~~~'.: 

/ At the a.nchora~e ...... ____ .... __ .. .. .. . . .. .... 
MOBILE llAY......... .. .. .. Over Bar hy Main Ship Channel.. .... __ .... __ ... 

Over Bar• hy the Swa.sh Channel 
Over Bar* through "Tho Unt" .. ., .............. / 
Over Little P~lican Channel Bar* to Sand Island I 

i:hannel . __ ............. _ .... - ................. . 
Throngh Sand Island Channel to Main Ship 

Channel ................................... . 
Over Bar• by Middle Channel into Pelican Bay .•. 
From Pelican Bay t-0 ~fain Channel of MobHo Jlay : 
Q,·er Bar,* by Pelican Channel, Into Pelican Bay _ i 
At anchorage in Pelican Bay .. ___ .... _ ...... --1 
From Pelican Bay acro's Danphine Shoals to 

Main Ship Channel _ ...... __ . .. ............... _ 

From Pelican Bay across Pf·lican fsland Shoal! to 
Sawlislaml Chanm-1 ... ______ ...... -- ........ .. 

From inside Mobile Bar to Grant's Pass (entrance 
to Mississippi Sound)....... .. ......... -- ...... 

F':e~-~~~~h~-~~-~~.:~~~~"'.'-~~-~~-~~~~~-1 
From The LowerFleettoabreaetof Mult.·tPoint 1 
From abreast of Mnllet Point to anchorage at 'l'he I 
Fr:P;:!1;~.~-~e~~ ~~ ·t~~ -~!~; ~~ ~~~~~-: _ : : . / 
Through the new Dred;::ed Channel,! from The i 

Lower Fket to Choctaw Point ....••............ 
After croASing Dog River Bar to Mobile wha.n-es 

A!h~~: :;~:;,:1:•p~':,,~-~~- -~~~~. u~~~r- ~~~~·I 
Entrance to Bon Secoui·s Bay. . .. .. .......... -- .. 

At anchorage in Bon Secours Bay ............... • 1 
Entrance to Fish River ......................... . 
At anchorage in Fish Ril'er __ ................... --1 
At anchorage In Weeks' Bay ...................... 

1 In entran<'e to llog Ri\'er....... .. _ .......... ____ 1, 

Over Dar Into Blakely River __ ................ .. 
Up Blakely River to junction with Apal&rl1ee I 

I 

! 
River ... _ ...•.......••..••..................•. 

Pal!$llge t-0 Minetta Bay ....................... . 
Anrhornge in Minetta Bn:; ................... , .. . 

19 20 181 ~o~ I Do. 
30 81 I ~91! 811 [ Coast Sun-e3-, l800. 

~~i :rl 1,, E: ~: I ~:: 
lDi 20! 181 211 Do. 

!Ii I 7i 10! I 
18 

'a 
9 

15 

6 

11 

12% 
12; 

8~ 

14 

18 

12 

g 

191 
12i 

121 
8 

18 

12 

13 
12 

9i 
41 
8i 
Bl 
at 

' 

19t 17:J 19! I 

Do. 
Do. 

Si 6! 911 
101 I Do. 

Do. 

IO! 
16 

81 
11! 

201 

71 
7 

12 

131 

131 
91 

15 

19 

91 

13 

l3t 
D 

19 

13 

8! 
14! 
6 

Bl 
191 
61 
51 

101 

12 
12 

8! 
13! 
17! 

11! 

191 
121 

12i 
7f 

171 

11! 

16! Do. 
9f 1 Coast Survey, 1867. 

11! i Do. 

131 
131 
91 

151 
19! 

', Coast Survey, 1847-'52. 
Coast Survey, 1847-'48. 

Do. 

Do. 

Do. 
Do. 
Do. 
Do. 
Do. 

9f Do. 

131 Do. 

11 Do. 

20f Do. 
13f Do. 

lat Do. 
Di Do. 

191 u. s. Engtneen. lSSJ. 

131 I Coast SurTey, lROO. 

Hi . Coaet Survey, 1>47-'~
.llli -cout Sul'Tl!y, 1sn. 

!Of Do. 

~ Do. 
9f COMt Survey, 1843-;'50 
'! Do. 

•t Do. 
8i · c-tSurvey, lBfll). 

•Shifting sand-bar. tChann<'l in pl'O<'- of con•trm·tion January. 1883. 
Non.-Fi-om l'emmcola westward, on the Gnlf ooaat, there is generally but one tide in a d&y-thatdue to the moon a 4aclinatloD·. 'l'h• 

tidee are lll''.lch afl'eded by the winds. 
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Table of depths, Gu(f Coast-Continued. 

ALABAMA AND MISSISSIPPI. 

Least wat.er in channel. 

Limits between which depths nre given. :Mean. Spring tidee. A nthoritiea. 

water. ! water. water. water. 
Low I High -~::-1 Rig~- ii 

------ -------, ---·-·-·~-·-------1·--1-1--------
Feet. I Feet. Feet. Feet. I 

MOBILE BAY-Continued ... 
1 

Over Bar into Apalachee Rh·er by East Channel.. 4! 5! 41 ' 5l I Coast Survey, 1850. 

MISSIS8IPPI SOUND• .... 

, Over Bar into A pnlachee Rh-er by We•t Channel 41 \ oi 41; 5i Do. 
12 ' 13 11! 13! I Do. 

I
' D p the Rh·er lo junction with Bin kely Rh-er .... 

, Fro~ Blakely lliver to junction with Tensaw J 

· River ......................................... . 
I Channel into Big Batteau Ilay . . . . . . . . . ......... . 
! Channel into Chacaloochee Bay ................. . 
i Entrance to Tensaw Rh·er from Mobilo Bay ..... . 
I Up Tensa.w Ri"l'er to junction with Apalachee 
J Itiver. ... . ............................. ---··: 

I Entrance to Spanish River from. Mobile Bay ... . 
, Up Spanish River to Gran<l Hay ................. . 
: Up Spanish River to entrnn('e tn Hnft Ri't'"er ______ \ 

[ Up Spanish Rh· er to junction with Alabama River. 
In Levan 's Bay _ ........... -... -..............•. ., 

~p ~~~~J:~:ve~:t~ :A;~~~~~~~i~~~::: ·:: ::: : : :: ::J 
Through Grant's Pass from Mobile Bay .......... : 
Through Pass aux Huitres from Mobile Bay . . . . I 
Through Horn Island Pass . . . . ! 
Through Dauphine Island Pas• t . -............... [ 
Passage between Ship Islam! t and Horn Tslan•l _. ! 
Through Main Channel over Ship I slam! Bar._ ... ! 
Through Enst Channel over Ship Island Bar ...... 1 

Through South Channel over Ship Islond Bar -... I 
At the anchorage. ______ . __ . __ ........ __ ........ I 
Over Cat Island Bar ........... - .................. I 
Through Cat Islan<l Channel to South Pass .....•. I 
.At the anchorage off South f'pit of Cat Island -... i 
From Grant's Pass through the Sonnd to abreast i 

of Isle aux Herbes ......••••••...•.•...•........ 
1 

From abreast Isle aux Herb011 to Horn Jsl:md Pass.! 

At the anchorage inside of Horn Island .......... : 
FromH<im Island Pass to ahreast of Round Island 

1 

Thro11p:h the Sound from abreMt of Round Islancl i 
t.o Cat Islnnd .•. -. . • . . . • • • • . . . • . . . . . . . . . . .... - ' 

From abreast of Cat Island to Pass Ma1ianne .. 
Through Paso Marianne . _ .•.•...•.•............. -
From Paee Marianne to Saint Joseph's Island -... 1 

lo Grand Island Pass to Lake Borgne .•.•.. -. . . . ' 
• PaM11gP from Mississippi Sound to Grand Bay ... 
1 At anchorage in Bay ...••...•.••.•..... - . - . . · · · 
I Channel lnt.o Point aux CMnes :cay .............. ! 
I ' i At anchorage in Bay _ . . . . . . . • . • • . • • • . . . . . . . . . • . i 
I From Grand _Batture Island Shoal to East p,... j 

cagoula Whati" .......•................ -...... : 
Into Paacagoula River ............••.. -......... ' 
Up l'aacagoula River to Krebs' Lake ..•.•........ 
From off Round Ialand t.o mouth of W 011t Puca-

191 
6i 
4! 

111 

ia 
12l: 

lG 

16 

21 
ll 
4t 

13 

51 

111 

lb 

81 
13 

21 
18 

21 

21 

16 
15 

21 

7i 
13 

19 

14 

11 

10 

8 

21 

71 
66 

7! 

20! 19! 

7l; 6 

5! 4 

12i 11 

14 121 

131 12 

8 61 
17 15i 
17 15! 

3i 21 
21 li 
5t 41 

14 121 

6f 411 

l 
17i 151 

101 

1411 121 

2Zi 20j 

19l 17! 

:m 2011 

22! 20i 
17! 15i 

lfti 14l 
22;- 20j 

9 61 
Ht 121 

201 lSl 
151 131 

121 104 

Di 71 
11! ! 9l 
9i 71 

22i 206 
8i 61 
8! 61 

6! 
61 

9 61 
6t 41 
66 41 

go111a lUver.. .•. .. ..... ....•.. .. . .. . .. . . ...... li 3 l 
From oft' Round l8land to entra.noe to Biloxi Bay. st 61 
Ovv Bihm Bar: 

I =~:~;:: ·::··::::::::::::·:::::::::::! : ~ ~ 
1 .A.t tile anehol"llf{8 nnder Deer Island........ I 8 9i 71 

20l Do. 

7i Do. 

5i Do. 

121 Do. 

141 Do. 

1311 Coast Snrvey, 18ft0. 

81 Do. 

17! Do. 

171 Do. 
Do. 

3 Do. 

5l Do. 

141 Do. 

71 Coaat Survey, 1848-'411. 

3t Do. 

18 Coast Survey, 1852-'53. 

101 Do. 

15 Do. 

23 Coast Survey, 1848. 

20 Do. 
23 Do. 

23 Do. 

18 Do. 
17 Do. 

23 Do . 
Do. 

91 Coast Survey, 1848-'41, 

151 Coast Survey, 1852-'53 

21 Do. 
16 Do. 

13 Coll8t Survey, 1848. 

10 Do. 

12 Do. 
10 Do. 
23 Do. 
9 Do. 

9 Do. 

91 Do. 

st Do. 

9\ Coast Survey, IR52-'~1 

7 Do. 
Do. 

Si Do. 
9 Coaet su .. vey, 185~ 

8 Do. 

6 Do. 

10 Do. 

• :Blee and fall Df tidet II l[l"e&trat whea the moon'• declination is grea&eet, either uortb or llOl1 th. t Not buoyed. 
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Table of depths, Gulf Ooast-Oontinued. 

MISSISSIPPI AND LOUISIANA. 

-··--------·----------------------------------------- ·--· --· ---·-------
i Least water in channel. I 1------,-------l 

.A.uthoritie•. Umits between which depth• are given. I' Mean. 1· Spring tides. 

' ~1~ ~1~ -- -----1-- ·--1 w;:~· :~:r. :~:.,._ l ::~·I ___________ _ 
1tlISSISSIPPI SOITND• i UptheBaytoBilo:ri Wharve&.-·-·--·····----····lj 3 41 ~i 5. Coast Survey, 1855. 

1 At.tlw nhan es . - - . - ...... ·- - - - -- ... - --- .. - --- - -- 7-11 8;1-121 6l-10! ll-13 Do. 

l
'UptheBaytollamard'sisland._, _______________ 14 5l 3l 6 Do. 

1 
From Mississippi Sound to Biloxi.. - . . --- -- . -- -. 4 5~ 3! 6 Do. 

i Through Bilo:.oi Bay to l<'ort Point .. . - --- - -. -- .. 3 4i 2l; 5 Do. 
i Abreast of Campbell's Brick-Yard, abo"e Ship- I 
' Yard roint. --·---. -- ·-· ·-·- -· ---·-- ---- - --- - .. 

1 

19§ 
At anchomge ill Man-0'-war Harbor t -. . . . . . . . . . . 181 
Passage through Haccoon Swash (between Rae. i 

21 
20 

181 

171 

coon Spit and Spa<le-fish Shoal) t I 7 

.From the lllack Buoy off Spn1Je.fu;h Shoal to I 
abreast of Mississippi Cit_y - . - . - . -............. · 7 

'AtMississippiCityWharv<-" -··----------- , 
.A.t Pass Christian Wharves .. - .. -- _ ·- .. ·- _ - .. --· ! 
Through Pass Christian t-0 B~y of S11int Lonis. - . 
Boy of Saint Louis to Delectablo Point . _ •. 

From Delectable Point to Head of th" I:ay .. ___ . 
Into Cat Island llarbor owr Bart _ -.. ____ - _. __ . 

At the ancl1oragc in Cat falan<l Ila1 bor t north of 
South Shell-bank Flats ..... _. _. __ .. ___ . _____ _ 

At anchorage in Cat Island Channel near East 

Buo;- -·----··-·--··-----···--···----·--·-··· 
At anchorage in Spit Cove. --- ·- ---- -· .... - . - ·----1 
Through Shell-b:1nk Cbaunel. ......... _ . -·--·· 

, Through South Pass and np to Grand Island Pa88. 
' In nncborago behind Saint Joseph's Island ...•.•. 

Cbandrl~ur !'\ound _ .. _ .. - . PB8Saget through to Isle au Breton Sonnd __ --·--
At anchorugo abreast of Freemason'sl&lands. __ .. 

llreton Smm•l ... -· .. - . _. __ . _. Passage! through to Missi88ippi Delta .......... ··I 
At aochorago west of Grand Gosier Ialande ..... _ 

; At anchorage between Grand Gosier Islands and 
Breton Islru11l. .. _ ... __ ·- ·-. -.. ·- -· .. -·· ....•...• 

Rir<l l~JandHound ·-·· ...... Attheauchoraget .................................... . 

Bay Rondo __ ., .. ---··· ... ____ .i At the anoboraget~ . -· --·. ·-···--·- .......... _ --

Bland Uay -· ·-----··-········' Attbeanchoraget ·-·-· ·---·---···--············· 
Garden 1"Jand Bay .. -- ........ \ At the anchoraget ...... -···-----·· --···- -··· ... 
EMtBa;- ··---····--·-·-------.At theanchoraget --····--·--····----············ 
West Bay.·--········_-··--····! A.t the anchorage!._., -- ---··· - ........... ·-····· 
LAKE BORG NE ...... --···-· i Paesagetthrongh Grand Island Pa.as ....... ···-·· 

! At anchorage in the Lake .............. -......... . I At anchoraget in. West Lake, between Alligator 
i and ProctorPomts ............ --·--··--·-······· 
1 At anehorage t in Sooth Lake, between Proctor 

Point and Point anx Mll.l·chettea ....•.••••••.•.• 

At anchorage t in Heron :Bay (North Shore) ...... . 
From Grand Island Pass to Mo11th of Pearl River. 

Up Pearl RiTerf to Little l.a.ke p...., -•••••..•..... 

Through Little La.kll p...., _ ..................... .. 
.At tbe anchorage In Little Lake ................. . 
Throngh Little La.ke to North Pua of West Pearl 

J River ······-················-···--· -------··-· 
I Through North Pass to East Mouth ............. . 
; Throu;:h East Mouth to jut1etion with W eat Month 
, From Little Lake through East Plllla to The Rig- i 

olet .. -----------·--··-·········-------·---·· __ i 
•Riso and foll of tide11 is greatest when tbemnon'• declination la greatest, either 

north or oouth. 
t Tideto mncb lnnn~ncetl l>y the wind•. 

1-3 2~ 

1-11 2!-12! 
6! 7i 
7 8! 
4 5* 

16 17l 

22 21i 

33 341 B~l 

o 7i vi 
15 16! 141 
8 91 7l 
8 91 7l 

11 12l lot 

12 13j llj 

10 lH 9l 
14 lot 131 

12 13 lli 

6 7 5' 
9 10 8i 

1 5t 
16 17 15' 

24 25i 236 
81 9f 8 

6i 7l G 

3 4l 2i 
7j' st 7 

18 Jut 17t 
12 lBt lli 
4 6i Bt 

12l 
18 

8 
12 

17i 

S-7 

3-13 

St 
9 
6 

18 

24 

3.5 

8 

17 
10 
10 

13 

14 
12 
16 

28 

86 
lal 

7i 

lot 
76 

17t 
26 

liJi 

9 

8t 
6 

9t 
20 
14 

6 

llli 
141 
20 

Do. 

Coast Survey, 1848. 

Do . 

Do. 
Do. 

Do. 

Do. 

Do. 
Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Do. 

Coast Survey, 1854, '73. 

Coaat Survey, 1873. 

Do. 
COIM!t Survey, 1869. 

Do. 
Do. 
Do. 

Do. 
Coaet Survey, 1868. 

Do. 

Do. 
Coaat Survey, 1870. 

Do. 

Do. 

Do. 

Do. 
Do. 
Do. 
Do-

Coa&i Survey, J.H1fl • 

Do. 

Do. 
Do. 
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Table of dept/ts, Gulf Coast-Continued. 

MISSISSIPPI AND LOUISIANA. 

-------------,--------------------,----------------------
1 __ L~·-·t_w:ter in channel. 

I ' 

j .Mean. 1
1 Spring tides. , 

I ! 

l Low \ High I Low High i 
[water. water. water. water. I 

l'lnces. Limits \Jet ween which depths are given. A uthorlt.iea. 

---------------i ,---------------
Through w cot .Mouth of W' e't rear! Ri'l"cr to I Feet. I Feet. Feet. Feet. LAKE BORG NE ........... . 

,junction with East Mouth ..................... ! 8 9! 7~ 10 
Through 'l'ho Rigolets to Lake Pontchartrain. . . . I 281 I ~! 28 ao1 
Thruugh the Little Rigolets from Lake Borgne to 

The Rigolcto ................................. 1 

Through Saint Catherine's Pas& to Lake Saint I 
Catherine. .. . . . . ............................... : 

Through Chef Menteur Pass from East Lake ! 
Borgne to Lake Pontchartrain .................. 1 4 

In Chef Mentenr Pass ............................ : 28 
Through Le Petit Pass from :Mississippi Sound to I 

Lake Borgne ................................. .. 
Anchorage under Malheurenx Point .. - . - - - __ 

l'rom The Iligolets through Fort Pike Channel 
into Lake Saint Catherine .............•........ 

Anchorage in Lake Saint Catherine ............. ! 

7 

9! 

8! 

7f 
51 

8 

3!1 
27i 

6 

4 

6 

30 

9 

9& 

Cou.-.t SnrveJ, 1870. 

Du. 

Do. 

Do. 

Do. 

Do. 
Do. 

Do. 
Do. 

}'rom the western end of The Rigoleto to Point ' 
i nnx Herbes ..................................... ' 
1

1

· From abreast of Point aux Herbes to anchorage I 

LAKE PONTCHARTR-'.IN*. 

I Coast Survey, 1>70- 71. No titles. 

l . off Lake End (Milne burg) ..................... . 
I At the anchoroge under Breakwater off Milne\Jnrg. 
j From off Lake End to Bayon Saint John ......... . 
! At entrance to Bayun . . . . . . . .......•............. 
I From off Bayou Saint John Light-home to New 

B& 
12 , ........ ,_i ............... . 

]~ ........ , ...... . 

l~ 1;;;:·;;r;.;;;:;;;;_J I A~:::~~~~-~~~:.;:~;~~;::::::::::::::::::.::::. 
i At entrauce lo Bayou Bonfnca ..... · - · · · · • ·······I 
/ At anchorage off Bayou Bonfuca .........••.•.... 
~ At anchorage between Point Platte and Ragged 
, Point ...........••••.....•....•..••...•.... ~. 

i D_eepest Water In Lake between R!iolets and 

4 

8 

8 

Bayon Tchoupitonlas t .......................... : 16 
MISSISSIPPI RIVER ........ Over Bar: 

Through North PW!s§. .. .. . . ....... .••••. •••• 4 

Through Pass a L'Ontre § . . . . . . . . . • . . . . . . . . • . 9 
Through Northeast Pa.Bll § . . . . . . . . . • • . . . . . . . . . 7 6 
Through Southeaet Pass§ . . . . . . . . . . . • . . . . • . . . 66 
Through South Ptll!s...... . . . . . . . . . . . . . . • • . . • ltO 
Through Southwest Pass U . . . • • • • . • • • • . • • • • • • • 15 

To Head of Pa88es: 
North Pa1111 to Paaa a L'Ontre ............... . 
Through Pass a L'Outre ...•••...••....•••.... 
Through N orthP11L1t Pa.ea .................... . 
Through Southeast l'aes .................... . 
Through Son th Pass. . . . . . . . . . . ....•.•..•..• 
'.l'hrough Sonthweat Pas• ........•••...••.... 

10 
19i 
15 

91 

.............. , ........ , 

·········::::::.:::::] 

5 Si 5& 
to Bi lOf 
Sf 7 g 

7a 6 8 

31 29l Sit 
16 141 lfli 

11 Ill m 
206 19 21 

16 146 lilt 
101 g 11 

28 26t 281 
18j 17 19 

Do. 
Do. 
Do. 
Do. 

Do. 
Do. 
Do. 
Do. 

Do. 

Do. 

Coast Survey, J&;o_ 

CoW1t Survey, 181>'7. 
Do. 
Do. 

Coast. Survey, 1875. 

Coast Survey, 1867. 

Coast Surv~y, 1860. 

Coast Survey, 1867. 
Do. 
Do. 

Coast Survey, 187.'>. 
Coast Snrvey, 1867. 

From Head of the l'assea to Fort Jackaon t .•..... 

27 

l7t 
83 No tldea. Coaat Survey, 1871-'7-l. 

::::::::l.:::·::-i::::::J ~:: From The Forts to "Qnarantine" t . • • • . • . . . . . . . . . 72 
From Quarantine to Siny-Mile Polntt •. . . •• • . . . . . 78 

• Titles governed altogether by wlllds and fteehets. 
! Depth of wa.te1' Influenced eolely by the wind and by freehets and erevaeaea. 
• N ° inrvey weatwt.l'd from this bayou. 
§Shifting bar. 

1 II This bar had llij feet oa it in 11!71. Sin.,. th• jetty •f8tolm haa '"'- adopted, hnW'8V8!', thla tmtrlmoe baa been mostly abandoned •nd 
• bTadually •boaliug. 
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Table of depths, Gulf Coast-Continued. 

LOUISIANA. 

Least water in channel. 

Places. Limito·J.ietween which depths are given. A.uthoriJ ioM. 
Mean. Spring titles. 

I 

I Low Hi,qh Low lli,qh 

___ -------ll--------------------l·-w_a_t_e_r._
1
_w_a_r_e_r._

11

_"_'_at_e_r. _w_a_te_r_. :----·---

Feet. Feet. I Feet. Feet. I 

Al.lSSISSIPl'I RIVER-Con- j :From Sixty-Mile Point to Poverty Point*._. 60 No tides. , Coast Survey. 1871-'74. 

48 ........ 1.... .. Do. tinned. 

llarat.aria Bay 

Pttu. l"ourchou ............. . 

Cuillou Bay. 

ATCHAFALAY.A BAY ii 

I }I-om PoYerty Point to English Turnit .. _. . . . .. . 

I From English Turn t.o New Orleans* ....... _ .. . 39 Do. 

From New Orleans to Twelve·Mile Point* ..... - 63 . . . . .. . .. . . Coast Survey, l87f>-"7G. 
I 
: From Twelve-Mile Point to Hahnville • ........ . 68 Coast Surv.•y, 1876. 
1 From Hahnville to Bonnet Carre Point* ..... - . . . 48 
1 From Bonnet Carre Point to Willow Beml * __ . . . . 55 

i Through Willow Bend and Grand View Reach• .. · 71 
! From west end of Grand View Reach to College , 
i Point* .................. - ...................... , 54 

i From College Point to Brilliant Point•...... . . . . . . 70 

' From Brilliant Point to Point Houmas * .......... ' 66 

Deept'st watRrt in river from Head of Passes to 

Point. Honmas ! . .. . .. . ... . . . .. . . . . . .. . . . . . . .. . . 225 

Over Bar§ by the East Channel . . . . . . . . . . . . . • • . . 6t 
Over Bar§ by the South Channel . . . . . . . . . . . . . . . . 6l 
Through Grand Paas . - . . . . . • . . . . . • ............ ._ 28 

Up the bay from Grand Pass to anchorage off 
Queen lless' Island . . . . . . . . . .. . . . .. . .. . . . . . . . 12; 

' At the ancho1"al!e north of the Light· house ..... -. : Wt 
At the anchorage in Bayou Fi1l. .. . .... .. ........ 16 
Through Bayou Fifi to Bay des llettes ... -....... ' 2t 

Through Bayou lleauregard to Bay des Ilettea (by , 

No1ih Branch) ... ·-· .. ·················-. 
Through Bayou Beauregard to Ba.ydesllettes (by 

South Branch) .............................. . 
At the anchorage in llay des Ilettes ........ _ ... . 

In the entrance to Champagne Bay from Bara-
tari& Bay . . . . . . . . . . . . . . . . . . . . . . . . . • . • . . . ...... . 

Through Champagne Bay to entrance to West 
Champagne Bay .............. -·· -· .. . 

In entrance to West Champagne Bay ....••...... 

~e~~::a·r·~-~.~~~ .t.~ ~~~~~~ -~~ ~~~~~~~~.:::.I 
At the anchorage ................................ , 

P~:~~er b~~~~e~ .. ~hi.~ .. l~l~-~~. ~~~~. ~~~. ~~~ 
: At the anchorage above Raccoon Point .. 

In the entranco ..........•.........•...•....... 
'From the Gnlf to Southwest Reef Llght-house 
l<'rom abreast of Light-house to Ila.rrl'! Stake 

Buoy ................•.................. 
:Prom Barrel Stake Buoy to Cut-otf Channel 

Buoy .......•.. ···-······-····················· 
: From Cut-off Channel Duoy to "The Narrows" .. 

In "The Narrows" ............................. . 
From "The Narrows" to month of Atchafalaya 

Riv-er ...............•.•..•............•......... 

Entrance to Atchafalaya River (mid·channef) .... 
At anchom;:e nuder Point au Fer Reef (between 

Grecian Shoal Beacon and Southeast Beaeou) •. 
At anchorage off the month of Atchafalaya River 
Throu.i;:h the hay to entrance to W ui: Lake . 

ll 

5 
61 

15 

24 
II 

6i 
10 

10 

8 

6i 
7 

7 

22 
6 

71 
7l 

29i 

131' 

Wt 
17! 

3! 

a1 

31 
41 

4i 

21. 
7! 
6i 
8 

16i 

25t 

lOt 

7t 
111 

llt 

Ill 
Si 
Si 

8 

4!11 

8t 
23i 
7f 

e1 
61 

27i 

121 
lHt 
151 

21 

2l 

li 
31 

21 

Ii 
61 
41 
6 

14t 

23t 
St 
6 

llt 

llt 

7} 

81 
6f 

6 

47i 

6t 
21! 
5! 

8 

8 

2Dt 

14 

20 

17t 
4 

' 

3 

8 
6l 
8t 

17 

251 
101 

8 

12 

12 

10 

81 
Ill 

86 
611 

II 

24 
8 

Do. 

Coast Survey, 1><7!i-'77. 

Coa.•t Survey, 1870-'7V. 

Coast Surve.r, 18i7. 

Do. 
Do. 

Coast Survey, 1876. 

Coast Survey, 1878. 

Do. 
Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Do. 

Const Survey, 1854. 

Do. 

Coa•t 8nl"V1ly, 1ar.a. 
Do. 
Do. 

Coaat Surv•·y, !858-'5U 

Do. 

Do. 

Do. 
Do. 

Do. 

Do. 

Do. 
Do. 
Do. 

•No tides. Depth of water inlluenced solely by freehets and cre-naaea. 9 Shifting bar. 1 U Daugerous !JI, -west ud 90Uth-we.t pl.ca, -4 mnat 
00 

be at~pted by a atrager ~a pilot. 
I About a mile below Hahnville. 
;No hydrogrnphic surveys completed above thia polllt. 
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Table of deptlts, Gulf Coast-Continued. 

LOUISLA.K A A:ND TEXAS. 

·-·---------·· -----------------------------·-----------

Places. Limlta h<!tween which depth1 are given. 

Least water in channel. ! 
.1 

--M:-en_n_. __ l_S_p_n-·n_g_t_i-de-.-.-1 

-------· ______ I 

Low ! Ili~h Low i High i 
water. !I water. water. I water.: 

.Autborltle•. 

1-Feet. Feet. Fut I Feet. I 
InB:~:;:i~ra~~~-'.~-~~~-~~~6 •. ~~ ~~~-~~~.~~I 27 I 28i 261 29 J Coast Survey, 1~8-'~g . 
Throo;<h th~ Bay to entrance to East Bayt ..... ·I 5 6i 4i 7 [ Do. 

.A. TCHA.F.ALA.Y.4. B.4.Y*-
Continued. 

AnchoragemEastBay ..•.................•...... 

1

• 6t f 8 6 Sa I Do. 

From " The Narrows" to entrance t-0 Shell Islaud . I 
Pass (Little Bay) . . . . . . • • . . . . . . . . . . . . . . . .. . . . . . . 5J I 7 

.At anchorage in Little Bay. . . . . . . . . . . . . . . . . . . . . 13 14§ 

From " The Narrows" through the South Bay to 
abreast of Fishing Point.. . . . . . . . . . . . . . . ..... 

.Anchorage in the South Bay, between Turn Point i 

T::!::~:ea:;c;o -~~~;~~~;~-~~~:~ff:::::.:::: .11 

In the Cut-off.... . • . .......................... · •. 
:From Morrison's Cut-oft' to entrance to Coto ! 

Blanche Bay...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . · 
Pas.,.ge between Bird Key and Rabbit Island .... 
Channel to the we1<tward of Bini Key, from 

.Atchafalaya Ray to abreast of the Key ...... . 

From abreast of Bird Key to Cote Blanche Bay .. 
Channel from the Gulf close under west end of 

I
' Marsh Island tu Cote Blanche Bay ........... . 

From Bird Key Channel to Salt Poilit ... . 

Vermilion Bay ................. Over Bar; ....................................... . 
At the anchorage inside the bar .............. . 

At t be anchorage noorly half a mile N. by E. of 
Old Light-tower on :Marsh Island ............. . 

Calcaeit-u River ..............•. Over Bart .......................•...•...... - .... . 

At anchorage abreast of light-house ............ . 
:'lahin1· l'ass (Boundary) ..••.•. In theentrancet ................................ . 

.At the anchorage abreast of Light-honse .•.•... 
ld.LY ES TON B.4. Y and trib- Over the Bar,; by channel of 1879 ............... . 

uta1 ic>s. Over the Bar.~ by Fort Point Cbaunel .......... . 

O•er the Bar,: by Northeast Channel ............ . 
At the anchorage outside th<> Bar .............. . 
At the anchorage north of Pelican Spit .••........ 
At the anchorage west of southwest point of Boli-

var Point ..................................... . 
From Qnaruntine Buoy to anchorage off the city . 
From the light-vessel to "The Turn" abreast of 

4 

5 

6i 
8 

5 

5 

5 

7 

3~ 

8 
27 

39 

5 

15 

71 
15 
11 

8 
9 

42 

40 

13 

24 

" Turn Buoy" . . . . . . . . . . . .. . . . . . . . . . . .. . . . . . 23 
Across Fort Point Bar tu Quarantine Buoy....... 18l 

Through the Bolivar Channel§ from Turn Buoy 
to Fir•t Channel-bnoy ...................... . 

Through Dredged Channcl~o Red Fish Bar ...•. 
Over Red 1''iah Bar§ ............................. . 
Through Upper Bay to Turtle Bay ............. . 
At anchorage in Upper Bay olf Turtle Bay Bar .. 
Over J:lar into Turtl1> Bay. .. . . . . . . . . . ......... .. 

At anchorage in the bay ....................... . 
Through Upper Bay to entrance to San Jacinto 

Bay Dredged Cbanu..J §to Morgan's Point ..... . 
In entran<e t.o San Jacinto Bay.... . . . . . . . . . _ .. 

.Acroaa Hannah's Reef to East Bay .•........... 
At the anchorage off Elm Grove .. . . . . ......... . 

36 

9 

g 

2f 
4 

9 

18 

5l 
7i 

5i 

6l 
8 

91 

6i 
8! 

6i 
6i 

St 
5 

9f 
28!; 

40i 

6i 

16t 
9 

16! 

12 

0 
10 

4a 
41 

14 
25 

24 
19l 

37 

10 

10 

7i 
10 

8! 
6 

10 
lD 

6i 
RJ 

5 

12i 

3i 

4i 
6 

7i 

4i 
611 

4i 
41 

6i 
3 

7i 
26i 

38l 
4i 

1411 

7 
l4i 
101 

71 

Bl 
4lf 

391 

121 

231 

221 
181 

8! 

81 
171 

5i 
7; 

7i 
15 

6 

6 

8i 
10 

7 

9 

7 

7 

9 

51 
10 

29 

41 

7 

17 

911 
17 
12! 

91 
101 

43i 

41l 

lit 
251 

241 
191 

371 

lOt 

lot 
71 

101 

Do. 

Do. 

Do. 

Do. 
Do. 

Du. 

Do. 

Do. 

Do. 
Do. 

Do. 

Do. 
Coast Survey, 1~"6. 

Do. 

Do. 
Do. 
Do. 

Cooat Survey, 1853. 

Do . 

Coast Survey, 187g. 

Coast Survey, 1867. 

Do. 
Do. 

Do. 

Do. 
Do. 

Do. 

Coast Sun-ey, 1883. 

Coast Survey, 1867. 

U. S. Engineers, 1881. 

Do. 

1 Coast Surrey, 1855. 

I Do. 
Do. 

Do. 

U.S. Engineers, 188L 
Coast Survey, 1855. 
Coast Survey, 185' • 

Do. 

:~erono ill W. lllld SW. gales, &nd must not be attempted without a pilot. t From the Narrows. 
• U>g lllBd-bar. 4 The United Statea Eng!neera ei<pect to have this channel 100 feet wide and 12 feet d.eep by Jnne SO, 1888. 

S.EL:.:9-27 · 
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Placrs. 

G .\ J, VESTOX BAY an<l trill· 

1tt~triPs-Coutiuned. 

Hraz11s l!i\·1·1· ________________ _ 

MA'l'.~OOl:J>A llAY"n•l1rih· 

ut:irie.-a. 

Table of depths, Gulf Ooast-Oontinue<l. 

TEXAS. 

Least water in channel. 

Limits betwecn which depths are given. 
lfean. I Spring ti<lcs. 

.Authorities. 

Low I High f ~ow-:] High 
watf'r. / watl:r. i water .. water. 

Up :a:-Il-ay_fr.om_E_l~-G-r-m-·e_to ___ M_ar_s_h_~::~--~ -~ II Fee

4

'l.-I F~2,,; • ;;· 

From Ma1·sh l'oint to Head of Bay ........ _.. • , 

Coast Surrny, 1854. 
Do. 

Coast Survey, 1867. Through West Bay to I!ailroad Bridge . . . . . . . . . . 6 4l 6l; 

From Railroad Bridge to Caronkaway Ref•f. . . . . . . 3 4 2i 4k Do. 
Do. From Caronkaway Reef to San Luis Pass........ 5! G! 51 6'! 

At anchorage in West Bay, between Caronkaway 
Point and the Door Islands ................... . 4 

At the anchorage off entrance to Chocolate Bay . . 5 

O'l'cr Bar into San Luis Pass . ... .. ............... 7;1 
At the anchorage aboYe San Luis Island.......... 16 
Through tQ Oyster Bay .......................... . 
Over Bar*. ___ -- ------ ____ _ 

Up io Velasco .................................... . 
..A.t tb(I anchorage --- ....... -· ........ ___ ......... . 
Entrance over Bar* tbruugh Pass Cavallo ........ _ 
}'rom Inner Bar Bnoy to abreast. of Pelican Island j 
At the anchorag_e under north shore of Decro's 

11 

13 

6,\ 

Point .......................... - .... _ .. . . .. . ..... 33 
Fl'Om abreast. of Pelican Island to Swash Buoy... lOj 

From Swash Buoy to Half-Moon Reef Ught-houso 10 

J<'rom abreast of Half-Moon Reef Light to Dog 
Ibland .Reef........................ . .. . . . . . . . . . . 7 

Over the Reef • . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . 2 
}'rom Dog Island Reef to anchorag" off Matagorda 6 
l! .. rom Matagorda to Dressing Point {entrance to 

Liv.,.Oak Bay).................................. 5 

In Live-Oak Bay.................................. 2i 
F1·om abreast of Dressing Point to llead of the 

Bay............................................ 31 

Anchorage for Strangers, Outside Barf . . . . . . . . . . . 42 
Through M:cHenr_fs Bayou to Espiritu Santo 

Ilay-OverBar............................... .. 4~ 

In thH Bayon..................................... 8 
From Swash Buoy to Inuianol" Wharves . . . . . . . . 9 
1<1-om Swash Buoy to entrance to Lavaca Bay. . . . . 8 
Over Bar by East Channel into Lavaca Bay . . . • . . 6j 

O\·cr Bar by West Channel into Lavaca Bay...... 9 
Over Bar by Middle Channel into Lavaca Bay. . . . 8 
.At anchorage in La'l'aca Bay . . . • . . .. . . . . . . . . . . . . . 8 
Up tho Bay to Point Comfort Bar. . . . • • . . . . • . . . . . . 7t 
Over Point Comfort Bar • • . . . • . . . . . . • • . • .. . . . . . .. 7 
From Point Comfort Bar to Port Lavaca.......... 7 
To Head of Bay. . . . . . . . . . . • . . • • . • • . . • • • • . . • . . • • • . . 3 
At anchorage in Cox's Bay ..........•........ -~.. 4 
In enhance to Kcller•s Bay . . . . . . . . . .• . . . . . . . . . . . . 5 
At anchorage in Keller's Bay..................... 5 
Over Bar into Caraukaway Bay. . . . • . . . ... . . . . . • . . li 
At the anchorage . . . . . . . . . . . • . . . • . . • . . . . • • • . . . . . • 7 
To the Head of th" Bay . . . . . • . . . . • • . • • • . . . • . . • • . . 3 
Entrance to Turtle Bay over Wells' Point Rar. .. . 4 
.At the anchorage abreast of Starboard Point . . . • 4i 
To Head of Turtle Bay....................... . • . . li 
J<:ntranco to Tres PalnciosBay. .•. .. .•.••• ••.••• .• 5l 

5 
6 

81 
17 

3 
8 

12 

14 
8 

14! 

3! 
41 
7! 

151 
li 
6! 

101 

121 

6t 
12~ 

w 
w 

Do. 
Gt Do. 
81 Coast Survey, 1853. 

17' Coast Survey, 1867. 

3i Do. 
Coast Snn-ey, 1858. 

Do. 
Do. 

Coast Survey, 1874, 

Do. 

34! lJo. 
12! Do. 
11! Coast ~nrvey, 1800-'71. 

<i> Coaat Hur'\--ey, 18.j!). 

(t) Do. 
w 1J-O. 

(l) CoRBt Survey, l!-71-·72. 

(1) Do. 

W Do. 
43! L't-House Board, 1880. 

a! Coost Survey, 1874. 

9 Do. 
10 CoaBt Surves, 1860. 

9 Coast Survey, 1871. 

7j Do. 

10 Do. 
9 Do. 
9 Do . 
81 Do. 
8 Do. 
8 Do. 
4 Do. 
5 Do. 
6 Do. 
6 Do. 

(t) Do. 
(i) Do. 
m no. 
Ul Do . 

w Do. 
m no. 
m no. 

"' Constantly changing; cannot ho entered without a pilot. 
I Not ouly the ha~ hut the sl1ape of Polican Island cban,.""8 often. Strani:crs muat anchor ontaide and wait for a pill$ 
l Not sufllcleut data. as set obtained for Spt·ing Tides. 
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l'lacc•. 

Table of depths, Gulf Coast-Continued. 

TEXAS, 

--------------------------- --------------- -

Limits between which depths are ::iven. 

__ L_e_a_st_w_a_te_r_i_n __ c_h_a_n_n_e1_. __ 11 

Mean. Spring tide8. 
I I 

1-~----: I 

i Low II High ! Low , High I 
i water. 'i water. 1 water. water. 

Aothoritk•. 

I ' i i I 
----------: --- '---1--- ---,---1------·--------~ 

I i Feet. I Feet. I Feet. I Feet. ' 

~!.\TA~O~DA_llAYandtrib-1 Upth~BaytuHighPoint ........................ : 5! 6! I (*) I: (:) Coast Sw·ny, lb71. 
11Lu H,H-Loulnmecl. I To Heatl of the Bay ............................... ! 21-

1 
(*) ( ) Do. 

Espiritu Santo Bay ...... _ ..... 1 Over Pass Cavallo Bart and through :llcHcnry's \ 
/ Bayon (Saluria Entrance) ...................... / 4} 41 31 5i Coast Surrey, 1874. 

I O\·er Inner Bar from .McHenry's Bayou. --------' 2t 2i! lit 3t Do. 
Through entrance north of Bayucos lshtn<l. ... _ .. i 3/t 2/t Do. 
At the anchorage to the westward of Grass i i 

' Island ...... ···-···--····---·· ................. -: Sit 7! I Const SurYo.Y, 187~. 
Through tho Bay to Steamboat Pa•s ..... _ ...... i G~ 6i! (*} (') Do. 
Through Steamboat Pass into San Antonio Bay •. 3\1 33; (*) (*) Do. 

Sau .Antonio Bay ... -··...... Through the Bay from Steamboat Pass to False 

A.ranl!&!I Bay and tributariea ... 

Live-Oak Point ....... _ . . .. ................ _ ... ; 4! 
O\•er Penther Point Reef .............. _ ... _ ..... ' 4! 
l<'rom Faloe Live-Oak Point to "Second Chain of 

Islands" ...... ·-·--·---····----- ............. . 
From "Second Chain" to "Third Chain of Isl· 

ands" ........ .... ...... ....... ..... .......... 2~ 

l<'rom "Third Chain" to Cape Carlos (eastern en-
trance to At-ansas Bay) ...... - . . . . .. . . . • . . .. .. . . 3! 

..At anchorage in Mezquit Bay ................... . 
Through San Antonio Bay from abreast of False 

Live-Oak Point to Hines' Bay Entrance ..... _. 
Through San .Antonio Bay from Steam hoat Pass 

to HinPs' Bay Eotraoce ................... - . -.. 4;1 
At the anchorage in Hines' nay ... -- ............ . 
Up Hines' Bay to Crescent Village._ ............. . 
From abreast of False Live-Oak Point to Marsh 

Point (entrance to Mission Ba~-) .............. .. 
From otr Signal Island to Marsh Point ... - ....••.. 
From Marsh Point to Mission Bay ............... j 

T~:;~~-~~-~~ ~a:~.u _rr_~~- .t.h~ -~'.11~-~~-~~~~~i~.I 
Through Ayres' Dug-Out over A~-res' Reef ....•. -J 
Through Be!den's Dng-Out over Third Chain of J 

T!~:~ C~;~ ~~;.;~ ~~~-"O~~- ~-~~~~-~;:: :1 
Over Bart at Aransas Pass __ .... __ ............ _. _ 

At ancho1age under Saint Joseph's Island be- i 
tween it and Lydia-Ann Islands ..•.. -••...... -1 

Through Lydia-Ann Channc-1 to Mud Island .••• _ 
At anchorage abreast of Aransas ............. -- . · j 
From Aransas Pass to Mud Island .•.•••. - ....•... 
Frotn abreut of Mud Island to Nine-Mile Point .. 
From abreast of NIM-Milo Point to entrll.nce to 

CopanoBay .................................... . 
From abreast of Nine-Mile Point to Cape Carlos 

Dug-Out (over Long Reef) ......... -......... - .. 
Pll88llge between Long an<l Half-Moon Reefs .... . 
Through Corpus Christi Bayon to Corpus Christi 

Bay (Ransom's Point) ......................... . 
Over Lap Reef in Copa.no Bay Entranee by the 

South Channel. ........... ·-· ................. . 
Over Lap Reef by the North Chanuel. .......... . 

31 
21 

3 

31 

18 

6i 
11 

7l 
B 

9 

6l 
7 

J Through Copano Bay to mouth of Aransas River. 
, Through Copano Bay to entranc~ to P:wrto Day. _ 

• 
6 

4t 4 

41 4 

4-! 3! 

2! 21 

St 
41 3i 

51 41 

4! 41 
41 33; 

21 Ji 

4! 31 
41 31 
31 2! 

3i 3 

21 

31 2! 
31 3! 
7i 6! 

18! 17! 

6l 6 

111 10! 

7i 7i 
81 7i 

9t Si 

5 41 
61 Ill 

5! 5 

1 61 
7t 6l 
4i 3! 
6l 51 

Not snfficient data aa yet obtained for Spring Tides. t Shifting eand-bar. 

5'! IJo. 

5i CoaRt Snr~t'y, 187:l-'75. 

5i Du. 

4 Do. 

41 Do. 

5t Do . 

flt Do. 

6 Do. 

5J Do. 

St Do. 

5i Do. 
5t Do. 

4t Do. 

4! Coast Snrvey, 1875. 
4! Du. 

4i Do. 
5 Do. 

~· 
Do. 

l9l Coast Survey, 1868. 

7f Coast Surrey, 1838-'69. 

12l Coast Surrey, 1868. 

9 Coast l:lnrvey, 1868-'69. 

9t Coast Survey, 1869-'75. 

lOl Coast Survey, 1875. 

61 Do. 
8 Do. 

6l Coast Survey, 1869. 

8 Coast Survey, 1875. 

81 Do. 

5/i Do. 

71 Do. 
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Table of depths, Gttlf Coast-Uontinuetl. 

TEXAS. 

I
! _::t water in channel I 

Placea. Limit. between wbicll de-pths are i:iven. _ _ __ -• ! ____ M_e_an_._ _ _:,·_Spring. t_ides. I Authoriti·-. 

I : · I 
i Lnw ! lligh I Low I Ingb 
j water. l water. i water. : ·wa.ter. \ 
: : ! ' 
! Feel Fe•L I Feel \~ ... L-ll _________ _ 

Aranoas Bay and tributarlc•- Over Bar into Puerto B.iy ........................ \ 3t 4 31 ! 5 Coast Surrey, 1875. · 
Continued, Throu)!h Puerto Bay to Reil-Fish Covo ......... -1 4 411 31 i 5! [ Do. 

Acros• ( :opano Day to Mission Bay. . . . . . . . . . . . • . 4 4~ 31 I 5! ! Do. 

0Yer liar into Missiou Bay .. .. . .. ............. ..! 4 4! 3:1 1' 5j Do. 
At anchorage m Day...... .. .. .. ................ / 2i 3 2~ 4 Do. 

Through .Jordan'• rass across Copano Reef ....... i 8 811 7i j Pi Do. 
Through Smith's Cha.ntwl aero~::. Copano I!eef. 8 si 71 I g~ Do. 

Over B•ir from Aransas Ila) illto Saint Cl.iarl«s' 1• 

Corpus Chri•ti Bay and trib
ntarlea. 

Bay ... ..... : .... .......... .. 

tip Saint. Chnrles1 Bay to :llarsh Cove 

TJirou:i;h the Day to it-• Head .......... . 
. lu Steamboat Channel between .dransas and Cor. 

pu!i Chri1iti Bay8) 

Ornr Ilar* to Corpus Christi Pass ... 
Through Corpus Christi PaSR to Crane Islands . 
From tb~ Pass to entrance tu Corpus Chl'isti Bay 

(over Iouer 13a.rj. -.............................. . 
At the anehorage inside Inner Bar . . . . . ...... . 

: At the aacborage abreast of Corpus Christi ... . 
! Through the Bay to Ransom's Point ............ . 

i From Corpus Christi to Itansom's Point ........ . 
. From the Pass to entrance to Nueces Bay ...... .. 
1 In entrance to Nnece• .Bay ..................... .. 

Across Corpus Christi Bay to entrance to Ingle-
side CoYe ... : .. ............................... . 

.Anchorage in Cove ....................... ~- .... . 

. At tho wharves in Ingleside Cove ............... . 
! .A.t the Corvus Christi Wharves ................. .' 

Through Shallow Day from Railroad Pier to Ran· 
AOm's Point ............................ . 

Entrance t-0 LagnnA Madret, Over Bar ... . 
Drazoa&ntlago . ... . Over Bart ........................................ , 

I At the anchorage off Brazoe Wharf ...........•.•. 
! In the Bay ....................................... . 

RioGrande ................. I OverBar ....................................... .. 

I At the anchorage abreast of Bagdad ............. . 
-----~~--~-~~~--~~-~-~-~~-~~~;__~-'----'--~_;~~~~~~~~~~ 

FOREIGN HARBORS ADJACENT TO TBE ATLANTIC AND GULP COASTS.-WllS'1' DmIES A.ND 
MEXICO. 

Il'ERMUDA. ISLAND. 
Saint George's llarbor ..... 

RAIIAMA ISf,ANDS. 
Nm"san llarl)oT ......... . 

l~LA~O OF CUBA 

! To Murray Anchorage: 
I By East Channel. ........................... . 

ByWe•tChannel ........................... . 

Through The N a.rrowe .. • • • • • .. ............. . I 
I New Providence Island: 

. . . -i To the anchorage olfNavy Wharf .............. .. 

M11t:10?.a• nnrbor .............. To the anchorage off Point May& .............. .. 
To the anchorage off City ofMatanzM ........... . 

Ba\"ann Ilorbor To the anchorage.... .. . .. . .. .... .. . . ....... .. 

~~~1~;~'."~~~~-co~·s-t'. ... I Tutheanchorage ........................... .. 

Tampioo Ilarbor .... ··········1 Toancborage in8:detbeBar ..• u-·•·• ····-····· i 
Vera Cruz Harbor And anchor- i To anchorage off San J11an do m1oa ...........•. 

ages. 

1
, To anchorage under Sacrificlos Island ........... I 

To anchorage oJf Anton Lizardo .•.••••••••••••••. 
• SbU\lDi bar. I Shifting and dangerons bar. t No b~~M,"1'11phlo 1mrvA;. 

80 
18 

23 

72 
M 

36 

42 

821 
20; 
25l 

17 

28f 
161 
21! 

lllt 

72 
M 
351 
4:1 

831 
211 
26! 

17t 

Dritil!h Admiralty, 1855-

Do. 
Do. 

Britieh Admiralty, lSOfi. 

84f Britlllb Admiralty, J B6!1-

66f Do. 
391 Spanish Snrv~y•. 18 · ~-
44 U.S. llydr. 0111ce, is;·; 

111; l'.'l l\li lZt Spanish surv~rs. IF7R 
27 , ~~ 2t1f 211! Fren<lh.A.dmiialty, 1r:41. 

48 I 50 47i 50! I ])o. 

42 " 411 '51 Do. 
A oont l l fe<>t ,.,,,y bo tnkr.n thronp to Polat Isalv-l, 
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Table of depths, vicinity of Atlantic and Gulf Ooasts. 

FOREIGN HARBORS ADJACENT TO THE .ATLANTIC AND GULF COASTS.-MEXICO. 

Least water in channel. 

' 
Limits between which depths are given. 

Mean. i Spring tides. 

I . --i --~i ---: 
I Low l High I Low i Hii:;h I water. ! water. water. ! water. 

Anthoritl ... 

, ' I ______ , ________________ --- ------l--
MEx1co, Gulf Coast-Con· 1 

tiuued. Fut. Feet. Feet. i Feet. 
Coatzacoalcos Rino .•.•.•.•...• To anchorage in river.-·--....................... 12l 141 12 ! 15 

Laguna de Terminos ...•...•.. To anchorage oft' the town ...... .. . ...... .. ...... 12 131 12 i 13! 
MEXiCO, PACIFIC COAST. 

~,'az"tlan mu·bor .............. 

1

. To anchora:e Inside llloeaom Rocks ... · · · · · ... - · · 1 

Gua_>mas Ilarbor ..... _ .... _.. To anchors..,e oft' Pajaroa Island ...............•.. 

LOWER CALIFORNIA. 
Lu Paz Ilay .................... , To anchorage oft' the town ....................... ·i 
San Jose dcl Caho Bay ......... ! •.ro the anchorage ................................ _.; 

Sun Lucas Bay............. . To the anchorage ................................ 

1

1 

AlmeJas Bav.... .. . . . . . .. . .. . . . Through Rehosa Channel to anchorage ...•....... 
Ma~<lalena Bay............... To anchorage in :Ma.11-o'-war Cove .............. .. 

To anchora::e, :Ea.atem Part of Bay ........•...•• ·I 
Santa Maria Bay . . . .. . . . .. .. To tho anchorage ................................. i 
San Juanico . . . . . . . . . . . • . . To tho anchorage nnder San Juanico l'oint ..•.... I 
B"llrnas B.1y . • . • . • . • . • • . . . • • •• To anohorage off mouth of San Ignacio Lagoon .. · I 
San Ilypolito Bay.. . . .. . .. . . • •. To anchorage under San Hypolito Point ...•...... j 
San llartolomeo Bay . . • • • . . . . . . To anchorago .................................... " 
l'lasa Malia llay . . . • . • . . .. . . .. To the anchorage............................. . . 
Port San Quentin.............. To the anchorage above Sextant Point ........... . 
S.rn Martin Island . . . . . • • . .• • .. To anchorage in Hassler Cove ................. . 
Cola"tt Hay.............. . . . . . . To the anchorage . . . . . . • • • • • • . . . . . .. . . . . . . . . . ... 

Sm Toma. Anchorage . . .. . . . . To the anchorage ............................... . 

Todos Santos Bay...... . . . . . . . . To Ensenada Anchorago .••.••••••.•••••.••....... 

27 
4~ 

18 

85 

G6 

24 
5Si 
30 

00 

30 
27 
33 

48 

33 

13i 
48 

42 

45 

so 

31i 26~ 

«i 4lt 

21 l~§ 

89 84l 
70 65i 

28 23! 
62i 58 
34 29§-

64 59§ 

3l 291 

31 26it 
37 33i! 

54i 471 

39* 32~ 

18 1311 

511 48 

46 42 

50 «t 
331 80 

32 
4:; 

211 
89! 

70/, 

2dt 
6~! 

343 

64! 

34i 
31! 

371 

55 

40 

IS 

51~ 

46 

OOt 
831 

I 

U.S. Hydr. 01ftce, 1848. 

U. S. Hydr. Office, 1873. 

British Admiralty, 18~8. 
U.S. Hydr. Office, 1874. 

Du 
British Admiralty, 18J9 

Coast Surrey, 1871. 

U.S. Hydr. Office, 1873 

Coast, Survey, 1871. 

Do. 

U.S. Hydr. Office, 187?. 

Do. 
1 U.S. Hydr. Ollir.e, 1875. 

Do. 

U. 8. Ilydr Office, 1873. 

British A.dmiralt.,-, 1847 

U.S. H)dr. Oflfoe, 1875. 

Do. 

Do. 

Do. 
Do. 
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TABLE OF DEPTHS, PACIFIC COAST. 

CALIFOHNIA.• 

Place&. Limit• between which depths are given. 

San Diego Bay ....... Over the Bar .......................... . 
From InsiclL• Bar to La Play:i ................... .. 

: At tho anchorage between Ballruit Puiot and La 
P!aya ......................................... .. 

From :ibreast of La Play a Wharft-0 New San Diego 
At Xew San Diego Wharves ................... .. 

j ..._\nchorage off New San Diego. __ . -- ........... . 

' From abreast of New San Diego to abreast of 
/ Sweet-WstPr Valloy .................... .. 
: Anchorage off Sweet-Water Valley .............. . 
I To Ilcaclofllay ................................. .. 

False Bay ................... --1 Over Bart ........................... · ... · ...... · 

Newport Bay .................. ~:e~~~:;;b~~-~e .:: :: ::: :: :: :: :: : : : : : : ::::: ::: : :· 
/ 1''mm inside Bar to N e_wport Landing ............ . 

I 
At the anchorage outside tho Bar ............. .. 

San Peclro Bay............... . At.the anchorage bu tween the Landing and Dead-
mnn's Island .................................. .. 

Catalina Ilarbor ............... U:i to 13allast Point ............................. . 
At the anchorage ................................ . 

Least water in channel. 
1-------------

Mean. 
Springt.idca, at. 
mooo'sgrcatest 

declination. 

l,ower u· h Lower Hi!l'her 
low II! low high 

water. water. wu.ter. water. 

Feet. 
2l 

20 

34! 

35 

14-16 
42 

19 

21 
1 

3 

17 

4i 
5 

54 

13 

24 

30 

Fe•t. Feet. Feet. 
251 lSl 27i 

241 17~ 2Gt 

391 32 41 

391 a2a 411t 

1si--2oi m-13~ 201-22! 
461 i 391 48i' 

i 

;~ II ~:: v. -lj 

7! t 
2li 
8 
8} 

57! 

171 11! 
28! 22! 
341 281 

ll 
lit 

60! 

20j 

31! 

371 

li.i.t.hmns Co\"'e ....... --- .. ..... .At tho anchorage._............................... 48 52f 

52! 
551 

Anchorage in Fisherman's Harbor................ 48 
At anchorage in Smuggler's Cove or Southeast 

hors. Anchorage ..................................... . 
At anchorage in Northwest Harbor .............. . 

Monica Ilay. .A.t anchorage in Malaga Cove .................. .. 
At anchorage off Santa Monica Wharf ........... . 
At end of wharf ................................. . 

At anchorage in Keller's Shelter§ ............... . 
At anchorage in Dnme Cove ..................... . 

Anacapa lHlan<l and Ilarbon1 . . At anchorage south of eastern end of the island •• 
At anchorage sonth oft.he Boat Passage ........ .. 

Through the Boat Passage ...................... . 

5! 
281 

24 
21 
22 

36 

86 
39 

66 

3 

58! 
331 

29 
26 
27 

41 

41 
43. 
70j 

7t 

53 

271 

23 
20 
21 

35 
35 
38 
65 

2 

55! 

60t 
35 

30! 
271 
281 
42i 
421 
45 
72 

9 

.Authorities. 

Const Survey, 185H, '78. 

Do. 

Couat Survey, 1800. 

Do. 
Do. 
Do. 

Do. 
Do. 
Do. 

Do. 
Do. 

Coast Survey, 1878. 
Do. 

Do. 

Coa.et Survey, 1873. 

Coast Survey, 1870, 

Do. 

Coast Survey, 187il. 

Do. 

Coast Sarvey, 1878-'79. 
Coa.et Sarvey, 1879. 

Coast Survey, 1876. 
D<l. 
Do. 
Do. 
Do. 

Coast Sarvl'y, 185&. 
Do. 
Do. 

Banta Cruz Island and Harbol'!l At nnchomge in Smuggler's Cove (eastern end of 
is19.lld) . • • •• • .. • . • • .. • • .. • • •• • • • • • . • • . • • .. • • • • • • • 19i 24 18l 251 Do. 

At Outer Anchorage north of the Cove........... 60 64! 59 66 Do. 
At Inner Anchorage north of the Cove . . . . .. .• . . . 48 52i 47 54 Do. 
At Shaw's Anchorage .. .. .. .. . . . •.. .. .•. .• ....... 'J:T 811 26 33 Do. 
Io Forney'& Cove .. .. • . . .. • .•• .. ••• • . .. .. . . . . .. . .. so 34t 29 86 Coaet Survey, 1874. 
At anchorage in Prisoner's Harbor . . . . • . .• .. .. . .. 72 76t 71 78 Coast Survey, 1875. 

At Inner Anchorage off Steamboat Wharf.... . . . 31i 86 30i 87i Do. 
A hod of wharf .. . .. .. . .. .. . .. . .. . . .. • . .• .. . . . . . 21 7 It 8j Do. 
At anchorage in Tinker's Harbor.. .. .. • . .. . . • . . . . 30 34i 29 36 Do. 
Throu11:h Ana.ca pa Passage .. . . .. . . . .. • • . • • . . .. . . . 198 2026 197 204 Coast Survey, 1855. 
Through Santa Cru• Chllllnel. . . .. .. .. . • . . . • . . .. .. 144 1481 1'3 150 Coaat Slll'VeY, 1873-'74. 

Santa Ro~a I•land ancl Harbors At northwest anchorage in Jleechel."s Bay........ so 341 20 36 Coast Survey, 1876 . 
.Anoutheast anchorage in Beecher's Bay......... 89 4ai 38 45 Coast Survey, 1873-'14 . 
.At end of wharf in Northwest anchorage........ 11 

1

151 10 17 Coast Sarver, 1876. 
At llllchomge under Black Point . . ........ ••.. •. la 17i 12 19 Do. 

1

1 Atanchoragein ".Tohnson'el.%"................ 86 406 85 42 Do . 
.A.t anchorage nn<ler Ford Point ................ " 24 28~ 23 30 Do. 

•The two high wafor• and two low wat~r. of the sa.me day vary lo height as the moon's <leclinalion varies: That is, wh• n the decUnatf<>n 
i• 11oth!11y: th~ 1lllforence between any two •ttccessivc. high or low watel'S is vny small: bnt when the declination le greatest either aonth O! 

north the tlill'crnu:e hi greateet. Tho depths given in thi8 table nrc computc:l from the moan of the ro-tlow waters. 
t Dani;reroll8 exef'1't In sniooth weather. § No harbor here with wind anywhere to the weetwal'd ot -ai. 
l Shifting bar. Cannot be rnt.>red by strau:rers. 



 

l>lacolt. 

UNI1'ED ST.ATES OOAST AND GEODETIC SulWEY, 

Table of depths, Pacific Coast-Continued. 

CALIFORNIA. 

Limits between which depth• :ice i:-inm. 

j Least water in channel. 

1 I Spring tides at I Mean. moon'sgrcatcst 
I declination. 

I I.mn•r 1 ~~;ll Lower J Higher I 
I low I waier. low J high I 

water., I water. I water. 

215 

Authorities. 

------·- , ___ , _________ , ----

1'\au Mi~nel 18 lallll aml Haruoro.1 At. anchomg .. e in Cnyler'H ll1ubor - - - - - - - - --- -1 
1 at ::rnchnrage in T.rlvr's Bight ................. . 

I
I At ancl1oragf'. in ,..~dams' C~ve ......... __ .•. -- .. . 

A anchorage m :Simonton CoTe ..........•....... ! 
I Th?ough San MiguclPassnge ...........•......... , 

Santa Tia.d1nra Ilnrbor ......... , At the nnchorngc near tho wharf ............•.•. -i 

I 
At end of wharf ............................... ; 

Coxn Ilarbor ...........•..•... 
1 

At the anehornge .. _ .•.......••............. -- ... 
1 

l'oi11t8.1lAucl1ora~n ......•... ;Outer anchorage····--·--······-···- ............ ! 

"""Lui• Ohispo ]lay ......... ! ~tn;l~ea=~~::;:;:· :::::::: :::::::::::::::::: ::::::j 
! At mooring-lmoy off People's Wharf ............ . 
! At People's Wh'1rf ...... ---- ................... . 

At H:trford's Wharf ................•............. I
' At mooring-\moy off Harfortl's Wharf ...... ---··-

8:111 SinH•on Harbor .. - . ·- .... --, At. the lUlchornge -- . --- .• ·- ·- -· ··-· •. ·-·. - ..••• ··1 
1i1onft•rt>y Ba.y and Harbors ..... At the anclioragein lfonterey Harbor ........... . 

,!,.t Monterey Wharf ......................... __ .. . 

Anchorag~ off Gibson's Lan(ling ...........•.•.... 

At the nnchorage in Sauquel Cove ............... . 

At the anchorage in Santa Cruz Harbor ......... . 
At the landing no:tr Observatory .............. . 

Poiut Allo Nuevo ............. . 

11,iJfMoon Bay .............. . 
At. the anchorage off tho wharf .................. 

1 
At the nnch~>rage to the northwestward of A mes- !J 

port Lrmdmg . . ............................... . 
At .Anwsport Landing Wharf .. ----·· ........... · j 
.At Wharf-end under Pillar l'omt ............••••. 

Wb.1Jeman's Harbor. -........ • 1 At the anch01 .. 1ge I.. -..... -.... --.... -......... -1 
SA~ FRANCISCO BAY autl Ov•·r ]Jar from the southward or from sea to The 

tiihutanes. Gulclen Gatf.' ..... ·······-·-··-·-········ --··· 
Over bar from thcnortbwar<l to The Gol<lcu Gate.i 
Q,·er bnr alongshore frmn south wartl ... - . . . . . . . . I 
Through ll@ita Channel from north wan! ........ . 
Through 'l'he Golden Gate t.oabrea.stof Fort Point. 

:From al>reast of Fort Point to Alcatraz Islaml .. 

From ahreW1t of A lcntr:1z Islantl to anchorage off 
San Francisco ................................. . 

At the nnchorage between Rincon Rock and 
Steamboat Point .•............•..•... 

At the anchorage betw~cn Oul<lan1! Railroad 
, Wharf and Yerbii. Buena Island .•...••..•.•.••• 

1 

At the anchorage under north shore of Port Point. 
At Fort Point Wharf .•.....•...............•.. , 

Anchorage of Putrero Landing .......•••.. 

Through the bay to Point San Bruno .......•••••• 
From abreast of Point San Bruno to Potrero Point. 
To head of bay at Calaveras Point ............... . 

To the northwa?d toward San Pablo from almiast. 

of Alcatraz Islan1l to Bluil' Point.. ............•.. 

1 

From abreast of Btuft' Point t<• Point San I'al>lo ... 
Io channel be•ween Southampton Shoal And Point 

Richmond ..•••••..•••.......•.•.••.••••••.••••• 

Feet. 
39 

42 

24 
24 

102 

20 

19 

27 

39 

2~! 

25! 
25 

JG 

18 

12 

24 

24 

7 
27 

27 

ao 
4! 

J9 

27 

12t 
2 

15 

33 

30 

Mt 
48 

48 

27 

30 

19 

34! 

22• 
~6 

15 

"4 
37 

211 

Feet. 

431 

4f.! 

281 
281 

1061 

24i 
23! 
31! 
43i 

33 

30 

29! 

20! 

2~~ 

16! 
28t 

2R1 

Iii! 

31'! 

311 

35!-
91 

24 

30 

17! 

7 

37i 

:i4il 
39! 

521 

l~Gl 

4Gi 

001 

U2l 

32 

341 

241 

39! 

27'! 
311 
201 

59 
43 

32 

Feet. Feet. i 

38 4;, Coa,.t 8urvry, 1875-'7t1. 

41 48 lJo. 

23 30 llo. 

23 30 Do. 
101 108 llo. 

JO;\ 2H Co:u=Jt SurYey, 1860. 

18! 25 Do. 

26! 3:l Do. 

38i 4.:; Cuast Surn~.v, 1867. 

27! 34;\ Do. 

24! 31;\ Coast Snn·ey1 187!>. 

24 31 Do. 

15i 21i Do. 

lii 23~ no. 

lit 17 Do. 

23t 3U Coast Snrve~ 185~. 

23! 30 CoaAt ~nrvt•y. l1'<:1fi. 

61 13 !Jo. 

2f>i 3:1 l>o. 

261 33 Coni;it. Snn·ey, 18."1.l'J. 

281 37! Const Survey, is;;:t 

3i lli! llo. 

18~ 2ri Coa1-1t ~lll'Vey, 18;,:~-·:.o. 

2Gt 33 Const Snrvt~y, ll{l)~t, 

12 18~ llo. 

]~ 8 Ho . 

Do. 

3~ 39 Coast. Sm·Tey 1 lK,M- ·;:i. 

29 3t) Jlo. 

3:1~ 40~ Ho. 

47 54 Do. 

121 1~8 Ct1n.st Snrvey, 187:t 

~] 48 Ho. 

flt 58 Coast Survey, 18.):l-'73. 

47 54 - Do. 

26 331 Do. 

21> 36 Coast, Survey, 1873. 

17} 25i Coast Sm·v<'y, 1858-'73. 

331 411 Do. 

21! 3111 Do. 

24i 321 l>o. 

13! 21i Do. 

!'i3 60 Coast Survey, 18fi5. 

Ml 44 Coast Survey, 1856-'63. 

251 33 no. 
• Boldinc-IP'Onnd not good; hard uad. t Rarely naed. Not marked; and no 1nfficient tidal data. 
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Table of depths, Pacific ('oaRt-Cont.inned. 

CALIFORNIA. 

-- Least W'\ter in-~hanne~·-
· ··-·~ - I 

' i Limit• betwoeu which de~tua ""e glveu. 
Mean. 

~ uthurl"t~~. 

_J_ Lr;r m~1i 
water. water. 

--1--· 

Spring til11•.Q at / 
moon's greate~t i 

1lccliuation. j 
-1 

Bi;!hi•rj 
hi~h I 

water. 

],ow~r 
low 

water. 

I Fe<t. Feet. Feet. 

!IA~ FR.~NCISCO BAY and In Bi~ht between Point Bonita and Point Diablo .. 30 4~i 3g 

tributarlea-Continued. At the anchorage off Oakland Wharr ...... . 

At end of wharf ..•... ---· -- ---- --·---· ...... . 
Over bar* into San Antonio Creek ....... . 

Up the creek to Oo.kland ....... -- ............ . 
To Brooklyn, at head of creek --- ........... . 
At end of Alameda Railroad Wharf ......... . 
0..-erbar to San Leandro Bay ............... .. 
Up t6 Alameda Bridge .......................... , 
At anchorai;:c off Dry Dock at Point A visaclera I, 

(Hunters' Point)...... i 
Over bar to Ravenswood .... . 
At Ravenswood Wharf .... . 
Over bar into Angelo Creek ... - ............... . 
From Angelo Creek into Steinberger' a Creek . 
Over bar into Redwood City Creek ...... . 
Up the cJ>eek to Redwood City ......... . 
Over bar into Guadalupe Rh·er .............•. 
Over bar into Al vlso Slough 
Up tbe slough to Alviso .... 
Over bar into Coyote Creek .................... . 

Over bar into Mud Creek . .. . . . .............. . 
Entrance to Mowry'e Creek .............. --- ..... . 
Entrance to Mo-.. ry's Creek eastward of Calaveras 

Point........................... . ....... .. 

33 

30 

lQ 

10 

1 

14 

G!I 

.At anchorage in Horse·Sboe Bay. . . . . . . . . . ....... ; 16 
Entrance to Rlchard•on's nay, between Peninsula I 

and Saucelito Pointa ........ - . . . . . . .. . . .. . . ' 14 
At Sancelito wbarveo . . .. . . • . . . . ........ - . . . .. 8 
At Saucelito Point Wharf....................... 21 
At anchorage off Sancelito Point 18 

At llllcborago under Peninsula Point.............. 27 

Up to wharf at Point laabel .................. .. 

In entrnnee to San ~'ablo Jl.<ty, between San Pedro 
and San Pablo Points . .. . . . . . .. . . . . . .. . . . . . . . . . 75 

At the anchorage between Petaluma and Napa 
ere.ks......................................... lf• 

At the anchorage otf Peno le Point . . . • • . . • . . . . . . . 27 
To entranoo to Petaluma. Creek . . • . • • . . . • . . . . . 12 
In tbe entrance to creek ......... --- . ............. 13 
Up tbe creek to month of San Antonio Creek. . . 12 
From oil' San Antonio Creek to Lakeville I..an<l-

ln~ ...................................... . 
.Abrea..t ofLake..-Jlle Lan<1ing. ...... .. . .. . . la 

From oft'Lakevlll~ Landing to RmleKill'•. - ... ·. · · ·1I 4 
From Rnde•lll'e to Newtown... .. . ... . . 2 
From Newtown to Petaluma City . . . . . . . . 1 

! In entrance to Sonoma Creek . . . . . . . 2 
From oft' Penole Point to entrance to Napa Creek. 22t 
In mouth of NapaCrook...... ...... .......... .. 25; 

38 
3;, 

16 

16 

l~ 

20 

66 

14i 
23i 
9 

11 

22 

10! 

l~ 

B~ 

81 
8! 

141 

lOi 

tl 

111 

13 

20 
2:1 

32 
G 

81 

21 
33 

18 
19 

18 

13 
22 
10 

8 

7 
8 

281 
llli 

Up the Creek throngh Mare Island Straits to Val- j 

32 

29 

9 

9 

JB 

nu 
6t 

15! 
i 

2! 
141 

It 
2! 

''* i 
ll 
li 
6t 

21 
15 

};i 

20 
17 

26 

0 

74i 

14i 

21Ji 
11! 
12i 

lli 

6i 
15.i 
31 
lt 
i 

lt 
2ll 

24f 

lejo ...... ..... ..•.•...•. .. . ...... .•..... .. .. .•• :1
1 

::~ I 20 
A.tanchorageoft'Nuvy-Yard...................... ~ ~-. 23 
At Vallejo City Wharves . . . . . . . . . . . . . .. . . .. 4-11 1~-l7i I 3 

• The improvement contempl&tea a ~ 200 &et wta. aad 20 f..t deep. 

.FeP.t. 

4:. 
391 
3f,Z 

17 

17 

131 
8 

21 

61 

11i 
2~ 

20 

14 

27 
24 

3J 

7 

82 

2'2 

84 

19 
20 

IP 

H 
23 

11 
9 

8 
9 

2Dt 
32i 

28t 
llli 
lli 

1
1 

CoaHt Rnrvey, 1858--'73. 

.

1 

Do. 

!lo. 

U. 8. En:;:in .. 1•re, lflH. 

i Do. 
) l'o~1st Snry(•_v. l~f,F:-'f'i. 
I Du. 

I Coast Surves, l~oi>-'oo. 
· Do. 

Uo 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Do. 
Do. 
Do. 

Do. 

Do. 
Do. 

Do. 
Coast Survey, lsni. 

Do. 

Du. 

Do. 
Do. 

Do. 
Do. 

Coast Survey, IR56, 'el. 

Do. 

D<>. 
Coast S11rvey. Ill"°· 

Do. 

Do 

Do. 
Do. 
Do. 

Do. 
Do. 

Coaat SnrveY, t86G-
Cout SttrT8Y• 1800-'61· 

Do. 

~ 

De. 
~ 
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Table of depth.~, Pacific Co1rnf-Continned. 

CALIFORNIA. 

Limil~ bdwt·Pn which tlq_,th8 atll givt ii. 

! Lca~t water in channel. 

!~---~~~~~~~~~~ 

' 
; 

lle:u1. 
Sprin!!titlcsat 

moon ~ ~n·atest i 
declination. 

low wat~r. : low h1~h i 

.:.\. u t lwrit iert. 

I
' L~~~-; ·,1· ~~~(7~·-·; I~~;~~~-! "iii~i1~~ I 
I water. i water. water. I 

---- ------- ---------- -------------------- ·---!--- ---:---------------· 

i ! Peet. 1 IMt. i Peet. Feet. I 

S~J~u~;~~~~~~~~~n~~l~ and F~:u;:r~~~~ ~~- -~~-':~:~''.1.''.. ~~ -~~~~~- ~-~ -~;~!'.'~ ! 19 ~"1 ! JH ZG! Coast Survey. 1860. 

S. Ex. 29-28 

Fi·mu Xa1Ja SlougL to Bull Island S1on~h I' 10 ma g 17! Do. 
From Bull Island Slough to Snscol Ferry _ 9t JO§ Du. 

l<'roruSuseolFcrrytoNapaCity ............. I 7~ 0 8t no. 
PussagcthI"oughRaccoonStrnits ....•........... 

1 
~

0
o ~5

6 
59 6G~ Coast Survey, 1855. 

'l.'hrough the Stmits of Ka~quin~• to Bcniciii . . · 1 u u 59! , Coast Snrvey, 1857-'iG 
At tho anchornge off Bemcm . . . . . . . . . . . . . . . . . 33 39 32l: 401 Coast Survey, 1866-'76. 

Frnm abre,.st of Bcrncia to Suisun Uay 33 39 3~i 40a ! Do. 

~~ ~:~~= ~:;rf:.:: -A~; j_,~in~ · ;~--~~~;h ~~I 6-18 11-24 5-17 l~-25 · Coast Survey, 186t>-'67. 

Suisun Creek ................................... \ l~ 18 111 19!; !Jo. 
"Cp Suisuu Ilay to Suisun Cut-off ....... _ _ _ _ I l:l 19 12! 2tl! Do. 

ThronghSuhmnCutoff ..................... :::: 13 rn 12!t 201 Du. 

}'rom Suisun Cut.off to SimmonH' I>oiut ... _ ... _ .. 1 :!l 27 20h 28! Do. 
Up Snisnn Hay from Army Point by South 

Channel to llidulo l'oint ..................... - -
Ftom abreast of Milldle Poillt to Simmons' Point 
F1·01n abreast of Simmons' l\.dIJ.t to ~hel'man Isl

and (mouth of San Joaquin lti>cr) ---------- _ -1 

F::::~:;~;v:: ~~~~1~~~~-- ~~;-~~ .t:'. ~~~1~~- ~-r· ~~~~.I 
l'ron1 Army Point through channel t;:, northward 

of Roe Island to Gillespie's Point ................ , 
l!'rom Army Puint tLrough :I.fain Cl.Jannel to Gil-

lespie's Point ...... ___ ...... _ .................... . 

:From abreast Gillespie's P~int to Slu~t'mnn lslaud ' 

In entrance to Suisun Creek _. _ .. 
Up Suisun Creek to Suisun fity ...... - . _ 

In Western Entran-00 to Montezum•\ Creek 

.At anchorage under Seal l .• laml. _ ....... _. . . __ 

At entrance to Ro:.u·ing Rh·e1· ......... -....... _ 
Through Roao-iug River lo juuctiou witl.J Monte· ' 

zumn Creek 

Through Spoon hill Creek 

Through MlL!lard Slough ...... _ ... -

Up Ntjw York Slough tu Pittabnri:h Laudiu.g. 

Thr-0ugh New Ym·k Slough to Sun Joaquiu lUver.: 

Throngh Middle Slough from Suisun Hny to San ! 
Joaquin l!iver . . . . . . . ............................. : 

Thiongh lfilhlle Slough to Pit.t•lmrgh Landin~ . t 

Up Montezuma Creek by Ea~tera Entrance from 

Tongue Shoal tu Roaring mver ................ ! 
Tht1>uglo !took Creek from Roaring RivcT to Ron- i 

kerBay ......................................... 1 

Up Montezuma Creek l'rom mouth of Roaring 

1

, 

River to Tule Island _ .................... _ .. .. 

.At Collinsvilfo Wharf (entrance to Sacramento 

River) ..................................... . 
In mouth of Sacr.unento rJ.ver ........ -.. _ 

13 

11 

11 

HJ~ 

21 

7 

10 

27 

lt 

5 

5 

3 

11 

22i 

20 

:rn 

17 

17 

27 

13 

it 
15 

33 

Ii! 

8 

7 

6 

10 

10 

8 

16 

27i 
Up tho rivm· for two mi!os• .. .. . . .. .. .. . .. .. . • • . IG 21 

Sacramento lUver to Perry's Landing-........... 14 19 

In month or San Joaquin Rh'er .. .. . .. . .. .. .. . . .. 40 45 

Up the river to N"w York Slough • . . . . • • . . . .. . .. 22i 27t 
• No survey beyond this point. 

lOf 

4 

lOt 
22 
13/i 

lJ§ 

39i 
~ 

20~ 

21~ 

18} 

261 

~St 

14! 

9! 
151 

34~ 

6} 

fl 
71 
6! 

lOi 

HJ! 

l~i 

12! 

DI 

111 

Sl 

ltii 
271 

2li 

191 

45t 
-27t 

Coast Survey, 1866-'76. 
Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Coast Survey, 186i. 

Do. 
Do. 

Do . 
Du. 

Do. 
Do. 
Do. 

Coast Snrrny, 1871. 

Do. 

Do. 
Do. 

Coast Surrny, 1867. 

Do. 

Do. 

Const Snn·oy, 1866. 
Do. 

Coast Survey, 1867. 

Thi. 
Do. 
Do. 
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SAN l<"RANCISCO BAY and 

tl'i 1111 tal'ie•--Continned. 

Ballt"na~ Day ...•....•......... 

Cord<> II llauk (oil' Point Rey<·•). 

'l'omulua Bay ................ . 

Bo~•ga Ray ................ . 

Klwher CflvtL .............•.. 

M t>lHloeh10 Bay. • . . . . . . . .... 

Huruholtlt Bar .............. . 

Tf,ulc of dcpthx, Paci.fie Coa.st-Contiuned. 

CALIFOnNIA. 

-------·-------! 
: ~prin~tid('R!lt ! 
: ruoon'R ~reutest 
I <leclina.t ion. j 

!, i.ow~-;---j' n~:~l LowN' I: ni";1~-;1 
! low 

1 

1
1"1 ! Jvw Ligh 

Limita bot\Vc(•U which depth~ are givcu. .Moan. 
A ulhorit.it·~. 

j water. I water.: water.\ water. I -··--.. ·------------------ -- ---\-;.~,-;::-!-F::~~rF:-1---------. -
Through New York Slough to Pitb~burgh Land- i i ! 

ing.... . ...........•......••. 1 25~ 30~ I 25 30,i 
1

. Co.nRf 8nrv.-·y, 1M7. 

UJl San Joaquin River to Kimhall'o lblanu ........ ! 22~ 27~ ; 2~ 2i? 1 Do. 

From Kimball's Islan<l to eastern end of West \ ( 
Island ........................................... i 3]! 36~ 31 36l I Do. 

At anchorage off .Antioch ........................ i 46! 5H 46 51 i I llo. 

At Antioch Wharves ............................. / 18 23 17t 23;! j Do . 
.At the anchorage .. . .. . . . .. . .. . . ' 33 38 32 39l 1 Coast "nr"ey, 18;..i. 

l'3hoalcst water on the bank . . . . . j 1[10 

Deepest TI"o!l'r on the bank ...................... ; 210 

At the anchorage under eastern sliom of Point \ 
Reye~ ........... -· .... - ................•........ i 21 

At anchorage one mile to the westward of Drake1s ! 
Iu~~::n~-~ ~~· ~;~~~;~ ·;,~~e~·:: -................. ) ~! 
.Atancborageinsi<lc .................. . ....... j JO 

Over !Jar at entrance .......... _ ...... _ ........... 1 10 

From insidn the bar to Hog Island ............... · I • 10 
From abreast of Dog !><land to Mnldrow City .... ; 116 

From abr~ast of Mn JU.row City to lfancberia ..... 
1 

19 

From abrt'aat of Ranchtria to head of bay ..... I 
Thl-ough Tom's Point Channel to aln e;;iat of 

8mit1J's Lanulng ................... . 
At wharves at Smith's Landing-.................. -: 
At rinchorage> in bay abreast of Tom's Point ...... ! 
lo mo~th nf A rroy-0 San .A.nt-Onio .. - ...... - .... ···I 
Iu White Gulch .................................. : 
.At anchorage oft" Muldrow City . . . . . . i 
At anchorage off ltnncbcrla ......... : ~ ~~ ~ ~ ~~~~ ~ l, 

At the Outer Anchorage .......................... i 
Over thtt bar; int-0 Inner llay ..................... : 
Tltroui::h InnBr Bay to its be!Lll ................... I 
At anchorage southweRtof wharves at Bay Head.! 

At thu wharves .................... - · ......... · .. / 
,\ t the Out<>r Anchorag~ ......................... J 

.At Inner .Anchor,.gc ......... " . . . . ... . .. . . . .. .... [ 

At anchorage in Outer Bay ............... ·· .. ··" I 
At an,~borag-e above the wharves. . . . ......... 1 

' .At Railroad Wharves .. . ... - ... - · · · · .. - · .. · · • · II 

; 111 the entrance§ ................................ . 

Over Inner Bar by West Channel. ................ ! 
'.J.'bruugh East Channbl from entrance to Bucksport' 

.A.t anchorage in West. Channel abreast of Light· i 
llousl! .......................................... ! 

.A.t anchorage in Ea•t Channel oft' mout,b of Elk f 

River ..........•...•...... ~ .................... ] 
At anchorage nLreast-0f Unmboldt ............... 1

1 

:From abrea.~t of Bucksport tD Eureka ........... ·I 
At Eureka Wharves ............................. ·I 

I<'rom abrea•t of Eureka to Arcata W-harf ........ \ 

At Arcata Wharf ................................. / 
At anchorage off' llucksport ..................... ·i· 
Channel tbmugh southern arw of Bay t-0 its head 

(Afryer's Landing) .............................. . 

0 

24 

18 

18 

27 

24 

8 
2 

13 

5 

18t 
5 

33 

8 
13-18 

12 

Vl 

7 

25~ 

36 

llli 
7 
6 

4 

22! 

0 

26 

13 
15 

141 

111! 

20 

9 

]5 

18 

0 

41 -1 

7i 2 

31i 26 

29 ~3~ 

13 I 7! 
7 I! 

:~I ~~ 
Vi I 7l 

17!-231 ' ltHBl 
17~ lJ 

Int 12 

12~ 6 

31 m 

41t l4 

25 1st 
12t 6 

llt 5 

9i 3 

27~ 

3!\ 

14~ 

lLJt 
lGi! 
16i 

221 

241 

7i 

12~ 

5i 
291 
e1 

23i 
23! 
3~1 

31 

15 

9 
20 

12 

25i 
lli. 
an: 
14i! 

19~-:!5J 

18} 

19k 
13! 

32 

421 

26 

l3! 
1~! 

lot 
9;\ 3 10. 

Coa.!:3t S11rn1,v. 1147'.-t. 

Do. 

Coast Rnrvl~J, .lfo!Gll. 

Do. 

Do. 
J\o. 

ClJast Sarn~~·. trfil. 

no. 
J)u, 

llo. 
Ho. 

Do. 

Do. 

Do. 

Do. 

Do. 
Do. 
Do. 

Coast 8uJ"v1~y1 1862. 

Do. 
Do. 
Do. 

Do. 
Coast ~urv1•:y, }88(1. 

Do. 
Coast Survey, rnn 

Il<>. 
Du. 

Co:ist Survoy, 18i!:i 

Coast Rnrv.,y, 1871. 

Do. 

Do. 

no. 
Do. 

Do. 
])o. 

Do. 

Du. 
nu. 

28 I l!li I ~ 
5t- I -1 I Bi v... 

• Over bar ab:reaat of Sand Point. t Ovet .Hog Ifllund l!al'. ~ Shifting ti&Ud· ba1·. § 'l'lli~ ba>· ablfta COllll~, bo(ll in aQ;>th 

a.ud diroet.1011. It oauuot bit w!Arod wltlloui a pilot, 1wd th11u ouly ID lllui woath9t\ 



 

Placea. 

UNITED STATES COAST A~D GEODETIC SUR\EY 

Table of dl71ths, Pac~fic Coa.~t-Coutinuetl. 

C.ALIFOR~li A~D OREGO:-i'. 

Limit& butween which deptha are gi"t"en. 

Least w"tcr in channel. 

Mean. 
' Spring tides at I 
, moon 1Rgrea~t1 

declination. : 

Lower Iligh , Lower: Higher' 
' low water ! low I h11!h 

water. · . water. · water. 
--- --~----------.- ---------------

Triuitl:al Hnrbor ..... _ .. ,. _. _ _ _ At tho Outer Ancbom.ge between Prisoner's Rock I Feet. Feet. Fett. Feet. 

21D 

A.uthoritie~. 

and Triui<l:ul Head ________________________ .. __ 42 

27 
14 

25 

48 

33 
20 

31i 

41 

26 
13 

24 

Coast Sur,·ey, 1872. 
.At moorings inside of Prisoner's Rock ... - ....... : 

~ At the wharf (east side of Trinidad Read) ....... : 
Cr~sot·nt Cit,y Harbor ..... ___ .. ! In the entrance* by Whaler's Isltmtl .... ......... . 

In the entrance between the Light-House and : 
Steamboat Rock . • .. . . . ..................... .. 25 

At tbeancborage l>etweEcm \Vbarf a.nd Fauntlei'oy's 
Rock .................................... .. 

.At Inner Anchorni;e above the wharf. -- ... . 
At the wharf ...... ._ _____ .... _ ................. .. 

ChetkoCon (Oreiron) ........ Atthennchorago (onter) ......................... : 39 

i At the anchorage (inner) between Salmon rmd , 
Bar Rocks .................................. -- .. 19! 

: Over Bar into Cbetko River .. _ ................ -- ; 
At anoJiorage in Chetko River (off" llfillur's '") .. .. 

Macklin Co..,e.......... .. At the nncbomge ...... ... . .. ....... .... .. . . .. 12 
~h<'k'• Reef.................. .At the Outer Anchorn-ge...... ............. 36 

.At tho Inner .Anchorage ................ ___ .. N 

llunter°• Cove .. _ .... __ .. _ .. __ Entrance by Main Channel (between Cape Sebas-
tian and Hunter's Island) ..................... -: 27 

i At anchorage in Cove ....... __ ................. 22t 

Entranreover bar inshore ofHnnter's Island. -- . 10 
l'ort Orfo1·cl or Ewin1"Harhor. At the Outer .Anchorage! ibetween Tiohenor's 

Rock and Coal Point) ....................... . 63 

At, Inner .Anchorage (about 300 ynrds S. ofBnttle 

Rock) .. _ ..... __ ... _ ...... _ ...................... i 21 
< :" pe Orford .••........ _____ ... : Throngh the "St<'runer Channel ·• between Cape i 

i Orford and Cape Orford Reef _ .. __ .............. . 

Co~uille River ............... _ .l Jn the entrance) ............ _._ -........ -- . --. -- -
52 

3 

Koo1:! Ba.y and River ..... . 

U1np1111ah River •••.• -

, At the anchorage ......................... . 
' Up tbe rivet to wbarf ......... - .... - ....... -- .. --

Ot>er bart . - -· ---- --- - -
i At the anchorage inside the bar (off entrance to 
i RonthSlongh) ................................. . 
I From anchorage np to Empire City .••••••..•.•••. 
! At Empire CityWharf ........................... . 

From abreast of Empire City to Rayoe's Slongh .. 
From abreast of North Eend Point to MR1'8hfteld , 

Point .. __ ........ ____ ...... ___ .............. 

1

1 

Into Poney Slough ............................. .. 
Entrance to North Slough ........................ ! 
"Entrance to Bayne'sSlongh. - .................... : 
Northern Entronoe t.o Koos River unde.r Pierce's 1 

16 

8 

27 
17 

16 

15 

10 

and Crawford's Points ...................... ----! 3 
Through Marshfield Channel into Koos River_ .•. [ 4 
From Mnrahfteld Point to Coal-B.~nk Slough ...... ' JO 

In Mouth of Coal-Bank Slough ................... i 8 
In Mouth oflsthmus Slough ...................... 1 7 
In M.ollth of Kitchen Slougl1 ........... .-......... i 7 
At• ntmnce to South Slough ....... _ .. , .......... : 1 
Overbar§ ......................................... 12 

31! 

~ 
251 i_ 

19-1 
20! 
43 

23i 
5 

11 

16 

40 
28 

31 

26i 
14 

15 

6 

12 
12 

8 

9 

15 

13 
12 

12 

6 

18 

24 

18! 

12! 
13 

38 

18! 

JI 

35 

26 

26 

21t 

9 

261 
16l 

15l 
14l 

26! 

201 
211 

Do. 
Do. 

Coast Surrny. l B:.g 

Do. 

Do. 
Do. 
Do. 

«it Coast Sur..-ey, !S7:l 

24! Do. 
6! Do. 

12! Do. 
17! Do. 
411 Const Surv<•y, 1874. 

29l Do. 

321- Coast Snrvey, l 873. 

27i Do. 
15! Do. 

70:1 

16 
7 

13 

13 

9 

10 

16 

14 
13 

13 

7 

19 

Coo.st Survey, 1853. 

Do. 

Coll8t Survey, 1871. 

Coast Survey, 1860. 

Do. 
IJo. 

Coast Survey, 1865. 

Do. 
Do. 

Do. 
Do. 

Do. 

Do. 
Do. 

Do. 
Do. 
Do. 
Do. 
Do. 

Do. 

Do. 
Coast Survey, l.%a. 

Atthennehorage in WinchesterBay............. 18 19 12t 20 Do . 
• .M . Up the river to wharf below Middle Gronn<L..... 6 l l 5i IS Do. 

1 IIo~u~ rooks and &hoala. · i Shifts conetautl.r. JJepths given represent th<> condition of the bar in October, llllS. 
ding•jll'01lnd n<>1i good. § Con>taotly 1hill1ng. Cnnnot M enten"I wit boot a pllo~. 



 

220 UNITED STATES COAST AND GEODETIC SURVEY. 

Table of depths, Pac~fic Coast-Continned. 

OREGOY. 

I J,eMt water in channel. I 
1--- -----

1 

Spring ti<ks at I 
Mean. moou's greatest I 

}'laces. Limits between whlch depths arc giYeu. declination. I . Anthoriti.,,.. 

I L 1 1Wl'!~ i ~~~; -iowt·;-H"t;11er! 
1 

luw 1 ., ~-r }ow hfµ;h j 
! water. i Vi a e · water. water. ~ 

t:mpq11ah Ili>er-Continued '-F-·-ro_n_1_W-in_c_h_e_st-,,-.r-B_a_y_h_s_E_Hs_t_C_l_u_tn_n_e_l_tu-~-I-id_d_l_e 1--Fe-e~~1-Feet. -Feet ~-;::-1---------
Ground ... -------·--------·· .................. ! 13 19 12~ 20 

1
, CoastSurYey,1853. 

TbroughcbannelcastofMi<l11leGrot111d .......... 

1 

?O ! HJ 9~ 17 1 Do. 

Tln~a~b :Vestern• Channl'l to junction nbo\'e tho . I 
M1dule !1rouncl ............................... 

1 

3 2! 10 i Do. 
,\t RlJCborage abreast of Astr·onomical SUition .. 16 22 l.~ 23 / Do. 

Alseyailiver ................. Over\Jart.......... .. . ... J 7'l 151! 6i 17 i U.S.Engineers,1880 . 

.. At nnchornge on t:lolstern side of AlsPya Spit. ··i 15 2~i- 14 24! / Do. 

Ya<Juinna Day and R.iYer ..... " Om1· bar;....... .. .. .. .. .. .. .. .. . .. .. .. .. . .. .. .. / 9 16! 8 171 I Lt. House Board, 1870. 
: At.tbeauchomgeof!'Newport. .. ............ ! 30 37! 2'J 381 CoastSurvey,1868. 

' Fmm tho anchorage by Main (n~>rtheru) Cbannt:l.

1

1 ! 
to Coquilltt Point, (entrance to Y~quinna Iliver) l6 231 141 24! i Do. 

From the anchorage tbrou~h SouU1 Channel to 

1

1 

Coquille Point .. .. .. .. .. .. . .. .. . .. . .. . .. .. . " I §5 121 4t i:l! j Do, 

T~:~g-~~~-~~a~~~-~~~~~~~-~~'.D:I_"_~and~-~d- 2! 91 2 11 \ Do. 

l"rom llbreast of Coquille Point to Itllcwild Point.. lR 2:'il 16! 26i I Do. 
From Idlewiltl Point tn Oysterville. ! n 201 I 11~ 21! I Do. 

Tlllamookllay ............... ~:!~~:;!·~~~~-::::::::::::: ......... _::·::::] ~~7 8~~~ -:;~31 ;:~Ori Goas~;~rvcy,1866-'67 . 
.At the anchorageunder.Rincht"loe Point ........ ! JG 221 14! 231 Do. 

At.the an~borage under Memaluct Ilead ......... ' 11 171 9l 18i Do. 
Through the East Channel to :>an•letone Point ... '. 8! 17$ Do. 

i From abreast of Sandstone Point to Shf'll Point .. : 10! Do. 

16! 7! 

From ab1east ofShPll Point to RMk Point (at hPad ; 

ofba]') ...................................... .. 
i Through 1be Middle Cbnnnd to Shell Point 
: From ahreaat of Shell Point to Rock Point. . . . . 

i Throngh the We•t~m Channel to Pitcher Point .. ! 
I I 

, From ahrcl\Rt of Pitcher Point tn Rock Point ..... 1 

6 

1/r 

2 

9t 

7i 
12! 

St 
13! 

8! 

l!l 

-t Bl Do. 

4! 13! Do. 

i 9~ Do. 

51 14l Do. 

i 9} Do. 
I . I COLUMBIA RIVER ........ ·' Owr bar by the North Channel JI . . ............ . 

: Over b11r b)' the South Channel II . . .. ...... I 
291 21 30! U.S. Engineers, 1880. 

*No tnttYf'Y nllOVe this. 

Through North Channel into Baker'o Ba,t ........ ·/ 
Through Sonth Channel into Baker's Bay ........ . 
.At anchorage off Fort Stevons Who.rf.. . . . . . . .. -I 
.A ~~e:~:;:;_. ~~~~~. ~~:-~ .~i .. ~p~~'.n~~~~-t- . ~~·I 
Up river from Point .Adnrne to Astoriit ........ 
At the anchorage ofi' Astoria .......... . 
.At .Astoria Wharf .............................. . 

In entrance to Young's Bay .................... .. 
Through th• bay to mouth of Vonni's River ..• 

In entrance to Yonn~'s River ........ , ..... ~ ....... ··j 
From nl1l'east of Sand Island by Northern Channel 1 

to Point Ellico ................................. ! 
Up riYer from .Astoria to Tongue Point ........... ! 
Through Northern Clrnnnel from Point Ellice to ! 

Grnyis Point ............................. ....... 1 

To a.n<'horage on w~tern Bbore of Gray's Da.y .... ( 

Through Gray's Bay fo .Alatui<'<lt Rio;er ......... i 
Jo'rum Point Ellil-e to Tonl(ne Point ............ 1 
From I'ol~t Elliee to Cement-ville Lower Wharf .. 1 

Tbrongh Wondr Island Channel from Tonjl;Ue / 
Point to jnn••tlon \\·ith Cordell Cha.noel ......... ' 

: T\Jro.;:gl1 \;onlell Channel. ........................ ! 

rn 
26 

17 
36 

24 
22 
27 
19 

13l 
13 

24 

36 

6 

14 
12 

26~ 

33! 

2H 
43l 

Sil 

29l 
M 
26 

21 

201 
3fi 

41! 
Z6l 

20l 
4a 

rn 
21 
19 

18 

25 
16 

3.S 

23 

21 
26 
18 

12t 

12 

23 

33i 
IAi 

121 
35! 
5! 

13i 
lli 

I: 19! II} 

Ii 23i- l!lf 
1 Cmulitlon oflmr in 1870. 

t Conatan1Jy shifting. Cannot be enter•)<\ without & pilot. ' I.Iver M. idille Groand. 

27t Do. 

34} Coast Survey, 1868. 

25! Do. 

«i Do. 

321 Do. 

30i Do. 

86! Do. 

28i Do . 

22! Coast Snrvey, IB7fl- '77-

22! Do. 

331 D(). 

4.'I Coast Survey, 1868. 

27! Do. 

21i Do. 

«i Do. 

Hi no. 
2?! Cout S111'V&y, Jl!67-'AA 

201. Do. 

20 llo. 

24 Do. 
II Slllltllitl ..a4 



 

Place•. 

UNITED STATES COAST AND GEODETIC SURVEY. 

Table of tlepthJ;, Pacific Ooast-Continned. 

OREGON AND WASHINGTON TERRITORY. 

Least wMer in channel. 

Limits between which depth• are i:iHn. 

Spring tides at 
moon· R greatest 

declinatiou. 

i I 
r OJ.U:lrBIA. RIVER-Cont'd-: Th".'ngh Woody Island Channel from junction I 

: with Cordell Channel to Woody Island ........ " 

Feet. 

15 

Feet. Ff!ft. 

13i 22 

: Through Korth Channel from Gray'" Point across I 
l Portuguese Bar ..... _ ......................... . 
1 From Portuguese Barto alJrea..t. of Yellow muir..I 
I Froru abreast of l""tillow Bluffr:. to Jim Crow Point ! 
' (junction of all channel.) ......... __ .. ______ . --1 
1 From Tong~e P~int through Cathlamet Bay to j 

John Da\' & Pomt ............................. . 

Iu mouth ~f John Day's River ... ---- ......... -- .. I 
Through Cathlamet Bay from John Day's Point j 

to S<ettler's Point (South Shore Cllannel) .•.... I 
li'rom Settler's Point to Prairie Channel_ ....... _ ! 
Channel from Tongue Point to entrance to Prairie ! 

Channel .................. _ .................. . 

Through Prairie Channel to Warren's Landm~. 
By Northern Passage in Prairie Chan11el un,1er 

South Shorn of :Marsh Island._ ...... __ ._ .. 

From Warren's Landing to Southwestern enrl of 

Long Island _ --- - -- . -- . --- --- --· i 
Through Prairie Channel to eastern end of I 

Woody Island ........ __ ..... __ .. . . .. .. .. . . .. . i 
From Prairi" Island Channel a<>ross the fiats t-0 I 

Main Channel at Willow Islam!. . . . ........... i 
Marsh Island Creek from W oorly faland Channel i 

. T:,'.o!;~r~;a~:~::~n~;. ~;~~ :;i;,~ ~:;~~ ;";~~--~ -
1

1 

· Three Tree Point ............. __ .............. .. 
From abrnast of Three Tree Point to Puget Island 

Through Multnomah Slough to Main Channel .. -i 
From Cathlamet Point, S. of Tenasillihee Islnnd, j 

to Puget Island ..... __ .......................... ! 
Tllrough Main Cllannel from west end of Puget : 

Island to Cape Horn .. .. .. .. . .. .. . . .. ....... ..I 
Through Cathlamet Channel to Cape Horn ...... 1 

At anchorage off Cathla.met .. . . . ... -- .... -- ..... I 
At Cathlamet Wbarveo ........................... I 
In entrance to Westport Slough (Main Channel) . I 
At- anchorage off mouth of Slough .. -- .. -- -- · · · --1 
Up Westport Slough to Westport ................ : 
At anchorage off Westport. .. ___ ................. ·I 
At Westport Wharf ............... : ............. ._ 

Through Westport Slough to Wallace's Island 
Channel ...................................... : 

In ent!'ance to Wallace'e lsl&nd Channel from 
Main Channel ................... -- ............ . 

Through WnllA-Oe's Island Channel ............. .. 
'Main Channel, from ab-reast of Cape Horn to 

Bradbury Slough ...... : .. .. . . . . • .. .. .. . .. . ... 
Through Bradbury Slough ....................... . 

Prom a.breast ot west end of Grim'• Island to 
Big Slough.. . . .. .. . . . . .. .. .•• . .. .. . . ......... . 

Aaoborage in Big Slough .. .. . .. .. .. .. . .. .. • .. . 

i llai.u Oba1111el, from olf Big Slough to lower end 
I of Walker's Ishuul . .. .. .. . .. --- .......... .. 

I At anchorage otf Cleaveland's Lauding. .. . .. .. . 
Through 'Fiaher'a Iala.!id Channel .........•...•.•• 

Jl 

Hli 

20 

9 

7 

12 

15 

15 

li 

18 

39 

37 

10 

24 

15 

42 
12 

19i 

l!ll 
18 

251 
11 

111 

5 

311 

17 

21! 

22 
14 

18 

26! 

151 

16 

2!Ji 
20 

47 
17 

25 

25 

2~i 

31 

166 

5tlt 
21 

181 

10i 

4i 

151 

16i 

7i 

37i 
36 

23 

141 
41i 
111 
186 

18! 
17 

2-lt 
IV 

29 
16! 

44 

2li 

27 

16 

14 

19 

J:I 

22 
on .. 
24 

15 

25 

46 
44 

16 

17i 

31! 

22 
49 
19 

27 

27 

2lii 
33 

18! 

l1 

22 

11 

3ii 
23 

A nthorities. 

! Coast Survey, 1867"-68 

Do. 

no. 

D~. 

Coast Surve~·, 18ifl. 

Do. 

Do. 

Do. 

Do. 
Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Do. 
Do. 

Do. 

Do. 

Do. 
Do. 
Do. 

Do. 

Do. 
Do. 

Do. 
Do. 

Cout Sarvey, 1876-'7i. 

Do
Do. 

Coast Survey, 1876. 
Coast Surve)', 1876--'77. 

Coast Survo.v, 1876. 
Do. 

Coast Survey, 1877. 
Do. 
Du. 



 

222 UNITED STATES COAST AND GEODETIC SDRVI:<W. 

Table of depth.~, Paci.fie Coa8t-Co11tiuued. 

OREGOK AXIi Yl'ASHI:t-<Gl'ON. 

----------------------------~---- --1-. ---- - --------
Least water in channel. 

i Springtidcsat j 

I 

Limita between which depths are given. 
'Mean. ! muon'Rg'reateAt·1 

: <lediuation. I 
,~-~---~--\--------- ! 

Lower : II. rh I Lower _ Ili~her; 
low I w~fer i low : high i 

Authorities. 

i 

i 
1 water. ! • 

1 
w~~er. j watel'. 1 ----1- -.-~I 

COLUMBIA !UV EN-Cont'd.I Through Walker's Island Channel to Mount. 

I Coffin _______ -------------------------------·----

! T~:~;~d\~~:i~i~:~~-~l. ~~~~ l~~~~e~~-~~ ~~ ~1-~~~'.s 
I At nnchorn~e off Rainier_ .•. ___ ._._._ ... _ ... __ . 

At Rainier Wharves---· __ ....... ··------- ----· -
Over bar into Cowlitz River ....... - -..... -·. -... . 

Ur the liver to Monticello·---- - ------ ---- -- ----- -; 
Up the river to Freeport. ---- --- --- - - ------- ---- --: 
Jl!ain channel of Columbia River to Sanely Island.1 

I Through eastern channel from abreast of Coffin 
1 

Rock to Kalama __ ---- ------ --· --- ---- -- .- .. . 

At anchorag-e off Kalama ......... ·- ............. . 

At.Kalama Wharws -------·--- ------·-----·---
Main Channel, from Samly Islaml to D.-er Islan ', 

northwest end ..................... . 

Throu~h Cottonwood Island Channel ........... . 

From off Kalama to Deer l•land ---- -- -- - - -
From off northwest end of Deer Isbnd to Martin's 

Bluff_ - -- -- - _ _ _ _ _ _ __ - ____ - __ - _ •.••• -- -• - - .• - - _ -

From abreast. Martin·" Blnff to northern entrance 
tu Jt[artin's Slong-b ............................ . 

Through Martin's SlouglL ·-·--- - -· -- - ---- -- ·-·--
From abreast north end of Martin's Island to 

<Jolnn1hia City .................................. . 

Deepest water in channel between RaintC'r and 

Sandy Island ...... ----·-·-·-·-. --- . - -·--·- ··--· 
Deepest wat<'r betwen Sandy Island an<l north 

end of Martin·• Island_. ______ . __ ... -.......... -

Deepest water between Martin's Island lllld Co· 
lumbia City _ ................. -·---- ...... ····--

In entrance t,o Burke's Slough ................ --- . 
Thrqngb Burke's !llongh t,o Martin's Slongh _____ _ 

At anchorai;cA off Colum!Jia City __ . -_ - -.... _ .• --- -

l!HOALWATER BAY .. ····-- In the entrance by North Chll!lnel 'If····-- --- --- -
In <>nlraneo l>y South Channel 'If •...•. 
At the anchorage under Leadbetter's Point. -.. - --
At the anchorage under Cal"' Shoalwater ___ . _ - _ -

• At the anchorage under Toke Point _. ___ . _ .... __ . 
At the anchorage off Brueeport . __ •• _ ........... . 

Acr"!"' the bay to Range Point····--·---····--··
In entrance to WillopaRiver. --·- --·--· ... .-. - ·--
U-p Willopa River to ODA ond a half miles ,.bove 

Range Point·_--·- _____ ....... ___ .......•.....•. 
In entrance to North Ri:_;er. _. __ ........ _ .... - .... ! 
From al>reast of Leadl>etter'• Point southward ! 

throui:h the bay to abreast of Oyeterville: I 
l. By the Beach Channel .................. - • ·l 
2. By the Main Channel ...................... ! 
3. By the F..ast Channel.. - - ---- .. - ........ · ... 1 

At. anchoraf(e off Oyst<>rville. __ . - - ................ i 
From off Oysierville by Main Channel to abreast : 

of Diamoml City (Long Islan1}) ............. _ ' 

*Not Rufllcient data. § 01"" mifo above Burke's Slough. 
t Ne:nl) .,:,,r,.,t of Coffin Rt>ck. II No survey abm•» this (13.03). 
I Tbr.,..-qna.rtel'ffof a mile below Martin's lllutr. 

Feet, Feet. I Feet. Feet, 
1 

23 I Coaot Survey. 1877. 111 

20 

30 

0--la 
6 

7 

5 

21 

16 

15 

12-19 

21 

21 

19 

31i 

21 

13 

2211 

tl80 

tJOOi 

§69 
9 
g 

1136 

22 
25 

72 
24 
24 
36 

15 

15 

15 
6 

14 
Mt 

**8 

22l: 

23l; 

33l; 

12l-21! 

Ol: 
10! 

Bl: 
24! 

19 

18 

15---22 

24 

24 

22 

33i 

221 
15 

24t 

lll:li 

I02i 

701 
11 

lT 

i7t 

301 
83l 
SOI 
32i 
326 
44 
23 

23 

23 

u 

22 
42i 
18 

35 

18! 

(*) 

(*) 

(*) 

(*) 

(*) 

(*) 

(*) 

(*) 

(*) 

(') 

(*i 

(") 

(*) 

~*) 

(*) 

(*) 

(*) 

(') 

(*) 

(*) 

(*/ 

(*) 

(*) 

21 

24 

7l 
23 
23 

85 

14 

14 

14 
6 

13 

33l 
7 

26 

\*) ' Do. 

(*) Do. 

(*) Do. 
(*) 

(*) 

(*) 

(*) 

(*) 

(*) 

(*i 

(*) 

(*) 

(*) 

(*) 

('/ 

(*) 

(*/ 

(*) 

(*) 

(*) 

(*) 

(*) 

(*) 

9!!1 
35i 

82t 
341 
34i 
4ll 
25 
25 

%4 

«i 
18 

37 

Do. 
Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

' Coast SurYef, 1881. 

])o. 

Do. 

Do. 

Coast Surv~y. 1877. 

i 
1 Coa •t Survey, 1881. 

Do. 
Do. 

Do. 

Do. 
Coaat Survey, 1855. 

Do.-
Do. 
Do. 
Do . 

Do. 
Do. 
Do. 

I». 
Do. 
:Do. 
Do. 

, I 
2~t :ill~ i 27§ I lll'f }Jo, 

~Constantly shifting,_ cannot be enteJ'l!(i mthont" ~ 
"*Or-Pr bar atjunetlou With }loin~-



 

UNITED ST.ATES COAST .AND GEODETIC SURVEY. 22D 

Table of depth:<, Pac~fi,e CoaRt-Continue<l. 

OREGO:N' AND \\ AS!HXG TO:\ TERRITORY. 

I~{'ast water in channd. i 
-------1--;,r,i~-!! 1i<l~.-.. t I 

Mean. moon·;; greatest l 
declination. ! Limits hctwcou wl1id1 dt'lpth" nre ;ivC'u. .AntiJOr!tl"O. 

I 
Lower I Ili"h Lower i Higher i 

low . tr low I h1~h I 
!~ 1 ~~~water.; water. I 

1-------
Fcet. Feet. Fee-L Feet. 

1 

~HOALWATgit BAY-Con· 
tinned. 

Throui:h East Channel to Long Island. 21 31 Coast Survey, 1855. 2U 20 

From off Diamond Cit;· to High Point 

I Through East Chonnd to Long Island Slough .... • 
Through Long fa land Slough to High Point ..... . 
From Iligh Point to entrance to Baker's Slough .. 

In entrance to Bear River···--···--·-···---······\ 
In entranco to Nasal River ..................... .. 
In entrance to South Nemur River .. - ........... . 

In-entrance to North Nemur River ............. . 
Hny'A Harbor .......... __ ..... Over bar* .•..• _ .•.... ___ ................. -- -- .. -- . 

N re-uh Harbor (Strait of San 
Juan dCJ Fuca). 

Creset•ut Bay ...•...••.••..•••. 

l'resh-wnterBay ·---·········· 
False Dungenoss Harbor (Strait 

of Fu ca). 

At anchorage under eastern shore of Point Brown. 
At anchorage in mouth of South Bay, abreast of 

Point Hanson ....•.........•.... ···-----·--- .... 
Up the harbor I<> abreast of Stearns' Bluff ... ·- ... 
From Point Hanson to monLh of John's River .. . 
Up Sonth Bay for two n1iles t ........ -- ... _ .... . 
At the usual anchorage ... --- .................... . 
At the anchorage between W u-addah Island and 

Ba.addah Point ....... -·-· ........ ·----· ... . 
At the anchorage+- ....•.......... - . ·---- ....... . 
At the anchorage ............................... . 
At anchorage nuder Ediz Hook ...•.••.••........ 
At anchorage on the South Shore ............... .. 
From abreast of Ediz Hook Lil(ht-honse to Head 

17 

24 

42 

20 

10 

10 

30 

27 

18 

30 

27 

of the Harbor ..•..•...•.... ___ ._. __ ... _-· .. _.... 27 

At the anchorage at Head of Hnrbor _..... . . . . . . . . 39 

New Dungeness Harbor (Strait At the anchorage in the Roadstead.. ..•.......... 41 
of Fuca). In the entrance to Inner Harbor (over bar) ..... . 

Wnshington Harbor (Strait of 
l'uca). 

i'ort Discovery (Strait of Fnca). 

A<lmil'alty Inlet and Harbors .. 

l'UGtT SOUND Mid tribu
tariot. 

At anchorage in Inner lfarbor ................... . 
In the entrance ...........•...................... 
At the anchorage near Head of Harbor . . . . . . . . . 
At the anchorage under Contractor's Point ...... . 
.A. t the upper anchorage (Ilead of Ilarbor) .. __ ... . 
Entrance to inlet .... _ ........................... . 
At anchorage in Admiralty Bay§ ..••...... ___ .. .. 
JD entrance to Port Townshend ................. . 
At anchorage off the town ..•••..•.••..•..••...... 
Entrance to Kilieut Harbor ..•.............•..... 
Main Channel from Admiralty Ilead to Fonl-

weather IDuff (entrance to Puget Sound)_---·_ 
At the anchorage under Bush Point . _ ........... . 
In entrance to Oak lla.y ...•.......•..•........... 
In mid-channel of bay .......................... . 

To Heall of .Bay .•.•.•.............•.•..••.....••.. 
At anchora1te under Oak Point ..•........••..•••. 
At anchorage under the Southern Shore ......... . 
At anchorage at Read of the Bay .............. . 

At anchorage under MatTOwatone Point ..••.... 
A.t anchorage in :Mutiny Bay ....•...............• 
In entrane<> to Door Lagoon . • . • . . . . • . . . . • . . . . •.. 
At RDChorage in eastern arm of Lagoon. . . . • . . . 

At anchorage ln western arm of Lagoon ......... . 
From DonbleBln1ft<1 We11t Polllt ..••••..••....•. 

10 

12 

54 

90 

60 

228 

65 

63 

58 

2:; 

324 

120 

120 

78 

18' 
60 

51 

4-0 

120 

42 
4 

8 

7 
BOO 

33 

30~ 

10 

9 

11 

27t 
10 

9 

25! 
3211 

50lt 
28! 
18! 

18! 
371 

34 
25& 

37t 

34i 

36 

34! 

461 

48! 
113 
17§ 

19t 
61§ 

97i 
67! 

236 

73 
71 

66 

BO! 

331 

127 
127 

85 

25 

67 
68 

41 

128 
50 
12 

16 

15 

24 

21! 

0 

2 

lFi 

0 

16 

23 

41 

19 

9 
9 

29 

26 

16! 
28i 
251 

271 

2!ii 

37! 
39! 
2i 
Bl 

101 
52! 
88! 
5St 

226 

63 

61! 

w.i 
24i 

322 

118 

118 

76 

16 

58 

49 

38 

118 
40 

2 

6 

5 

35 

32§ 
12 
l1 

13 

29! 
12 

11 

27 
34 

62 

30 

20 
20 

39 

36 

27 

39 

36 

371 

36 

48 

50 

13 

19 

21 

63 

99 
69 

2117 

74 

72t 
67i 
301 

334 

130 

130 

8~ 

28 

70 
61 
50 

ISO 
62 
14 

18 

17 

• Many '11oabi. 
. At aneb~ oil" Cnltns Bay .......... _. '8 56 46 68 

t Slight shelter. Untl.t for atrangen. 

no. 
Do. 
Do. 
Do. 

Do 
Do. 
Do 
Do. 

Const SnrvPy, ll'«lt 

Do. 

Do. 
Do. 
Do. 
Do. 

Coast Snrvt•y, 11"..'l:! 

Do. 
Coast S~lrvoy, 1852-.'flj 

British.A.tlo::lralt~·, 1817 

Coast Sur\'ey, 18:1;-·r,:). 
Do 

Do. 
Do. 

Coast Survey, l!l;>5. 

Do. 
Do. 

Coast Snrvt>y, JRRI. 

Do. 
Do. 
Do . 

Coast Sur\"'ey1 IM5. 

U.S. Explo'gExp, 1841. 

U. S. Land Otllca. 

Do. 
Coast Survey, 188U. 

Coast Survey, 1876. 

Do. 
Coast Survey, 1880. 

Do. 

Do. 
Do. 
Do. 
Do. 

CoA8t Survey, 1855. 

U.S. Expl'gExp., 1841. 
CoaHt Snrvfliy, 1876, 

Do. 

Do. 
Land Offic" Surrny•. 

Do. 

t No llll'Vlly boyond thJa point. ~ Ope.n to aoutb.eaaters. a:wl no ll'OQd holding·groWld. 
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PUGET SOUND anc 
taries--Continued. 

UNl'l'ED STATI~S COAST AND GEODETIC SURVEY. 

Table of depths, Pacific Coast-Continued. 

W ASHINGTO:S TERRITORY. 

Least watt·r in channel. 

: Spring tid~s at \ 
Mean. moon's grt~atest 1 

famits hetween which depths aw giwn. __ ___ _ _ '! _ clec~nat~~n--1 .A nthoritle~ 

1
1

1 

Lower I High I' Lower 1

1 
Hif:hrr 1 

low I water. low !111.!h 1 
water. water. 

1 
water. 

--·-- ,--1---- --1--.--------

1 

Feet. I Feet. ! Feet. I Feet. ' 
tribu-: Atnnc"noragcinAppleCove...... .... ......... 60 71 58 74 : CoastSurvey,18i5. 

I .At anchora~e nuder tl"oint Jeft'erRon ............. ·I 5! G5 5~ 63 ' Do. 
I In entra:;ee to Port Ma<lison............ soo' 311 298 314 Coast Survey, 1868 

: Atouteranchorag:e...... 30 41 28 44 Do. 

In the entrance to Inner Harbor... . . . . . . 15 26 13 29 Do . 
.At anchorage off town of Port Madison........... 19! 30~ 17~ 33t Do. 
Throngh Agate Pasaag<' into Port Orchar<l. 22? 3~§ 20§ 34t Do. 
At anchorage in Shilshole Bay _. _ 30 40 28i 40! Coast Survey, 1867. 

In Mouth of Shilshole Creek..... 2 12 i 12i Do. 
Jn month ofDuwamish Bay.... 420 Coast Sun-ey, 1875. 
At the anr:horago off Freeport __ . _. . _........... 60 

At Yesler's Wharf, Seattle .. . . ... . .. ~4 

.At Coal Company's Wharf, Sl'at.1le 14 

At the anchorage off the town . . . . . . . 42 
At the ancboragf' in Murdeu'~ Cove 21 
At the anchorage in Eagle Ilar\Jor.... 34} 

At the ancborage nndcr Wing Point .. 45 
At the upper anchorage . . . . . . . . . . . . . . . . .. . . ~7 

At the anchorage in Port Blakely . . . . . . . . . . . . . . . 43l 
At the Saw-Mill Wharf............. .. . ... . . . . . . . 17 

In entrance to Port Orchard by Rich's Pasaal!;e. 54 

At the anchorage in Port Orchard untler Point 
White .... ............ ...... ...... ...... ...... 42 

At the anchorage nnd<'r Point Turner . . . . . . . . . . . . 36 

In Dye's Infot ------·-·--· ---- ............ -- .... .. 24 
At anchorage in Dye's Inlet..................... 36 
At anchorage in Ostrich Bay . . . . 30 

: at anchora!o,e under Po~t n.-.Jin 30 

At anchorage in Dog-fish Bai· . . . . . 42 

.At anchorage in Yukon Harbor . . . . . . -. . . . . . . . . . . 39 
Through Main Chanm•lof Puget S<mnd from West 

Point to l 1oint Defianc£>. _________ ........ 204 

At anchorage on AllPn Hank . . . . . . . . . . . . . . . . . 60 
Through Colvos Passage to Point Defian<!e . . . . . . . 150 

At anchorage under Point Peter, in C<>lvos Passa~e. 36 
At llllchorn~e in Tramp lfarhor _ ................ _ 54 
At lower anchorage in Quartermaster's Ha1·bor .. _ 45 

At upper anchorage in Qnarlennaster's Harbor.. 14 
At anchorage in Gig Harbor ...... _..... . . 30 

Jn entrance to Gig Harbor .. . .. . .. . . . . . .. 10 
In entmnee to Commencement Bay. 540 
At anchorage nndPr Point Brown. 42 
At anchorage off New Tacoma Wharves 48 
At Coal 'Vharf, 'l'acoma .. . .. ...... 18 
At Railroad Wharf, TarAma.... .. . . .. ~4 

Through The Nurrows to Steilacoom 160 
At the anchora)?:e off Steilacoom 45 
At Steilacoom Wharves ..... _ 14 

Whollochet Bay anchorage 
Throngh Hale's Passage to Clll'l''s Inlet. 
In entrance to Can's Inlet., bt,f.ween Fox 

JleNelll Islands ........ . 

At anchorage in Cnrr's Inlet, under Green Point 
At ancho~ge in 1'errers Cove ................. . 
At anehorag~ undm' e.'\lltern end of Raft Island. 

48 

51 

41;1 

72 

45 

48 

62 

50 

44 

32 

44 
38 

38 

52 

47 

215 

71 

162 
47 

66 

56 
25 
4~ 

~2 

/i1 

U3 

33 

89 
172 

57 
26 

00 

63 

86 

57 

60 

57! 

21i 

lli 
40 
19 

32lt 
4.1 

25 

41! 
15 

52 

40 

34 
22 

34 
28 

28 

40 

:n 

202 

58 

148 
34 

51! 
43 

12 
28 

8 

4.li 
471 
17t 

23i 
158 

43 
12 

73! Do. 

37! Do. 
27! Do. 
55 Do. 
34 Do. 

47lt Do. 
58 Do. 
40 Do. 

55lt Do. 
29 Do. 
61 U.S. Expfo'gExp., 1841. 

52 Do. 
46 Do. 
34 Do. 
46 Do. 
40 Do. 
40 Do. 

54 Do. 
49 Coa.st Survey, 1877-'78 . 

218 Do. 

74 Const Survey, 1878. 

163 Do. 
50 Do. 

69 Coast Snrvey, 1877. 

59 Coast Survey, !87ll. 

28 Do. 
43 Do. 
23 Do. 

Coast &trvey, 1877. 

58! Do. 
64! Do: 
34! Do. 
40f Do. 

17:1 Coast Survey, 1878. 

58 Do. 
27 Do. 

46 61 Do. 
49 64 Coast survey, 1879-

eoa.t SUl'\'ey, 1878. 

Coaat Snrwy. 18\0-
Do. 
Do. 



 

UNITED STATES COAST AX]) GEODETrC StTl:VEY. 

Table of depth~, PacZfir- OoaRf-Continned. 

WASHING TOK TEHTIITORY. 

LPrist wnter in channel. 

LimitR bet·wH'Il wbfrh 1lepths ar1• gi"i·t:':l. 
Mean. 

Plil.f'f'A. 

I 
--- ----·-----~·~--'--------· 

I 
1'1'.GET SOUND au<l 

tariei-.:-Co11tinned. tribu- I A:;~:::~.~~~~_'~~-~:~~-t~- ~f- ~~~~c:~-_ ~~~~~~ -(~-r~~(~ 
Through Ralch~s PasMng<> (bet.ween licN eill and 

:13 

HOOD'S CANAL and tribn
ta.ri~a. 

I 
Anderson Islands) ............................ . 

Through Pitt Passage, from Bakh 's an<l Drayton'• 

i Passages to Carr's Inlet . . . . _ ................ . 

I 
Through Drayton'.• Pa.ssa~e to Pitt Passage .... . 
At the anchorage m T1tn•1 Bay. . . . . . . . . .... . 

I T~:t::~ ~::•rant. l'ass from. _st~'.ll1('oou1. ~.I 

I '.l'hmnJ!h Main Chann~lofPugc·t Sound from Point 
Defiance to Lyle Pomt . . . ................. , 

At anchorage in Oro Day . 

.A.t anchorage off Nisqually Flats ... 

Through Main Channel of Sonne! from abreast of 

Lyle Point to Johnson's Pnint .. 
Throng-h Case's Inlet to Point Doug:~Jl 

At anchorages in Case's Inlet: 
1. Behind Herron Island 

2. 'In Rn~"' a Cove 
3. Behind Stretch Island 

4. Between Stretch and Readi I~lands 

5 . .A.t head of Bay ..... 

Through Piclteri~g Pai;:umge to P1•ale's Pnssn.ir~ 
Through Pickering P&Rsage to Squaxin Passage .. 
At the anchorage in Hmdc;rson's Inlet . 

At head of Inlet ....... . 

Through Dana's Pas~age 

Through Penle'R Passage to Pickering Passage ... : 

Through Squaxin Passage to Pickerin~ Passage .. . 

At the anchoroge in Budd's Inlet 

: Up the Inlet 1o Olympia Wharwri ......... . 

' .A.t the anchorage in Butler'• Cove .. 

58~ 

13 

16'.l 

39 

120 

160 
2i 

36 

104 

1::'0 

54 

27 

46! 
42 

19 

43 

40t 
:io 

Dt'Y 

93 

11~ 
33 

:16 

24 
: .At the anchorage off Priest'!:\ Point _ .. _ .... _ 15 

' .A.t anchorage in Eld Inlet under Cooper's Point . 51 

At upper anchorage .. . . 18 

In main channel of Pugel Sournl from .Johnson's : 

Point to Sandy Point. 10~ 

At anchorage in Totten'• Inl<·t under Sandy Point. 38 

At upper anehoraj!e off Little Skookum Inlet . . . 27 

In mouth of Little Skookum Inld .... 

At anchorage in Hammerofoy's Inlet umlcr Cook's 
Point . . ........ .. ......... . 

Through t.be Inlet to Oakland Bay •••..... 

At anchorage In Oakland Bay ............... . 
Up the Can"1 from Fonlweather Bluff to Hood's 

Head ............ . 

At anchorage in Port Ludlow nnder Tala l'oint. 

A.t inner anchorage above Millport ........ . 
Entrance to Lagoon, between "The Twins". 
.At Bllchorage in Lagoon ............. . 

Entrance to Mata-Mats ........................ . 
At anrhomge nnder Foulweatht•r Bluff ..•••..... 

.At auobol'ILlte in Hood's Head Cova ......•...... 
Up the Canal from Hood's Head to BAzel Point. 

24 

6 

21 

316l 

51 

42 
ll 

1411 
i 

72 
8 

1'12t 

S.Ex.29-29 
• Not l!U.tllcient dat&. 

174 
r.1 

132 

172 
39 

48 

lli 
132 

57 

108 

25Jr 
41 

50 

161 
38 

29 

G5 

32 

116 

52 

41 

19 

38 

20 

35 

60 

51 
20 

23t 
9t 

81 
17 

Spring tidf>R at 
moon '!-I greatest 

declination. 

26 

li5 
37 5•> 

118 135 

158 175 

25 

34 

102! 

118 

25 

44§ 

40 

17i 
41 

39 
28~ 

91 

9~ 

31 

;14 

0 

22 
(*) 

5-0 

17 

100 

36j 

2511 

3j 

4! 
19~ 

49 

40 

Di 
13 

-1 

70 

42 

51 

118 
13; 

69 

42 

Git 

IHI 

2i~ 

49 

52 

19~ 

4-0 

66 

33 

118 

5.3 

42 

20 

39 

21 

36 

25 

11 

83 
19 

225 

Coast Survey, 1879. 

Do. 

Do. 

Coast Survey, 1878. 

Do. 

llo. 

Do. 
Do. 

lJo. 

Do. 
Coast Survey, 1878-'79. 

Do. 

Coa•t Survey, 1879. 

Do. 
Do. 

Do. 

Do. 

Do. 
; Coast Survey, 1878. 

Do. 

Coaot. Surrey, lBiD. 

Do. 
Do. 

Con.st. Survey, 1873-'74. 

llo. 

Do. 
Do. 

Coast Survey, 1879. 

llo. 

Do. 

Do. 
Do. 

Do. 

Do. 

Do. 

Do. 

Coast Surve~-, 1880. 

Coast S11rv(ly1 1855. 

Do. 
Do. 

Do. 

Do. 

Coast Snrve~·, 1880. 
Do. 
Do. 



 

226 UNITED STATES COAST A ::n 0 WDET!O SURYEY. 

Table of depfl:s, Pacific Goa.~t-Cont.in ned. 

WASHINGTON TERRITORY AXD BRITISH COLUMBIA. 

I.imits betwe.(~D which depth~ aro ~!Yell 

\ Spring ti<ll'Rat '1 
)lean. J moon 1-1~t"Patt·st! 

\ dt>ciiuatfon. j 

Lower: 1 I n· } · Hi,l!h i '}"'·er i 'fr rnr: 
low 

1 
watt>r. : ow I high ! 

i water. i 
1 

WHter. 1 w~tter. 
1 

..Authoritit:"d. 

- ---1----1----·---,------------·--

HOOD'S CANAL and tribu· 

hU'it•s-( 'ontinued. 

At anchorag-e in Sqnamish Harbor: 

1. J~a!':itern side of 11.iiddle-G rouucl 
0 Westt'l'n si<le flf Mid1IJP-Ground 
3. Abo<"c theMiddle-Groun1l.. __ 

In cntr:rncc to Port Gamble_ ........ _ ... . 

At anchorage ~outh of Mill Wharf ..... . 

At anchorage off l:Tpper Timber Wharf. 
To !lead of Harbor - --·. __ .... ·- .. _ ·- _. 

Up the Cnnul from Il;u~el Point. to ::N ... elim Point. 

At anchorage in Seal>e{ k II arbor. 

At anchoragr in Tzusate<l Cove. 
i ..At, anchorage in Hoetzen Harbor 

I At ancborag(! in QmJcine H:u·hor .... 

j At anchorage in Dabop Ilay 

: At anchorage in Annas Bay 
' Frt1m X e1•lin1 Poiut to head of tht: Canal .. 

,A.j irndwra;:r> in Lynch CoYe 

PoR~rs~ion ~ound and garat(lga 
11 

Tlnongh PosseAsion Round . . . .. 

Pi11"Bn~o to \VaHhini:.rton: At tlw illJclIUl'a.;,!t.\ in rort Gardner 

~onucL (At the anchorage in Port Su.'ian ..... . 

i Through Saratoga PasAaf_e to Washington Sound 
1n01th rnd of WhidbPy Island) __ _ 

.At tht· auchora.g:e in Holmes' Harbor ..... . 

. ,\ f t ht· ::nchornge in Penn'~ Cuvc .. 
At tlk ancboragr in Si.milk Bay .... 

TI.rou~h Dt•ct·ptiun P<lSR to Rosaris Stralt. -
STRAIT OF SAX JUAX DE ,\ t the an, horn;.:" in Rooke Ilay __ 

FUCA (North Shore). 

WASHING TON !'! 0 U X D 
1Canal de Haro Ii)-

o,~m· Outer Bar into Sookc Inlet. 

'(),t•r TnnerBarinto ''The.Basin'' 

At and10ra;.:e in Sooke Bnsin § .. ---
At anclmra;:e in lleecber Bay§ 
Thron;zh Ritt·~ Cbitnnc'L _ .. 

.At arn:horage in Pedder Bny 

... i\t anchorag;e Jn Pa1Ty Bay~ 
I. U!Hkr William Head,_ 
2. U 01l1•r Allw.rt ll1·ad __ _ 

, At nni:horn;.:e in Royal Bay under Albert Head. -
! Ily Fi.gard lslanoi into Esquimalt Harbor .. - -

At anchoragtj in Esquimah Ilarbor .... . 

j Through Porta:.;e Inlet to Victoria ...... . 
• Through :Rnterp1·ir;t> Channel to Gonzalt'7. Point. 

j Through ~Iayor Cl}annel int:, Canal De Haro .... 

; Throui;h Plumper Passa~" intn ('.ao~I <le Haro _ 
: At and10rnge iu Cad Lorn Ilay ...... , .......... .. 

[ Throu~h Jlaynes Chaund int.• Canal de Haro._ .. ·i 
1 Jn l1ain Enr1 atu·e to <:unal de Haro to Turn Point.I 

1-'l·"m Turn Point to }:aet Point (Gulf of Georgia) . 1 

1 hrough \'\"' estt'rn l'ru~sag-e, l><:tween Diflloovery : 
lslan<l a1ul :Uitltlle Jlank ..... - -... '. - ..... - .• -.• i 

At. tht' anchor:t~e iu Cormorant Ila.~ . . . . . . . . . . . . . j 
Tltroug:h CordoYn Cb•nnel to abreast of north end : 

of lS,rdney Island_. ___ .... _ . .. . . . _. _ ... / 

Throu~h ~y<lnPy Cbannt-1 ...............•......... I 

p,,1, I p,_1_ I Feet. I Feet. . 

42 51 

39 48 

3;; 42 

21 30 

25! :14& 
JR 2i! 

23~ 3H 
3~4 (*I 

54 (') 

36 (*I 

M (') 

78 1*) 

t42 (*) 

GO (*) 

24 (*) 

21 (*) 

150 ('l 

ag (*! 

42 (*! 

24 (*) 

48 (') 

54 (*) 

15 m 
ri4 (*J 

!36 44 

15 2~ 

9 l7 

4~ Gfi 

60 68 

66 74 
30 3H 

42 50 
60 68 

48 fi6 

60 GS 
36 44 

u li 
:r. 3;; 

5.t 62 

72 so 
24 3:! 

30 38 

444 (*) 

-1,;;o (*) 

240 (*) 

54 (*) 

36 (*) 

24 (') 

40 5~ 

a; 50 

31 44 

lG 32 

23~ 36~ 

JG 30 

24 i 37 

-··l···-__ I ___ _ 
_J ___ _ 
--1-- --

·- ::1::::: 
···-···!-···-
.. ··1·-··· 

I~ 

64 

~8 

40 

58 

46 

25 

52 

70 

22 
28 

24! 
18§ 

57 

69 

75 

39 

51 
69 

57 
69 

4:it 
18! 
36 
t);l 

Co,st S11rvey, !&JU. 

Do. 

Do. 
llo. 

Do. 

J)o. 

llo. 
U.S. Expl'g Exp., 11141. 

Do. 

Do. 
Do. 
Do. 

Do. 

Do 
Do. 

Do. 

Do. 

lJo. 

Coast Surv~y, 18f>i. 

Do. 

Do. 

Do . 

Do. 
Do. 

U.S. Exp. E"-. 1841, and 

Br. Adm. Surv&ya. 

Do. 

Do. 

Do. 

Do. 

Do. 
Do. 

Do. 

Do. 
no. 
Do. 

Do. 
Co•At Survey, lRM. 

Do. 

Do. 

Do. 

Do. 
Do. 

CoutSur.andBr . .Ldm 

Do. 

Do. 

Do. 

•Not enfllcient data_ 
t .At bea•I of bay 
~ M auy shoalo 

; All of tbe•w depth• on 'N°<>rth Sliore sulo,iect to conertlon when th" suneys are completed by U.S. o-t8u.rf•1 
II Great care wu•t lie taken io ... 1ectillio ll1l ADch"'"'i;v ill the Ca1u•I or tile harbora that o~ fl:OID B, 



 

Plaooo. 

tiNITED STATRS COA8T AXD GEODETIC SUiffEY. 

Table of depth.~, l'a<'(tic Ooa.~t-Co11ti11ned. 

WASHINGTON TERitlTOR1 AND DRITTSII COLUMBIA. 

1.nnitK botwet-\u ·which depths arc given. 

Lenst watPr in channel. 

ite.1n. 
Rprin !! title~ Rt ! 
moon'sg:rtat.est 

<leclination. 

: Lowf•r 1-;;.~~~-.-L;wer Hi~h;; 
, low 1

- ; low ht!(h 
: watrr. water.' water. ' water. 

22i 

A uthm ita·~ 

- : ~--------- -- ----- - -----

Feet. 

I\ ASHDWTON SO UN D , Tlmmgh .:Uim•rs' Chanuel to Jones' lslaud. , 
(Canaldollarot)-ContinuPd. ! At the anchorage in Miners' Channel......... ·1 

GO 

Ro@arlo !'!trait .......... ." ... . 

' Nut •ntlicient data. 

60 

; Through "Mosquito Passai:re ................... . 18 
'At anchorage in Roche Rnrbor ..... _____ _ 48 

: Through Spie<len Channel from t:anal de Haro to 
San Juan Chunnel.. .. . . . . . . . . . . . . . .. . . ... .. 354 

: Through N~w Chanuel north of Spieden Islan<l... 120 

, At anchorage in Reid's Harbin- (gtuart Islantl}. __ .j 24 

Through John's Pass between ,John's nnd Stuart 
1'lauds. . . .. ...... .... . . . . . . . . . ~u 

1 
At the anchorage in Pre't'ost, Harhor _. 36 

At the anchornge in Bedwell Harbor 54 
: .At the a~elwrage in Open Bi11ht (Saturna 1Hland). 48 

.At tho anchorage in Deep Cove (Saturna Island). OG 

At tbo anchorai:e unc1erWnldron Island, between 

Sandy Point. und l')ointDisney ······-·-·-·--·-· :?4 
Through President Channel to Gulf of Georgia ... ! 342 
Through Ran Juan CbannPl from Strait. of Fuca. ! 

to Canal de Haro................................. !66 
At anhcorage in Mackay<' Harbor (Lopez Island). 48 
At anchorage under soulh shore of Griffin Bay off 

Hudson Bay Company's Stat.ion ............... . 
At. an<"horage in North CoYe (Griffin Bny) ...... : 
Through Upright Channel into East Sound_ ...... i 
At auchorage in }f'riday Hnrbol' ...•.............. j 

Throu~h Wasp Passage§ into Harney Channel. .• ·1 
Ancborag:e.in West Sound (Orf'as Is1and) ........ . 
Through Harney Channel into East Sonnd. __ . _ ... j 

Up Eal!t Sound to it• head ........................ 1 
At anchorage in East Sound ................ L ... i 
At ancLorag:e in Deer Harbor (Orcas Island) ...•.• \ 

Through Spring Passage into President Channel. [ 

F;:::i::;~i::! ~:.~~~-.~f-~-~~.i~~~-~~-~~·-~-1 
Channel between Point Partridge and Partridge 

Bank ..................................... ······i 
Channel between Partridge Bank and Smith's Isl· 1 

andu ........................................... 1 

.A.t the anchorage off sonthem side of Smith's 1 
Island ........................................ . 

At the anchorage o1I' northern side of Smith's Isl-

and ......................................... .. 
From Pnget Sound, by way of Deception Is!nntl, to 

entrance to Rosario Strait ..................... . 

ThronJ!h the Strait of Fnca from the westward, by 
Main Challllel, north of Smith's Island ......... . 

Through Rosario Strait to Gulf of Georgia: I 
1. By Main Channel under Pojnt Lawrence and 

Clark's Islaml ................................ ; 

2. By Eaat Channel under Lnmmi Island ..... ·· I 
.A.r anchorail" h• Watmough Bight ............... · 1 

At nnehorage in Shoal Bii;tht ................... . 

At anchot·age in Bm-rowR' Bay ................•.. 

78 
72 

144 

54 

30 
54 

114 

42 

. '8 
48 

96 

108 

108 

210 

90 

27 

54 

210 

150 

150 
'8 
48 

78 

l'eet. 

(') 

(') 

(') 

n 

(') 

(') 

[*) 

(') 

(*) 

(*) 

(*) 

(*) 

(') 

(*) 

(') 

(*) 

(') 

(*) 

(*) 

(*) 

(*) 

n 
(*) 

(*) 

(*) 

(*) 

(*) 

(*) 

('} 

(*) 

(") 

(*) 

(*) 

(*) 

(*) 

(*) 

(*) 

(*) 

(*) 

FPet.. Fet>t. 

, ..... ... 

1.:::.::. 

:---· 

: ... 

·1 .. 

I ::·:::r: .... 
' 

·····•·'••••• 

:::::r:·:: 

·····-·· 

........ 

I 
! 
!· 

I 
i_:.· 

.... 

i'"" 
I I ... . 

.. 

........ 1 ....... . 

: 

........ , ...... . 

......... , ...... , 
1···"" ]" .. 

Br. Adm. aud Coast Sur 
Do. 
no. 
Jh 

Do. 

Do. 

Do. 

Do. 

Do. 
Do. 
Do. 
Do. 

Do. 
Do. 

Do. 
Do. 

Do. 

no. 
Do. 

JJo. 
Do. 
Do. 
Do. 

Do. 
·Do . 

Do. 
Do. 

Coast Survey, 18il3. 

Coast Survey, 1856. 

Do. 

CoaRt Survey 1 1854. 

Do. 

Coast Rnrv .. y, 18fi5. 

Do. 

Do. 
Do. 
Do . 

Do. 

Do. 

'.Grr.>t ca1·e muet be I.a.ken in eeleeting a.n a.nchorag6 ln the Cnnal nr tbe harbure that open fmru it. 
·Un •1•oal itronnd abrea.et<>f &1mmi Bank. Elaewhere not less than thirty fittl1oma. ~Many rooka. If Sometime• called Blunt'e Ialnnd 



 

228 UNITED STATES CO.AST .AXD GEODETIC SURVEY. 

Tab:e of dfj1'h1>, l'aeiji.c Ooast-Coutiuued. 

WASHIXGTON TERRITOl\Y .1.:\D BRITISH COLUMBIA. 

-------------~--~-----

I 
Least water in channel. 

Places. Limito between which depths are pven. 
Mean. 

WASHI:'.\GTON SOUND 
(Rosario Strait)-Continuerl. 

(Sat<lllit<i Channell 

J Lower 
i low 
i water. 

-!-
! Feet. 

In Passag-1• het\'\"eeu Burrowi-< and Allan Islands . i 138 

In Pa&9c1~1~ hl•tw~en llurl'ow~' Island nnd Grf>An I 
Point.. . .. . ------ ..................... ! 

Through Lopez Palols to Lopez Sound ... 

! .At anchora~e in Loppz. Souu<l... . . 

Througl1 Thatcher Pass to LoJH·Z Souml : 
}'mm Thatcher Pas" thrnugh l3lakelJ Sounu to i 

East Sonntl ........................... . I 

90 
30 

54 

90 

84 

At anchorage in .Blakt'ly Souu<l nn eastern side of i 

['prightPoint ....................... -·-···---: 22! 
At nnchora,ge betwtwn Frost alHl I~opez lRlandH. · 1 

T!irough Guenws Channel into Padilla Bay - .. _. I 
At anchorag-e in Padilla Bay... 1· 

Through Padilla Bay to Belliuglmm Bay _ .. _ . : : ; 

i8 
54 

60 

60 

From Padilla ]lay to Gulf of Georgia .. _ I 72 

~:r~:~~i~~~=~~~;:~:::.1 ::: 
Through Bellingham Bay to anchorage. off the I 

CoalMines .......... ............. I 33 

At the anchorage .. . .. . . : 22!-33 

At Coal Company's Wharf .. _ ! 2 
At nnehorage off Fort Bellingham ---- - - -. -. . I 18 
At anchorage behind Point Franct.•s . ··I 17 

At anchorage on northeast HidH of 8iuc1air lRland. ! 60 

At anchorage under Point William -- -.... - .. · · -· 1 78 
From .Bellingham Bay through llale's Passage tu 

Sandy Point ............................. --·--·I 30i 

At the anchoraJ,?:e un<lt>r Lumrni Point . . . . . .. i 36 

Channel between Lummi and Eliza Islan<ls. -.... -\ 84 
At anchorage unilerVillage Point, Lnmml Island.I 60 

Passai:e lwtween Deer Point and Obstruction ! 
Islandt ·-- _. __ .................. --· --· --· --·- .. i 30 

PJ!ssage between Obstruction and Blakely Isl. i 
andsf _____ .......... ··-----··---· ............ i 60 

In passage between Parker's Reef and Point : 
Thompson into President Channel. ........ ---.. ! 461 

In J>B88aj!'.e between Malia and Sucia Groups _ . . . 378 

At anchorage nndereruitern shore of Sucia Islands.' a4t 
PMsage between Sucia Islands and l'arker's Reef 1 

into President's Channel .. - .. _ -. _ ... _ .. _ 
Pessaj!e betw<>en Suda and Patos Islands into i 

Canal de Haro ........ - ···- -................. i 
At anchniage off Sandy Point (Lumm! Bay) .. _ .. -! 
:From Canal de Haro inro Satellite Channel .. _ .. __ ' 
Throngh Satelllte Chnnnel to Saanwich Inlet _. _ 

Tbmugh Cowitcbln Inlet; ... _ 

At anchorage in Cowitchin Harbor t I 
Through Saanwich Inlet to Tn111 Point! .... ::::: 

~~ .:i:~:~:: i•:~::t~o~:~dt ·-- ·-. :::: :: ::::::/ 
At anchorage in Union Ilayl 

318 

222 
401 
90 

156 

180 

:16 

JD2 
51 

I!~ 

()~ 

•Not ouftlcient data f._.· tide;. 

(*) 

(* / 

(*) 

(*) 

(*) 

(*/ 

(*) 

(*) 

(*) 

(*) 

(*) 

(*) 

(*I 

(*) 

(') 

(') 

(*) 

(*) 

(*) 

(*) 

(*) 

(*) 

(*) 

(*i 

(*) 

(*) 

(*) 

(*) 

(*) 

(*) 

(") 

(*) 

(') 

(*) 

(*) 

(*) 

(*) 

(*) 

.(*) 

{") 

(') 

(*) 

f Great vare •hould oo exl'misoo in 11&let'ting an anchorage in any of these chnmwle. 

I 

! 

Spriug tid<B at ! 
moon's grentest 

declinntion. , 

Higher 
high 

water. 

Feet. [ 

1 ....... 

i .••.. 
I 

c:: I 

.... I I 

••. 1 •••. 
I 

·-·· --·· --· 

····-·· ·····-·· 

--· ......... 

........ ......... 

........ ......... 

........ ........ 

/ ........ ·-······ 

Authoritie•. 

Coast Survey, 1855. 

British Admiralty. 
Do. 
Do. 

British Adm. charts. 

Do. 

Do. 
Do. 
Do. 
Do. 

Coast Survey, 1855. 

Do. 

Do. 
Do 
Do. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Do. 

Do. 

Do . 
Do. 
Do. 

Do. 

Do. 

Do. 
Do. 
Do. 

Do. 

Do. 
Do. 
Do. 

Br. A.dm., U. g_ Exp.Ex, 

I j and U. s. Land·Offic"· 

I
i I I ~ 
l:::::·:r:·:::! :: 



 

UNITED S.TATES COAST AND GEODETIC SURVEY. 

Table of depths, Pacific Goast-Coutinued. 

W.!.SHJNGTOX TERP.ITORY A.KD BHITISB COI,UMBIA. 

LeaRt watt-r in chamiel. 

Limits between which dqoths a.re given. 
MPau. 

Place11. 

I,,owor 
low 

water. 

WASIDNGTON SOUND At,anchorageinMillCreekBa.1' 
(Satellite Channel)-Cont'd. 

Feet 

uo 

iSw~nson Channel) ......... . 

(!'lrrmpPr Sound) ....... . 

At anchorn.gc in Cole Bay"' . . . . . . . . . . . . 4~ 

At anclrnrage in To<l Creek-,; . . . P4 

:From Cowitcbin Inlet, through t;ansum Narrows, 
into ::ltnart Channel• . . . . . . . . . .. . . . . . . . . . . . . 16" 

At anchorage in Fulford Harbor.. 60 

Passage between ~loresb~· and Portland Island•. 9() 

]'rom Canal de Haro into Swanson Channel...... 600 
Through Swanson Channel to Satellite· Chanud *. 168 

'Through Swanson Channel 1o Gangc8 Harhor* ... 

1 

168 

Thrnugh Swanson Cbauucl to Navy Cbaunel •· . 294 

Through Ganges Harbor to C9pt:lin 's PaHRage _. 

Th10ugh Captain's Pa•sago to Trincomalee 
Channel.......... ........... . .......... . 

At anchorage at head of Gangero;; Harlmr ......... ·I 
At alJcborage in Long Harbor ....... -- . . . .. I 

At anchorage in Ellen Bay............. ! 
At anchorage in Otter Bay ..... 

138 

258 

l4 

24 

61l 

72 

From Canal ue Ilaro to entrance to Plumper S<;und 450 

Through Plnmp~r Sound to Nav~- Channel . . . .. . 72 

Through NaYy Channel to Trincomalct•. Channd 9U 

At anchorag<' in Camp Bay (Pender lslandl . . . . . 84 
At anchorai;:e in Port Browning (Pend"r lslan<l) 3fl 

At anchora~e in Lyall Harbor ........... _.. 24 

At anc·horu.ge in Horton Ra.y _ ........ __ . 30 

(Trincornalee Channell . . . . . . . J"tom Kavy Channel, through Triucomalee Chan-

. iStnart Cbaunel•) •••.... : .... 

nel, to Narrow Island. . . . • . .. , . • . . . . . . . . . . .. . . . 120 

Througl1 Active Passage to Gulf of Georgia.... 9G 

At anchorage in Villn11.e Bay..................... 36 

At anchorage in Miner's Bay . . . . .. .. . . . . . . .. . . . 66 
At anchorage in Montague Harbur . . . . . . . . . • . . . 36 
In eastwrn entrance to :Mont.ague Harbor . 42 

In western entrance to Montagne Harbor........ 24 

Through Houston PaSBage from Trinromalee 
Chann<'l into Stuart Channel• . . . .. • . . • . . . ... .. 10~ 

Through Trincomalee Channel from Narrow Isl· 
nn;l to Northumberland ('hannel (head of 
'Vashington Sound)• . . . . . . .. . . .. .. . ... . . . . ... . . 12-0 

Through 1'01 tier Pass to Gulf of Georgia . . . . . . . . 60 
In passage between Indian Island and Hall Island*. 150 
In pnsl!llge between Hall and Reid Islan1ls • . . . . . . ao 
In passage betw...,n Reid nnd Theti• Islands• . . . . !l-0 

At anchorage in Clum Hay ...... ".................. 48 
Main entrance to Stuart Channel, between Yellow 

Point and Thet.is l•land. .. . . . . • . . . . .. .. . . . • . . . . 234 

Through the cha.nnel t.v Te.nt Island .....•...•.. - . 27ti 

From abl'6Aet of Tent Island to Sansum Nntrow". 396 
At anchorage under northwest end of Xhetis 

Ialand .... • ................. ·-·-·· .... 48 

At auehorage in Cb1;Jnalnos Hnrbor ............. i 4~ 
At auchoragcln Oy11tcr Harbor .................. ! 24 
At. Outt'r A..noh .. rage lu O_va· er HarhOt" . . . . . . . . . . . . 4B 

Iligli 
watt~r. 

Feet. 

ti/ 

(fJ 

(11 

ti/ 
(!) 

(!J 

<ii 
(t) 

d1 

(i) 

(I/ 

(II 

(fl 

(ti 

(fl 

(11 
(fl 

(f) 

(tJ 

(I) 

(fl 

(!/ 

(I) 

(I) 

(t) 

(ti 

{!) 

(t) 

(f) 

(t) 

(fl 

(t) 

(ti 

(!) 

(!) 

(t) 

It) 

(!) 

(t) 

(t) 

(t) 

(!) 

(t) 

lt) 

FPA!t. 

-----·· 

....... 1 
I 
I 

------·- ·-------

········ ... ... , 

·····-·· ·····--· 
........... ........... 

:::::::y::·::: 
1 ........ 

! 
i·--···· 

.... ···: 
I· .. .. ...... ,. . 

229 

Anthorit1M. 

Br.A.uw.,U.S. Exp. Ex., 
and U.S. Land Office. 

Do. 

Do. 

Do. 
Do. 

Do 
Coast Snrvey. 185f•. 
Br.Adm., U.S. Exp. Ex., 

and U. S. Land Office. 

llo. 
Do. 

Do. 

Do. 
Do. 
Do. 
Do. 

I Do. 

j Coast Survey, 1855. 

Br.Adm., U.S. Exp. Ex., 

and U. S. Land Office. 

llo. 

Do .. 
Do. 
no. 
Do. 

Do. 

Do. 
i Do. 
i Do. 

I Do. 

I 
Do. 
Do. 

Do. 

Do. 

Do. 
Do. 
Do. 

Do. 

Do. 
I 
I 

Do. 
Do. 
Do. 

Do. 
Do. 
Do. 
Do. 

• Cheat oare abould be e:ll\t"ciaerl in selerting an anchorage iu any of theee channels. t Not eutlioient da.ta. for tidea. 



 

~30 

Plac<'S. 

TT.KITED STATES CO.\ST AXD GEODETfC' SfTffVl)lT. 

T11ble <~f rlcpths, Pac{tie Coast-Couti11rn•<l. 

WASill.NG'IO:\ TEIUUTORY A:\D BRIT!:-:l!I COLUMBIA. 

Limit. between whieh dept.ha 11re given. 

Lea.st wah~r ia chnnnrl. 
1 1--------

1 :Mean. 

--"-----·I 

Sprin~ tides at ! 
moon ·s grt>atest i 

decJiuution. I 
----- ··- --- -- ~ ·--i 

l LowBr 1 High Lower ; Higher 
1
1 

I low : watt:r. low j high 
1 

A nthnrit.ie"'. 

1 
water. I water.! water.! -------- - ---,---------------------------1-Feet.- 1-F:et.-\~=t~i-;=t~-------. 

''>AtlllINGTON SOUN ll I• .AtheadofOyoterUarboi: ................... I 1~ (t) 1---- , Br.Adm.,U.S.Exp.Ex .. 
(Stuart Channcl*)-Cout'd. / [ an!l U.S. Larnl-Ofli•·ll. 

i .At anchorage m Preedy Harbor ................. -I 42 (t) ·I 

(Py!Adea Cha.noel) . 

At anchoragt• m TelP!,'Tilph llarbor .. .. .. .. 54 (!) [ 

1 At uuchor:igo in Horsn-Shoe Bay...... 48 (f} 

At anchorage in O@bom Bay .. .. .. .. .. .. . . 60 (!) 

At anchorar:e in Vmmvius llay .. .. __ ....... . 
.At anchorage in Maple Bay. . .. 

At anchorage in Burgoyne Bay ........... . 
In entranee to Pylades (;1,annel. ........... . 
Through the channd to Gubriula Island 

Through the channel to False Narrows .... 

Throu~h G-abriola Paes to Gulf of Georgia 
Through False Narrows to Northumhmland 

Cb(mnd 
Thro11gh Ruxton PaA-s into Trincomnlre Cha.nnPl. 

72 (I) 

90 

30 

103 
120 

30 

30 

2 

36 

(t) 

(!) 

(f) 

(t) 

(!) 

(!) 

(ti 

(IJ 

I 
--·f··· 

1 ...... 1 .. 

I::·--·-!---· 

i •••.. 
' I 

·1---

Do. 
Do. 

Do. 
Do. 
Do. 
Do. 

Do. 
Do. 
Do. 

Do. 
Do. 

Do. 

Do. 

(Northnmherland Channell.. Through Dodd Narr"ws into Northumberlanrl 
Cbamwl .. ......................... 54 

Through the channd to Nanaimo Harbor......... 96 
. At anchorau:t" under Protection Island . . . . . . . . . . . . 66 
At, Outer Ancborag:c in Nauaimo Harbor......... 36 

At Up1wr ..Anchorage in Nnnaimo Hnrbort-- 27 
GULF 011' GEORGIA , . , , . . Ju ~ntr11nct1 between Point. Whiwhorn and East 

roint 

Thron:zh the Gulf to abreast of Gabriola Liland. 
At anchora;re in Birch Bay ...................... . 
At anchorage in Semi-ah-moo Bay ............... . 

; At. outer anchorage in Drayton Harbor .. __ . ___ .. _ 

: At anchorage in Drayton Harbor under Drayton'& 
Point ......................................... . 

: At upper anehorage in Drayton HnrboT. ........ .. 
; At anchorage in Boundary Bay: 

1. On British side ........................... . 
2. On American side . . . . 

Over bar into Fraser River ..................... .. 

From Garry Point through to Inner Bar ....... . 
Over Inner Bar .. .. . .. .. . . .. .................... . 
From Inner Bar to upper end of Annacls Island .. 

l Over Anne.els Bar .. .. .. . .. .. .. . . .. .. .. .. . . .. . I 
; From Annacis Bar lo New WeMtmlnster ......... 1 
! From the Golf around northwest end of Gahriola I Island to Nnnaimo Harbor entrance ........... . ________________ , _____ __.__ __ _ 

642 

522 
15 

40t 

22! 

15 
11 

14 

10 
g 

27 
16 

• 23 
12 

31 

78 

BRI'l'ISB COLUMBIA. 

Port San J nan 

Barclay Sound 
...... "•••··/ At the anchorage ............................... . 

........... , To anchorage in Bam:field Creek ................. . 
i To Entrance Anchorage. .. ............... . 

i To anchorage in K~lp Bay ....................... . 
' I 
' To r..ucbom::J• in Christie Bay ............. _ . . . i 

) Throu;.:hSJ1ark J•asKtoanchora~rein Dodg:e't1 Co\ t~. '. 

86 

86 

36 

36 

rG 

18 

(!) 

(t) 

(t) 

(t) 

(IJ 

ct) 

(t) 
(t) 

49f 
32 

(t) 

(t) 

(t) 

(!) 

(t) 

(t) 

(t) 

(t) 

(t) 

(t) 

(fl 
(t) 

(t) 

{t) 

If) 

--·::--·1 
I 

2.5 

21 

Do. 
Do . 
Do. 
Do. 

Do. 
Do. 

Br. Adm. nnd U. 8. Ex 
ploring Expedition. 

Do. 
Coast Survey, IR'i9. 

Coast Survey, 1857. 

Do. 

Do. 
Do. u~ I 

........ ,... . Coaat Survey, 18511-'nO 

::::::: f::::: :; •n;l£ :~;t~n~x-
::::. :::I:::: :: 
. ...... 1.... Do . 
........ 1.... I Do. ....... T... ... Do. 

I ! 
· · · · r- .. ~ .. -· · 1 

Do. 

w Gre:.t car., muat be taken in ee1ectlug an an<'hoTOogf> in AU) of th~t! chsm11~ls.· I Nut •nfficlent date foi· tldea. 



 

UNITED STATES COAST AND GEODETIC SURVEY. 231 

Table of dept/ts, Pac(fic Coa,st-Contiuned. 

BRITISH COLUMBIA. 

---- --- -------,----
Least water in r·hn.nucl. 

' - I Spdni: tides at I 
.. Mean. 

1 

moon
1sgreat-estl 

L _declination._ l'laoea. Llniit& bet 'lfeen wbieh depths are given. ..Antbmitles. 

i low ~ w~fer. low hi~h ! Lower 
1 

ffgh I' Lower 1· Higher!' 
l water. J water. water. 

l--~eet:-:i~~=-11-;cet.1' Feet.·:~-- . 
Throngli Harbor entrance to anchorage in !slant\ , ) 

T:~:~~r~::~~~~:~.~~~~~~~.~~:~~:~~~;.~~~·~~:~~!J :: -- ·::l::· :::[ ..... Br. A:lralty,1861. 

Barclay Sonnd-Cootinued ... 

To anchorage in Toqua'1; Ilarbor through David , I 

, T~~::::~~~~-;~ ·;~l~~l~~- ~~~:::::::::::::::::. ::: , . - - . :_ .. · :. :_1

1 

.. : ._-_:.:: :. _:.:).:_: :. ·. · .. -.·_: :. 

Do. 

To anchorage in Schooner Cove ...• _ . .'._.... 12* , 

Do. 

Do. 
Cl•ro~not l!onnd ......... . Through Main Ship Ch:uincl to anchorage in i \ 

Ritt'hiu Bay ··-- .................... "¥¥··· ....•. ! 
: To anchorage in Warn Bay ..................... .. i 
l To anchorage in Bawden Bay .................... i 

Il<·squi•t Harbor ............ _ .
1
' To anchorage at Head of Harbor ...... -.•.......• ·'I 

Xootka Sound ...•....... _._._.: Entering through Zuciarte Chann~l to anchorage i 
j in Bead Bay .......... .' ......................... ' 

'1 To anchorage in Frien<lly Cove ...••••••.... -·--_ .i 
. . . . . . To anchorage in Rolling Roads . ..................... . 

Th~ugh Birthday Cliannel to anchorage in Port , 

E.hza ........................ -·-------·----·---
KyuoqnatSonnd .. _ .. -----..... To anchorage in R:ok·Shittlc Arm ·----- ......... . 

To anchorage in Easy Creek --- ..•..••...•....•.. i 
To anchorag~ in Table Island Harbor through : 

Schooner Entrance -- .... - ...... ·--. --- ........ . 

1 'l·~:~:~ !~~:;t. -~~~~~'. ~~- -~~~~o~~~ .i.~ _ ~-~~~ .. 
Ou·On·Kinsh Inlet ............. l Toanchorage inDattleDay ·-·----·-······------·' 
N:11-1pa1tc Inlet ............... ·I To anchorage at bea<l of Inlet ....................... ! 

Klasl;ish Inlet ·--- ...•.. ____ .. To nnchorage under Shelter bland ............. - ·I 
Kil•kino Inlet ..•••• : •••.•.. _. ·j To anchoi-age under Anchorage Island .......•.. ·-'. 
Qnotsmo Sound... ..•... ..... Through the Eastern Entrance to anchorage in J 

, Koprino Barbor. __ ................ ··-- ...... - . ! 
) Through Western Pa•sageto anchoraf!e Jn Koprlno i 
\ Harbor-·-·····-··········-·-···--·-···-·····-·\ I To anchorage in North Harbor ..•..•....•.•.•.•.. ! 

San .Tosef Bsy .......... _ .• __ ·I To anchorage .................. -· ·--- -- ... · · · - · - .! 
(ioletas Channel. ..•.•.. _ .. -···I To anchorage in Bull Harbor ............... -··- •. i, 

To anchorage in 8hnsbartie Bay ...••... ---- ...... ! 
To anchorage in Taknsk IIarbor ... _ ... _ .. - .•• _ ... I 

Throngh Verney Pa1111Uge to anchorage in Schoon- j 

Smith's Sound 

Fitz RughSou~~:::::::::::::: 
ere' Retreat ......................... - . --¥·-- --. i 

To anchorage i.n SafotyC1>ve ..•... ·----- .......... 

1

• 

Hecate l•land...... •.•.•. ... .. To anchorage m Goldstl'eam Harbor ..•....•.. - .• 

To aochorage in Welcome Harbor ..•... ----··--·! 
Milbank Sound ...•...•..••••.. '.!'o anchorage in Saint John Harbor ..•.....•..••. , 

Through Mathieaon Channel to anchorage In Port 
P Blakeney .................................... __ . 

so• 
ao• 

I ' Do. 

Do. 

Do. 
::r: .. :r: 

24* /·--··--i--· ··-···-· 

;,·I : .1 ; 
30• ... T ... --·1Br.A.dmlralty,1&13. 

.. J ...... [ Do. 60* 

60' 
54• 

24• 

311" 
36• 

78' 

48* 

M* 

42* 

1'!* 
24• 

24* 

27* 

00* 

42* 

42* 
oo• 
36* 
42* 

·~· 

::::1:::··::-i:::·--·1 

J : i 

::::\ 
.... 1 ........ ·--

1 I ···--1---···-··-· 

Do. 
Do. 

Do. 

Do. 

Do. 
Do. 
Do. 

Do. 

Do. 

1 .... 
1 
Br.A.dmiralty,18~. 

·::r:: .......... 1 Do. 

··--···-····· .•....•. , Do. 
---1· ....... _ .. _ ... i Br . .Admiralty. !M60 

.::)::·::::::::::::! ~: 
••••••• 1 ••••.•••••••••• ' Br . .Admfralty,18i2. 

I I I 

'-···-:::\:::····· •••••• 

1

Br . .A':.ra!ty,1867-'7u 

·-·I--· 

• i 
--··---.'_--··---·i, 

.... : 

Do. 
Do. 
Do. 

rinclp<> Channel . _..... .••••. To anchorage ln Port Stephens ....• - . --- .....••• -· 

To anchorage in Port Canaveral.................. Si* i 

To llllChoragein Refuge Bay._ .... _ ...••.•..... __ 4.2* 1::: :·::: : :: : : : : :,:: : :: :::I Chatham Sottud .....• ·•·•·. -··· 

Do. 
Do . 
Do. 

Do. 
Do. 
Do. 
Do. 

;:::::::: ::.::.~:~-~~:::::::::::::· ~:· :,. __ ·._·.:.:._·_:_: .. · _:_:_:_::_:_:·:11:_·_.:_·_ .. -_·:_:_ 

Toanohorage In BlcBay ................ --·--·-··1 ... . 
A~ll'!1V!=dJ~~~-~~--!~~.~~~-.~~-£~. so- 1 ............... \ ....... . 

*l!Tot lldllclut clata for tld ... 
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Table of depths, Pac~fic Coast-Continued. 
BRITISH COLUMBIA AND ALASKA. 

Least. water in cban~el. 
i ·--, 

I,imitR between whicli depths are given. Mean. 
Spriu~ tides at : 

m~:~;~rfa~~~~st; --·----· ... .. .... ___ - I 
Lower 1

1 

Hi"h Lower Hi~her. 
low " luw h11(h ; 

water. j water. , wutt'r. water. : 
·----------- ------ -------- - -----

Chatham Sound-Continued ... 1 To anchorage in Pearl Harbor ................... . 
At Ott<>r Anchorage ............................. . 

Feet. 

60* 

96* 

Feet. Feet. Feet. 

I Through Dodd ras•age to anchorage m Port 

________ I~£·~~ ;~~·· ,. on;~"~::~ :t.L __ 
ALASKA. 

---,--~--

:\ 11tJt01 itiPH. 

Br. Admiralty, 1867-'70. 

Do. 

lJo. 

Do. 

D~~;;~TRANC~ (Chan· I Passage th~·~u~;~incoln C~a-;;-n~~~=:~r-- -· 

nels a.nd adjacent Harbors.) Anchorages off Fort Tong: as: I 
· I I. Anchorage in Southeast Entrance .......... i 

71* 

144* 

. -- .. I J:ussi.m Surve;" an~~ 
8 Coast Sur1ey, 1867. 

Do. 

; 2. Approach to :Mid-channel Anchorage ...... i 
I il. At anchorage in Mid-channel. ........... --1 

In entrance to Tlehonsiti Harhor from the we~d,. • 
ward ......... : ........................ ---·····! 

To the anchorage iu Tlehonsiti Harbor .......... [ 
To anchorage in Tlehonsiti Harbor abreast of f 

FortTongas ................................... i 
To anchorage in the Middle Kai-gab-nee Harbor.-) 
To anchorage iu American Bay (Howkan Strait). i 
To anchorage off llowkan Villaae. . . . . . 

j To anchorage in Prisoner's CovtL ....... _ .. _ .. _ 
Portland Canal............... . To anchorage in Naas Bay .................... . 

To anchorage inlccberg£ay ... -------····------! 
To anchorage in Sa.lmou Co'l'e ................... .< 

llevillaglgedo Channel. . .. .. . .. To anchorage in Ward Corn ............. . 
l;larenceStrait .................. Toauchoragt~ in Tam~at1oHarllOr 

To an<>horaize iu Kasa-an Bay. .. ................. ' 

Behm C11nal............... ... .. At anchoraaes in Port Stewart: . 
I 

!. [n entrance to Inner Anchomge ............ i 
2 . .At Inner .Anchorage .. __ .... --- .... __ ..... . 

3. At Onter .Anchorage ...................... ; 
Zimovia. Strait.............. '110 anchorage off Point Highfield ........ _... 1 

To anchorage in Etolin Ilarbor ........•... _ .. . 

24• 
120' 

36* 

36' 

210• 

45* 

6G 

39 
30* 

60• 

48* 

186* 

60' 

n• 
30* 

30' 
3G" 

90• 

[>4* 
48• 

1 Do. 
Do. 

Do. 
Do. 

Du. 

.. 1 Etolin, 1833 • 

·--· ··-· Coast Survey, 1881. 
I Do. 

····· 1 
Etolin, 1833. 

Br . .Admiralty Chart .. 

Do . 

... I 
Vancouver, 1798. 
Coast Survey, 1881. 

I Etolin, 1833. 

... I Coast Survey, 1880. 
I 
I 

Vancouver, 1798. 

I 
Do. 

·· 1 

Do. 
Hr. Admiralty Cl:t:n-t., 

.......... Co"8t Survey, 1869. 

:,umner i:itrait ............. . To anchorage in Port Prot-«ctiou ............ . 96* .. . .. . .. . .. .. Vancouver, 1798. 

Wrangell Strait ............. . At Ilalf Moon Anchontgc ......................... . 30' .. .......... 1 U.S. Ilyrl. Office 

I , Through the Strait from southward to Hood's \ 
Point...... . ....................... ) 

}'mm abreast of Hood's Point through The Nar- : 
rows , ... . ... .... ... . ......•............. ' 

From The N art owa to Ilock Point ................. i 

'.'2t 3i\if 

3lt 
35lt 
35jt 

. : . I Coast ~:rvey, !881. 

............... 1 Do. 
}'rom Rock Point through to Frederick Stmit .... ! 

l"red.,rick Souncl . . . . . . . . • . . . . . To anchorage in W oewodsky Harhor ............ ; 27* 

Tp anchorage in Security !wads ...•............ ·I 72• 
To n.ndwrag:e In Snug Harbor ....... ______ ._ ...... ; 42• 

fite11h<·n• Passage .............. 'Io anchorage in Taku Harbor... . ........... , oo• I To anchorage in J unean Ilarbor (Gastineau Chan- ; 

'.l':~ch~:.;:;e i~ ~'~i~z ~;~~:. :: : ... : . : :: : . ::: . :: : ·I 7~ 
1141 

• _,, 1161 ..... -..••. 
CHATILU4 STRAlll' and To anchorage in Port MalmeMbm·y ............ ···1 72' . _ .. \.... ... .. .. 

Lynn Canal 111 entranee to Alexander l!ay . . . . . . . . • • . . . . ... 

1 

24* ............. · · .. · -; J 

J .At anchorage in Alexander Bay. .. . .. . .. . . .. . . .. i&< .... __ .. . _. __ . 

1 To anchoragp in Port Conclusion ............... · / 42* .. _.. . .• • _- . __ · •. -••. ,

1 
_. -- : .... -. -. _ j

1

1 

j 'l'oancl:torageinShipCove........................ :io• , _ 

llo. 
Zaremba, 1838. 
U.S. Ily<l. Office. 

Th>. 
J)o. 

Cout Survey, 1881. 

Do . 
Vancouver, 1'198· 

Do. 
Do. 
Do. 
Do. 

• Not sutll.cient data for tidea. tAppro::dm.t.e mellll nae md fall pvea. 
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Table of depths, Pacific Coast-Continued. 

AI,ASKA. 

L!laRt water in channel. I 
I 

Places. Limits between wbicb deptbs are given. M~an. -\ ~~~~~~ ~~~:i:t I 
\. __ •• -- .. ····----- 1!_ decli~,~-~~n..:___ 1 Authorities 

I Lower I High I Lower ·1, Hir:her ·1 

\ low wat(lr. ! low lngh ---------1 ~F~~l F~t-[ w;:~~ 'I ~:::· 1------ . 
CHATHAM STRAIT mul InontmnootoPortArmstrong .................. 1 3G* .. ····i ···············! Vanconver,1798. 

Lynn Canal-Cont inn et!. I At anchorage in Port Armstroug ................. I 42• ....... ·I ....... · 1 Do. 

In entranee to &cnrlty nay .....••••...••....... ·I 84 981 I ...... : Coaot Snn·ey, 1881. 
At anchorage In 8oo~rtty Ray ..................... 

1 

72-100 Ol-114t
1 

Do. 

At anehoragn in Wb100 Waoor Bay ..••.••.••...•. 

1 

84 100! I Do. 

At :~c~::;:~:!::~·~-~~~ds·:· .. .. . . . . . 90• .. ...... .. U.S. Hyd. Office 

2. Anchorago off the Village ................. · 1 72' ......... - . . . . . . Do. 
To ancliomge In Linden burg Rnrt1or (Peril Stmit) 114' . . . . . . . . . . . . . . C011At Survey, 1869. 
To anchorage in Schulze Con' (Peril 8trait). - . . . . 42"' ................ \........ U.S. Hytl. Office. 

At Favorite Anchorage (Peril Strait) . . . . . . 18' I Do. 
A.tanchorageinWach11settCov~(Freshwaterllay) 48 -~j-· :::::::: .::::.: Co!UltSnrvey, 1881. 

At anchorage In I'youk-oon Covn~................ 138' . . . . . . . . . . . Coast Survey, 1869. 

To anchorage in Kotoosok Ilarbor.... . . . . . . . . . 42* . _.::::I.::.::: I U. S ~0d. office 

~tt!:e::::.~~-~~~1-1~~~~-~nr~o~~~::::::::.l l~~: ........ ... .... Do 

To anchorage in PavloffHarbor •.....••...•....... \I 90• ................. --. . . . . Do. 

To anchorage in William Henry Bay. . . . . . . . . . . . . . 72' Do. 
To anchorage In Pyramid Island Ilarbor.... ' 102* Do. 

To anchorage in l'ortagf' Ilay. . . . . . . . . . . . . . 54' Do . 
COAST FROM DIXON EN- In Pntmnce to Port Bazan ...... . ........ ........ 1 Telienkoff, 1R49. 

TllANCE TO CAPE SPEN· At Onter Ancborage ............................. . 
CER. 

Pmt Bazan............ . . . . . . . . To Inner Anchorage ............................. . 
Port Bnc11reli...... . . . . . . . To anchorage In Calder Bay ..................... . 

To Rnchorage in Dolores Bay .................... . 
To anchorage In Santacruz Bay .•.••..••.••.••... 

To RDchomgein San Antonio Ray ............... . 

To anch01'8!(e In Asuncion :S,.y .••.••...•...••••.. 
Paffin Bay................. . . . . In enttance .........•................. -. --. -. --· · · 

At ftJlchorage .......•................•...•........ 
Whle B.~y . . . . . . . . . . . . . . . . . . . . In imtra.noo to Close<l Bay ...•.•.......•....• - .•. ·I 

At anchorage in Cl08ed BAy .........•...•........ 
Rprnce hl1>nd Anchorage ...... In entrance .........•.••••............. -- . · -- ·· · 

At the AJ1chomp;e ................•...•........... 
SITKA SOUND: and Anchor- Hot Springs Bay A.ncborage .......•...•......... -

nges. Symontls Bay Anchorage ..................••.... -
1 

At Eaatern Anchorage (Whiting Harbor) •••. · ... ·1 
At Western Anchomgt>(Whlting Harbor) .... ····1 
To anchorage in Cross Ifarbor .................... . 
At anchorage In Jamestown Bay .......••......... ! 
In entrance to Sitka Harbor from wlllltward: I 

1. North of Channel Rook .....•..••.....•...... , 
2. Between Channel Rook a11d Battery Island I 

(Main Channell .•.............•••..........• • 1 

At Outer Anchorage ...••........•......••.....•.• 
Over bar allrMRt of Ilar\>0r Tulantl ............... ·I 
At anchorage olfSitkA ..••..•.•.....•.•.••..... ··j' 
At Government Wharf ..............•..•••..••.... 
At wharf at tlMteMI •'lld of J"aponskl Islan1l .•.... ! 
In eiibw:lcc to Sitka Harbor from oostward: I 

1. Enat of Rocky Patch .....•••.......•....... 
2. West or Rooky Patch .•.••..•.•.•.••.••..... , 

At Outer Anchorage offKntkan Isl1md ..••....... I 

~.:.iN=~~~~n-~~~~~-~~~~'-~.1 

102• 

so• 
42* 

36"' 

00* 

60* 

24" 

4~* 

48* 

100* 
21* 

15* 

21* 
30 

48 

36 

42* 

30-4.2 

51 

Gt 
39 
21 

36-60 

18 

18 

126 

120 
88 

36 

Do. 

Do. 

Canmaoo, 1792. 
no. 
Do. 

Do. 

.•... \ Do. 

:::.:::1 
39t I 
mt 
45t 

39-5lt 

oot 

GOt . ·······1 ·· 
48t ..•..... 

sot ....... ·I · ... . 
45-69t 1--······1· ...... . 

2'1t .••......••..... 

RnsRian-Amer.Co.,1R49. 

no. 
Telienkoft; 1849. 

llo. 
Ohl U.n~Rinn Chart. 

Do. 

Do. 

Coa~t Survey, 1881. 

Do. 

Do. 
Tebenkoff, 1Sl9. 
Coast, Survey, 1881. 

Do. 

Do. 
Do. 
Do. 
Do. 

Do. 
IJQ. 

Do. 

Do. 
:uo. 

1:: :::::::r:·:::·
1 

1:: ,:::::::·\:::::::: 
45 t L. ..... .i.. ...... I no. 

•Not auAlaient datAI for tide&. t Approximate 1De11J1 rtee and fall glvau. 
S.Ex.29--30 

i Surveyed by Commander :Beardslee, U. S. N. 
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Table of depths, I'aeijic Coa11t-Continued. 

Places 

SITKA SOUND; awl Anchor· 
n~f'~-Con1 innC"tl. 

ALASKA. 

Limit:-1 hf'tW<'f'Il which dApths a.re gi\"en. 

At the usual anchorage off Sitka.----.--··-· .•••.• 
In entrance to Sitka Harbor through the Middle 

Chnnnel. ·-. -· ···---. _____ .. --- .. _ .. ---- __ ·---. _. 

'l.'o anchorage in Hunting Bay ---·· .... -- ....... . 
In emmnce to Harbor on KrnzofflBIRDd ....... -··' 
At anchorai:A in Harbor on Kmzoft' Island . -.. -

To anchorage iu Port :Mary ..... -----· ·----···-· 
To anchorage in Kalinina Bay .. __ ... -..... - ... - . 

To anchoraire in Ilina Bay .... _ .. - - .... --- . - .. - .. . 
Croqq Sonnd nml Icy Strait . . . To n.uchorage in Swanson's Harbor ...... _ ....... . 

To anchora~A in Sp&Ak.n.ia Ray ................... . 

'l.'o anchorag" in Hoonynh Harlior . -- ........ -· - ·-
To anchoragfl in Willoughby Cove ... - -- . - - .... - .. 
To.anchorage in Grtlnite Cove ................ - - .. 

i 'l.'o anclrnrage in Port Althorp .. -· ---- -- ·-- - .• - ... 
COAST FlWM CAPE SPEN- In entrance to LituyaBay ···-···----- --·---·--··· 

Clm TO PP.INCE WIL· At nnrhora~P off ARtronomical Station ..••....•.. 
LIAM ~OCJNll. i 1Jy1tlw hny to CmlO!.aph IRlaml ................. . 

I l'aR•age fo w~stward of Cenotaph Island ....... . 

Ynk111a1 Bay ··-- ............... In entrance to Port Mnli:rave .................... . 
. Atthcancl1orage ................................ . 

In ontranco to New ltuseia Harl>Or .•.•••.•....... 
: Attheancltomg.- ................................ . 

At the anchorage uucler western sille of tlrn Island· 1 
1 'l'o anC'ho~agp, in I>ort E_tch~s ..... - . -·. -...... - - - .. 

Over liar mto Constantmo Harbor .••............. 

Mitltlleton l•l<m<l ............ . 

PrinN" \Villiam Sonml ( H!lr-

ho" arnl A nrhomge8). 
To tho anchorage, from iuRide the har ...• -....... . 
To th(>. anchorage in Harden Cove...... . . . . . . . . . . 

To the ancl1m agp. iu Snng Cornr,r Cove .......... . 
To the auehornge in Chalmers Harhor ........... . 

Cool<• fo\et (IlarborR nn<l An- To anchOI'QI(<' in l'ort Chatham ................. . 

choragN:i). To anchora~es in Port G-raham: 
J. In Coal llay ........................... . 

2. In mi<ldle of Engli•h Harbor .. _ ........ . 

3. At head of .English Harbor ................ . 
To anchorage in Cheeloknu Bay .......... _ ..... . 

Kachekmak Bay: 
1. To nnchomge in KahRitsunb Briy .......... . 
2. At anchorage nuder Coal Point .... - ....... . 

To anchorage !11 U irolnoi llay ........... . 
To n.nchorage off Fort Kenar ........ . 

Kruliak IRiand aml Harbors.. To nnchomge in month of Afognak Hiver 
In entrance to Brick·yar<l Harbor ............ . 
At. anchorage in Brick-yard Harbor . _... . ..... . 

Entrance to Saint. l'aul Harbor: 
1. Through tlte North Cbamml ........•.... _ .. 
2. l3y the South Chann<'I . _ .... _ ............. . 

At Outer Anchorage offChngafka Cove •.....•.. 
At anchorage at. entrance to Inner Harbor ..... . 
At Inner Anchorage off the Village .......... _ .. . 
To Inner Anchorage ...• __ .................... _ .. . 

At RDchorage in Wint.er Harbor ... _ ......•....... 
To anchorage ia Middle Bay ..................... . 
Kalsinskla Gulf, o.ncliomge In .......•...•••.... :. 
To anchorage in U gal< Bay ....................... . 

•Not 111111lclent data f.or tldee. t Appromnate mean riile and fall given. 

J,ea~t wa.t.er in chanm~l 
------~-~-

Menn. 
II Spring tides at 
moon 'e ~re_ateet. 

A ntl10ritif18. 

Poet. 

36 

36* 

120• 

42* 
90• 

36* 

24* 
54* 

36* 

24* 

60* 

48* 
108* 

72* 
~ 

30 

90* 

120* 

42 

57 

36' 
18' 

66* 

36* 

15* 
18* 

30* 

42* 
54* 
60* 

78' 

72" 

42' 

!12* 
36* 

48* 

fi* 

72 
18* 

66' 

132* 

96* 

78* 

M• 
36* 

ao• 
24• 

30• 

72' 
210* 

I 
declination. 

High Lower : Higher 
wateF. I low : high 

I water. water. 
I 

Peet. I Feet. i Put. 

4li1 

451 

................ 1 ....... . 

········!········ 

1:::::::· ·:::::: 1:::·:::: 

I F 
Ii 
I :: -l _ 

501 

6.'it 

········1·· ...... 
·····!······· 

.•..... I .• ~ 
1······· 

CoMt Survey, IR8l 

Do. 

Rus•ian Adm. Chati• 
Do. 
Do. 

Do. 

Do. 

Oltl Rm!llian Cliar1 
U. S. Hytl. Offic•·· 
Bulnwtt'. 
Lieut. SymontlR, F.S ]'; 

U. 8. ll~·d. Otfi1•1·. 

CoMt Survey, H~~o 

Do. 

Coast SurvPy, 1874 

Do. 
L1> Porou..,,. 

Do. 

CroAt. SnrvP). 1~74 

Do. 
OltlRnSRi<t11Cl11nt. 

Do. 
Coast Survey, 1R7 4. 

Britisl1 .Adm. Ch"rt> 
Do. 
Do. 

Do. 

Cook, 1778. 
Vanconvl'=t\ 179.R, 

Do. 

I ' R•1s0 • S11rve.~·s & ('on.~ 1 

f .. :::: I S1;rv;~.' 1880 

............ 1 ........ 1 

·-· I ···! 
.::·:::l::::::J::::::.\ 
·-······:·······J:::::::i 

····.······· l::: .. ::·i 

Do. 
Do. 

Do. 

Do. 
W. U. T.,J. (Jo'•· Rxp 

Tebenkojf, J!'l!l. 
RnAAian A<lm. C~linrt 
Old Rnsoian Clrn.rt. XV I 

Do. 1········,···· ... 

::::::::i::::::::j:::::::: Const:~\'ey. l~i4 
- ·1 > : -1 ffid:··~·"' 
:+: : : 

·······-'······-.1.---····I RQuianA.dm.Ch&rl• 
tllurveyed by Commut1eT ~·U.S. N. 
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I 

Places. 

I 

Table of deptlti;, PacUic Cuai;t-Coutiuuetl. 

ALA8KA. 

Limits between which depths aw given. 

Least water in channel. 

Mean 
f.:.pringti<le1·rnt ' 
mouu·H~I'~akHt, 

declination. 

I~ower i lli"h 1 Luw<>r ! Higlu-·r 
1 

low : water. 1 low lnµ;h 

.Au tho riti~s. 

------1---------
, water. ! i water. , water. 

Feet. 
48' 
84' 

36• 

16:.!* 
:m 

Feet. Feet. Feet. 
liatliak ldau•l "'"! Harbor•-' To auchoragc in Kiliuda llay ...... . 

Couliuuul 

Clrn ikuil faiatttl <Dhuma.giu 

(hoUlJ) 

Little Koniush1 ls1arnl. 

At auchorago in Bay of Three 8aint8 ........ __ . 

: Ju entrance to llay of Thrtl!• Sai11Ll .......... . 
; Toanchora.gciu Uyak Bay ...... ----- ..... . 
: To Southwest ...Anchorage - .... . 
I 

. i At anchorage in Y ukou Harbor .......... . 

! At anchvragt• in Northwest Haruor .............. ; 
, At 1u1chura!{e in Northeast Harbor ............ _ .. 

·I In cntralice to Simeonoff Harbor ............... . 24* 

[ At anuhot-a.go ill Simeonoff Harbor . _ ..... _ ..... . 
N a~a1 blaml anti liar born ...... ~ ln entrance to J;'almouth Harllor ••••••.•.••...•. 

18* 

06' 
I At anchorage in Falmouth Harbor ............ . 42* 

I In entrance to Eaglo Harbor ................... .. 24"' 
j At anchorage in Eagle Harbor .................. . 42"' 
At anchorage in Sanlturn Harbor. ....... , ......... ; 
In entranco t-0 Poq1oise Harbor. . . . . . . . . . . . . . . .•.. 
At anchorage in Porpoise Harbor ...... . 

lin;a lal&IJ([ am! Rarbu1·11...... To anchorage in Delaroff Harbor ................. · 

78 

9 

~4 

18' 
4,j 

42 

48• 

J6* 

~auuakh Islauda ...... ~, ......•. 
ALIASKA P.ENINSTJLA and 

Harbors. 

Aknt:lll lslant! 

DXALASH.lU i~LUI;~~ 
Harbo1·o. 

To oochoragn in Humboldt H:trbor ............ . 
Through Popoff Strait to Korovin Strait ........ . 
Through ZachareJ!'skaia Bay to Coal Harbo1· ..... . 
To anchorage iu ZachareffHkaia Day ..... . 

In entrance to Coal Harbor: 
J. North of Round Island ...................... ' 
2. South of Round Island ....... . ··········I 

At anchorage in Cod Harbor·-·---. ! 
Through Unga Strait ............................ I 
At anchorage in Portage Bay ............. - ... - .. -I 
In on trance to Ueave-r Ila;y . _. . . . . .....•.. _ ....... 11 

At anchorage in Beaver Bay ...................... ! 
At anchorage in Achork Harbor .....•...•...... --1 
Atanch'lrage in Coal Bay ........................ i 
At anchorage in Chil(nik Bay .................... ' 

At anchorage on NE. side of Chi...,hi Island ...... · 

.A.tanchorageinKukakllay .................. . 
At anohorage in Katmai Bay 

4~ 

27 

36 

240* 

i2* 
48' 

78* 

~4* 

42* 
42* 

48* 
6()• 

48* 

At anchorage in Port Wrangell ..........•...••.•. , 54* 
AtanchorageinKupreanoffHarbor ............. : 84• 

At anchor .. ge in BeJk.,ffski Bay ........•........ · I 120* 

At onter anchorage in Bailey's Harbor. ____ ....... ! 60* 

At inner anchorage iii Bailey's Harbor .........•. ·I 42* 
At ancho1'age between Deer and Fox Islands ..... i 36* 
In entrance to Morzhoo·d Bay . . . . . . . . . . .. . . . . . • . • oo• 

In entrance to l11Sannakh Stmit ..... _ ............ i 105* 
At anchorage in Saint Catherine's Cove ........•.. \ 
To anchorage in Ohin-C1la.n .Bay .................. - - - -: 

At ancboi·a.ge in Dutch Harbor....... -----·/ 
Iu entrance to Iliuliuk Harbor: : 

1. 'fhrougb the North Cilannel ............... i 
2. Through the South Chann~l ..•..•......... ! 

At an<lhorage '.u l~u~uk Outer Harbor .. -• - -... - ·!I 
At anchomge w Illuliuk Inner Harbor ........•. 

~: :;;:~:i:::~t-~~~-~~ -~~-~~~i~-~ _i_s_~~:/ 

24• 
54* 

102* 

llli 
ao 
84 
60 
all 
7t 

60 

441 

821 
131 

281 

Um:1~iau Adm. Chai lH 

1 Olcl Htt:s81an Chait. 

Ho. 

.. , .... i . i l't~Ounkoif1 18!!1. 

I I 

Coast Sll!\'l"\ IM7o 

... .... ... Ilo . 
·I Do. 
I CuaMt Sun·t•y, lOi:.: 

I Du. 
. __ .. , . Do. 

I· 
I 
I····· 
I 
1--·· 
I 
I···· ·I 
I I 

Do. 

Do. 

Do. 

Do. 
Do. 
Do. 

I i 

I 
Do. 

.... ::: .:: .. I Ru111n.m Ath1111.!llJ 
.... , ..... I Coast Sun·<',\. 187~ 

..... --··! Do. 

-······ ....... i 
46t ............... 1 Do. 

····-·· ....... i Do. 

! Do. 

3lt 

401 

, · · --· · -· · · · · · -- I U.ns8ian 8un1eyr;, 

· ·· ..•. l. ···· ········ ... I Do. . 
....... l. ............... \ 

........ j ............... ! 
Do . 

Do. 
........ 1. ............... i Do. 

I . ....... ., ............... ! Do. 

· · · · · · .. i. · · · -· · · ·· .. ·--·I Coa8t 8urvt•y lli74 

i·::::::"j.:::···· ···: .... i Vasili~;.· I~:. 
· . - .

1 

Uussfan Admiral t _, .. 

! Vasi1it.~ff, 183~. 
···· ·•· · •·· .. 1· ... I Voronkolli,1ki, lli:!7. ............... ······--1 CoaKtSurv.,y,1880. 
--·---- ·····--· ·--· ·-· U.S. Ucv.Marhu·, 187!) 
....................... , Do. 

· · · · · · .. · · · · · · · · --1 Uu•sian Surve_vs. 
-···--· ·-·-··- -·-··--·

1 Do . ............... ·-···-··I Do. 

···::::/::::: 
I 

2361 I·--·. 
34f , ... .. 

881 1 ·· ... . 

Mt 

1 

......... . 
4:H .. ··- --·· 
116' 
Mt i ..... .. 

Do. 

Tebeukofl; 18W. 

<Joa.at Survc.v, 18/·j 

Co:lllt tim·ny. l!i7t-·n 
Do. 

Do. 

Do. 
Do. 
Do. 

CoaMt Survoy, 187:!. . , Jn entrance to Port Levaahelf ..•..••.•••••••.••••. 
' Not •Ulll.cient data for tidea. t Approximate mean rise and fall itiven. 
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Places. 

Table of depths, Pacific Coast-Continued. 

ALASKA. 

Limit~ lu1twcen which depths are given. 

Luast water in channel • 

.. ---- - -1 Spring tides at 
Moan. 1 moon'" greatest 

1 
declination. 

i J:;,;;;;· High :
1

•· Lo
1
wcr 1· Ili4ther 

I low water. I ow . high 

Authorities. 

I waoor. water. I wat.cr. 

CTNALASllK~~:::N~-a-n_d_ Pa~::~.,~=n~li:k Harbor to-l-'o_r_t_Lc_v_ai;_h_e_ft_.-.1 F;;i-. -F::·: .. ~~'.·. ! .. ~~·- ~-o-as_t_S_m_·vey, 1S72. 

Haroors-G-Ontinued. Atanclwragc inPortLcva•beff .................. ! 00 40t :--- ..... !........ Do. 

Arulia Island ..... 

Atka blanc! and Harbors 

At aJ.J.chu1·agc umh.i1· Eider Point. --- -- . -- . - - --- - . -I 126* .••.•• --·· ---- - . ·1 ··· ..... Uoaat Survey, 1874. 
To nnchorugc in Makusbin Bay................... 36' ....... J ............. 8arfohett; 1792. 

s:0~:::~~~::~rEt;::::::::::::::::: 1~!: :_:_:_._:.:_:_:.1

1 

•. _::_:_·_.:_:_:_-_1:_~_:_:_:_:_:_:_ :: 

In entrance to Kuliliak Bay .. . . .. .. .. .. .. . • . . .. • 66* Do, 
.'\.tanchoragcioKuliliakBay .................... 36* ........ ........ ........ Do. 
At anohorago in U<lamat Bay ...•.• ...••. .. ..•••. 54* 

At anchorage in Ugalek Bay...................... 84* 

At anchorage lu Udaga.k Strait ....... --- .. . . . .. . . 102* 
To anchorage in Klsaelco Bay . - . . . . . . . . . . . . . . . . . . •q• 
To a.uchorage in Kn-ka-kaleu Bay ............. --· 138* 
To anchorage in Agamgnk Bay ...........•.... - . 

. In entrance to Samganuda Bay ... ___ ............ . 
At anchorage lu Sa.mganuda Bay ..••••....•...•.. 
Io entrance to Sviechnikoff Har\Jor ..•••.......... 
At the anchorage ............................. ·-·· 
Tu anchorage in Nazan Bay .................. - ... 
To inner anchorage in Kol'Ovlnski llay .•••....•.•. 
To outer anchorage in Korovinski Ba.y ........... . 

Do. 
Do. 
Do. 
Do. 

Do. 
Do. 

Cook, 1778. 
Do. 

Tebenkoff, 1849. 
Do. 
Do. 
Do. 
Do. 

Do. 
Do. 

I 

To anchorage lu Sandy Ba.y ...•.................. 
To anchorage in Saranna Bay .......•••......•.. 

Ad~kh l.;laud aud llarbm·" In Northern Eotrancu to Bay of Islands ..... 

30* 
120• 

42* 

108* 
48* 
72• 

o• 
66' 
36' 
18* 
30* 
54* 
96* 

84* 

42* 
oo• 

i:: :: : : : :J:: ::: :: . Coast :_rvey, 1873. 
(Aleutiaus). Ju Nurt.bwestcm Eutra.ooo to Bay of Islands ... . 

Amd1itka h;laml (Afeutiana). 

AJt.u Island . . . . . . . . . . . .. . . .. 

Iu Western Entrance to Bay of Islands .......... . 
At anchorage in llay of Islands.---·-· ........... . 

, At anchorage in llay of W a.oort'alls ............••.. 

I 
At, anchorage in Tanaga Ba.y . .. . . . .. . _ ......... . 
At a.ncbora~e in Constantine Harbor ............ . 

To anchorage in Massacre Ilaroor . _ ............. . 
Over llar in Chichagoff Entrance ..• _.. . .. _ .... . 
At tho anchorage in Chichagoff HMbor .......... . 

In ontranoo to Port Moller ....................... . 
At anchorage in Port Moller .............•..•.... 

48-66* 
12* 

:::::::::::::::r:::::: : 
................ 

1 

....... VU. S. Pac. Sur.Ex.,1855. 
. . _ ............. 

1

. . . . . . . . Sa.richeft; 1792. 

. . . . • . .. .. . .. . . . . . . . . . . Coast Survey, 1873. 

.........•••............. Bielle1f. 

. . . . •• . . . . . . . . . . . ••• • . . . U.S. Pac. Sur. Ex., 1855. 

·-···-·· ....•••. ........ Do. 
Ruseian S11rveys. 

Do. 
Grm1t Kysk:dsland (Alcuthl.l!il) To anchorage In Kyska llarwr ................. . 

196* 
:JO" 

54* 
60* 

36 

436 
12* 
24* 

12* 

406 t . . . • • . . . .. . . . . . . Coeat Survey, 1873. 

To anchorage on southern shore of ha1·1Jor ....... . 481 ........ ........ Do. 
llri•tol Bas and Hai·bors (Iler- To anchorage in Mouth of Ugazhak River ...••... 

ing 8tl>•). To anchorage in Mouth of Ugiagik River ..•....• 
To anc.horage In Mo11th of Naknek lUvor ........ . 
To anchorage In N ushegak Rivor, one milo from 

Fort Alexander . . . . . . . • . . • • . ....•...•. _ ..... _ .. 12* 
Kulukak Eay (Bering 8ea) .•.. To anchorage in bay.............................. 18* ••••• .....••. . •.. 

1.'oanchomge W.ofllagenmeiskr Islantl..... .. .. 48* : •...• :: .•••••• r:: ... . 
Pdhilofflslands .............. At anchorage In Southwll!!t Bay (Sa.intOeorgo)... 00* .••••••• 

1 

........ 

1 

........ . 
At anehorago in Gar<lcn Cove (Sa.int George) .. _. 54• 

AtN<>rthorn A~choragc (8aintGcor11:c)........... 102* ::::::::1::::::::,:::::::: 
At anchorage W. of Ueof Point (Sa.int Paul) .. .•.. 42• .-.·.·.·.·.· •.•. 

1 

... ·.-.-.·.·.·.·i···· .·.-.·.·.·.· 
At anchorage E. of Roof Point (Saint Pa.ul) ..•••• · 1 48* 
At anchorage S. of Sea-lion Polut (Saint Paul) .. _. 48* 

Atanchorago w. of Northea1itPoint (Sa.Int l'a.ul) I 30* :::::: :: ,:::::::r :::::: 
Good Now• Bay (east coast. Inentrsnootoba.y ......••••••...•••..•..•..... · j 21* l·······-!-·······J········ 

BeringSoo). Attheancborage................................. 12* •••..•. ! •••••••• 1 •••••••• 

Tebeukoft; 1849. 

Do. 
Do. 

Bryant, 18611. 
Tebenkoif, 1849. 

Do. 
Coaat Survey, 187t. 

Do. 
Do. 
Do. 
Do. 
Do. 

Do-
TebenkoC 18'9· 

Do. 

• Not sulliclent data for tides. I Appro11.Jnate mean riM and ii.n pvea. 
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Table of deptlix, J>crcijic cind Arctic Coasts. 

ALASKA AND .A.;-;IA. 

Places. Limits between which de11tlrn at\• giveu. 

Lea.Mt water ll1 charmel. 

.Moun. 
8pl'iug tidcH at 

lJIOOU'H J:.,'1'(•.ak.st 
' <lccliuatiou. Aulhorilit·o 

Lower I llitih 

w~~l'. i water. 

Lower lJi~lu:r 
low !ugh 

wat{,'r. water. 1 

Nuuivak blaml (ea-st coat.it i Ataucho1"1geu11llerUapeEt.o1iu ........... . 

lieriu~ :SCa). At anel10rago N. of Capt\ Va-!iilieff .. _ ......... . 

At auchoragu E. of Cave lguaticff ........ _ .. . 
tiai11t 1Hatthow !~land (Bel'ing At anchorage southwotit of Ca1w Upri~ht 1~8' 

Sea). 

Hall folaml ......... __ .. __ .... . 
At anchorap;e northwest of Cape Upright. 

.A.t anchorage south11l1St of North Capo .... JW 

Norlou boumlaw1Harliorn (east To anuhora~c oa..stof::)towart Islaml. .. . . . . . .. ll:I"' 

cua1:1t Jkring' Sea). 'l'oanchura!!utt.broaat of Fort Saint Michaels .•.•.. 1 18" 

I 
To oncbomgc in Golofnin Ilay .. --- .............. ·i 42' 
To anchoruge coot of Aziak or Sledge I.land ... _ .. ; 18' 

Po1t ('lat'('IHW (Ul'l'iug 8tm.it) .. To anchorage iuPortClarcnce .................... : ao-4~' 

Peet. 1 

' Coai:;t, 8urvt'.\', lb7·t 

: Toucukuft: 1819. 

Du. 
If.<;. N., U. ii. I«·,._ M:u 

18741..\:.Uoa....,tt;m .,!MU 

l>u . 
t:. 8. N., lI. ti. l~eVt UW' 

Mari11t·, lh7·L 

'[\·ht;nkofl: HWJ 

Do. 
JJo. 
lJo. 

PACIFIC AND ARCTIC COASTS OF ALASKA AND ASIA. 
-~---·- ----~- --- ---------------- -·----···--·-

Gtaull<'Yllarbor (Bering 8trait)\ In 1mtranoo to harbor .. - .. -- ......... -· - - -- . . - ·I 1:ir ' 
At tho anchorago ........................ __ ...... 

1 
18* 

lktll'·hy. 18~7. 

llo. 

!Jo. 

Do. 

Kotwlitw 8ound{Arctio Ocean)\ To anchorJ.g<1 uudor ChawisHO Island .... -- ....... [ 3o~-

I To anchorage under Uhoriri Peninsula . . . . • . . . . . ! iJO* 
l'urnt llopll (Arctic Coast) ... _ .

1 

At anchorage to tho B<•Uthw>ml of tho l'olut. _ _ _ 51' 

At anchorage to tlie uort!Jwanl of the Point . . . .. 54* 
Cal"' Li•lmrno (Awtic Coast) .. I At anchorago to tho C"8tw:ml of tho Capo 
l'oiut Barrow tArotic Coast). At anchorage under the roint, ............. . 

l'ott Moo«' IArdic Coast). In entranco to Port Moore.... . ..... --... -. - - -
At the anchorJMle ... -- .... - ................ .. 

-----------

36' 

43• 
15* 

I Btiti'h Atlwitall y 

Do. 

·----·· i 

Do. 
l>o. 

Do. 

i==~=---~: __ -
E.aSTERN COAST OF ASIA. 

--------------

8ai11t. J,aw1·ence Bay (lleri.ng 
Strait). 

J\l,·ehigme Bay (Bering Strait.) 

bt·uia due Strait ... _ .. _ ...... . 

Pu1t 111ovitlence ...... . 

In entranoo to tho bay .... --·.... · -----·---1 
.A.t thn llJlchorage Lehlud J,utke Island ........... . 
At tho anchor:;go noar Mitldfo of nay .. -. . . . ..... : 
At tho anchorage nt IIcad of Bay ................ 

1 

Jn entrance to tho bay------ ...... ·--- -· - - .... --1 
At the anchorago ...... ------- ...... ---- ... .. ' 
To anchorage iu lmtmauoff lfarbor 
To anchorage at ]mad of Aln·a Ilay ...... . 
To anchorage in Penk~gu Ilay ......... _ .. . 
To anchorage iu A bolccbeff llay ......... . 
To anc1.oragc in Olazi·na111J llarbor ...••........ 

At a.uchorago In Plover llay ----·· ...... .. 
At anchorage In Slavianka !Iarl.>or ........ _ ..... . 
.A.t anchorage iu Emma Ilarbor _ ..... . 

To anohorago at houd of Cache llay ......... . 
To anchorage In Snug llarbor ... - .. . . . . . . . .. . . .. . 

00* 

7:!* 
30* 

18* 

5t* 

36* 
'27* 

36* 
00* 

lH* 
1os• 
78* 
45* 
24* 
42* 

--1·----
::j·:::::· 

__ , 

U. 8. 11~·<110~. Ofllcc. 
Onatscvich, lo77. 

Ho, 

Do. 
l't•henkoff, 18~tl. 

Jiu. 

Ii U. s. n~·tlrog OflitT 

llo . 

. ::::r::::. ------1 Lutko,18~~. 
...... _']' _____ . -------- lT. ':>. llsdro~. ottic ... 

··----·--'-----· .. , Do. 
1------·· ----··· ·i Ouatsevich, 1877. 
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•Not anfficitlllt data for tides. 
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APPENDIX No. 8. 

THE ESTUARY OF THE DELAWARE. 

A report by HENRY MITCJ-IELL, AsRistant. 

In a report made in March, 1881, which was publisJ1ed as Appendix No. 1.3 of t11e Annual 
Report of the Coast and Geodetic SurYey for 1879, I called your att..ention to three rules which 
answer well for over (i() miles of the Delaware below League Island. These ruleR are: 

" 1st. Tl1e tramwerse section is directly proportional to the discharge. 
"3d. The width is proportional to the discharge. 
"3d. The mean-depth is the same in all sections." 
These rules were based upon surveys made forty years ago, and I dared not, therefore, employ 

the data except in large groups, not only because I doubted the accuracy of the field-work, hut 

alRo because the soundings did not cover the ground uniforml,y, so that discrepancies were foun<l 
to exist among smaller groups. 

I have now in my hands the portion of the new survey from Philadelphia to a point !i2 miles 
below. This portion I shall call the estuary for distinction, because below this we come. upon a. 
Rubmerged delta where the stream splits into numerous channels not unlike the passes of the 
MissisRippi, or more like those of the Ganges after its issue upon the Bay of Bengal. 

In my earlier work my data were grouped for reaches of 5 miles each, but in my work upon the 
new survey I have increased the number of my groups by diminishing the distance covered by each 
group to one 'nautical mile. This I have done at some risk of discorcl arising from bend e.ffect,s. The 
hernls in the course of a stream flowing through alluvium '?ause deepening at the apices and corre
Apondiug shoaling at reversions. This was founU to be true in the Lower Mississi1lpi, hoth as regardA 
mean-depth and channel-depth. The widths are also similarly affected. In order, therefore, to 
obtain the broadest. view of the river'R dimensions, each group of data should be large enough to 
i11cl111le at least one bend and one inflection, or equal multiples of similar bernfa and infledions. 
Practically tl1is can only be realized in large groups, where inequalities_ of reverse curvatures t1is. 
appear. 

Nevertheless, with this new snrvey in my hands, as perfect in its details as I could ask, I have 
felt that I could afford to Jet occasional contradictions go uncauoolled, rather than lose the benefit 
of mtml>er in evidence. 

At the close of tbis report the compiled data are furnished for the estuary of the Delaware 
from 734 cross sections with widths varying from 1 to 5 mileR and including many thousand sound
ings. It was a vast work to compile accurat;ely so many measures of width and depth, and compute 
the area of every section separately; but happily you had assigned for tl1is work one whmm long 
experience as Assistant, upon the Coast ancl Geodetic Survey rendere<l him a judge and an expert 
in such matters. Mr. ,J. A. Sullivan, the person t.o whom I refer, has Reen no occa.~ion to r~ject anr 
ohserved data, and he has, at my request, prefaced his tables l•Y note!'! upon his method, which 
ma.terially add to the strength of the testimony. These notes and a stat;ement of the data con
sulted appear at the end of this paper. 

In a ta.ble and diagram that immediat.ely follow I repro<lnce some of the data to which I llaYe 
referred, and add some computed curves generalizing the results. 
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Estuary of Ow Delaioarc, half-tide dimensions. 

i llist.~nce ---------~---Moan-width. ·1 Moo.n-nroo of section. 

i in nauti- 1 ObRorvod ------!-------·---
1 cal milflA '.mmm-dnpth 
:r~'!'11rort i~ feet. Ohscrvccl 10. Jx• + Observed. 188x' + 
I L! ,

1 
~ n . feet. fi, 100. Rqnaro foot, 95,000. 

i 1g" ; 
i ---- ------- --------~-

1 • 18 5,300 

2 19.4 5, 000 

17. 0 5,400 

16. 7 5, 000 
r. 19. 6 5,000 

6 19. 5 6,400 

7 20. l 5, 300 

8 18. 5 6,500 

!I 23. () 5, 200 

10 Hl. 8 5, 900 

11 10. 6 6, 200 

12 20.1 6, 400 

Ja 20.R (), 400 

14 20. 1 7,000 

lf"• 20. s G, 700 

16 19. 7 7, 700 

17 16_ 7 9, 900 

18 17.1 n, MO 

19 24. 1 6, 000 

20 21. 7 7, 200 

21 20. :11 8,600 

22 21. or. 8, 700 

2:J 22. 31 8, 700 

24 l'I. 22 11, 2110 

25 15. 85 14, f,00 

26 14.M 15, !JOO 

27 15. 78 13, 400 

28 10. 51 13, 900 

29 lfi 95 1:\!JOO 

:10 20. 92 11, 300 

31 21. 18 11, 700 

3'~ 21. 88 12, JOO 

:J3 18. Ot 16,llOO 

34 16. 28 19, 000 

35 17. 20 JS, 800 

36 18.86 16, 800 

37 18.94 17, 500 

38 18.2R 19, 700 

~!I 17. 59 21, 700 

40 17. f>O 22, 700 

41 17. 98 23, 200 

42 19. 30 23,400 

43 17.65 25,400 

44 l!l. 42 23,600 

45 20.17 23, 000 

46 19. 17 25, 700 

47 17. 72 --·-···-·-
48 19.32 ............. 
49 20.57 ·····-----
50 20.25 .............. 
51 18.00 ······-··· 
52 17. 62 ··-· --··· 

5, 100 
5, 100 

5,200 

5, 300 

!)) 400 

fl,fiOO 

fi,600 

5, 700 

5, 900 

G, 100 
6,300 

G,600 

G,800 

7, 100 
7, 400 

7, 700 

8, 000 

8,400 

8, 700 
9, 100 

9, fh)() 

10, 000 

10, 400 

10, 900 

11, 400 

11, 900 
12, r,oo 

13, 000 

13, 600 

14,200 

14,800 

lfi, 400 

16, 100 

16, 800 

17,500 
18, 200 

I 18, 000 

19, 700 

20, 500 

21, 300 
22, 100 

22, 900 

I 23, 800 
24, 700 

25, 600 

26, 500 

-·-·-···--
........... 
........... 
.............. 
............. 
.............. 

95, 400 

07, 000 

91. 800 

98, 500 

98, 000 

124, 000 
100, 500 

120, 200 

119. 600 

116, 800 
121,f>OO 

128, 600 

133, 100 

140, 700 
1:19, 400 

UJ1 1 800 

165, 000 

162, 000 
144, 000 
lfXJ, 000 

175, 000 

183, 000 

194, 000 

2lfi,OOO 

231, 000 

232, 000 
211, 000 

230, 000 

247, 000 

236, 000 

248, 000 
264, 000 

302, 000 
325,000 

322, 000 

317, 000 

332, 000 

360, 000 

381, 000 

398, 000 
417, 000 

452, 000 

449, 000 

458, 000 

464, 000 

400, 000 

··-····-----
.............. 
............ 
............. 
........... 

................ 

95, 000 
95,000 

96,000 

98, 000 

100, 000 

102,000 

104, 000 

106, 000 

109, 000 

114, 000 
118, 000 

121, 000 

127, 000 

132, 000 
137, 000 
143,1)00 

149, 000 
lf>6, 000 
163,000 

170, 000 

178, 000 

186, 000 
194, 000 

205, 000 

213, 000 
222, 000 

232, 000 

242, 000 
253, 000 

2G4, 000 

276, 000 
288, 000 

300, 000 

312,000 

325, 000 

339, 000 

352, 000 

366, 000 

381, 000 

396, 000 

411, 000 

427,000 

443,000 

459,000 

476, 000 

493, 000 

............. 
··-·-··-···· 
............ 
············ 
.............. 
................. 

! 

I 

The point of grc,•test interest and physical importance is the constancy of mean-depth. In the 
firRt fignro of tho cli:-tgram (p. 241 ), which repre,scnts the mean-depth for ea.ch nautical mile, any 
one must admit, I think, that. a horizontal straight line best represents the generalized result, there 
being no order of recurrence in the fluctuations above and below. 



 

UNITED ST.A.TES CO.A.ST .A.ND GEODETIC SUI{VEY. 241 

These fluctuations in the mean-depth are mostly due to inequalities in the nature of the soil. 
At Deep-water Point (nineteenth mile of our fable), for instance, gravel and stones brought down 
by the ice, perhaps, have held the bank against the stream, while in other places the soft banks 
have sloughed away under the action of waves. These peculiar sections might have been rejected 
as anomalous, but I have preferred to accept all the testimony precisely as furuislrnd by the rmr
veyors, letting the stony points and sloughing banks offset each other, which they do very well. 
Some of the smaller fluctuations are, no doubt, due to uucancellc<l bend effects. The graml meau . ' including all the soundings for 46 nautical miles, is 18.64 feet. 

DISTANCES FROM FORT MIFFLIN IN NAUTICAL MILES. 

fEET 1-+-1-H-H 

9 H-++-t-t--+-+~-t-H-+-'--t-+-+-+-+-ic'f".-..~~.,_,..~""t-'--+-'\-'-'"'t-'--i-i---+,--c-1-t-i-'--t--:-+-i-c----'-l 

29 ,_.._......,....,-;--;-+-r-,-+-;-;--r-++-.--+-+--'-<~~ ......... ~~-+--,~~-~~--+~~~,__,___..--.___, 

FEET 

].0000 
1-t-++-t-+-+-+~~-t-+-+++-,-+·-H~H-+-+~ 

F'ULL LINES = OBSERVED DATA. 
DOTTED LINES = COMPUTED CURVES. 

l,00000 

'I'he width of the estuary must, however, be regarded as the independent variable of our table, 
and for this reason the equation of a curve which should sweep out its irregularities has been 
sought with a view to using it as a factor in generalizing the variations of sectional areas. Hap· 
pily a ~ery simple expression was found to answer, viz : the square of the distance ii~ 1urntical niiles 
multiplied by 10.1, and this multiplied again by 18.64 (the constant of mean-depth) is the cun·c of 
sectional areas. 

These curves, I submit, are just as real in nature as the constant of mean-depth. No_ing~nuity 
has been employed, and the harmony of these expressions with fundamental law~ of_ motion s1m?,lY 
indieates that running water has adjusted its bed to its own demands, for the tide is the workmtr 
.agent here. 

S. Ex. 29--31 
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Under the parabolic expression for the increments of width tha,t haR been given, the incre. 
ments of surface area should follow the third power of the distance, and the rule of the former 
report,·" width proportional to discharge." could not hold good were it not that the range of the tide 
declines with distance (at first in a marked degree and then slightly, as indicated by the observa
tions of the United States Engineers), so that to obtain the increments of discharge we should 
not multiply the areas b~~ a constant, but by a diminishing quantity. 

It will be observed that the ratio of perimeter to sectional area remains essentially the same 
throughout the estuary ; I do not, however, regard this as a primary condition making my rule 
for discharge possilJle, but as a resultant.. Tidal streams, augIDenting their discharge as they 
approa-0h the sea, must necessarily make their deposits so as t,o form shallow and divergent 
estuaries, for there is no disposition t,o deepen if there is no restraint at the sides; but the 
contrary, as when a stream issues upon the sea, or a lake, it widens at the expense of itB depth of 
flow. In the estuary of the Delaware _we ha.ve a remarkaule case of equilibrium resulting in a 
constancy of mean-depth. · 

Of course it may be safely inferred from our rule that the mean velocities for our cross-sections 
are the same, but we have no observations upon the transverse curves of velocities from which 
t,o predict the drift through the ship channel. The importance of making such observations ~·ou 
have already seen, and I need not remind you that, aside from the direct advantage to the naviga
tor from the better tables we shall be able to furnish, we shall discover in the profiles of these 
curves the changes that induce or reflect the variations of channel depth. 

I have spoken of the adjustment of the mold of the estuary t,o the tidal currents; but I hasten 
t,o say that in this adjustment cause and effect are convertible terms. The reaction of the bed and 
banks is measured in the retard of the tide-ioave. 

The remarkable uniformity of mean depth, and the recurrent sameness of channel depth 
for the 46 miles under consideration should lead us to expect that the tidal retardation, so far as 
affected by depth, should also be uniform, and this appears to be the case. But the formula for 
the times of high water given in a former report (Appendix No. 18, Annual Heport Coast and 
Geodetic Survey, 1881) contains two terms, one of which may be regarded as reflecting the 
uniform resistance of the bed, while the other indicates a continual increment of resistance, 
which I submit is due t,o the converging width· of the estuary. The formula referred to is 
y= 2.2x· + 0. Ol8x2

, which gives almost exactly, in minutes, the delay of the tide from the bn•ak
watt>r (from which the distance xis measured in nautical miles) to PhiladelJlhia, as showu in the 
subjoined table, quored from the former report: 

Progress of tJt.e tide in Delaw!lre Bay and Rii•er. 

[ Distances I I ObserYed - I Difference of Ob~erved ---~:ence-~~ 
Numlwr , in Localities. ) time ofbigh Curvo observed 1imc of low Curve observ<::d 
of data. i uauti'"~l , water. by formula. / and c_om- water. by formula. and C?ID· 

__ J__:i]~: . _ 1

1

1 :,'----:----- puted-~~es .. ------------ ~uted t'.:::_ 
l Minut~s. Minutes. Minutes. Minufa. 

659 I 0 J Broo.kwater ···-···--··--·······• 0 ·-············ o o -···-······-·· I ' 
20 42.1 , Collins' Be1wh .••••• ·-···· .••••. ; 125 1241 01 167 175 8 • 

28 49.4 /Portl'enn ... --··--··- ......... i 151 152! Ii 210 

17 f>l.2 I FortDelaware.--······-········l 171 172 
21 ~8. 9 N"w CaRtle .. --········--···· ... 191 192 

21 61.9 ll'igoonPoint ........... ·-·--· 206 
12i 64. i Edgemoor..-··········--· ·:--·· 216 
109 70. 4 Marcus Hook .. _ .......... _ .. _.. 243 

6 73.7 I Chester ... --··-·---···-····--··· 259 
38 79. 0 I Billingsport .......... _ ... _. . . . . . 284 

104 80. 9 · Fort M:itllin. ·- _ ............ __ ... 11 296 

23 92.1 l Five-mile Point ... -··-·····-.... 356 

13 112.4 I Bordentown ...... -·----··-··--· 4.83 

20;; 

217i 

260 

286 
295j\ 

l 

11 

1 

2 
0 
1 

Bl 

237 

264 

285 

330 

350 

378 
391 

461 

605 

212 
237 

262,\ 

279y\ 

295 

348 

381 
393 

2 

li 
2 

3 
2 

·-··---------'-----------'-------'----'-----.:-----
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in the above table there also appear the times of low-water for which the formula was 

Y1 = 3,4x + 0,018,il 

in which the uniform resistance dependent upon depth has increased its coeflicient with the fall 
of the tide, while the second term has remained unchanged, beca1rne the width bas declined very 
little, comparatively, and this without altering the law of its variation. 

_ We may, at the expense of simplicity and extent of application, introduce the will.th instead 
of the distance into this second term of the tidal formula. If we transfer the origin from the 
Breakwater to Fort Miffiin, and measure the distances and times in the oppoHite <lirection, the 
expression for high water becomes 5.11x-0.018x2; and now introducing instead of x2 its value 
from the width formula (10.lx2+5100) we haYe, strictly within our limits-

5.11 distance - 0.0018 width + 92 rninides. In tllis form each term llas its distinct physical 
meaning, which was not the case before. 

I think this is the first instance where uniformity of depth has afforded the opportunity to 
measure the distinct influence of width upon the tidal propagation iu a ·funnel-shaped avenue. 

It remains to show what practical value these inquiries may have-not because their intrinsic 
interest would not have justified the time and labor given to them, but because they were under
taken with practical purposes in view. 

This persistent tendency to constancy of mean.depth throughout the whole lengih of the 
estuary would seem to discourage tlie hope of improvement by dredgiug. There is a spell upon 
the scene which must be broken if permanent increase of depth o;·er tht' bars is demanded by 
commerce. Except for two or three shallow reaches of short extent, there is plenty of water from 
the ocean to Philadelphia, and at these obstructed reaches artificial contractions of the water-way 
may be made without altering the course of the stream or sensibly reducing the tidal Yolume; 
so that deepening may be induced where required without changing the eonditious elsewhere. 

The advantage of dredging over indirect methods lies, of conrse, in the confinement of the 
expenditure to the channel. The method by contraction induces Rcour oyer the whole sectio~1 in 
about the proportion of depth, and the work done by this means elsewhere than in the ship 
channel is of little or no benefit. The economic question, howeyer, is-which will give the best 
resultf 

The diagonal bars at the nodes of reverse curves in the course of the river may be obliterated 
by contraction, and the channel centralized. This is an important economical cousi<leration, 
because wherever we find a single midwa~· channel the width affects the <lepth proportionally for 
every ordinate of the profile. If, for instance, the cross-section is a parabola (and this it often is), 
reduction of the surface chord induces 50 per cent. more deepening in the channel than in the 
mean-depth. Comparisons between mean-depth and channel-depth for the estuary of the Dela
ware show that the maximum depth in the cross-section is 1.84 times the mean-depth-of conrse, 
in these comparisons the bend effects for reverse curves do not cancel. In our mile groups t,here 
are only eight where this ratio sinks below 1.50, and none below 1.40. 

This is as far as my province extends into engineering. 
:November 1, 1883. 

Very respectfully yours, 

Mr. J. E. HILGARD, . 
S1iperinten.dent Coast and Geodetic Survey. 

HENRY :MITCHELL, 
Assistant. 

The resume of computations furnished in the subjoined table is based upon tlie following l1y-
drographical sheets, viz : 

Fort Mifflin to Tinicum Island, 1881, 1-5000. H. L. Marindin, Assistant. 
Tinicum Island to Chester Island Bar, 1881, 1-5000. Lieut. H.B. Mansfield, U.S. N. 
Chester Island Bar to Ra.ccoon Creek, 1881, 1-5000. Lieut. B. R Mansfield, U.S. N. 
Raccoon Creek to Old Man's Creek, 1~81, 1-5000. H. I.. Marindin, Assistant. 
Old Man's Creek to Penn's Grove, 1881, 1-5000. H. L . .Marindin, Assistant. 
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Penn's Grove to Deep Water Point, 1881, 1-5000. Lieut. H.B. Mansfield, U.S. N. 
Deep Water Point to New Castle, 1881, 1-5000. H. L. Marindin, Assistant. 
New Castle to Reedy Point, 1881, 1-10000. Lieut. H.B. Mansfield, U.S. N. 
Reedy Point to Reedy Island light-house, 1881, 1-10000. H. L. Marindin, Assistant. 
Reedy Island light-house to Collins' Beach, 1881, 1-10000. Lieut. H. B. Mansfield, U. S. N. 
Collins' Beach to Bombay Hook, 1882, 1-10000. H. L. Marindin, Assistant. 
Arnold's Point to Oohansey light-house, 1882, 1-10000. Lieut. H.B. Mansfield, U.S. N. 
Bombay Hook to Mahon's Ditch, 1882, 1-20000. H. L. Marindin, Assistant. 
Main Ship Channel from Cohansey light-house to 1\fahon's River light-house and approaches 

to Oohansey Creek, 1880, 1-20000. Lieut. E. B. Thomas, U.S. N. 
The lines of soundings upon these sheets were made from shore to shore, at distances apart 

in mid-river of about 280 feet where the survey was upon the scale of 1-.5000 ;-550 feet upon 
1-10000; 870 feet upon 1-20000; and in general were at right angles to the axis of the stream. 
In exceptional cases, where the bends in the river were sharp, the lines did not represent alwayR 
the shorter distance from shore to shore, through slight irregularity in divergence, while still 
maintaining very closely their relative position in the middle of the river. The average number 
of lines of soundings per nautical mile was 21 where the survey was on the scale of 1-5000, 11 
on 1-10000, 7 on 1-20000; the twenty-third mile, where the scales of 1-5000 and 1-10000 joined, 
having 16 lines. 

In computing the mean depth from these surveys, a paper scale was applied to each cross
sectional line of soundings, beginning at low-water line on the right bank, and a depth read at each 
200 feet throughout the 734 sections from Fort Miffiin to about the end of the forty-sixth mile, 
opposite Cohansey light-house. The sum of the depths thus obtained iu a cross-section, minus 
half the sum of the first and last reading at an even space, was multiplied by 200 and divided by 
the width of the section. In case of a fractional distance at the end of" a line the area of the 
fractional section was computed, and its area and length added to that of the previous spaces. 
From Cohansey light-house to Mahon's Ditch, that is, from the seven hundred and thirty-fifth to 
the seven hundred and seventy-fifth section, inclusiYely, where the survey was upon the scale of 
1-20000, 400 feet spaces were used in computing the sections. 

In a few cases the lines of sounding8 on either side of an island were not coincident In 
obtaining a cross-section in these places the scale was extended across the sheet from one of the 
lines and the proportional depths used between adjacent lines of soundings on the prolongation. 

The half-tide area of cross-section was found by adding to the low-water area of the section 
the low-water width, multiplied by 3 feet, the half range of tide. To this snm was added the 
widths between low water and the 3-foot elevation multiplied by !· The 3-foot elevation is not 
designated always on the chart. In these cases the approximate half-tide width beyon(l the low
water line was obtained by using half the di8tance from low water to high water where the bigh
water line has been designated by recent snr\'eys, and where the new topographical survey is not 
con~pleted, an estimate of the strand was made from general knowledge of the shore line as 
defined by previous surveys. 

Beginning at Fort Miffiin light·house a mid-stream line was drawn upon the charts, upon 
which the rh·er was divided into nautical miles of 6,076 feet. 

The mean depth of each nautical mile was obtained by dividing the arithmetical mean of the 
areas of the cross-sections in each mile by the arithmetical mean of the widths of these sections. 
Tl1e last cross-section in each mile group was used as the first cross-section in the next mile 
group. 

From the extreme accuracy with which the bed of the river is developed by this survey any 
but a slight or proportional variation in the area or depth of adjacent sections attracted atten
tion, aud such variation was found on re-examination of the section upon the chart to be due to 
some obvious natural peculiarity, either in the banks or the bed of the river. 

J. A. S. 
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Estuary of the Delaware. 

~t. I-~ . j' Low w,.te~. ~-----~ll-------~lf tide. ------T~~~;:-~--
= ·,.d ~~ , I cl1anuel 
-;~.~ ! ~·s .------,--·---------1-~--------~·----"---~-~--- -1 uept~l 

R1•marks. 
:3 ~ >;; I "O 15 i Mean width ) Meitn area d ~ehan / Mean width : Mean area d ~~l~n _ : P•'

1
'8':'

11
e 

~~;6 o ~ ; per mile. I peT mile. ep il per, per mile. ' per mile. t>p .1l }let·; low "~ufrr z z r m '" nu..... . . - --- --1--------1--------'-
2 

6 

7 

8 

9 
to 
11 

12 

13 
14 

15 

16 

17 

18 
J9 

20 

21 
22 

23 

24 

25 
26 

27 

28 

29 

30 
:n 
:!2 

33 

34 
35 

36 

37 

38 

39 

40 

41 

42 

43 

46 

47 

48 

~9 

50 

51 

52 

, 
1 

Feet. i Square feet. 
zo i 5, 026. liO I 80, 676. 80 

24 ', 4, c1: •. oo I s.1, s4s. 01 

261: 4, 977. 31 i 78, 761. 26 
19 5, 247. 63 : 85, 661. 20 

23 4, 726. 09 l 89, 427, 97 

23 I "· 369. 57 1 

21 j 4, 61s. us I 

2
2: 1' 5, 686. 82 : 
e 4, 777. 27 ' 

22 I s. 513. 64 , 

231 5,817.83' 

22 \ 5, 915. n1 

23 I 5,911. 74: 

:1 
21 I 

21 l 
22 i 

I 
20 I 
20 I 

22 I 
161 

~~ I 
11 

~:I 
14 

13 ! 
12 I 
l:l i 
13 I 
i2 I 
12 : 

• 121 
13 ; 

13: 
13 i 

I 

61 515. 4S 

6, 244. 50 

7, 278. Oo 

9, 656.19 , 
8, 004. 76 
5, 652. 27 : 

6, 273.00 

8, 203. 50 
8, 090. 91 

8, 363. 13 

10, S68.18 

14, 193. 08 

14, 707. 27 

11, 566. 67 

13, 576. 67 

15, 122. ~6 

10. 923, 08 
11, 440. 83 

11, 619. 23 

16, 295. 38 

19, 549. 58 
18, 307. 08 

16, 421. 67 

17, 106. !12 

19, 313. 85 
21, 269. 23 

13 i 22, 346. 15 

13 l 22, 784. 62 

12 i 23, 033. 33 

11 I 25, ro2. n 
13 \ 2!\, 1r)o1. 85 

13 i 22, 582. 31 

13 I 25, a\3. 85 

8 

8 

8 

7 

7 

I 

11, 949. 38 

3.3, 400. 00 

32, 037. 50 
31, 471. 40 

35,212. 50 

46, 600. 00 

52, 157.10 

15, 010. 57 

99, 634, 05 

95, 456, 28 

101, 449. 43 

104, 012. 57 
99, i6J, .50 

102, 553. 15 

lOQ, 503, 39 

115, 110. 43 

120, 126, 86 ! 

119, 295. 28 : 

129. 549. 95 : 

l3G, 725. 76 , 

136, 032. 95 : 
127, 867. 73 

136, 908. 00 

150, 090. 85 ! 

158, 676. 61 : 

167, 726. 34 ! 

182, 036. 82 i 
188, 694. 31 i 
185, 76l>. 36 I 
173, 368. 42 

188, 430. 29 

201, 425. 36 

202, 626, 38 

213, 694. 71 

227, 727. 92 ; 
251, 776. 73 ; 

265, 433. 00 i 
266, 314. 71 

267, 409, 75 

279, 6.18, 31 

301, 862. 92 
316, 901. 31 
330, 403. 85 

347, 881. 54 

38'2, 503. 33 
373, 298. 45 

387, 284.. 46 

395, 178. 69 

416, 380, 08 

195, 106. 34 

16. 33 

(93, 048. 75 

530, 118. 75 
560, 520. 00 
610, 938. 75 

699, #!2. 86 

768, 792.86 

243, lllll.11 
16. 20 

Pe•t. Feet. Square .feet 
lG. 05 ' 

1s. 17 I 
15. 82 : 

5, :HL 00 : 9fi, 228. 05 

16. 32 . 

18.92, 

18. 56 ' 

20. 42 ] 

17. 84 ' 

21. 77 i 
18. 09 ' 

17. 63 

lfi.51 

19. 47 
18. 44 

19.10 

17. 80 

H.16 
15. 81 

22. 62 

21. 82 

18. 30 : 

19. 61 
' W.06 . 

16. 75 

13. 29 
12 G3 . 
14. 99 I 

13. 88 ' 

13. 32 

18.M I 
18. 68 

19. 60 

15. 45 

13. 58 
14. 55 

16. 28 

16. 35 

15,63 

14. 90 
14. 79 

15. 27 

16. 61 

14. 91 

16.73 

17.M 

16. 45 

17. 08 

14.. 91 

16. 55 
17. 81 

5, 075.10 i 

;,, 586. 44 I 

6, 144. 42 ' 

5, 334. 7~ 

5, 996, 24 

5, 407. 38 

6. 503. 41 

.J, 17i. 27 

6, 131. 36 

6, 432.17 

6, 502. 05 : 

6.341.30 j 

7, 018. 64 

6, 624. 50 

7, 557, iO ' 

10, H3, 33 

9, 21J. 43 

6, 414. 09 

71 072. 25 

8, 606. 00 

8, 514. 55 

8,6.'>l.87 

11, 195. 45 

14, 486. 92 

15, 500.00 

12, 833. 33 

13, 881. 67 

l~, 457.14. 

lJ,a27.G9 

11, 811. 67 

12, 1411. 2:1 , 

16. 767. 69 

19, !14!1. 58 ' 

18, 707.08 ' 

16,821.67: 

17, 506, 92 

19, 713.85 ' 

21, 669. 2.1 ' 
22, 746.15 

23) 184. 6~ 

23, 4.'13. 33 
25, 43". 7:l 

23, 55:1. 8.'\ 

22, 982. 31 

25, 713. 85 

12, 448.11 

33,8Q0.00 

32,437. 50 
31,871.40 

17. 35 35, 612. 50 

15. 01 47, 000. OQ 

14. 74 52, 557.14 

98, 3RO, 97 

!14, GOO, HR I 

102, 7~9. 28 

1M, 519, 27 

Im, 682. 7fi 

110, 58L 27 

1rn, 743. '77 

118, 944, 39 

1171 22!J. 00 I 

120, 92~. 15 

128. 13U. 32 

l3:l, 490. 00 . 

Ho, 474. 3f> 

138, .'"1!'/F. ir< 

151, 8U:J, 20 

1£6, ~25. 05 I 

1621 707. 24 

145, 967. 2i 

1:-)G, 925. p;7 

175, 305, JO 

183, 584. 80 

193, 248. 84 

215, 132. 27 : 

231, 714, 31 : 

231, Ci7. 27 

209, 968. 42 . 

229, 61?; 79 ! 
247,29:\.36 i 
236, 002. 54 ' 
248, 657. 46 ' 

263, 380. 62 : 

301, 386. a5 I 

324, 6111. 75 ; 

321, S.%. 96 ; 

317, 274. 75 

3JI, .559. oB 

:\(iO, 404. 46 

381, :J09. oo l 
398, 042. a1 : 

4l6, i&o. 38 

452, 20:1. 33 
448, !196. f>4 

457, 346. 01 

463, 525. 62 

492, 921. 62 

231, 705. 93 

18. 61 

r.98, 848. 75 ; 

626, 831, 25 , 

655, 534. 29 ! 
717, 176. 2G 

839, 802. 86 

9'25, 864. 28 

Peel. 
18. U2 I 

19. 39 : 

rn. 94 I 
lG. 7~ 

19, ;;11 \ 

rn, 41; ' 

2oA;J 

18. 41 

2~. 98 

19. l~ 

18. 81 

]9, ;J 

21. 05 

20. 01 

20, 09 : 

16, 47 ' 

17. ffi 

22. 76 

22. lH 

20. 37 ' 

21. 5G 

22. 34 

19, 22 

15. 99 

H.91 

16. ~" : 

lG.M; 

16. 00 : 

20. 83 \ 
21. Of1 : 

2L l\~ 

17. 07 i 

16, 2,; : 

li. 20 : 

18. 86 : 

JK 94 ! 
]~. 2~ 

17. 6Q 

17. 50 

17.!!8 

19. 30 

17. o;; 
19, 42 

20.17 

19.17 

19, 00 

17, 72 

19. 32 
20. 57 

Peet, 
33, fl 

4::. j 

30, 7 : 

:t~. 2 

40.; 

30, 7 

2G. n 

25. 9 

2G, 8 

25. 0 

r pper l'lHl 'l'iuil'um IslawL 

Lowc·r t·n'1 Tiuicum Ial;mtl. 

Cht'i:'lffl· lt·lland Bat· ht•g-in .... 

Chi~~t('r Islautl }fa-r· t"'Ud8. 

4-2. ·1 
1 

l>1wp 1iVat•·r Point. 

H.'.! 

30, 4 

27. H 

27. 7 

30. 6 

29. 0 

:!fi.1 

41. r. 

24. 8 

23. H 

2a. 2 

:ti. R 

2C. l 

27. 6 

:m.:1 
30.1 

34.0 

3H, >' 

40. 4 

I•~ort Uel:nran• Island eutlJo<. 

31. a Arithnu•tical me:w of 46 milf~s. 

42. 0 

4L 7 

41. 7 

Mea.n from tnflan :ll'f~ of 4fi 

miles dividtHI hy mean widU1 

of 4C. milt•H, 

20. ll 46, G 

17. 87 47. I 

17. 62 
1 

50. 5 / Mahon'• Ditch. 

18. 98 \ 32. 8 1 At\tlmietica\ me.'\n of 5'.l mile~. 16. 97 15,497. 91 288.~.82 

18. 64 

··········1··-····-·' 
Moan from moan area of 52 

mil"8 divided by mean width 

of 52 miles. 
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APPENDIX No. U. 

RBPORT ON THE HARMONIC ANALYl:lH:i OF THE TI!IEIS AT /'ANDY HOOK 

\VASIIINGTON, 1>. c., July :a, 188:\. 

SIR: I have the honor to submit to you the following report on the harmonic analy11is of the 
hourly co-ordinates of the heights of the tide at Sandy Hook for the ~·ean; 1876-1881, ineluHive. 
Tbe situation of the tide-station, with regard to the eutrauce to New York Harbor and the J1~·dro

. grnphy of the vicinit~· are best understood from the a(~eompan,ving chart. Tlw homly co-ordinates 
were measured off from the curve,; of the self-registering tide-gauge in the tidal divisio11 of the 
office and furnished to me hy Mr. R S. Avery, the ellief of the tliYi8iou. 

The method of anal,vsis is precisely the same a:-i that adopted ltcn•tofore, a full account of 
which is given in my report on the Discussion of Tides in l'e1101Jscot Dar, coutaiued iu Appe11dix 
No. 11, report for 1878. Ernrytbing having beeu tltere given in detail with regard to meth
ods, formulro, and auxiliary tables used iu tl1e reductions, illustrative examples, &e., it will 
be unnecessary to go over the whole ground again here; and for tbese tbiugs references will sim
ply he made to that report. It will therefore only be necessan· to giYe in thi8 paper the coustantH 
for the se\·eral tirle components for each of the seYeral years, together with a few theoretieal 
deductions from them, interesting in connection with the geueral theory of the tides and trneful 
in explaining any local peculiarity in the type of the tide at the station and the cause of its 
variation from that of tides at other stations. 

The comparison of the constants for each of the several years gi,·es a verJ- good idea of the 
probable errors of the constants deduced from one year's 110ul'ly co-ordinates. From this it will 
be seen that a long series of observations, or of hourly co-ordina,teo; measnre(l from the curves, iH 
not necessary to obtain the constants with sufficient accuracy for practical purposes. The constants 
here given, with certain reductions of the epochs to adapt them to an.r giYeu year, will serve for 
all future time in the prediction of the 1ides for the statiou, either by computation or by means 

of the tide-machine, which, for this purpose, must be set iu accordance with these constants. 
I have the honor t:o be, very respectfully, yours, 

WILLIAM I1'ERREL. 
Prof. J.E. HILGARD, 

Superintendent United Stat.es Goa.st and Geo<letic Survey. 

RESUL't'S OF THE HARMONIC ANALYSIS OF THE TIDES A.T SANDY HOOK. 

The following are the amplitudes and epochs of the tide-components at Sandy Hook, with aJl 
the usual reductions applied. '\Yith these reductions the constants should be the same for each 
year, and hence the results of the several years are comparable. 

M-TIDE. 

1876. 1877. 1878. J.879. 1880. 1881. Mean. 

Ai= .013 .027 • 032 • 042 .026 • Olli .o:w 
Ei = 107° 80 347° 25° 3[)(i0 228° 
Az= 2.238 2.230 2.272 2.244 2.229 2.250 2.246 
Ez =2170, 0 2180,() 2170.8 2110.5 215°.3 216°.3 2170,0 

A.3= .025 .022 .021 .035 .029 .030 .027 

ca= 191°. 196° 202° rn2° 2220 2060 2010,5 

A.4= .020 .016 .017 ,020 .024 . 027 .021 
E~ = 349° 339° 3360 321° 335° 329° 335° 

~= .049 .048 .053 .046 .057 .059 .052 

"• = 352° 355° 351° 344P 344° 3420 348° 
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S-TIDE. 

A1= . 026 . 028 . 028 . 025 . o::w .049 .032 
E1 = 2j!JO 2~20 2.54° 21(;0 2t)50 237° 235° 
A2= . 43!) . 4;32 . 436 • 445 . 416 . 435 . 434 
E2 =2·J.60, 0 2440,5 !3480. 0 2450.4 2420.1 2490.4 2450.!J 

A~= . 051 . 047 .04!1 . 050 . 037 .045 . 047 
E7 = 7!)0 72° 740 880 720 8()0 7()0 

A4= • O:JG . 047 .033 . 033 . 037 . 041 .038 
E4 = 65° (j.10 83° 810 680 52° 69° 

K-TIDE. 

Ai= 3•)•> . ..,.., . ;)~)() .340 '337 .333 . 342 . 334 
E1 = 91°.0 91°.2 sno.G 91°. 4 87°.s 89°.5 900. 1 
Ai= . l!:lf! .12(i .113 .114 .130 .160 .129 
f2 = 450_3 340.2 300.2 390.8 340_9 400.2 370,4 

L-TIDE. 

Ai= .103 .110 .108 .084 .075 . 072 .092 
E2 = 510. 5 460.5 2!)0. 5 340,9 o0.o 210.3 300,5 

N-TIDE . 

A2= . 470 . 507 .532 . 500 . 457 . '175 .'190 
E2 =197°. 7 1950_5 198°. 9 2020.1 199°.3 1930_9 1930,7 

0-'l'IDE . 

A1= . 178 .167 .163 . 157 .177 .176 .170 
E1 = 93°.5 950_3 !)80, 6 1010.4 900.1 1000.3 960,f) 

P-TIDE • 

A1= .103 .123 . 091 • 100 .102 .100 .103 
Et = !J7°. 3 1020.0 1030.0 106°.9 1050,7 1010.1 1030.8 

µ-TIDE • 

A2= . 072 • 063 • 094: . 061 .083 .039 .069 
Ez = 221° 216° 235° 2070 249° 236° 227° 

A-TIDE. 

A2= .012 .039 .030 . 021J • 042 .062 .036 
E2 = 150 26° 26° 69° 600 }30 350 

r·TIDE • 

Ai= . 045 .124 .167 .153 .065 .077 .105 
Ei = 1780 2380 1930 1700 1490 2530 198° 

R-TIDE. 

Ai= .020 .030 .010 .011 .073 .037 .030 
E2 = 3240 2.uo 190 160 3180 90 3340 

T-TIDE • 

A2= .098 .105 .046 • 075 .111 .058 
Ei = 1160 340 3060 1550 940 230 
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J-TIDE • 

Ai= . 013 .024 . 014 .014 • OOtl . 025 . 016 
f1 = SGO 125° 145° 111° l(l'jO 1:)40 nso 

Q-TIDE . 

A1= . 039 . 03!1 . ow . 033 . 0:;3 . 037 .0.35 
<i = 1180 131° 1070 1:)30 HIP 1340 l'.!00 

MS-'I'IDE (shallow water) . 

A2= . 045 . 037 . 050 .039 . 041 . 040 . 042 
f2 = llGO 1220 107° UGO 1040 114° 1130 

2 SM-TIDE (shallow water). 

Az= . 018 .014 . 007 . 021 . 010 . 005 
l'z = 1380 ]580 660 2370 338° :~2:10 

ANNUAL INEQU ALI'l'Y (meteoroloµ:ica 1 ) . 

A1= . 083 . 066 • Ofifi . 072 • OGO . 058 . 068 
f1 = 2240 2250 164° 2030 23G0 rnso 2080 

MS-TIDE (fortnightly) . 

Ai= . 030 . 014 . 010 . 042 . 011 . 014 
fi = 410 1710 3320 2240 2300 230 

1876. 1877. 1878. J.879. 1880. 1881. Mean. 

Tl1e range of the whole title at Saud.)· Hook being small, tlie most of the preceding· results 
are of little importance practically, or even in the study of the theoretical relation8. The analysis, 
however, bas been carried regular].)" through all the components for each of the six y(~:ll's. It will 
hardly be worth while to do this hereafter in any of the small-rauge tides along the coast south of 
Cape Cod on to the Gulf of Mexico. 

The first component of the mean lunar or M-tide is a true theoretical tide, but so small that 
it has been only imperfectly brought out in the analysis, as the scattering values of the epochs Fi 

for tlie several years indicate. The mean amplitude is only about one-third of au inch. 'l'lrn 
next one, of which the amplitude is A2, is the mean lunar tidal component, and is the principal 
one of all. The mean amplitude, 2.246 feet, is almost precisely the same as was obtained for 
Governor's Island from the discussion of the tides there b.v the old methods. The greatest differ
ence between this and the amplitudes deduced for each ,rear h; 0111,r .o:w of a foot, or 0.3 of au 
inch. Hence either one of these amplitudes is sufficiently accurate for practical purposes. The 
epochs Ez are also brought out with great regulal'it,r. The other components of this tide are shal
low-water components, and are vf\ry small and of no importance practically, though they are 
clearly brought out in the analysis, as the epochs, agreeing so nearl;y for so small components, 
indicate. 

The mean solar or S-tide is very small, not only absolutely, but relatively to the mean lunar 
tide, the amplitude A 2 of the principal component being less than one-fifth of that of the mean 
lunar tide. This is a peculiarity which is found along- our whole .Atlantic coast. The small com
ponent in the S-tide of which the amplitude is Ai, is a real component, and is well brought out 
in the analysis, as the nearly-agreeing values of both the amplitudes and epoohs for the several 
years show. The small shallow-water components, of which the amplitudes are AJ and A4, are 
also clearly brought out, though they are very sruall. 

The K·tide is composed of a diurnal and of a semi-diurual component, the former beiug the 
principal of all the diurnal components. The amplitude of this, A,, is small, being onl,y 4 inches. 

S. Ex. 29--32 
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The smallness of all these diurnals components, it is known, is a peculiarity of the Atlantic tides. 
The semi-diurnal component is the declinational component of the semi-diurnal tide, and the 
amplitude is onl~· about 1.5 inches. 

The L-tide and N-tide form a pair of components depending upon lunar parallax. As the 
epochs differ nearly 180°, these are somewhat opposite to each other in their effects at the time 
of perigee and apogee of the moon. The amplitude of the latter, it is seen, is greater than that 
of the mean solar tide. It is a peculiarity of our tides, especially along the New England coast, 
that the parallactic inequality in the lunar tide is larger and of more importance than the whole 
solar semi-diurnal tide. 

The 0-tide and P-tide are also diurnal components still smaller than the diurnal component 
of the K-tide. The effect of these diurnal components is to cause a difference in the heights of 
the forenoon and afternoon tides of the same day when the moon is not on or near the equator, and 
also au inequality in the intern1l~ between high and low waters. The J-tide and Q-tide are also 
diurnal components, but the amplitudes of these tides at Sandy Hook are so small that the~' 
are of no practical importance, but the analysis shows that there are really such components. 

'fhe shallow-water components of these tides, the amplitudes of the principal of which are 
A4 and A6 of the .M-tide and S-tide, and A.2 of the .l\IS-tide and 2 SM-tide, are very small, the 
amplitudes of none of them amounting to 0.05 of a foot, and hence are of no importance for 
practical purposes. 

The annual inequality, depending mostly upon meteorological causes, such as annual inequali
ties in the barometric iiressure and the winds, and also in the ocean currents, is much smaller at 
Sandy Hook than it is along the New England coast, aml the maximum, towards the last of July, 
is a little earlier. 

The following are the amplitudes and epochs of all the components which it is necessary to 
use in the prediction of tides, including ~tll the components of which the amplitudes, according to 
the preceding result, amount to one half tenth of a foot. These are given here, together with 
the designations of the components as eugrave1l on the tide-machine, for the convenience of 
application in settiug the machine. 

Designation of component. 

I 

1\12 ................................ : 

' fh ................................. ! 

: ~:.-............. -.·.·.·~~::::::::::::::::::-! 
1 Ni .......................•........ \ 

,,.. .................................. ! 
v~ .... - - , . - - -... - ~ .. -... - ....... - .. ' 
Ki ................................ ! 

I 
01 ............................... , 

; P1 ................................ 1 

1 Annual inequality .............. --i 

Feet. 
2. 24G 

0. 434 
0.129 
o. 092 

0.490 

o. 069 

0.105 
0. 334 

0.170 

0.103 
o. 068 

Epoch, •. I -- -~ --

I 

217. 0 ! 
245. 9 ! 
.17. 4 
30. 5 

198. 7 

227.0 

198 

90.1 

96. 5 

103. 8 

208. 

The suffixes 1 and 2 to the designating letters of the components denote diurnal and semi
diurual components respectively. 

'l'be amplitudes and epochs of the components M2, R 2, K 1, and 0 1 are affected by the inclina
tion of the lunar orbit to the ecliptic, and the values given here are the mean values, such as 
we would have if the moon moved in the ecliptic. Before these are used they must be reduced to 
the value for the given year, by a process just the reverse of that given in the Discussion of Tides 
in Penobscot Bay, §§ 25 and 26, by which they were reduced from the values obtained from the 
analysis of each year's observation to the mean values. Besides these reductions all the epochs 
Inl!St be reduced to the given year by subtracting the corresponding numbers found in Table II 
of the paper just referred to. 
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From the theoretical relations for the three principal components given in~ 31 of that paper, we 
form in the same manner for the tides of Sandy Hook the following three relations for the diurnal 
components: 

.334 - 0.66 oµ = (.5306-13.l oµ) (1+.230 E) Ao 
.170 = (.3813 (1- .2.30 E) A 0 

.103 = (.1730-13.6 oJ.1) (l+.196 E) Ao 

The solution of these equations gives o µ = .00047 and E = .7.53. The assumed mass of the moon 

being .0125, this correction makes it .01297 = -A near!~-. Notwithsta11di11g the smallnes;; of the 

amplitudes of the components forming the first members of the equations above, these theoretical 
relations give a mass of the moon, so far as we know, not much in error. The mass of tlic moon 

obtained in the same manner from the tides of J>ei1obscot Bay was ~3 . The Yalue of the con

stant E is here large and vosith·e, while in Penolmcot Bay it iK - .2~13. Tltio; shows that the type 
of the diurnal tide at Sandy Hook is different from that of Penobscot Bay, au i11crear-;c i11 the 
period of the component increasing tlte amplitude at the latter, out decreasing it at tlw former, 
station. 

From the relations of the first two equations iu § 0:Z ot that paper we get for these tide~, with 
the epochs of K 1 and 0 1 in the preceding rmmlts 

no. 1 = Lo + 1;ns G 
96.5 = L0 -13.18 G 

These gfre G =-0.25, which indicates that the maximum of the tide occm·o; ouc-fourth of a 
day before the maximum of the forces. This is an unusual result, hut eutll'ely i11 accordance with 
theory. 

From the relations of § 33 of the paper referred to we get for these tide" 

.rn:n c=(.4852-36.2 op) (l+.425 E) 

.0573 c = (.1256-3.2 op) (1 + .MiO E) 

.2218 c = .1922 (1- 228 E) 

The solution of these equations gives C= 1.10:18, E=-1.Hi7, and c~ ;1 = .00106. '\"ith this latter 

we get µ = .0125+.00106 = .01356 = 7\ for the moon's mass. Tbe yalue of the constant c for Pe

nobscot Bay, is 1.166. This constant being greater than unity indicates that the inequalities are 
smaller than the principal lunar component in proportion to the force, which is a result of friction 
diminishing large tides more iu proportion thall small ones. 

The value of E is negative aud very nearly the same as in Penobscot Bay. Upon the large 
negative value of this constant depends the peculiar t,ype of the semi-diurnal tide all aloug our 
coast, in which the solar tide is very small, and the lunar parallaetic inequalities very large. On 
this account the tides at Boston are 20 inches higher when the moon is in perigee than when it is 
in apogee, and there is about the same difference in Penobscot Bay. At Sandy Hook the differ
ence in proportion to the whole range is about the same, but on account of the small range of the 
tides at the latter place, of course, the absolute difference is only about, half as great. 

From the relations of the first two equations of § 34 of the 11aper referred to aborn we get for 
the Sandy Hook station 

217.0=Lo 
245.9 = L 0 + 24.4 G 

These give G = 1.18, which indicates that the maximum of the semi-diurnal tide occurs 1.2 
days nearly after the maximum of the forces, or after the conjunction of the mean moon and sun 
in the case of the lunar a.nd solar components. 
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APPENDIX No. 10. 

DESCRIPTION 01'' A MAXIMA AND MINIMA TIDE-PHEDICTING MACHINE. 

By VVILLI.A.M FEHREL. 

W .ASHING1'0N, November 30, 1883. 

Sm: I have the honor t-0 submit the following report on the maxima and minima tide-pre
dicting machine : 

I have thought it best to go Rornewhat into detail in presenting the theory, construction, and 
method of operating it, so that those who shall have to use it hereafter may be able to understand 
not merely rules and directions, hnt alRo 8omething of the mathematical theory upon which it is 
based. In a form suitable for determining the maxima and minima of the tides and their times of 
occurrence, the theory becomes rnncll more complex than in the case in which the co-ordinates of 
height are required for given timeR. Still it will be seen from the following report with what 
great facility and rapidity the required results can be obtained from this complexity by means of 
the machine, the time required being- little more than what is necessary for recording them. 

The mathematical theory within itself, regarded merely as a tidal paper, will not be without 
interest and value, for the formulre used in the machine are those ·best adapted to obtain the 
results accurately by computation. This, however, invokes so great an amonut of labor that it 
has been necessary heretofore t6 use more simple formula•, requiring mnch lrn;;s labor in computa
tion, but which give often only very rough approximations to the true results. These can now be 
pretty accurately obtained with scarcely any labor. 

I have the honor to be, very respectfully, yours, 
WILLIAM FERREL. 

J. E. HILGARD, Esq., 
Superintendent Oo(JJjt and Geodetic Survey. 

THE MAXIMA AND MINIMA TIDE-PUEDICTING MACHINE. 

INTRODUCTION. 

1. The first machiue for predicting tides was invented by Sir William Thomson about eight 
years ago. It was so con~tructed as to be run by clock-work and to give the tidal curve for a 
whole year or more on a long strip of paper wound on rollers. From this the height of the tide 
at any given time, or the times and heights of high aud low waters only, may be read oft'. This 
machine, it seems, has never been used in the regular prediction of tide.,, and i<! said to be now 
on exhibition at the South Kensington Museum. 

Subsequently Mr. E. Roberts, of the Nautical Almanac office, London, had another machine 
constructed upon nearly the same plan, but larger and with some improvements introduced. This 
machine has been successfully used for several rears in predicting the tides of the principal 
commercial ports of India. A description of this machine was published in The Engineer of 
December 19, 1879. 
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The general principles allll the plan upon which these machines ha\'C been constructed may 
be explained as follows: 

The height of the tide, h, at auy given time, t, is expressed by a series of harmonic terms of 
the following form : 

(1) h =Ho+ A1 cos (i1 t + ci) + A2 cos (i2 t + Cz) + &c.= Ho+ ::E Ae COS (ie t +Ce) 

in which 

Ho = the height of mean tide aboYe an assumed plane, 
A 0 = the amplitude of any component of which the characteristic is c, 
C6 =the Yalue of the angle at any origin oft, as midnight, January 1, 
i 0 = the rate of change of the angle. 

The number of components in the expression of h, if we iuclndc "Very small terms, is Yery great; 
hnt the numuer of those which are of any practical importance is generally only about fiftetm or 
twenty, often less. The Yalues of 'i. are obtained from astl'onomical d<welopments, and the~, 

depend upon the known periods aud other elements of the lunar aud terrestrial orbits and the 
iieriod of the earth's rotation on its axis. The values of Ac and Ce liave to be obtained for each 
tide station from an analysis of the hourly rnlues of 71, for a ;rear or more, obtained directly from 
obserratiou, or from the curves of a self-registering tide-gauge. The method of doing this has 
been given in detail in Appenclix No. 11, Heport of Coast ancl Geodetic Survey for 1878. 

'\Yitll the values of thMe constants for any given station, and the known values of i 0 , the values 
of hat any given time t, can be computed from the preceding expression. The amount of labor, 
however, involved in such a computation for fiftf\en or twenty components it is readily seen is very 
great. 

The times and heights oftLe maxima an<l minima of h cannot be directly computed, since tho 
time or value oft in tbe expression of h for high or low water is not known, l>ut is one of tile tliings 
required. To obtain this, therefore, it is necessary to compute several hourly co-ordinates near 
this time, wLich ii,; always approximately known, and then from these the maxima or minima aml 
the time of its taking place can be obtained by well-known methods. 

2. By the machines of Sir \Villiam Thomson aud Mr. Roberts the function his represented 
graphically by means of the tide curve, in which the co.ordinates are the times t and the heights 
h. The summation of the effects of the s1weral components upon the value of h at any time is 
accomplished in the following manner: Let a fine chain or very flexible wire be fastened at one 
end as at a, Pig. 1, Plate I, and pass oYer the pulleys 1, 2, 3, 4, &c. If tliese pulleys are attached 
to cranks and axles, at1 rt-presented Oil Plate II, and these axles are made to turn by means of 
machinery in periods which haYe the same relations to one another as the periods in the compo· 
neuts of h iu the preceding expression, and the centers of the pulleys are thrown out on the cranks 
at distances from the center which ha\·e the same relatious to one another as the amplitudes A 0 of 
the several components, and the initial augles, or directions of the cranks from the centers, cor
respond witll the angles c., at the epoch or time oft= o, then, if the machinery is kept in motion, 
the other end of the ebain, at b, describes upon paper wound off on cylinders, kept turning also in 
connection with the n·~t of the machinery, a curve b, c, d, c, f, &c., which represents the tide curve. 
l~rom this ctuYe the heights of high and low waters, f, e, d, &c., above any assumed plane, which 
is usually that of mean low water, as represented by gh in Fig. 1, can be measured, and the 
approximate times of high aml low waters cau be estimated b,v the abscissas on the line git, 
which are in proportion to the time. 

If only one of the pulleys were thrown out from the center, say that of the mean lunar semi
diurnal component, which is generally much larger than any of the others, w6 should then have a 
regular curn~ b, c', d', &c., following the law of cosines, and the heights of all high and all low 
watBrs would bl~ the same and their times would be at regular intervals of 12 lunar hours. The 
efiect of all the other comparatively small components is to distort the regularity of the curve, 
causing the heights of both high and low waters to differ at different times and the high and low 
waters to occur at irregular intervals. 
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If there are one or more diurnal components superimposed ~·pon the semi-diurnal, the effect is 
to cause considerable differences between the two high or the two low waters of the same day, and 
also to cause great irregularities in the interYals of high and low waters of the same day, as repre
sented by the curve/, e, d, c, &c., in ·Fig. 1. 

The distances between each of tl1e cranks arnl pulleys from the points of suspension as of (1) 
from (a,) and (2), or (2) from (1) and (3), Fig. l, must be so great in comparison with the distances 
to which the pulleys are thrown out from the center that the dc,iation from parallelism of the 
strands of chain or wire between the pulleys will not affect srnsilily the measured distances. The 
pulley, therefore, belonging to the mean lunar semi-diurnal compouent, say pulley (1) in Fig. I, 
should lie at a considerable distance from the points of snspension, (a) and (2). Of course tJ1e 
arrangement of the pulleys and distances apart may be rnrie<l in an infinite number of wa;ys to 
snit best the space to be occupied by them, and the effect and the principles in-rnlved will remain 
the same. 

In Mr. Roberts' machine the pnlleyR are not swnng around on cranks, hut are made to oscil
late vertically by means of pins which are thrown out 011 the crauln' to their proper di::;tances, 
and which work in grooves of horizontal beams to which the pnlhiys are attaehell. Of course, 
with thi::; arrangement, the strands are alwa.ys parallel, and distance from the points of susperniion 
need not come into consideration. -

In Sir William Thomson's machine only ten of the larger componrnts are taken into account 
These, however, are all that are of much practical importance gern•rally, e1'peciall.Y if the rauge of 
the tides is 11ot ver.r great. 111 J\Ir. Roberts' machine twenty c01upo11ents are provided for, lint 
the amplitudes of some of these are RO sma11, evpn in tides of large range, that they are of little 
importance taken separately, but still the rer;nltant of all these, together with all the numerous 
components which are necessarily neglected, may be considerable. 

3. The plan of the maxima and minima tide-predicting machine is very different from that of 
the machines just referred to, though comprising some of their features. Tho clock-work and 
the graphic representation of the tide on paper are <1ispenseL. with. 'l'Lc machinery is run b_y the 
left hand, by means of a crank at the side of the maclliue, and the heights of high and low waters 
and the times of their occurrence are reau from the face of the instrument, as the~- are reached in 
turning, awl recorded by the right hand iu lilauks ready for the printer. It does not give the 
intervening heights of the tide, at least directly from the face, and it is therefore called the 
maxima and minima predicting machine. 

The theory and plan of this machine were first submitted to the Superintendent of the r nited 
States Coast and Geodetic Survey in the spring of 1880. It received a favorable consideration, and 
tlie construction of a machine upon the plan submitted was at once decided upon. A paper was 
also read in the followiug August beforetbe Amnican Association for the AdY:1ncement of Science 
ill session at Boston, Mass., in which the theory and plan were briefly explained. 

There were various delaysin engaging a mechanist anrl in making all the preliminary arrange
ments for the construction of the machine. It was finally undertaken by :Fituth & Co. of this city, 
under the supervision of Mr. G. N. Saegmuller, of the Coast and Geodetic Survey. The work, 
however, was not commenced until late in the summer of 1881, and it -was not completed until 
the fall of the next year. 

MA'l'REM.A.TICA.L THEORY O:P THE TIDE·PREDIC'l'IN<J MACHINE. 

4. By a transformation of the last term of the second member of (1 ), gfren in the introduction, 
we have 

(2) h=Ho+~ Ae COS { (i1 t+ci)+ ( (ie-i1) t+ Ce-c1)} 

=:H0+cos(i1 t+ci) ~ Ae cos ( (ie-i1) t+ce-C1 )- sin (i1 t+c1) ~· Ae sin ( (ie-i1) t+c,,-c1) 
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in which 

(3) 
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~ 
M=A1+-2 A 0 COS (ue t+Ce) 
N =~+~ Ae sin (ue t+Oe) 
Ue='te-i1 

Oe=Ce-CJ 

In these expressions A 1, i 1 and c1 are supposed to belong to the mean semi-diurnal lunar com
ponent, which is, iu general, the principal component in (1), and only the other~ generally smaller, 
components are comprised under the sign 2;' in the expressions of J\f and N. 

By a still further transformation of the last form of the preceding expressions of h, we get 

(4) h=Ho+U cos (i1 t+c1+Ji) 

in which 

(5) N 
tan /3=1\1 

If in the preceding expressions we knew the \alue of t for the times of high and low waters, 
we could, with the known valneR of i~, and tl1e rnliwR of Ae and c,. obtained for eacl1 station from 
observation, compute the values of It at tllese times. ~'he next step, therefore, is to determine the 
times of the maxima and minima of h. 

From the second form of the preceding expression of h, we get" 

- -~~hd_ =Sin (i1 t+ci) ,2~e Ae cos ((i0 -i1)t+ce-C1 ')+cos (ii t+c1) 2' ~e Ae sin ('(i~-i1 ) t+c.-c1) 
~ t ~ ~ 

=sin (i1 t+c1) M'+cos (i1 t+ci) N' 

in which 

(6) ~ 
M'=A1+~ ~e_i\e COS (1le t+l\) 

i1 

N'=O+~ ~e AeSi11(11et+(\) 
i1 

At the times of maxima aud miuima, tl1e first member of tlie preceding equation ''anishes, and 
it can t11en be expressed iu the following form: 

(7) 

in which 

(8) ! R'= v' M' 2
+. --W-4 

N' tan 13'= _ 
M' 

aud in which r is the value of t at the times of maxima or minima. 
Equation (7) is satisfied with 

i1 T+c1+11'=nr. 

n being o or any integral number, and consequently we have 

(9) 

\Vi th this expression of i 1 '!'' wliich is the value i 1 tat high or low waters, we get from (4), ·put
ting B for the value of h at those times, 

(10) H = H() ± R cos (/3 - /3') 

jD which the posith·e sign belongs to high waters and the negative to low waters, and in which 
the multiples of n 7r are ueglected since they do not atlect the cosine, exc"pt to make each alter. 
nate one negative, as indicated by the double sign ±. 

With the values of R and fi obtained from (3) and (5) and that of fl' from (6) and (82), both 
with t = r, (10) would give the value of H; but r, which is needed at the very outset in the 
computation, is not known, hut is one of the things required, and can only be obtained from 
(6), (S.,), and (9) by a series of approximations; and although a second, or at most a third 
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approximation is generally sufficient, yet as the expressions of (6) usually comprise fifteen or 
twenty terms, the amount of computation for each of the four diurnal values of r is very great. 

5. The value of ({J - fl') is generally so small, especially in the Atlantic tides, that its cosine 
can be put equal to unity, and then (10) becomes 

(11) H=Ho::I:: R. 

It is Reen from (3) ancl (6) that the amplitudes of the.components in the expressions difler by 
the factor ie: i 1• This for all the semi-diurnal components differs little from unit;r, but for the 
dinrnal components in which ie is only about one-half of i 1, this factor differs but little from one
balf of unity. Hence the differences between Mand Nin (3) and those of 1\1' and N' in (6), and con
sequently the difference between fJ and Ji', depends almost entirely on the diurnal components, 
for the quarter-diurnal and other components of short period, in which the factor i. : i 1 is greater 
than unity, are generally very small. In the Atlantic tides, therefore, in which the diurnal 
components are very small, the angle (f:J - ft') is likewise small. 

In the Gulf of Mexico, however, and on the Pacific coast of North America, where the diur
rml components are very large in comparison with the semi-diurnal, the value of (fl - f:J') may be 
very large, even approximating to 180o. When it is greater thau 90° the last term of (10) 
changes sign, aud one high water is below mean level, or one low water above it. 

6. In (10) the values of R, jJ and fi' to be used are those corresponding to t = r in (6) and 
(8), r being the time of high or low water. But it is seen by comparing (10) and (11) that this 
value of R in the latter is too great to give the true high or low water, and that it requires to be 
multiplied into cos (f:J - f:J'). It becomes important, therefore, to determine at what time R has a 
value so as to make (11) strictly correct, so as to dispense with the factor cos ({J - /J') in (10). 

Putting Rr for the value of Rat the time t = -r, we must, for this purpose, have 

Rr - o R = H, cos (/3 - /J') = R, - ~ R, sin2 
(19 - ,1') + A R, sin' (/3 - 15'1) - etc. 

or, neglecting small terms in the development, we have 

o R = ! R,. sin2 (/1- ,B') 

From (3) and (5) we get by difi'erentiation at time -r 

(13) 

From this we get 

(14) 

in which -r' is the value of t which satisfies (12), or which makes R/= R, cos ((1-/jl}. In this 
expression 'Ile (r' - T) must not be so large that cos u., (r1 - r) cannot be taken equal unity, or sin 
u. (r' - r) cannot be regraded as equal to the arc. 

From (4) we get at the time -r, since then dh = O, 

0 = d H, cos ( i 1 r + c1 + {J) + Rr i1 sin·( i1 r + C1 + fl) dt 

or putting for i 1, -r its value in (9), neglecting the multiple n n:, since it does not effect sines or 
cosines if we consider either high or low waters separately, we get by putting cos (fl - fl') = 1, 
and sin (fJ - fl') = (fl - fl') 

d R =- Rr i 1 (fl-p') dt 
From this and (13) we get 

:E .A.6 sin (ue T + Ve) Ue = R,. i1 (/l - fl') 

From this, (14) and (12), we get 

(i1 r' - r) = - ~ ( fJ - /11
) 

Putting -r" for the value of t when in (4) (i, t + c1 + {J) = 0. 
S. Ex.29--33 
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(15) i1 't11 = n '11: - (Ct + /J) 
From this and (9) we get 

fl- fl'= i1 (r" - r) 

With this value the preceding equation gives 

(Hi) T
1 = T + ~ (r" - T) = k ( T + r") 

Hence (11) becomes strictly correct if we use tlte value of R belonging t;o the time t = T', and 
hence we have 

(17) Il=Il0 + Rr' 

in which r' is determineu by (16). This time is at equal intervals from r aud r". It must be 
remembered, however, that this cannot be used, except approximately, if fl- fl'= i1 (r" -_r') 
iH so large that unity cannot be used for its cosine and the arc for its sine. 

7. From what precedes it is necessary to compute the times of high andJow waters T from (8) 
and (9), which implies the computation of M' and N' in (6), which, as has been stated, requires a 
secoud or third approxin;iation, since the value oft to be used in (6) is that of 7'1 which is the quantity 
sought. With this value, however, when obtained, and the value of 11' already obtained, (3), (5) 
and (10) give directly the value of H, the height of high or low water. 

For a very numerous class of titles, however, embracing nearly all those of our Atlantic coast, 
in which, on account of the smallness of the diurnal components, the values of M and N, (3) and 
those of M' and N' (Ci), and consequently the values of Rand fi and those of R' and fl', differ but 
little in the two sets of formulre, we can, at a very small sacrifice of accuracy, so small as to be of 
no importance, adopt oompromise formulre which will answer for both, and from which ooth the 
times and heights of high and low waters may be computed. 

If for the values of M and N, or for those of M' and N' we put M" + oM" and N" + oN", o M" 
and oN" being small corrections of M" and N" t;o get the true values, and if we also put oR" and 
oft" for the corresponding corrections of R" and fl" the new values of R and 13, we get from the 
denilopment of the expression (5) or (8), neglecting quantities of the third and lower orders, 

(18) ~ 
oR" = M11 oM11 + N 11 oNil 

R" 
oft"= M" oN" - N" oM" 

--, R"Z 

Since in the class of tides referred t.o, the value of N 11 is much smaller than that of M", on 
acconnt of the constant A, (3) and (6), which is the amplitude of the mean lunar component, and 
conws in the expression of the latter and not that of N, it is seen from (17) that o R" depends 
mostly on O'M11

, an error in M", while that of' o /1", and consequently of the times, depends mostly 
upon the error of N", that is, upon oN". · 

If we therefore put 

(HI) 5 ~fl'= M = 2 A 0 cos (u.t + U.) 

~ N" = ~ (N + N 1
) = ;E.i-i.2_:l;:_ie A. sin (u.t + C.) 

t1 

and use these iTalues instead of M and N in (3) or of M1 and N' in (6), we shall ba~e in the case 
of high waters computed by (3) 

(20) o M 11=0 o N"=k (N -N') 

(21) 

With the values of (18) and (19) we get froip. (18), in this case, 

~ 
_.. R" - t~~jN - N') 
" - R" 

0 l1" - ! M" (N -N') - -·--n;112--
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In the case of [31 in (6) the error of M11
, or o M", would be (JI.I - M'), and the value of o ,~" in 

this case would be more accurately given by (18z), using this value, than by (2h), but since, as has 
been explained, a small error in M' bas a very little effect u1l0n the value of {1', in the class of 
tides here considered, (202) can be used in this case also without much error. 

From (32) and (62) we get 

(2~) 

Since the values of ie are very nearly the same for all the semi-diurnal components, and conse
quently differ but little from i 1 (33 ), this makes the terms in (21) depending upon the semi-diurnal 
components very nearly vanish, and since the values of ie for the diurnal components are very 
nearly equal to~ i 1, the value of the factor Ue : i 1 is very nearly ~· The value of (N - N') therefore 
depends almost entirely upon the diurnal components, and hence when the amplitudes A 0 of these 
are small (N -N') must be small, and, consequently, the corrections or errors given by (21) are 
small. 

(23) 

8. From (3) and (8) we get approximately, for the kind of tides here considered! 

8 r:i1 N-N' I-,., =-1-{-

Hence by (21) the value of (P-P1) depends almost entirely upon the diurnal components, and 
is small where these are small, and sensibly vanishes when they vanif!h. 

With the values of M, N, and M', N', and by means of these the values of M", N", and o M" 
and o N", (5) gives with M11 and N 11 instead of Mand N, the value of lV', and then (21) gives the 
amount of error in the heights and times pertaining to the compromise formulre. 

The amplitude of the maximum luna.r diurnal tide at Boston Harbor is 0.58 feet. This occurs 
when the maxima· of the two lunar component5 coincide about the time of greatest declination. 
Hence by (22) we shall have, so far as these two components are concerned, N - N' = ± 0.2!.l feet 
at the maximum. The mean maximum value of N is 1.0 feet nearly, and R" = 5 feet approximately. 
With these data (20) gives o R", equal about one-third of an inch for the error in the heights, aud 
o ~"=0.03 in arc iu terms of the radius corresponding to io,7 in are, or about 3.5 minutes in time 
for the error in the times of high or low water. The effeet of the solar diurnal tide i11 summer and 
winter would be about one-third of this, which would sometimes combine with the lunar diurnal 
components and increase the effect a little, but at other times counteract and diminish it. The pre
ceding .may be regarded as the mean of the maximum errors of the compromise formulai for all 
the large-range tides along the New England coast. 

At New York Harbor the value of R" is about 2.23 feet; and the mean maximum value, as at 
Boston about t R 11 • The amplitude of the mean maximum of the diurnal title here is 0.43 feet, 
aud hence N - N' =:I:: 0.21 feet. With these values (20) gives o R" = 0.26 inch, and o fi = .048 in 
arc, corresponding to about 5 minutes in time for the mean maximum of the errors of the compro
mise formulre, the former for those of the heights and the latter for the times of high and low
waters in New York Harbor. 

In the same manner the formulm can be t.ested for each tide station. It is probable that the 
error for none of the stations of the Atlantic coast would amount to as much as a half inch in the 
heights, b~t in the short range flat tides the times might be in error ten minutes or more. This 
latter, however, is an error more in appearance than in realit;r, for the heights for ten minutes 
before or after high or low waters, do not change one-tenth of an inch, even with an amplitude 
of tide as great as in New York Harbor. 

If in (19) we put N" = N' instead of i (N + N'), it will give the times accurately, with a 
very small increase of the error in the heights, which would still be too small to be of any conse
quence in most, if not all, of our Atlantic tides. Or the value of N" can be so taken as to throw 
a little of the enor in the times, bnt Jess than that given by (19). 

In the short range semi-diurnal tides of the Gulf of Mexico and the Pacific coast, with diurnal 
tides which have comparatively a very large rangt'I, the compromise values of (19) cannot be used, 
but in such tides the values of the times must be obtained from (8) and (9), and then with these 
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the heights obtained from (3), (5), and (10). With the values, however, oft aud r" from (9) and 
(15), we get that of -r1 from (16), which in (3) and (5), gives Rt1, with which (17) gives H, thus dis
pensing with the factor cos (P - ;'1 ) in (10). This, however, in computation would involve a vast 
amount of labor for so small a matter, but iu the mechanical solution of the problem it will be seen 
that it can be done in an instaut of time. 

It rarely happ~ns that (17) cannot be used with sufficient accuracy, but sometimes the value 
of (11-/3') becomes such that unity cannot be used instead of its cosine or the arc instead of its 
sine, and then (17) is not strictly correct, since these restrictions of the value of (13-p') were 
int.roduced in obtaining that expression of H. In such cases (10) :nust be used, but they only oocur 
when R or Rr are very small, and the height of high or low water is very nearly that of mean 
level, and the value of /3-/31

) anfl the times of high or low waters are somewhat uncertain on 
account of the tide wave being very fiat. But the whole value of R cos (/1-/3') in (10) is then very 
small. 

9. So far we have gone upon the hypothesis that the amplitude of the resultant of two or 
more tide components, superimposed upon one another, is equal to the sum of the amplitudes of the 
several components. This, however, is Ite\'er strictly the case, and the amplitude of the resultant 
is often considerably less than this snm. This is due to the fact that friction is not proportioned 
to the velocity, but to a power of the velocity somewhere between the first and second powers. 
The efteet of this is to diminish large tides more in proportion than the smaller ones, and conse
quently to cause the amplitude of the large tides to be smaller, and of the small tides to be larger, 
than they would be if the effect of friction were proportional to the amplitude and velocities. 

In the variations of amplitude of the resultant of one principal component and a number of 
smaller ones, the preceding effect of friction is the same as if the amplitude of each of the smaller com
ponents was diminished by a certain amount when superimposed upon the larger and principal com
ponent, so as to have the phases coincide. But when the phases differ 900, the amplitude of the 
resultant is very nearly that of the principal component, and we then simply have the average 
effect of friction, and the effect of the smaller component in changing the times of the maxima and 
minima is that of the component with undiminished amplitude. Hence, this effect of friction does 
not affect the times of high and low waters of tbt1 resultant ticle, but simply causes a little flattell
ing where one or more of the smaller components are superimposed upon the principal compo
nent. 

In the tides of Boston Harbor, from an analysis and discussion of nineteen years of observations, 
it was found that this effect of friction on high and low waters was that which would be caused by 
a diminution of the amplitudes of the smaller components when superimposed upon the principal 
one, in the ratio of 1 to .634. In New York Harbor, from the same number of observations, this 
ratio was found to be as 1 to . 75, or a diminution of one-fourth. At Brest, however, the eft'ect was 
found to be very small. Of course, it depends very much upon depth of wat.er and other local cir
cumstances. 

In the form of the tidal expression in (4) the preceding effect of friction is taken into account 
pretty nearly, especially where N is small, by decreasing the amplitudes Ae in the expression of M 
in (3), where the ratio of reduction is known from a discussion of observations. It is seen from (5) 
that the amplitude R of the resultant tide, when N is small, as it generally is in our Atlantic tides, 
depends mostly upon M. Where the exact ratio of reduction is not known it is best to diminish 
these amplitudes a little, for a better agreement of computation with observation is generally ob· 
tained when this is done. 

It should be remarked here that the amplitudes A 0 of the smaller components, comprising all 
except the mean lunar and principal one, as--obtained by the harmonic analysis of hourly co-ordi
nates, are diminished by one-half the maximum effect, which occurs when their phases coincide with 
that of the principal component, since these amplitudes are obtained from measurements for a.II 
the difterent relations between the phases. The amplitudes, therefore, which are to be used in (3) 
should be a little Jess than those in the expression of M, but as much great.er in that of N. From 
an actual comparison of computation with observations of the heights and times of high and low 
waters at Boston Harbor, it has been found that the expressions of (10) and (9) will not give both 
aceura.t.ely unless the values of Ae in the expression of M in (3) are one-third less than the values 
which have to be used in the expression of N, to give the times correctly. 
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MECHANICAL SOLUTION OF THE PROBLEM. 

10. In order to obtain the times r of lligh or low waters from (!l) it. is necessar~· first to determine 
the angle fi'. Tl.tis is given by the geometrical construction of a rig-ltt-augled triangle c m' n', Fig. 
21 Plate I, in which cm'= 1\-1' and m' n' = N' in (6), as is seen from the expressions of (8). By com
paring the expressions of M1 and N' in (6) with that of h in (1) it is seen that the~· are similar ex
cept that the expression of N1 has sines instead of cosines and has no constant term corresponding 
to that of Ho in (1) or that of A1 in the expression of M1 in (6). The Yalne of M', therefore, at any 
time t may be obtained mechanically by the same method as that by which It in (1) is obtained, as 
explained in the iutroductiou. Since the number of variable terms and the periods in the expres
sion of N' are the same as those in the expression of M', its value can be obtained mechanicall,y in 
the same way by having a chain passing o>er pulleJ·s on cranks at the other end of the same 
axles, and placing tbe8e crauks at right angles to the former, so as to girn the function represented 
by sines instead of that of cosines. 

In .Fig. 2, Plate I, let cm' =M' be the co-ordinate given at any time by the part of the machine 
adapted to co8iiies, just as It is given by 1\fr. Roberts' machine, the part co being the amplitude A1 

of the mean lunar and principal semi-diurnal component, and om' the resultant of all the other 
terms iu the expression of M', comprisiug all the other, generally much smaller, components. Also 
let m' n' = N' be the other co-ordinate at any given time, t, given by the part of the machine adapted 
to the sines. lu order to obtain mechanicall.)' the value of the angle /i'=m'c n', it is necessal'.)· to 
have au arrangement by which the values of :M:' aud N' are not only represented by linear 
measures, but also that these measures be given on lines at right angles, as on lines in the direc. 
tions of cm' ancl rn'n'. The point n' then determines the direction of the line c n', and the angle 
rn' c n' =/11

, which can be measured on the circle f de a, counting from the point f. In order to this, 
iustead of a pen or pencil, as at b, Fig. 1, oscillating vertically alwve the line of mean level, we 
must have a horizontal bar with a slit in it oscillating vertically above and below the point o, b~
rneans of a sliding frame, as represented in Fig. 3, Plate I, this frame being controlled by the 
chain from tl1e cranks adapted to t,he cmiines and conuected with the frame at the point e. 
Tlie mere weight of the frame gives the chain sufficient tension. 'rhe spiwc c m' re1>reRents the 
,-alue of M' at any time and is one of the co-ordinates which determines the point. n'. If now we. 
have another bar with a slit in it placed vertically a!Hl oscillating horizontally about the central 
line c rn' b.Y means of a sliding frame, as represented, with the chain passing over the pulleys 011 

the cranks adapted to the sines and attached to the frame at b, the distance m' n' will be the 
measure of the other co-ordinate N', and the intersection of the two slits determines the position 
of the point n' and of the line c n'. The frame moYing horizontally must have a chain attached to it 
on the other side, which passes over some fixed pulley and has a. weight suspended which gives it 
sufficient tension. Since the expression of N' has no constant term the point n' will fall equally 
on different sides of the central line cm', and consequently the value of /3' may be either positive 
or negative. 

If, while the machinery is in motion giving at difierent times different positions of the line c n' and 
values of the angle /1', there is an index cc, Fig. 2, made to turn around the center c in each lunar 
lialf day, the motions of the axles and cranks being arranged in accordance with this measure of 
time, the angle described by the ·index c e in the time twill be i 1 t, and the degrees as measured 
on the circle f de.a, counting from j, will be i 1 t+c1, if the index is set at the time t=o, as oh of 
January 1, so as to make the angle f dbe=<h, the phase of the mean lunar semi-diurnal component in 
(1). Whence coincides with cf we have i1 t+c1=n ir, or i1 t=n 7l'-c1, the value of n being o, or any 
integral number equal to twice the number oflunar half days which ham elapsed since the epoch. 
The values oft given by this equation for any integral value of n, are the times of the high waters of 
the mean lunar semi-diurnal tide, and they must necessarily oceur at regular eqnal intervals of time. 

But the times r of high or low waters are determined by the condition of (9), and hence they 
occur at the times when ce is in conjunction with ca or with ca produced back to b, since in the 
former case the condition of (9) is satisfied for even values of n, and in the latter for the odd 
values, corresponding to the low waters. Hence the times of high or low waters are determined 
mechanically by simply watching the conjunctions of the lunar index ce with ca, or with ca pro· 
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duced back, and notiug the times. Hence we see with what great facility and little labor these times 
can be determined mechanically, whereas by computation, we have seen, the amount of labor is 
immense, involving the computation of M' and N' from (6) for fifteen or twenty terms for assumed 
Yalues of t in seYeral approximations. We have a case similar to this, though comparatively very 
simple, in the determination of the time when the hour and minute hand of a clock come together. 
A novice in analysis might be puzzled to determine it analytically, but to do it mechanically all 
be bas to do is to turn the minute band until it comes in conjunction with the hour hand, and then 
read off the time from the dial. With the same facility are the times of high and low water deter
mined b;r the method explained above. 

The principle involved in the determination of r~ both b;y computation and mechanically, is 
the Eutme. In the computation we proceed with a series of assumptions and veriftca;tions until an 
assumption of t is made which satisfies (9) with sufficient accuracy. So each part of the motion of 
the machine is an assumption which has to be ,-erified, but as the machine makes all the computa· 
tions simultaneously with the assumptions, all we have to do is to continue the motion until the 
Yerification takes place, which is when ce comes in conjunction with ca, or ca produced back, for 
theu, as we have seen, the condition of (9) is satisfied. 

It should be obsen·ed here that for the couditions of (9) to be satisfied when the conjunctions 
take place, it is necessary, since /31 in (9) has the negative sign, that the positive values of N' 
should be to the left in Fig. 2, in the direction of rn' n'. 

Since the index ce performs a revolution each lunar half day, any arrangement for reading off 
the time from the circle f d e a would necessarily have to give lunar time. In order to have the 
solar time, therefore, it is necessary to have a second index, cd, called the solar index, the motion 
of which has such a relation to that of ce as to reduce the lunar to solar time. When the lunar 
index occupies such a position as to make the angle frlbc=ci. as at the time of the epoch, or t=o, 
then cd should coincide with cf and denote Oh of solar time. As cc moves around toward ca or ca 
produced back, cd moves a little faster and points out the time elapsed in solar time, and when cc 
comes in conjunction with ca or ca produced back, it indicates the time of high or low water in 
solar time. 

11. Having the time r, (10) gives the value of II, and this requires the solution mechanically of 
the expressions of M and Nin (3) and of the right-angled triangle by (5), which is done in pre
ciHely the same manner as in tlte case of :l\l' and ·N' in (6) and of the right-angled triangle in (8). 
In the former case we needed [3', one of tlie angles of the triangle, but in tltis case we need the 
hypothenuse H. This value is needed at the times t=r; and hence its value must be read off at 
the times r, and muUiplied into cos ((3-;1'), if this varies sensibly from unity. 

By comparing the expressions of M and N in this case with those of M' and N' it is seen that 
the only change to be made is to throw the pulleys out on the cranks in accordance with the 

amplitudes Ae instead of Ae !~' and this, unless great accurac,Y is required, needs a change only 
i1 

iu the amplitudes of the diurnal components, since for the others the factor ie: i 1 diffors but little 
from unity. Jn this case, instead of the co-ordinates M' and N', represented in Fig. 2 by cm' and 
rn' n', we haYe Mand N represented by cm and mn, differing but little from the others unless the 
diurual components are large. 

The angle /3 is determined mechanically by observing the value of the angle m c n, Fig. 2, at 
the time of conjunction of the index ce with ca', just as [3' is, by observing the value of the angle 
m' c n' at the time of conjunction with ca. When (11 - fJ') does not exceed 300, or the times of the 
two conjunctions differ more than about one hour of time, which they rarely do, formula (17) can 
be used, which requires that the ,·alue of R be observed at the time r' given by (16). The timer 
having been observed and recorded in determining the times of high and low waters with the first 
settiugof the machine, after the small change has bern made in the setting for getting the heights, 
the value of r" is the time of conjunction of ce with ca', and then at half the interval of time from 
r" to r is the time of readin~ the value of R. This, by (17), applied to Ho gives H, the height of 
high or low water sought. For convenience there must be an arrangement by which the distance 
R is measured on some scale togetlier with the constant Ho, so that the value of H can be read 
directly from the scale by ,means of au index. 
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Where (19) is used, as it may in most of our Atlantic tides, the machine is set at the start for 
both the times and heights of high and low waters, and both are read at the time of conjunction of 
the index ce with a line, indicated by the mMhine, which falls intermediate at equal intervals from 
ca and ca'. This time, therefore, corresponds with the time given by (16), which is the time of 
reading the value of R, where (17) is used. 

CONSTRUCTION OF THE MACHINE. 

12. In the construction of the machine are embraced nineteen of the largeRt tide-components 
and all which are of any practical importance. The designations of these components and the 
hourly rates of change of the angles, denoted by i 0 in tlle preceding formulm, a1Hl also the values 
of u.,, are given in the following table: 

Designation. e i. 

y, 1 28. 984104 

82 2 JO. 000000 
K2 3 39. 082138 
J,, 4 29. 528478 

N2 5 28. 439730 

.1., 6 29. 4556~6 

"" 7 28. 512582 
,,., 8 27. 768208 
Ti 9 29. g58932 

u. 10 27. 341696 
K1 11 I 15. 041009 

I 01 
I !! j 13. 943036 

p, 14. 958932 

Q1 I 14 13. 398661 

Q', I 15 14. 496694 I 
•(MSJ, 

116 58. 984104 i 

·.M.t 17 57. 968208 
·M. 118 86. 952312 

8' 119 0. 985648 

TABLE I. 

ie-i1=Ue 
i. 
i1 

---

0. 000000 1.000 

+ 1.015896 1.035 

+ 1. 098034 1.037 

+ 0. 544374 1. 018 

- 0.544374 0.980 

+ 0. 471522 1. 016 

- 0. 471522 0. 983 

- 1.015896 0.957 

+ 0. U74828 1.033 

- 1. 64240ll 0. 943 
-13. 94303-.'\ 0.519 

-15. 041068 0.481 

-14. 025172 . 0. 516 

-l~.565443 0.462 

-14. 487441 0.500 
+ao. 000000 i 2.034 

+28. 984104 I 2.000 

+57. 968208 I 3.000 

··-···---···-+·-·--·· 

-·-

u. 
ii 

-----------·-

o. 000000 .. -- - -·. ·- - ... - -.... - . -
+ 0.0350501=,\.. at+ .000002i. 
+ o. 0378840=,'•. H +. 0000015. 
+ 0. 0187818~ ,',. ,'0 -. 0000013. 

Tlt~ gam<.~ as Li but ne~atiw~ . 

+ 0. 0162683=.'.. u + . 0000016. 

The sa.ruc as A" but negativo . -

The same as S. but negative._ 

+o. os36332=·'.· a+. 0000019. 

Error in 
ayflar. 

···-· ......... . 
I -0. f~j 

-0.:10 

+o 33 

+0.:13 
-0.40 ' 

-0.4\1 

-0. 52 \ 

······I -0.49 
- 0. 0566658=-!. .u-. 00000 09 ... 1 +o.~2 
- o. 481058=-iS. W·. i + . ooo 

- o. 518942=- !il- IP. i-· 0000 

- 0. 48389'1=-11- '. i + . 00000 

(){)2. __ '. -0. 5 

05 .... ' -1. !? 

4 ...•. 1 -1. 0 

-o. 531724=-n. O-i-· OOOOOL. i +o. 5 

-o. 499680=-H. n. i-. oo 0001.... +o. 2 

+ 1. 035-050=if. u. t-.000005. ---···i +i.2 
+ 1.\lOOOOO ••••••••••••••.••••. 

+ 2. 000000 ·----- ------ ·--- .•. -
................................. 

I ' 

::::::1:::::::::~1 
•Shallow-water components .. 

These components are mostly the same as those given in Schedule I of the Discussion of Tides 
in· Penobscot Bay, Appendix No. 11: of the li~port of the Coast and Geodetic Survey for 1878. A 
few of the very small components gi\ren there are omitted, and two others, considered.of more 
importance, and designated by~ and 2'1 bave been added. The former is one of a pair of smalli com
ponents depending upon the lunar declination and perigee which, on account of the small Yalue of i., 
gives a sensible tide along our Atlantic coast, although the coefficient of the corresponding term in 
the development of the tidal forces is small and would not give a sensible tide with an ordinary 
value of ie. The other, Q'11 depends upon the solar elJipticity of orbit, and has a value of i very 
nearly ~ ~' and it is found, in the analysis of tide observations, to give. often a very sensible com
ponent. The component designated by S' is an annual inequality in the heights of the tides arising 
from an annual inequality of mean level, due almost entirely to meteorological causes, and is gen
erally found to have an amplitude of two or three inches. The value of ie given in the table for 
this component is the diurnal rate of change of angle. 

Besides the components in the preceding table, the four components in the schedule referred to 
above, designated by M'1 and M'3 in the semi-diurnal components, in which the values of i., are almost 
the same as th08e of M2 and K, in the preceding table, and the two diurnal components designated 
by M1

3 and M'6, of which the values of i., are very nearly the same as those of K 1and 0 1 above, are 
combined with the components in the preceding table which have nearly the same values of ie and 
consequently nearly the same period. These components with periods differing very little from 
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others arise from the slow motion of the moon's node. To take them into the a-0count with the 
others it is onl,f necessary to change the amplitudes and epochs a little for the sernral years of 
the nodal period, for which tables will be given. There are, therefore, these four otller components 
also taken into account, but not by means of separate axles and cranks. 

The suffixes 1, 2, 3, &c., to the letters of designation of the several tide components in the 
preceding table indicate, respectively, diurnal, semi-diurnal, &c., components. 

13. In any machine for the solution of equatiorr (1), the periods of revolution have to be diurnal, 
semi-diurnal, &c., the hourly rates of change of the anglei; being i 0 given in the preceding table. 
But it is seen from (3) and (6) that the hourly rates of change of the angles are u0 ~ which by the 
preceding table are comparatively very small for the semi-diurnal components~ so that instead of 
semi-diurnal periods we have only monthly and half monthly periods. The mechanical solution of 
the equation, therefore, a8 transformed in (4) requires comparatively very slow motions of the 
machinery for the semi-diurnal components. For the diurnal components, however, we still have 
the diurnal priods. It is also seen from (3) a11d (6) that for the mean lunar and principal semi
diurual component we llave simply the constant A 17 needing no axle and cranks, so that these are 
required for the components only which are generally very small in comparison, and which can 
be regarded simply asperturbations of thh; principal component. 

14_ In the coustruction of the part of the machine containing the axles, cranks, and pulleys, 
and the wheel-work most directly connected with them, two brass plates, 16 inches wiile and ~2 
inches in height, are placed in a vertical position about 2.5 inches aJlart, the edges of which ab an<l 
a' b' are seen in Plate II, which is a side view of the machine, the front being on the right. A hack 
and front view of these plates are seen on Plates III and IV, with all unnecessary parts cut out, lea\'
ing simply a framework to support the wheels and axles. An axle for each tide-component with 
crank and pulley at each end, as represented in perspective at the bottom of Plate II, is supported 
by these plates, and is connected by wheel-work with an axle in the front part of the machine, 
moved by a crank at the side. This connection is such as to give the exact relative period of revo
lution to each axle witl.t cranks attached. 

Commencing at a small stationary pulley at o, Plate III, a light chain passes over the stationary 
pulle.rs d and e until it arrives at the pulley of the tide-component at f, and then, passing suc
cessively over all the pulleys, first up and then down, around the large e.entral space cut out of 
the supporting i1lates, it comes to the pulley of the Jast component at g, and then, paseing over 
several stationary pulleys, it comes to h, where it is connected with the upper part of the sliding 
frame moving vertically, a small part only of which is visible on Plate IIL but is all represented in 
Fig. 3, Plate I. The horizontal slit in the bar of this frame determines the one side cm. or cm' of the 
right-angled triangle, the former if the machine is set according to the amplitudes in (3) and the 
latter if set according to those of (6). When the pulleys are all at the center the adjustment 
must be so made by turning the pulley c, Plate III, by an arrangement for that purpose, that the 
height of the horizontal slit shall correspond with A1, which is determined by means of an index 
attached to the chain and small scale just above c, uot visible. 

Commencing again at the point a, on Plate IV, which is a representation of the back brass 
plate and the pnlle;ys on the cranks on the other end of the axles, a chain passes in the same 
manner over all the pulleys until it comes around to b, and then by d and e to the side of the 
frame sliding horizontally, only parts of which are seen on this plate, but all is seen in Fig. 3, 
Plate I, the connection of the chain with it being at b on the right of this front view of it. The 
slit in the vertical bar of this frame, oscillating horizontally, determines in the right-angled triangle 
of Fig. 2, or Fig. 3, the other side m n or m' n' according as the machine is set to the amplitudes 
of Nin (3) or N' in (6). In these expressions there are no constants corresponding to .A1 in those 
of Mand M', and hence, when the pulleys are all thrown in to the center, the adjastment must 
be such that the vertical slit oecupiel'I a central position, corresponding to the point c, in Fig. 2, 
Plate I and Plate IV. 

The arrangement with regard to the distances between each pulley and the two from which it 
is suspended is such that those belonging to the tide components K, Sz, Ni, &c., which have the 
largest amplitudes, are farthest from the points of suspension, so that the measurements may not 
be sensibly aftected from a want of parallellsm of the strands of chain with a vertical line. The 
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axles aud pulle,ys of all the smaller tide-cornpoumits are placed abo\·e with c<irr·espondingl~· short 
spaces between. The two pulleys from which Si is 8uspe11de'l are larger tlm11 tlte otLerH iu order 
that K1, 82, and Nz, which ge11erall.r have large amplitudes, may Lave a wider spaee to swing in 
extreme cases. 

15. The value of H in (5), (10), and (17), correspouding to en, Fig. 2, Plate I, is giYell by tlw 
distance of chain en of Plate IV. The end of a fine cLaiu attached to the end ot a vi11 controlled 
-by the two sliding frames, a11d kept at the iutersectiou of the two slitti, and always represe11ti11g 
the point nor n' in Fig. 2, Plate I, passBs .through a small e,ye or central hole at c of Plate IY, 
and then over several pulleys in tLe interior of tile machine, and coutroL,,; the Yertical nHffc111c11t 
of the index on the left side of Plate V, wLich is a perspecti\·e view of the front arnl left side of the 
machine as finished. As the distance between c and n i11creases or decreases the index rises m· 
falls the same amount on the scale, from which is read oft the height of high or low water, the 
former 011 the left part and the latter on the right part of the scale, the negative direction of the 
latter beiug upward. As these readings are generally from some plane below mean level, as that 
of mean low 'vater~ wLich is represented by Ho 111 the preceding expression of' II, the zero of the 
left scale must be throwu dowu by that distance, and the other as much up. For this purpose the 
s!'ales are made adjustable by means of a small toothed wheel betweeu the scales, b.)· which, when 
the left scale is thrown down, tLe other is tLrowu up just as much. 

The construction of the machine is such that for tides of large range, uot exceeding about 1!.! 
feet, a foot of tide corresponds to an inch of the scale. The scales, howeYer, ha\'C a double grad
uation, in which in the one a foot of tides corresponds to !.! inches of' the scale, so that tides of 
smaller range, not exceeding about 6 feet, uHt.)' be read from this scale, the pulley8 in this case 
being thrown out twice as far 011 the cranks for the same amplitudes. If, howeYcr, the rtmge of 
the tide is very great, the half amplitudes must be used iu setting, and the readings from the scale 
of closest graduation, must then be doubled. 

16. The whole machinery is moved with the left hand by means of a crank represented on the 
left side of the machine in Plate V, and on the right side of l'late IV in a back view. This crank 
turns a horizontal axle passing from side to side, mostly visible in the lower part of the front view. 
Ey means of a connection between this axle and two upright shafts k and l, Plate III, the one on 
the left, k, is made to turn twice in a lunar day, and the one on the right, z, once in tt lunar day. 
By means of a connection of three wheels and an endless screw between the shaft k and each Of 
the axles of the semi-diurnal tide-components, which are all arranged on that side, each of tl1ese 
axles is made to turn in its proper relative period with regard to that shaft, which is giyen in the 
preceding table. The numerators and denomiuators of the fractions representing these relations 
very nearly are the number of teeth in the wheels used in making the connections, the unity of the 
one fraction being represented by the endless screw. The connections on the other side between l 
and each of the axles of the diurnal and other components, which are all arranged on that side, are 
made by means of four wheels, of which the number of teeth correspond with the numerators and 
denominators of the fractions, representing the relations wiry uearlJ between the rnotiou of the 
u1iright shaft and each of the axles of the components. The relations between the proper motions 
of these axles and the shaft on the other side are given in the preceding table, aud therefore t.o get 
the relations to the other shaft, since it turns only one-half as fast, the relatious in the table must 
be doubled, which is done by omitting the fraction 1· The parts of the true relations which are 
not satisfied in these connections are given by the decimal added to the other fractious iu the 
table. The amount of' error in degrees of the indices of the several component::;, which are repre
sented on Plate IV, is found by multiplying these decimals int-0 280,934 and tLc number of hours 
the machine has run. The amount of error for one year is given in the last column of the table. 
By placing the relations of the cranks for cosines and sines differently for positive and negatiYc 
angles, it has been arranged to have all the indices turned in the same direction, aud the sigus of 
the errors given indicate gain or loss in the motion of the indices without regard to the sigus of 
the original angles. 

The absolute errors in the heights of the tides arising from these errors of course depend upon 
the amplitude of the component. In our .Atlantic tides, iu which the amplitudes of the solar and 

S. Ex. 29--34 
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all the other components except the lunar are leiss than 1 foot, except at Eastport, and the diurnal 
amplitudes eve,rywherc are especially small, the machine might be rm! through ten years and the 
error in any one component would not amount to 1 iuch in the heights of the tides, though of 
course the errors of several might combine and make the whole error more than that. 

Ou the Pacific coast, where the diurnal components are very large, on account of the less 
accuracy of the relation in Oh the machine could not be run nearly so long without incurring tlie 
same amount of error. 

17. Just in front of the two slirling frames is a lever turning- on the central point of the 
machine, represented by e in the back view of Plate IV, which contains a grooYe, in which one end 
of the pin at the intersection of the two slits of the sliding frames moves up antl down and always 
controls its direction, so that it always has a direction corresponding to en or en' of Fig. 2, Plate I. 
By means of a connection of wheel-work the needle on the face of the dial, Plate V, always has 
the same direction as en or en' or the lever behind. Hence the angle between this needle and the 
vertical, which can be read in lunar time or in degrees from the graduated circles, is that cor 
responding to 11 or fr' in Fig. 2, Plate I. 

The index on the dial, Plat.e V, pointing to the left a little below the figure 9, and correspond
ing to ee in Fig. 2, Plate I, is the lunar index already explained in § 10. The other index pointing 
to 12, and corresponding to ed in Fig. 2 is the solar index, which indicates the solar time. When 
this points t-0 12, and tlie small index directly below the center points downward, it is mill night; 
but if the small index points upward, it is noon. Although the lunar index moves according to 
lunar mean time, yet it does not point out this time on the dial, hut indicates the phases of the 
mean lunar tide, and the high water of this ti<le occurs when the index points to 12. It conse
qucntly'points out the lunar time which has elapsed since the last high water of the mean lunar 
semi-diurnal tide. 

The ratio between the motions of the solar and the lunar index is that of 
300.()()0000 40x110 
28-~184104 =snx-Hi9 very nearly. 

The latter is so nearly correct that the error iu the reduction of lunar to solar time amounts 
to only about one minute in two years. The fractious in the seeond uumber, expressing thi8 
important relation, wtwe discovered here independently, but it was afterwards found that they 
hacl !Jeen previously discoYere<l hy Mr. Roberts. The wheel-work, with the number of the teeth 
corre1ipomling to the uumerators a11d denominators of these fractions, and by which the solar 1tnd 
ltmar indexes are caused to have their proper relations to each other, and that by which the needle 
is kept parallel with the le\'Cr behind it, already explained, are partially seen in the central part 
of tlw dial of Plate V. 

The longer index, in the upper left-hand corner, moves around the circle in three hundred and 
tiixty-five days, and keeps a record of the day of the year. Between the other end of the axle 
which controls this index and the axle of the small tootlied wheel, between the two scales on the 
left of tl1c face of the machine, there is a connection by means of a small crank and a rotl which 
tnrus rt little the latter axle, by which the annual inequality of mean level of the sea is taken into 
account. During oue part of the year the left scale is thrown down a little and the otller up, tl1e 
etfoct of which iti to increase the readings of both lligh and low waters. Duriug the other part of 
the year the effoct is tho rm'erse. The smaller index is used in setting the axle and crank in accord
ance with the epoch of maximum of this annual irregularity. 

The index of this and the indices of the other three dials in the other corners are controlled by 
means of connections between their axles and the horizontal shaft below, which is turned directly, 
with the left hand, by means of the crank attached to it. The uses of the other three indices will 
be understood from the im;criptions on the dials. 

The thermometer on the right side, Plate V, is 110 essential part of the machine, but is placed 
there because it is a convenient place to keep a thermometer to give the temperature of the room, 
and, also, because it girns symmetry to the face of the machine by corresponding t-0 the scale on 
the right. 

The whole is included within a glass case which opens in front. The whole case can also be 
lifted up and laid aside when it is Qesirable either to set the machine or for any other purpose. 
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DIRECTIONS FOR SETTING AND HSING. 

18. In the first adjustments of the machine the pulleys on the cranks must all be throwu into 
the center, and the vertically-oscillating frame must he let down hy means or an arrnugemcnt 11ear 
c, Plate III, nut.ii the middle of the horizontal slit coincides exactly with the center at c, Plate IV. 
The small index above c, Plate III, attached to the chaiu, must he then so adjusted that it will 

. point to zero of the small scale belonging to it. A small screw at a, Plate I\', at the h1•ginuing 
of the other ehain, should a,hm he turned until the middle of the Yertical slit coincirles with the 
center c. In these adjustments there i8 a slight yielding of the Jiarts with a change of te11sio11, so 
that they should be made by coming to the positions from both sicles and taking the mean of the 
small difference. These ac\justments, being onee made, should not require auy clia11gP; lmt it is 
well to verify them occasionally, f~n· in the use of the machine some small cha11ge8 in the rigidity 
of the different parts might gradually take place. 

In the harmonic a,nalysis of tidal observations it is usual to giYc the consta11t8 of the expres
sion of the tidal function h, in the following form; 

(a) k=H0 +:!Aecos(i0 t-e0 ) 

But the value of e0 is the epoch in angle from the time of the passage of tbe fictitious moon of 
each component over the meridian, to the time of high water of tllat com1)onent. Hence at the 
time of this meridian passage we have for each component t= o, or some number of e\en periods. 
In the expression of h in (1 ), however, we have t= o, for all the components at the same time, 
which is usually assumed to be January 1, 01i (leap year January 2, O"). T!Je values of <e, there
fore, in ihe preceding expres8ion must be reduced to those corresponding to this epoch off= O. 
This reduction is made by means of equation (9), "Discussion of Tides in Penobscot Bay,""' with the 
values of en= s c0 contained in the Table II of that paper. The following table is the latter part of 
that table, somewhat modified iu form and notation, more convenient for practical application l1ere, 
and extended to the end of the century. The constant s Ce of that table is here denoted by k0 

Table II contains the values of the constants k" for the several components, and also the longi
tude of the moon's ascending node (m), angle of moon's phase (a.), the moon's mean anomaly (b), 
and the angle of the moon's place from the equatorial node ( c), for the first of each year. Tlie 
values of k0 for the shallow-water components are, for (MS)4 , equal to k1, for M4, equal to 2 ki, 
and for M6, equal to 3 k, k1 being the value of k" for the component M 2• For the solar component 
it is equal 0. 

TABLE II. 

Year. M:2 K2 P.• ~· u. K1 01 P1 Q1 Q'1 w a 
I 

Ii 

0 

1880 243.6 202.4 127. 2 359.G G.O 11. 2 232. 3 348. 8 313. 6 92. r> 285. 9 238 279 169 

1881 344.3 202. 8 328. 6 359.9 119.2 11. 0 333. 3 349. 0 325. 9 3. G 266. u 8 301 

1882 85.1 201. 4 181. 2 348.8 263. 8 266. 2 170. 2 0.2 232. 5 10. 7 74.3 349. 2 338. l 274. 5 247. 2 137 96 68 I 
1883 185.8 201.0 10.8 1.0 175. 0 196.6 11.6 0.4 345.5 10. 5 175. 3 a.t9. 5 350. 4 18a.6 ·, ~'27. 9 267 18[> 196 ! 
1884 262. 2 202.4 188.8 335.4 73. 4 91. 0 164. 4 359. 6 35. 2 11. 2 250. 9 348. 7 324. 3 84. 6 : 208. r. 49 287 i 334 

1885 3.0 20'J. 0 18.4 347.6 344. 6 21. 2 5. 8 359. 9 148. 5 11. 0 351. 9 349. 0 336. 5 355. fl I }~9. 2 lW 15 i 100 

1886 103. 7 201.6 207.8 359.6 255. 8 3ll. 5 207.4 0. 2 261.7 10. 8 92. 9 34\1.2 348. 8 266. 7 169. 9 300 104 l 227 

1887 204.4 201. 0 37. 3 11.6 ']67. 2 241. 8 48. 9 0. 5 14. 9 10. 5 193. 9 349. 5 1. 1 177. 7 150. 5 178 193 ! 353 

1888 280. 8 202.6 215. 4 346.2 65.4 136. 2 201. 6 359. 8 64.4 11. 3 269. 5 348. 7 334. 9 76. 6 : 131. 2 220 295 i 133 

1889 21.6 202. 0 45.0 358. 2 336.6 66.4 43.1 o.o 177. 7 u. o I 10. s 349.0 : 34-7.2 347. 7 . 111. 8 349 23 I 2f>O 

1890 12!!. 3 201. 6 234.4 10.2 248.0 356.8 244. 6 0.2 291.0 10. 8 111. 5 ' 349. 2 '359.4 258.1 : 9!!.5 11!1 m I 28 
1891 223. 0 201. 0 63. 8 22. 3 159. 3 287. 0 811.l 0. 5 44. 1 lo. s I 212. s . 349. 5 : 11. 7 169. 7 i 73. l ' 348 2<n I 159 

I I 
53. 8 : 30 I 1892 299.4 202.6 242. 0 356.9 57. 5 181.4 238.8 359.8 93.6 11. 3 288. l 348. 7 . 345. 6 68.(i i 300 I 304 

349. 0 i 357. 8 339. 7 I " I 
1893 40.2 202.0 71.6 8. {l 228. 7 111. ll 80.3 0.0 206.9 11. 0 29.1 34. 4 i 159 i 

i!~ I 76 
1894 140. 9 201. 7 261. 0 :.>0.9 240. I 4Z.O 281.8 0.2 320. 2 10. ~ 130.1 349. 2 10. l 250.1115.1 200 I 209 

1895 241.6 201.2 90.4 33.0 151.4 332.2 123.3 0.5 73.3 10. 5 231. l 349.5 22.4 l61. 71355. 7 159 I 2091 
340 

1896 318. 0 202.9 268.6 7.6 49.6 226.6 176. 0 359.8 122.8 11. 4 306. 7 348. 7 3f>!t2 60. 6 336 4 201 I 311 126 

1897 58.8 202.3 98.2 19.5 320.8 156. 8 117. 5 o. 0 236. l 11.1 47.7 349. 0 8.5 331. 7 317. 0 331 39 259 

1898 159. 5 201.8 281.6 31.5 232. 2187. 2 319. 0 0.2 349.4 10.9 1148. 7 349. 2 20.7 ua r ' •oo : '" I 31 
1899 200.2· 201.3 117.0 43.6 143. 5 17. 4 160.5 0.5 102.5 10. 61249. 7 349. 5 33.0 153. 7 278. 3 330 2171 161 

1900 336.6 203.0 295.2 18.2 41. 7 271. 8 213.2 359. 8 152.0 11. 5 325. 3 348. 7 6.9 s2. 6 259. o : 12 I a1s 303 

-----~----- --~ 

• Appendix 11, Report for 1878. 
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Designating by<'" tlle Yalue of Ee with the preceding reductions applied, inst~ml of (a) we have 

(b) 
in which 
(c) 

h = Ilo + 2.' A., COS (ie t - <',.) 

19. In the fonr componentsM2, K2, K 1, nnd 0 1 it is uslrnl to eombi1w with l'flell the small eom
pmwnt of nearly the same period, referred to iu § 12, and use throngh the year the amplitude and 
t>poch of the resultant for the rnidclJ(• of the yt·ar. From tl1e am11litmle and epoch of tlw principal 
component, those of the resultant arc obtainPd by multiplying the former by the factor F, and 
a1l1liug to the latter tl1e correction or: contained iu the following table. 

'l'AHLF. III.-Containing the factors F: and the corrections or:" used in red1wtions of 1112, 112, Ki. and 01. 

Argu
mcmt 

10 

20 

BO 
40 

50 

60 

70 

80 

90 

JOO 

110 

120 

130 

140 

150 

160 

liO 
180 

0. 964 
0.964 I 

0. 966 

0. 96!1 
0. 973 i 

o. 977 

0. 981 

0. 9Si 

0. 995 

1. 000 

1. 007 ; 

1. 013 I 

1. 019 

1. 024 
], 028 ' 

}. 03] I 

l. 0~4 

1. Oil5 
1. 036 • 

The factors F. 

l. 28 
1. 28 1.13 

1. 27 : 1. 13 

!. 26 1.12 

1.2:! 1.11 
!. 20 1. 09 

1. 17 1. Oi 

1.13 1. 05 
1. 10 1. 03 

1.05 J.00 

1. 00 0. 99 

0. 94 o. 96 

0. 89 0. 94 

0. 85 0. 92 

0. 80 0. 90 : 

o. 76 o. 89 

0. 74 0. 87 

0. 72 0. 87 

0. 71 i 0. 87 I 

C 
. I I 

: orrection" ~ t. I I --: -------------- --1 !:~ 
Mi. . Ki. K1. : o.. . w I 

]. 22 

1. 21 

1. 20 

1.18 
1. 15 

1.13 

1.10 
1. 06 

1. 03 

0. 99 

0. 9i\ 

0. 91 

0. Si 

0. 84 

0. 82 

0. 79 
0. 78 
0. 78 

~-----\ ____ , 
' I ' 

0 : ') 'I I 
-1 O. 0 ·• 0. 0 i ± 0. 0 , 't 0. 0 360 I 

2. 2 1. 2 1. 8 
1 

3r.o I 0.4 

0. 7 ' 

1. 1 

l. 4 
1. 6 

1. H 

2. 0 
2. c 

4.4 

6. 5 

8. fl 

10. 5 : 

12. 2 i 

rn.; I 

15. 0 : 

3. 6 i 340 I 
5.31 3301 

6.91 320
1 

8. 4 i' 310 I 
6.2 9.8 300J 

6.8 10.9, 290 I 

2. 3 

3. 4 

4. 5 
5. 4 

7. a 11. s I 2so 
1 

2. 1 16. 0 ' 7. 6 12. 4 I 270 j 

2. 0 16. 5 7. 7 12. 7 2f,() 

1. 9 16. 6 ' 7. 5 ; 12. G 2fiO 

240 1. 7 7. 1 12. 1 

1. 5 

]. 3 

1.0: 

0. 7 ' 

0. 3 

6. 4 i 11. 1 230 

5.f.ii 9.7 220 

4. 4 : 7. 7 210 1 

3. 0 f>. 4 . 200 
1.6 2.8 190, 

± 0. 0 : "' 0. (I 180 i 
' . ---·--' 

Tlie argument w i.n this talJle must he ohtai11ed from Table II for the middle of the year, ancl 
wlH'll this argument i.s found on the left in this table the upper one of the double signs must be 
uRctl, hnt if the argument is found on the right, the lower sign must, he used. 

The amplitudes of these four components must he multiplied into the factor Fin this table, and 
to the ''J)()Chs must be added the correctiorn1 of, before being used in b and c, or in t,be following 
equations (d} and (c). 

20. Iii ( 1) the constaut of the angle is positive, and is the value of the angle when t = 0, ThiR 
is, therefore, the most convenient form to be nsed in the machine. In order to haYe (b) in tlrnt 
form, it is necessary to put c., = - c1

., and we tbeu gi>.t instead of (b) 

( <l) h =Ho+ ::E Ae COS (it+ Ce) 
in which 
(e) 

'Vi th the values of Ae and «in tlwse expressions, obtained from the mrnlysis of ob1:iervations, 
:rnd corrcct~d by nwanR of Table III, for the components M2, K2, K1, and 0 1, and with the valnes of 

ie : il in Tabk I, we obtain the values of Ac ~" and from (34) the values of Ce, contained in (3) and 
1·1 

(6), to which the machine has to he set. 
The following is an example of the method of obtaining these constants for the year 1886. 
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The values of A. and Ee are those of the tideR of Port Townsend, Wirnhington Territory, obtained 
from an analysis of the ohRerved hourly co-onlinates for three y(•arn, and with tl1e correctiom; of 
Table III a11plied. The Yalnes of kc are taken from Table II for each ('Ornponent. 'l'he ntlnes ot 
Ce are then given by (e). 

~-j---:-----=-r---- -------- --
i Compto-' A"'. j i~ : i1. .A,.. 1 f,,. k,,. c,.. c ... 
: Jlllll . I H. 1 

---- ---- ------i----:----
J. 000 2.30 '. 108.r. JH3.7' 3!i:i.2 

0. 55 1. 03!') 

0. 11 i J. 037 

0. 09 1. 018 

0. 45 . 0. 980 

o. oo I o. 983 

o. os I o. 957 

2.J,j 0.519 

!. IO 0. 481 
P1 i 0. 77 0. 516 

Qi : 0. 30 o. 462 

Q'• . 0. 22 0. 500 

M, \ 0. 12 2. 000 

o. 57 i 129. 5 ' o. 0 
o. 11 i 132. 1 : 201. f, 

o. 09 340. 8 207. 8 

0. 44 80. 4 359. G 

o. 09 ~6. 0 311. !i 

o. 08 358. 3 207.4 

J.17 148.6' 10.8 

o. 53 131. 0 92. 9 

230. ,) ' 23G. :~ : 

(ifl. 5 74. 3 

221. o :::n. s 
27U. 2 284. 0 

22:\;; 330. 3 i 

209. l 21:1. 9 
222. 2 227. f) I 

321. 9 326. i 
o. 39 146. 7 349. 2 202. 5 207. 3 

u. 14 122. 3 348. s 220. 5 2:n. :; 

0. 11 139. 8 266. 7 

0. 24 296. 7 207. 4 270. 7 27;,_ 5 

The whole reduction above is carried out completely, but it, iR seen that the result wonM h<' 
prncticall;y the sanrn if unity had been used for i., : i 1 in the Rerni-diurnal cmnpom•11h; and gin 
the diurnal components. If the macliine is set according to Ae, this will answer in (6) for tlw 
times of liigh water, in all the semi-diurnal components. 

21. Besides the preceding rednctionR, there is also another one neccf\sary for many tide-RhttionR, 
referred to itnd explaitrnc1 in § 9, in order to get the best results. This, as we ltave Reen, l'('(JUireR 
the amplitudes, except A 1, to be diminished a little in (3) aud to be increased a8 mncl1 in (6). The 
amount of this decrease and increase at Bm;ton Harbor, and Penobscot lfa)·, and probably along the 
whole New England coast, is about one-sixth or one-senmth of the whole auq1litude; but at New 
York Harbor it is one-(iightb; and on the California eoast still less. 

22. Witlt the constants thnR obtltincd the machine musit be sPt according to the different type!': 
or forms of the tide at the several stationR. For the large range tides of onr Atlantic coast, with 
small diurnal components, the pulleys are thrown out on the cranks accorcling to the forrnnla of 
(lll), makfag small corrections in the Yalnes of A0 , for the effects of friction explained in the pre
ceding paragraph, where this is known. 'rt1e indexes at the back part of the machine mn:-it he 
Ret according to the val ties of C.,, or their supplements for those components in wllich the angles, 
ill Tahle I, § 12, increase negatively, for reasons gi \'en. J<'or the amplitude Ai of the mean lnnar 
aucl principal component, the macliine is Ret by turning a milled head at the 1:>ide of tlie machine 
just above c, Plate III, until the index on the chaiu stands on the scale at a point eorrespon<ling· 
to the value of this amplitude. The horizontal slit in the frame oscillati11g n•rtically then stands 
at that lwight above tl1e central part of the machine, which corresponds to tlw mean leYel of the 
tide. The lunar index, on the face of the. machine, must be set to the degree correspornliug to r1. 
The solar index must he moved to the figure 12 on the dial, and the small iudex below must he 
turned down to midnight. The index in the upper left-hand corner mmit b<' placrd at .Taunar~· l. 
The small index on the same dial must be set to the supplement of the angle E in the attmml 
inequality of mea.n level. For instance, if <=2700, it must point to about the 1st of April. The 
other indices in the other t.hree corners, showing the angle of phase, the moon's mm-111 anomaly, and 
angle of moon's 11lace from the equatorial node, can he set approximate]~- by the lltst three columns 
of' Table II. These require little accuracy, since the results do not depend upon them. While 
the ma<l11ine is being set the two upright shafts, oue on each side, must be clampc<l by means of 
the milled heads, for that purpose, in order to keep every part in position, as set, while this is 
being done. 

23. The machine being thus set (which requires about one hour), an<l pl:wed on the top of a 
desk, with blanks in front for recording the results in a form ready for the printer, and the clamps 
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on the Rides having been loosened, you first turn the crank with your left hand until the lunar 
index comes in conjunction with one end of the needle. If this is the upper eud, the solar index 
then points out the time of the first high water, and the index on the left-hand side of the face of 
tlrn machine, re~1d off on the left part of the scale, gives the height of this high water. Then turn 
until the lunar index comes in conjunction with the lower end of the needle. This is the time of 
the next low water. The solar index then points out the time of this low water, and the index 
on the side, read off now from the right-hand part of the scale, gives the height of this low water. 
Then turn until the lunar index comes in conjunction again with the upper end of the needle. 
'l'liis is the time of the second high water, the times and heights of which are read off as before. 
Continue thus through the year from high to low and from low to high water, reading oft' and 
recording the results as read oft'. 

"\Vhere the range of the mean tide is less than about 5 feet, as is thecase mostly on all stations 
south of Cape Cod, the pulle~·s on the cranks can be thrown out to double the distance of the 
amplitudes, and the heights then read from the inner graduation of the scales, which is 2 inches 
of the scale to a foot of tide. 

24. 'Vhere the tide has large diurnal components in comparison with the semi-diurnal, such as 
to make the errors according to (21) too large, as may be the case in the titles of tlie Gulf of 
Mexico or the Pacific coast, set the maC'hine first in accordance with formula (6) and run through 
for a year, reading and recording the time~ only of high and low waters. Then set according- to 
(3), which requires, unless _great accuracy is wanted, merely the changing of the amplitudes of the 
diurnal and qnarter-diurnal, &c., components. 'l'urn the crank then until a conjunction o.f the 
luuar index with the needle takes place, and obserrn the_ time from the solar in1fox_ Then turn, 
forward or hack ;ts the case may be, until the time pointed out by the solar index is that half way 
hetween this time and the recorded time of high water, and then read oft' the height of high or low 
water, as the case may be, from the scale on the left, ancl make the record. Continue this through 
the year. 

In all cases the values of the con!'ltants, Ce, should be determined for both the beginning and 
end of the year, and after running through, it sl.tould be obsen'cd whether the indices stand in 
accordance with the ndues of Cc at the end of the year. If not, either the index was not set rigl.Jt 
at the start or there has been some slip, and it will be necessary to go O\'Cr it again. 

25. ''There the diurnal components are small, as in the Atlantic tides, the upper end of the 
11ep11Je has ~m irregular half-monthly oscillation about the figure 12 on the dial, being sometimeis 
011 the oue sidci and at others on the other. This answers to the half-monthly inequality in the 
times. There is a correspouding inequality in the height of the index on the left of the face, 
indicating a similar inequality in the heights. There is also, in connection with this inequality, a 
small diurnal inequalit;r of both the times and heights, indicated by the motion of the needle and 
the index on tbe scale. 

1f the diurnal components are large, there is a large oscillation of the needle from oue side to 
the other and back every day, corresponding to the diurnal inequality in the times, and also a 
large vertical oscillati011 of the index at the side, corresponding to the alternate higher and lower 
Jtigh or low waters of the same day. 

Where the diurnal components are so large as to cause the movable point n, Fig. 2, Plate I, 
to come around below the center c in the second setting in which the heights are read, the height 
of one high water may fall below, or of one low water above, mean sea lc\·el. The value of (fi-ft') 
then in the table of the Appendix becomes greater than 900, and the term R cos (;~-ft') given in 
the table has the contrary sign and must be applied to Ho accordingly. 

Where the amplitmks of the diurnal components are so large as to bring the point n around 
below c in the first setting, the needle is made to move entirely around each day, and there can be 
only two coujnnctions of the lunar index with the needle in a day, one with each end. There is 
in this case ouly one high and one low water each day. 

There is one critical case in which the maehine fails. This is where the point ~wonld pass 
exactly through the point c. This is a case which sometimes occurs, and a little aid is then required 
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to help it pass. This occurs mostly when tlrn largt' diurnal ti!lP briugs one of tlw high watnrs 
down to about meau tide level. The wave is then very fiat aml the times from ob8er\'atiou, and as 
given by the machine, are both somewhat nucertaiu. 

EFFIOIENCY OF 'l'IlE MACHINE. 

26. The results given by the machine have been compared with both computation and oh,.,er
. vation. In a comparison with computation for oue month of the tides of Boston I Iarlior tlte differ
ence in the heights rarely amounted to more thau 0.1 foot, and iu the times, to more than three or 
four minutes. These arise from a slight yielding of some parts of the machine with increase or 
decrease of teusiou iu the clrninH o\·er the pulleys on account of the axles and cranks not haYi11g 
quite rigidity enough. This, however, coultl be remedied by making tho axlei'i and cranks of the 
larger components, wlticlt have to do the most work, a littk stronger. In all short-range tides, 
which cau be worked C!ll the scale of 2 iucbes to tbti foot of tide, the;;e defects arp dimiui8hed 
one-half, and in no case am they of any eonsequm1ce in comparison wit]; tlw \'ariou;; al1110rmal 
disturllances of cuauges of winds aud barometric pressure, which cam1ot I.le takeu into account. 

In a compariHon of the resnlts giYen hy the machine for three mouths of the tides of San Diego, 
with the times arnl heights as giyeu by obsenation, the a\·erage of the differences in the times aml 
the heights taken without regard to signs were as follows: 

Times. Heights. 

! i Minutes. 
; Jannary .......... I 11 

I
i February ..•...... [ 8 

Marcil ............ i __ 1_2 __ , 

Mean .......... i 10 
i 

Feet. 
0. 28 
0. 33 

0. 25 

o. 29 

Of conrHC these differences are due mostly to tile meteorological dist11rha11cc,;, and olll.Y i11 a 
1miall'lneasurc to the errors of tlte machine. The comparisons, also, are for the winter montlrn, in 
which theHe ab11ormal disturbances are always found to I.le the greatest. 

The aYerages of the differences iu the times are Yery much increased 011 accou11t of the large 
diurnal tide, making the tide-wave often very fiat at the times of one of the high and Io,v water;; 
of the day, when the exact times of maxima and minima become very nncertaiu. 

The machine has also been tested in its application to the very singular tide.s of PfLpcetc, of the 
island of Tahiti, in which the times of high water sometimes follow the moon, as usual, but at other 
times the sun. An explanation of these tides has been given in my Tidal lfosearches, published 
as a separate appendix to the Coast Survey Heport for 1874. The observations of the:se t.ides extend 
only from the 1st of June, 1856, until about the middle of October. The peonliarity of these tides 
consists in the solar semi-diurual tide being in general larger than the lunar. During the mouth of 
June, with maximum declination of the sun, this tide,l1owever, was a little less, and then the times 
were controlled by tlte lunar tide, and tile times of high water followed, though at Yery irregular 
intervals, the moon. In July, however, and es1Jecially about the time of the autumnal equiuox, 
the solar tide became larger thau the lunar, so that the point n, Fig. 2, Plate I, passed around c, 
carrying the needle around with it in such a manuer as to cai1se the times of high water, as read 
off from tlle solar index, to fall all tlte time at nearly the same hours of the da;y, aml soon after 12 
of noon and midnight. The heights, as read off, were a maximum, as they shoultl be, near the times 
of the syzigies, but nearly vanished at the quadratures. 

The machiue is now being used in the prediction of the tides for the year 1885 to be used in the 
Tide Tables, published annually by the Coast and Geodetic Survey, and, with t,he exception of the 
very small defects referred to, is found to give entire satisfaction. 

The capacity of the machine for doing work is at least that of 30 or 40 computers, if these were 
to take int;o account everything which the machine does. 
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APPENDIX. 

By Mr. L. r. SII!DY. 

fCont!Liniu~ talJI•· of the product It coH (fl- fl') of tho formula (10) H=Ho cl P.cos (/l-/l') which is t.o Le used where it is necessary to US« for· 
mula (10), aa occurs i11 some rarecaHt'H. 'l'lui 11pp~1· sih'll i:-1 mmd f01· high mul tlw lowtw oue for low watet·s. II= tLe rt:quired hei~ht, Il0 

=-- diffcrm1ce between plane of refrn•uce and mean sea level. R = difl'crenee het\-veon center of small cog·-wlrnel aml position of pointer 
on he.if!,lit scale. f3 ::::: roadini!: nee,lle, aud f3' =lunar liaud. J 
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APPENDIX No. 11. 

RESULTS FOR THE LENGTH OF THE PRIMARY BASE-LINE IN YOLO COUNTY, CALIFORNIA, 
MEASURED IN 1881 BY THE PARTY OF GEORGE DAVIDSON, ASSISTANT. 

Computation and Discussion of Results, by CHARLES A. SCHOTT, Assistant. 
! 

A full account of the measurement of the Yolo.base and of the construction and description of 
the apparatus used has been given in Appendices Nos. 7 and 8 to the report for 1882; the first by 
the present writer, on the apparatus used; the second by Assistant George Davidson on the opera
tion of measure. To these the reader may be referred once for all. The paper herewith presented 
contains a condensed account of the results reached by the computer for the le.ngth of the base, with 
a discussion of its probable error and other matter of interest connected therewith, and forms part 
of a series of reports• on the measure and length of the primary base lines of the Coast and Geo
detic Survey. 

The site of the base is in Yolo County, California, about 28 kilometers (or 17k statute miles) to 
the westward of Sacramento City ; the astronomical latitude of its southern terminus is 38° 311 

3411.19± 0".07, and of its northern terminus 330 40' 37".23± 011.07; the astronomical azimuth of the 
line at Southeast base is 163° 071 13".45±0".18 and that at Northwest base 3430 05' 0!.! 11.37 ±0!'.14, 
making the base inclined to the meridian at its middle :(lOint about 16° 531.9. The longitude of this 
point is about 1210 491.7. The length of the line is about 17.5 kilometers (or a little short of 11 
statute miles); tbe ground at Southeast base is about 21.6 meters (or 71 feet), and at North· 
west base about 46.6 meters (or 153 feet) above the mean tidal level of the Pacific Ocean. The 
soil is a rich, dark loam, more sandy near Southeast base and stiff clay near Northwest base; the 
grade is very easy, almost level, except when nearing the upper end, where for about 100 meters 
the ascending slope is about 4°; the maximum inclination of a bar was 5:> 211.5. Underneath 
the monuments marking the ends of the base there are granite blocks; inserted in these a copper 
bolt, witb a fine drill bole in its upper surface, defines the terminus of the base at each end. The 
line was measured twice and in opposite directions~ and some parts of it thrice; the time spent in 
the first measure was twenty days, in the second eighteen, and in the third eight working days. 

' The measurement commenced September 19 and was completed November 24, 1881. 
In the annual report for 1882, Appendix No. 7, there is given an account of the construction 

of the base apparatus and of the standard bars and the length of the field standard is shown to be 

5m+116311- .0+5711- .47 (t-110.07 0) 
d: 2 .1 :d: .21 

Also the value of one turn of Fauth & Co.'s screw contact-level comparators III and IV, viz: 

25P .528+()1.1.002 (t-2000) and 25P .535+°"" .002 (t-2000) 
d:lO d:9 

respectively. In these expressions µ stands for a micron or the millionth part of a meter, C indi
cates centigrade thermometric scale, and the quantity following the plus or minus sign the prob
able error of the respective quantity above it. We also transcribe from the same appendix the 

•The last of these published forms Appendix No. 12, Report for 1873, on the length of the Peach Tree Ridge base, 
in Georgia, 1872. 
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table of correcti<ins to the graduation of the mercurial inclined thermometers attached t-0 the 
standard and the bars, Yiz: 

i I 
Tberrnomet~rs of standard. i 

Temperature. I 

4518. i 4520. 
I 

Thermometers of bar 1. Thermometers of bar 2. I ------ ----- -------1 -1 
4522. 4523. I 4524. 4525. I 

oc. 0 0 

43 -.33 -.36 i 

38 .26 .28 l 
32. 5 . 30 .30 I 

I 

27 .28 .29 I 
21.5 .18 

I 
.13 I 

- 16 .16 .11 I 

10 , 16 I .06 l 
4.5 -.06 I -.02 i 

I 

The highest temperature during which a bar was laid was 32°.4 0. (September 30) and the 
lowest 30,0 O. (November 22); for the ouwr air (in the shade) these extremes were of course 
much exceeded. 

As already stated, the unit of length upon which the geodetic work of the Survey depends is 
the iron committee meter of 179!1, the property of the American Philosophical Society, at Philadel
phia; the length of the 5-meter field standard is giYen in terms of this meter. It will be easy here
after to express our lengths in terms of the new international meter as soon as the latter shall have 
been distributed and compared; in the mean time, if desirable, we may refer to the late direct com
parison• of the committee meter with the platinum meter of the Conservatoire at Paris, in August, 
1867. 

For an investigation of the permanency of the indications of the Borda scales attached to 
the office and field 5-meter standards, see Acldenduin (A) at the close of this report. 

LENGTH OF THE BASE-BARS 1 .AND 2. 

The length of the base will be made to depend upon the length of the base-bars as derived 
directly from their comp~risons with the field standard made every morning before commencing 
the measure on the base. Generally two sets of comparisons were made, and these at a time 
when the bars had arrived at or near their daily minimum temperature, as iudieated by the )Iler· 
curial thermomet~rs. This happened near the hours of 7 and 8 a. m. 

The results of these comparisons are given in tbe following table: 
Daily results for length of base-bars ==5 meters+tabular quantity in microns. 

------i~-·----~-----~--1-··-"~---~------~-l---------~---·--I--~--~--~--, 

\ . Corrected temperature.! Length of ' . i CorrectM tempMature. 1 Length of i 
I 1881. Ta'..1:." Stand- '--,-[------ -i 1881. 1;':: S di ' - ---1---: 

nrd. Bar 1. Bar 2. I Bar 1. Bar 2. (' :::. · l Bar 1. i Bar 2. ; Bar 1. Bar 2. i 

I .. ,: ~;; ;,'; • ;:; j-;:o; '1

1 

+~•_'~:~.7 (_ Oc~--~-;;-~6~~-i ;5~~1--;5~~:-~~~.111+3~.51 
I 18 7 45 17. 7 14. 4 : 15. 2 45. 8. i 312. 0 1 Oct. 8 7 30 13. 2 • 11. 8;) 11. 7 I 56. O 341. 0 ; 

I Mean... 7 16 18. 0 14. 3 i 15. 0 i 38. 2 : 308. 4 I 8 8 00 13. 31 12. 0 I 12. 2 61.4 I 340. 8 \ 

I Sept. 19 8 55 16. 3 · 13. 4 ; 13. 7 : 47. O : 293.1 Mean... 7 45 13. 2 ; 11. 8 1 12. O ; 58. 7 340. 9 i 

22 8 36 19. 5 17. 2 
1 

17. J / 55.1 f 311. O Oct. 10 7 30 13. i 1· 11. 4 11. 6 j 38.1 837. !I ' 

I- 2
27
4 i 58 13. 1 12. 5 12. 6 I 43. 7 I aoa. a 10 1 45 13. 1 11. 6 1i.11 [ 52.1 353. 11 

I
I 28 : : ~~:: ~::~ ~~:! l ::::(I :::: !:n~~- ~: ~:::II ~~:: :!::I :~~ ::: 

29 7 25 16. 0 14. 9 15. 0 I 46. 6 315. 1 11 8 00 18.. 17. 0 17.1 I 46. 2 MO. 6 
30 725J 15.7 13.1 13.5 49.91 323.8 Mean ... 750 18.41 17.0 17.0: 46.4 m.111 

!Oct. 1 7001 17.l 14.a[ 13.9, 31.41' 311.1 Oct. 12 soo 11.4J 10.2 10.4!1 71.7 3141.6 

I 
3 !IOSj 17.5 16.21 16.3 62.0 lll7.8 12 815 11.6

1
1 10.6 10.7 65.9 335.6 

4 7 23 10.7 8.7 i S.71 49.4 I 307.3 Mean... 8 08 11.5

1 

10.4 10.6 ll 88.8 836.l 
5 7 06 11.4 9.6 i 9.7 00.2 II 316.0 Oct. 1ll 8 30 10.5 8.9 9.2 35.11 llll.5 

I Oct. : ! : :::; :~~ i :::~ ! ::: f ::: i Mean~~- : : ::::I ::~ ~: j :.: :.: 

/Mean... 7 U 13.~---=~4L__1_2·~---~~~L~1.o; Oct. 14 Boo/ 7.s 1 6.6 e.s 1 51.l 3411.7 / 

*See Coaat Survey Report for 18671 Appendix No. 7, p. 136. 
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1881. Ta~;.· I :;::~ te~p~~re. 1 

__ L~nglt~-of -I ~88~.-~;~.T::~~;te~~~~~I-:~:~~ Lenglth of !j 

l----1---/1~1 Barl. ! Bar~j Barl.. Bar::____ ----/~l_B_ar~·-i Bar2. Barl:_I Bar2.

1 h. m. o d. , o O. ! o O. ,.. f' ,.. h. m. I o O. i c O. ; o O. ,.. I ,.. 

Oct. 14 

Mean ... 

Oct. 15 

' ' I I 8 30 7.9, 6.8
1

1 7.1 +52.4 1+335.4 Mean... 7 30 I 10.7 1 8.7 8.6 +29.2
1
+322.3 I 

I ' ' I 815 7.8; 6.7i 7.0 51.Si 339.6 Nov. 3 7301 7.9· 6.1 1 5.6 35.4! 317.9. 

15 
Mean .•. 
Oct. 17 

17 

Mean ... 

Oct. 18 

: : ~: ~ ~: ~ Ii ~:: ~:: Ii ::: ~ Mean... ~ : : ~:: [ :: ! ~: ~ ::: ~ I ::. : ll 

916 7.6 7.0 7.0 60.2 341.8 Nov. 4 7 50 13.1 ! 12.8 12.4 58.8 ! 333.9 
1 

8 20 9. 2 8. 3 8. 5 58. 2 329. 5 4 8 10 13. 2 12. 9 12. 5 64. 9 1· 336. 7 i 
8 40 9. 3 8. 6 8. 8 63. 9 j 334. 9 Mean .. . 8 00 13. 2 ' 12. 8 12. 4 61. 8 , 335. 3 : 

8 30. 9. 2 8. 4 8. 6 61. 0 I 332. 2 Nov. 8 10 8. 1 l 6. 4 6. o 49. 2 I 318.4 i 
8 50 10.2 9.6 8.9 66.0 

1
, 336.0 Nov. 7 7 55 · 10.0 ! 8.8: 8.5 45.l l 316.9: 

I ls 9 10 10. 4 10. l 9. 4 79. ir i 344. 0 8 10 10. 0 9. 1 8. 7 44. 1 i 324. 5 

9 00 10. 3 9. 8 I 9. 2 72. 9 i 340. 0 Mean... 8 02 10. O ; 9. O 8. 6 44. 6 ' 320. 7 Mean ... 
Oct. 19 

19 

Mean ... 

Oct. 20 
20 

8 00 12. 4 11. 0 
1 

10. 5 56. 8 ' 333. 2 Nov. 8 7 50 ' 11.1 i 10. 2 10. 2 64. 0 331. 7 

11.4' 10.9 60.9 i 339.4 8 30' 11.2 10.4 10.5 57.4: 341.1 8 25 

8 12 

8 00 

12. 5 

12. 4 

15. 4 

11. 2 

12. 9 ' 

10. 7 

12. 7 
58. 8 i 336. 3 Mean 

43. 9 i 325. 4 Nov. 11 

8 10 : 

7 40 ; 
11.2 ' 

8 25 15.4 13. o : 12. 8 53. 6 I 329. 4 11 

12. 8 48. 8 I 327. 4 

7 55 

7 48 

7.2 ' 
7.1 ' 

8 12 15. 4 13. 0 i 7. 2 Mean ... 

Oct. 21 
21 

Mean ... 
Oct. 22 

22 

8 10 

8 25 

8 18 

14. 6 

14. 6 

13. 8 ! 
14. 0 

13. 2 62. 4 I 334. 7 

67. 7 i 338. 5 13. 4 

Mean ... 

Nov. 12 

12 
7 35 ! 5.1 

5.0 : 

Mean •. 

7 50 

8 10 

8 00 

14. 6 

11.1 

11.2 

11. 2 

13. 9 ' 

9. 4 i 

9. 7 ' 

9. 6 ' 

13. 3 
8. 8 

9.1 

9. 0 

Oct. 24 7 15 10. o 7. 2 7. 2 

24 7 35 9. 9 7. 2 7. 3 

Mean•.. 7 25 10. o 7. 2 7. 2 

Oct. 25 7 25 13. 2 11. 8 11. 7 

~ 1~ m2 n9. ns 
M~an . . . 7 35 13. 2 11. 8 11. 8 , 

Oct. 26 7 10 14. 9 13. 7 13. 7 ' 

26 7 ao 14. 9 13. 7 13. 1 , 

Mea.n. . . 7 20 14. 9 13. 7 13. 7 ! 
*Oct. 27 [110) 14.1 H. 3 14. 2 i 

27 [l 25] 14. 3 14. 4 14. 3 ' 

Mean ... [118] 14.2: 14.4 14.2 t 

Oct. 28 8 00 13. 3 ' 12. 4 12. 3 i 
28 s 15 w. a : 12. 5 12. 4 1 

, Mean... 8 08 13.3 124 12.4 j 

I 0ct. 29 1 10 12. 2 11. o 11. o I 
I 29 7 30 12.2: 11.0 11.0 I 

I Mean... 7 2tl 12.2 I 11.0 11.0 II 

' Oct. 31 7 10 : 10. 3 I 8. 4 8. 4 
i 31 7 25 10. 2 ; 8. 4 8. 3 : 

: Mean . . . 7 18 ' 10. 2 : 8. 4 8. 4

1

1 

! Nov. 2
2 

7 20 i 10. 8 i 8. 7 8. 7 
7 40 I 10. 6 : 8. 7 8. 6 I 

[ ___ ~ __ ;_1 ---'----'-------'-

65.0 j 336.6 Mean .. 7 42' 5.o 

66.61 322.9 Nov.H 8001 10.7 

so. o I 340. 9 14 s 20 , 10. s 
73. a 331. 9 Mean... 8 10 ' 10. 8 , 
71. 5 

71.4 

334. 7 

329. 4 
Nov. 16 

16 

71.' 332. O Mean ... 
49. 3 327. 3 ! Nov. 18 

57.5 i 329.8: 18 

53. 41· 328. 6 1: Mean ... 
52. 6 346. 8 Ii Nov. 19 

59. 51 347. a 11 19 
!iii. O 34i. 0 II Mean ... 

[82 . .5] (355. lj Nov. 21 

[80.5]1 [365.6J: 21 
[81. 5]: [360. 4] j Mean ... 

63. 9 i 338. 8 'I Nov. 22 
59.1 I aas.a , 221 

61. 5 I 338. 6 I Mean ... 
47. l i 336. 4 

1

1 Nov. 23 

52.41' 347.1 ' 23 
49.8 

1 
341.8 ; Mean .. 

41. 7 I 321. 4 ·I Nov. 24 

38.8: 323.6 ,/ 24 

40. 2 I 322. 5 '! Mean 

31. 6 i 325. 7 'l 
26. 7 ,

1

· 318. 9 I 

ii 

9 20 I 

9 40 I 
9 30 ' 

8 5o i 
9 05 i 
8 58 : 

8 20 i 
8 50 i 
8 35 I 
7 50 ! 
8 10 • 
8 00 : 

8 10 

8 25 ' 
s 18 I 
7 00 i 
7 56 ! 
7 28 l 
7 02 I 
8 02 I 

7~1 

·----~--

6.6 

6.8 i 
6.7 ' 
3.4 i 
3. 5 i 
3.4 

3.7 ' 
3. 7 

3. 7 
3.4 

3.3 

3.4' 

3.4 i 
3. 5 ' 

~4i 
4.8' 

4.3 ' 
4.61 
3. 91 
3.5 

3.7 

•October 27, there were no observations in the morning. 

10. 3 
5. 0 ' 

5.1 

5. 0 i 
3.2 I 

3.4 
3. 3 

8. 7 : 

9.1 

8. 9 

5.5 

::~ i 
2. 9 ' 
3.0 

3.0 1· 

2.8 

3. 2 

3. 0 
2.0 

2.1 

2.0 

2.4' 

2.6: 
2.5' 

29' 

2.8 t 

2. 8 
2. 3 i 
23 

2.3; 

10.4 

4. 6 

4.8 

4. 7 

3.1 I 
3.3 

3.2 

8.5 

9.0 

8.8 

5. 7 
5.9 

6. 8 

3.1 
3.3 

3. 2 

2.4 
2. 5 

2.5 
1.8 
2.0 
1. 9 

2.2 

2.3 
2. 2 

2. 7 

H 
2.6 
1. 9 

1. 6 I 

. · 1 

60. 7 

4i.1 
48.9 ' 

I 

:::~I 
40.5 

336.• 

325.5 
340.8 

333.2 

327.1 

333.9 
39.5' 330.5 

44.6 

52.4 

48.5 
51.0 

59.2 

55.1 

67.9 

62. 2 

65.0 

63.8 
54.8 

59.3 
56.0 
61.4 

68.7 

48. 8 
48. 7 
48.8 

6'. 7 

58.0 
61.4 
62.0 

54.0 

58.0 

351.3 

360.U 

356.1 
332. 0 

345.3 

338.8 

347.1 
346. 5 

346.8 

333.8 ! 
3111.3: 

326.6 \ 
aa7.2 I 
347. 2 
342.2 I 

323.2[ 
34;1.4 i 
332. 3 i 

I 
327. 3: 

329.s I 
328.3 ! 
a21.1 I 
336. s 1 

·~· 1 
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Assuming that the bars were stationary, or nearly so, about the times of comparison, we may 
deduce the mean error of a comparison of the standard with a base bar from the observed differ
ences of the two corresponding sets of observations. 

If 

then 

we find for 

d = this difference, in microns, 
n =number of such differences or days, 
e =mean error of a comparison or set, 
e =mean error resulting from two sets, 

e = ;yf [:!J and s = v; 
base-bar 1 
base-bar 2 

e = ± 5.4 µ and s = ± 3.8 µ 

e= ± 7.4 p. and t= ±5.2 p 
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Looking over the table we first notice (Diagram 3, Illustration No. 32) a systematic diffe;ence 
between the temperatures of the standard and of the bars, the former being io,47 higher, on the 
average, while the latter agree within oo.os. This is entirely due to the fact that the standard was 
better protec1ed against changes of temperature than the bars, the box containing the former 
being covered with an additional "steam felting" three-fourths of an inch thick. At or about 
the maximum temperature of the day the sign of the difference revers~s, and the standard is then 
of lower temperature than the bars. 

We next notice, after plotting the tabular results (Diagram 4, Illustration No. 32) that upon 
the whole the temperature steadily declined between September 18 and November 25 about 150 C., 
whereas the length of the base-bars remained, and if not exactly the same, at most showed but a 
trifling increase in length. From this, however, we are not to infer that the compensation of the 
bars was perfect, or nearly so, as will be shown in the discussion of the observations specially 
made to test the question of the degree of compensation, and which reveals a peculiarity in' the 
behavior of zinc, more fully noticed further on. 

DIURNAL VARIATION IN THE LENGTH OF THE BASE-BARS DUE TO THE DIURNAL VARIATION 

OF THE ATMOSPHERIC TEMPERATURE. 

From numerous comparisons made of the base-bars with the standard it became evident that 
their length was snhject to a periodic change depending on the daily temperature variation; but 
what is of more importance with regard to the length of the base is the fact that this periodic 
change was, during September, of very small amplitude, and after the middle of October and 
throughout November it had becoms permanent and remained apparently constant, but showing a 
relatively large amplitude. The first perio<l comprises the time of the first measure, the second 
period that of the second and partial third measure. 

In the investigation of the diurnal variation of the length of the base-bars we onl;y need the 
form of the curve representing the variation, so that there is no need of referring the bi-hourly 
values taken on different days to the same index. The comparisons were not made at the exaet 
even hour, but the results could be grouped and means taken referring nearly to full hours. The 
corresponding temperatures of the bars are given as read from the mercitrial thermometers. On 
September 18 there are hourly observations from 51' 40m a. m. to 51t 40m p. m. ; the mean for 
two adjacent odd hours was combined with the value for the intermediate even hour and set 
down in the table. On September 16 and 18 the observations do not extend over twenty-four 
hours, and to eliminate the effect of any change of index or any constant deviation from the aver
age variation on other days (of twelve equidistant comparisons) the mean hourly difference for 
each of these two days from the conesponding hours on the full days was ascertained and applied 
as a constant. The same simple process is gone through with for the observed temperatures. 

Diurnal variation in the length of the base-bars before the base measure. 

Length= 5 meters+ tabular quantities in microns. 

1~;,-,-B-ar-.-n-1'f-ig-~-1-2h-.-,-4'-.- --;·-- _ 8~-- !~1 Noon. )~ ___:__ ~1~1~~1 

I Sept. 1 l 57 i 56 1 68 39 51 i 8 -10 I O 1 6 I 16 : 321 
1 2 129 II 129 II 155 136 120 I 82 ll4 I 81 106 00 1· 90 I 95 
2 1 32 18 19 " 451 40 40/ 31 33 36 '¥11 29 

2 21 87i. 681 651 128 135! 135 1'41 140 97 112\ 112 112 

3 1 {~:1 ~ 34\ as
1

1 

26 15
1
; 23 35'1 23 36 341 48

1

I 87 

1: : L_f_~~!.i! ... ~~t--~~.: 1:: 1: I : l~: 
1 

1: 1:: 1: r •••• ~~.I.. .. ~~. 
16 2 ,. •..••. 

1 
........ 1 ........ , 312 3481 350 344 I 336 337 3311

1 
....... +·······1 

18 1 .••..•.. ! ....•... 
1
........ 35 " I 74 71 : m 58 •.•...•.•• ····-·r·· _____ _ 

I 18 2 ·-·-·· ··i···-····1--···-·-. 320 314 827 319 1• .. • .. ------1 ···--1····-···j ---·--------·-1-- -
L:::~--- 1~! 1:1 ~=1 ~~I 1:1 ,l: 1~1 :i: 1:/ 1: 1:1 i:1 

Thia mean diurnal va.ria.tion in the length of the ba.se-ba.rs in shown graphically by Diagraro 5, 
Illustration No. 32. 



 

UNITED STATES COAST AND GEODETIC SURVEY. 277 

Diurnal variation in the temperature of the base-bars at the above comparisons bef 01·e the base measure, 
by rnercur·ial thermometers with centigrade scale. 

1Sll1. 

Sept. l 
1 

2 
2 

3 

3 

16 

16 

18 

15 

B Mid- I 2• 
ar. night. I _ _._ 

2 

1 

2 

l 

2 

0 I 
2'.l. 5 I 

22.71 
21. 8' 

21.9 i 

:IO. l 

20. 3 ' 

19. a I 
19. 7 I 

P 9· 4 '.·} 17 1' ~ 18, l I ' \ 

po. 5 1} 17 a ! 
lJ8.4 I . : 

1 ··-·-···!·· 
2 ··-··---:---·--
l ........ j ..•.•. 
2 

14. 8 

15.1 

15. 9 

16. 4 

16. 3 

16. 4 

H.3 

13.4: 

0 

16. 2 

15. 7 

16. 6 

16. l 

14. 0 

13. 4 

18. 3 

19. 6 

18. 1 

17. 0 

15. 5 

21. 7 

22. 7 
20. 9 : 

19. 5 

17. B 

0 

26. 6 

25. 2 

24. 9 

23. 7 

22.3 

20. B 

28. 7 

28.l 

26.3 

25.8 

24. l 

23.4 

10'. 

----·- -----! 
0 

28. 5 

28.6 

26.1 

25. 9 

24. 6 

24. l 

26.5 
26.8 

24.1 : 

24.1 

23.3 

23. 4 

0 I 
23. 9 i 
24.2 ; 

21. 7 ! 

21. 8 

20.4 

20. 9 

17. 5 17. I 19. 7 I 24. 0 28. 2 32. 1 33. 8 ............... . 

17.8 17.7 20.7" 24.5 28.2 31.2 32.fi ········ ....... .. 
15.o 14.4 17.o I 20.4 u.2 27.4 ........................ , 
15.6 15.2 i 17.91 21.0: 24.l 26.5 ........................ , 

] Mean ... , 
i Mean .. . 
I l

_:.:.:._::_:_:i.:..:..:.:.:.:_ 
20.4. 18.9 

20-6( rn.1
1 

--·--·------:-- ------------: 
16. 9 : 

17. 2 ' 

14. 8 I 

15.] ' 

14. 9 

14. 8 i 
17. 8 

17. 3 

2~. 2 : 

20. 4 I 

24.5 26.U 

23. 6 26.2 

27.8 

27.2 

24.6 

24. 8 

22.0 

22.3 

The protection of bar 2 is slightly hetttir than that of bar 1. J\Iean daily range 120.6. 

Diurnal 1Jariation in the length of the ba.,~e-bars during the base mea.~ure (after the first measure). 

Length== r, mcter;; + t,almlar qnantit,ies in microns. 

1881. Bar, n~~- , 1•. •. \ s•. I 4'. I 5'. \ 6•. 7h. Sh. 9• ! lOh. 11•. 

: Oct. 15 

15 
; Nov. 22 

22 2 

23 l 

I ' • I I _ , : 

~ ,~ ~T - i _ l ,- f }~ -!~?:, •• ·~: :7_:! 
48.4 55. 8 61. 9 : 61. 0 I 60. 9 ' 64. 7 64. 7 . 58. 0 I 80. 4 67. J 90. 4 

23 2 

24 
24 2 

332. 2 I 327. 1 i 330. 5 ; 335. 2 ! 32'2. 1 ! 321. o ; 333. 5 327. 3 329. 3 i 341. 3 348. 1 353. o 

54. 2 67. 5 , 67. 1 1 12. l : 57. " 
1 

63. 6 , 55. 2 62. o 1 54. o ! 59. 9 11. 3 so. 6 
326. 3 332. 7 : 335. 7 : 338. G ] 329. 5 l 334. 9 , 333. 9 321. 1 : 336. 8 , 334. 3 343. 9 353. 4 

Mean ... ~;;- 61.";; 61."2 "67.o:w.21ro.2 Go.0-68.4 56.o- 68.6 7o.91~ 
, Mean ... 2 329. 2 , 329. 9 333. l aso. 9 , 325. s I 324. 2 333. o ass. 9 a5o. s 359. 2 

I 

1881. Bar. Noon. 51>. Sh. 1•. s•. 9•. 10•. 11•. 
·- ·-------- ·- ·-- ------ ---· --- ______ _! , ___ ..., __ ~--~--

i 
Oct. 15 1 78. 7 : 55. 7 _ ............... , ................................ / 

15 2 361. 7 : 350. 8 352. 3 • 339.4 334. 7 ............................... . 

Nov. 22 ........ ,...... ·--·i··----··I 93.8 80.9: 78.8 82.8 ! 65.8 55.8 71.1 63.7 
22 2 ........ ,.. .. . . ............... r 378. 3 1 347.1 ' 329. 3 330.4 325.4 323. 5 328. 4 330. 4 

23 l Sll.1 ! 84.2 Sl.9 \ 8~.11 66.1' 62.8. 67.2 61.2 72.1 53.9 58.6 1 
2a 2 363. 5 i 365. u 368. 5 366. 6 ! 353. 4 I 352. a i 332. 5 " 332. 1 . 331. 1 327. 4 323. 1 , 334. 1 

1 24 74.9 i so. a : s8. 5 80. t i 1a. 1 I 68. 2 . 69. 4 ........................ , ................ , 

1 
24 2 360. 2 1_35_7._s !-a6_s._s !-~-2._1 1~~1-3-4~ _a4_1._1 .:..:..:.:..:.:.:..: .:.:.:..:_··_-- _ .. _ .. _ .. _ .. _··_··...:.:.: .:.:.:..:.:.:.:..:i 

I Mean... 1 84.1 ' 86. S , 88.4 ; 79. 7 1 78.9 , 68.6 1 68.4 75.6 63.5 64.ll 62.5 61. 2 .

1

, 

j Mean . _· ·~-2-"--'-3-63. 1 ( 359. 4 \ 365. 2 i 361. 7 I 355. 41 345~ ; 335. 4 l.~~28. 6 325. 4 325. 8 ' 332. 6 I 

This mean diurnal variation in the length of the bars is shown grapllically by Diagram 6, 
Illustration No. 32. 
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Diurnal variation in the temperature of the base-bars at the above comparisons, after the first measure 
of the base, as indicated by men-ur·ial thermometers with centigrade scale. 

[The last line contains the corresponding temperature, by mercurial thermometer, of the standard bar.] 

! Mid· h • i-· • I • h I h I • I • ' h • ; • i h I . 
! 1881. Bar. night. 1 . : 2 . J 3 . 4 . 5 . I 6 . ! 7 . '. 8 . I 9 . I 10 . 11 . 1------- --o - --o -.-o -i--o -1-0-1-0-1---0--1--0 -;-o-i--o -1--0 ---o-

1 Oct. ~! ! :::::::: ::::::::i:::::::r::::::1:::::::: ::::::::i::::::::c::::: ::::::::: ::! 11 !:! !~:! 
~Nov. 22 1 ·-···· .. ········[·······r· ..... J.- ...... 1.·····--·l···---··i .... ·-··: 2.s !·-- .. ··· ----·--· ·--·---· 
I 22 2 ..... _ .. ·--.. . ...... , .. _ .............. !._ ... _ .... ... 2.2 ......... ·····-·· ---··--· 

i 23 1 8. 1 7. 2 6. 4 ; 5. 7 I 5. 0 i 4. 2 3. 6 2. 9 ! 2. 8 i 3. 61 5. 2 I 7. 8 

I 23 2 7. 9 6 9 6. 2 I 5. 4 I 4. 6 i 3. 9 3. 3 I 2. 7 I 2. 4 ' 2. 8 4. 31 6. 2 

' 24 6.7 5.9 5.21 4.7, 4.01 3.3, 2.8, 2.3 2.31 3.2 4.8, 6.9 
1 24 6. 3 5. 5 4. 8 ! 4. 1 3. 6 , 3. o 2. 4 , 1. 9 1. 6 : 2. 41 3. 9 5. 9 

! Mean... u-a:6"--s.81-5.2:-u1_3.8° _3.2°12.6 2:5° a:s1-·~1-;;:o1 
! Mean ... 

1 
2 7.1 6. 2 1 5. 5 i 4. 8 I 4.1 '. 3. 4 2. 8 I 2. 3 2.1 ; 2. 6 

1 

4.1 6. 2 

i Mean, atandard s."' ~i=-7.2i-s:G·,-6:0j-5.4j--z91-;:;-,-3.0!-a.;-l-Ul-5.8/ 

1881. Bar, Noon. i i•. i 2•. I 3•. I 4'. I. 5b. :. 6•- I 7•. 1. 8•. 1. 9'>_. 10'. 111~. 
---1--1----l--:--l---11--1--'----;--! __ ·----

! 
: I ! - ! I i I 

Oct. 15 l 12.31 14.01 15.71 16.7i 16.7! 16.41······-----·---··········'---··················--· 

I 2s 2 12.ai 14.oi is.6: 16.5116.6 16.3:·····-··J··················-··-······-···· .. ···· 

, Nov. 22 1 ·····-··!·--··· .. f········i· .. ·-- .. , 13.8 13.7 I 13.1 ! 12.5 11.6, 10.7 9.8 8.8. 

I : ~ --·-~.-~r-~~--~-l; ... ~;.-~·;···~;.-~-11 ~::: ~::: i ~:::I ~~:: l~:: 1::: ::: ~::I 
I 23 2 8. 21 10. 2 12. 21 13. 0 13. 3 12. 7 ! 11. 9 I 10. 7 9. 8 : 9. 81 8. 1 7. 21 
' 24 1 9.0' 10.3 ll.6 i 12.6 I 12.8 12.6' 12.0 J ........ ········]·--····· ··-····· ··-··--·1 I I i i I ' I I 

i Mean~- : ::: l 1::: 1 ::: j ~::: :~::: !~::: i- ~~:: i~~--~·1···~~-·~-,----~~~-l·---~--~T··-~·~·1 
! Mean... 2 8. 2 : 10. O i 11. 8 ! 12. 7 [ 13. 2 i 12. 9 i 12. 3 I 11. 6 10. 7 : 9. 7 8. 9 i 8. o 

i Mean, sta~dard ---;.al 8."619.9/ 10.sr1L"2f1L5rilollo.91Io.6T1o:I~ --9.6f9.0I 
Mean daily range of base-bars 11°.0C. and of standard 7°.80.; the difference is due to the 

heavier protecting cover of the standard; also the t>pochs of maximum and minimum are later with 
the standard than with the base-bars; these relations are shown on Diagram 7, Illustration No. 32. 

An examination of the Borda scale readings of the base-bars (mean value) showed that they 
lagged behind the corresponding (in time) readings of the standard, a fact which is explained by 
the position of the zinc bar in the base apparatus where it lies between two steel bars, and is thus 
partly protected from changes of temperature; the Borda scale readings of the base-bars are there
fore unreliable in consequence of the unequal temperature of the two metals composing the same. 
No use was made of them. 

The observed lengthening of the base.-bars with rise of temperature, as shown on Diagram 6, 
Illustration No. 32, would lead to the inference that the apparatus would be found shorter at the 
close of the base measure than at the heginning in consequence of the gradual lmoering of the 
temperature, whereas direct comparisons with the standard showed no such eflect (Diagram 4, 
Illustration No. 32). This beha>ior can only be explained by a molecular change in the zinc bars 
producing a shortening, and consequently making the base-bars longer. This is the same pbe. 
nomenon already noticed in other zinc bars, confirming their liability to take up a new set or a suc
cession of changes. 

The length of the base-bars during the measure is determined as follows: For any one day it 
will depend on the morning comparison of the standard; to this is added di1forentia.lly the diurnal 
range for the particular hour taken from the normal rauge, multiplied by a factor showing the ratio 
of the r.mge of the temperature on the particular day to the normal range; all ordinates are thus 
multiplied with this ratio for the whole day. We have seen that before the base measure the nor. 
rual diurnal range was hardly perceptible (Diagram 5, Illustration No. 32), but during the second 
and partial third measure it developed into a constant sensible quantity (Diagram 6, must.ration 
No. 32). The simplest supposition that could be made was to suppose the change from one into 
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the other took place graduaUy and uniformly between October 5 and October 15, keeping the small 
observed daily range up to October 4, on which day the change appears to have commenced (Dia
gram 4, Illustration No. 32). A table was constructed of normal diurnal range for e\'ery day be
tween October 4 and October 15, which thus comprises about OM-half of the first measure of the 
base; after this time the normal diurnal range remained constant. Only that part of the diurnal 
variation in the length of the apparatus is needed which falls between the hours of 7 a. m. and p. 
m., and in order to smooth out the curve or to free it from effect of observing error it was expressed 
by an analytical formula, viz: L = l + x + yh + zhi, where h =number of hours after 7 a. m., alld 
L =resulting length of apparatus (the indices of the bars are not the same for the two epochs, the 
differential range only being required). 

Day before base measure : µ.. µ.. µ.. 

Base-bar l, 
Base-bar 2, 

J11 = 5m + 30.5 - 1.18/i + 0.07.3h2 

L2 = 5m + 121.2 - 1.85/i + 0.060h2 

During second and partial third measure: 
Base-bar 1, L1 = 5m + 57.2 + 7.83h - 0.584h2 

Base-bar 2, L2 = 5m + :~20.8 + l3.23h - 1.05lh2 

Tbe observed and computed values for daily v~riation in length of bars are given in the follow
ing table; also the hourly differences from the values at 7 a. m., respectively, near which hour the 
bars are nearly sta.tionary: 

i I llar 1 be;ore b:se m::ure 1:--- -~lar-~~:::-; l,::e-:easu~e~~=~,;;:-1 ·- ---- I 
\ . : 11-----~ ~--·.·---~-·;-~-·- ) Chang:e 1 

I T11ne of 11 I I j . ! I i D .1 . • for one l day. !'Observed ·Compnt,,d'.' A Daily Observed \computed: I ra~~~ 1.. day.• 
;, length. I length. i Jt.,~g.;:,_ length. i length. i ! after 7 •. ; 

---\---!----1--- ------1---:----1---!---
A. M. 1: I'· I /J.. I I'· /J.• µ. I ,.. I I'· . p.. I ,.. 

!\ 28. 0 \ 3o. s -2. s o. o 63. 41 57. 2 · +e. 2 j o. o : o. o I 
8 · 30, o 

1 
29. 4 +o. 6 -J.1 5e. o 64. 4 -8.4 1 + 7. 2 I +o. 7 

9 29.6 I 28.4 +1.2 -2.l 68.6 l 70.5 -1.9 ! +13.3. +1.4 

10 20.0 1

1 

27.6 +l.·4 -2.0 10.0 ! 75.4 -4.5: +1s.2 l +1.11 

u 21.9 I 26.9 +i.o -3.6 86.o ! 79.2 +e.s +22.o 1 +2.a 
Noon 26. 8 26. 4 +o. 4 -4.1 84. l : 81. 8 +2. 3 +24. 6 ! +». 6 
l',lll:. 

2 

4 

5 

6 

7 

\ 
26.2 i 26.0 

25. 8 
25. 7 

+0.2 
-0. 2 

-1.1 ~::I: 
23. 5 25. 8 -2. 3 

25.2' 26.0. -0.8 

26. R j 26. 4 i +o. 4 : 

~--~-~L--~-1.7_ _ 

-4.5 86. 3 ! 
-4.7 88. 4 
-4.8 79.7 

-4.~ 78. 9 I 

-4.5 68. 6 : 

-4.1 68.4 : 
I 

-3.e 75. 0 I 

··------

83. 2 +3.1 I +26.0' +2.8 
83. 4 +5.0' +26.2 ': +2.8 

82.5 i -t.8 ! +25.3 +2.7 i 
80. 4.i -1. 5 +23.2 i +2.5 
77.1 -S. 5 , +19. 9 ': +2.2' 
72. 7 : -4.3 I +15.5 :, +l.S I 

I 
67.1 +7.9 I + 9.9 i +1.2 i 

! l 

ii Bar 2 before base m::::~~~~·--· Bar 2 during baee measures 2 and 3. l. I 
Thne of:!-------····- --------1--- -- ---,--------, ----1 Cbange 

day. '1 l I I I Daily [ I I Daily I for o'!e 
Observed Computed! " I range Ob11<1rved ·1Compnted A I range I day. i 

___ !!~ength~ length._

1 
____ 

1

after 7_::_ _ leng~\ length. ) ____ l~tte~I ___ , 
A. M. :I p.. ,.. I I'· l ,.. ,.. I I'· I I'• ! ,.. I I'· I 

1 ll 119.4 121.2
1 

-1.s 1 o.o 324.2' 320.8( +3.4!1 o.o o.ti 

a Ii 121.a 119.4 +1.u [ - 1.s 333.o a33.o i o.o +12.2, +1.2 i 
11 117.S i 117.7 +0.1 \ - 3.5 335.9 343.1 ! -7.2 1 +22.3 :, +2.4 \ 

10 114.4 I 116. 2 -1. 8 i - 5. 0 850. 5 851. 0 : -0. 5 i +30. 2 I +3. 2 '· 

i1 115. s iu.. a +o. 1 I - 6. 4 359. 2 SK 9 
1

1

. +2. 311 +36.1 i +a. 9 
Noon 116. 6 ns. 5 1 +a. 1 , - 7. 7 363.1 300. 7 +2. 4 +39. 9 : +4. 3 

I 
I ! 

l'.M. 113.8 112.3 +1.51 -8.9 359.4 1162.31 -2.91 Ht.Si +4._6 
111.1 111. 2 : -o. 1 I -10. 0 360. 2 361. 91 +3. 3 i +41.1 I +4.6 2 

3 

4, 

6 

7 

108. 6 110. 2 ! -1. 6 I! -11. 0 361. 7 i 359.4 +2. 3 I +38· 6 ' +4. 6 

I I +"3.9 II 100.0 109.4; -3.4 i -11.s 355.4 SM.7, +o.7 i • +4.2 

107. 8 108. 7 \ -0. 9 i -12. 51 345.1 i 1148. 0 I -2. 9 I +27. 21 +3- 6 

1oe. o jl ios.1 i +1. 5 i -1a.1 aas. 4 i' 339. 2 i -a. s ! +1a. 4 1 +u· 
109.0 107. 6 j +1. 4 i -la. 6 331. 2 

1 
S2S. 2 [ +a. o I + 7. • j +1. 9 

•Figmea in this column are to be used only for days between October i and October 14, or for the time of the aecond half of the JI.rat 
m-ure.. . 
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The method of finding the length of the base-bars is best illustrated by an example. Suppose 
it is required to find the length of an average bar October 10, between the hours P 52m and 2h 22m, 
between which time 22 bars were laid, or 11 with each measuring bar, twenty-two being the usual 
number united into a mean : 

Range of temperature October 10, 27° - 120 = 150; normal range, 12°.o; ratio = 1.25. 

Normal daily range of length between 7h 38m a. m. and 2h 07m p. m., October 10, for 
average bar, 14.8 - 2.8 = + 12, and 1.25 x 12 = + 15 

Length of arnrage bar from comparisons at 7h 33m a. m., October 10 •....•••..•..••. 5m + 196 µ 

Resulting length • • • • • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . • • • • . 5m + 211 µ 

In this way the whole of the base was computed. 

THE MEASURE OF l''RAC'l\l:ONAL LENGTHS OF BASE·BARS. 

These occur at the end of the base and at intermediate stones placed in line of fonces. In 
connection with these measures the following results are taken from the office computation: 

I.iength of Brunner centremeter scale= 10001.0 + 0.178 (t-200 0.) microns. 
Value of one turn of micrometer microscopes A and B of Pratt's beam compass comparator 

= 83.25 µ aud of one division = 1.388 µ. No sensible difference between A and B. 
Length of nickel-plated brass meter,= lm + 17.76 µ (t- 30,50 C.) 
Length of transfer meters on steel rod, first = lm + 11.2 µ (t + 90,73 C.) 

t;e.cond = lm + 11.2 µ (t + 130_73 0.) 
third = lm + 11.2 ft (t + 130.17 0.) 

Length of brass meter scale for fractional parts of a meter was found the same as the length 
of the nickel-plated meter, or lm + 17.76 p (t-30.50 C.) 

The small ivory scale divided into half millimeters and used in transfers must be taken as 
sensibly correct. 

HEIGHT OF THE YOLO BASE AND REDUCTION TO SEA-LEVEL. 

The work of leveling the bm;e-line and connecting the same with a bench-mark at Woodland 
was executed by Assistant Colonna in August, 1880, with the following results: Ground at 
Northwest base above ground at Southeast base, by first measure, 81.933 feet; by second measure, 
in opposite direction, 82.124 feet; mean, 82.028 feet, or 25.002 meters. 

Also railroad engineers' bench-mark on California Pacific Railroad at Woodland above 
ground at Northwest base, from first measure, 94.759 feet; from second measure, in opposite 
direction, 94.740 feet; mean, 94.750 feet; or 28.880 meters. From levels by the railro~ engineers 
this bench-mark at Woodland is 60.6 feet above mean low water at San Francisco Bay, and from 
our tidal observations (Coast Survey Report for 1862, page 97) we ha.ve the mean rise and fall 
about 4~ feet; hence bench-mark at Woodland 58.35 feet, or 17.785 meters abo-ve the half-tide level 
of the ocean. 

This gives for the height of Northwest base above mean tide-level 46.665 meters, and of 
Sotltheast base~21.663 meters. 

We have also the average height of the measuring bars above ground 1.25 meters. 
If l =length of a base-bar or of any part of the base, 

h =its elevation above the half-tide or mean sea level, 
p = radius of curvature in the direction of the line and for the latitude of its middle point, 

then the reduction to the sea level 

And for the whole base 
6l=l(-~+~--. .) 

z h z h,2 
b.L=-~-+~---

P p2 
The second term is inappreciable for the Yolo base. We have from Coast Survey RePort for 

1876, Appendix No. 18, for <p = 38°36' and a = 16054' log p = 6.803623. With these data and 
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the result of the lernls the reduction of the whole line to the sea-l"'''el was found to be - GS.1155 
millimeters, with the separate -values for the subdivisions: 

I. I .Average 1 ReJuction 
Distauce from Southeast base. i height of i to 

I i bars. 
1 

sea-le\'el. 

1----------------'----i --------
1 Meters. /Mill-inieters. : 

I 
1st kilometer. 21. 82 -3. 43 
2ll kiloruotor. 21. 28 3. 35 

l2tll kilometer. 
13th kilometer. 

14th kilometer. 
15th kilometer. 

I 
I 

3<1 kilometer. 
4th kilometer. 

5tb kiltlmetm·. 

Gth kiloroeter. 

7th kilometer. 

8th kilometer. 
9th kilometer. 

10th kilomettJr. 
11th kilometer. 

21. 25 3. 34 
20. 81 3. 27 

21. 41 I 3. 37 i 16th kilornetl'r. 

21. 25 \ 3. 34 :· 17th kilometer. I 
23.13 ' 3. 64 · First 400 met-0rs of 18th kilometer.! 

22. 68 I 3. 57 : Last 88 meters of 18th "kilometer._ I 

n 91 I, 3. 60 l - -

23. 01 ! 3. 62 i 
23. 88 3. 751 
·~ __ ! ___ -'---·-----------

TABLE OF RESULTS OF MEASlTRE. 

AYPra;:::c 
lwig:ht uf 

l!ars. 

Jfrfors. 
~3.111 

2G.'.!~ 

2G. D1' 

2R 43 
3o. 5a 
32. 20 

37. fl:? 

45. 2-t 

i 

lkt1uctiou 
to 

sca-lPYd. 

_...a. 9;, 

4.1~ 

·L ~4 

4. 47 
4. BP 
5.2] 

2. 3f' 

O. t>l 

:::; = - GB. OC> 

The following table contains the several results for distance betwC'en the kilometer stones, their 
resulting value, and tlic final result of the whole base, as computed by l\Ir. J. G. Porter,* of the 
com1mting division. These tabular results are reduced to tbe sea-level, and with them then• are 
also given the differences from the mean \'alue for each kilometer for the pmpose of compnti11~ 
the probable error of the base measure. The secoud measure was in a direction opposite to tliat 
of the first; the third measure was evenly divided in regard to direction: 

----------------
Kilo- I 

1uofcrs./ 

I 
1 .. 

2 

4 I 

5 'I 

6 l! 

: 11; 

1: i 
11 Ii 12 I 
1a I 
14 i 

I 
l""'irst meas- I Se('ond meas- Third mcar;- ;) 1\foan. ~II i ~ill ure. urc. ure. " 

Meters. 

999. 93857 

!199. 86546 

999. 91967 
999. 95517 

999. 93661 

999. 99326 

mm. 91U55 
999.114847 

999. 96121 

999. 97348 

999. 91185 

999. 91450 

mm. 93~28 

999. 95792 
999. 90346 

u 
Meters. I': 

I 
999. 93674 999. 91~30 I' 999. 93920 ! +o. 63 -c2. 46 -3. 10 

909. 86257 . 909. 86442 I' . 86415 ~ -1. 31 +1- 5R -0. ~· 
999.92053; --·-·--···ii .92010: +0.~3 -0.43 ......... 1 

Meters. ! MH!i- Milli- Milli 
i nieters. ni,eters. 1neters. 

Afetet·•. 

999. 95337 .......... '[; • 95427 -0. 90 . + 0. 90 : 

999. 93455 i ........ "Ii . 93558 -1. 03 ! + L 03 ; 

ooo. W24o 1 .......... 
1

: • 002~3 -o. 431 +o. 43 

999. 911!\! : I • 91104 +0. 49 ' -0. 50 
999.95099 .......... [:, .94973 +!.26 -1.26 

999. 96586 ......... [i . 96354 + 2. 33 -2. 32 

999. 97517 .......... !I . 97432 +o. 84 -o. 85 : ........ • 

999.90945 ··--·--···\,!. .91065 -1.20 +1.201 ....... . 
9119.9)70~ .91576 +1.20 i -1.27 , ........ ' 

999_ 93114 999_ 93243 :! . 93195 - o. 33 l +o. s1 ' -o. 48 

999. 95412 999. 95857 \I . 95687 -1. o5 I +2. 751-1. 70 

009. &9on 999. 00253 [I . oorn2 -t. 54 i +2. 15 I -o. 61 

16 j 99ll. 87582 999. 87270 wv. 87359 
1
1

1 

. 87404 -1. 781 +i. 34 I +o. 45 
17 I 999. 93622 . 999. 93333 99'J. 93454 ! 999. 93470 -1. 52 +J. 37 ! +o. rn -

(lS)j/._4!17. 68351 1

1
. 487.67934 487. 68100 i 487. 68128 -2. 23. +1. w J +o. 2s : 

15 I 

I ,I 17486.51!l01 I 17486.50060 I .......... 1,-1-74-86.51-10-31----.. -.• ~1-.. -.-.. -.. --1~~~, 
~~--'~~-~--'~~-~~~~~-

t Countod from Southeast base monume;it. 

It will be noticed that the effect of tne introauction of the third partial measure or of the third 
measure of 8 kilometers was to increase the mean of the first and second measures by ouly 2.G milli
meters; it is also apparent that the ftrst measure is 17.4 millimeters greater than the second; this 
may be regarded as accidental, sinoo for some of the intermediate kilometer measures the first one 
is less than the second. The differences from the respective means are given in the columns headed 
6, .6 /1 6 111 ; they keep fairly within a certain reasonable limit, and it is by these that the probable 
error of' the base is computed, i. e., so far as this depends upon the pure measuring error. 

8. Ex. 29-36 
*And checked py Mr. A. Ziwet. 
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These differences do not seem to have any reference to the average temperatures of the bars 
during the measures, as may be seen from the following table of average temperature for each kilo
meter: 

----;;;::---;irAt ---, Se<•oml I Thir<l I Mean II 
mPtf'I measure.' nrnasnre.11 measure. I 

1 

' ' ---------

0 c. c o. I c c. : 0 0 I 

Kilo· I First I Second / Thirtl. I Monn. I 
meter._ ~~a:r~. 1 :msnro. I measure. /---l-

o a. \ o "c. I o o. I 0 o. i 

1 1 23. 9 18. 3 13. 0 ' 18. 4 

2 ~~:: !~: ~ 111 11. 2 

24. 5 16. 5 

21.7 16.7 

23. 2 15.0 

24. 0 15. 9 

17. 8 17.4 
9 17. 3 15.0 

10 19. 2 14.8 

15.3 
18: 8 
20.5 
19. 2 

19. l 

20.0 

17. 6 

lG.2 

17.U 

11 21. 6 I 11. 0 ! ••••• - ' 19. 3 I 
12 21. () I 14. 3 17. 6 I 
13 21.9 1, 20.2 9.7 17.3 i. 

14 24. 1 19. 3 6. 6 16. 7 
li 15 rn.o 21.6 B.7 16.4 

11 lri 17.5 20.0 8.0 15.2 

I

ii ~: '-~~:~ :_~:,:~ I ~!l__~::: 
i Mean. 20.1 I' 17.3 I 17.~ 

!! 
-------~----C----~---

Excepting the last 4 kilometers the temperature during the second measure was lower than 
during the first measure, but during the third measure it was considerably lower than during the 
second; the greatest difference of temperature occurred during the first and third measure of kilo
meter 14, when it reached 17°.5 0.; yet the results are not sensibly affected thereby, and it may be 
jnferred in general that the value of the coefficient of expansion of the standard as determined at 
the office at "Washington must be faii;ly correct. 

Besides the kilometer stones there were also so-called "fence stones" or subdivisions of the 
line at the crossing of !) fences, where they are better prot-0cted from the plow than in the open 
fields. The measures of these stones are given in the following table, computed in the same way 
as the kilometer stones : 

First I Secontl I . Mean. I /:;,.' I /:;,." bi.''' measure. measuro. I Third mea.snro. 

-------~-----~~· 
--~~ 

_____ I ___ -----

--;;, • .,. ,~"""'· :--M"m -- M I Milli- ,1filli· Milli-

886. 5rnoa . 51165 I . 51635 

eters. I meters. meters. meters. 

Southeast base-Fence stone. 886. 51368 f +o. 65 +2. o3 -2. 61 
Fence stone-First kilometer st-0nc. 113. 42554 . 42509 . 42595 ~42552 I -o. 02 \ +o. 43 -0.43 

!st kilometer . 999. 93020 I 
Seocond kilometer stone-Fonce stone. 206. 07160 . 07197 206. 0111s I +0.18 -0.10 ·--· 
}'encc stone-Third kilometer st-One. 793. 84807 . 84856 793. 84832 I +o. 2.'i -0. 24 ·-·· 

i-----

3tl kilometer .. 909. 92010 I 
Third kilometer stone-Fence stone. 896. 67060 . 66916 896. 66988 I -0. 72 +o. 72 ---· 
1''cncc stone-Fourth kilometer st-One. 103. 28457 . 2842\ 103. 28439 i -0. 18 +0 .. 18 .... 

I 

4th kilometer . 099. 954271 
Sixth kilometer stone-Fence atone. 417. 73148 . 73403 417. 73275 +1. 29 -1. 28 ---· 
1',encc Rtonu-Scv-cmth kilometer stone. 582.17907 . 17751 582. 17829 I -0. 78 +0.78 ·--· 

272. 41757 I 
7th kilometer . 999. 9110i I 

Sclventh kilometer stone--l'ence st.one. . 41700 212. 41773 1 +o. 16 -0.17 ··-· 
:Fence st-0ne--Eighth kilometer atone. nr.saoao . 03309 ~53200 I +1.10 -1.09 ·-·· 

8th kilometer .. 999. 849/J I 
Tenth kilometer stone-Fence stone. 646. 53031 . 52686 646. 5285P I -I. 72 +1.73 ·-·· 
Fence at-One-Eleventh kilometer stone. 353. 38154 . 38259 353. 38206 + 0. 52 -0.53 .... 

11th kilomet,,r . 999. 91065 
Twelfth kilometer stone-Fence st.mo. 329. 8'.!913 . 82829 [Gorr'n+8.J 329.828'79 -0.34 +o.oo ..... 
Fence stone-Thirteenth kilometer stone.. 670.10315 .10285 [Corr'n+l6.] 670.10316 +0.01 +o.at ........ 

I Fourteenth kilometer st-0ne--Fence stone. 

----
13th kilometer . 999. 93195 

24.13040 I '1308-0 [Corr'n+l.] 24.13061 +0.21 -0.UI ..... 
Fencu steno-Fifteenth kilometer stone. 916. 77306 . 76897 [Corr'n+29.] 975. 77131 -1.75 +2.34 --·· ----15th kilomet,,r . 9119. 90192 
Fifteenth kilometer stone-Fence stone. 719. 26715 .26'52 .26274 719. 264.81 -2.34 +0.29 +2..07 

Fence •tone-Sixteenth kilometer atone. 

I 
280. 60867 . 60818 I . 61085 280.00923 +o.oo +1.05 -1.82 

'------
16th kilometer . 999.87404 . 
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Collecting these results, we have the distances of the several feuce stones from Southeast 
base, as folJows : 

Meters. 
First ...... - ........ . 88G.5137 
Second ............. _ .............. _. ______ . _... 2 205. 8751 
Third .......... - . . .. . . . . . . . . . . . . . . . . . . . . . . . .. . . 3 896. 393:1 
Fourth .••..•.•....•.. _ ....•........ _ ...... _ .. . G U7. 3;)8n 
Fifth .................. _ ... __ . __ ... _ . . ...... _ . 7 271. fl34!l 
Sixth .......................... _. _ ........... _. 10 ()45. 9334 
Seventh ....... _ ...... _ . . . . . . . . _ ... _ ...... __ . . 12 :12u. 0600 
Eighth ..................... _ ................. 14 023. 2506 
Ninth ......................... _ . . . . . . . . . . . . . . . 15 718. 28f.i7 

The differences from the mean ~°.'>' 6" L::. 111 have been added to show that they are of the same 
ortler of magnitude as the former <litforence L::., 6 /1 6 111 aml would therefore le~ill to the same 
probable error of the measure. 

DETERMINATION OF THE PROBABLE ERIWR OF THE MEASURE OF THE BASE. 

The probable error due to the measure proper, which includes contact error, trausfor error 
(end of bar to the ground aud back to bar), error in measure of fractional parts of hars, error:,; 
iu inclination, and in assigned length of the bars, &c., is found by the formula: 

Where s' s' s111 . are the se\reral results of n measures of a section of the base and 

s' + s" + s'" + 
(f =-------------n 

then the probable error r 1 for the whole base of i sections is given hy the above expression. \Ve 
find r1 from the difforences 6, 6 /1 6 1,, which represent the values of oi - si 

In case of but two measures• of the base the above formula reduces to 0.337 v' 2:'62 where o = dif· 
difference in the two measures of a section and n=number of sections. 

•we may readily arrange our results into two sets hy eomhiniug the third measure symmetrically with the first 
and the second measures, and at tho same time preserving the mean aH it resulted from the three measures; thus let a, b, 
c equal the three succe88ive measures of a scotiou, then the combination to form but two values will lead to 

Combining in t.his way our triple meatlnres wo can form tho following table of length of kilometers: 

I Kilo· a1. l~-L-~ 
Kilo· j ______ a_ 

bi mewrs. ~1~tcrs. __ '_· _ --
Metef's. I I Milli· 

I 
Met,ers. 

I \mews. 
1 11119.11398 j .9386 +1.2 8 999. 9485 \ .9 
2 . 8651 I . s632 +1. 9 9 I . 9612 

3 . 9191 . 9205 I -o. 8 10 I . 9735 j .9 

4 . 9552 . 95341 +i. 8 11 . 9118 i 
5 .9366 

• 934!) \ +2. 0 12 ·~1 .9 
6 .9933 . 9924 +o. 9 13 .9323 .9 
7 • 9106 .9115 -0.9 H .11581 

---~---c------------·--

1

, ii Kilo· I 1' ; 

. 6. I meter•. I a1. &,. I a. j 

---1 Milli-1--1 Mews. -- - i-~i;-1 
meters. \ i · meters. I 

51<; -2. 5 15 1 999. 9032 . 0001 ; +z. s 
9659 -4. 1 

1

1 
16 I . s151 . s130 : +2.1 i 

752 -1. 1 1·· 17 i . 9357 I . 93371 +2. o ; 

0094 +2' 1s l __ m,6826 /~:_~1; !~~ -2: 
0 

1
1

· .. · :;: I JH86. 5168 [' . ri011 I +o. 7 I 
9556 ::t:: ! ; Mean I msM119 J 

1 

a.nd ri=O.lf/4tJ~i~= ±3"'m.15 
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With the preceding probable error there needs to be combined the error arising from the trans 
fer ofle11gth from the standard to the base-bars. There are 86 comparisons of each bar witll tlle 
standard and from those taken in pai,rs we have the means of finding the proba,ble error of a single 
comparison in the tield. 

Let d =observed difference between the results of the two corresponding sets as observed in 
the morning before the measure of the base commenced on that day, 

n =number of such differences or days of observation, 

D = mcau difference, hence D 2 = [ dd] also D 2 = 2 e2 wl1ere 
n 

c = mean error of an observation or of a set, then 

C= ff,~dl 
'\/ ""n 

\Ve have from 38 differences for bar1 

aml from tlie same number of differeuces for bar2 

hence the probable error of an average bar± 6.4 x 5 = ± 4.3 µ 
and for the mean of 172 comparisons ± 0.33 fl 
hence for the whole base or 34!)7 average bars ± 0.33 x 3497 = ± pnmJG = r2• 

In estimating the probable error of the base some allowance should be made for the cffoct of 
an nncertaintJ· in the hypothesis adopted with regard to the change from no daily Yariation to a 
fixed dail;y variation in the length of the average bar; our result depends ou tJJC assumption that 
the change from one into the other took place between October 4 and October 14; had we adopted 
September 18 instead of October 4 the result would lrnve been a systematic greater value of each 
kilometer in the first measure as compared with the second, and the length of the first measure would 
have been 174SGm.5499 instead of l7486m,5180, or 31.9 millimeters greater than the adopted value, 
the seeond measure and the third partial measure remaining the same. The probable error would 
also be raised from r 1 = ± 3mm .23 to ± 3mm,68; the distribution of the dail.r variation over the greater 
iutcrYal is therefore injurious to the result and was abandoned. Its effect, however, on the whole 
length would have been an increase of 174S6rn.5269-1748Gm.5119 = 15mm,O, and I propose to include 
one-third of this as an estimate of the uncertainty in question; hence r 3 = ± 5mm,O 

\Ve come next to the principal probable error, 11amely, that arising from the uncertainty in the 
lengtli of tLe standard. It bas been shown that its uncertainty is± 2.1 µ, the effect on the base is 
cousequently ± 2µ.1 x 3497 or± 71nm,344, which we put= r 4• There is also a minute error intro
<luced through the uncertainty in the value of the expansion coefficient 57 µ.47(t-l70,07) The 

±.21 
mean temperature of measure of the Yolo base is 17°.5 O., so that the effect of but 00,40, is 
hardly uoticeable; it amounts to r5 = ± omm,3 

If we estimate the uncertainty in the leveling and in the height of the half.tide or average Iernl 
of the i::\Ca at ±Om ,35, we have a probable error in the reduction to the sea-level of r6 = ± Qmm,94, 
The error due to imperfect alignment is inappreciable. 

Collecting our separate nllues r 1 r2 r 3 r 4 r5 r6 we have r = v[rr] = ± 9mm.57 

This probable error of the computed length of the base of ± 911m 1.57 in 17 486.5119 meters 1s 

cq nivalent to ± cs2~ 200 part of the length, or when expressed in a more convenient form it equals 

± 0.5-17 millimeters per kilometer, or what is the same (notntion adopted in Clarke's Geodess1), it. 
equals ± 0.55 Jl per meter. The probable error may also be stated as± 0.035 inch per Bnglish statute 
mile; the length of the base being 10.8657 statute miles. 

'l'he probable error of the measure of the Yolo base, viz,± 0.55 µmay be compared with similar 
quantities reached heretofore iu our Jlrimary base lines; they are given ou page 131, Coast Survey 
Hcport for 1873, and range from ± 2.44 µ to 1.77 µ (for the Atlanta or Peach Tree Ridge base, 
1872-'73, measured three times). 
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Addenda C and D contain some remarks on the probable errors of contact or co incidence of 
lines and of a transfer of bar-end to ground, or of the reverse operation. 

FINAL LENGTH OF THE YOLO BASE. 

17 486m.511!)3 and its logarithm 
± .00957 

4.2427031 885 
± 2 377 

The probable error of the logarithm is checked b,y ± 6 l lM, where 6 l, tlic probable error (iu 

meters), l tlie leugth of tlie base, and M the modulus for common logarithms. 

(A.)-lNVESTIGATION OF THE PERllfANENCY OF '!'HE INDICATIONS OF BORDA SCALES FO:DIED 

OF ZINC AND IRON. 

Although the metallic thermometers depending on the differential expansion of zinc and iron, 
which were used in connection with the Bessel base apparatus, apparently gave satisfactorj· results: 
doubts have been raised within a few .rcarH past as to the reliability of zinc with respect to Jl()rma
neney of length and of coefficient of expansion after exposure to var~·ing temperatures, artificial or 
uatuml. The question being one of importance, it is proposed to give in the following page" au 
account of the experiences gathered in con11ectio11 with the new base apparatus. Up to the vrnsent 
time our experience <loes not extend over more than two years, but it is proposed hereafter to 
examine at least the standard bars at suitable time.~, in order that experimental e.-idence may be 
had whether or not the bars ultimately attain that permanence of condition which woul<l 1Jlacc their 
fitness for metallic thermometers beyond doubt. 

Borda scales of the five-meter office standard. 

We have from direct observations the following corresponding mean Yalucs of the mean of the 
two Bortla scales or ~ (A+ B ), and the mean temperature by eorrectetl mercurial thermometers: 

/_:_) Date. It (A+B)./ b~eti:E~.1 
--1-1 

1881. I Milli- I 0 c I 
meters j · 1 

April 22 to May 2. I 7. 466. I 20.42 ! 

.May 4. I 7. 416 19.17 
3 J nne 15 to 16. 7. 616 22. 97 

4 June 18 to 20. 7. 677 24.11 

Juno 21. 7. 703 24. 70 

1882. 

Fol)ruary 13 to .March 3. 7. 268 16. 91 

May 22 to June 10. 7. 479 21.40 

June 20, 22, 26. 7. 681 25.83 
9 August 25 to Sep tom bcr 4. 7.652 24.78 

10 September 16 to 26. 7.498 21. 81 

11 October 14 to 25. 7.316 18.18 

12 December 11 to 16. 7. 095 13. 85 
1883. 

13 January 15 to February 1. 7.023 12. 67 

14 February 1 to 28. 7.194 16.11 

Plotting these values (see accompanying plate, Diagram 1) it became evident that a cltauge 
took place in the index and expansion uetween the sixth and seventh series, or between l\Iarcl1 
and May, 1882, at a time when the bar remained on the platform in the comparing room. 

Taking means we have for first series 7,mm524 and 210.3s, now forming the respective differ· 
ences between each result and the mean and changing signs when needed to make all ;alues +, 
the sums are 0'"01.846 and 150.28; hence change of Borda scale for change of 1 o C. = om111 .0554 

Similarly mean for second series, 7mm.367 and 190,33; change of scale for 1° C. = Oiu 01.0510 



 

286 UNITED STATES COAST AND GEODETIC SURVEY. 

\Vith these >alues we compute the temperatures corresponding to the observed Borda scales, 
whence the following comparisons in ~hich B indicates temperature derived from Borda scale, 
and l\i from mercurial thermometer: 

] No ,_n_._11~ M-B. I 
! i o I o o o. I 
. 1 I 20.33 I 20.42 +.09 I 
1 2 , 19.43 I 19.17 -.26 . 

I
i 5 E ~~ I :!: ~I :: :: 

6 16. 76 16. 91 +.15 

I I 
No. __ n_·-1-M. - _M-B. 

o I a o a. 

. 5 

I ~ 
I s 

21. 53 • 21. 40 -. 13 

25. 49 25. 83 +. 34 

24. 92 

21. 90 

24. 78 

21. 81 

18. 31 18. 18 

14. 00 13. 85 

12. 59 ~. 12. 67 

15. 94 ! 16. 11 

-.14 
-.09 

-.13 

-.15 

+.08 

+.17 

Since we have proof that the steel bar remained unchanged, there must have occurred a 
molecular change in the zinc bars about April, 1882. In consequence of these ba;s taking a new 
:,;et the index error changed 41 microns, the zinc bars having become shorter arnl the coefficieut ot 
expansion smaller. Before and after the change the correspondence between the metallic aml mer 
curial thermometers appears satisfactory, as shown in the columns M-B in the above table. 

Borda scales of the five-meter field standard. 

li'or this har we have the following corresponding mean values of the mean of the two Borda 
scales or z (C+D) and the mean temperature by corrected mercurial thermometers. 

No. Date. i(C+D.) II 'l'emp. 
by thor. I No. Daro. i (C+D) I 'l'omp. 

· \Jy tber. 

-- --- -- ---

1881. Milli- oo. 1881. 
Milli- oo. 

meters. meters. 

l April 22 to May 2. 7. 516 20.50 15 October 17 w 20. 6. 974 10. 67 

2 Jone 15, 16, 18 to 20. 7. 700 23.60 16 October 20 to 28. 7. 088 13. 34 

I - 1------ -- -- 17 October28 t-0 November 3. 7. 016 11. 61 
3 I .August 16 to 18. 7.460 19.90 

I 4 August 18. 7.918 28.87 18 November 3 to 16. 6. 901 9.15 

5 August 18 to 23. 7.4-05 18. 62 19 November 16 to 22. 6. 635 4.13 
.. ···----·-····················· ....... ......... 

I .A.ngust 23 to 26. 6 7. 563 22. 00 20 November 22 to 23. 6.929 10.29 
7 August 26 t-0 31. 7. 536 21. 65 21 November 23. 6. 719 5. 89 
8 i Anl(Us1. 31 to Soprember 2. 7. 643 23.54 22 NC1vember23. 6. 932 10. 38 

I 
fi i Sepllember 2, 3, 4. 7. 489 20.60 23 November 23 to 24. 6. 704 5.59 

10 j September 16 to 17. 7. 659 24.15 24 November24. 6. 901 9. 60 
I 1·············----··----·-·-··· ··-·-- ........... - ---------- -- --I 11 i September 18 to 19. 7. 490 20. 93 

I 
I 1883. 

12 j Scptcm her 19 to October 9. 7. 271 16. 53 25 .January 15 to February 1. 7. 059 12. 69 
13 1 October 4 to 12. 7.161 14. 21 

14 I October 12 to 17. I I II 
26 

1 

February 11 to 23. 
6. 900 11.18 I 7. 265 I 16. 96 I 

The two Diagrams, Nos. 1and2 show that the zinc bars were subject to two changes, the first 
between series 2 and 3, or in July, 1881, wben the field standard was transported by railroad to 
California, a journey of more than 3 000 statute miles. 

A second change took place i~ California after the natural temperature had reached its mini
mum of about 20 0. on November 21, 1881 (series No. 19 of the table). After this date the bars 
did not fully recover their length. Taking means as before we have: 

First series, mean reading of scales, 7mm,608; of thermometers, 22°.05 C.; change .of scale for 
JO(),= .0594 

Second series, meap. reading of scales, 7mm.306; of thermometers, 170,12 Q.; change of scale for 
100. = .0522 

Third series, mean reading of scales, 6mm.928; of thermometers, 100.200.; change of sea.le for 
1oc.= .0485 
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Tab"le of comparisons of ternperature of bar by metallic and memurial thermometers. 

No. n. 
M. , M:i~ jNo. [_~l-~-1 M-Il. i~~J_B_. _[~ M-B. ii,~~!_:_ ~~ '~~~· 

o I I o I o I o a. ii ! o I o o o. !: · o • o ! c c. 
20.50 I .... ,i i I 20.01 i rn.oo I -.11 i! 9. 20.64: 20.93 +.29 :! 1 to.22. 10.w: +.o• 

2:l. GO I i 2 I 28. 84 I 28. 87 I +. 03 I: 10 I 16. 45 I 16. 53 +. 08 : i 5. 8!) I !i. 8!l i . 00 

I a I w. 02 .

1

' 1s. 62 I --.· 
04
40 

1
_._'_, 1

1
1
2 

1 14. ll4 ! 1
1
4
1 

.. 2
1
1
8 

-.13 [_! : : 1~ .. ;.s
8 

! 10. 3~ +. 10 
4122.04 22.00 i 11.07 I +.11 !' ., "" 5.f>!l +.01' 

I 5 21.521 21.651 +.rn I,' 13 10.16 II 10.67 -.o9 ii, 5: 9.ll4 o.r,o -.o4 · 
I 61 23.57 23.54 I -.03 Ii 14 12.95 13.34 +.39111 6 12.70' 12.G9 -.01: 
I 1. 20.62. 20.601 -.o~li15 11 .. 51111.61 +.04

1 
1 11.15: 10.001 -.rn 

l 8 I 23.88 I 24.15 I +.2. Ii 16 9.36 I 9.15 -.21 ii 
' 'i 17 4.27 i 4.13 -.14 ,'i 

I, ! I 

1 20. 50 

2 2a. 60 

As in the case of the first standard, with each change or shortening, the coefficient of expansion 
became smaller-the fir11t shortening was 45 microns; the second 24-and it is noteworthy that the 
bar suffered no change whateYer on the return journey from 'the western to the eastern coast in 
October, 1882. In general we notice a tolerallly fair correspondence between the metallic awl 
mercurial thermometers. The mettn error or difference deduced from the aboYc 38 cases* is 

I ::E 62 
\ 38-4 = ::!:: 00.17 c 

hut we must be certain that the condition of the zinc bar remained unchanged. The mercurial 
thermometers alone were used for the determination of the length of the base-bars. 

(B.)-RESULTS OF ROUGH AND PRELIMINARY VALUES FOR LENGTH OF THE YOLO B.1U·m. 

In August, 1880, in connection with the spirit-leveling of the line, Assistant Colonna measured 
the length of the base by means of a 50-meter stet1l wire under constant strain; this wire he starnl· 
arded by means of the 4-meter secondary base-bars Nos. 3 and 4, and found for the length 17485.4 
rneters, a value about 1.1 meters in defect. The error amounts to rn ho of the lengtb, nearly. 

A second wire measurement was made in September, 1881, by Assistant Gilbert, aided hy Sub· 
assistants Blair and Dickins preparatory to the base measure with the 5 ·meter bars, by meairn 
of which the wire was standarded. · The wire was 100 meters in length, and, stretehcd with a con
stant force, the measure fell short of the true length of the llase 0.6 meters, which is equiYalent to 
2Ttoo of the length, nearly. 

The field computation by Mr. Blair and Mr. Gilbert, made during the measure (and after the re
duction to the sea-level had been applied), gave the length 17486m.559, only 47 millimeters in excess 

The value used provisionally in the office computations up to this time (May, 1883) for the 
length of the base was that derived from the Pulgas base, south of San Francisco Ba;y, as measured 
b,v Assistant Outts in 1853, and brought forward through partly incomplete triangulation to the 
Yolo base, it was 17486m.86; it exceeds the true length only om.35 which is equivalent to ,; 0 -t1,,, of 
the length, nearly. Since all charts and maps in the vicinity of San Francisco and south of it to 
Monterey, as well as the preliminary computation of the triangulation extending across Nernda to 
the Utah bonndarj·, depend for their scales and distances on the Pnlgas base, it is satisfactory to 
have the assurance of the reliability of this old base. 

(0.)-PRODA.DLE ERROR OF "MA.KING CONT.A.CT" OR OF" COINOIDENCE OF LINES'; OF TIIE CON

TA.C'l' SLIDES OF THE BASE-.DARS. 

Observations for the contact error were made at Washington June 15, 16, 1881, for bar 1, 
and June 18, 20, 1881, for bar 2. In these observations made in the comparing room the lKLr was 
left in l)()Sition, but repeated contact was made with one of the Bessel-Repsold screw-eontact. le\·cl 
comparators, the contact being made and broken in succession. A hand-glass of low magnif'.ying 
power was used to establish coincidence of lines. 
---------------------------------- ---------------------

•On the average each case consists of a mean of 17 separate readings. 
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Base bar 1: From 120 observations made in 24 sets the Rum of the squares of the differences 
from their respective mean was .02073 turns of micrometer. One turn of micrometer I equals 
27G.1 I', and of II, 276.3 µ; hence 

J .455 x .02073 " 
ei = -120--:=-24~ = ± 0.0099 turns=± 2.13 µ 

Base bar 2 : From 120 observations made in 24 sets we have 

I .455 x .024 73 
e-i = v 120 _ 24 = ± 0.0108 turns = ± 2.98 µ 

These values of e1 and ez include the error of making physical contact and of reading ofi 
the Bessel-Repsold comparators. · This last probable error was found from 73 obseiTations in 24 
sets, for bar 1, equal to ± .0022 turn or ± 0.61 µ, and frow 73 obserrntions in 24 sets (dates as 
abm-e), for bar 2, equal ± .0019 turn or ± 0.52 µ; hence . 

Probable error of a coincidence of contact slide for bar 1 

Probable error of a coincidence of contact slide for bar 2 

.; (2.73f:.._ (.61)2 = ± 2.66 µ. 

v'(2.98J2 =f:52)2 = ± 2.93 µ. 

l\Iean or final Yalue for probable error of "making contact"=± 2.80µ. 
In the length of a kilometer it amounts to ± 39.6 micrcms, and for the whole Yolo base to 

2.SOi, '34If7 = ± 165 microns-practically a vanishing quantit;y. · 

(D.)-PIWB.A.BLE ERROR OF .A. "'l'RANSFER OF END OF BAH TO GROUND OR. OF THE REVERSE 

OPERATION.11 

An observation consists of a pointing on the end of the bar and t,hen on the ivory half-milli· 
met,er scale on the ground, with the theodolite, say clamp north, aud of the same operation with 
clamp south, in order to eliminate any defect in the horizoutality of the axis of the sector or any 
defect in collimation. The fractional part of a scale subdivision is est.imated; the telescope is set 
equidistant (or nearly so) from bar end and scale, and its focal adjustment answers for both 
objects. Before each observation the ivory scale is taken off and reset with its 20-division 
mark over the line in the copper tack or bolt. 

On September s, 1881, in the camp near the middle of the base, 23 observations on four differ
eut parts of the scale were made by various obsen-ers; from these we find 

:& 6 
e = ± 0.845 --4 = ± ocm.010 or ±: omm.10 n-

tor the probable error of a transfer. The same amount is im', . rnd in picking up the ground mark, 
hence, the whole probable error± omm.14 Supposing, as for the Yolo base, 18 working days tor one 
measure of tile line and that 18 double transfers are involved, the probable error <1rising would be 

0.14 v'lS = omm.60 

a f)Uantity small enough to be neglected. 
In conclusion, I beg leave to add a few remarks relating to any fntnre use of the base appa· 

ratus. Notwithstanding the small probable error reache(l iu the measure of the Yolo base, and 
which I attrihnte in a great measure to the extreme care taken by the party in charge of the work, 
the fact brougl1t out of the unexpectedly capricious aud otherwise irregular behavior of the zinc 
bars of the apparatus with respect to heat, renders it doubtful in my mind whether this form of 
the apparatus would not better be abandoned for either a partly compensating apparatus or a wbol1y 
uncompensated one. If we were to replace the zinc bar of the apparatus by a brass bar, we sacrifice 
50 per cent. of the compensation, but would probably not be confronted with irregularities which may 
be troublesome and possibly impracticable to deal with. On the other hand an uncompensated 
single steel bar put in the place of the present compound bar, if well protected against change of 
temperature, may lead to results not inferior to those already rl.'ached. Whatever may be decided 
on, I should recommend abandoning the Borda scales and not to neglect taking a comparison with 
the field standard at the beginning and close of each day's measure. 



 

z 
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ERRATA.. 

[Appendix No. 12, Coast and Geodetic Survey Report, 1883.] 

Page 309. In formula, line 13 from bottom, the e in the term tt1 e dropped ont in the 
pTetlB work. 

Page 311. In lll8t oolnmn of table, for 2 p. m. the + sign is wanting. 



 

APPENDIX No. 12. 

RESULTS OP OBSERVATIONS :FOR ATMOSPHERIC REFRACTION ON THE LINE MOL'"NT DIABLO TO 
MARTINEZ, CALIFORNIA, IN COXNECTIO:'\' WITH HYPSOMETRIC MEASURES BY SPIRIT-LEVEL, THE 
VERTICAL CIRCLE AND THE BAROMETER, MADE IN MARCH AND APRIL, 1880, BY GEORGE DAVID
SON, ASSISTANT .• 

Reported by CHARLES A. SCHOTT, Assistant. 

00AS'l' A.ND GEODETIC SURVEY OFFICE, 
Computing Dii,ision, June 5, 1884. 

INTRODCCTION. 

This important series of systematic observations, continued hourly day and night, weather 
permitting, between March 21 and April 28, 1880, forms the third contribution of materials by 
Assistant Davidson for the study of the diurnal variation of the atmospneric refraction in connec
tion with comparative hypsometric measures by different instruments and methods. His first 
observations of this kind were undertaken in March, 1860, at Bodega Head and Ross Mountain, on 
the coast of California; his second measures were made in September and October, 1879, at Round 
Top and Jackson Butte, on tbe western slope of tbe Sierra Nevada; and tbe present third series 
was executed in March and April, 1880, at Mount Diablo and ~fartinez East, south of Suisun Bay, 
distant about 50 kilometers (31 statute miles) from the sea-coast. The line passes over the north
western slope of Mouut DiabJo, which is steep iu the directiou toward l\Iartinl'z. With respect to 
climate, tbe region is of a character intermediate between that of the coast and that of the ,-alley 
11f the Sacramento and San Joaquin Rivers, the heat of the valle_y being here tempered by the in
flow of cool air through the Golden Gate. The obser'\ers at :Martinez East were: G. Davidson, 
aided by J. J. Gilbert. Assistant; the obserYers at Mount Diablo were B. A. Colonna, Assistant, 
aided by J. F. Pratt, Sub-assistant. Martinez East is about 5i meters (or 187 feet), and ;)fount 
Diablo about 1173 meters (or 3849 feet) above the average sea-leYel. To determine the relative 
position of the stations, a small triangulation was executed in 1880, b,y Assistant J. J. Gil l>ert, which 
depended for its linear measures on the side Good~·ear to Island of the triangulation of Suisun 
Bay in 1864. The resulting geographical positions are as follows : 

Mount Diablo & <p = 370 52' 4811 .00 
Martinez East & .<p = 38 01 06 .1:3 
Azimuth Mount Diablo to Martinez East 
Azimuth Martinez East to l\fount Diablo 

,i = 1210 54' 4911.07 west of Greenwich. 
). = 122 07 38 .28 west of Greenwich. 

129 20 26 .5 
309 12 33 .5 

Distance Mount Diablo to Mart.inez East, 24260m.6 or about 15.1 statute miles. 
Between Ml:),}' 10 and May 26, 1880, Assistant B. A. Colonna connected the two stations bJ 

lines of spirit-levels, one up, the other down the mountain. The office computation gave the re
sults 3661.618 and 3661.864 feet ::I: 0.090 feet, hence the mean difference 3661.7 41 feet or 1116.09 me
ters :I:: 0.03 meter. The bench-mark at Martinez East was connected with the tidal bench-mark at 
the Benicia Arsenal, across the strait, by means of reciprocal and simultaneous vertical angles, meas
ured May 27, 1880, at Martinez East, by J. J. Gilbert, and at the arsenal station by B. A. Colonna. 
The half-tide level is given by Assistant G. Bradford from six days' continuous tidal observations 
at Benicia, and checked by reference to a long series of tidal observations recorded ai the Mare Is-
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land gauge. From these data the Benicia Arsenal bench-mark was found to be 5.83 feet above the 
half-tide level of the Pacific, and the Martinez b~uch-mark 181.22 feet above the Beuicia mark, 
hence Martinez East 6 above the aYerage sea-level 187.05 feet or 57.01 meters, and Mount Diablo 
& aboYe the average sea-level ~848. W feet or 1173.10 _ll}eten;. TbesP heig·hts refer to the surface 
of the ground at the triangulation station8. 

In consequence of the large diurnal inequality in the tides an<l the contracted volume of water 
in the Strait of Karquinas, I estimate the prohahle error of the height of the average sea-level not 
less than :± 0.15 meter. 

The weather proved to be abnormally bad while the observations were being made, and the 
amount of rain which fell in the first twenty-three days of April (10.5 iuches or 2G7 millimeters) is 
unprecedented, though the observations terminated before the close of the rainy season. 

OBSERV A.TIONS OF Dot::BLE ZENITH DISTANCES FOR THE MEASURE OF REFRACTIO:N AND OF 

DIFFERENCE OF HEIGHT. 

For the measure of the reciprocal and simultaueous zenith distances at the two stations, each 
observer sliowed when possible heliotrope light, and during the uight lantern-light, for fifteen 
minutes before the fall honr, ancl read the leYels of Lis vertical circle, after which he observed three 
repetitions of double zenith distance followed by a second set; the le\'els were then read again, also 
the barometer, and other meteorological instruments. The two sets of zenith distances occupied 
from six to seven minutes, and the mean of the two results,will nearly girn tht> r.enith distance of 
the opposite station at the full hour. 

At Mount Diablo the sun would rise on March 21st, by computation supposing the horizon 
unobstructed, about 511 5Gm, and on April '.!!:Ith about 5b 0111

; it would set on the first-named day 
about 6b mm and on the last day of the series about 611 55m. At the lower station, l\lartiuez East, 
sm1rise would take place about 5m later and sunset about the same diff<Jrence earlier than at 
Mount Diahlo. 

At lrlount Diablo the zenith distances were measured with (30-centimeter) rnrtical circle No. 
37, made by Gambey; it is graduated to 5' and is rearl by fonr verniers to 3" each; value of one 
division of leYel = 3" .50. The horizontal nxis of the vertical circle, the center of the heliotrope, the 
center of the lens of the lantern, and the center of the target were 2.04 meters abo•e the top of the 
copper bolt or :Mount Diablo station mark. Consequently all zenith distances (/;) measured at 
Mount Diablo have to be dimini8hed by 17".34, corresponding to a lowering of 2.04 metres; and 
the total correction to C when the l\Iartinez East heliotrope was obsenred becomes 

-17".34+11".91- 4".79 = -10".22 

and when the lantern was observed 

-17" .34 + 11" .91 - 5" .86 = -11" .29 

At 111artinez East the zenith clistance8 were measured with (25-centimetre) vertical circle No. 
80, made by Gamuey; it is graduated to 5' and is read by four vemiers to 3" each; value of one 
divisionoflevel = 3".84; but it appeared that theobsen-er preforred to giYe less weight to one•ofbis 
six measures, hence the value adopte<l=3".56. A letter receh'ed from Assistant Davidson, dated 
San Francisco, September 3, 1883, garn the fo1lowing information: Top of pier, 3A85 feet above 
surface of copper bolt which marks the height of the station; height of center of vertical circle 
above top of pier 1.110 foet, hence center of \•ertical circle above spirit.level bench-mark 4.595 feet, 
or 1.400 meters. We have, also, heliotrope below center of vertical circle 221

3il' inches= 0.563 me
ter, corresponding to an angular reduction of-4".79, and similarly for the lantern 27.13 inches= 
0.689 meter, or-5".86 ,and for the day-mark target 20.19 inches= 0.513 metre, or - 4".36; conse
quently, all ''s measured at Martinez East need diminishing by 11".91.for lowering of 1.40 meters, 
and the total Mrrection to r; becomes 

-11".91+17".34 = + 5".43 

The following tables, I and II, contain all resulting zenith distancee observed and reduced to 
the copper bolts or bench-marks at both stations. 

"Taken at MoWlt Lola in l"IJ. 
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TA:BL:m !.-Zenith distances of 11fartinez East observed at MOUNT DIABLO and rediiced to 1ttatio11 
marks at both stations, .March and April, 1880. 

~ = 920 43'+tabnlar quantity exvresseu iu seconds. 

Hour. Mar. 21. Mar. 22.,Mar. 23. Mar. 26. Mar. 27. Mar. 28. Mar. 29. Mar. 30. Mar. 31. .Apr. 6. Apr. i. Apr. 8. ' Apr. 9. 
------------ - _____ : __ ... __ '----·-~~ 

.A..M. 

30. I , 24. 5 . . • . . . . 34. 8 ; .••..•.. i. . . . . . . . 30. 4 14. 4 . • • . . . . . . . . . . • . . 36. 3 2G. 7 

29. 2 I 2G. 0 '. . . . . . . . 40. 3 . • • . • . . . • • • • . . . 26. 5 14. 0 28. l 30. 9 

8 30. 2 22. 0 .•...... : ................ "... .. . . 26. 6 19. 2 " . . .. . • . .. • . . . • . 29. 6 30. 9 

4 ~6. 9 21. 5 i ........ : ....... i. ....... i........ 26 8 24 1 ' 30 9 ' 35 4 

~ : ~i :~~: ;n < /E1 ~l , ,,,,, > ,,, ! ::· 
30. 3 42. 7 .......• ! .•.•.... : i 

,-·······t········,········ 34. 7* i- ... 10 

11 34. 7 i 31. 9 

38. O 37. I 

43. 5 

42. 2 

' ........ !. ....... : 
41. 0 I 34. 4 

36. 6 ! 41. 6 40. 2 39. 5* 

i ~oon 47.1* 39. 9 42. 7 33. 7 42.1 

45.1 33. 6 44. 9 42. 9 40. 8 
P, M. 

1 

2 

3 
4 
5 

6 

7 

8 

9 

10 

11 

45. 5 

46. 6 
48. 0 

43. 2 

45. 3 

47. 0 

46. 6 

24. 6 

19. 7 

10. 2 
42. 5 45. 0 

4~. 6 45. 4 

42.0 

[44. 4] 

44. 0 

46.1 

45.9 i···· ....... 47.0 
46.8 '' ........ ,. ....... : 40.9 

47. 0 
46. 2 

48. 4 

45. 5 

45. 6 
"37. 5 

........ ! 

. -- .•• i 
42. 7 ........ ' 44. 4 47. g ........ ........ 39. 6 ........ 1 

: Mi<ln't 

46. 5 46. 6 

37. 2 38. 7 

30.4 I 36.2 

26. 8 34. 4 
31.0 i 33.9 

3:1. 5 

16 5 42. I ............ _. 43. 0 

··· ···· ........ ..... . .... (3i.O] 

18. 9 34. 5 , __ ... .•• .. .. .•.. [35. 6J 

; ...... ~· . . . . . . ... 
31.3 

26. 5 

26. 5 
29. 3 . ' 

33. 2 
33. 6 

28. 9 

3;i. 2 

29. 6 

35. 2 
[26. 8] 

19. 3 

2i. 4 

32. 9 29.0 

30. 2 

33. 2 

21. 7 

17. 8 
13. 8 

17. 8 

20. 2 
14. 4 

32. 2 

' ................ 28.5 
20. 7• ' 28.1 

30. 4 
34.1 

33. 3 

33.1 

36.1 

38. g 

34. 4 
34. 3 

34. 6 

32. 4 

-----------~------------------------------
i ! 9 ~ - ' ' : I f ! I 

Apr.10 . .A.pr~~-;Apr. l •. Apr~~~ Ap~:...~· ~pr~~~~: 19 . .A;ir. 23 . .A.pr. U.i~~· 25l~:~~: .Apr:...~ Apr~ .Apr. 29. 

, I 
22.1 32.1 23.1 

A.H. 

1 
2 20. 6 :!:: i::::::::,::::::::,:.::::·· ~~:: 20. 1 I 28. 1 29. 2 32. 1 

35. 0 ! 21. 6 28. 9 24. 8 33. 6 24. 8 

s ........ , 11. 5 

14. 7 
........ : ........... , ........ l... .. 31. 7 

37. 2 l·· ..... , ...... 
30. 3 

34. 0 
15. 0 22. 7 27. l 

24. 0 

25.9 
26. 6 

22.7 [23.8] 

4 
5 ........ , 
6 

7 

9 

10 
11 

Noon 
P.H. 

20. 0 

12. 9 ; 

35.1 

43. 9 

46.8 

29.3 
33. 3 

28.' 

~ 
33. 5 

33. 5 
37.1 

47. g 

•••••••• ! .•.•.••. ; .••••• 

36. 3 

39. 9 

44. 9 

········i 
. ·-· .. .; 37. 0 

•••••• 1 •••• 

42.4 

35. 9* 

39. 5 

39.6 

33. 9 
32 9 
31. 0 

31. 7 

]········ 

1········1 

' ' 
[41.9] """"l'"""""'"i 
43.5 ! ........ , ........ : 

45.5 , ............... ! 
46. 6 ! i7.ii ' 

28. 6 

31.4 

31. 0 

35. 5 

32.3 

33.1 
39. 4 

49. 0 

10. 9 24. 9 
19. O I 21. 2 
21. l i (26. 2] 

, r1s. s 1 I 28. 4 

'19.4 I 25.4 

22. 1 I 21. 2 

21. 8 

28.1 

27. 9 

17. 3 

32.6 
27. 5 30. 8 

[36. OJ , 38. 1 

30. 6 41. 7 37. 5 

17.1 

20. 2 
24. 0 

22. 4 

22. 5 

29.5 

31. 5 

38. 3 

37. 3 

1 47. 1 1-- ...... ' 48. 3 44. 2 42. 9 '7. 0 50. 1 114.1 45. 0 36. 6 41. 1 

2 40. 8 ! ....... ·i--··· ... '...... .. 44. 4 45. 2 48.0 50. 3 33. 3 48. 7 46. 8 51.4 
a 40.2 j ........ 1 ........ 46.6* 45.2 47.o 48.6 34.6 ! 47.a 47.2 :;1.a 

4 37. 3 !. ....... .... .•.. 44.8 ; ..... '"" 44.1 ...... '" 47. 6 '6. 6 39. 8 43. 2 44. 2 48. 5 
s 39. a ! ................ , «. o I ........ , •2. a 46. a «. 2 39. s 4o. 1 4o. o 47. a 

: :: I: F ::! ::t: ' ~: . : I :: :: :; ;: :: ~: 
~~ ~~: 

1 

::: :::::::::::::::::t:::J ~::: 1:::::::.
1 ::! ~::: !::: ::: :E :~:: 

: ldidn'1· 20.0 41.2 ! ....... + ....... 
1 
........ 

1 
29.5 !···--· .. I 31.5 18.8 2a.s 26.3 27.5 27.7 

There were also observed April 4, at 9 a. m., 50''.4; at 10 a. m., 53".2, and April 5, at noon. 47".3. 
Values marked by an asterisk (*) are omUted in the discussion for want of cotreepoudlD& obaervationa at llartine& East. 
Values Within rectangular brackets are interpolations explained furthur ou. 

•The ahort huri&oDtal bare iDclude period& of U buure or mult.iplee tlweoL 

25. 4 

26. 3 
26. 6 

27. 2 

28. 0 

31. 7 

34.5 

37. 1 

32.1 

32. 5 

33. 2 

29. 6 

26. ti 

22. 6 

24. 4 

28.1 

25. 2 

!········ 
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TABLE II.-Zen.ith distances of Mount Diablo, observed at MARTINEZ EA.ST and reduced to station 
marks at both stations, Ma.rch and April, 1880. 

1 Hour. 
I 

~--

~ = 87° 26'+ tabular quant"ity expressed in seconds. 

ar. 21-,Mar. 22. Mar. 23. Mar. 26. Mar. 27.'Mar. 28. Mar. 29. :Mar. 30. Mar. 31. Apr. 6. Apr. 7. ·Apr. 8. 'Apr. 9. [ I I I : ' . ' 

-l---------:------'-----·-----11----I 
A. M. 

1 -- .... 1 

! . . I 
36. 4 a4. a ... _ -I 54. 9 .. _...... • • • • . . . . 52. 9 59. 1 . . • . . . • • .. • . • . . 44. o 39. 2 1 

!~:~ :~:; :::::::::1::~
8

:~}::::::: :::·::: 1 :::: :::! I::::::::<::.:: !~:: :n i 2 -· -···1 
4 -- ··----1 
5 .••..... \ 20.2 43.0 ........ : ............... : 40.3 (64.2) ........ j .•.•... 48.2 1 ........ \ 

: .. I 
10 ~~. ~ 11_1 

21. 6 

28.3 

3Ul 

25.1 

47. 8 

40. 3 

[46. 5] . 

[48. 9J 

67. 2 

70. 4 

73. 6 

75. 9 

[~~:~] :~:: ...... --~:;~·1·::::::.i:::·:::_l __ ~9--~--i 
~!:: :::: 56.8' ....... ' .. -··· ::::::::/ 

30. 0 1·. ... ... 73. l ............. -- 73. 2 68. 8 ----·· .......... 1 .•.... -- ........ ! 
11 64. 6 · I I 43. 1 63. ()* 72. 3 ..... - . . . . 70. 7 70 1 ... - - ... - - - .. - 71. 6 1- •• -- ••• i 

Noon 

P.11. 

l 
2 

3 

4 

5 
6 

68. 8 48. 6 69. I .. . .. . . . . . ••••.• 76. 3 70. 7 ................ - .. . .. . .. 74. o I 52. 2 ! 

70,Q 

68.8 

73. 9 

68.0 

66.3 

57.2 
60 8 

62.8 

63.5 

67. 8 
57.8 64.7 

50. 8 I 51. 6 

43.8 58.8 

66.6 I 72. 7 
I 

77.5 7l.5 74.5 ................. 70.9 77.1 i········I 

68.6 I~~:~ i:•••••·.-1 [72.0]; 79.3 

72. 8 70. 5 77. 9 

76. 0 

72. 4 . ··-···· 73. 5 72. 7 74. 5 

68.9 ········1········ 73.1 80.2 
.. -- ................. - • . [67. 7] 75. 1 

61.6 ........ 1 
........ [67.3) 70.3 

63. 6 ........ 1...... .. 64. 2 60. 5 

I 
• - .• - •• " ••. ~ ..... i 

: .. --. - - . : ... - ... -. j 
I ········.··-·····1 

70. 6 

72. 8 

71. 6 

67. 7 :::::::r:::::::1 62.6 

........ ; .••••••• ! 50.1 
I 62. 0 

75. 6 

75. 7 

73. 6 
67. 5 

69.6 

66. 4 

62. 2 

·······-1 
... ·---1 
........ ; 

I . . . . . -. . ~ 

42.6 43.3 61.2 ...... ..:. ....... [61.0] 
1 

57.4 ::::::::c:::::I 
JO 30.6 43.8 55.8 ; ___ ... .1... _____ 59.2 59.0 ' ....... J. ...... 1 :!:~ ::: c:::::i 
11 25. 0 31. 2 57. l 60. 6 ! 54. 4 . . ... -! . • -.• i 48. 4 48. 5 \. ..... _ \ 

Midn'tl 32.4 31.3 57.5 1:::::::::::::::::, 59.5 51.9 .:.: ... +: .. : ... ! 48.8 50.6 \········! 
-~-------~--~~-~~--~-~~~~~~~~~~~~~~----

Hoar. b/Apr.11. Apr.12.:Apr.13.
1
Apr. 17.

1
.Apr.18. Apr. 19. Apr. 23.

1
Apr. 24. A.pr. 25.IApr. 26.

1
.Apr. 27./Apr. 28.IApr. 29 -- f--' ___ . __ i __ l ______ I ____ ! __ / __ , ___ _ 

: I I ! ! 
.... ~- I 56. 9 65. 8 1- ·-·· ... ( ..... ·--I·....... 43.3 . ····•· : 49. 7 42. 8 I ~1. 2 I 43.5 I 27. 7 26.3 ! i 58.6 I 63.8 1·······-i-·······1--···--·1 52.8 , ....... ., 49.9 42.3 I 49.7 83.5 i 33.5 27.7 

: ::;;-~:- 11 ~Ll--~:::J::::jl ::) .. !. ;~ 1::•: :::1, ;1 E1
1 

;~ ~1 i El 'Ef 
. I I • !········ I 

7 59.1 59.0 i 66.0 I 71.7' 1 74.3 73.7 I [56.0] '-•·--··· 45.7 [48.8] 60.4 39.4 . [27.21 SJ.5 
l ~ 1---1 I I 

8 63. s• 1 as.s : 12. s I'--··· ... 1. .... . . . 74. 5 I 54.4• '····· .• .' 58. s ss. 5 oo. 1 !14. 4 28. I 36. D 

9 68.4 73.3 ! ...•.... 
1 

........ i ........ (76.8] : .....•. ; ........ ! 64.5 63.6 00.3 M.l , 33.4 36.2 
I I I ' . I 10 1a.2 1s.2 
1 
................. ,.. 1s. a :······ .. : ...... ··I es. 1 61. e 65. a oo., j •i. s 28.1 

11 76.S 77.8 
1 

........ !--···---i 76.8 78.1 1--··"··i··:.:,::··! 69.2 67.4 69.9 62.4 48.7 37,3 

Noon 76.2 78.0 i 72.5 ( ........ : 78.1 77.2 ••.•.... [ 81.6174.4 68.9 72.8 55.7 60.0 46.6 
\ j \ 

P. Jt. ' ( 

: ~!:: I •• , __ :·:-~::_~~.::: ::::::i ~:!. ~::~ !::::::::: ::: :.: ::: ~;; ::: ::: ::: 
: ~::~ !::::::::!::::::::' -~~:.~__!:::::::. :::: :!::::::::: ~:: :.: ~: ~::: ::: :: :.: 

I : ~:I: :i::•::: :i:: :: : :1 :: :: :: ~: :: ~: :: 
l 1: ::: I ::: :::::::: ::::::::1:::::::: 1 

:::: '::::::::1 :~:~ :~ ::~ ::~ ::: :: 
i 11 58. s j 65 s .............. ..i. ....... i 56. s : ........ I MUI 40. o si. s 40.' au H. • 1 
iMldn't 60.8 , u.s ................ ) ........ : M.4 i ........ J 45.5 «.• 49.4 41.l 81.8 86.1 .-······I 

j I ! 1 I ! 

V l\lme marked by an asterisk (*) are omitted in the diacuesion for want of correl!ponding observation& at Mowt Df&blo, 
Values within rectangular bracket& are interpolationa explalnod further on. 
The short horizontal ball! include perloda of twenty-four hours or multiples thereof, d 
The causea of the larger interruptlons of the obsen-11tion1 we.re the following, March U to 28, lfount Diablo capped by e!Olltle. ralD. au 

111ow.atot'lll.8; April 1to6, stormy weather, Moont Diablo in cloud#; April U to 17, hea-vy rain .tormll; April 20 to It, :ni.ln llli.4 IDO'lf fiemll" 
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COMBINATION OF THE PRECEDING TABULAR ZENITH DISTANCES TO OBTAIN A HOMOGENEOUS 

SERIES OF HOURLY MEAN VALUES. 

Before the tabular results could be conveniently submitted to combination and discussmn, which 
in consequence of the breaks and irregular distribution of the obserrntions would be a laborious 
task, tlley required to be molded into a systematic series of hourlj· values. Such a series must 
exlribit the <liurnal variation in .; and in the angle of refraction as smooth!.'· as the broken record 
will admit; the process, however, must involYe nothing arbitrary, aud must apply alike to the two 
stations. Were there no interrnptions, the simple hourly means during the whole time of occupa. 
tion would give the series; we therefore first select the uumber of tlaj·s of twenty-four consecutive 
(hourly) observations, irrespective of the liour of beginning; of such then' are tweke, proYided we 
first SUfJply by interpolation a few gaps of one bour each, and in two cases of two cousecuti>e 
hours. These interpolated rnlues are indicated in tbe preceding tables, and tbe begiuniug and end. 
iug of each twenty.four hour period is shown ·by short horizo11tal bars. For interpolation of au inter
mediate hour comparison is made with the preceding, and, if practicable, also with the following 
hour throughout tbe series and the mean result is set down; thus to illustrate the principle let it 
be required to find ; for 8 a. m., March 23, at Mount Diab lo: "Te have the mean difference for the 
hours 7 and 8 from tweh~ days equal + 1".2, hence interpolated value 11".2 + 1".2=12".4; sirui. 
larly mean difference for hours 8 and 9 from eleven da;rs equal +2u.3, hence interpolated value 
for 9 a. m., 14". 7. Tbis series from twelve complete days is called the mean series, and the next 
step is to join to it all broken series, in order that every obs1,rvation ma.y be represented in tbe 
final Yalnes. This is readily done by referring all obsPrvations (not yet used) on an;r day to "the 
mean 1wries," hy c()mpating the respective means for homologous hours and appl~·ing the differ. 
ence of these means as a constant to every observation on that day; thus for March 23, the mean 
of the fourteen observed values (inclusive of the two in brackets) at Mouut Diablo is lD 11.l, the 
mean for the same hours in the mean series is 31".6, hence correction to each of the 5 values on 
March 23, between 1 and 7 p. rn., equals + 12".5. The referred "'alues so obtained were tabulated 
and the sums and means wt;re taken for each hour throughout the record, and consequently 
include the unchanged vah1es belonging to the twelve complete days. Tables III and IV contain 
the mean series, the number n of days of observation at each hour, and the resulting homogeueous 
series for the two statious. 

TABLE III.-Observations at Mount Diablo, Oalifornia, March and April, 1880. 

ReRnlting hourly series of zenith distances ~, of Martinez East, 92° 43' +tabular seconds. 

I I j Ii I n da.y : , 12·day 1 n day I 12-clay . 
Hour. ! mean ae- n. '. resulting J Hour. mean se- "· resultmg 

f ries. [ seriea. ) : j ries. 1 series. 

----1 -- - 1---1:---1----- -----
A..14. ! " If ! P.M. I If 

26.1 16 26.3 I: 1 

I 
49. 1 20 41. 5 

I 

26. 0 16 26.2 2 4:;, 5 19 43. 7 

23.6 14 23.8 • 45.5 18 43.0 
I 

23. 7 15 24.5 • 45.0 18 43. 4 

5 25.1 13 :;.:;, a 5 42.7 18 40.3 

G 27.7 15 27.7 ii 6 36.1 15 115. 0 

1 26. 3 11 26.8 ii 7 30.6 17 ao. s 
8 27. 4 11 28. 2 Ii 8 29. 5 16 29. 8 

0 29.3 14 so.2 

·1 
9 28. a 16 29.0 

10 33.2 1' 33.5 10 27. 8 18 28. 8 

11 38.0 18 37.8 I u 25.8 16 27.6 
Noo11 41.2 19 80.7 

1
wdll't 25. 7 16 2T.2 
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TABLE IV.-Observations at Jlfartinez East, California. 

Resulting hourly series of zenith distances ~of Mount Diablo, 87° 26' +tabular 11econ.d•. 

·-··-------· --·-----~---

12-flay ! i n 11ay 12.dny I n day : 
Hour. llil'Hll be.: n. jrt>sn!ting Hour. mean se- n. i r~N11~ting i 

lit'S. ' serits .. l'ies. ; senes. 1 

I ------ --·--- --- _____ , ______ . 
A.!ol. P.M. 

1 43. 7 16 43.9 l 70.8 20 6.0. g 
2 42. 4 16 42.8 2 72.8 19 72. l 

39. 4 14 39. 7 3 73.0 18 72.4 

4 41. 5 15 42. 8 4 71. 6 18 71. 2 

42. 7 13 42.8 71. 7 18 70.3 

6 46. 3 15 40. 9 6 65. 6 15 6S. 4 

4i. l 17 50. l 7 60. 2 17 59. 8 
8 54. 6 14 55. 5 55. 0 I 16 56. 2 
g 56. 3 i 14 57. 2 9 51.3 16 51. 7 

10 58. 7 
' 14 59. 2 10 50. 2 16 49. 3 

11 6:J. 2 16 63.5 11 45. 7 16 46. 2 
Noon 69.3 19 66. 9 Midn't 44.8 16 46. 3 

------~-----· 

y 
Diurnal variation in the angle of refraction.-In order to exhibit the angle of refraction at an 

hour we need to know the true zenitll distances at eacll station of tlrn other; these we find by 
means of the e:si>ressions: 

Z(z' + z)=!JOO + _ L_ 
2 p sin 1" 

.1 (z'-z)=tan- 1 { h' -h (1- h' + h _ __!_}_)} 
ll 8 2 p 12 p 3 

where z z' =the true zenith distances in case of no refraction, 
h h'=the hciglitR aboYe sea-level, of the lower and upper stations or h=57m.Ol andh' =1173m.JO 

s=liuear tlistance at tho sca-Je,·el between the two stations, log s=4.38-!0011 
p=ra<lius of currnture to the earth's surface for the middle latitude of the stations and for 

the azimuth of the line of junction. 
We have for Clarke's spheroid with <p=37° 57' and a=12!)o 16' 

log p=G.80-1518 

hence with hand h' as given by the spirit-level 
z' =!J!!O 44' 33".S!l=true zenith distance at Mount Diablo, 

z=87 28 30 .99=trne zenith distance at Martinez East; 
hence the angles of refraction 6 z' and 6 z or the difference of the true and apparent zenith dis
tances, become 

6 z'=z'-C' at Mount Diablo, 
6 z =Z - C at Martinez East. 

The numerical values are given in Table V. 
Diurnal i•ariati01i in the coefficient of refraction.-For the computation of the coefficient of re 

fraction m we liave the simJ)]e expressions for the upper and lower station: 

and for the mean coefficient 

1 6Z1 d l'JZ m=-an m=-
1/· 1t· 

:+ C'-180 mo=0.5- ------
2 ¢ 

where ¢·==horizontal distance expressed in angular value or 

,/:=--
8

- =784" .89 
't. psinl" 

The numerical values of m', m, m0 are given in Table V. 
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Resulting difference of height of the two stations depending on the measured zenith distances and 

diurnal variation of error of computed height.-'I'he difference of height deducilJle from zenith dis
tances is given by 

6 h=h'-h=stau~(;'-') [1+ ~+ 7!'+~] 
. 2p 1:!1} 

the -numerical value of which is given for each bour iu Table Y. 

TADLE V.-Diurna.i variations in the an.qle of refraction, in the cocjficient of refraction and in error oj 
computed di_fferenee of height. 

---------
Coem.dent of rtfraetion. 

Difference 
------~~~---· 61< iu anirle 611 

At lf. E. 6:-[),z'. . For Mt. D. : For U. E. lfran tno 
-llHl. 09 

Cc,z. m' ', Ill 

----~------- ------ --- ---

A. l{. Jieters. Jlet~rs. 
l 6i. 6 107.1 39. 5 . Of6l .1364 . J 113 l!l~, 4:! ~. 33 

2 67. 7 108. 2 40. 5 863 .1378 .1120 8, 48 2. 39 

8 *70. l *lll. 3 •4!. 2 ":893 *.1418 '. 1153 8. 51 •2. 42 
69. 4 108. 2 38. 8 EB4 . l3i8 . Jl31 8.37 2. 28 

;, 6i!.6 108. 2 39. 6 874 . l3ii' . !126 8. 42 2. 33 

6 66. 2 lM.l 3>.9 843 .13~6 . )U85 8. 3:1 2. 24 
7 67. l 100. 9 33. 8 8:>5 . 1286 . ]071 8. 09 2.00 

65. 7 95. 5 29. 8 83i . 12l7 . JOii i. B5 1. j0 

9 63. 7 93.R 30. l ~12 .11115 .1003 7. 87 1. i8 
10 60. 4 91. 8 31. 4 'iiQ .1170 . 0970 7. 95 l. 86 

11 56. l 87. 5 31.4 715 .1115 . 0915 i. 95 LS6 
Noon 64.2 8.1. 1 29. 9 691 '1072 '0881 r 7. 85 1. 76 

P.M. 

52. 4 81.1 28. i 668 .1033 . 0850 7. 78 1. G9 

2 f 50. 2 78. 9, ~8.1 \MO .1on:; t. ox22 7. 78 l. 09 

3 50. 9 !7$.6 27. 7 I 649 t. ICO! . 082J 7. 72 l.G3 

4 50. 5 79. 8 29. 3 643 .1017 . 08:!0 7. 83 l.74 

5 53.6 80. 7 21. l 6R3 .1<¥.!S .os:-.r, 7. 69 1.60 

6 58. g 85. 6 !26. 7 750 . 1091 • G920 7. C7 I I. 5S 

7 63.1 91. 2 28.1 804 .116~ . 09E3 7. 75 l.66 

8 64. l 94. 8 30. 7 S17 . !208 .1012 7. 90 1. 81 

9 64. 9 99. 3 34. 4 827 I .1265 . ]046 8. 12 2. 03 

10 65.1 101. 7 36. 6 8~9 : .1296 .1063 8. 25 2.16 

I u ·. '"' "'" ' .... "' I . "'' ""' • .... '·" ' 
Mfdn't ,'-~~l-~·2_r_~·~ -~~' __ ._13::_-~92 .-· -~:'.:_ __ 2. ::_ 

, i Mean..... .07b8 
1 

.l,ll .JOOU I 1118.05 . 1.96 
I. 1 \ I i ---1-------~~ ·- __ 

In the a.hove table an asterisk (*)indicates a maximum ancl a dagger (t) a minimum '\""alue. 

From the contents of this table we arrh·e at the following conclusions: First, in regard to the 
angle of refraction. This angle, for all hours of day and night, is larger at tbe lower station tlian 
at the upper station, which is in conformity with the increased density of the air at the lower 
station. The difference is a maximum at 3 o'clock a. m., or at a time preceding the coldest part 
of the day by one or two hours, and the 11itl'erence is a minimum at G o'clock p. m., appnrently 
following the warmest part of the day by three or four hours. The diurnal rauge of the angle of 
refraction is less at the upper station (19".0) tbau at the lower station (3:.!11 .7). The same laws 
necessarily hold with respect to the coefficient of refraction, i. e., at the lower station we bave the 
greater coefficient an,d greater daily range; at tbe U})per statiou the smaller amount and less 
variation. Maximum value of coefficient about 3 a. m., and minimum \aloe about 2:30 p. m., closely 
approximating to the epochs of the diurnal extremes of temperature. At Bodega Head and Ross 
Mountain, California,• the refraction was a minimum as early as 10 a. m., antl for the greater 
ouruber of hours during daylight the angle of refraction was huger at the upper station than at 
the lower one-facts which we now recognize as local and temporary anomalies. At Ragged 

"Coui S1uv9y liteport fvr 16761 .App•.11.di.x No. 16. 
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Mountain,• Maine, the refraction was near a minimum throughout the hours 10 a. m. to 3 p. m., 
and the obserrntions (as yet unpublished) at Round Top and Jackson Butte, California, give a 
minimum refraction at '.!:30 p. m. Witlt respect to tbe computed difference of height, we find it 
too great, as compared with the true difference given by the spirit-level for all hours of the day 
and night, but less in excess during the da~· (1.58 m. at 6 p. m.) and more during the night hours 
(2.42 m. at:~ a. m.). This may be traced to the erroneous assumptions, involved in the formula, 
of equal angles of refraction at the stations, and of considering the line of sight as part of an arc 
Of a circle instead of assigning to it a shorter radius of curvature toward the lower station, where 
it is more bent than at the opposite end. The hourly excess of computed over true height follows 
the same law as the hourly excess of the angle of refraction at the lower over that of the upper 
station. 

The leading numbers of Table V are shown graphically on accompanying plate. 
For further discussion of our data, we need the meteorological observations made in connec

tion with the zenith distances; these are contained in the following pages: 
J1Jeteorological record at 1lfount Diablo, 1lfarch a?id April, 1880.-The barometer used was 

Green, No. 1357; its cistern was in the same horizontal plane as the copper bolt marking the 
station. On se,·eral occa<;ions the instrument had to be taken for safety to a shelter 4! feet below 
the mark, for which the corresponding correction is -.004 inch. Index correction from l\Iarch 21 
to March 23, inclusive, -.003 inch. During· the stormy days of the 24th and 25th moisture got 
into the cistern, and, after cleaning the instrument on the 26th, the index correction was found to 
be + .092 inch, dep1.m<ling on comparisons mad~ at San Francisco after the return of the party. 
There is no reference to any correction to readings of attached thermometer. The two ther
mometers, Nos. 44i and 4-18, are said to have no index correction; one of these was used for dry, 
the other for wet bulb. There was also a boiling point apparatus, C. S. No. 3, placed 2 meters 
below the station 111ark. All the meteorological instruments were hung in a wooden box, with 
sides of lattice.work, roofed in, and large enough for an observer to crawl in from underneath. 
The bulbs of the thermometers were exposed to the surface radiation within the open structure 
TLc wind and state of the atmosphere were noted. 

1l1eteorologioal record at Jlartinez .Ea,st, March and April, 1880.-The barometer used was 
Green No. 2017 (of Smithsonian pattern); when taken from Sau Francisco it had an index 
correction of +o. 063 inch as compared with the Signal Service barometer. Its cistern was 
24~ inches, or 0.629 meter below the axis of the vertical circle, hence O.i7 meter above station 
mark, and its reduction is + .003 inch. There is 110 infornation respecting index corrections to any 
of the thermometers at this place. The wet and dry bulb thermometers, by· J. Green, were placed 
in the north-northwest side of the observatory and protected as far as practicable from the effects 
of radiation. They were read from the inside through a pane of glass, which, in case of little or 
no wind, was moved aside topermitcirculation of air. The boiling-water thermometer, No. 16017, 
by J. Green, was placed in the north-northwest corner of tbe observatory, with its bulb 26! 
inches below the axis of the vertical circle. A solar radiation thermometer was placed in a box 
south of the observatory and 2~ feet aboye ground; a minimum thermometer was on the north 
side of the building-, G inches above the surface of the ground. 

Tables VI and VII contain the results of all observations made for atmospheric pressure; 
Tables VIU aud IX the results of all observations made for atmospheric temperature, and Tables 
X and XI the record for atmospheric moisture. 

•Coast Survey Report for 1876, .Appendix No. 17. 
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TABLE VI.-Atmospheric pressure observed at Mount Diablo, March and April, 1880. 
llercnrial column reduced to temperature 0° C.; corrections for index error and reduction t-0 statfon mark are applied. The obsor-.ationR 

werA generally taken about ten minutes after the full hour. The short horizontal bars indicate the same periods of twenty-foul' 
honrs or mnltip!es thereof as explained in correction with the observati<>ns of the zenith distances. Talnes in parenthesl• are 
interpolat<id. 

25 inches + tabular (jUantity. 

I 
I I I • I . ! ! I I I ! ! : 1 Hour. 'Ma.r.21.,Mar. 22.

1

·Mar. 23. Mar. 2o.
1
·.Mar. 27 .. Mar. 28.,Mar. 29.:Mar. 30,,Mar. 31. 1 .Apr. 6 .. .Apr. 7., .Apr. 8. : .Apr. 0 ... . I ' I I ' I I • . • :-----\ __ ------,---!--- ------ :---___ , __ , ___ ! __ , 

A.M. I I ! I I I I ; : i : 
1 ••..... 1.200 1.034 1 •••••••• l.21s 1' ....... .r. ....... 1 1.215 i 1.214 ~ ...... ..:. ....... 1.257 I 1.235' 

2 l.19T 1.016 .••.•••. 1.263 ········l········I 1.211 i 1.221 f ........ ! .••••... 1.256 1 1.239 

3 1.190 1.009 ·••··••· .••..••. ········1········ 1.209 i i.201 \ ........ !-·--···· 1.2671 1.231 

: ~:~: ~:~: ::::::::j::::::::l::::::::c::::: ~:~~: 1(1:; 1:~~·::::,:::::::. ~:~~~ ! ~::~~: 
~ ~:~~: ~:~: ::::::::1:::::::: ::::::::1 ~:!~~ ~::~: i:::::::r::::::l:::::::: ::::::::I .~~~~5 _; 
B Ll88 (1.012)! .••.••.. 11 .•••••... -. ••.•.. 11.217 1.2491 .•••.... ! ..•..... 1.'. ....... '""•····l········i 
9 1.184 (~) ..••.•.. ······-+·······1 1.220 1.257 i·-······i········:········ ········1········: 

10 1.298 1.191 .••.•... ······--~·······+·······\ 1.225 1.2791 .•••.... , .•.•.... 
1

...... 1.W3 
1 

•••••••• :. 

11 1.28811.1841········ ·····••· .••..... , ..•.•.• ) 1.225 1.276 i ........ ········!······ 1.284: 1.175 ! 
' I ' I I Noon 1.288 1.175 .•....•. 1 •••••••••••••••• 1.113; l.225 1.279 ········l········i...... 1.291 1 1.166: 

P~K. 1.2ll2 1.148 o.984 ...•.... ) .•...... j 1.079 i.212 1.269 ········l········l 1.264 1.21s \ ......•. 1 
2 1. 247 L 129 0. 966 ........ , ..•... ··1· 1.102 1. 209 1. 261 ...........•.... I 1. 246 1. 265 !······ ··i 
! ~: !:~~~ ~:~~ ::::::::1::::::::: ~~:~ ~:~~~I ~::~ ::::::::t:::::::: ~:!:~ ~:::~ 1::::::::: 
s i.23s 1.087 0.921 .········!········! 1.ow 1.201 J 1.255 l········i········ i.23s un :········i 
a i.200 i.092 0.912

1 
........ 1 ........ 1. ••••••. 1.211 I 1.2461··-·····I········ 1.236 1.233 \ ........ 

1 
7 1.225 1:079 o.91211.3241·······+······· (t.2121

1

1 1.234 .••...•. ) .•••••.. 1 1.245 1.230 ;········\ 

8 1.228 1.076 0.916 1.317 ·······l······· l.213 1.232 ········11.292 1.2531 1.240 ; ....... .. 

9 1.229 1.069 .••..... 
1 

1.321 -~······:········ 1.211 1.225

1 

................ 1.264 1.244 !········I 
10 1.224 1.067 ········11.317 ·······-/-·······11.2101· 1.225 ..••.•.. ! ..•.••.. 1.26711.245 ! •••••• --; 

11 1.218 1.060 ..•.•••. 1.309 ········1"······· 1.209 1.224 ········j········ 1.263 1.247 !········i 
Midn't l. 213 1. 043 . .•. . ••. 1. 300 

1

........ ........ 1. 212 ) 1. 220 J ······.. ...... .. 1. 262 I 1. 243 ;······. · 1 

Hour. " I I I I .. I I • . I .... pr.10. A.pr.11 . .Apr.12. A.pr.13.j"~.pr.17.rA.pr.18. A.pr.19. A.pr. 23. A.pr. 24 . .Apr. 2o. A.pr. 26./A.pr. 27.(~pr .• 8.
1

.Apr. 29.
1 

A. K. 

1 

---t----------,-,-1 
1. 246 1. 130 • ••••••• .•• • • • . . ••• • • • • . 1. 178 1. 246 1. 191 1. 196 1.176 I 1.1291 1. 149 ! 

2 

3 

4 

6 
6 

'1 

8 

9 
10 

11 

Noon 

P. Jl. 

1 

2 

3 

' r; 

6 

7 
8 
II 

1. 243 1. 120 . • • • • • • . . . • • • • • • . . • • • • • • 1. 172 1. 241 1. 177 L 193 1. 163 ! 1. 124 \ 1. 136 ! 
1. 248 .••••• .. .••••. .. •••• •. .. .•. . •. •. l.1s4 1. 232 1.114 1.182 1.1s9 I 1.130 1 (l.15o>i 

1. 256 . . ••• •. . ••••••.. . ••• • . • . .• •• • . . . 1. 164 1. 225 1. 172 1.188 1. 146 1. 131 ! 1. 128 
1. 255 L 136 ..•••••• ·••••·•. .••••... 1. 744 I........ 1. 229 1.170 1.179 1.153 i 1.133 i 1.140 I 

l. 201 1. 264 ..•• •• . . . . • . • • . . . • •• • . • . 1. 113 1.170 1. 238 1.176 (1. 204) 1. 158 1. 138 i 1. Hl 

1. 216 1. 268 1. 116 .•• • • . .. 0. 937 ~ ~ 1. 249 (1. 183) 1. 211 1.157 1. 147 I 1. 154 I 
_ ~ 1.111 .. •••••• . . •.. . • . 1.144 .. •..•.. .. .••... 1. 263 1. 200 1. 216 1.158 1.150 : 1.164 I 
L 239 1. 270 .. •••••• • . . •. .. . .••.• .•• (1.171) .•••••.. .. . .•... 1. 2M 1. 200 1. 216 1.170 1.1661 1.1771 
1. 263 l. 265 . .••••.. . . . . . . . . ...•.... 1.194 .. ••.•.. . . .. .. • . 1. 276 1. 211 1. 229 1.174 1.174 i 1. 181 I 

L 258 L 267 1.129 1. 014 1. 205 1. 276 1. 215 (1. 227) 1. 176 1.1771 1. 193 i 
i. 257 1. 258 1.1oa 1. 013 1. 213 ~ 1. 210 l. 212 1. 225 l. 177 1.112 

1 
~ I 

i.~ i.~ i.~ i.ru i.~ L~ i.ru i.m i.m i.m[i.m/ 

1. 242 •••••• •. ••••••·· •.••••.• 1. 010 1. 218 1. 263 1. 262 1. 209 1. 226 1.169 l.166 ' 1.186 

1. 230 • 1. 149 1. 222 1. 268 1. 244 1.1. 200200 11. 213 1.159 ~: ~:~ 1· ~: ~: 
L 233 . • • • •• . • . • . • • • • . 1. 147 • . •••••• 1. 219 1. 265 1. 236 1. 207 1. 159 
t. 228 .••••••• . • •••••• 1.126 ••••••.. i. 210 1. 262 1. 225 1.102 1.109 1.143 1. rn6 I i. 110 

l. ll25 . • • . • • • • . • • • • • . • • . • • • • • . . • • • • • . • 1. 209 1. 263 1. 219 1. 182 1. 102 1. 137 1. 138 1. 171 

1.224 

1.235 
1.239 1.161 

1.216 

LlMl 
1.228 

1.282 

1.287 

1.292 

1.223 

1. 227 
1.225 

1.185 

1.198 

1.204 

1.197 1.141 

1.199 1.15' 

1. 215 'l. 157 

1.152 1.169 

1.162 . _ 1_._ '.~ • .I 
1.168 

10 1. 237 I. ll>O • •• • • • • • • ••• • • • • . • • • • . • . 1. 211 1. 278 1. 220 1. 206 1. 198 1. 147 1. 166 

11 L m L 145 •••• •• • • .• •• •• • • . . • • • • . . 1. 206 1. 278 1. 213 1. 204 1. 193 1. 148 1. 174 
Midn't 1. 262 . L lll5 . ••• . • • . . . • . • •• . . • • . . • • . 1.188 1. 267 1. 206 L 203 1.188 1.147 I 1. 167 

The following additional observations were made: April 4, 9 a. m., 1.222; 10 a. m., 1.229 and 
April 51 noon, 1.157, 

S. E~ 29-38 
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TABLE VII.-Atmospheric pressure observed at Jl[artinez East, ~March and April, 1880. 

Mercurial column reduced to temperature o0 ; corrections for index error end reduction to station mark are applied. The observation• 
were made on the average about fi.;e minnws past the full hour. Some ohscrvatfons taken on March 24 and March 25 are not t.almlated 
fo; want of corresponding observations at Mount, Diablo. Values in parenthesis are interpolated. 

29 inches +tabular quantity. 

I I I I I I I I _l ___ I 
Hour. Mar. 21.:Mar. 22. :Mar. 23.IMar. 26. Mar. 27.IMar. 28. Mar. 29. Mar. 30.'Mar. 31., Apr. 6. 'I Apr. 7. 1 Apt'. 8. Apr. 9. 1 

I I I I I I I -c--11-1-l-1-·-1--1--l---.---
A. ~- ........ 0. 980 l o. 793 ..•..... 

1 
1. 085

11·· ······11........ 1. 056 i 1. 027 f ....... L ...... li 0. 9231 o. 895 
2 . • •. . . . . o. 968 I o. 11s . • • • . • .. 1. 009 ..... _.. • ..... · 1 i. os2 I ; 011 ........ I ....... ., o. 9251 o. 888 
3 ....... o. 955 o. 779 •... ... 1. 051 1' ........ 1........ 1. 045 : 1.0051··"' .•. J ....... ! 0. 922 0. 875 
4 • 0.957: 0.780 ........ 1.022 ........ 

1 
........ 

1 

1.050 I 0.979
1 

........ 

1

-. ....... 
1 

0.921 0.875 

5 0.962, 0.802 ·····-··1-···-···i·····-·r· .. ····: 1.065 ~ 1 ................ 
1 

0.921 0.863 

6 1. ooa I o. 97a I o. sn 1. 091 \·· ...........•• ., (1.029)
1 

1. o8s [ o. 9941········ -·······, o. 964 o. 857 

1 ••••.••. 1
1 

o.959 [ 0.820 i.000
1 
........ 1········! 1.042 [ 1.098 I' o.992 

1 
........ ·······-!-······· o.sga 

8 • • • • • • • • o. 961 I o. 827 1. 111 1 · .............. ·I 1. 053 I 1. 110 o. 991 1 ............... • 1 ·....... o. 891 

9 ~ 
1 

::::: :

11 

~ 1.180 -······r······i 1.067

1

1.110
1 
........ 

1 

................ 

1 

0.952 0.875 

10 1.101 I o. s34 1. m 
1 
.....•.. 

1 

........ 
1 

1. o6s l.11a 1········ ........ ........ o. 987 o. 842 
11 1. 0981 0. 950 I 0. 821 1.176 1········ ....... .1 l. 059 1.103 1•••••••• •••••••• 1. 016 0. 955 O. 848 

~~: 1.089 i o.912 1 0.810 I uss 
1 
........ 

1 

•••••••• [ i.051 1.096

1

! ••••.•.. 

1

!·······-1 o.992 o.9471 0.822 

1 1. 056 I o. 8921 00 .. 808024 Ii 1. 182 II_ -...... : 0. 887 I 1. 055 1. 085 : . . . • • . .. • . • • • . • . o. 976 o. 935 1 · ...... . 
2 1. 029 I o. 852 i 1.156 .....••• 1 o. s62 1. 046 1. on :........ ........ o. 948 o. 895 ..•••... 

3 1.000

1

. o.sa2
1
1 0.787 I! 1.136 

1 
........ 

1 
0.864 1.026 1.053

1 

................ 0.920 o.880 I········ 
' 0, 986 o. 821 I o. 785 l, 131 • ••••••"I o. 891 1. ~'It 1. 050 '- • • • • •• • • • o • • • • • o. 903 0. 876 • • • • • • • • 

5 0.9951 0.7931 0.777 1.143 ········1 0.891 i 1.027 1.057 i···--··· ········' 0.908 0.8531········ 
ti 1. 002 o. 807 o. 756 i 1.137 .••..•.. 

1 

o. 907 
1 

1. 038 1. 064

1 

................ \ o. 922 o. 863 .••..••. 
7 0. 976 I 0. 802 I 0. 769 I 1. 130 .....••..••••••. i (1. 042). 1. Oli2 . . • . . • • . 1. 035 o. 922 0. 832 

8 o. 991 I 0. 811 I 0. 7,59 i 1.122 l········i 0. 898 1. 045 I l. 039 ,........ 1. 039 0. 918 0. 842 
9 1. 004 0. 826 I o. 759 I 1. 138 i ........ : o. 899 1. 055 1. 050 I'".... . . 1. 041 0. 926 0. 868 

10 O. 9891 O. 824 i 0. 757 I 1. 123 i ........ / 0. 928 1. 048 1. 047 . . . • • •• . 1. 049 0. 939 0. 873 

11 o. 988 o. 819 i 0. 7371 1.1091········1········ 1. 065 1. 039 '-······· ........ 0.942 0. 907 

Midn't o. 979 I o. sos/ o. 7391 i. 095 ...... ··i········I 1. 048 1. os2 I········ ........ o. 944 o. 910 
1 
..••••••. 

I I I : I I I I I I Hour. Apr.10. Apr.11. Apr.12.IApr. J.3.
1
Apr.17.;Apr.18.,Apr.19. Apr. 23.!Apr. 24. 'Apr. 25.iApr. 26. Apr. 27. Apr. 28.!Apr. 20. 

1-_.___1,_ ----i----1----. ---,--
.l.lll. I I 

1 •••••••• 1.016 0.9121 0.807 ········1········1 0.991 ..•...•. 1.010 0.922 0.943 0.882 0.785 0.772 
2 . • • • • • • • o. 999 0. 913 0. 805 ........ '-. . . . . . . 0. 086 . . • . . . . . 1. 019 0. 904 o. 954 0. 852 o. 781 0. 768 

a . • • . • • • • i. 010 o. 885 o. 823 ..•..•. -j-....... 1. ooo . . • .. . • . 1. 015 o. 895 o. 931 o. 851 o. 791 o. 783 
4 • • • •• • • • 1. 000 0. 8761 0. 819 ..•..•.. ,. . • . •• • . 0. 957 . . • . • • • . 1. 004 0. 917 0. 944 O. 853 O. 793 0. Wl 
5 .•• , • • .. 1. 012 0. 875 0. 849 .....•• -!- . . . . . . . 0. 964 . • • . . . • . 1. 006 0. 929 0.1149 O. 857 0. 790 , (O. 760! 
6 o. 972 1. 023 o. 879 0. 858 ........ I 0. 968 0. 971 1. 038 1. 017 I 0 9341 o. 966 0. 882 o. 830 o. 786 

7 o. 97811. 030 o. 893 I o. 890 I 0. 750 I ~ I (~)I 1. 062 1. 020 o: 925 o. 962 o. 882 o. 825 0. 600 

8 2;!!Z L2U 0. 870 0. 8931 0. 766 o. 9641 0. 970 1. 041 1. 020 0. 946 0. 954 0. 879 0. 821 (0. 804) 

9 o. 97211. 022 o. 874 0. 932 ...... --1 o. 991 . • . . • . • . l. 076 1. 039 0. 976 0. 962 o. 877 o. 814 0. 808 

~~ c::~~~>I ~:~~ ~:::~ ~::!~ ··~:;;~·! ~::~~ :::::::: ~:~~: ~::~: :::: ~=~ :::: :::: ;;_; 
Noon 1. OOD 

1 

0. 988 O. 817 O. 934 o. 77311 1. 005 . . • . . . . . 1. 066 o. 988 o. 953 O. 936 O. 821 O. 791 0. 785 
P. K. 

1 (1. 004) II 0. 968 I 0. 799 0. 935 o. 807 1. 027 . • . . . . . 1. 046 0. 994 o. 937 0. 919 o. 826 0. 776 0. 795 
2 1. 002 o. 935 I 0. 795 0. 957 0. 796 I 1. 007 -. • . . . . . 1. 035 0. 967 0. 905 0. 908 o. 824 o. 762 o. 785 

a o. 98' o. 939 o. 101 o. 967 o. 1s9 I 1. 021 
1

.. . .. .. • 1. 032 o. 941 I o. 001 o. 898 o. 785 o. m o. 112 

: ~:: ::: ::~: ~:: ~:~~~I ~:~~: 1:::::::: ~:: ~::I ~::: ~::~ ::~: ~:: ~~: 
8 0. 991 o. 1143 o. 793 o. 937 ..•...•. i 1. 024 I"...... 1. 001 o. 921 'O. 912 0. 889 0. 783 0. 734 0. 772 
7 o. 989 0. 907 . .•• .• . . 0. 965 ......• ·1 0. 995 ••••.. •• 1. 010 o. 937 o. 928 o. 886 o. 774 o. 741 0. 817 
8 o. 996 0. 915 o. 84)6 0. 953 ..•••••• ! 1. 056 •• • • • . • • 1. 028 o. 9'l5 0. 925 o. 880 o. 787 o. 746 0. 820 
II 1. 005 O. 920 0. 811 0. 951 . . • • • . • . l. 033 .• • • • . • . 1. 033 0. 927 0. 1143 0. ll88 0. 783 O. 754 0. 8GO 

10 1. 021 I o. 977 o. 795 •••. _. __ .. • • • • • . 1. 029 • • • • • . •• 1. 029 0. 928 o. 927 o. 903 o. 783 o. '177 •••••••• 
11 1. 022 0. 976 i o. 8'25 • . • • • • • • • • • •• • • • 1. 010 •• • • • • . • 1. 033 o. 928 o. 936 o. 893 o. 784 0. 803 ••••.••. 

Midn't 1. 022 o. 9231 o. 803 •••... .. .. •••••• 1. 013 .••.•••. 1. 003 o. 932 0. 957 o. 875 o. 786 0. 778 ···-···· 
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TABLE Vlll.-Atmospheric temperature observed at Jlfount IJiablo, March and April, 1880. 

The tabular values are expressed in degrees of Fahrenhe!t's scale. No correction is reqnired. Values in parenthesis are Interpolated. 

I 
I i I I I i I i Hour. Mar. 21. Mar. 22. Mar. 23.
1

Mar.26 . .:Mar.27.iMar.28. Mar. 29.
1
Mar.3o.

1

Mar.31.I Apr. 6. Apr. 7. Apr. s.
1

Apr.9. 

·------i--1-i ____ _ 

A.:· .... 
0

•••• 4:. 5 4: O .... 
0

•••• 30~51···-~- .. ·--~·-··j 2:.5 I 3; 7 ·--~·-·· .... 0•• •• 4:4 I 5:5 
2 . . • . • • • . 48. 8 48. 4 .•• . • . . . 30. 5 .• • . . • • . .••• .. . . 26. 5 34. 5 . . . . . . • . .••• .. . . 50. 4 52. 6 

3 48.4 48.2 ·•····•· ..•..•.. ·····•·· ·••••••· 25.4 86.6 .••••••. ········1 49.3 52.0 

4 47. 6 48. 0 .••...•. .••...•. ••.••• .. ...•.. .. 25.5 36. 5 ........ !1········' 49. ~ 52.5 
6 50.0 48.0 ·•••••·· .•...•.. ·•••••·· ·•·••••· 25.4 (36.3) ·••··••· .••..••. 50.5 48.5 

l ~l :f i: ~l -··:: .. ::·: EL ~l :~.: ;~.·1:: ·:. l~:·: 
10 54. 8 64. 0 

11 

Noon 
p, H.' 

1 

30. 6 . ······+····· .. 32. 5 39. 5 141.51········!········ 54. 5 1

1 

.••••••. 

57. 8 63. 5 34. 5 •••..... 
1

...... . . 32. 2 42. 3 .•••.•...••.•.. T....... 53. 6 50. o 

:: :: "" :: :1 :: ::: :: ~.:. : I ~: :: '" 
2 

3 
4 
5 

6 
7 
8 

. 9 

::~ ::: :~:~ :::: ::::::::Ii :::: I ::: :::~ :::::::: :::::::: ~::: :~:: 
55. 6 62. o 40. 8 3~. 6 . • . • . . . . 32. 3 I 32. 2 41. 4 . • • • • • • . . • • • • • • . 55. 9 58. o 
53.2 56.9 38.B 32.4 •.••.... 32.0 32.2 36.1 .••••....•••••.. 53.7 58.0 

51.0 52.1 40.S ........ j •••••••• 1 ........ J 32.0 37.3 ..•••... , ........ 52.6 56.3 

::~ :~:: .FU ·!~:! l:::::::t::::::i 
1

~E E~ :::::::: :::::::: ~~:~ ~:~ 
r lo 

11 I Mldn't 

49. 0 51. 2 I I 35. 5 1 ·· ............. . 

:::: :~:~ :::::::: :~:~ ::::::::1·::::::::1 ~::~ 137.0 1:::::::: :::::::: :~:: ~:: 1 ...... .. 

<18.9 49.8 ········1 30.9 ........ ···--···1 27.2 ' 34.9 !·······-.········ 51.0 53.3 1··· ... .. 

Hour. 

A.H. 

1 
2 
3 

4 

5 
6 

7 

8 

9 

10 
11 

Noon 
P.H. 

1 

2 
3 

4 
5 
6 
7 

8 
9 

10 

11 

Midn't 

I I I, I I . I Apr.10. Apr.11. Apr.12. Apr.13.,Apr.17.(pr. 18. Apr.19 . .A.pr. 23. Apr. 24.JApr. 25. Apr. 26.IApr. 27. Apr. 28. Apr. 29. 

37. 0 33. 5 ..•. 

0 

••••••• ~ •••. 1 .... 

0

.... 30. 5 
40. 5 32. 5 • •• • • • . . . • • • • • .. . . • • • • • . 30. 6 

39. 0 

38. 3 

0 

46. 8 

46. 0 

0 

44. 9 

4'. 0 

48. 5 

48. 8 

0 

54.0 

52.8 

59. 8 

59. 5 
37. 9 
37. 2 

36. 0 

38. 9 

46. 9 

44. 2 

44. 9 

47. 2 

43. 0 49.0 
49. 5 

48. 8 

50. 0 

52.2 

49.8 

50. 8 
54. 0 

(58. 4) 

57. 0 

57. 2 
57. 9 '"' ~l ~· .::· . l~: ~l ,~:,I 

.• 

4

4°

5

8.···

0

8···1 :4:6· •. 

5

25 ::: :::::::: --~~--~--1 ::: --~--~-- ........ :::: '::-.:) ::: :::~ :: ::: 
........................ 

1 
(32. 2) ....••• · 1 ·....... 47. 6 52. 3 52. 3 M. 2 63. 8 64. 3 

45. 2 51. 6 ..... - ................ •.· 35. 0 ...• - . . . . . . . • . . . 47. 7 52. 1 57. 3 57. 8 65. 6 69. 2 

49. 7 

48.5 

45. 0 

46.4 

45. 3 

46.9 

43. 2 
40.0 

39. 8 

36.9 

34.9 
35.6 
38.7 

88.6 

51. 5 37.5 36. 0 35. 6 . .• • • • . . . . .. .. . • 51. 0 51. 7 (57. OJ 61. 2 63. 1 119. 8 

49.2 38.5 .....•.. 32.5 

I I ········! 39.0 ........ , 32.0 
......... ....... ........ 31.8 

........ ••••.••. 34.0 1 ...... . 

·•••••·· ····~··· 33.9 ....... . 
•.•••••. ••.••• .• 32.0 : •••·•·· 

;n+·++ 
33.0 1 ................ 11 ....... . 

33.0 1 ........ ········ ....... . 
I 

35.5 

37. 8 

35.4 

35. 2 

34.0 

aa. s 
32. 2 
31. 5 

31. 0 

31. 0 
30.5 

31.4 

31.1 

40.0 

43. 0 

43.3 

44. 0 

43. 9 

43. 2 
42. 0 

39.1 
38.6 

38. l 
39.0 
39.5 

39.2 

53. 9 65. 0 

53. 8 52.6 
54.2 ' 53. 9 

54. 8 54. 9 

50. 3 49. 8 

47. 8 48. 2 
47. 0 45. 0 

47. 0 41. 8 
46. l 42. 0 

45. 8 45. 0 
45. 5 44.1 
46.0 44. 9 

47. 2 44. 5 

57 7 

57. 3 
57.1 
56. l 

54. 9 

52.8 
49.0 
46.5 

48. 0 

47.0 
49. 0 
48.2 

48. 0 

62. l 66. 1 

63. 2 65. 2 

62. 8 62. 6 

62.1 61. 8 

60. 2 61. 5 

56. 2 64.6 
54. 8 60. 8 

55. 8 I 57. 8 

53. 5 56. 8 

54. 6 56. 0 
54. 6 56. 2 

54. 2 58. 0 

54. 0 69. 0 

62.8 

65. 0 

65.4 

64. 9 

65. 9 

M.O 
61. 8 

60.0 

59. 0 
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TABLE IX.-Atmospheric temperature observed at Martinez East, Marek and April, 1880. 

Tb.e tabular values are expressed in degrees of Fahrenheit'• scale. No correction is required. Values in parenthesis are Interpolated 
Observations on Ma1·ch 24 and 25, and on April4 and 22 not tabulated, 

' I ! I I I ! Hour. Mar. 21. Mar. 22. ,Mar. 23 .. Mnr. 26.
1

Mar. 27. Mar. 28. Mar. 29. Mar. 30. Mar. 31. Apr. 6. Apr. 7. Apr. 8. Apr. 9. 

------:-!--1-------'--------
A. ){, o o :i : o ! o o o o o o o O O 

45. 5 44. 8 43. 9 .. .. • • • . . • .. • • • . 39. 9 45. 9 . • • . . • .. . . • . • • • . 52. 2 52°. 8 

2 

3 
4 

5 

::::::::1 44.2 42.4 : .•.•.•.. 1 45.2 ................ 39.7 45.5 ................ 51.9 52.8 

:~.; :::: 1:::::::: :i:! :::::::: ::=:: ~::: :::~ :::::::: :::::::: ::~ :t! 
6 41. 6 42. 8 I 40. 8 43. 8 I" ...... (39. 2) 38.1 45. 8 ........ ! ....... . 49.4 58. 9 [!] 

7 

8 

9 

10 
11 

1~.:~ll 
' 2 

3 

4 

5 

6 

7 

8 

10 

11 

Midn't 

::~ ~:~ :::~ :::::::r:::::: 
;;; ;; : :; ::::::+: :::: 49. 2 

55.6 

58. 7 55.6 53.0 51.2 .••••.. ., ....... . 

63.2 

65.3 

68.9 

63.6 

62. 7 
58. 7 

57. 0 

55. 8 

51. 6 

60. l 
61. 0 

64.8 

64. 2 

63. 7 
59. a 
56. 3 

51. 9 

50.2 
49.1 48. 4 

48.5 46.7 

46. 2 I 45. 9 

54. 2 
55. 8 

54.8 

53. l 

51. 7 
48. 6 

46. 6 

46. 9 

47. 2 
48. 6 

48. 9 

48. 6 

53. 0 
5:J. 2 

53. 8 

51.4 
49. 7 
48. 3 

45. 2 

45. 5 

45. 3 
44. 8 

43. 6 

43. 2 

I 
........ 1 53. 0 

' 53. 8 1::::::::1 52.8 
, ........ 

1

1 52.1 I 

1

........ 49. l i 

........ 47. 0 i 

1 ........ 1 ........ 1 

j::::::: :1. -~~ .. ~--1 

1

::::::::::::::.::11 
........ i ...... .. 

41.3 

44. 2 

46. 6 

47. 9 
47. 9 

49. 3 

51.l 
53. 6 

54. 2 

53. 2 
49. 8 
47. 7 

(44. 3) 

43. 2 

42. 3 

41. 6 

41. 6 

40. 6 

40.1 

41. 8 

44. 8 

46. 7 
48. 8 

51. 0 

53. 0 
53. 2 

56. 3 

56. l 

52. 4 
47. 9 

45. 7 

44. 8 

44. 3 
45. l 

44. 9 

45. 2 

45. 9 

47. 6 

49.0 

52. 3 
54. 3 

56. 3 

56. 7 
55. 3 

54. 9 

55. 9 

54. 2 

1-------· 
1 ....... . 

! ....... . 

56. 9 

60. 3 

58. 9 
6l. 8 

62. 6 

......... 63. 5 

62.1 

49. 8 

49. 6 

48. 9 

48. 4 

1 .............. .. 

56. 5 

56. 0 

55.5 

54.8 
53. 8 

52. 7 

53.2 

58. 8 

61. 8 
68. 0 

66. 7 

68. 8 
68.9 

71.1 

68. 7 
67. 7 
67. 9 

65.0 

63. 7 

61. 7 
54. 7 

53.3 

53.4 

53. 8 

55. 8 

55.6 

58. 0 
61.4 

58. 2 

I !lour. Apr.10.!Apr. ll.IApr.12.;Apr.13.!Apr~!Apr~;Apr~IApr 23 IApr. 24.IApr. 25.IApr. 26. Apr. 27. Apr. 28. Apr. 211. 

A. l!. 0 0 I 0 I 0 0 0 i 0 0 I 0 0 0 0 0 0 

1 ........ 46.7 ' 48.5 ' 43.9 ................ , 41.1 ........ 49.8 45.9 46.3 49.6 49.8 51.1 

3 __ ... _.. 46. 5 I 48. 6 41. 8 ..... _ .... _ .. _.. 42. 3 .. • . . • • . 47. s 45. 3 45. 5 48. a 48. 4 49. 3 
2 ........ 46.0 I 491 I 43.61 ................ 41.9 ....... / 47.8 45.8 46.8 49.2 49.2 50.0 

4 ........ 47. 2 I 49. 8 41. 8 ........ ........ 43. 3 .••..••. 45. 9 M. 8 46. 2 46. 9 46. 3 49. 3 

5 ........ 48.2 I 50.5 42.4 
1 

................ 45.1 ........ 45.3 45.5 45.6 47.7 45.7 49.2 

: :::: :~:~ I :~:: ::: 1 .. :: .. --::: .. (:::~) :~: ::: ::: :~:: ::: :::~ :: 

9 52.1 56.0 53.9 50.0 ........ 46.0 ........ 49.5 55.5 55.6 55.2 55.3 53.1 55.2 
19 53. 7 57. 6 56. 4 51. 4 • • • . . • • . 47. ~ . • .. • . .. 52. 0 59. 7 59. 1 56. 1 li7. 5 56. 8 57. 0 

11 54. 4 59. 3 57. 1 52. 2 49. 9 49. 6 . • • .. . .. 2i.l! 60. 9 60. 2 58. 2 60. 3 61. 2 ~ 

Noon 
l'.M. 

1 

2 

3 

4 

5 

6 

7 
8 

9 

10 
11 

Midn'1 

57. 2 

57.6 
58.9 
60.2 

58.0 

56.3 

52. 9 
50.0 
48.2 

47. 4 

47.7 

46.6 
46.8 

65. 3 

62.4 

62. 5 

61.9 

65.4 

61. 7 

56.0 
51.6 
50.3 
49.2 

48. 7 

48.1 
48. 3 

58. 9 

59. 2 

55.6 

51.6 

50. 0 

50.0 

49.0 

45.3 

45. 3 

44.6 
44.1 
43.4 

52.9 

65. 2 
54. 7 

54.0 

54.8 

51. 9 '·· 
50. 8 
48.2 

47.3 

47.3 

52. 7 

50.1 

48. 4 
49. 7 

48.0 

................ 1 
········ 

51.6 56. 2 

55. 2 1 
•••••••• 58. 6 

60. 4 

61.0 

60.1 

60. 0 

56.3 

57.1 
55.8 

51.1 

48.4 
46.1 
45. 0 
44.3 

42. 7 
41.6 

39. 7 

. 5l.O 
53.6 
51. 7 

........ 52.7 

........ 49.8 

i" ...... 49. 7 

/····· ••. 48. 5 

62.5 

65.8 

68. 7 
67. 2 

66. 7 
63. 2 

57. 7 
52.3 
50. 9 

50.8 

48. 2 
46. 6 
46. 5 

60. 6 

64.1 

65. 0 

65. 7 
lj9.8 

61. 2 

57. 7 
52.7 

50.8 

49.4 

49.4 
47.8 
4.8. 0 

60.9 

63.2 

65.2 

65.9 

67.9 
65.2 

61.9 

57.5 
57.0 

56.8 

53.B 
51. 7 
50.4 

64.2 

63.3 
65.1 

66. 3 

65.2 

03.9 

61.3 
59. 2 
56. s 
54.5 

53.0 
5LO 
GO.Ii 

67.3 

70. 7 
75.1 

74.8 

74.3 
74.6 

67.6 
59.9 
57.0 
65. 5 

54.G 
53,6 

52.4 

63.6 

64. 9 

66.1 

66.8 

67.4 
64. 0 

60. 0 
65. 9 

51.8 
51.3 
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TABLE X.-Observations for atmospheric humidity at Jiount Diablo, March and April, ism. 

Rea.dings of wet-bulb thermometer in degrees of Fahrenheit. No correction required. Values in parenthesis are interpolated. 

lu I I I • 1 I I i I ' I I I Hour. unar. 21. Mar. 22. Ma.r. 23. Mar. 26. Mar. 21 !Mar. 28. Mar. 29 
1

Mar. 3o.
1
Mar. 31.1Apr.6, I A:pr. 7.

1 

Apr. s.
1

Apr.9. 

A.K. o 1-0--0--0--0-l_o_l,_o_\_o_l_o_l_o_l_o_i_o_\_
0

_, 

········1 36.3 38.5 .....••. 30.4 .••.... ········i 25.6 : 27.5 I······· I········' 47.5 I 41.0 
2 .••••••• 38.2 38.6 .••..•• 30.5 ..•..... 1 ....... 1 25.8 I 25.8 ....... ., ..•.... : 45.3 I 39.8 

: ::::::::1 :::: :~:: :::::::: :::::::r::::::i:::::::: ~~: : :~:: :::::::::1::::::::1 ::~ JI :~:~ 
···--···! as.2 37.o .......... : ..•.. 

1 

........ ······· i 24.o i (~) 
1 

........ i ... ·--··J 46.3 I 41.5 

6 •••••••. 311.0 36.0 24.8 ........ 
1 
........ ~ I 25.5 1 ........ : ........ , ........ , ........ 

1 

49.4 

~ ------·-1 :~~ (~~:) ~:~ ::::::::1:::::::· ~::~ I ~~:~ \::::::::, -~~.-~·-1:::::::::::::::::1:::::::: 
9 48.3 (~ 28.5 ....... '['" ...... 30.5 32.0 I 38.5 i ........ 

1 
....... r······;·······-. 

10 4r5 49. 3 30. o ........ :. ....... 32. o 32. 4 I 40. 5 , ........ "·······' 48. 6 , ....•. --1 
I I I I I I ' 

11 44.1 48.4 ai.5 .. _·_··.·.·.· .. r
3
.
2 
... 

0 
... 

1 

ai.s · a1.8 
1 
........ 

1 
....... T..... 47.9 1 46.s 

~.:~ 47. 5 48. 7 34. 0 32. 3 39. 5 I 43. 0 I"........ 48. 6 I 47. 0 I 
I I I • ' ! !~! ::~ 38.l s2.o ..••..••. az.o 1 32.1 38.9 

1 

........ 
1 

........ 

1 

55.o 57.4 
1 
........ 

1 

: ~:~ :~:~ :~:: I :::: 1::::::::1· :::~ I :::: ::: i:::::::I:::::::, :~:: ff~ 11::::::::! 
5 41. a 4G. o 36. 4 I 32. o .. • .. • . so. 9 

1 
31. s 31. 5 

1 
....... .i. ....... : 52. s so. 3 ........ . 

6 39. 4 43. 2 36. 5 I . 30. o 31. g 1 .••... 
1 
..... _. • 47. o 50. o 1· 1 

7 38.9 42.0 37.0 '1"~;.·~-- ::::::::l::::::::i 29.0 32.l l"""""i""''""1 41.4 50.3 ........ : 

s 38. a 41. 2 34. o 31.l ....... 

1

........ 2s. o 21. o , ........ , ........ 
1 

42. o 49. 6 ....... . 

1: :~: :~:: :_:_:_:_:_.:_:_:_! :::: :_:_:_:_·_~:_:_·.11.:_:_:_:.:_:_:_ll ~~:: ~~:~ \ ....... y ...... ll !~:~ !::~ l ... . 
i~~n't ::: ::~ ........ \ :~:: ··--··· i····--··I ::! --~~~1::::::::::::::::.1 !!:~ ~::~ i:::::· 

I Hour. ·!Apr.10. A.pr. ll. IApr.12.:Apr.13. A.pr.17 . .A.pr.18, I.A.pi-. 19. :Apr. 23. ).A.pr. 24.:Apr. 25.:A.pr. 26. IApr. 27.:Apr. 28. :.\pr. 29.: 

-:;.=o=:.-:-~1~'.~~ ... '. .... -::-"~~-,;,]" 1-.:] .~-:-J~~-i-::-:-, .:~r:~ 
2 • • .. • • . 36. 0 3-0. 7 .. .. . • • .. .. . • .. . . . . . • • . 30. 5 I· -...... 11 

35. 7 34. 9 I 38. 2 I 42. 7 42. 3 I 43. 6 I 
3 36. 5 .. .. . ... . • .. . •• . .. •. . . . . .. .. . . .. 29. 9 I"...... 33. 0 34. 4 i 38. l ' 42. 6 42. 3 I ( 43. 5) 

4 36. a 32. 5 . . .. . • • . .. . .. • .. . . . .. . .. 29. 4 ........ 1 33. o 35. 2 I 37. 1 40. 9 41. a \ 43. 4 1 
5 35. 5 . .... ... .• ... ... . ....... . . ....... 31.l : ...... ··I 33. 0 35. 3 I •37. 2 41. 0 41. 5 I 41. g l 
6 32.2 36.8 ........................ 26.5 28.8 , ........ 1 U.9 45.7 I (40.2) 43.0 u.o I 44.1 I 

32. 3 38. 6 34. 0 .... •• .. 28. 0 27. 5 29. 0 . .... . .. 36. 8 (43. 4) I 43. 2 48. 8 48. 0 I 47. 3 

: ""' :: ................... o::, :j:: ::1 :~: :~:I::: ::: :: I :: 
~~ :~:~ :::: ::~;.:~:: :::::::r~;:~:: :::: ::::::::1::=::1 ~~: :::~ I (:~:~) ~::~ :~:: 1 ::: 

Noon 44. 5 45. 3 37. 5 .. .. ... . 32. O 35. 4 ........ 

1

. 39. 8 I 46. o 48. 2 50 . .9 50. 0 4R 9 i, 52. 8 
P.)(. 

I 4L 2 37. 5 .. .. . . • . 32. 0 36. 0 I 41. 8 46. 0 46. 2 w. 5 M. 6 5{). 8 l 52. 6 

2 39. 2 • • .. • • • . . .. .. .. . • • .. .. • . 31. 5 34. 5 42. 0 47. 4 47. 7 49. 8 52. 0 50. 2 51. 8 
3 36.3 ................ 33.9 32.7 42.9 47.7 48.9 49.0 52.1 46.0 54.3 

4 Sli.3 .................. 33.9 ........ 32.8 42.9 45..l 44.8 49.0 54.9 47.8 51.6 

Ii 35. 6 • • • .. • .. . • .. . • .. 32. 0 • •• .. • .. 32. 8 ........ , 42. 2 42. 0 40. 8 47. 1 52. 0 51. 8 47. 7 

G 30. 2 • .. . • •• . . • • .. • .. . • .. • • .. .. • • .. .. 31. 7 41. 3 40. 9 40. 6 46. 2 44. 5 50. 2 48. 2 

7 211. o ........ ........ ........ ........ 26. 5 ........ 136. s 39. s 37. s 44. s 44. 6 47. o 01.1 

s 31. o ............................. ~. 26. s .... • • .. as. s 39. o 38. 9 44. 9 43. 8 46. 8 i si. s 

II 81. 6 34. 8 .••.. ... .... .... ........ 26. 2 35. 3 38. 0 40. 0 42. 5 44. 2 44. 9 , ....... . 

io 132.0 ai.2 ........................ 25.7 as.o as.o u.o H.2 44.0 44.5 j ....... . 

lllli~'t ::: ::: :::::::: :::::::: :::::::: :: :~: :::: :~:: :::~ ::~ :~:~ 1:::::::: 
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TABLE XL-Observations for atmospheric ltmnidity at Martinez East, Ma.rck and April, 1880. 

Readings of wet-bulb thermometer in degrees of Fahrenheit. No correction required. Values in parenthesis are interpolated. 

I I I I ! I I I I I 
Honr. Mar. 21. 1Mar. 22. Mar. 23.,Mar. 26.:Mar. 27. Mar. 28. Mar. 29. Mar. 30. :Mar. 31., Apr. 6. .A.pr. 7. .A.pr. 8.1 .A.pr. 9. 

I I I ! I I I I 

~ M. . ••• ~ ••. 144~ 9 : 44~ 6 / .••. ~ .•. I 42~ 4 ·

1

1.. .. 
0 

•••• 1 .... 

0

•••• 38~ 7 4:.8 i .... ~ ... 1 .... 

0

•••• 51~ 7 I 6: O 

2 ........ 43.2 ! 42.1 !········I 41.9 •

1 

........ 
1 
........ 38.7 42.3 ········!········ 51.5 51.9 

3 ··•··••· 42.3 41.61-·······1 41.9 ········1·•00••·· 38.6 42.6 ········•········ 50.6 52.4 
4 4o.9 42.4 

1 

........ ! 44.4 ....... l ....... 37.3 43.8 ........ f .. ······ so.s s2.9 

: :::: :::: 1 .. ~;~;··1 :::: ::::::J;~;· ::·: :::: ::::::::\:::::::: :::: :~:(!) 
1 .:._:·:: •. ·.··_·::··_.::l1. 42.7 43.4 I a9.a f··· ..... 

1 

........ 1 39.2 38.8 4a.1 ........ j··· .. ··· ........ 52.8 
8 44. 6 44. 8 ' 40. 6 ................. 1 42. 1 . 37. 8 45. 0 ........ - • • .. • • . . • • .. • • • 53. 9 

9 46.3 45.0 I 42.91 ... ·--··I·····"·/ 42.7 I 40.8 48.4 ........ , ........ 57.4 54.0 

lo ru 41.2 45.8 
1 

43.7 ................. 1 4a.2 I 41.6 so.6 .••.•....••••... s8.9 57.o 

;:on ~:~ !~:! !~:: i ~:~ l::::::::i::::::::i !::: !!:~ ::: 
1 

::: ::~ :~:~ 
P.11. ! 1 I I 

I I I . 
1 53.1 53.l 48.8 46.5 1· .. ·.·.·.·.·.·.1 46.31· 45.8 49.6 
2 53. 7 55. 5 49. 5 46. 7 I ! 47. 8 45. 9 45. 0 

3 53.8 53.3 48.0 47.0 1· .. ·····: 46,7 46.1 45.8 

: ~~:: ::: ' :~:: :::~ [::::::::1 ~:~ i :~:~ :::: 

7 47.8 49.8 43.li 42.6 1 ................ i (41.0) 41.3 

52.1 

:: :::: I 

I 52. 5 I 

56.2 
58. 7 
58. 8 

59. 6 

58. 3 
54. 8 

62. 3 
62. 7 
63. 7 

62. 8 

62.1 
61. 8 

I 
s 48.; 49. 9 45. 2 43. s 1 ........ 1 43. o 1 41. 9 42. 8 

I
' 8 45. 8 48. 7 43. 8 I 42. 0 40. 8 i 40. 1 40. 8 

9 46.7 47.5 43.8 42.5 ! ................ : 39.8 40.5 

j:::::::: --~.-~·· 
1 ........ 47.8 

i........ 47.6 

54. 0 

54.1 
53. 7 

61. 9 

60. 2 
58.7 

/ 10 46. 8 46. 6 45. 5 42. 0 1 ................ 1 37. 5 41. 0 

1

11 46.6 45.8 44.9 41.6 1 ................ 1 39.4 41.0 

I ........ 46.8 

1 

...... .. 

j:::::::: :::::::: :~:: :~:~ ....... . 
52. 8 52. 8 

Midn't 45. 6 45. 6 44. 2 41. 7 1 ................ 1 38. 7 41. 4 

~-'~~-'-~~-'--~~ 

Hour. Apr. l0.1.A.pr. ll.1.A.pr.12.:.Apr.13.1.A.pr.17.:Apr.18 . .A.pr.19 . .A.pr. 231.A.pr. 24.1.A.pr. 25.IApr. 26.:.A.pr. 27 . .A.pr. 28.1.A.pr. 20. 

-A.M •. _o_f ____ l_o_l_o_l __ o_ o -0--0--0--0--0--0- o 
........ 1 45.8 43.4141.4 ........ 1 ........ 39.6 ........ 47.5 44.9 45.2 48.7 49.5 50.8 

2 45. 3 45. 3 41. 3 . . ... .. . . • • . . • • . 40. 3 . •• . • • .. 47. 4 44. 6 45. 4 48. 7 48. 8 50. 0 

3 ·······I 45.4 46.7 
1 

40.0 ................ 41.1 ........ 47.4 44.4 44.4 47.8 48.2 49.3 
4 ...... · 1 46. 0 47. 3 40. 6 .. . . . . . . .. . . . .. . 41. 9 . . . . . . . . 44. 0 43. 9 45. 2 46. 6 46. 3 49. 3 
5 ........ 1 46. 7 47. 8 41. 0 . . ... • . . •• . .. .. 42. 0 . .. . .. . . 44. 2 44. 3 44. 6 46. 9 45. 5 48. 6 

6 42. 8 i 46. 9 46. 8 41. 0 1. . .. .. .. .. . . .. . . 41. 6 42. !l 45. 4 45. 0 46. 0 47. 8 46. 8 48. IJ 
1 46. s 48. 4 48. 5 42. 1 I 40. 6 40. 2 < ~) 43. 1 49. 8 47. 8 49. 6 50. 1 49. 2 61. 3 

R 47.7 51.4 48.0 44.0: 40.7 41.8 42.0 45.8 50.8 50.6 51.0 51.6 50.D 53.2 

9 

10 

11 

49.9 51.7 i9.9 45.4 i ........ I 41.61 ........ 47.o 52.o 51.4 s2.a 53.5 si.1 54.3 
50. 0 52. 7 51. 4 48. 7 i. . . . . . .. 42. 3 . . . . . . . . 48. 3 52. 9 54. 2 53. 6 54. 9 54. 9 55. 5 

51.4 53.8 51.4 • 48.9 

1

1 44.() 42.4 ........ ~ 53.9 54.0 55.7 56.0 58.0 ~ 

Noon 52.7 58.3 52.2 48.6 

1 

46.2 44.9 ........ 51.5 55.8 54.7 57.0 51l.4 62.2 59.8 

I'. Al. i 
53. 4 56. 3 52. 4 i 49. 0 1' 45. 0 48. 8 ....... · 1 52. 6 54.4 57. 6 58. 8 58. 1 61. 9 60. 2 

2 

3 

4 

5 

6 

7 

53. 4 57. 3 5U. 8 I 48. 8 I! 44. 7 I 48. 9 ........ , 53. 2 57. 8 57. 8 59. 8 59. 1 64. 1 60. 6 
54. 3 56. 5 49. 8 48.;; 4fi. 7 49. 4 . .. .. .. . 53. 4 57. 0 56. 9 59. 7 60. 2 61. 7 60. 8 

53. 2 58. 2 47. s : 47. 3 I 44. a 4i. s ........ 1 

51. 7 55. 3 45. o 
1 

45. 9 
1

....... 44. 3 ........ 

1 49. 3 53. 0 44. 0 43. 4 ,. . . . . .. . 44. 7 
I t I 

46. 8 47. 7 ... I 44. 3 ; ....... ~ 42. O ....... · j 

53. 6 

53. 2 

52. 5 

48. 7 

56. 8 

53. 7 

52. 7 

49. 3 

54.5 

55. 0 
52. 7 

48. 6 

60.8 

59.0 

57. 0 

53. 5 

60.2 

58.6 

58.3 

65.6 

61. 6 

61.2 

62.2 
57.2 

61. 2 

59.8 

56.6 
52. ll 
50.4 54.8 45. 8 46. 8 42. 0 I 44. 3 j..... .. . 41. 1 • • .. • I 

l~ :~:: :~: :~:~ l .. ~~:~ .. I:::::::: :::~ : ..... ::/ :~:: :~:~ ::: :~:: :.: :.: 
11 44.8 44.4 41.51··· .. ··+-...... 39.7 1::::::::1 47.4 45.0 44;.2 51.3 li0.3 52.9 

49. 4 
8 47.6 54.0 52.0 48. 5 47.5 

_M_i_·a_n_'t,,__4_5._s_~_4_3_.s_·~41_.2_-''-··_·_ .. _·_··~i·_··_··_·_··-'--as.-a--'i_··_·_··_··-·~/-4_6._s-'--45~.a--'--45_._D...:..._4_9._5--'--5-o_.1--'~51_._s-'-•• _._··_·_··. 

Oornbination of the meteorological data to obtain a homogeneous series of hourly mean values.-Tbe 
combination of tho broken record of observations into a systematic series of results has been 
effected precisely in the same way as was followed in the case of the zenith distances, in order 
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that we may secure a strictly comparable and simultaneous set of data for analysis and discussion. 
Au additional reduction had to be supplied, i. e., for the full hour, the ouserYations at Mount 
Diaulo being about ten minutes and those at Martinez Rast ahont five minutes late. 

TABLE XII.-Observations at Mount Diablo, California, ,l[arch and Apdl, 1880. 

Honr. 

A.:U:.,. 

1 
2 

3 
4 

8 

9 

10 

11 
Noon 

Ronr. 

Resulting hourly serie~ of atmosphcrie pressure (I"). 

12-d.:;-r--11-: day i Reduced--! -- r: - ~2-day i i n day I Reduced i I' 

mean se· j "· resnltinj( ! to !. P'. [': Honr. mean se· i n. : resul1inl(: to i P'. 
__ r_ie_•_· _

1 

____ •e-ri_e_s·-:_ru_u_h_o_u_r.i ___ ,

1 

___ ~:--1 series. : fu~~ur.i ___ ! 
I I .Milli- !1 

• I I i JJ[iU' I Inchu. 
1 

Inches. Inches. meter•·. !'.:I l'. M. Inches. . Inches. I Inches. i •· 
! i . nuters. ! 

26.181 J6 26.186 I 26. 186 665. 12 Ii 1 26. 223 20 26. 218 26. 219 665. 96 

.174 16 .180 .181 5.00 ii 2 .217 10 .215 .215 5.86 

172 14 • li8 .178 4. 92 :1 3 . 212 18 . 207 . 208 5. '8 
:168 15 .177 .177 4.90 ii 4 .207 18 .204 .204 5.;8 
• 167 13 .171 . 172 4. 77 i\ 5 . 198 18 . 193 . 195 "5. i6 

.174 15 .173 .173 4.79 !1 6 .195 15 .194 .194 5.33 

.179 17 .175 .li5 4.84 1i 7 .198 17 .192 .192 5.28 

. 186 14 .185 . 183 5. 05 II s . 203 16 . 202 . 200 5. 48 

.188 14 I .196 . 194 I s. 33 
1 

9 . 206 16 . 200 ! • 200 5. 4~ 

. 225 14 . 225 . 220 5. 99 :1 10 . 199 16 . 194 . 195 5. 35 

• 225 16 .227 . 227 6.17 111 11 . 198 16 .191 .191 5. 25 
, 231 19 . 225 . 225 6. 11 I Midn't . 192 16 . 186 . 187 5. 15 

--~-~--~ 

TABLE XIII.-Observations at Martinez East. 
Resulting hourly series of atmospheric pressure (P). 

12-0ay I I n day I Rednced I // 12.day 1' / n day I Reduced 
mean se- n. resulting to P. Ii llour. mean so- n. lrcsultmg 1 to P. 

ries. . I series. \full hour.
1 

.,\ ries. I . series. i full hour. 

-A-. ;-.-·-:-:-~:-:-1·-·-:-= ::: ~ 111-:.f ::: 1-:- ::: \1 ~:~:::· ·~I~;;. 
2 . 923 16 . 931 • 931 o. 25 Ir . 951 

1 
rn . 945 

1 

• 946 o. sa 

! ::: I ~! ::: I ::: ~:!! 11·1· : ::: ~: ::~ :::~ 76~:: 
s I . 923 13 . 926 • 926 o. 12 5 I . 924 18 . 919 . 919 I 759. 94 

6 . 9'2 15 . 936 • 935 0. 35 6 . 930 15 • 922 . 922 i 760. 02 

7 • 944 17 . 938 . 938 0. 43 i 7 • 928 17 • 922 • 922 o. 02 
8 

9 

10 

11 
Noon 

.946 

.950 

.!'17 

• 970 
.1178 

14 

14 

14 
16 
19 

.944 

.954 

.976 

.972 

.960 

.944 
- 953 

.974 

• 972 
.961 

0. 58 

0. 81 

1. 34 

l. 29 
1. 01 

8 . 934 

. 942 

• 942 
.943 
• 936 

16 

16 

16 

16 
16 

.927 

. 934 

. 938 

. 941 
• 931 

.1127 

. 933 

• 938 
. 941 
.932 

0.15 

0. 30 

0.43 
0. 50 
o. 27 

T.A.IlLE XIV.-Observatians at Mount Diablo, California, March and .April, 1880. 

Resulting hourly series of atmospheric temperature (T'). 

I I 
Reduced! 12·day nda,Y 

Roouced I I 12.day \ n da,v 
Honr. mean se~ n. resultmg to full T•. Hour. me~n se-1 n. result mg to full I T'. 

riee. · series. hour. r1es. series. hour. I 
1- ------ - ----- ---,---

A. 'H. op, op, op, 0 0. P. Joi. op. op. OF. I 0 o. 
1 43.10 16 43.19 43.23 +8.24 1 52. 03 20 51.28 

I 

51. 'XI ! +10. 70 
2 43.23 16 43.29 43.27 6. 26 2 51.07 19 50. 65 5(), 75 I 10.42 

a 43.13 u 43.05 43.~ 6.17 I 3 l>0.93 18 50. 21 50. 28 I 10.16 

4 42.53 15 42.67 42. 73 5. 96 4 49.40 18 49. 44 49. 57 I 9. 75 

5 42.47 13 42. H 42.45 5. 80 5 47. 35 18 47.03 49. 43 

I 
& 58 

6 42.60 15 42.93 42.84 6.02 6 45.27 15 45. 50 45. 75 7.M 

7 45.06 17 45.14 44.77 7. 09 7 44.03 17 44.28 44.48 6.93 

B 47.93 14 47.59 47.18 8. 43 8 43.20 16 43. 81 43.89 6. 61 

9 49.80 14 49. 51 49.19 9.56 9 43.20 16 43.56 43.60 6.44 

10 51. 73 14 51.67 51.31 10. 72 

I !~ 
43.03 16 43. 25 

I 
43.30 6.28 

11 6:1. uo 16 5:1.1>4 52.40 ll.38 43. 67 16 43.60 '3.54 6. 41 

Noon 52.17 lll 51.20 51A2 10.80 M.idn't 43. 53 16 43.44 43.47 6.ll7 
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TABLE XV.-Observations at Martinez East, California. 

Resulting hourly series of atmospheric temperature (T). 

T. 
ries. I Renee. ! bour. 

1 
ries. series. hour. 

i 12-day i I n day ! Reduced I l'I 12-day I n day Reduced 

,

,

1

1 Hour. mean se· 1 n. resu~ting i t-0 full I' T. I Hour. me~n se- n. resulting to full 

-:.:- __ o_p __ -!- -:-;:--'-:-;:--:~f~:-~ ----:-;:--~~ 
1 46. 37 16 46. 01 46.15 +7. 86 i 1 60. 5-0 20 59. 92 59. 76 +is. 43 

2 45. 70 16 

3 45. 40 14 I 
4 44. 85 15 

5 45.13 13 

6 

7 
8 

9. 

10 

45. 02 15 

47. 40 17 

49. 60 14 

45. 68 

45. 29 

44.95 

44. 99 

45.60 

48.00 

49. 74 

11 55. 65 16 56. 04 

Noon 57. 93 19 57. 96 

45. 71 
45. 32 
44. 98 

44.99 

45. 55 

47. 80 

49. 60 
51. 45 

53. 44 

55.84 

57.80 

7.62 

7.40 

7.21 

7. 21 

7.53 

8. 78 
9. 78 

10. 80 

11.91 
13.25 

14.33 

2 

3 

4 

I l 
i 10 ~~: ~; ~: ~: :~ ,1 

I

' 11 

IM1dn't 

-----'------'------'-

02. 32 

63. 53 

62.15 

60. 33 

56. 60 

52.88 

51. 05 

49. 97 

48. 57 
47. 53 

4o. n 

19 

18 
18 

18 

15 

17 

16 

16 

16 
16 

16 

61. 52 

62. 74 
61. 80 

59. 71 

56. 61 

52. 89 

51.29 

5-0.24 

48. 63 
47. 58 

47.00 

61. 39 

62.64 

61.88 

69.88 

56.87 

53.20 

51. 42 
ll0. 33 

48. 76 
47.67 

47.05 

16.33 

17.03 

16. 60 

15.49 

13. 81 

11. 78 
10. 79 

10.18 

9.31 
8. 70 

8. 36 

TABLE XVI.-Observations at Mount .Diablo, California, March and April, 1880. 

Resulting hourly series for atmospheric humidity, temperature of wet bulb (t'). 

i 12-day I n day j Reduced I : 12-day I fl day I Reduced 

1

:- Ilour. mean se- fl. resulting.· to full I !'. .. Honr. mean se- n. reim!ting: to full t 1
• 

__ ~j__ series. j~ ___ :,,: ___ _..__n_·e_•·_, ___ •e_r_•e_•·_J_h_o_ur_._ ----

1 I I I A. H. o P. o P. o F. o a. 
1 36. 48 16 36. 48 

1 

36. 43 I +2. 46 

2 36. 25 16 36. 05 36. 12 2. 29 

3 36. 12 14 36. 00 36. 01 2. 23 

4 35. 74 15 35. 93 35. 94 2. 19 

5 35. 74 13 35. 80 35. 82 2. 12 

6 36. 96 15 37. 23 36. 99 2. 77 

39. 34 II 17 7 

8 

D 

JO 

11 
Noon 

40. 42 14 

41.12 14 

42.80 

43.36 

44. 31 

14 

16 

19 

38. 82 

40. 20 

41. 08 
42.82 

43. 33 

43. 77 

38.56 
39. 97 

40. 93 

42.53 
43.25 

43. 70 

3. 64 
4. 42 

4.96 
5. 85 
6.25 

6.50 

P. ld. 

1 
2 

3 
4 

5 
6 

7 

OF. 
44. 32 
43. 00 

43. 09 

42. 81 

41. 24 
39.18 

37. 34 

36. 78 

36. 54 
36.46 

36. 31 

36. 24 

20 

19 
18 

18 

18 

15 

17 
18 

16 
16 

16 

16 

OF. 
44.01 

43.42 

43.11 

43.17 

41. 05 
39.22 

37.86 

87.39 

36.60 
36. 39 

36.40 

36.18 

op, 

43.111 

43. 52 

43. 111 

43.16 

41.'° 
39.52 

38. 09 
37.47 

36. 73 
36. 43 

36.40 

86. 22 

TA:BLE XVII.-Observations at Martinez East, California. 

0 0. 
+ 6.65 

6. 40 

6.20 
6. 20 

!i.22 
4.18 

3. 38 
3.04 

2.63 
2.46 

2.44 

2.3' 

Resulting hourly series for atmospheric humidity, temperature of wet bulb (t). 

12-day n day Red need I 12·day II day Reduced 
Hour. mean ee- fl. resulting to full t. I Hour. mean se- n. resultfug to full t. 

ries. series. boor. ries. series. hour. 

---------___ , ---------
A. 14. op, op, OF. oa. I 

P.H. op, op, op. 0 o. 
1 45.25 16 44.84 44.88 + 7.16 1 53.94 20 53.48 53.43 + 11.80 

2 44. 74 16 44.68 44.00 7.00 2 54.52 19 54.22 54.16 12.al 

a 44.42 14 44.26 44.29 6.83 3 54.48 18 M.23 liU3 12. 35 

' 44.04 15 44.15 44.16 6.76 4 64.00 18 53.91 53. 114 12.19 

5 43.82 13 43.69 43. 73 6.52 5 52.41 16 52.48 52. 6li 1L42 

6 43. 78 15 44.07 44.04 6.69 6 51.06 15 51.08 51. lD 10. 811 

7 46. 01 17 46.36 46.18 7.88 7 48. 46 17 48.61 48.82 8.3' 

8 47.5/i 14 47.51 47.41 8. 56 8 47.22 16 47.50 47.5' &88 

g 48.46 14 48.63 48. 54 9.19 9 46.69 16 47.01 47.05 &38 

10 411.82 14 49.93 49.82 9.90 10 46.35 16 46. 23 46.29 '7.91 

11 51. 26 16 51.38 51.26 10.70 11 '5.86 16 ,5, 71 45. '75 7.8' 
Noon 52. 81 19 52.87 52.75 11.63 Hidn't 45.40 16 45.29 46.83 7.40 
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Before proceeding with the inrnstigatiou of the atmospheric refraction iu conueetiou with 
heights determined by zenith distances, it will be convenient first to present the results for diffel'
ence of lieight as deduced from the ousen'ed pressnl'e and temperature of the atmosphere at the 
two stations. 

BAROMETRIC DIFFERENCE OF HEIGH1'.-For the computation of the homly series of baro
metric observations I propose to use the formula giveu by Dr. Jimlan * in preforence to that 
given h.Y Dr. Rlihlmanu, t for the reason that th(l first-named formula, with the same strictuess, is 
somewhat easier of application, besides it will facilitate tlte discussion of tlte atmospheric refrac
tion in connection with a theor:,· published by Dr. Jordan in tht> Astrouomisclw ~achrichte11 

No. 2095 (1876), and which will be referred to in connection witll our obserrntions at Mount 
Diablo-Martinez East. 

It is as follows : 

L:ih =18400 log ~,(1+.003665 t) ( 1 + .377 i) (l+.002573 cos 2 1p){ 1 + ~~) 

where P' and P are the observed pressures at the upper and lower station, respectively; tLese 
values must be corrected for Yariation in gravitr with latitude and altit11de before introducing 
their values into tbe formula. .A table is provided gidng this reduction, with the argumeuts, 
pressure (in millimeters), and approximate height of 8tation above the sea (in meters). 

t represents the mean atmospheric temperature at the upper and lower statiom;, or tLl· value 

T + T' d . t• d 1 . -
2
- expresse m cen igra e l egrees. 

e represents the mean vapor pressure, and p the mean atmospheric pressure at the stations. 
A table is provided for fiudiHg e when tlle readings of the dry and the wet bulb ther111ometer:i are 
given. 

<p is the mean latitude, and H the average height of the two stations above the :-i.e~i. 

r stands for the earth's mean ra<lius, roughly equal to 6370000 meters. 
6 h is the resulting difference of height in meters. 
The logarithms of each of tlle four terms in parentllesis are obtained from tables accompan~--

ing the formula. , 
The results of the computation are presented iu the following taule, in which, for comparison, 

we have also introduced the results of Hi.ihlma1rn's formul<t. The column headed " U.equired. 
mean temperature" shows the temperature which is demanded by tile barometric formuia, iu 
order to satisfy the condition of giving the true height as fotrnd by Rpirit-le,·eling. 

TABLE XVIII . 

: i:. . Q...!. d .... ;:-. " .Ee: 
§~-E 8~~ 

0 
"...: ".: E~ ~ 

""' "" 
! ~.s~ 

..,~!§ " Ef s:.e <l ~-~ Ed . :~ 
H01u. '. ~'"e ~ .... ~ .. -"" "t:'P= .,,., 

' ~~·~ : 
.5 <I t~ f; ~ ~ .,...; 

' ~~"'i:: ........ ... -as ;~f 
~ ..E ~~ " -" 0 ~s ::O.;:::; 

I~ «a. s c ~! r! """-p.. ~ p:; .,, 
__ .. - - ----~---- -

. A. M. t MtterB. Meters. Meters. 0 o. 0 0 . 0 0. 

1 j 1ID4. 4 1103. 6 -11. 7 +7.05 +10. 00 -2.95 

2 03.4. 02.6 12. 7 6.94 10.15 3. 21 

3 02.4 01. 5 13. 7 6. 78 10. 25 3.47 

4 m.o 00.1 l5. 1 6. 58 10.40 3.8'! 

i; Ol\.l i 02.3 13.0 6. 50 9. 79 3. 29 

6 06.6; rli. 7 9.5 6. 78 9.18 2.40 

7 11. 7 • JO. 8 '-'· 7. 94 9. 05 1.11 
s 15. s ; 14. 5 - 0.8 9.10 9. 30 -0.20 

18.ti I 17.1! '+ 2.5' 10.18 9.54 +o.64 
10 20. 8 19. 9 

'· 7 
11. 32 10. 13 1. 19 

11 2\.11 21. 0 5.8: 12. 29 10. 83 l. 46 

Noon 20.9 2-0.0 i.8 ~2. :i6 11. 35 I. 21 

"liandb11ch der Vermeasnngskunde von Dr. W. Jordan: Stuttgart, 1877, vol. l, p. 49:.l. 
t Die Barometrisohen Haheumessungen vou Dr. R. Riihln1auu: Leipzig, 1870. 

8. Ex. 29---.'l!1 
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TABLE x·nn-Continued. 

! 

~!.1 
;::-:;.:i 
~~a 

i "' ... 
~E--; Hou I'. ~ tE 

!• 

~H 
f]~~ 
.; ~s 

> > 

P. .M. Metera. Meters. 

24. 5 23. 6 

2 23. 1 22.1 
., 

21. 6 2e. 6 

4 19. 0 18. 0 

5 16. 2 Ii>. 3 

6 12. 2 11. 3 
07. 3 06. 4 

03. 5 02. 5 

0:1. 5 02. 6 

10 04.5 03. 6 

ll 05. ,, 04. 6 

Midn't 03. 5 02. 7 

l-Ieon llU. 4 1110. 5 

Trne f, 1116. I 

I ~ 

~ 

" ;..~ 

·= -1 
~ 

~ 
;;;j 

Meters . 

8. 4 

7. 0 

5. 5 

2. 9 

+ 0. 1 

- 3 9 

8. 8 
12. 6 

12. 6 

11. 6 

10. ll 

-12.6 

~ ~ .:: ~ 
~...: "',: ?~ ~" "" s~ E _§ ~ 5 

~~ 
~" 

~t 
.,_ 
" . i:; ........ 

~ Q. -EE ;g~ te 
"'" """ ~-::::: 

5- ~- i::..=-
~ -<: 

·-·---·· 

·-~,~ 0 0. 0 0. 0 o. 
13. 06 10.94 2.12 

13. 38 
11. 60 11. 78 

13. 611 12. 20 1. 40 

13.18 12. 4.1 0. 75 

12. 04 12. OJ ~ 0 03 

10. 72 11. 71 -0.99 
9. 36 11. 61 2. 25 

8. 70 11. 91 3. 21 

B. 31 11. 51 a. ~o 
7. ~() 10. 73 2. 93 

7.56 10. 24 2.68 
7. 36 10.56 -3. 20 

-'-9. 54 +10. 7!J' 

We notice the following facts : 
(1.) The barometric measures give the difference of height, on the daily average, 4.7 meters 

in defect (error 1 in 2.37 meters), wbereas the measure of reciprocal and simuUaneous zenith dis
tances made the difference in height on the daily average 1.96 meters in excess (error 1 in 569 
meters). Between the results by Jordan's and lUlhlmann's formulre there is a difference of 0.9 
meter :l:0.1 meter, the first set haYing islightly the advantage over the second. This difference is 
not greater than might be expected between any two formulre aiming at great precision. 

(2.) Tile computed bomly heights exhilJit the usual excess ornr the true value during the 
wanner part of the 1lay aud the usual deficiency during the colder part. 

(3.) Diurnal range in values of h, 23.5 metcrH. Times when correct values are reached, 8i a. 
m. and .:> p. m. The range is of aYerage magnitude (about one forty-seventh of the Leight), aIHl 
tlw hours most favorable for barometric measures according to Riihlmann-7!i a. m. and 6~ p. m. 
(for Mardi and April)-tlo not differ more from the above hours than could be accounted for by 
onlinary Yariability. 

(3.) The temperature required in order that the true difference of height may result shows 
less diurnal ran~e ci0 A) than is observed at either station (mean range 70.1 ), and the mean value 
for the day ( 10°.7:3) approximates nearer to the mean temperature of the day at the lower station 
(+11°.L> C.) tllan to that of the npper station(+ 10.94 C.). 

Ou the immediate sea-coast, as at Bodega Head and Ross Mountain, the computed diurnal 
range of the temperature of the interrnning stratum of air was too small to be perceptible 
between the hours 7 a. m. and ,:; p. m., the observatious being discontinued during the night. At 
Martinez East and )fount Diablo, about 50 kilometers (say 30 statute miles) from the coast, the 
range is two-fifths of tile range as obsen'eu near the surface of the ground, and farther iu the 
interior, or in the California Valley, the difference between the observed and required temperature 
of the air between two stations will undoubtedly be found to become still less. 

'fhe effect of a small error in the mean temperature of the air on the computed height (h) i:s 
gi mu h~· the eq nation 

d,, = -'-- ltdt 
1 +et 

and putting i = .003665, t = + 10° 0., aud It= 1116 meters, we Aud dh = 3.9~dt, 01· an eJfeut of 
uearly 4. meters for a change of 1 o in the temperature. 
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(4.) The last column, beaded app;aent error in mean ternperature t, coutains ah;o the apparent 
error of the observed temperatures at the two stations, supposing them affected alike; that this 
equalitJ, however: does not hold is proved by the anomaly that the obsen·ed temperatures at 
Mount Diablo, when thus corrected, would show higher temperatures (oy ahout 1 O) during tile 
night than rtnring the day; in fact the distribution of the error as gfreu iu that column is 
unequal as regards tlie two stations, and the lower oue is undoubtedly much rnorc affected than 
the upper one. The numbers plainl.r show that during the l1oun; of iwmlation, between Ha. m. 
and 5 p. m., th\J observed temperatures are too high b~· fully 20 (). in maximo int l p. w.), and 
during the other hours they are too low by foll~· 3~° C. iu maximo (at -! a. m.). Applied with 
reversed sign as corrections, the numbers in this colnmn may advantageously be applied to other 
barometric measures in the same climatic region, especially if attentioll lw paid to unequal 

1 
distribution for the two 8tations. The correction to I of f:.! ( n2 -11 1) ~ It, a8 propotieu h~· Dr. 

Jordan, wliere n, n1 equal the rate of change of temperature with height at th{' upper and lower 
station (as expluine<l further on), does not appear to be sustained iu our case, certainly uot duriug
the night hours, and roughly only for a few hours near noon. 

APPLICATION TO HYPSOMETRY OF DR. VON. BAl'ERNFEIND'S TIIEORY !IF A1':1IOSPHERIC 

REFRACTION AND COMPARISON WITH OBSERVATIONS AT 1\IorNT DIADLn-l\IARTLNEZ EAST.

For reference to this theory, which makes nse of the meteorological t'.011ditio11 of the atmosphere iu 
connection with an expression for the cnnature of the path of light between two stations where 
reciprocal zenith distanct>s ha\1e been measured, see .A.stronom\sche Nad1richte11, ~os. HiS-1480 
(vol. 62, 1864), and Nos.1587-1590 (\·ol. 67, 1866), and formulre and application of the same in Coast 
Survey Report for l87G, Appendix ~o. 16, where I have applied it to the case of hypsometric re· 
searches at Bodega Head and Ross Mountain, California. This theory enables us to compute the 
difference of height from tlie measured zenith distances and the observed barometric pressure and 
t,he temperature and humidity of the air at each station, and two results can he gi,·eu, one from the 
observations at the U}Jper and one from the observations at the lower station. It would be need· 
less to repeat here the formulre and their explanation, as they can be conYenicntly refe1·red to in the 
report for 1876, inasmuch as the _results deduced <lo not fully come up to the expectations which 
might be demanded from such a theory, and the cause of tllis shortcomi11g would seem to lie in the 
circumstance that the theory has not sufficient flexibility to accommodate itself to the various 
physical conditions existing at the time. The results and comparisons are given in the following 
tables: 

T.A.BLE XIX.-Oomparison of BauenifeinrFs theory of t·~fraction u'ith obserMtions at ,lfount Diabl-0 
and Jfartinez East. 

Hour. 

A.H. 

I 

2 

! I 
5 

ft 
7 

8 

9 

10 
11 

Noon 

----:-----, 
Com~uteddi1fere11ooofbAiahtfrol!l ; ,; i:'-:; ":< -;: 5-:; S ~ .!! :i..: ~ Compnt<><l coof· I 

~,. - o c " c o ., " - - ficieut of m-
o served zenith dist..nces, i <: ,S '3 ~~ l:i " § " " ~ ~ g ! fraction. 

~ i .s.~ . E..Q-" .... ~ ~ ~·t O .~s~.' ~ ~~~ ':' " 
c .... - Ill ........... ~ ~ ' .e ~~ ~ .... - .... - @ ~...:.. ~ ~ 
: ~ f § z: 2: ~ I ~~-= E~~ ;a Q. {:~ ~ = 
c ea=;l ~~ r;- .... ~ tw --=~eo ~z =-: :;;~ .e ~-= t;J= _:st: 'cl ~ 'O = :s,.., .. i ,.0 - -c: s ~ &~ ~~ - cs 11.~ g ~-=:.:: - 0 ~:o c.-e~ 
~ t~~ e F t~ s ~i-S ~It~ !: "1 ~ 
~ I~ o.. 8 , 8 ~ "'°~ 0""" 8 ,,_ ~ ~ ~ 

Melln. At Mount • .A.t Marti. i 
Dlablo. nez East. \ 

Metsra. -,·-;;e:w-:· Meters. 1--;::-: .~lttera. -,,-! - -- ---,---·----------. ---
1115.98 j' 1120.H i 1us..16 I --2.01 

1 
u.26 00.1 1 10.11 -1.5 +atl.2 +1.s +39.~ o.os6 o.os9 

15. DI! 20. 47 i IP. 2'J I 2.13 i . 26 69. 0 71. 0 I -1. 3 + 37. 2 + 1. p 4ll. 5 6 9 
t5.oot' 20.82*, 1826*1 2.11•' .25 69.1 71.o +Lot +-40.a• +2.o 41.2• 9 
15. 78 
15. 89 

16.15 

15.911 
16. ()I! 

16. 26 

16. 60 
17. Oii 
11. 35 

211.44 18.11 2.02 . 26 69. 2 71.1' +u. 2 +37.1 +L 9 38. S 6 9 

20.44 

19. 91 
19.68 
19.10 
18.95 

lll.77 
18.3( 

2s.10 2.07 .26 00.2•1 71.1 -0,0 +a1.1 +l.9 39.6 6 9 

18.06 1.97 .27* 69.1 71.0 -2.0 +33.l +LP 37.9 6 !I 

17. 84 1. 75 l • 25 68. 5 79. 4. -1. 4 +31!. 5 +1. ~ 33. 8 6 
17. 59 I. 50 . 26 67. 9 69. 9 -2. 2 +25. 6 2. I 29. ~ 

17. 60 1. 51 . 27 67. • 69. 5 -3. 7 + U. 3 + 2. I ' 30. 1 

17. 68 1. 59 . 27 67. 0 69. 0 --6. 6 +2'l.8 +2. 1 31.4 

11.12 1.63 .23 66.7 68.4 -10.6 +lU +u ~1.4 

17.GS i 1.59 .17 67.1 67. 8 -12.9 +16 a ~o. 8 29. ~ 

R-.A.n aste1-isk (*) indicates a maximum and a dagger (!) a minimutU value. 

4 

4 
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TABLE XIX .-Oompa ri.~on of Baucr11fcinil's theory of rs.fraction with ob.~f!'rmitions at JJount Diablo 
and Martinez East-Continued. 

Hour. 

P.Y. 

6 

7 

10 

11 

Midn't 

Computetl tlifferen<'e of !wight from 
observed ~enith distances-

At Mount At Marti-
Dia blo. nez En st. 

Meter11. 
17.f>6 

l1.~ .. 

17. -;; 

17. 83 

17 . .12 

Ju. 9,; 

16. 49 

16. 39 
16. 30 

16. 29 

16.13 

16. Oil 

Meters. : 

17. 72 

17. 5~t: 

li. 5!l 

17. 65 

17. 69 

18. 16 

18. 7U 

19. QB 
)9. 57 

19. 79 

20. 12 

20.10 

M<•nn. 

Jlete1·•. 
17. 64 

17. 68 

17. 65 

17. 74 
17. 60 

17. 55 t 

17. 60 
17. 74 
17. 94 

18- 04 

18.12 

18. o~ 

Meters. Melen 
-]. 55 . ]4 

J • .}9 .10 

1. 5G :;07 

1. 65 • 09 

J . .51 . 09 

]. 46 f .12 

1. 51 .15 
J. f,() .16 
l. 85 . 18 

]_ 95 - 21 

2. 03 .N 

-2.00 .24 

67. lt 
67.:.? 

67. 3 

67. 5 

61<.I 

68. 5 

68. 8 

69. 0 
U9. l 

69. 1 

69.0 

69. 0 

67. 3 
66. 8 

66. 51 

66. 7 
ti7. 2 

6R. 0 

69. 0 

69. 4 
69. 7 

70. 2 

70. 5 

70.-0 

-14. 7 

-17.(l' 

-16.4 

-17.0 

-14.5 

- 9.6 

- 5.7 

- 4.9 

- 4.2 
- 4.0 

- ~.7 

- 2.3 

+13.8 
+12.1 

+12. l t 

+13.I 
+13.5 

+!7- 6 

+2'J. 2 
+2fi.4 
+2!l.6 

+a1.5 
+34. 3 

+34.1 

+o.3 
-0.3 

-0.8 

-0.b 
-0.9 

-0.5 

+0.1 
+o.4 
+o.7 
+Ll 

+J.5 

+1.6 

28. 7 
28. 7 

27. 7 

29. 3 
27. 1 

26. 71 

28.1 

30. 7 
:H. 4 

36. u 
38.5 
38.0 

!------------- ----------------------
Mean 1116.58 lll9.12 1117.85 0.20 68.3 69.3 +Lo +33.3 

Trne !), h by Rpirit-level 1116. 09 

Mean tlitfereuce 1. 76 

N. B.-An a•terisk (') indicat-Al• a maximum and a dagger (t) a minimum value. 

Computed coef. : 
ficiPnt of re

fraction. 

4 4 
4 

4 a 
4 3 
5 4 
6 5 

6 6 
6 7 I 

6 : I 
6 8 I 

6 9 I 
---! 

O. 085 o. 087 I 

Require1l by 
'.l'ableV. 

o. 019 I o. 121 

The results of the comparison, as shown in Table XIX, indicate but a slight improvement 
(Oru.20) in the computed difference of height, while the departures from the true angle of refraction 
at both stations (and consequently also in the coefficients of refraction) exhioit most conspicu
ously a want of accord with facts as observed at Mount Diablo and Martinez East; thus, computed 
range of angle of refraction at the upper station 2".15, observed range, 19".9 (Table V); same for 
the lower Rtation, computed, 411.66, obserrnd, 32". 7. Columns 11 and 12 of the preceding table 
show the discord iu the computed and observed difference in the angles of refraction, while in 
columns 13 and 14 the smallness of the range of diurnal variation in the coefficients of refraction 
is prominentlj' brought out. The theory assumes a uniform decrease of.the atmospheric tempera· 
tnre with an increase of altitnde, about 0°.58 C. for each 100 meters, a condition which does not 
hold good in auy pa.rticular case, and probably the fundamental relation postulated between 
absolute temperature and density of air is not in sufficient accord with facts. It is, however, 
certain that the atmospheric temperatures observed near the ground are seriously affected by this 
circumstance aud must lead to faulty conclusions respecting the temperature of the stratum of air 
interYening between the stations. 

·we now proceed to test another theory of refraction, in which special attention is given to ~he 
rate of decrease of temperature with increase of height. 

APPLICATION .AND COMPARISON WITH OBSERVATION OF DR. JORDAN'S THEORY OF REFRAC

TION IN CONNECTION WITH HYPSOMETRY.-Referring for the development of this theory to the 
author's "Handbuch" cited above, we at once transfer the leading expressions required for appli· 
cation; they are the following: 

From thP computation of the barometric observations for height we take the value 

K=18400{ 1 + .377;) (1+ .002573 cos2ip) (1 + 2~) 

and adopting- the notation, for the lower and np1ler station, respectively: 
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P 1 P2 = the atmospheric pressure expressed in millimeters and height of column of 
mercury reduced to temperature 0° 0., and referred to intensity of gravity in 
latitude 45° and to the sea-level, 

T1 T2 = the atmospheric temperature expressed in degrees of the centigrade scale, 
n 1 n2 = the change of temperature of the air at the stations for unit of height (or for one 

meter), 
k1 k2 = values, in general, of the coefficient of refraction, k1 k 11 special >alues of the 

same (half of this value is regarded on the survey as the coefficient of refrac
tion), 

L:.z1 6z2 = angle of refraction, 

: 1 : 2 = measured zenith distances, 

h1 h2 = altitudes of the stations above the sea, in meters, 

with the following constants: 

.00029286 • c = __ 
760

_ ; log c = 3.58585 - 10, 

1\1 = .43429, the modulus of common logarithms; log ~I = 9.63778 - 10, 

E = .003665, the coefficient of expansion of air, 

1f· = augle at earth's center, between verticals to stations, or.--.8-
111

• ·when expressed 
psm 

in seconds, 

p = radius of curn1;ture to intervening horizontal arc at sea-level, 

s, = the length of this arc at an altitude of H, or hi i" lt2 above the sea= s P + H ., . -p--, 
r= p+ H, 

we then have 

and 

For lower st.at.ion : 

For upper station : 

kz=c rf:rr~ (;if~~ 
k' = ~~-t-~2 

In case the separate vahws 11 1 11"' are not ohtainable, we have to put 

-· _ T1-T2 n, - »2 - -----
6 h 

but supposing that reciprocal and simultaneously observed zenith. distances are on hand, these 
values may be determined by inversion of the formulm involving k1 ~ k' k'1, and deducing n1 n2 

from the known values 6z1 6Z:i. 
The difference of height 6 h is then found by either expression 

t 

h1 - hz = B1 cot (:'2 + 6 .t,) + ~ 
Or by 

l-k11 

h1 - h.; = H, cot:~ + -,-,- 11,' 
~r 
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Applying these formulre to the observations on hand and putting n1 = n.2 = n we have the 

results of 

TABLE XX.-Comparison of Jordan's theor;!J of refraction with observations at Mount Diablo and 
Jlfartinez East. 

Hour. 

A. M. 

8 

I~ I 11 

Noon 
P. M. 

- -·--·- ----- .,.~--

Compntf'd iii ff PrPUCe of < ht-i~ht fr11ro obRerved <I 
zenith llilitances. ;J 

" .... " 
s 

" " "' " :3 . c 0 " ::-;:; ... - ·§ "'~ M<>an. 
-~ ::.&1 0 " " ;, ... ... 

~ ... 
Mete.rs.· J!leterR. Meters.! Meters. 

117.10 1119. 28 !lll8. 24 : -2.15 
7.26 9.33: 8.29 i 2.20 
7. 02 9. 64' R 33.' 2. 24• 

7.10 Q.28 ,,19 2.10 

7.16 9. 31 8. 23 2. 14 

7. 41 8. 88 8. H • 2. 05 
7.17 8.63' 7.90 1.81 

7.34' 7.91 7.62 J.53 

7. 54 7. 8:l 7. 68 1. 59 

7.88 7.64 7.76 J.67 
s. u• 1. 4ot 7. 11 1. 68 
7.95 7.46 i.70 1.61 

~·~ 
~= .= c +=>:= 
"" c:: . 
~'-IE 

""" ~ ... ::. 
Ee:·~ 

~ ;.~ 
"""' i:.. .... ..::: so-.... 

Meter. 

0. 18 

. 19 

'18 
.18 

. l!I 

.191 

.19 

'23* 

.19 

. 19 

.18 

.15 

~-----·--- ~ .., 
" § 
~o 
o-

""' c!:~ 
i:o ... 
""" "" ].~ 
e 
0 

C) 

76. 2 

76. 8 

77. 2 

77. 2 

76. 9 

76. 6 
75. 5 

75. 5 

75. 2 

74.8 

72. 7 

69. 2 ' 

.. ..,., .... ' 

" "" "'" ,:; """ :::. " 6 0 o::::S .s:.; _,,, o.:8 0 .... 

""' " "" ,. .. 
~§ ~~ -" "" f: ~ ·- 0 -§·~~ s·:: ""'·- -" ;~ <ii:. "'=-~~ 

~t~ ~~ N 
~ ...... ., 
5 ;$-d.S 

~""A c "" " ... C) o" : 0 

79. 3 - 8. 6 i +27. 8 
79. 9 - 9. 1 ' +2K 3 

so. 4 - 7. 1 +so. u 

80. 4 - 7. 8 : +27. 8 

80. I : - 8. 3 I +28. I 
7U. 7 -10. 4 ' +24. 4 : 

78.6 - 8.4: +22.3 i 

78. 7 - 9. 8 i +16. 8 

78. 3 -11. 5 +15. 5 

77. 9 -14. 4 +rn. 9 

75. 6 -16. 6 +11. 9 

71.7 -15.0 +12.4 

=" " ..... 0 • 

·-" ~ .,_ 0 

"'"-""- " ~t~ 
~""""' !p: 
;;. ~ ,., 
.-0 't ~ ~i 
!: Q z ~E-t 
S.Ti~ 
e" o 
0 =- " ., 

C) rf.i 

+3.1' +39. 5 
+3.1 i 40. 5 

+3. 2 : 41. 2 

+3.2i 38.8 
+:i. 2 i 39. 6 
+3.1 : 37. 9 
+3.1: 33.8 

+3.2: 29.8 

+a. I 30. l 
+a.1: 31.4 

+2.9 31.4 

·t2.5: W.9 

7. 86 7.46 7. 66 1. 57 ! • 12 00. 6 : 68. 7 : -14. 2 +12. 4 +2.1 : 28. 7 
7.80 7.54 7.67 1.58; .11 63 9 65.8 -13.7 +13.1 +l.9: 28.7 

7.48 7.78 7.63 i 1.54 .09t 61.9 ! 63.5: -11.0 +15.l +1.6 I "n. 7 

1.55 1.00 1.12 1.63] .ll 62.1 i 63.7, -11.6 +16.l +i.o I 29.3 

7. 23 7. 95 7. 59 1. 50 ' . 10 62. 5 J 64. 2 - 8. 9 +16. 5 +I. 7 : 27. I 
6.88 8.24 7.56t 1.471 .11 64.s: oo.6 - 5.9: +19.o, +1.s I 26.; 

6. 79!, 8. 45 7. 62 !. 53 ' '13 68. 21 70. 4 - 5. 1 i +20. 8 ' +2. 2 i 28.1 
6.88: 8.64' 7.76, 1.67 .14 700 72.4 -5.91+22.4i +24 1 30.7 

6. 91 9. 03 7. 97 1.88 .15 71: 1 i 73. 6 , - 6. 2 ! f25. 7 
1 

+2: 51 SH 
10 7.10 i 9.10 8, 10 2. 01 .15 72. 9 ! 75. 6 i - 7. 8 i +26.1 : +2. 7 I 36. 6 
11 7.16 ' 9. 23 8 19 2. 10 I • 17 74. 6 I 77. 4 l - 8. 3 I +27. 4 i +2. 8 : 38. 5 

I ' I l I 6' I 
Mdn t ~ ~·-8~. -2 06 _.is_ ~~l-_7~:-=-~: +26~ _:_+_~ 1 _38-~ I 1117. 33 1118. 46 Jl17, 89 .16 71. 6 I 74. 2 I f i +2. 6 +33. 3 

Trne valuei1116. 09 j ' 

I Computed co-
effidentofre· I 

fraction. j 

E 
e o 
~:o 

"' ~i:S I 

"" 

'097 ' 
. 098 : 
.098 I 

.098 

. 098 : 

.097' 

.096 

096 
.006 i 
. 095 i 
. 093 ! 
. 088 

.085: 

. 081 ' 
I 

'079 ! 
. 079 i 
. 080 
.083 

'087 

" .. 
~. 
... -""' :;!~ .. .... 

. JOI 

.102 

.102 

.102 ; 

'102: 
. 101 1 

.100' 

. JOO: 

.100 I 

. 099 i 

.096 I 

.091 

.088 j 

.084 ! 

.081 I 

. 081 

.082 

.085 

.090 
. 089 .092 

. 091 • 094 

.093' .096 

.095 I .ooo, 

.096 j .100 

~0911~ 
Required by 

Table V. 
I ! 

.079 i .121' 

Oomparing the contents of Tables XIX and XX we find but little difference in the hourly 
values of resulting difference of height, the two theories giving about the same result; with 
respect to the angle of refraction, however, there is a considerable difference, the errors tn the 
angles being more equally distributed between the two stations in .Tordan's than in the Bauern
feintl's theory. We also notice a marked improvement in the diurnal variation of the coefficient 
of refraction as given in Table XX, and which compares more favorably with the res11Its m0 of Table 
V. The more important part of the theory is that involving the rate of change of temperature 
with increase of height. These results are given in Table XXI. 
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T.&.Bl.E XXI.-Rate of ehan,qe of temperature witl~ altitude for t/ie stra.t1tm of afr between Martinez 
East and Mount Diablo. 

·----··------------ - ----------·-- ----------

Mean n. Ol·•~rwd. 
('omputt-il 

iU 1"'1 
llour. Martinez M\)un.t 

-~----·-- minuR 

East. Diahlo. 111+/t'/. T1-T1 11b!"erved. 

2- SJ;- ..in. 

___ , ______ 
--~ 

A. K. 

1 -. !1231 -t. 021Q -. OOlU --t . 0014r, . IJ024 

. 0238 . 0214 12 122 - 2i 

3 . 0262 . 0207 t2 lHi - 33 

t . 0231 .OID9 w l12 - ?I 

. 023• I . 0207 l3 126 20 
6 . 0212 .0209 02 135 - 16 

1 . 0188 . 0185 1)2 151 17 

8 . 015:. . 0172 08 121 04 

9 . OJ1i3 .0180 14 Ill + 03 

JO . 0153 .0199 23 I07 ... 12 

11 . 0140 -t. 0216 88 172 - 21 

Noon.] ... 0124 '0219 48 arn t6 

P. :M. 
I 
I 

l 
I 

-. 0110 1 • 022'L 

' 
+ 56 424 J4 

2 . 0105 . 0232 64 530 Jl 

3 .oyi .0225 62 616 00 
. t)]J] . U2:l4 ti! 614 till 

i 
.0103 . 021:! :i:) 61& 07 

ti . 0116 .OHIO 3j ;')53 18 

7~ . 0138 .0179 20 4;14 23 

8 .0159 . 0186 14 374 23 

Ii . 0189 . 0200 Otl 335 "J.7 
10' . 0203 . 0208 + 02 271 25 

11.l I . 0221 . 0211 05 205 25 

Midn 1t'. -. 0218 +. 0208 -.0005 +.00178 2• 
! -·---,------------ ----

Mean -. 0170 +. 0~05 +001s +00287 -. Ol>ll 

These tabular results iire remarkable and would ,ha,·e been unexpected but for tlie large 
observed difference in the angles of refraction at the lower and upper station (as shown iu Table V). 
First, we notice that at the lower station the temperature rises (sign of n1 negatfre) with the alti
tude, which might be explained by the continued influx at a low level of cold air through the Golden 
uate and with an effect much greater during the ho.urs of night than duriug the hours of <lay light. 
A rise in temperature with rise in altitude is not noted here for the first time; in the discussion of 
the observations at the stations Kupferkuhle and Brocken, as given by Dr. Jordan, there is an 
increase of temperature with height at the earliest hour of obser,·ation (Gh 35m) in the morn
ing, and had' the observations been continued during the night the law of the diurual rnriation 
would then necessarily have given negative values of n. The same occurred in the observations 
at Bo<lega Head and Ross .Mountain, as presented by Captain B. Bartl,• who, in 1881 reviewed 
the article in the Coast Survey Report for 1876, Appendix. No. 16, containing- the discussion of the 
observations made at these stations by Assistant Davidson iu March, 1860. His results being 
supplementary to our article I transfer them to this paper. It will be seen that Captain Hartl ex
tended the comparison of mean temperatures, as observed and required, to the temperatures at each 
station, thus: let r 1 r 2 be the required or true temperature of the air immediately resting on the 
lower and upper station as derived from the inversion of the barometric formula (see values of 
~ ( r1 + T2) in column~ of Table XVUI for the case Martinez East and l\fount Diablo), wliich gfres 
r1 + r2. A value for the difference r 1-r2 is obtained by multiplying the average rate of change 
of temperature or ! (n1 + ttii) by the difference of height which give~ the total change of 
~ (n1+1~) e::. k = r1-T1 a.s found by inversion of the retraction formula (columns 2 and 3 of Table 
Xl..I for our case). Having the sum and difference the separate values r 1 and r 2 are computed. 
'l'hi8 process presupposes that the suppositions involved in the theory respecting the conflition of 

* MeteNlogiB(lhe Zeit.tchrift, April Heft, 1881; Separatabdrnck ans dew XYI B~~d;. 
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the atmosphere, and especially the law of distribution of its temperature, hold for ptirticular cases; 
comparisons therefore at many places in different climates and at difterent seasons would be most 
desirable contributions to our knowledge of hypsometry. 

TABLE XXI (b).-Rate of change of temperature with altitude/or the stratum of air between Bodega 
Head and Ross Jlounta,in, California, and comparison of observed and computed temperaturei at 
these stations. 

-----r----·,,---~: Required correc- ,1 

I Computed ,[ Observed : Observed tiou by theory. 
i minus ,,. tempera- tempera 1 

Observed 1 observ d turA at · I 
" ' e • Bodega ture , i Hour. Computed 

'II. 
. ' An Head. atRossMt., Borleita ' Ross [ 

-~---- ----!--~---!!---- _____ j Head. i?dountainl 

A.. 14. 

7 

8 

10 

11 

Noon 
P.H. 

-.0031 

-.0007 

+. 0034 

+.0036 

+. 0027 

+. 0021 

l +. 0013 

2 +. 0005 

3 +. 0008 
4 +. 0014 

5 -. oon 
I 

+. 0016 

+. 0036 
+. 0026 

+.0033 ! 
+. 0021 

+. 0007 

-. 0001 

+.0001 
-.0006 

+00-05 

+. 0024 

-. 0047 
-.0043 

+. 0008 

+.0003 
+. 0006 
+. 0()14 

+. 0014 

+. 0004 

+. 0014 

+.0009 
-. 0035 

0 o. 
+ 8.44 

10.17 
11. 56 

12. 89 

13.22 

13. 33 

13.44 

l.2. 94 
12. 33 
11. 94 

+11. 50 

oo. 
+ 7.50 

8. 00 

JO. 00 

10. 94 

12. 00 

12. 89 

-1.4 
-2.4 

-3.0 

-4.0 

--4. 5 
--4. 5 

' I 

+t4 
+0.2 

-3.~ 

--4. 2 

-4.9 
-S.3 

13. 50 -5. 1 -S. 9 

12. 89 --5. 0 -5. 2 

12. 67 -4. 4 -5. 2 
11.67 -4.4 

+10.06~ -1.6 
- -· -· - . 

It is to be regretted that this series comprises only daylight obervations, but apparently the 
diurnal law in the mean value n for these stations also points to negative values <luring the hours 
of the night. 

We next observe the largeness of the individual values n1 and n., and the comparative small-

ness of the mean a.mount or 11:1..~- in conformity with the small observed values '!;i_ hT2
• The rate 

2 . 6 
of decrease of temperature with increase of altitude is usually taken aR 0°.60 C. per 100 meters; the 
Martinez East aml Mount Diablo observations yield only 0°.29 C., though in the diurnal variation 
the value 0°.62 is reachetl, in maxirno, at 5 p. in. 

Table XXII contains the apparent corrections required by the observed temperatures at Mar· 
tinez Eallt and at Mount Diablo as demanded by theory and depending ou a combination of the 
observed ditte.rence of height by Spirit-level, of the observed zenith distances, and of the obser-rnd 
a tmosphe1 ic pressures. 
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TABLE XXII.-Compari.~on of deduced and obseri~ed temperatures of the afr at the observing stations 
Martinez East and 1lfount JJiablo. 

Observe<\ tempera· : Diiferpnce or apparent 
ture8. Required temperatures. ' correction. 

: Hour. ---~--- -- ------- --

Ti '~2 
Martinez Mount n T1 n-T1 T2-T~ 

East. Diablo. 
-------- ----- --------

A. M. o G. o G. 

+ 7. 86 + 6.24 + 9. 44 + 10.56 + 1. 58 + 4.32 
7. 62 6. 26 9. 48 10. 82 + 1.86 + 4.56 

7. 40 6. ·11 : 9. 02 11.~ + 1.62 + 5.31 
4 7. 21 5. 96 9. 50 11. 30 + 2. 29 -+· 5. a4 

1:21 5. 80 9. 06 10. 5~ + 1.8~ + 4.7~ 
7. G:l 6. (12 9. 07 9. 2\l +1.r..i + 3. 27 

8. 78 7. 09 8. 94 9. 16 + 0.16 -+- 2. 07 
9. 78 8. 43 9. 74 8.8G -0.04 ·+ 0.4~\ 

10. 80 9. 56 10. :l2 8. 76 - 0. 48 - 0.80 

10 11. 91 10. 72 11. 42 8. 84 - 0.49 -1.88 
11 13. 25 11. &'! 12. 95 B. 71 - 0.30 - 2.62 

Noon 14. :J3 J_O. 80 14. 03 8. 67 - O.oO - 2.rn 
P. M. 

1 15. 43 10. 70 14. 06 7.82 -- 1. 37 - 2.8~ 

16. 33 10. 42 ! 15. 17 8. 03 -1.Jli - 2.39 
3 17. 03 JO. l6 15. 66 8. 74 - I.37 - 1.42 

4 16. 60 9. 75 15. 84 9. 02 - 0 76 - 0.73 

15. 49 8. 58 15. 08 8. 94 - 0.41 + 0.36 

13. 81 7. 64 13. 78 9. 64 - 0.03 + 2.00 
11. 78 6. 93 12. 72 10. 50 + 0.94 + 3.r)7 

10. 79 6. 61 12. 69 11. 13 + 1.90 + 4.52 
10.18 6. 44 11. 84 11.18 + 1.66 + 4.74 

10 9. 31 6. 28 10. 84 10. 62 + 1.53 + 4.3{ 

11 8. 70 6.41 9. 96 I 10. 52 + I.26 + 4.11 
I 
l Midn~t 8. 36 i 6. 37 10. 28 10. 84 + 1.92 + 4.47 
I -- -----~-~~------

Tl.tese apparent corrections compare favorably in sign and magnitude with similar quanti
ties deduced from observations at stations Kupferkuhle-Brocken (6h=!l70.92 meters), as cited hy 
Dr .• Jordan, arnl with tlte results at stations Bodega Head-Hoss Mountain, California (Glt=598.74 
meters.) 

The observations made by Assistant G. Davidson at Jackson Butte-Round Top, Califomia, of 
September and October, 1879, will be presented and- discussed as soon as the required spirit-levels 
have been executetl, and it is intended to utilize the results of these researches for the computa
tion of the heights of the trigonometrical stations in this part of California. 

In the present paper the mean results only were brought out and submitted to analysis, but 
should it become desirable to work up the individual observations, au<l scrutinize the results <lay 
by <lay the meteorological conditions re(1uire to be fully known, and for this purpose the following 
table of the direction and force of the wind and other information relating to the state of the sky 
have been appended. Some of .the leading results are shown graphically on the accompanying 
plate. (Illustration No. 33.] 

S. Ex. 29--40 
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TABLE XXIII.-Observations of the direction and force of the wind and state of the sky at Martinez 
East, California, ~Marek anti April 1880. 

Abbreviations used.-Wind: 0, calm ; 1. very lig-ht: 2, moderah•; 3, strong: Y, variable; s<1 1 squally. 8ky: e, clear; h, haze; s, smoky; f, fog ; 
clds, clouds; cldy, cloudy; '" rain. A rluplication of a Jetter indicates an intensified state. 

i Bour. : March 21. 

.A.M. 

N.KW.1 

h 
W.N.W.1 

h 

Noon~' W.N.W.1 

l'.M. 

W.N.W.1 

W. :N. W.1 

h 

W.l 

W.2 

W.2 

W.2 

W.2 
c 

W.N.W.2 

W.N.W.2 

Murch 22. 

N.W.l 

W.N.W.l 

W" 

W.2 

W.2 

h 
W.2 

W.N.W.2 
hs 

W.N.W.2 

h" 

W.N.W.1 

h s 
W.N.W.l 

h. 

W.N.W.1 
bs 

W.N.W.l 

S.E.1 

h 
N.W.1 

h 
W.N.W.2 

8 

W.N.W.2 
h 

March 23 . 

W.N.W.1 

b 

W.N.W.l 

W.1 

b 

W.N.W.1 

N.W.2 
j 

N.W.l 
clds 
Y.1 

cld• 

N.W.3 

cld• 
W.byN.2 

cldy 

W.byN.2 

cldy 
W.byN.3 ! 

cldy 
W.11) N.2 

cldy 

W.byN.2 

W.byN.3 

clds 

N.W.3 
clds 

N.W.2 

cld• 

W.2 

W.N.W.l 

clds 

S.W.2 

S.W.3 
sq 

S.W.B 
clds 

S.W.l 
cldy 

S.W.1 

S.W:2 
b 

N.W.2 

clds 
N.W.2 

cldy 
W.1 

ci<ly 
w.s.w.1 

cldy 

S.W.1 

cl de 

S.W.hyW.l 
cldy 

S. W.l 

cl<ly 

W.S.W.2 

cl<ly, 

W.S.W.2 
clds 

S.byE.l 

S. byE.1 

clds 

W.1 
clds 

S. l 
clds 

S. l 
clds 

S. l 
clds 
S. l 

S. hyE.1 
clds 

S. hy E. 3 
cldy 

S. by E.2 
clils 

S.S.E.3 
~dy 

March 28. 

W.2 
c 

W.S.W.3 

cld~ 

W.S.W.3 
cl<lo 

W.S.W.3 
clds 

W.S.W.3 
clds 

S. W.1 
clds 

S.W.l 

cld3 

S.W.1 
cld8 

s. 
cld.f 

S.S.Wl 

cldy 

S.W.1 

clds 

S.W.1 
cllls 

W.N.W.2 
clds 

W.N.W.2 
clds 

W.N.W.2 
clds 

W.N.W.2 
clds 
W.2 
cl<lo 

W.2 
clds 

W.2 

W.2 

W.N.W.1 
c 

W.byN.2 

N.W.1 

0 

li.W.l 

N.W.1 
0 
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TABLE XXIII.-Observation.~ of the direction arul force of the 1cind, t{·c.-Continued . 

Hour. Ma1·cl1 30. 

N.W.1 

c 

N. W.1 
c 

N.W.1 
c 

N.W.1 

c 
N. W.1 

c 
N.W.l 

c 
N.W.1 

c 

N.W.l 

-c 
N. W.1 

c 

N.W.1 

c 
N.W.l , 

c 

N.1 

c 

N.1 

N.W.1 

N.W.1 

W.N.W.2 

W.2 

W.1 

cld• 
W.l 
cl do 

W.by S.1 

W. byS.2 
dds 

S.W.2 

clds 
·N.2 
olds 

W.l 
cldy 

March 31. 

W. b~· S.2 

cldy 

w.s.w.i. 
chh 

S.W.1 
cldy 

S. W.1 
cldy 
S.1 

S. by E.1 

cldy 
S. l>y E.l 

cldy 
S. W.1 

cldy 
N.E.1 
cldy 

N.E.1 
cldy 
N.E.1 

cldy 

N. E. l 

cldy 

N.l>yE.l 
cldy 

N.by E.l 

r 

S. E.l 

r 

S.E. l 

cldy 
0 

cldy 

.April 6. 

W.1 
cldy 

W.2 
cldy 
W.2 
cldy 

W.2 
cldy 

.Apl'il 7. 

w.1 
clds 

N.W.I 

cltls 

W.hyN.l 
c 

N.W.l 

N.N.W.1 
clds 

N.W.l 

chi• 
N.W.l 

cl<ls 
N.W.l 

cltts 
W.N.W.1 

chi~· 

S.1 
clds 

N.W.1 
clds 

W.l 

cl de 
W.I 

cltl• 

W.l 

c!d~ 

April 8 . 

\\·. 1 

W.1 
c 

S.1 

N.1 

N.1 
c 

N .. E.I 

ff 

N.E.1 

f 

E.N.E.l 
f 

E.N.E.1 

h 

E. N. :E.1 

h 

N.N.E.l 

clcls 
N.E.1 

clds 
N.E.1 

cldo 

N.E.1 

clds 
N.E.1 

clds 
0 

elds 

chis 

0 

c 
N.W.l 

c 

N.N.W.l 

c 
N.N.W.I 

N. W.byN.1 

cld~· 

April D. 

N. "'. l 
cJdR 

N.W.1 
rhly 

N.W,l 

cldy 

N.W.l 

ddy 

N.W.1 

w.s.w.1 

N.W.l 

N.W.l 

N.W.1 
rr 

S.1 

rr 

s. };. 

N.E.1 

r 

April 10. 

N.N. W.2 

chl~ 

N.W.l 

cJriH 
N. \\•.1 

dtl~ 

N. \V. l 
ddR 

N.W.l 

clds 

x.·w.1 
cl<ls 

N.W.1 

clds 

N.W.1 
clds 

N.W.1 

clds 
W.S.W.1 

cldy 
W.S.W.1 

cldy 
W.S.W.l 

cldy 
W.1 

c!tls 

S. t 

c 

s.w.1 
c 

W.1 

c 
0 

c 

s. E.1 • 
clds 

·------·-·-·------- . --~- ·~- -· ·-- - -----~ 
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TAilLE XXIII.-Observations of the direction and foree of the wind, d.;c.-Contiuned . 
• 

Hour. April 11. 

A.M. 

S.! 

clds 
S.E.1 

chip, 

S. E. l 
cltls 
S.l 

cl!ls 
W.1 
clds 
W.l 

clds 
s.w.1 

cld• 
N.1 
olds 
W.l 

clds 

S N.W.byW.l 
10 l clds 

j W.byN.l 
11 

( clds 

Noons w.s. w.1 
t clda 

P.Jl, 

S W.2 
1 l cldo 

S W.2 
2 l clda 

5 s.w.2 
3 

( clds 

SI s. W.2 4 ll clds 

5 
S 

11 

W.S. W.2 
( clds 

611' 
7 t 
8 ~ 

W.2 
clds 

w.2 
clds 

April 12. 

W.byS.1 

clds 
W. by S.1 

cld• 

S.W.1 
cldy 

W. byS.l 

cldy 
W.byS.l 

cldy 
S.W.l 

olds 
w.s.w.1 

clds 

W.N.W.1 
clds 

S. W.2 

clds 

W.S.W.2 
clds 

W.S.W.2 

clds 
W.3 
clds 

W.S.W.2 
clda 
W.2 

r 
W.N.W.2 

r 
W.S.W.2 

r 
w. 

w. 

W.byN.2 

clda 
O 5 W.2 W.2 

( clds clds 

10 {- w.s~ w.1 w;;2 

11 5 1,

1 

W. S. W. l W. N. W. 2 
t c clds 

April 13. 

W.2 

clds 
W. byN.1 

elci~ 

W.l 

clds 

s. w.1 
clds 
W.l 

clds 

W.l 

W.l 

W.2 

w. by s.2 
clds 

W.2 
r 

W.N.W.2 

r 

W.N.W.2 

r 

W.2 

W.2 

W.2 

W.2 
clds 
W.2 
C!ds 

W.N.W.2 
clds 

W.S.W.l 

clds 

W.1 
clds 

W.by S.l 

clds 

April 17. 

W.N.W.2 

cld• 
W.2 
clds 

N.W.2 

clds 
N.W.2 

clds 

W.byS.3 

r 
W.3 

r 
w.by s.a 

olds 
W.3 
olds 

April 18. 

W.N.W.1 

clds 

W.byN.l 

W.byN.1 
clds 

N.W.1 

N.W.l 

N.N.W.1 
olds 

W.1 
clds 

W.byS.l 

cldR 
W.byS.1 

clds 
W.1 

clds 
W.S.W.l 

clds 

W.l 
cldy 
W.1 
eldo 

W.S.W.l 
c 

w.s.w.1 
c!ds 
S. l 

S. l 

IMdn't 5 \ W. S. W. 1 W. 2 K W.1 
t c c cld• 

~ __ _J _____________ ----. ----- .. ________ ! _____ ~--

Aprll 19. 

S. I 

h 
S.1 

cl de 

S.1 

cldy 

S.I 

cldy 
S.S.E.2 

c!ds 
,;.s.E. l 

r 

8.S.E.1 

N.l 

cl de 

N.N.W.l 

clds 

N.W.l 

N.W.1 
cl de 

N.W.2 

N.W.l 

W.N.W.l 

cl de 
W.N.W.l 

c 
W.N.W.l 

c 
N.W.1 

c 

W.N.W.l 
ti 

0 

c 
0 
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TABLE XXIII.-Observations of the direction and force of the wind, &c.-Conti11 nl'd. 
• 

Hour.: April 24. April 25. April 26. April '!:I. April 28. April 29. 

'-------- --·- --~-----~----- ---- ·~--- i --- -------

A.lf. 

{ 0 s.! 8.1 N.W.1 X.W.2 N.W.l 
c clds h f f 

{ 0 W.l S.W.! N.W.l N.W.2 N.W.1 
c cld• h f 

5 N.l S. by E. l S. l 0 N.W.2 N.W.1 
3 

I c clds h f ff 

~ 
W.S.W.l W.l S.W.2 S.W.1 N.W.l 

4 c clds f f f 

t W.2 W.S.W.l 0 
5 c clds f f f c 

t 0 W.l W.1 N.W.l N. W.l 
6 c f f h f f 

r 0 N.W.l W.l 0 N.N.W.2 N.W. l 
7 c f f h h 

~ i 0 W.l W.l N.W.l N.W.2 N.W.1 
8 c clds f f f h 

{1 
N.N.W.1 W.S.W.1 N.N.W.l 1'i.N.W.2 K.W.1 N.W.l 

9 h h f hh h 

~ 
W.l W.by S.l 1 N. W.by N.l N.W.1 N.W.1 K. W.l 

10 h h h hh h ,--·---· 

t N.1 W.N.W.l N.W.l N.W.l N.W.l N.W.~ 
11 hh h hit 11 

Noonf N.W.l W.N.W.l N.W.l N.W.l N.W.1 N.W.2 
h hit It h h 

ll.M. 

{ N.W.1 W.S.W.l N.N.W.l N.W.l N.W.1 
1 clds clds h c ff 

{ N.W.1 W.byS.l N.N.Wl N.W.2 N.W.1 N.W.2 
2 clds cMs cldy c 

{' W.l W.S.W.2 W.N.W. N.W.2 N.W.l N.W.2 
3 olds hh cc cldy 

~ 
W.N.W.l N.W.2 W.N.W.l N.W.2 N.W.l N.W.2 

4 clds clds r.c cldy 

~ 
N.W.1 W.1 W.N.W.2 N.W.2 N.W.2 

h cldy 

l N.W.2 W.l W.2 N.W.2 W.1 N.W.2 
clds c 0 cc cldy 

i N.W.l W.1 • W. l N.W.byW.1 N.W.2 W.2 
7 h h clds c ,. 

~ 
N.W.l W.l W.1 N.W.2 N.W.2 . w .1 

8 
h 

, 
c ' c c 

{ S. l N.W.l N.W.2 N.W.2 
9 

h h c c c 

10 { N.W.l S.l N.W.l N.W.2 

c a h 

1, 11 l w.1 S. l N.W.l N.W.2 N.W.l 

c c c 

IMdn't{ 
S.1 W.2 N.W.1 N.W.2 N.W.l 

hh c h i 
' • I ----------
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TABLE XXIV.-Observations of the direction and forctJ of the wind and state of the sky at Mount 
Diablo, Californ1:a, Marclt a1id April, 1880. 

Abb-revi.at'i-o-ns 1ured.-Wind: O. calm; l, very light; 2, moderate; 3, fresh; 4, strong; 0, very strong; 61 g-ale. Sky: c 1 clear; h, hazy; m, 
misty : £,fog; clds, clouds; cldy, cloudy ; r, rain ; a, sleet; bl, bail; an, snow. l)nplication of Jetter indicates intensified state . 

Hour,; March 21. 

W.N.W.2 
c 

W.N.W.2 

c 
0 

0 

h 

0 
h 
0 

h 
0 

h 

N.N.W.1 

N.W.2 
clds 

N.2 
c 

March 22. 

c 

f 

f 

c 

0 

c 

0 

c 

S.1 

s. 1 

S.2 

S.3 

s. 2 

S.2 

.. 
March 23. March 26. I March27. 

----------------- -1-----------

S.2 

c 

f 

f 

S.2 

cld• 

f 

S.3 

f 

f 

f 
S.3 
f. 

8.3 

8.3 
f 

I f 

I
' ! Enveloped in j 
iJ fug cl-1 

clds and f 

f 

clds 

clds 

cld• 

N.W.3 
cldy 

f 

S.W.3 
m 

( 

S. W.3 
f 

S.W.3 
clds 

olds 

S,W,2 

m 

cl de. 

clds. 
clds. 
clds. 

s. 
Heavy 

rain 

wind 

and 

snow 

storm 

oet 

in 

which 

lasted 

till 

March 

the 

twenty. 

eighth. 

preventing 

the 

seeing 

of 

March 28. 

Martinez 

East 

until 

after 

eleven 

o'cfock 

March 

twenty 

eighth. 

S.W.2 
cldy 

w.s. w.2 
cldy 

w.s.w.2 

f and clds 

March 29. 

Fog 

and 

snow 

up 

to six. 

cldy 

0 

cldy 
S.W.l 

•n 

W.S.W.1 

clds 

•n 
S.W.1 

cldy 
S.W.1 
cldy 

clds 

N.W.3 
rand clds 

clds 

W.l 
clds 

clda 

cl de 
S.W.l 

f 

clda 
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TABLE XXIV.-Observations of the direction and force of the wiad, d:c.-Continued. 

1

\-Hourl. March 30. :March 31. 1_ .April_6_"__ _ April 7. April 8. April 9. April Ill. 
[ __ ! ----- ~-~---· ----·~--. 

- I 

I 

A.M. I 

I 

l! 
N.W.2 S.W.3 S.2 

1 c cldy c 

2 { " 
i 

I S.3 
3 I cl<ls c ······-· I -~ -. . .. 

l S.W.byW.3 f S.3 
4 cldy and f 

I 5 { 
s I W. byS.1 

6 f l 
I 7 

8 9 -

9 {i clds 

10 {Ii elds f 

{! S.S.E.3 S.4 
11 c clds f 

Noon{; 
S.4 S. to W. l 

clds 

P.11. i r 0 w.1 S.S.E.l s.w.~ 

f h hh 

{I S.1 
2 clda clds 

{I lU S.3 
3 clds hh 

{I N.1 S.E.1 

I 4 h h clds 

f N.W.l I Storming 
5 

!' 
hh I W.1 hanl 

6 clds 

I 
i' 

S. W.l S.8.E.1 at S.W.3 
7 clds cldy 

l S. W.3 W.byN.1 dark S.W.3 
8 c 

I 
c 

~ 
S.W.3 on W.3 

I 

9 I c 

10 s. w.s S.S.E.2 I April 

11 S. W.3 the 

IJtlidn't S. W.3 S.E.l S.3 ninth. W.3 
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TABLE XXIV.-Observation of the direction and force of tke wind, &;c.-Continued. 
--- -------------·--

Hour.! April 11. April 12. April 13. April 17. A1iril 18. April.19. April 23. 
---, ----------- -, ------ ----·-- ------ -------·- -·-- ------···---·-1-------,1----------: 

A.M. 

2 
~I 

I 

3 

4 { 

5 l 
6 { 

7 ~. 
I 

9 {I 
10 . 

11 ~ 
Noon{ 

l'.M. 

r 
{ 
{ 
{ 

5 ~ 
~ 

10 

I 11 { 

l
1
Mdn·{ 

N.W.1 Since. i Observations. 1 
c clds 

last 
observati::m 

0 at 
c f 

2p.m. 

yesterday 

N.W.1 Martinez 
cldy 

has been 

W.3 shut oft' 

c 
by fog and 

N.W.3 by rain 

cldy 
and 

f 

N.W.3 snow 

c cldy 
storms. 

f 
W.byS 

clds m 

clds f 

f clds 

f 

f 

f 

(*) 

W.byN 
clds; 

N.W.1 
f 

sn 

bl.&sn 

clds 

N.W.2 
cldst 

f 

cldy 

W.byS.3 
c 

I 
S.W.2 

I 
I 
I 

I cldy 
I 

I 
I 

I 
I 
I 
I 

I 
I 

·I I 
! 
I 
I 

. I 

*It has been storming hard since the lallt observation on the 13th, wind from S. E. to s. w. 
t About 5 inches of Rnow on Mount Dlab\o. 
; Snow 4 inches deep, and extends over two-thirds of the way down the mountain. 

have 

been 
prevented 

since 

7 a.m 

yesterday 

by 
snow and 

rain 
storms. 

N.E.2 
() 

N.3 
c 
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TABLE XXIV.-Observations of the direction and force of the wind, &;c.-Continued. 

Hour., .Aprll 2'. April 25 . April 26. .April 27. April 28 • .April 29. 

A.H. 

1 {/ 
N.E.3 N.3 E.S.E.1 

hh h h 

2 li 
W,2 

f h, eld• 

3 { 
N.6 N.W.2 

h,clds f 

. l f f 

6 {I >r. 2 N.E.l 
clds f f cld• 

6 { ! clds f f h I N.2 N.N.E.2 
7 {1 c cldl f f 

8 { 
N.3 

f elds olds f 

g t cl de cldy 

10 { 
N.E.l 

clds hh 

11 l f 

Noonl 
0 

clds hh 
P. ll 

1 0 0 

2 N.1 

8 l h hh h 

' { N.1 
hh h 

6 I N.B 0 

hh hh h h 

6 { 
N.B 

h h h 

7 { 
W.N.W.3 N.3 

c 
8 
9 ........... 

10 { 
0 
0 

11 
lCdn't S.E.l 

S. Ex. 29--41 
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COMPUTING DIVISION, COAST AND GEODETIC SURVEY OFFICE, 
May 6, 1884. 

DEAR SIR: Towards the end of March, 1881, Mr. Carlile P. Patterson, then Superintend
ent of the United States Coast and Geodetic Survey, was invite<l to aid and co-operate in the 
researches proposed by the International Polar Commission, which held its second session at 
Bern, Switzerland, in August, 1880, H. Wild, president. General W. B. Hazen, Chief of the 
United States Signal Corps, U. S. A., having notified the Commission that the United States 
would take part in the undertaking, caused two expeditions to be fitted out, one to proceed to 
Point Barrow, Alaska, the other to Lady Franklin Bay, Grinnell Land. The Coast and Geodetic 
Survey was to co-operate in the magnetic work which these parties were to execute by furnishing 
such magnetic and other instruments as were then available, and by instructing three or four 
observers of the Signal Corps in their use, besides bearing a part of the expense of the first
named expedition, the second expedition having been provided for by special appropriation of 
Congress. 

p ART J.-lNTRODUCTION. 

It was not until near the close of April that these preliminary arrangements were concluded 
and it was well understood, in consequence of the want of suitable magnetic instruments, and in 
particular of differential instruments, and owing to the fac' that no trained scientific observers 
were at the time available, that the Coast and Geodetic Survey could not then follow the minute 
instructions which had been prepared for the guidance of the various expeditions which were to 
take part in the work of the Commission. In the words of the Superintendent, we were simply to 
do for terrestrial magnetism the best that was possible at the time. For the first year at Point 
Barrow, and during the entire absence of the other expedition, the a8sistance of the Survey was 
more incidental than fully co-operative, but this condition was considerably improved in the second 
year at Point Barrow, when we were able to send a set of differential instruments with a newly 
instructed observer. In the summer of 1883 a special observer was sent in charge of pendulum 
work, and particularly to verify the magnetic work as well as to redetermine the geographical 
position and the true meridian or azimuth, but unfortunately he was unable to accomplish any
thing in consequence of the continued rain, fog, or cloudiness of the sky during the few days he 
could stay at the place, the state of the ice and the damaged condition of the vessel demanding a 
speedy embarkation of the whole party. 

That under these circumstances the magnetic work should fall somewhat short of the accuracy 
which the Commission had desired it should possess is not surprising; indeed, the Polar Conference 
found afterwards that so far as the first ~·ear's magnetic work was concerned it appeared to have 
been undertaken rather prematurely, inasmuch as it coulfl not be supposed that differential 
instruments of a particular description were ready at band, nor was there sufficient time to procure 
them. Disclaiming therefore such close co-operation as would have been desirable but which was 
impossible under the circumstances, the records and results herewith presented are the outcome 
of faithful labor, and are believed to .be an acceptable contribution to our knowledge of magnetism 
in high latitudes, and it is thought that in the second year, at least, these records will prove t-0 
be a valuable part of the material accumulated by the several expeditions. 

Later on, in full co-operation with the work undertaken by the International Polar Commis· 
sion, the Coast and Geodetic Survey established at Los Angeles, Cal., a magnetic observatory and 
equipped it with a set of Adie's self-recording magnetometers of the Kew pattern. In the spring 
of 1~82 the adobe building had been constructed by Assistant J. S. Lawson, and in July following 
the instruments were mounted and the photographic process was arranged by Mr. W. Suess, 
mechanician Coast and Geodetic Survey. The observatory was ti.Jen permanently turned over to 
the charge of Mr. Marcus Baker, Coast and Geodetic Survey, under whose direction the absolnte 
and differential measures have been made unintE.>rruptedly from about the end of September, 1882, 
to the present time, and it is the intention to continue the work for some years. . 

In May, 1881, Mr. J. B. Baylor, and, in June following, Mr. M. Baker, of the Geodetic and 
Coast· Survey, were detailed to instruct, at Washington, Sergeant:.B E. Israel, J. Cassidy, J. 
Murdoch, and M. Smith, Signal Corps, United St~tes Army, in the use of the se.xtant and the 
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altazimuth for the determination of time, latitude, longitude, and azimuth, and iu tile requisite 
computations; they were likewise instructed in the use of those magnetic instruments which they 
were to take with them. Mr. A. 0. Dark was instructed at San Francisco in astronomical 
observations by Sub-assistant J. F. Pratt, Coast and Geodetic Survey. "'With tile exception of 
Sergeant Israel, who proceeded to Lady Franklin Hay, the above-named observers formed part of 
tLe personnel of the Point Barrow party. These observers made the best use of the short time 
available for their instruction. 

In May, 18821 J. Palmarts and Sergt. J. E . .Maxfield, Signal Corps, United States Arm~-, 
received instructions from Mr. Baker in the use of the sextant aud the theodolite, and iu June 
they practiced under Assistant Eimbeck, Coast and Geodetic Survey, with the Brooke differential 
instruments, which left the office for Point Barrow J nne 14, 1882. 

The following instructions to the parties were drawn up (June 9, 1881) by the writer, under 
direction of Superintendent C. P. Patterson: 

"INSTRUCTIONS .AND NOTES FOR '.I.'HE GUIDANCE OF THE OBSERVERS TO BE STATIONED AT 

POINT BARROW, ALASKA, AND AT LADY FRANKLIN BAY, NORTH OF SMITH SOUND, ARC'l'IC 

OCEAN. 

"As soon as the quarters of the expedition lta\'e been fixed upon, a magnetic house will be 
erected, in which the regular magnetic observations, as described below, will be matle; other obser
vations will be made when on boat or sledge trips. 

"Instruments.-For the use of the magnatic observatory there will be pro,·idad a magnetometer 
for absolute and differential declination and for horizontal magnetic intensit~·, to be permanently 
mounted on a stone pier. In connection with this instrument a meridian or azimuth mark will be 
established a short distance off the observatory and visible from it through an opening in its wall. 
The astronomical Liearing of this mark will be carefully determined by means of an altazimuth 
instrument and solar observations. In the same house, but on a separate pier, will be mounted a 
Kew dip circle, and in the case of Point Barrow a third instrument, a bifilar magnetometer, will 
also be permanently mounted on its pier. At Point Barrow the magnetometer (or unifilar) and 
the bifilar instruments will be mounted in the magnetic meridian and at a distance apart not less 
than 12 feet, and the dip circle will be mounted equidistant from these instruments, forming an 
equilateral triangle. At Lady Franklin Bay the two instruments will be mounted in the plane 
of the magnetic prime vertical and not less than 12 feet apart. No iron is to he used in the con
struction of these buildings, and they should not be nearer than 50 yards to any other bnildiug, or 
double that distance to any large mass of iron. Special reading lamps (of copper) must be 
provided for use with the instruments, aud they must be tested to make sure that they do not 
affect the position of the magnets. The use of candles, stuck in wooden blocks, is preferable to 
lamps. 

"When on boat or sledge journeys the party will carry a chronometer, a small altazimuth 
instrument, with circles of about 3 inches diameter (as constructed by Fauth & Co., of Washing
ton, or Casella, of London), provided with a magnetic needle or compass mounted over its vertical 
axis, and a dip circle. 

"Observations at the permanent station.-Hourly observations will be made for declination and 
diurnal variation with the magnetometer on three consecutive da~-s about the middle of each 
month; besides these observations, extending over seventy-two hours, there will be made at any 
convenient intermediate time each day (of the three) one set of d~flections, followed immediately 
by a set of oscillations for the determination of the horizontal intensity. At Point Barrow the 
bifilar will be read immediately after the unifilar. There will also be made at any intermediate 
time each day (of the three) a set of dip observations. In connection with the declination, the 
mark will be read ohce each day (unless the instrument should accidentally be disturbed), but it 
suffices to determine the magnetic axis of the declination magnet on one of three days. The 
instrumental constants of the magnetometer will be determined before leaving Washington, and 
the observer will use the Coast and Geodetic Survey magnetic blank forms for their records, or in 
case no special forms are provided they will use small (octavo) note-books; they will also compute, 
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a~ soon as the observations are completed each month, the magnetic mean declination, diurnal 
range, and turning honrs, also the horizontal force in absolute measure (English units) and the 
dip, tabulating the results for each day. 

"Extra obsenations on other than the three days about the middle of each month will be made 
during all occurrences of auroral displays, but as they are likely to be very numerous at Point 
Barrow, observers there may confine their extra obserrntions to the more conspicuous displays 
ouly. On these occasions the declinometer (and the bifilar) at Point Barrow will be read every 
ten minutes, or oftener or less often, as the state of the needle may appear to G.emaud, the object 
being to ascertain the relation and establish a connection between the appear..ince of the aurora and 
the motion of the magnetic needle. 

"When landing, on a boat journey or duriug a sledge journey, at suitable stations (not less than 
10 or 15 miles apart), the time, latitude, and azimuth will be determined by the altazimuth instru~ 
ment, and the declination b,Y the same instrumeut (the hour and minute of the observation is to be 
noted in order that the diurnal variation may be allowed for); the dip will also be observed, and, in 
case time is pressing, reversal of circle, reversal of face of needle, and reversal of polarity of needle 
may be dispensed with, but the needed corrections to the result from the single position of the 
instrument must be ascertained at the permanent station. Observations of deflections with mag
netic needle (and with weights) will be made with the dip circle as arranged for relative and abso· 
lute total force, the data for the latter to be supplied at the permanent station. 

"It is highly desirable, especially in the case of the Lady Franklin Bay party, that 'all stations 
within reach and formerly occupied by other parties for magnetic purposes be revisited in order 
to furnish material from which to deduce the secular change during the interval ; besides, all 
opportunities shoukl be taken when landing on the way np to secure observations for declination, 
dip, and intensity; the latter best by oscillations of the intensity magnet. The winter quarters 
of the late English expedition should be connected magnetically with the present quarters. 

"All magnetic observations U'ill be made on Gottingen time, as provided for by the Hamburg 
Conference.• 

".All magnetic work will be kept strictly in conformity with "Notes on measurements of 
terrestrial magnetism," United Slates Coast Survey, Washington, D. 0., 1877,f and other records 
in connection therewith should be equally clear and complete, and all computations should be 
made by the observer in separate books. Duplicates of all records will be made, compared with 
the original, and the latter returned annually,t if practicable, to the Superintendent of the Coast 
and Geodetic Stu,·ey, "\Yashington, D. 0. The observers should also provide themselves with 
copies of the 'AdmiraUr Manual of Scientific Enquirj·,' the '.Arctic Manual and Instructions, 
1875,' and 'Aurorre, their Character and Spectra, by J. R. Capron, 1880;' also ,with 'Terrestrial 
and Cosmical Magnetism, by E. Walker, 1866,' and any other work they may require for their 
information." 

Besides the above paper, which is printed pages 12-14 in" Instructions No. 72, War Depart· 
ment, Office of the Chief Signal Officer, Washington, D. C., June 17, 1881," the parties received 
additional instructions, headed "(2) Obligatory obsermtions in the domain of terrestrial magnet
ism," and "(3) Elective observations," contained in the same order. .Among these optional obser
vations are mentioned observations of tides and of earth currents ; for both of these phenomena 
returns were made. 

The Point Barrow party was also pro>ided with a plan of the magnetic house, and received 
the following note respecting the adjustment of the bifilar magnetometer, which bad been hastily 
constructed from some remains of an older instrument. 

"The portable bifilar magnetometer.-This instrument was reconstructed from such parts as 
could be found from an old instrument. .A collimator magnet was provided, also a new bitilar 
suspension, adjustable by means of a right an<l left handed screw in the place of a disk, as 
originally supplied ; the projecting arms, indicating that the instrument had been arra.ngej} tor 
an induction inclinometer, were removed. 

•This sentence I find added to original report. 
t A new edition, the third, ha& since appeared in Appendix No. 81 Coll8t and Geodetic Survey Report for 1881. 
t It was then supposed that the parties would remain out for three yea.rs. 
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"It is to be used differentially, or for variations only of the horizontal component of the mag
netic force. The in11trument is to be adjuste<l with the axis of the collima.tor magnet in the 
magnetic prime-vertical, and the Yariations of the horizontal force are obserrnd uy readings of the 
scale. 

"If H =horizontal magnetic force, 6H=variation of the same, V=augle of twist in the uifilar ' 
suspension (11sually between 400 and 70°), 6 V= variation of this angle (expressed in iiarts of 
radius), then 

uH ::;COt vL.v 
H 

JuJ\e; l3,IR8t 

~---+i~--~--::~-"""I...,;.,,;,.,,,. 
wvc.iaaZ.. 

''If' no= reading of the scale of any fixed part-s11y of the magnetic axis of the collimator, n= 
any reading at another time, a=value of one division of the scale in parts of radius (or angular 
value in minutes time11 .000291) then 

Lv=(n-nq)a 

"To correct for changes in the value of .6HH for change of temperature of magnet, let. q= 

change of magnetic moment of magnet corresponding to a change of 1°·Fah., we have then the 
correction q (t-t0) where t0=normal temperature adopted and t=any other temperature. The 
value of q may be found by a series of observations of oscillations at high aud low temperatures, 
the magnet being suspended as in the unifilar magnetometer. Putting 7. =a cot v we ham 

6H H=k (n-no)+q (t-t0) 

"The value of k may be about .00025 and it should be so arranged, by varying the distance of the 
threads that the least integer reading of the scale should indicate about 1-Joo to nho part of the 
horizontal force. The observed variatfon in the horizontal component of the magnetic force will 
be true only in case the magnetic moment of the suspended magnet remains unchanged during 
the time of observations, but as every magnet gradually loses magnetism a further correction for 
loss of magnetic moment is needed; this may be determined by comparing differences of values 
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of horizontal force as determined by means of the unifilar magnetometer at certain times (and after 
long intervals) with a series of corresponding readings of the differential instrument. The mag
net being an old one, it seems best to examine and readjust the bifilar at the end of ea'ch year or 
sooner 'in case of necessity. 

"The north end of the magnet may be turned either to the right or left of the meridian, but it 
will be desirable to choose that side which will make increasing horizontal force correspond to in· 
creasing scale readings. 

"The principal adjustments of the instrument may be summed up as follows: 
"Level; suspend magnet as unifilar; focus telescope; place scale horizontal and adjust light 

for distinct vision; take torsion out of suspension; put plane of detorsion in magnetic meridian; 
determine axis of collimator; determine scale value or value of one division in minutes of arc; point 
on axis and note corresponding scale reading of magnetic meridian; take off unifilar and substi· 
tute bifilar tube; place plane of bifilar suspension in magnetic meridian ; point on axis and read 
torsion circle; test this by turning telescope 1soo in azimuth and bringing the magnet in the 
reversed position, north end to the south, and read torsion scale; if it reads as before the plane of 
threads was truly in the magnetic meridian; repeat adjustment if necessary; turn telescope 900 or 
into the magnetic prime-vertical, and turn in the same direction, the torsion circle until the axis of 
the collimator appears pointed in telescope; read the torsion circle, it will be 9oo+v from the merid
ian value; compute the value of k and alter the distance of threads by turning the screw until a 
satisfactory value for k is found. 

"The observers will remember that at Point Barrow the horizontal force is about one-half of 
what it is at Washington. They may also consult Lloyd's Treatise on Magnetism (J,ondon, 1874).'' 

With reference to co-operation with the Polar Commission during the second year of occupa
tion of the Point Barrow station directions were given by you, May 23, 1882, to prepare the old 
Brooke magnetographs fot immediate service. These instruments bad been used for many years, 
first at Key West, Fla.,* and lately at Madison, ·wis., and required thorough overhauling; more
over, photographic registration being out of the question in the Polar regions, they were changed 
and remounted according to a plan devised by me for direct eye-observations. By extra exertion, 
with the assistance of Fauth & Co., instrument makers, aud W. Suess, mechanician, this was 
expeditiously done, and the instruments left Washington ,Tune 14, 1882. 

The following memorandum was handed to the relief party before starting for Point Barrow: 

" M.A. Y 26, 1882. 
"The magnetic instruments intended for Point Barrow will be the modified Brooke magnet

ometers, viz : declinometer, bifi.lar or horizontal force magnetometer, and Lloyd's balance or 
vertical force magnetometer, to be relatively disposed of in a building, as shown in the accom
panying diagram. 

"The size of the observatory was to be 3 by 5 meters, or about 10 feet by 16! feet inside, and 
Gz to 7 ~ feet high; size of the brick piers, 0.3 meter square and about 1 meter high; cross-section 
of telescope pier 0.15 meter by 0.6 long, and of the same height as the instrument piers; the brass 
cylindrical vessels in the axis of which the magnets are suspended, except the knife-edge of the 
Lloyd balance which passes through the center, are each of 40 centimeters diameter. This new 
observatory should be distant from the older one at least 8 meters." 

* 1''or a description see Coast Survey Report for 1860, Appendix No. 26, or the original paper in Phil. Tram. Roy. 
Soc., 1847, Part 1, "On the automatic registration of magnetometers, etc., by photography. By Charles Brooke. 
J uue, 1846.'1 
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Ooor 

The following notes were prepared for the guidance of tlw party l\fay ;)1, 188!!: 

"NOTES ON THE MOUNTING, THE ADHJS'.l'l\IENT, AND THE DE'1'ERl\1INA'l'lON OF INt'Tl~UJ\lENTAL 

OONSTAN'.l'S OF THE BIWOKE DIF:PERENTIAL l\IAGNETOMETERS. 

1. TIIE DECLINOMETER OR UNU'lLAR MAGNETOMETER. 

"'l'ake out the torsion of the suspension skein or wire, snspeudiu~· alternately maguet and 
weight, until the telescope readings arc the same; adjm;t fixed mirror to read 50 of scale, whid1 is 
to he reoorded as 500; adjust movable mirror to read t.he same for avera~c poe;itiou hetwt>ell dail~' 
extremes; note reading t of torsion circle. .Measure torsiou of suspe11Hio11 hy turning off f3 
degrees to right and to left, and reading the scale \through telescope); turn torsion circle hack to 
reading t. 

Let l = length of a di \•ision of scale, 
r = radius or distance from face of scale to 1mrface of mirror '(if of glass 1-lil vered 011 

back, two-t.hirds of the thiekne&> of the glass mnHt be added), theu tile angular 
value of one division of scale, 

l 
a = 3437'.75 !fr , 

"For the magnetomeMrs the Yalue of l is uniformly 1 milliniet(~r, mul the :rngnlar rn.Jue a.= 1', 
the radius r ueiug = 1.719 meters, which has to be carefully measured off for each i1rnt.rumeut. To 

determine the torsion coefficient ; let <¥ = angle through which the. magnet was deffocted, 

h {;( 
and /3 = angle through which the torsion circle had been turned, then 

1
. = fl ; hence i,,cale ,., - ct 

valne a ( 1 +;) expressed in minutes of arc. Increasing numhllril of scale should correspond 

S. Ex. 29--42 



 

330 UNITKD STATES COAST AND GEODETIC SURVEY. 

to a motion of the north end of the magnet to the east. The scale is nambered from 20 to 80 
(which uumherl" are to he read 200 and 800), aml thus has a range of 5° on either side of the 
normal position. Two spare scales, divided on white bristol-board, about 15 eentimeteri,; long 
(giving additional extent of 2f'), should be made, aml iu ease of necessity fastened to the end8 of 
tl1e rea1liug ~male. Tlw Yertical cross-thread of the telescope is to be kept on the 500 mark as 
reflected from the fixe<l mirror,• a remark which applies to each of the instruments. The dividing 
liull or narrow HJHWe between the fixed and movable mirrors is in the plane of the optical axis of 
the tt•le8cope. The i11strnmm1t is placed under a zinc cover. 

2. TUE HORIZONTAL FORCE OR BIFILAR MAGNETOMETER. 

"Put plane of 1letorsion in the magnetic meridian, turn torsion circle with weight suspended 
approximately iu plaue of meridian, and read circle. Remove weight, suspend magnet, aml again 

read circle. If the same as before, the plane of detorsion is in the magnetic 
Mqq ! I North_ 

~ meridian; if not, repeat the process until the result is satisfactory. It is 
I recommended to mark out in the observatory the directions of the magnetic 
I meridian and of tlie magnetic prime-vertical by threads or fine striugs 

--Tl l"tretched from wall to wall ; these threads would also aid in the setting 
,...,. of the piers. Let m"=reading of torsion circle for plane of detortion in 

___ _.,., the meridian; suspend weight and turn torsion circle to 9oo+m0, turn 
l"_ 111uvable mirror until the mid1lle line or 50 of the scale is bisected, in 

,r,;;,, 0 f*"" 1 which position of the telescope the fixed mirror will reflect di·dsion 50 (to 
F I he read and recorded as before, 500). Suspend magnet in place of the 

I weight, turn torsion to m/, until middle line of scale is again uisected, 
theu m,"-(HOO+m")=z (see airncxed diagram, where 1i=9U0 ). Let H=horizontal component of 
the earth's uia.guetie force, ni=maguetic moment of magnet, W =weight of magnet and appendages 
(compensation bar, mirror, stirrup, and part of suspension), 2 a and 2 b the distances of the threads 
above and below and l=length of suspension, then 

Wab . _
7
_ sm z=H m 

now Jet ll aud z vary h~' o H and o z and the ratio 0
1
{1 or the variation of the horizontal force ex

pres~C{l in part!' of the force it' given by the relattou 

oH -ir=COt Z OZ 

"Suppose the scale division to lie 1 millimeter, aml the distauce of the scale and mirror=r mill

imeter, then oz=-~. Now, putting for oz its equivalent a. (n-n0 ) where a=value of one division 
2r 

of scale in terms of radius and n-n0=the difforence of any two scale readings, and making k= 

11 cot z, the ratio ~~~ becomes k (n-no)· A second method for determining the scale value is a.s fol-

lowH: Let w = W or let it be equal to any other convenient fraction of W, and add w to the sus-
100 

pcuded maguet, theu the difference of the two readings of the scale, that is, before and after the 
small weight was added, or for weight vV and for weight 'V +w will correspond to rlo of the hori
zontal force. To give the instrument auy desired sensitiveness compute the angle of deflection z 
correspoudiug to it, and set the torsion circle accordingly; then hy means of the upper suspension 
screw (with itl" two sets of opposing screw-threads) the suspension-threads are to be brought to 
that distance which will hriug tbe middle of the scale (50) on the vertical thread of tbe relescope. 

•Au import<tut :vlllitiou to the Brooke instruments, al! inMuring the stability or fixity of the direction of the zero 
poiut of th .. "calt·; tl1t· i<l<1a waH taken from the lat.er Adi1i magnctograph. The circular windows of the three 
maguet.onwtere wcr<' of Frnuch platc-glas!!. By trial, on February 14, 1884, I find that the transmitted rays for the 
e.:rirem1.· ~e:ik m1tls snffern•I hnt Rlight refrnction hy turning the gla11H in its own plane; the deviation changed from 
0 t.o :» divh1io11~ in maxnuo. 
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Using the second method a weight lias to be provided corresponding to tlw desirP<l Hensitiveuess 
and the suspension threads must be regulated in order tbat the additional weight may produce a 
change of a certain number of divisions of scale when it is added and taken off. 

"The instrument is provided with a mechanical compensation for chang·es of temperature; in 
view of the extreme low temperatures which are likely to be experienced at Point Barrow, however, 
and under the present circumstances it will be better to deduce the corrections for any outstand
ing amount, not compernmted, difterentially from the observations of the l1orizontal force them
selves, than to attempt a complete mechanical compensation. The latter operates ais follows: 

I ., Ji 

Referring to accompanying figure, suppose 
the temperature increases, the effectiYe force 
of the magnet will diminish, the differential 
expansion of glass and zinc (which materials 
form the compensation) will push the zi1u: 

_r-=_:::=l!!IE-~-~-~--~~~~-'.l!.. ~l'=-="'=-==-=,-:=:--==-=::l'!E""""- end in, which bringt; the suispension threadR 
closer together and thus diminishes the tor
sion force, balancing II in the same ratio aR II 
itself diminishes. Increasing scale readings 
should correspond to increasing horizontal 
magnetic force or to a movement of, the 1wrth 

end of tl1e magnet toward the north. The 
narrow space dividing the fixed from the movahle mirror is in the plane of tlw optit~al axis of tlw 
telescope. The instrument is placed under a zinc cover. 

3. THE VERTICAL FORCE OR BALANCE MAGNETOMETER. 

"Put the knife-edge supporting the magnet in the magnetic meridian arnl ltwd :-<upport, tlw 
magnet will then be free to oscillate in the magnetic l 
prime-vertical; balance the magnet and its appendages ~ 

(mirror, knife-edge, balancing weigbts, compensation bar, "'llr1" I ,,,,,.1),, 
etc.) horizontally by means of two weights on op1)osite I 
sides of the knife-edge, next bring the center of gravity * 
of the system to that particular position dose to and belou· - - - - - - - - - -
the knife-edge, which corresponds to the desired sem;i- _ab,,, rnin-ar 

tiveness; this is done by raising or lowering the central I , 
hall or weight. Set the mirror so that the middle of the fiu.<l. -.-..· 

scale (50) is reflected on the thread of the telescope when the magnet is level; at th<' same time 
this center division must remain bisected as seen in the fixed mirror. 

Let V = the vertical component of the earth's force, 
d = the horizontal distance of center of gravity of the system from tlw plan(' of 8Up

port passing through the knife-e<lgP, 
W = weight of magnet and appendages, 
m =the magnetic moment of magnet, 

then V m = W d. 
''Now suppose the magnet inclined through the small angle if,, and let lt = dit-itanec of ePntP.r 

of gravity of the system below plane of knife-edge, then 
oV h 
v =a1' 

"To det;ermine the ratio ~ we oscillate the magnet and appendages in its \'ertical plane and 

let T =time of an oscillation when in that position; we then take the magnet off itis :support and 
suspend it (with it.s appendages) by a single thread (determining torsion and allowing for it) as 
in the case of a free declination magnet, observing that the sides which were vertical when on its 
bearings will now be horizontal. The moment of inertia will be the same as before. Let T, = the 
time of a horizontal oscillation, then 

0; =-i; cot dip. ip = ~ ¢ cot fJ 
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where H = dip. 
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For 011e linear unit. of scale and r units of distance to mirror tbe value of 1/· = .... 1 
. 

~r 

The tlip i:s to ht' dct.ermiued by meau:s of the dip circle. l<'or a particular scale value, 'I', having 
been determined, we alter the position of the center of gravity by the adjm1ting screw, until b.Y 
trial tlw desired value of T is produced. The scale value may also be ascertaiued by means of -
deflections, the magnet beiug Jirst in a horizontal and next in a vertical position (see page 65 of 
second part of bulletin, St. P(~ternlmrg, 1882).• 

"The temperature compensatiou originally with the Brooke balancing magnetometer consisted 
of a glass thermometer tnbe filled with mercury; thi8 has been remoYecl, and a brass arm was sub· 
stituted as in the A.die instrument. The compensation operates as follows: Suppose the tempera
ture is rising, tlrn .magnetic energy of the horizontal magnet will diminish and grayity will conse
quently pull the south or imnutrked end of tlie magnet down and thus elevate the marked end, but 
this is counteracted and the lmlauce restored h_y the exparnsion of the brass arm which is directed to 
or ou the same si!le as the marked end; the diminution of magnetic moment is thus counteracted 
by the iucreaHed Jcycragc of the ext(mded brass arm. 

"Iucreasiug scale readiugs should correspond to increasing vertical magnetic force or to a 
1111wement of the north end of tlie magnet dmflnwards. The instrument is placed under cover of a 
thick plate-glass. 

"Heferriug to the diagram of the magnetic obserrntory containing the modified Brooke differ. 
eutial or variation instruments, it will be seen that the north seeking or marked ends of the mag
nets turn all to tlw inside or toward the telesco11e pier. The directions in which the scafo immbers 
increaRe are al~;o then• imlicatetl. 

"Time being wanting for au accnrate mechanical compensation of the force magnetometers, it 
is the intention that only the greater part of the changt" should be so compensated and corrections 
applied for the remainder; for this purpose thermometers are inserted, which arc to be rea<l in cou. 
nection with the scales. 'l'hc data for outstanding t.emperature correction will be had from the 
ordinar.r hourly obsen·atioH8." 

The Point Barrow party was also pnt in llOS8ession of the resolutions adopted at the third 
session of the I nteruatio11al Polar Conference, held at St. Petersburg, August, 1881. From this 
publication the following· notes wer(•. taken: 

Tlw differential mag·netic ohsenations for changes of declination, horizontal and vertical com· 
pone11t8 of the earth's magnetic force are to be made Jwurly and continuously, commencing as soon 
as possible 011 or aft-0r August 1, 1882, and closing as ]ate as practicable before or on September 
1, 188:3. 

These hourly obsen1af'ion.~ may he made -0ithcr with reference to local time or with reference to 
any other meridian, [The full hours of local mean time are recommended, and the instruments 
arn t~l he read iu the order, bifilar one and one-half minutes before and after, unifilar one minute 
lwfore and one minute after, and l1ala11ce magnetometer one.half minute before and one minute 
after each full hour. J 

1'erm.-day olm:rr<it-ion.~.-Terrn days are the 1st and 15th of eaclt mouth (excepting January 1, 
when ,Januar~· 2 will be taken). The differential instruments on term days are observed e\'CQ' 
live minutes tl1rougho11t the tweut~·-four hours, and strictl_y according to Gottingen mean civil time, 
heginning with oi. 0"' (or mirlnight at Gottingen). The three instruments will be read as rapidly 
as possible, one after another, in the order given above, the declinometer being read at tbe exact 
full fifth minute. 

Additional observations on t,erm days during one 1lour, spe,cified as below. Declination 
ohserrntions will he made every twenty seconds, beginning with the full hour an<l minute of 
Gottingen mean ci,·il time. 

•If f ~ anl-(le which the li1w joi11inl-( the center" of 1,l'J'avity and of motion makes wit.Ii the axis of the magnet, we 
T• V . 

hav•• t1iu t: t.:m ~ = '/"; abo II= tau o, and since in oar ca.~e "= 900, formula (:l) of page 6.1 changes to 

\ V H T,' ·'· · h 0 V 'I',2 ·' t ~ , = '£1.,,, ence-y-= T' •'co, 
as above. 
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1882-August 1. Noon • to 1 p. lll. • 188:3-1''ebruar.r 1 i>. 1 a. Ill. LO 2 a. 111. 

15. 1 p. m. to ~ p. Ul. :\I <H'Ch 1. 2 a. rn. to ;) a. m. 
Sept,ern ber 1. 2 p. m. to 3 p. rn. ] ;;, ii a. 111. to 4 a. m. 

15. ;3 p. m. to 4 p. lll. April 1. 4 a. 111. to ii a. m. 
Octoucr 1. 4 p. m. to 5 p. m. Hi. 5 a. Ill. to H a. 111 • 

15. 5 p. m. to fi JI. Ill. .May 1. () a. Ill. tu 7 a. w. 
November 1. Gp. m. to 7 p. rn. rn. "i a. m. to 8 a. 111. 

15. 7 p. m. to 8 p. lll. ,] Ulll' 1. ~a. ll1. to !I a. 111. 

December 1. 8 p. m. to !} ]l. Ill. ir •. !I a. m. to 10 a. 111. 

15. fl p. m. to 10 p. m. ,July 1. 10 a. 111. to 11 a. 111. 

1883-J an nary 2. IO p. m. to 11 p. m. 15. 11 a. 111. to 110011. 

15. 11 p. m. to midnight. Augw;t ]. No011to1 p. m. 
February 1. Midnight to 1 a. m. 15. 1 p. m. to 2 p. m. 

If three observers are available all three instruments will h(• ohse1Te11. 
Absofote magnetic mea.sures of declination, iliJJ, nn<l intensitv.-Ohsenatiorn; are to he made as 

often as ll(lCCSS:tr_y to furnish the absolute Y:t}Ue8 )J('(•detl for the differential lllC:lSlll't'S. fl' U]ess 
some change is suspected in the latter it will sntlice to obsern\ for absolute rnlue8 the dt>cliua
tion, tlw dip, and horizontal intensity (oscillations and uefl.ections) 011 the day before ea1·lt term 
day; declinatiou observation8 will then be made about 8 a. 111. and l p. Ill., local tinw, aud for 
these antl tlrn intermediate hours the correRp01nli11g· readings of the scales of tlw clifl'enmtial arnl 
absolute instruments will be given; obsen·atious for dip a1Hl intl•nsity may he made· a.t :my 
convenient time of the day. j 

Tests are to he made for possible local defiectiou before selecting the position for the· ahso
lnt~~ irn;trmnents. 

Sade 1'<tl1i.cs of differential instrumcntsi.-The unifilar or (l<\clinomc-tm shonlll l1iwt> a :·wnsitiYe 
nc-ss such that 1 millimeter on the scale will correspond to a variatiou in deeli11atio11 (l>) <•cpia.l to 
I', hence r! D = l '· For the bifilar or l1orizo11tal force magnetomeh·r, at a pl:we when• tlw clip is 
11, one millimeter of its scale will be made to corres1>0JHl to a Yariation of tlic hori:wntal cornpo
mmt (fl) of the mag·netic force =0.001 cos fl, hence o H = .001 cos II expres8cd iu the mntric nnit8 
of tlw force mm., mg., s. For the vertical force or the balance mag11ctometer l rnillimdPr of till' 
scah\ will be made to correspond to a Yariation of the vertical compmwnt ( V) of thP force= 0.001, 
hence o V = .001 in the same units as above.* 

For absolute measures the Point Barrow party had Coast aud Gcotletic Surniy rnagnetometrr 
No. 11 aud the Lady Franklin Bay party magnetometer No. 12, hoth ucw i11strunw11t1' 111a1k Ii.\ 
Pan th & Co., of \Vashiugton; Kew uip circle No. !!3 was taken to the fornu;r place a11d KPw 
clip drelc No. HJ to the latter, both in:strumentR the propcrt~- of the Coast autl Gt>odc•tic Smn•y. 
'fhc magnetometers are descrihrn1 and figurrnl (plate No. 3G) in Coast arnl ON>detic~ Suney 1:1·port 
for 1881, Appendix No. 8. The Kew dip and intensity circles with nemlles 9 cent.irnt-ter:,; i11 lPngth 
are well known. 

GEOGRAPHICAL POSITION OF OOGLAAMIE STA'.l'ION, ALA§lKA. 

The two United States Polar expeditions whieh had been organized umler the orders of W. 
B. Ilazeu, Brigadier and Brevet Major General, U. S. A., aml Chief Sigual Oilicl'r, left for their 
respective destinatiorni early in the summer of 1881, the one for Alaska, in command of P. 11. Rny, 
Lieutenant, U. S. A., the other for Lady Franklin BaJ', in command of .A. W. Greels, I~ienteuaut, 
U.S.A. 

•Supposing, for the sake of illustration, that at Poillt Barrow H =0.!)f, (in mm., mg., 8. 1111its) antl Ii= 8tF, th .. 11 

cos ll=.1478 and o H=.0001478=-1- nearly. From cotz= --~]! __ we hav<:' log cot z =!1.728:.!2. ht•uco z=Gl ;,:.!', 
6766 H arc l' ' 

and tho whole angle to be turned ofi' would be 90°+z=lf>l0 52'. For the vertical force iustrument \\'l\ lrnvc from 

V =II tau II, V =6.:Jrifi5; also rotal force I<'=H sec() =6.4~'72 and for 6 V = .001 (metrit.: unitH). oVV =.0001573. The 

angular value of one division of each of the scales=l'. 
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Lieutenant Ray's party sailed from San I<"&ancisco in the Golden Fleece July u;, and arriv 
Ooglaamie, near Point Barrow, September 8. The meteorological arnl magnetic station was estab
lished near the small Esquimaux settlement of that name,* about 17 kilometers, or 10.Z statute miles, 
from Point Barrow and to the southward aud westward of it, about 150 meters from the coast of 
the Arctic Ocean and at an elevation of about:) meters above its level. 

The geographical position of the station as derived from dead reckoning on board the Golden 
Fleece is given by Lieutenant Ray,t as follows: latitude 710 17' 50", longitude 1560 23' 45" west 
of Greenwich. The astronomieal observations at Ooglaamie for position and direction of meridian 
were made by A. C. Dark, and are contained in Appendix I, hut are not submitted with this 
rPport. Observations found defectiYe or unreliable from whatever cause have been omitted in this 
appendix. The latitude here adopted results from two sets of observations; one, of a series of 
1louble altitudes of the sun on April 28, 1882, the other, of two sets of single altitudes of the sun 
about upper and at lower culmination on ,June 24, 1882. The first value, from sextant observa
tions, has been given the weight 4, and the second value, from theodolite ooservations, the weight 
1; the resulting latitude becomes cp =71 o 17'.7 with an estimated probable error. of ::!::01.3. 
According to British Admiralty Chart 2164 the position of Plover Point, where the English relief 
expedition under Commander R. Maguire, R. N., was stationed in 1852-'3-'4, is in latitude 
71° 21' 25" and in longitude 1560 16' 06" west of Greenwich. Following the trend of the coast 
between the cemetery and the summer camp down to Ooglaamie and converting the linear 
measures of the chart into difference of latitude 6 cp and difference of longitude 6 A we find for 
the latitude of Ooglaamie station 71o21'.4-3'.5=71° 17'.!J, and for the longitude of the station 
J5GO HV.1+28'.4=1560 44'.5 west of GrPenwich. Since neither the first (nautical result) nor the 
last result (depending on estimated direction and distance) can compare in accuracy with the 
value deduced at the station I shall adopt the value <p=71° 17'.7. 

The longitude adopted results fro111 a chronometric determination made by the supply expedi
tion in the summer of 1882 in the Leo, under the command of Lieutenant Powell, Signal Corps, 
U. S. A. The result as worked out by Mr. ~W. Upton, computer in the office of the Chief Signal 
Officer, is given in his report appended to" Signal Service Notes No. V. Work of the Signal 
Service in the Arctic Regions ; prepared under the direction of General Hazen, Washington, 
1883." It depends on four chronometers, the sea rates of which could be established from 
observations at San Francisco before and after the voyage and at Plover Bay, East Siberia, 
during the voyage, though neither at Plover Bay nor at Ooglaamie did the weather prove 
favorable. Mr. Upton's result h; 10h 2fim 39• ± 10• or 156° 39' 45" ± 2' 30". It will be seen 
that this result is intermediate between that der-ivecl from dead reckoning on board the Golden 
Fleece and from the English determination of their station in 1853 to the southward and eastward 
of Barrow Point and referred to our station. Moreover, we have two sets of lunar distances 
from the sun ,July 7, 1882, with the resulting longitude 1011 25m 57•, and a set of lunar distances 
from .Jupiter as observed at Point Barrow and referred to Ooglaamie by the addition of lm 25•, 
giving the result 1011 27"' 14•. The mean of these two astronomical determinations is 10h 26"' 36•, 
which agrees so well with the above chronometric value that I have adopted the latter, viz: 

l=lOh 26"' 39• or 156° 39' 45" west of Greenwich. 

For the magnetic work we need the difference of longitude between Ooglaamie and Gottingen, 
Oermany. Ta.king the latter place, Oh 39"' 46•.2 east of Greenwich, we have the required differ
ence lP 06'" 25' ± 10•, by which amount Gottingen js east of Ooglaamie. 

Tiie magnetic work at Ooglaamie, 1881-'2-'3.-The necessary buildings were erected without 
delay. October 3, 1881, the party was housed. October 17 the meteorological observations were 
commenced and the instruments were mounted in accordance with the plan furnished with the 

• Calle<l Ootivakl1 on Ivou Petroff's map of Alaska; Tenth CensuH of the United States; Washington, 1882. The 
name Kokmullit given on this map is that of an Esqulmaux settlement at. Point Barrow; it is called Noowook on the 
Aclmiralt.y chart of 1853 (No. 2Hl4 ). 

t Report to Chief Signal Ofticer of September 15, 1881. 
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instructiom;, but it was not till the fat of December that the maguetometer'1 were adjusted autl 
the regular hourly magnetic obserYations were recorded. Lieutenant Ra.y remarks : • 

"The three magnetic instruments were mounted on wooden piers, tbe sea80ll being too far 
advanced t.o place masonry. Posts 12 inches 8quare were set into the frozen earth to a. depth of 
1 foot and cemented into their place by pouring water around them and allowing it to freeze. 
Tbese·piers answered ever.\- purpm;e, were perfectly solid, and did not change their potlitiou in the 
slightest degree, and when the ouseffatory was take11 down this summer I found the ice around 
their base uumelt.ed. As soon as the weather was warm enough, brick pieris capped with stone 
were placed, and the instrnment8 are now all in position on permanent piers." 

This operation occasioned an interruption in the hourl_y obsen'ations from Jul;y 2i to .July 30, 
1882. This first series closed with September 9, 1882. It includes term-day observations, all\o 
hourly observations of dipping needle deflected by a constant weight as a substitute for a vertical 
force measure. These latter obscrvatious of relative total force~ while of small Yalue as differential 
measures, may nevertheless supply means for computing chauges in the intensity which otherwise 
would have boon wanting. 

The supply party in the Leo arrived off Ooglaamie August 20, 1882, with the Brooke mag 
netometers. They were mounted on urick piers iu a building speciall~· erected for them, and their 
relative position was in strict confurmit~· with the plan contained in the instruction8. So long as 
thawing weather continued these piers Jacked somewhat in stability, but the frost isoou rendered 
them immovable. These instruments having been adju8ted, tllc hourly series of obser,·atious com
menced September 12, 1882, an 11 was continued without interruJltiou to August 27, 188..'3. The term
day observations and those 
for absolute measure were con

I/. s. Pokr s~ O°l)ka.-W., ~ 

tinued throughout the second r-------717J--------------------. 
year of the occupation of the 
place. 

It has already been men
tioned that in consequence of 
unfavorable conditions be-
tween .August 22 and August 
29 (when the station was aban
doned) no verification of the 
magnetic work could be made 
by Mr. R. A. Marr, but on the 
return voyage some magnetic 
observations were secured at 
Unalashka, and after the re
turn of the instruments to 
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*In his report t<> the Chief Signal Officer, dat()(l at Ooglaamie August 25, l&l'J. 
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p AR'l' II.-ABSOLUTE MEASURES. 

JIO,VTHLY V.ILl'E8 Of' THE JIAGNETIC DECLINATION, ])fl', AND INTENSITY AT OO<;LA.HIIE, 
DECEMBER, ltkH, TO AUG UST, 1~3. 

RESULTS O:F TIIE MAGNE'IIC DECLINATION. 

Tile horir-ontal direetio11 of t.l1e magnetic force at Ooglaamie was determined by meant-; of Fauth 
& Uo.'s 11rng-neto111eter, Coast aud Geodetic Survey, No. 11, mounted on the northern pier of the 
magnetic oh1wrnttory, lmilt soo11 after the arri>al of tl1e party; in July, 1882, it waR shifted to 
a new position, where it remainetl to the cloRe of the work. This instrument served for tlH· 
absolute HR well aR for differential or variation measures; the latter observations, however, wern 
discontinued 011 the arrival iu the second year of the Brooke variation instrmneuts. The instru. 
ment waH not well adapted for differential work, as has been stated. 

From returns brought home in the "Leo" it was evident that the decliuations were defoetivc, 
for some reason uot then appareut; all'.lo that the magnet, which was a uew one, had parted with 
mueh of its nmgnetiRm. It lwcame desirable, therefore, practically to test the condition of t.lte 
instrument for accurate work as soon as this could be done. It was returned to the office at 
'Va1:ihiugton, .Januar;\' 12, 188±, and after LUHlergoing so.me trifling repairs due to defective packing, 
Sergeant Maxfield was directed to determine the declination with it at the magnetic obscn'atory 
iu this city,* ahm to furnish some additional nrnasnres of the instrumental constants, those obtained 
l>.v Sergcaut Smith i11 .Tune, 1881, uot ueiug deemed sufficient. These measures proved that the 
instrument was still in a satisfactory condition. 

When the full returns came to hand it became evident that the discrepancies noticed in the 
mouthly values of the declination were due to a want of attention to the suspension fiber. The 
plane of detorsiou was apparently place<l in the magnetic meridiau in December, 1881, hut no 
further test or adjustment was made till March, 1883; dlU'ing this period the force of torsion had 
gradually increai,;ed (from unknown causmi) and affected the decliuatiou to the amount of nearly 52° 
in September, 188:!; after tliil' date this deflection remained perfectly steady until remoYed in 
l\fareh, 188:~. 

Por the first six months the mouthly results refer to the mean declination of the day (from 
twenty-four hourly values), but after the arrh·al of the Brooke differential instruments the declina
tions were referred to the mean of the respective months through hourly corresponding readi11i..:1> 
of the Fauth & Oo. magnetometer No. 11 and tlrn Brooke declinometer. These correspondiug 
readings generally extend O\cer six hours on each day of observation. 

The record a11d computation of the absolute measures are contained in Appendix II. 11ot 
suhmittetl herewith. PJacing little reliance on the determination in December, 1881, on account 
of a weak aHtro11ornical azimuth, and omitting for the present all results of 1882 and those for 1883 
up to the mitltllc ot March, we ban~ the following reliable values, which rest on a new astronomi
cal azimuth det.e.rmim•.tl July :!;I, 1883, and which are roughly checketl by a second measure taken 
on the Brooke declination pier Au~ust 31, 1883, the same markt being used aud all clista11ccs 
being knowu. The ohsern~tions of July 31 arc rejcctctl, there beiug apparently an error of about 4~0 • 

• TlH' obHt>rvationH made Febrnary 5 aml 7, 181'!4, giwe for the declination:!'' 57'.IJ west. The same computed from 
annual doterminations m:idn at Wa8hiugton, D. C., 8ince 1877, is 4" 00'.4 west; difference 2'.5. Tho measunis for 
intensity were "'llrnlly satisfactory. • 

t Distauct• 111agi1.,tornetnr No. 11 to mark tlOO foet, and to Hrooko declinometer 31J.5 feet. J<'irst position of in11t.r11-
1111•11t Novemlmr 21, 1081, azimuth of mark on hon8C !Jtiu l:i' west of north, from observations on Jupiter; second posi
tion of i11Htm111ent. J tlly 2'i, 188:.!, mark 46·-• 36' oast of north, from observations of thti snn. 
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Table of resuUing 1Jt(lgrietic declinaliu1is at Ooglaamie .~tation. 

[Values reduced to mean of month hy rnean> of the differential ohscrrntions.) 

Date. : Dcdination. ' Monthl,y ruoan valm_·i;. 

CniTe~p<mdi11g: 
mean of nadin)!s 

of llrook<
dt>:clinomett:r. 

18~:!. 

Mar. :o 
Apr. 14 

Apr. 30 

May 14 

May 31 
.Tune 14 

June ao 

,July 1J 

Aug. 14 

:35 :i:J.:J :E. 

a5 ;n. 7 

3;; 26. 4 

35 :Jo. s 
35 ~ti. 3 
:~5 :!5. ~ 

:!4 58. 3 

3ti 47. 8 

a5 30. 1 

]~~:). 

M:m·h 

April. 

May 
Jum 

Jul.r .. 
Augn~t .. 

- a;> :;:J.a 
2fl. u 
:!8. () 

JI. 8 

47. s 
:10.1 

484. 7 

482. 1 

476. I) 

47;), 7 

474. I) 

4i3. 5 

Corresponding to the epoch ,June 1, 1883. 

;)37 

The following results, except the tirst, are those ~tffected b,r torsion; some of these we IJl'Ol•'JRe 
to use differentially; they are all rellnce<l to the mean of the month respeeti\,ely: 

!late. 

1881. 

Dec. 11 

188~ . 

. Jan. 24 

Apr. H 

May 24 

Jllllt~ 17, 18 

July rn, 20 

Aui;. JO 

Aug. a1 
Sept. 14 

Sept. :iu 

Oct. 14 

Oct. 31 

Xov. }ij 

o\-. 30 

ec. 14 

1883. 

Jan. 

: Deeliuation. ' 

:m 54. o 

41 2:J. 4 

41 1D. 7 

41 ;$:"'). 5 

41 2:1. 0 

41 17. 7 

41 18. 7 

41 14. 7 

41 08. 8 

41 15. 1 

J:m. 14 41 10. 3 

Jan. 31 41 24.7 

Remarks. 

\New po8ilion of instrnrnent, and new azi
t mutl1 used hert•. 

1''eb. q8 40 16. 7 Torsion partially remoYed by ob•~•"Yl'r. 

I 

Feb. 14 41 26.1 

_ ~~~~-1-4_* ___ 30_02_._o __ i_o_h_s_e_"'_"_r_a_tw-mpt<"l to tak-eou~tli<J~o~~o::._ 

'.Aftor this date the magnet was snapended on a single fiber; it l1ad previously been suspended on two tihPrs. 

'f'owards the middle of August, 188:.t, the deflecting force of ton1ion had become constant aud 
remained so to the middle of February in the following year. For this period we ha Ye the followiug 

S.Ex.29-43 
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means, and tlJc eorrespondiug monthly means of the readings r oft.he Brooke 1tiffereutit1l magnet
ometer, the mean correction t-0 the absolute results is then fonml as shown below: 

l>ate. 
D1 ! Brooke , 

observed ; declinometer : 6. r = r 0 - r. 
tleclination. I r. ! 

I 

, Correction for Corrected I 
ton~iou.. ' tlcelinatiou. i 

I : I 
------;---------~1 

D + 6 r. 

-----·---------- -----
1882. •) , i 

Ang. 19, 31 -41.19. 2 -35 44. 6 

Sept. 14, 30 24.6 (498. 0) -20. 4 -35 50. 5 +5 34.1 [>(), 0 

Oct. 14, 31 20. 4 1495.6) 18. 0 48.1 32. 3 45. 8 

Nov. 16, 30 16. 7 489.8 12. 2 42. 3 i 34. 4 42. 1 

Ike. 14 08. 8 489.9 12. 3 42. 4 26. 4 34. 2 
1883. 

Jan. 1, 14, 31 16. 7 188.1 10. 5 40. 6 36.1 42. 1 I 

Feb. 14 26.1 489.4 11. 8 41. 9 44. 2 51.5 

Mean + 5 34. 6 

The two values witliin parenthesis in column headed rare interpolated: Mean reading of 
declinometer for the last five mouths 476d.2 and for the preceding five months 488d.4, hence 
difference for five months 12d.2 or monthly change 2' .4~ and the first interpolated value becomes 
4 x 2.4 + 488.4=498.0. The fifth column gives the computed declination corresponding to difter
ence r0 -r or for the reading r, and the torsion correction is determined by the difference D - D'. 
Our completed series when compared with the preceding series (March to August, 1883) exhibits 
necessarily a trace of the comparatively rapid monthly decrease in the differential series between 
Fehrnary, 1883 (mean 489Ji), and May, 1883 (476.1), but the magnitude of the errors of observation 
of the absolute measures forbids an:r attempt at correction of the differential series. Omitting the 
value for August, 1882, we finally have the table of absolute values as follows: 

Resulting monthly means of the magnetic declination at Ooglaamie. 

I 
/-Monthly 

l Date. 
I mean. 

i 
I 1882. ! 

0 I 

i ~~::r~r. i -35 50.0 
I 
i 45.8 

I 
November. 

I 
42. l : 

D~cember. 34.2: 
1883. I 

I 
42.1 I January. 

I I 
February. 51.5 : 

! -

i 
Date. ! 

I 

1883. 
March. 
April. 

' May. I June. 
July. 

August. 

I 

-

Mo 
m 

I 

nthly i 
ean. [ 

~--i 

0 , l 
I 

-3· 5 33. 3 . 

-3 

29. 0 i 
28.61 

11. s I 
47. s 1 

30.1 I 

5 37,2•/ 

•Answering to the epoch March 1, 1883, whieh is preferred to the value deduced above for the epoch June 1, 
188:3. The corresponding value of the Brooke declinometer reading is 487. 7 ~ 

Hcspecting the annual change of the declination, due to the secular variation, we know from 
the general discussion of the secular variation, Appendix No. 12, Coast and Geodetic Sun'ey 
1-Gcport for 1882, that the eastern declination in Alaska is now diminishing. The expression for 
the secular variation at the two stations nearest to Point Barrow, viz, Port Clarence, in cp=65°17' 
and A=1G6°19' west of Greenwich, and Chamisso Island, in cp = 66013'.3and;\=161°48'.7 west 
of Greenwich, give for the annual change in 1880 and 1885 the values + 10'.3 and + 11'.3 for 
Port Clarence) and + 10'.7 and + 12'.0 for Chamisso Island, and we have to expect a greater value 
at Point Barrow. Captain Maguire determined the declination at that place in 1853 and found 
- 40° 21 ', or, when red need to Ooglaamie, about - 4()0 36', which, compared with our value above, 
gives almost exactly a diminution of 5? between 1853:and 1883. It is known from the otber stations 
that this declination has not passed through a maximum within the last thirty yea.rs, but bas 
diminished gra<lually with an accelerating rate. For uniform speed the annual change would be 
+ 10'; it is therefore probably near + 15' for the present time. The absolute measures, September, 
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188~, to Augmst, 1883, would give the value+ 281 .4, which is known to be much too great, and it 
we fall back on the differential series we obtain a Yalue but a tritte less and undoubtedly affected 
by torsion in the suspension skein of the decliuometer, which was never re-examined after the 
first adjustment had been made. Omitting the reatliugs between March and 1\pril, when the 
torsion was most pronounced, a discussion of the five monthly means, November, 1882, to February, 
1883, inclm1ive give a monthly change m = - 01.97, an(l a discussion of the four monthly means, 
for May, June, July, and August, 1883, give m = - 11.15, but if April be included m = - 11.92, 
mean = - 11.53; mean of first ancl last Yalue - 11.25, hence annual change - 151.0, which is 
adopted as the most probable value. 

R.ESULTS OF THE l\IAG-NETIC DIP. 

The observations were made with Kew dip circle,• L. Casella (London), No. 4370, or Coast 
and Geodetic Survey No. 23. It remained mounted on its pier in the small magnetic o\Jservatory 
during the stay at Ooglaamie. The instrument left Wasltingtou June 23, 1881, aud was returued 
.January 12, 1884, only sustaining the breakage of one of the dipping needles. TeRt obserrntions 
made by Sergeant Maxfield at Washington in January and Febru~ry, 1884, on four da;ys, gaYe 
vers satisfactory results. (See results for intensity.) 

Observations were generally made on three days each montb. Tlie series commences with 
Novemuer 307 1881, and ends with August 14, 1883. It does not appear that there is any apprc
ciahlc difference in the results by needles 1 and 2; they are therefore combined indiscrimi!Tatcly. 
The following monthl,v means are made up from the individual results, and they are here arranged 
with a view of deducing, if practicable, from the monthly values taken at an inte1Tal of a year, 
a ,·alne for the annual change of the dip, independent of an~· annual variation: 

1.-Table of resulting dip at Ooglaamie. 

---------·-

I 
1: 

Observed i Annual 
Dato of observations. Observed ,I Date of observations. chanire. 

I 
dip e,. ii dip e,,. 

0 1,-81• 

--~---~--~-~ 

I I 
1881. 

0 , I 1882. 

December-1, 17, 18, 19. 

I 
81 24. 6 December 14 81 22. 4 -2. 2 

1882. 

Z2.4 'I 
1883. 

.January 18, 19, 20 

I 
January 1, 14, 31 22.0 -0.4 : 

February 16, 17, 18 27. 1 February 14,28 24. B -2. 3 

March 17, 18, 19 

I 
'I Marcb 14, 25 25. 0 -2.6; 21. 6 ,

1 April 17, 18, 19 24.3 '1 April -l,H,30 24. 5 +0.21 
May 17, 18, 19 I 22. 2 f· May 14,23 22. G +0.4 ' 
June 16, 18, 19 I 24. 0 :\ 

,June -1, 14, 30 23.9 
i 

-0.1 ' 

.July 17, 18, 19 I 21. 5 i .Jnl_y p1} 19. 2 ! -2. 3 ! 
Angnst 17, 18, 19 i 22. g 1! 

14·~145 
i 

September -1,14, HO 
I 

22. 211 ---- ---

I 

I Means 81 23. 4 -1.2 i 
October 14,31 2'2. 6 i 
November 16, 30 22. s _u 

-----

Mean dip from twenty months of observation, 81° 23'.4, answering to the epoch October 1, 11302. Ammal 1limi
nntion of the dip 1'.2 

Applying the effect of the secular variation, or, more properly, of the annual chauge to the 
mean monthly values, i.e., to! (fl,+ fi11 ) for the months from December to .July, inclusive, and 
to H1 the eorrection-0'.6 for the months of August, September, October, and November, we obtain 
the following table of monthly dip values, all reduced to the same epoch and which, therefore, 
should indicate any annual variation that may exist, unless in consequence of the smallness of 
such variation it be bidden by the observing errors. 

~Fignretl in Coast and Geodetic Survey Report for 18611 Appendix No. 81 Plate No. :l7. 
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. 2. Tal>Te of mean monthly dips rerluce<I to the same epoch (December, 1882). 

' 

Co1Tt'Cti1111 
lJatt\ 1I1itldlt1 of montl1. ~Menn •lip. for annual 

elwuge. 

Dec., 1881 & 188~. 81 23. f> - 0.6 
• Tan')'. 188~ & 1883 . 22. ~ - 0. fl 

Feb., 25. f) - 0.4 

Mar., 26. ;1 - 0 " .u 

Apr .. 24. 4 - 0. :! 

]\fa~-. 22. 4 - 0.1 

~1 une. 2::. n + 0. 1 

July, 20. 4 ~ 0.2 

Aug-., Jf;ri2-t-fl mouthl:i. 2~. 2 + 0. ~ 

Sept., 
,, 

21. G -l 0. 4 

Oct .. 22. {) ·i 0. 5 

NoY., ~2. 2 + u. 6 

Jlip re
ferred to 
epoch. 

81 22. 9 
21. 'j 

25. 5 

26. 0 

24. 2 

2~. 3 

24. 0 

20. G 

22. 5 

22. 0 

22. 5 

22. 8 

-~----

If tlte results exhibited in the la::it col11rn11 of the table can be trusted for such small differ
ences from the mean (8to 2:3'.l), the,v would indicate a slightly greater dip about the time of the 
\'erual equinox and a sliglitly smaller dip about the tinw of tlie autumnal equinox. 

The probable uncertainty of a mouthly determination of tlw dip, i. e., of auy one of the values 
<)! I'": 

fl, or f/11 is found to he :;i = ± 1'.4 ahout. 

Observations at ·washington, D. ().; at Toronto, Canada; at Madison, '\Vis.; at EsquirnauJt,, 
British Columuia; at Sitka, Alaska, and at many intermediate places (see preface to "Diary of a 
magnetic suryey of a portion of the Dominion of Canada," hy General Sir J. H. Lefroy, London, 
1883), show that the dip as well a8 the total iutensit.r of the magnetic force are at the present 
time, aud have been fQ.I' some years past, slowl.r dccrea,sing, and onr result at Ooglaamie is con
formable with this general arnl extended action of the secular chauge. General r,efroy also states 
that at Fort ltae, Great Slave Lake, the present rate of the secular yariation is-1'.7 per annum, 
tletcrmi11e1l from comparisons of observations b,y Capt. II. P. Dawson with an earlier deduction. 
Both at Washington and Toronto the dip reached a maximum in 185!1, at which time it is nearly 
certain that the total force ha<l been (foclining for some years. In 185:3, Captain Maguire, R. N., 
found the <lip at Plover Point, about 2k nautical miles southeast of Barrow Point, 810 36' (Phil. 
'l'ra11s. Royal Society, 185i, ml. 14i, Part II, London, 1858), iu<licati11g an apparent diminution of 13' 
in twenty-nine years, but it i:;; highlJ· probable that since Captain Maguire's occupation of this point 
the dip was 011 the increase for a few years before its present reversed motion commenceu. 

HORIZONTAL COMPONENT, VERTICAL CO~IPONEN'l' AND '.l'OTAL MAGNETIC FORCE. 

The observations for horizontal force were matle with ma~etometer Coast and Geodetic 
8urvey No. 11, moirnted on its pier in the small magnetic ohserYatory. On its return to Washington 
in ,January, l/'\,'i4, the glass tube was found broken; it was replaced by a spare tube, and after 
rnpairiug some trifling damages, additional observations were made here by Sergeant Maxfield for 
a better determination of the iustrument constants.* He also made the observations of deflec
tions by gmYity and hy magnetism with the Llo;vd needle of dip circle No. 23, which were reqnired 
to fur11ish the constant for converting relative total intensity into absolute measure. 

Con.Ytants of magnetornetei· 1\'o. l l.-Ma8s of ring :300. 767 grains, oater diameter 3. 799 centimeters, 
inrH'r diametN :?.953 centimeters, thickness 0.529 centimeters, measured April 29, 1881at77° Fa.h.; 

- ·-- -- -- ~---------~-·------·-- --~- ---------·-~---·· 

*TIH' following results wer(\ U.e<lucetl from Sergeant Maxfiel<l'H observations at Washington: January 28, l&l4, II= 
4.:liii (E11gfo1h nuitR); dip January ;10, :n, February 1, 2, 1884, O = 70° :17'.3; hence l' = Ia.1~5 These results compare 
favorahl~· with th~ va\11e8 deduced (an<l reforred to sa.me time) from eighteen years of annual determinations in thfl 
same place, Y iz: 

H =4.378, (J = 7oc :m'.4, F= 13.218 
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again, from measures on April 30 at n° Fall., outer diameter 1.4895 i11clies, iuuer diameter I.mo 
inches, tl1ickness 0.208 inch; tl1e ring is of bronze. Moment ofnHISR M1 at any ternpc>ratnre t (J<aJi.) 
in nnits of feet and gr,ains = 0.930i0 [ 1 + .0000'..l (i - 7;JO) ]. From oh:-;errntiow; of oseillatio11s of 
long or intensity magnet r, 11 with and without riug, by Sergea11ts Smith, in ;J UJH', 18tn, aud 1\1 ax
field iu .Tauuary, 1884, we hrwc at tlw temperature of 62D }'ah.: 

June 10, 1881. 

J uue 11, 1881. 

M w 

0. 87898 

0. 87761 

June 17, 188\. I 0. ~77~:1 

J 8 1 A ! 0 g-c1c an. 2 , ss.. \ __ · ~ 
'Veigb!etl rnean M= .' 0. 876!)4 

Hence M for any temperature t (Fah.) 

M =0.87G94 f1 + .0000136 (t-G::!O)J. 

Le11gtlt of collimator magnet L11, 2.48 i11ches, diameter o.:;;{ iucl1, about; length of sl10rtcr mag
net Sll, 2.04 inches, diameter 0.34 inch, about. Scale of decli11atio11 mag11Pt Lll, 80 di\·isious; 
angular Yalue of a scale dh-h;i011 31.G9 The temperature cod'ficient dl'tnmined from tlie 111ont.l1ly 

observations of the intensity at Ooglaamie was found to eqnal q = .00085, a Yalne rathl'r large arnl 
probably rc•.Iated to the rapid loss of magnetism of Lll when first magnetized; the magnetic mo
meut, m, of this mag11et changed from aboi1t O.Ou93 (Buglish uuits) in December, 1881, to O.O<iil in 
January, 1884-. 

From the monthly obsen·ations at Ooglaarnie the following results were deduced: 

Table of resitlting i·alues for magnetic horizontal force (H) at Ooglaamie, a.q iicftrmined b!J magnffometrr 
No. ll.from o.scillations and iiejicctions, and e.rpressed in En.ql-ish 1mits. 

Dat<> of observat.ions. · 

1881. 

December 17, 18, 19. 

1882. 

"January lR, 19, 20. 
Febl'tiary 16, 17, 18. 

: March 

*April 

May 

: June 
• July 

AugnAt 

17, 18, 19. 

17, 18, 19. i 

17, 18, 19. 
17, 18, 19 . 

18, 19, 20. 

17, 18, 19. 

8eptembe1·-1, 14, 3U. 

Octoher 14, 31. 

N ovem her 14, ao. 

I I 
JI. i w .. :itG2° F. ])atr of ohserYationR. H. \ m. at G~t' F. 

! 
----· ---~------ ---~~---~ 

1882. 
1. 9.12 . QGil? December 14. 1. 9fi:-> . Offi!) 

1~8.1. 

1. 91G . 0093 .Tanna.ry I, 14, HI. l. 930 . 0681 

1. 9BO • 06UO Ft~hr11ary 14. 28. 1. 942 . 0675 

l. 912 • ()6!16 Mn_rf'.h 14, HL ]. 928 . 068:l 

1. 946 . 0690 April 14. 30 . l. !);,6 . 0669 

1. 923 • OU92 May 14, 31. ]. 9i>4 • 0676 

1. 93G . 01)90 ,Jurn: 14, 30 . 1. 9:;5 . 0662 

1. 924 • 0605 July 14, HJ. 1. 9!l0 . 0070 

1. 948 . 0685 Aug-11At 14 . ]. 9[16 . 0660 

]. 939 • 06~5 -----·----
l\lean 1. o:m . 0681 

1. 936 .0686 
]. 972 .0682 

* OsC'.illatiom~, aloue, on ,January l~. 19. nu<l .April 17. 

A11parent 
annual 

rban~e~ II. 

-+ 0. 02:l. 

.OH 

, OJ:! 

• OIG 

. 010 

.o:n 

.ow 

. 0011 

• (101' 

-----+ 0.015 

Mean horizontal component of magnetic int11nsit-y from 21 nwnt.hs of oh~ern1.f.ion Ul:l!I (l·;ui.:liRli mi its), for 
epoch October (middle) 1882. 

Annual apparent increase + 0.015 

From evidence similar to tha.t given for the dip, but less conclusive, it is probable that II h; 
on the increase, though the above amount appears far t-00 large. In the discussion of Captain 
Maguire's observations a.t Barrow Point in 1852-1:3-'4, Sir Boward Sabine assumes H for t11at 
epoeh about 1.79; this value, when compared wit.ht.be above, would indicate an annnal increase of 
about + 0.005 
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SI<X:OND AND INDEPKN"DENT IJETERMINATION OF THE HORIZON1'AL FORCE BY MEANS OF TIIE 

KEW DIP CIIWLE, ACCORDING TO DR. LLOYD'S METHOD 4 OF DEFLECTIONS BY GRAVITY 

AND BY MAGNETISM IN CON.TlTNCTION wrrn DIP OBSERVATIONS. 

This method has the great adnmtage of being independent of the temperature and of any 
loss of magnetism of the needle, alHl applies well for stations in high magnetic latitude. 

'l'he monthly olrnen·ations for intensity with the dip circle at Ooglaamie commence in June, 
188'.!, and terminate with August, 1883. 

·washiugtou, D. C., was selected as a base station and the value of the constant 

A=Ho sec Rov'sin u0 sin u'o sec 170 

became known from the observations of Sergeant Maxfield in January and February, 1884. 'Ve 
have for the deflecting weight employed at Ooglaamie pre,·ious to September, 1882, the values: 

110=410 04'.4 from 12 sets of observations, Lloyd's needle No. 4 weighted; February 
15, 188-i. 

H.,=70° 3!J.'4 from annual obser\•ations for eighteen years, 18()7 to 1884, reduced ot 
February, 1884. 

'11 0= 2!)0 331.0 
11'0 =37° lW.l from 12 snts of observations, Lloyd's needle No. 4, deflecting No. 3, Feb· 

ruar.r 15, 1884. 
Hence log A =0.H2055 using Ilo=4.~)78 as deduced from annual observations for eighteen years, 

1867 to 1884, re1lnced to l•'ebruary, 1884. 
For the deflecting weight employed at Ooglaamie after August, 1882, we ham: 

1;0=41° 34' .G from 7 sets of ohscrYations, I .. loyd's needle No. 4 weighted; January 30, 
31, February 1, 2, 1884. 

Ho= 700 37'.3 from 10 sets of observations, dip circle No. 23. 
Uo= 2!)0 02. 7 

11'0=37016'.0 from 'i sets of observations, Lloyd's needle No. 4, deflecting No. 3; dates 
as aboYe. 

Hence log A=0.!)l'i5H 
The results at Ooglaamie are then worked out by the formula: 

II= A cos o..; eos~/cosec ucosec-u' 
which were talmlated as follows: 

Tnble of re.Yulting values for magnetic horizontal force (II) at Ooglaarnie, a,y determined by KC?r dip 
circle No. 23, from gravity and magnetic deflections. 

Jlat.e of observations. II. Date of observations. II. 
·-·-----~~--- -

1882. 1883. 

June 16, 18, 19. 1. 945 February 14, 28. 1.922 

Jul~· 17, 18, 19. 1. 958 March 14, 31. 1.928 
Auguat 17, 18, 19. 1. 930 April 14, 30. 1.918 

Septemb<>r-1, 14, 30. 1. 934 May 14, 31. 1. 928 

October 14, 31. 1. 958 June 14, 30, 1. 929 

November 16, 30. 1. 930 July 14, 31. 1. 9J5 I 
December 14. 1. 928 August 14. 

I 

~I 
1883. lfMn 1. 935 I January I, 14, 31. I. 944 I 

I 
-- - - ------

Mean horizontal compo11c11t of magnetic intensity from fifteen months of observations 1.935 
(English nniti,;) for the epoch Jauuary (middle), 1883, with apparently an annual diminution. 

----- ···-·--------·---

•Directions for rneasnrement of t.errestrial magnetism, Coast and Geodetic Snrvey Report for 1881, Appendix No. 
8, p. 145, Art. (Ill). 
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The mean va.lues for H by the two iustrumeuts and methods agree well, aml the monthly 
values may therefore advantageously be united as shown below : 

\-Date. Date. H hy mag· ! H hy dip i Mean 
netometer. l circ]e. adopted. 

i' 

H by mai:- Il hy <lip 
netometer. circle. 

M<'an 
adopted. 

.Apparent an· 
nual chau)!e. 

------ -----!---- ----!,------ ,-·------ -------· 

1881. 1882. 

D~cemher. 1. 932 December. l. 955 ). 9~8 1. UH +. OO!l 

1882. 1883. 

January. l. 916 January. l. 930 ]. 944 1. !137 ·+.021 

February. ]. 930 February. 1. 942 1. 922 1. u:i2 +. 002 

March. 1. 912 March. l. 928 1. 925 l. 928 +.orn 
April. 1. 946 .April. 1. 956 1. 918 1. 9;17 -. 009 

May. 1. 923 May. l. 954 1. 928 l.!111 +.018 

June. l. 936 l. 945 1. 940 June. 1.95ri 1. 92U 1. 942 +. 002 

July. l. 924 1. 958 1.941 July. 1. 930 1. 935 1. 9:l2 -.oOD 

August. 1. 948 1.930 1. 939 August. l. 956 1. 933 1. 944 +. 005 

September. 1. 939 1. 934 1. 936 ------------ -----
Mean 1. 9:!U +. oou 

October. 1. 936 1.958 I. 947 

November. 1. 972 1. 930 1. 951 i 
---- _____ I ____ ---- -----------------

Mean H from twenty-one months of ouservation 1.93G, answering to the epoch October 
(IJJiddle) 1882. Annual increase, approximately, 0.006 

The following table contains the resulting monthly value:s for the horizontal, tile \'ertical, au<l 
the total intensity, the last two quantities computed from the relations 

V=H tan H and F=H sec() 

In order to fadlitate comparisons of similar quantities at other stations, using different units 
of measure, the values of H, V, F at Ooglaamie are given iu the table expressed in the three dif
ferent systems of units at present in use, viz, the English s~-stem, iu feet, grain, second uuits; 
the Gaussian system: in mm., mg., second units; and the Btitish Association, or C. G. S., iu cm., 
gm., s. units, or dynes. 

Resulting horizontal, ~~ertical and total magnetic force at Ooglaamie. 

I
I [i Horizontal force, H. \i Vertical force, V. Total force, F. , I' , 

Dip 8. 1'1 I I ' ---,---, ----

1 

1 En!!;li•h 'Gau~sian I C. G. S. En~lish Gau~sian C. G. S. En11;lish Gaussian C (;. S. ___ ---\----1 umts. umts. dynes. II umts. l_:'~,~~nea._ ,11~\ umts. _:~-~·--
1881. 0·

1 
)' : I i 

Dec;::er. I 81 24. 6 1. 932 0. 8008 . 08908 Ir 12. 790 5. 897 . 5897 j, 12. 935 5. 964 . 5964 

January. 22. 4 I. 916 0. 8834 . 08834 1: 12. 629 5. 823 . 5823 12. 774 5. 890 . 5890 

February. 27.1 1. 930 O. 88119 • 08899 I' 12. 840 5. 920 . 5920 12. 984 5. 987 . 5987 

March. 27. 6 1. 912 o. 8816 • 08816 I' 12. 733 5. 871 • 5871 12. 875 5. 936 . 5936 

April. 24. 3 1. 946 • 0. 8973 . 0&973 I: 12. 875 5. 936 . 5936 13. 021 6. 004 . 6004 
M&y. 22. 2 l. 923 O. 8867 . 08867 12. 670 5. 842 . 5842 12. 816 5. 909 . 5909 

24. 0 1
1 1. 940 o. 8945 • 08945 12. 828 5. 915 . 5915 12. 974 i 5. 982 . 5982 

21. 5 i! 1. 941 o. 8950 • 08950 12. 772 5. 889 • 5889 12. 918 5. 956 . f>956 

Date. 

Juno. 
July. 

22. 8 II i 1. 939 o. 8940 • 08940 12. 791 5. 898 • 5898 12. 937 5. 965 . f>965 
22. 2 I i. 9ae o. 8927 . 08927 12. 756 a. ss2 588" 1

: 12. 902 s. 949 . 5949 

2222 •. 681 1. 947 o. 8977 • 08977 12. 839 5. 920 • 5920 12. 986 5. 988 . 5988 
1. 1151 0. 8996 • 08996 12. 870 5. 934 . 5934 13. 017 6. 002 . 6002 

22 4 1. 9U. 0. 8950 • 08950 12. 794 5. 899 • 5899 12. 941 5. 967 . 5967 

22. IJ I I. 937 o. 8931 . 08931 12. 758 5. 882 . 5882 12. 904 "· 950 . ;,950 

24. 8 I l. 93'J 0. 8908 . 08908 12. 795 5. 900 . 5900 ! i 12. 940 5. 966 . 5966 I 
25. o 2.1128 o. a890 . 08890 12. 774 s. soo . ss90 11 12. orn "·ow . ws6 1 
24. 511. 937 o. 8931 , • 08931 12. 820 a. 911 . 5911 

11 
12. 966 5. 978 . 597~ I 

22. 6 1. 941 o. 895~ I . 08950 12. 100 5. 001 . s901 11 12. 946 5. 009 . 5969 . 
23. 9 1. 942 0. 8954 • 08954 12. 838 5. 919 . 5919 I! 12. 984 5. 987 . 5987 I 
19. 2 I 1. 932 0. 890811 . 08908 12. 655 5. 835 . 5835 II 12. 802 5 903 . ~003 I 

81 (22. 2) 1: 1. 944 0. 8963 . 08963 12. 809 5. 906 . 5906 I 12. 956 I 5. 974 ' . 5974 I 
Bl23-4Ji1:936 o.~ ~ 12.7865:895~5jjl2.932f5.96315oo3 

August. 
September. 

October. 
November. 

Decelllber. 

18&'!. 
January. 
Feb111ary. 

I 
March. 

.April 

I 
May. 
June. 

I July. 
I 
I August. 

j Mea.n, (Oct., 1882) 
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To an annual change of o H in the dip ti and au anuna1 change o H in the horizontal com
ponent of the force H there correspond annual changes of o V and o F_iu the vertical component, V, 
and iu the total force, F, respectively, viz: 

o Y = tau 11 o II + H sec2 11 d ti o F = sec {Io Il + Il sin fi sec2 fl d () 

hence for o 11 =-1'.:J and oH = + 0.006, we fi11d oV = + 0_010 and oF = + 0.010 in English units, 
and in dynes with o H = + .00038, o V = .00046 and o F = .00046 

The topography of the accompanying map is compiled from surveys of 1853 (by Captain 
l\Iaguire, R N.), and of 1881-'83 (by Lieutenant Ray, l:'. S. A.); for the positions and names of the 
ismall lakes northeast of Ooglaamie I am indebted to Sergeant l\Iurdoch. The two astronomical 
statious are laid down by their observed latitudes alHl longitudes. The distribution of the magnetic 
<kc1ination for 1883 is shown by two isogouic lines, the direction and distance of which are taken 
from my paper on the <listribution of magnetism in the United States (Coast and Geodetic Sur
vey Report for 1882, Appendix No. 13). The isocliuic and isodynamic (horizontal force) lines 
incline about 500 west of north, or about :;o more than the isogonic lines, but no precise data are 
:wailable. 

PART III.-DIFFERJ:<:NTIAL MEASURES_ 

HOURLY V.dlt!ATIONS OP THE DECLINATION, HOlUZOXTA.L A.ND VERTICAL INTENSITIES TVITH 
BI-MONTHLY Ti:/! .II-DAY RE.dD11ff;S, .dT OOGLLlA.MIE; DECE.MBER, .18tH, TO AUG UST, 1883, 

DIF.FRirnNTIAL MAGNETIC OBSERVA'l'IONS A'l' OOGLAAMIE, NEAR POINT BARROW, ALASKA. 

I. The obserrntions of the first year of occupation consist of hourly readings of the Fauth & 
Co- magnetometer, Coast and Geodetic SnrYey No_ 11; of the bifilar magnetometer, Coast and 
Geodetic Survey No.~; and of dip circle, Coast and Geodetic Survey No- 2:3, comprising 1'a.riation8 
in the magnetic declination, in the horizontal aud in the total intensities between December, 1881, 
and September, 1882; together with term-day readings at the beginning and middle of each month, 
as agreed upon for the Polar stations. There were four observers, viz: Sergt. James Cassidy, 
Sergt. John Murdoch, Sergt. Middleton Smith, and A. C. Dark. They took regular turns, each ob
serdng four lwurs at a time. Fifteen readings were taken each hour, five for each instrument, 
viz: six minutes and three minutes before and after and at tbe full hour, commenci11g with the 
declinometer and immediate!~· followed by readings of the bifilar and dip instruments. The tem
perature was noted. The presence of an aurora is indicated by an ai:;terisk. 

The instmmental outfit of the second year of occupation being far more complete tl1an that 
of the first year, only i:;o much of the record aud discussion of the first year's work will be given 
here as seems desirable; further consideration will be given to this year's record after the presen
tation of the second ~'ear's work. 

II. Tbe observations of the second year of occupation consist of hourly readings of the 
Brooke magnetometers, comprising variation8 in the magnetic declination, in the horizontal inten
sity aud in the vertical intensity between September, 1882, and .ttugust, 1883, together with term· 
day readings on the 1st and 15th of each month, as agreed upon for the Polar stations. The 
observations were made by six observers, viz: Sergeants Murdoch and Smith and Mr. Dark, as in 
the 11revions year, and Sergt. J. E. Maxfield with Privates C. Ancor and J. Guzman; they took 
watches of four hours each in regular rotation. Six readings were taken every hour, viz: the 
horizontal force magnetometer was read one ancl one-half minutes before and again one and one.
half minutes aftR.r the full hour, the declinometer was read one minute before and one minute after, 
and the vertical-force magnetometer one-half minute before and one-half minute after the full 
ltour. The temperature was noted by two thermometers suspended inside the cases or zinc covers 
of the horizontal-force magnetometer and of the declinometer. Suitable centigrade thermometers 
had been ordered, but they were not recefred in time and none was placed inside the case of the 
\·ertical-force magnetometer; the temperature of this magnet can be inferred from the mean of the 
readings of the thermometers of the other instruments, which rarel_y deviated more than half a 
degree. The presence of an aurora is indicated by an asterisk. 
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ADJUSTMENT OF TIIE BROOKE DIFFERENTIAL MAGNETOMETERS. 

THE UNIFILAR MAGNETO:'!rETER. 

The length of one division of the scale is 1 millimeter; the radius, mirror to scale is l.il9 
meters; hence the angular value of' one division of' the scale= 1'. 

(1.) Observations for torsion coefficient, September 9, 1882, lh p. m. ·when in tlrn magnetic 
meridian the plane of detorsion read Hl4:0 30', and by turning the torsion circle 90°, first back
ward,• next forward, and again to first position, we have the readings: 

I Tc~~~\~~ i Scale readings. I Mea-n.-1 ~ifferences~: 
1-0-, 1-d. -d. -/-d. / d. 0 I 
1 164 30 530 left, 519 right 524. 51 BS 5 for 90 : 

74 30 456 loft, 416 right / 436. 0 155: 5 for 180 I 
25! 30 684 left, 499 right I 591. 51 88. 5 for 90 I 
164 30 110 left, 236 right I 503. o 

-~~~~-~~' ' 

. h 83.1 
~ean deflection, a= 83'.1, for S= 90°; hence 1=5316.9~0.01563; and the scale >alue a=l'.016 

The fixed mirror was set to show scale division 50 bisected, and at Oh osm (September 10) 
a. m., Gottingen mean time, the magnetometer (movable mirror) was set to read 524. 

(2.) On November 1, 4h 52m p. m., Gottingen time, both mirrors set to read 500. 
(3.) The instrument was readjusted l'mvember 3, 6h iom p. m. At 3h 47m p. m. the plane of 

detorsion was found to read 510 52', when the following observations were made: 

-~~~~ion ·1-:~c~le i-;ifferences .. 
~ readmgs.i ____ 

1 

0 • I d. 1 d. o 

51 52 I 486 I 106 for 90 
141 52

1 
592 I 208 for 180 

321 52 384 I 103 ror 90 
51 52 487 I 

k 104.3 
Mean deflection, a= 104'.3, for /3=90°; henec7=5:!'J5~7=0.01970; and the new scale value a= l'.020 

Fixed mirror reads 500, and magnet-Ometer (movable mirror) was set to 493 at 5h 16m a. 'm., 
November 4, Gottingen time. 

Increasing scale divisions denote increasing easterly declination. 

Recapitulation of monthly mean values (inclusive of disturbances) of hourly readings of the Brooke 
declinometer at Ooglaamie, Alaska, 1882-'83. 

[NoTE.-:For the pnrpoeee of this report it bas been deemed sufficient to give the monthly mean value• of the hourly readings of the 
Drooke declinometer. These values are tabulated 8.\1 follows. The average scale reading 484. 7 corresponds approximately to 35° 37'.2 east 
<leclination.] 

Gottingen civil time. 

Ooglaam.ie civil time. 

1882. 
September (21). 
October. 
November. 

Dooember. 
1883. 

January. 
February. 
March. 

12bs;Jm,6 
Noon+sa•.6 

Divisions. 
491. 7 

492. l 

485.8 

487.9 

474. 2 

476. 2 

478.7 

lh, ~1~~~1~·-· ~1~~1~1~-· 1~1~1 .................. ·-·· ....... !., ............. ' ... ~ ... , ............... 6,.,.. .• 1 ........ , 

--·- --1-j---1----
492. 3 495. 9 493. 8 491. 7 492. 8 400. 4 I 496. 0 I 495. 9 487. 0 i 474, 7 492. 8 

400. s 495. 1 I 488. 7 49a. 4 488. s 490. 2 491. 5 488. 4 486. s 482. s 475. o 
~a ~7 ~o as ~9 ~• ~s m4 •2 ~4 ~3 
~s •1 •5 as a2 &9 &1 ~7 &6 •a ft4 

479. 8 479.1 479. 7 482.2 482. s 483. l 485. 5 486.9 481. 9 479.6 478.4 

476. 0 479.3 479. 8 478.9 479.0 I 48L4 478. 2 489. l 478.0 485.6 483. 7 

477.3 478.5 472.5 472.0 475.5 475.5 471.5 475.3 469.B 483. s 477.~ 

S.Ex.29-44 
"The circle is graduated from left to right. 
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Recapitulation nf monthly mean values, d':c.-Uontinued. 

Gl5ttingen civil time. i' Oh. I lh. l_2_'-_[_~~_l~i.~!_6_h_. _1~1-8_•_. -__ 9_•_. _1~ ~ 
/-----------!' 12•·3m 6 I I · ' : ' !' I I 

()og!aamie ci'l'il time. 11 Noon+rom. 6 j13h53'".u:W53m.n:15h53m.6
1
J61•5;J"'.6117h53m.fi,18h53m.6 19h[;3m.6,20h53rn.fi 21h53m.6 2!J"j3m.6 23h53m.6 

1------11
1 1--1--:-1--1------:--1-1-· -1-~ 

Ap:i~~- I 474. ~ I 473.1 I 471. 2 j 467. 2 / 467. 0 ' 467. 6 i 471. 7 I 474. 31 472. 8 471. 6 470. 4 472. 3 
:May. I 465. 0 I 470. 7 466. 81' 464. 1 I 462. 5 ! 404. 0 464. 6 466. o 1 464. 8 469. 6 [ 462. 2 459. 6 
Juno. 

1
1•. 467. 2 I 470. 0 464. 0 461. 7 I 462. 8 ' 463. 7 ' 464. 0 : 471. 3 1 465. 8 459. 2 1

1 
458. O 4Gl. 6 

I ' I ' ' I 
July. lj 471. O f 464. 8 467. 9 I 463. 51 458. 9 •.i 459. 2 , 459. 6 461. 9 : 450. 71 463. 3 / 467. l 461.1 

August (14). [' ___ ~l~.~2. 2 f _:_6::.:-1~:2_!~2. 2 !~~J-~~~~~ _:_oo.:..:_i~~~ 
1---~I m.4 \__!2::_'.:~:=._1~~\~~\~::_:j~~l~~l~~ 468.2 

April to September, inclusive. 

I 482. 5 I 481. 6 I 483. 5 : 482. 0 481. 9 I 481. 4 I 483. 5 I 483. 1 I 483. 1 ' 478. 1 I 485. 4 474. 4 

I·.. 477. 4 :477.0i477.7f475.6r474.Bi m. ill 476. a ,
1
· 478. 11476:"614n--:S·475.6 47L3 

October to March, inclusive. 

Year. 
I I I I I i ! 

I ·1 I I ' ' ' I I I l !. Noon. i 13'. / Hh. / 15'. 1'•

1
· 16

1
• i 17'. /. 18'. 19'. / 20'. 21•. 22'. 23'. 

l------------11 . ' , ! i • Mean. 

'Oh5Jm.6; 11153~12h53m.6) 3h53m.6 ! 4h53m.6 i 5h53-;;! 6h53m.6 7h53"'.6 / 8h53m.6 '1f~~3m,6 10h53m.61 W53m.6 

Got!Jngen civil time. 

Ooglaamie ei vii time. 
! I I I I ! I ! 

1--·l-882-. --11-1--1--,1·--!--l----~1-1 _____ ,-1 
September (21). Ii 492. 0 i 499. 5 \ 500. 0 507. 2 : 509. 2 : 506. 9 518. 3 512. 4 506. 5 502. 4 497. 9 492. 9 I 497. 5 [ 

October. Ir 474. 'l 495. O j 512. 5 i 500. 7 i 508. 5 i 508. 9 510. 7 527. 3 512. 5 501. 4 492. 5 485. 8 495. 6 i 
Novemb~r. ! 47·1. 2 495.1 I 470. 6 i 493. 5 i 517. 6 j 504. O 538. 9 517. 8 514. 9 498. 3 487. 4 483. 0 489. 8 

December. 

1

,: 474. 8 497. 0 

1

1 499. 51 499. 0 i 498. 3 i 504. 4 499, 9 507, 7 504. ~ 491. 8 484. 6 484. 5 489. 9 j 

1883. I I . 
January. ) 481.41477.1

1 
498.7 \ 495.7 j 502.6 j 514.9 499.1 506.2

1 
511.1 494.7 48i.9 477.0 488.1 

February. I 476.4 476.6 [ 507.7 i 491.6 i, 5-07.9 'I 513.6 513.6 513.8 I 494.5 ', 505.4 491.l 487.6 1 489.4 

March. 
1 

474. 3 467. 5 , 487. 51 498. 3 ! 497. 0 [ 506. B 505. 9 513. 2 j 506. 4 / 495. 6 493. 6 478. B ! 484. 7 

April. ' 476. 6 479. 2 I 487. 7 I 485. 8 1' 494. 7 ! 503. 9 506. 8 514. 4 i 500. 6 ! 495. 7 492. 6 479. 0 ! 482.1 
May. 462. 7 470. 8 ' 479. 5 I 484. 9 492. 6 ' 504. 6 509.1 504. 4 I 500. 8 I 483. 6 480. 8 468. 9 476. 0 

Jnne. ! 456. B 467. 3 l 472. 5 I 478. 71 487. 6 ', 508. O 518.1 502. o II 512. 7 I 493. 2 482. 5 468. 8 475. 7 

July. 402. 2 466. o ; 463. 1 I 477. 9 486. o I 504. 1 508. o 518. 2 514. 5 I 484 a 469., 472. 5 474. o 
August. l~~~:.'.'._1~~1 477.6 ! 485.:_ 1 495.0 500.0 I 499.~.~[~~~~~ ~ 

April to September, inclnsive I~~ ~~I 479. 9 I 485. :_I 492. 7 !~~ ~.:J ... :~1~=_1~:._ ~ ~ 479. ~1 
OotobertoMarch,inclt1sive. l~~I 496.2_1496.51505.3 f 508.~~1514.3 I 507.~j 497.~~~ 482.8 ~ 

Year. I 471.9 479.81 488.0 490.9 499.0 J 500.3 510.8 511.4 506.3 j 494.6 486.1 478.81484.7 / 

SOL.A.R·DIURN.A.L VARIATION OF THE DECLINATION, INCLUSIVE OF DISTURB.A.NOES. 

The daily variation of the magnetic declination is found by subtracting each hourly mean 
from the respective daily mean, and is gir-en in the following table for the whole year, as well as 
for the half years, i. e., with sun in north declination, and sun in south declination : 

Go""ttlugen / Ooir!••mie Apr.-Sept.1 Oct.-Mar . 
. iltiril I hiJT 0north I 0south Year. i 

eiv e. c ime. declination.t_e_cl_in_s_ti_·on_._, ____ : 

h~ Noon+::o + ;. 51 + ;. 1 
1 13+53. 6 + 7. 4 . + 8. 0 

2 14+53.6 + 8.5: + 6.1 

8 15+53. 6 +10. 7 + 7. 6 
4 16-j-53. 6 +12.1 + 7. 7 

5 17+53. 6 +11. 6 + 8. 2 
6 18+53. 6 +io. 8 + G. 1 

7 / 19+53.6 + 5.5 ! + 6.5 
s I 20+53.6 + 9.1 f + 6.5 

9 \j 2H-53. 6 +io. a .

1 

+1L5 I 
10 22+:;a. 6 +ia. 9 + 4. 2 

11 23+53. 6 +n. 6 +15. 2 

+;.a 111: 

+ 7.7 

+ 7.3 ' 

+ 9.1 i 
+ 9.9 i 
+ 9.9 

+ 8.4 
+ 6.0 

+ 8.1 
+10.9 

+ 9.1 I 
+1a.4 

Gottingen / Ooglaamie-
cjviJ time. civil time. 

h. . m . 
Noon ]\['n't+53.6 

l3 

I 
i+sa. 6 

14 2+53.6 
15 3+53.6 
16 4+ll3.6 

17 5+53.6 
18 6+53.6 
19 7+5lJ. 6 

20 8+53.6 

21 9+53.6 
22 10-+53:6 
23 ll+5lJ.6 

.Apparent diurnal range: 
8,ix 111onthe, sun north of equator 44/. S 
Six months, sun south of equato1' S!JI. D 

Year 411'.1 

· nort 0 south 
A&r.-Soht. j Oct.-Mar. I 
declination .. declination. 

Year. 

I I , 
+i2.o +13.6 +12.s 
+ 5.0 + 4.9 +u 
-0.1 - 6.5 - 3.3 
- 5.6 -6.9 - 6.2 

-12.9 -15.7 -14.3 

-24.o "'--19. 2 -21.8 

...,"I0.4 -21.8 -26.1 
-28.6 -24.7 -26.7 

-25.4 -17.8 -21.6 

-11.4 - 8.3 -9.9 

-3.3 + 0.6 -1.4. 

+u + G.8 +u 
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The most pronounced feature of tbe diurnal variation is the morning extreme easterly deflec
tion between 7 and 8 a. m.; this is in perfect accord with the times of eastern elongation at sta
tions in lower latitudes, thus at Sitka• 8 a. m.; at Madison, Wis., 8t; at Toronto, 7ii;; at Philadelphia, 
7i; and at Key West, 8i;. The afternoon westerly deflection, howe\"er, appears to be delayed when 
compared with stations to the south of Ooglaamie; we have a maximum about 5 p. m., and a 

SOLAR '.IJIUBNAL ·vaIUATION OF .TIIE DECLINA.TID.lf 

Obse:i:vcd nt Oo~ .Alasb 

.FuJL ,,,,,....,.._;,,,,,,,,. "'a.~ S.S.18&! 6'~JR83. 
;1'"""'11. ·----- a/'6_........., ........... ,,,._ 
1Jotud, ,.---~ 4''8~,,..-~ ~ 

second and greater maximum about midnight, undoubtedly produced by disturbances, as shown 
in the accompanying diagram. .A.t Sitka the westerly elongation occurs about 32 p. m.; at Madi-

*It is much to be regretted that the magnetic observations taken at Sitka, Alaska, between 1848 and 1864 have 
never been fully discussed. As it appeared to me highly desirable to compare the diurnal variation of the declina
tion at Ooglaamie with that of Sitka, I ha Ye made a combination of the hourly readings from ~he broken ancl irrt>g
ular series extending from 1848 to 1862. (The material for this combiuatiou had been collected by Mr. M. Baker, of 
tho Coast and Geodetic Survey, ill March, 1882.) 

Diurnal i•ariation(inclusive of disturbanC418) of the declination obBerved at Sitka, A.laska,from ten years of obaer1,atiolts. 
[A.+ sign indicates deflection of north end of needle to the west; a - sign the opposite direction.] 

I I I 
Varlation.i Bour. Variation.I Hour. Variation.' Hour. 

--1 ---
, 

I 

, , 
M:idn't +o.o 0 -5.S 17 +a.s 

I -0.2 10 -3. 0 18 -f-3.2 

I 
2 -1.0 I 11 -0.8 19 +2.4. 
3 -L4 1 Noon +z.1 20 +1.4 
4 -2.0 13 +3.2 21 +o.s 
5 -2.9 H +4.2 22 +o.4 
ti -4.2 15 +u 23 +o.G 
7 -5.3 16 +u Midn't +o.fl 
8 -0.0 . 
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son, 1~ p. m.; at Toronto, OJi p. m.; at Philadelphia, lt; and at Key 'Vest, li. At Sitka there is no 
trace of the irregular western deflections recorded at Ooglaamie between 8 p. m. and about 2 a. m., 
as 11hown by the table in the foot-note. If we now refer to the observations made at Point Barrow 
during 1852-'53-'54 (Phil. Trans., ml. 147, 1857) we find 8 a. m. to be distinctly the hour of the 
maximum of the easterly disturbances which thus re-enforce the regular solar diurnal variation 
about this time and produce the great easterly deviation exhibited by the diagram. On the other 
hand, the westerly disturbances reach their maximum between the hours 11 p. m., midnight, and 
1 a. m., when they obliterate the regular solar diurnal variation. Retaining the disturbances the 
eastern maximum deflection is recorded between 7 and 8 a. m.; excluding the larger ones it occurs 
near 7 a. m.; the western maximum, disturbances included, is recorded at 5 p. m. (with a second 
maximum between 10 and 11 p. m.), but excluding the larger ones the elongation reverts to 1. p. m. 

It is also a noteworthy fact that the diurnal variation seems to depend little on the season, 
the deviations from the annual course for the half year with sun north of the equator and for the 
half year with sun south of the equator being small. 

SEPARATION OF THE LARGER MAGNETIC VARIATIONS OR SO-CALLED DISTURBANCES, AND 

THEIR DISCUSSION. 

In the Jlresent state of our knowledge there appears to be no other means of recognizing so
called disturbances in a series of observations except by their magnitude; that is, for any one 
observation or reading taken at random it is impossible to say how much of the measured quantity 
is due to the regular daily variations and how much to other variations following different laws. 
Having formed preliminarily for any one month hourly average or normal values and compared 
each obserrntion at any hour with the normal at that hour, the series of differences so obtained 
will disclose the amount of the so-called disturbances, and a certain limiting value requires to be 
found which shall separate the apparently regular values from the supposed disturbed values, i.e., 
those following different laws from the others. 

Jn the discussion of that large body of magnetic material which had accumulated, mainly 
through the support of the British Government, about the middle of the present century, General 
Sir Edward Sabine was guided in his selection of a limiting value simply by practical considera
tions or by experience, and the eminent success which he had fully justified his method, yet when a 
number of simultaneous observations made at different stations, as in the case of the present 
Polar researches, require strict intercomparability of results, a more definite proceeding appears 
desirable. 

I had made use of Peirce's criterion for the rejection of doubtful observations• -or, here more 
appropriately expressed, for the separation of observations deviating largely in amount by reason 
of their following different laws from those to which the ordinary observations are subject-and in 
using the criterion in such a case it was put forward only with a view of securing some definite 
rule, uniformly applicable. 

The criterion was first employed by me in the discussion of-Dr. Kane's magnetic observations 
of 1853-'54-'55 at Van Rensselaer Harbor, North Greenland ;t afterwards for Dr. Bache's magnetic 
observations of 1840-'45 at Philadelphia,t and for the United States Coast Survey magnetic series 
of 1860-'66 at Key West, Florida.§ In these applications, where no great precision is required, its 
method of application may be much simplified; thus the mean deviation or the mean difference of 
any hourly value from its hourly normal may be found, without the trouble of forming squares, 

by the simple expression E = 1.25 f 6 J and the limiting value given by the criterion will be=x e, the 
N-1 

value of x being a tabular value for the case µ=l, and readily had from Ohauvenet's Table X. 

• U.S. Coast Survey Report for 1854, pp. 131-138; Gould's Astronomical Jour~al No. 83, Cambridge, Mass., April 
24, 1855. It. is now most readily acceSBible in Chanvenet's "Manual of Spherical and Practical Astronomy," Vol. 11 

(first edition, Philadelphia, 1863). 
t Smithsonian Contributions to Knowledge, Vol. X, 1858. 
t U. S. Coast Survey Report for 1859, Appendix No. 22. 
§ V. S. Coast Survey Report for 18741 Appendix No. 9. 
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The limit so found will be the widest one that may be employed, but in special applications it may 
require contraction, for the reason that the nuru ber of the largest disturbances is found to be 
insufficient for their successful di1:1cussion. ln'3tead of using Peirce'" criterion we can, however, 
arrive at an equally satisfactory fixation of a limit by means of the expressions of either the 
probable or the mean error of an observation.• We may define the widest limit as that deviation 
or difference from the mean which exceeds 3.5 times the probable yariability or probable deviation 

of an observation,· this limit corresponds to 3·5 or to 2.36 times the mean deviation (as already 1.48;) • 
used in connection with the criterion). Thus 21 times the mean deviation would be a superior 
limit, whereas Dr. Lloyd (1874) adopts for the discussion of the disturbances a limit of lz times 
the average departure of a reading from its normal. By taking this lower limit we necessarily 
include a number of disturbances of lesser magnitude, but should the limit be drawn still closer 
there is danger of confusing the results with values following different laws from those which 
govern the larger disturbances. It would be most desirable to investigate the disturbances by a 
series of graduated limits and falling between these extremes. A limit somewhere between 2 and 
li times the mean deviation will probably be found most satisfactory. To find the mean deviation 

:26 
e=l.25 n-i say frorn an hourly series of observations extending over one year, the diurnal as well 

as the annual variations of the disturbances must be taken into account, and it will suffice to 
deduce 24 numerical values for e, using for the first month the hours 0 and 12, for the second 
month the hours 1 and 13, for the third the hours 2 and 14, etc., and, finally, to take the average 
(e) from the 24 individual values so obtained. 

Discussing the hourly variations of tlle declination recorded in the second year at Ooglaamie, 
where the horizontal components H =1.936 English units ( =0.8927 Gaussian units, or 0.089f7 
dynes) for October, 1882, the value of e equals 18'.4 nearly; hence limit by Peirce's criterion =44', 
and the same for 21 times e; for twice e the limit is 37', and for 1~ cit ii! 28', which limits separate, 
respectively, 1 disturbed observation in 17 observations, 1in12, and 1in8. General Sabineis limit 
in the discussion of Captain Maguire's observations of 1852-'53-'54 waR 221.87, and the m1mber of 
disturbances separated was between one-fifth and one-sixth of the whole number, but it should be 
remarked here that at that time we were approaching an epoch of a sun-spot minimum, whereas 
at present we have just passed through a sun-spot maximum, during which the disturbances are 
greater. 

' It has been noticed that a limit adopted for a station in low magnetic latitude will not serve 
to deduce a limit for a station in high magnetic latitude when having regard only to the supposi
tion that the limits are inversely proportional to the magnitude of the horizontal components of 
their respective magnetic intensities. The disturbances appear to increase in greater ratio as we 
approach the magnetic Pol:w.- regions. f 

The further discussion of the differential observations must be deferred until after a decision 
has been reached by the Fourth International Polar Conference (to meet shortly at Vienna) re
specting the limit of recognition of disturbances (April 51 1884). 

THE BIFIL.A.R M.A.GNETOMETER. 

The length of one division of the scale is 1 millimetre ; the radius mirror to scale is 1.719 
metres; hence angular value of one division of scale =1'. 

(1.) Adjustment and determination of scale value September 11, 1882, 1h p. m. With plane 
of detorsion in the magnetic meridian the torsion circle read 54° 42'. It was then turned, with 
the suspended weight, 900, and read 324° 42', in which position the fixed as well as the movable 

• Here of course the differences of the tabular hourly readings from their respective hourly normals do not, in any 
sense, represent errors, every one being a.s correct as any other; they are variations governed by unknown law!! 
probably of much complexity. The application of the formulre of the method of least squares to such phenomena is 
more or le88 precarious; the pure observing error may be regarded as insignificant. 

t Thus with the limit of 2'.6 at Key West (H=6. 74) the Ooglaamie limit would be 9'1 abont; with the limit of 
3'.6 at Philadelphia (H=4.17) the Oogla.amie limit wonld be 8', about; with the limit of 5'.0 at Toronto (H=3.53) the 
Ooglaamie limit would be 111, about. 
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mirrors were made to read 500 on the scale. The torsion weight was then removed and the mag
net inserted, and the torsion circle turned to read 248° 35'. The movable mirror was next 
brought to read 500 by means Qf the screw regulating the distance between the two suspension 
threads. The angle z=3240 42' -2480 35'=76° 07' was calculated to answer the desired value of 
one division of the scale to represent a variation of the horizontal force of .001 cos fi expressed in 
metric units, mm., mg., s. By inackertence, a mistake was made by the observers in their calcuJa
tion (in the value of H), so that the scale value neither for the horizontal nor for the vertical force 
corresponds to the value proposed by the president of the Polar Commission. This was not dis
covered by them until near the close of the obseryations, when they judged it best to adhere to 
the old value. The magnetometers were thus given a sensitiveness fully double of what it was 
intended they should have. The consequence was that many of the largest disturbances in the 
horizontal and vertical components failed to be registered, the deflections falling beyond the range 
of the instruments. We have the scale value k iu parts of the horizontal force= cot z times 1' 
=.00007190, and multiplying by H or 1.939 the scale Yalue becomes .0001394 English units. 

(2.) September 18, 1882, 2h a. m. to 3h 1.'.)m a. m., Gottingen time, readjusted bifilar instrument. 
Plane of detorsion read Goo 41', turned torsion circle to 3300 41', and movable mirror made to read 
50; magnet inserted and torsion circle turned to 2540 34', movable mirror brought to read 50 by 
means of the adjusting screw. The angle z equals 760 07' ; hence k or. the scale value remains 
as above. The apparent change iu the plane of detorsion of 50 59' is due to shift of instrument. 

(3.) November 6, 1882, 10h p. m., to Nornmber 7, 211 31m a. m., Gottingen time, readjusted 
instrument. With plane of detorsion in meridian torsion circle read 520 46', a<ljusted movable 
mirror to 50, when torsion circle read 3220 46'. Suspended magnet and made torsion circle read 
247° 12', brought mornble mirror to 50 by means of adjusting screw. z=750 34'; hence 
k=.00007487 parts of the horizontal force, and multiplying by H the scale value becomes .0001452 
English units. 

(4.) February 27, 1883, 311 05m a. m. to 6h 55m a. m., Gottingen time, readjusted instrument. 
Plane of <letorsion in magnetic meridian torsion circle reads 520 35' ; movable and fixed mirror 
adjusted to 50 with torsion circle 3220 351 ; suspended magnet and turned circle to 2470 14', and 
brought movable mirror again to 50 by meaus of the adjusting screw. z=750 21; hence 
k=.00007604 parts of the horizontal force and the scale value .0001474 English units. 

(5.) February 28, 1883, 11i 13m a. m. to 311 37m a. m., Gottingen time, readjusted instrument. 
Plane of <letorsion in magnetic meridian 40° 22'; turned to 310° 22' with fixed and movable mirror 
at 50; suspended magnet, and turned to 235° 01' with movable mirror at 50 by means of the screw. 
z=75° 21'; hence scale values as in preceding case. 

(6.) At 61i p. m., March 23, Gottingen time, suspended mirror touched fixed mirror owing to 
stretching of threads; raised suspension at 6" 45m p. m. 

(7.) At (jh 45m a. m., l\tarch 25, Gottingen time, suspension further shortened; again at 7h 1om 
p. m. same day. 

(8.) At 3 a. m., April 21, Gottingen time, fixed mirror read 486; changed to 500 before taking 
the 3 a. m. observation. 

Increasing scale readings denote increase of horizontal force. 

SCALE VALUES. 

I-----·-·------· 

I English I GanRs;:-1- B. A. unita 
units. units. or dynes. 

--------1 ----~.-1-----
Yalue. of one division of ecalo between I I \ 

Sc11tcmhcr 11, 1882, and N ovem her 6, 1882. ·I . 000139 1 · 0000643 . 00000043 
N ovcmher 7, 1882, am] Febrnary 27, 1883. _ .

1 
• 000145 . 0000669 ! . 00000669 

1"P!1ruary 27, 18E3, to close of series ........ ' j.~~ . 00006!!-0 __:_ 00000~ 

Tho average scale reading 419 corresponds &p· I I 
proximately to horizontal intensity .•..••.•• · I I. 939 0. 8940 o. 08940 

l N OTE.-The recapitulation of the monthly mean va.Jnes of the hourly readings of the Brooke bifilar magnetometer, which ill given in the 
following tables, is deemed sufficient forthe 1mrposes ofthie report; the readings themselves have therefore been omittOO.J 
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The montltly means of the bifilar readings appear quite irregular, produced by large uisturb_ 
anccs and by change in adjustment; the latter hecame necessary in consequence of the effect of 
temperature and moisture on the suspension. During the winter the ollsernttory llecame thicklJ
coated with ice on its sides and roof, which, during thawing weather kept the interior atmosphere 
in a state of extreme moisture; tlte obsen-ed Yariatious iu the length of the suspensiou fibers and 
in the torsion of the two declination instruments may he thus accounted for, and the greater or 
less stiffness of the fibers was probably occasioned h,r moisture <lql08itnd upou it, freezing and 
thawiug alternately. The effects on the readings of changes of ternperatme and gradual loss of 
magnetism• of the magnet or of secular change, are small compared wiHt the abon irregularities 
from other causes. lt would seem desirable to use metallic snspcusion in the plaec of silk. 

The September mean (619.5) was corrected to 51!).l by application of a rough correction of 
-318 divisions to the readings of the'first six days, found by comparison with the mean of the 
succeeding six days. 

In August, 1883, the mean reading was higher (G39.7) than at any other time, and it was evi
dent that the adjustment of the instrument had from some unknown cause been di8turhed; one 
of the observers (Mr. Maxfield) states that when he took down the instrument on the 27th lte 
found the adjusting screw which holds the thread an cl determines the distance between the threads 
worked rather loosely in its hearings, whereas it was very tight when the instrument was first set 
up. It is difficult to fix upon a particular time wheu the rapid increase in the readings commenced, 
but it was most probably between August 7 and 8, and lasted for two or three days before the 
instrument settled again to n, fixed condition; a slow progressive motion is apparent from the last 
days of July. For our present purpose the matter is of little importance, siuce we shall deal strictly 
in a differential way, only aiming at roughly comparable absolute readings. In order to reduce 
the monthly readings during August roughly to a uniform scale a correction of - 187 .0 diYisions 
was applied. 

•The Brooke magnets are now over thirty years old: they were nsecl at 'Vashington in 1853. 
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Recapitiilation of monthly mean values (inclusive of disturbances and uncorrected for changes of 
temperature and variations in scale value) of the hourly readings of the Brooke bifilar magnet
ometer at Ooglaamie, Alaska, 1882-1883. 

[~ttingenc~viltime. I Oh. 1~~~~1~~1~~,~~1__'.'.~f~:__J~l~~1~~ m 

I tOoglaamie civil time. , Noon+53m.6 1113'53m.6 14'53m.6 !15b53m.6 !16'53m.6117'53m.6•
1
't8b53m.61

1

19'>53m.6120'53m.6btb53m.6 22•53m,6 23•53m,6 
I I I I i 

1882. 1----1--1--1--1--1--1-1-- --
537. l I 532. 0 5.~6. 1 ! 542. 0 I 563. 51 558. 8 ' 563. 0 538. 9 I 518. 8 529. 5 501. 8 526. 6 
4!'9. 2 , 494. o 490. o , 498. 5 I 504. o 485. 8 j 489. o 438. 4 468. 6 424. 6 390. 9 404. 9 

September 12 to 30. i! 

459. 1 I 4SI.. 8 477. 0 I 480. 1 I 508. 0 485. 3 I 467. 8 455. 5 452. 0 418. 3 402. 2 372. 7 

487. 91 soo. 7 513. 31 514. s I 525. l ! 522. 2

1 

520. 9 515. o 500. 8 477. 7 459.1 '67. 6 

438. 1 I 431. 5 441. 61 455. 0 I 461.1 I 461. 4 I 454. 4 454. 6 449. 5 449. 4 417. 7 372.1 
441. 0 I 443. 61 434. 5 I 445. 21 459. 0 i 473. 0 I 475. 3 446. 0 397. 4 399. 3 375. 0 365. 9 

462. 5 : 458. 3 481. 8 i 510. 7 512. 1 I 510. 3 II 489. 7 481. 9 419.1 439.1 400. 2 375. 2 
3ss. s i 353. o 364. 9 i 418. 1 I 422. 5 i 410. 4 410. o 423. o 411.1 374. 8 344. 3 336. a 
396. 8 r' 391 3 408. 0 ' 416. 4 ! 448. 3 , 457. 4 I <169. O 472. 9 452. 8 429. 1 429. 3 388. 8 

372.1 . 397. 2 405. s 1 444. 3 1 467. 3 r 470. 6 1 518. 5 508. 7 496. 4 465. 7 410. o 381. 5 

October. 
li..,..ovember. 
December. 

1883. 
January, 
February. 
March. 
.April. 
May. 
June. 

I Jnlv. 
I .August 1 to 27, mclns1ve. 

388.3 i 425.7 447.o 1 473.3: 478.9 i 5os.1 / 511.8 505.8 488.7 482.6 445.1 421.0 

498. 5 i 500. 2 508. 2 / 540. 5 ; 550. 2 I 560. 8 I 1!91.1 52s.1 541. 9 55a.1 524. a 506. 9 

I G .. . . il t' I N I 13' I 14' I 15' I 16h 
1
1 l"h 18' I 19h I 20• I 21• I 22• I 23' 

J ottmgen civ 1me., oon. 1 · I · J · I · ' · · J · I · I • · · 

I 

,--l--1--1-- '---1--1--1--,--i--!--I-- Mean. 
Oog!aamie civil time. 

1
· 0•53m,6, lh53m.6 1 2'53m.6 3'53m.6 '4•53m,6 5'53m.6 . 6h53m,6

1

7h53m,6 s•53m,6 9h53m,6 10•:::~6 1 11•53m.6 ______ i __ j __ j __ J __ i __ 1 __ 1 ____ 1 ___ · __ -

I! I I I' I I I d. 1882. 

September. 
October. 
November. 

Dec~mber. 

1883. 

January. 
February. 

March. 

.April 

May. 
June. 
July. 

Augnst. 

I: 504. 4 i 508. 4 I 500. 4 487. 4 498. 9 i 480. 4 1 481.1 496. 9 513. 6 509. 5 500. 9 529.1 51~. l 

I! :~~~ i ~~:~I :~~:~I :~::~ ::~:: 1

1 

:::: :::: :~:~I ::~:: ::: ::~: :!~~ ::~ 
1: 446. 5 I 397. 2 403. 5 389. 5 417. 9 402. 7 398. 8 427. 0 398. 5 422. 6 459. 8 479. g 460.4 

II I I I i) 383. 3 310. s I 336. 4 335.1 339. 8

1 

319. 8 356. 9 328. 5 319. o 365. 1 400. 4 425. 1 a98. 1 
i 1 388. 2 I 337. 0 I 318. 9 349. 8 299. 3 305. 41 289. 8 312. 7 344. 1 330. 6 362. 6 401. 9 383.1 
ii 372. 4 

1 
383. 2 ) 326. 1 346. 9 341. o 313. 5 , s20. 2 318. o 345. 4 357. 4 411. a 441. 4 409. 1> 

i a1 i. o I 290. 8 1 294. 9 290. 4 ao3. 9 I 210. 1 214. 6 245. 1 I 289. o a10. a a29. 4 339. o an. s 
1 341. 81 315. 0 i 319. 9 317. 6 308. 9 I 289. 3 269. 2 300. 7 i 332. 8 357. 0 356. 0 379. 5 377. 0 

, 406. 3 a8o. 61 329. 1 337. 6 325. 91 25s. 2 253. s 299. 2 I 284. 3 348. 3 353. 6 374. s as1.1 

1

1

1

, 395.71 387.o I 396.4 398.1 341.7: 320.3 289.l 274.31 sos.o 360.5 386.o 379.8 408.8 

!(~!-~.,,~~ 412. s : m. 4 · 46t. 2 441. 2 450. 4 I 445. 5 435. 6 466. o ~ ~~ 

!i I J I I Mean 419.4 
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Solar diurnal variation of the horizontal force (inclusive of disturbances), expressed in scale divisions 
and 1mcorrected for changes in temperature, 1882-'83. 

( Gottingen civil time. l[IScal! val-[i O'. j lh. I 2h. 1' a•. i 4•. '.i 5•. I £h. i 7'. I s•. i 9'. I 10•. 1 11'. I 
! fueinparts!i ---1------:---___ , ___ • ___ 1 ___ 1 ___ 

1 
___ , ___ , 

: I( of force I I ! ' ·, 1 I 1 1 : : 1 
I Ooglaamle civil time. I 0. 0000 I Noon+53m.6 l3•53m_6114h53m.6 J5'53m.616•53m,517•53m,6.18'53m.6J9'53•.6!20•53m_5 21•53m,6·22•53m,6 23h53m.6: 
I Ii ! I I i I : ! I ' . ,, __ , 1-----,--1----·~----- r· 

1882. II : , I r. i 1. I : : , I I i I I i I I : I I 
Sept<imber. i/ 719 ' +18. o +12. 9 +17. O , +- 22. 9 i+ 44. 4 ;+ 39. 7 ,-r 43. 9 1+ 19. 8 ;- 0. 3 1 +JO. 4 I -17. 3 I + 7. 5 

October. '1 719 + 51. 4 1 +56. 2 +52. 2 :+ 60. i it 66. 2 1+ 48. O 1+ 51. 2 )+ 0. 6 i+ 30. 8 -13. 2 : -46. 9 ' -32. 9 
November. ii 743 +51.0 +n.7 +68.9 

1
+ 72.0 + 99.9 ,+ 77.2 i+ 59.7 I+ 47.4 !+ 43 9 +10.2: -5.9' -35.4 

December. ·I 749 +27.5 +40.3 +52.9 + 54.4 + 64.7 •+ 61.8 )+ 60.5 + 54.6 l+ 40.4 +17.3 -1.3
1 

+ 7.2 
1883. 'I : ! i I i 

January. '1 749 +39.4 +32.8 +42.9 + 56.3 !+ 62.4 :+ 62.7 + 55.7 + 55.9 i+ 50.8 +50.7 j +19.0 -211.11 
February. Ii 749 +57. 9 +60. 5 +51. 4 + 62.1 :+ 75. 9 :+ 89. 9 + 92. 2 + 62. 9 I+ 14. 3 +16. 2 ! - 8.1 -17. 2 

March. 

1

1 
760 +53.o +48.8 +12.a .. +1oi.2 '.+102.61.+rno. 8 t- 80.2 + 72.4 i.+ 9.6 +29.6 :-9.3 -34.3 

April. i 760 +14.0 +11.s +23.4 + 77.2 I+ 81.0 I+ 68.9 1+ 75.41
1
+ 82. l :+ 69.6 +33.3 · + 2.8 - 5.2 

}[ay. ' 760 +19.8 +14.3 +31.0 i+ 39.4 :+ 71.3 i+ 80.41+ 92.0 + 95.9 1+ 75.8 +52.1 +52.3 i +11.8 
June. I 760 -15.0 +10.1 +18.7 j+ 57.21+ 80.2 :+ 83.5 +131.4 +121.6 ,+109.3 +78.6. +22.9 ·, - 5.e 
Jnly. j 760 -20. 5 +16. 9 +38. 2 '+ 64. 5 I+ 70.1 

1
+ 96. 9 +103. o [+ 97. o 1+ 79. 9 +73. 8 i +36. 31 +12. 8 

1 

) August. ! ~ i---=-=-~ -=..!.: .. ~J~:'..:.~J:~:_:~!~~!+ 59. 6 :.::_:~!+ 26. 9 + 40. 7 . +51. ~I +23. l ... :: .. ~:._:_! 

I 
Aprll-!'leptember, in· 753 ' + 2.31+10.s1 +22.6 : .. +50.11 +66.0 I +71.5 :. +83.61 +73.9 +62.s l +50.0 j +20.0 I+ 4.5 '..i 

clu81Ve. :/ 1 I I r I 

I 
o~rvi:.r-1\Iarch inctu-

1 

746 . +46. 1 !+52.11 +56. 81 +67. 8

1

- +78. 01 +n. 4 i +66. 61 +49. o +a1. a \ +18. 51- 8. s _-23. 2\ 
I Year. ; 750 i, +24.5\+3L4\+39.7j+58:91+72.3\+72.~j_+1s.1\+6L4 +47.1\+au\+5.6 -9.t\

1 

I 
k I i : I I I I I I I 

Giittingen civil time. ~~~!;::{.;!Noon. ~f~[ ~i~l~i~I~ ~ -~_!~~ 
Ooglaamie civil time. I 0~. ~~";;' I Oh53m.6 i•53m,6 ! 2•53m_r, I 3'53"'.6; 4h53m,6: 5•53m,6: 6'53'".6 I 7•53m,6 8•53m,5 9•53m,5 

1110•53m,Glll•53•.6' 

l&e2. 

September. 

October. 
November. 
December. 

1883. 
Janul\ry. 
February. 
March. 
April. 
May. 
June. 
July. 
August. 

1-1·-:-1-1-1-1-1-,--1-1-! 

719 I -14. 7 -10. 7 I -18. 7 I -31. 7 -20. 2 I- 38. 7 1- 38. () I_ 22. 2 1- 5. 5 - 9. 6 : -18. 2 +10. 0 

719 -36.7 +4.3,-31.91-31.7 -17.51-41.4:-47.31-83.4!-60.3 -1s.a(+a.1 +s1.o 
743 -ll.8 I -39.4 j -67.41-72.2 -72.61- 58.71-123.51- 85.41- 65.7 -19.81 +23.l +31.6 
749 I -13. 91-63, 2 i -56, 9 -70. 9 -42. 51- 57. 7 !_ 61. 6 ,- 33, 4 :_ 61. 9 -37. 8 - 0. 6 +19, 4 

i I ' I I 
749 -15. 4 -27. 9 1 -62. 31-63. 6 I -58. 9 ,..;. 78. 9 1- 41. S '- 70. 2 - 79. 7 -33. 0 + 1. 7 +27. 0 

749 + 5.1 . -46.1 1-64. 2 -33. a i -83. s J_ 11. 1 1- Da. 3 - 10. 4 - 39. o -s2. 5 -20. s +18. 2 \ 
' I I I 760 -37.1 -26. 31 -82. 8 I -62. 6 i -68. 51- 96. 0 '.- 80. 3 - 91. 5 - 64.1 -52. l + 1. 81 +31. 9 I 

16-0 -ao. s -so. 1 . -46. s 1 -42.1 : -•1. s - 65. • I- 66. 9 - oo . .i - s2. s -ai. 2 -12.1 - u 
760 I -35. 2 -62. 0 : -57.1 l -59. 41-68.1 j- 87. 7 \-107. 8 - 76. 3 - 44. 2 -20. 0 -21. 0 ' + 2. s I 
760 +19. 2 - 6. 5 I -57. 4 I -49. 5 ,, -61. 2 ,-128. 9 ·1' -133. 3 - 87. 9 -102. 8 -38. 8 -33. 5 -12. 61 
760 1 -1a.1 -21. s 1.-12. 41 -10. 7 -67.1 

1

- 88. s -119. 1 -134. s -100.11 -48. 3 -22. s -29. o 

~, +is.3 i..±.::.~.1..::...s.0_ 1 -2s.4 -27.8
1
- 40.o 1- so.'.'..r so.s 1- 55.~_1-65.6 ~ -1u I 

April-September, inclusive. ~ 1..::...~:J..=:: .. :.J -32.9 J_:.:~:-~J~:: .. ~J: ... :~[- 87.6 i~'.'....1- 60.2 I~ -23.8 (_::_~\ 
October-March, inclusfre. 746 I -18. 3 i -33. l I -60. 9 j -55. 7 / -57. 3 i- 68. 4 !- 74. 61- 72. 4 I- 61. 8 I -35. 6 + 1. s 1 +27. 5 I 

Year. 11so-,1-l3. s1-2s.1 l-=46.'9j-=46.3/-:52.2"'i- 71. 61- 81.1 I- 75. 21- 6LOl-35.6 -1w1+ "'9.8 

S. Ex. 29-45 
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Monthly mean values of the hourly readings of the thermometer attached to the bifilar magnet
ometer and expressed in degrees of Fahrenlleit's scale. 

Giit~;;.~~encivil}'l __ o•_._J~-1~-J~-l~_jl~-'--6•_._ 11_.:·_l __ s•_._l~-1~1I~ 
0 I .. ·1(1 I I I . I I I 0fii:.'."l0CIVI st·+53m.6 il3b+53m.61[4h t53m.6!~~3m.G 1 16h+~3m.61

17'+53m.6i 18'+53m.6i 19°+53m.6120"+53m.6 21'+53m.6•22h+53m.6 23'+53•.6 

1882. Ii i I i I I I 
September. i'! 36. 4 I 37. 0 37. 2 i 37. 1 

1

: 37. 6 36. 4 35. 9 35. 4 34. 7 34. 5 33. 8 33. 8 

Octo!Jer. /i 19. 6 20. 4 20. 9 20. 8 21. 0 20. 3 20. 0 I 19. 4 1!. ~ 17. 5 t'I. 0 17. 0 

November. Ii 3. 8 I 3. 9 4. 1 4. 2 I 4. 6 4. 3 I 4. 5 I 3. 5 I .. o 1. 9 1.5 1. 3 

~::~=:r .. 1; = ::: \I~::: [ = ::: _-::: Iii=::: = ::: I=:: I~:: I=::: I=::: I=::: ~ ::: 
February. :1 3. 7 5. l !

1 

5. 5 5. 4 5. 9 6. 1 6. l I ft. 0 4. 5 3. 7 3. 1 2. 5 

March. ) I 2. 6 I 3. 5 4. 2 I 4. 6 1 5. 9 5. 4 I 4. 7 : 3. 9 2. B ; 2. 0 1. 0 0. 3 

April. [1 15.5, 16.3 17.2 I 17.0 1 18.0 17.6117.1 

1

15.8 14.2 1 12.8 11.5 10.o 

May. JI 37.0 JI 37.3 38.0 I 37.0 I 37.0 I 36.6 35.6 34.5 33.1 I 31.9 30.7 29.5 
June. : 47. 8 48. 1 48. 7 I 48. 5 / 48. O : 47. 6 : 46. 6 I 44. 8 43. 9 I 42. 8 41. 8 40. 9 

July. I 49. 1 I 49. 5 50. 0 49. 6 I 49. 4 
1 

48. 8 

1 

48. 1 I 46. 5 46. 0 • 45. 1 I 44. 1 43. 2 

August. : 47. 7 I 48. 3 
1 

48. 6 48. 4 1 48. 5 I 48 4 48. O 47. 2 46. 3 / 45. 4 , 44. 8 44. 3 

April-;Septe:m· !138.9----:i9. 4- 46. o-1'39.6139.8·1~138.-6 -\-3~1'36:"4[35.4 az4 33."6 
her, mclus1ve. ,) 1 i I 

1 ol~c~:~i~~rch,I,! 2.8 i 3.4 3.8 I 3.9 I 4.4 Ii 4.2 I 4.0 3.6 I 2.4 I 1.7 1.1 0.8 

Whole year. i 20. 8 I 21. 4 21. 9 21. 8 n l 21. 7 I 21. 3 20. 5 I 19. 4 18. 6 17. 8 17. 2 
I I · , 

l~y~~~encivil}:1Noon.11 _:_!_:__\~i_:_l__:__\_:__l_:____:__i__:___:__:_ ! 
0 l .. 'llli I I l I . I i I I ~ 'ifi::miecin 5 o•+sam.6 1"+53m.6'2•+53m.6 a• +53m.6 4'+53m.6 5'+5am.6 6•+ssm.6 1•+53m.6 s•+53m.6 9'+53m.a 1o•+sam.& 11•+53•.6 g 
_·_!f_l_i_l_l-!-!---11 ___ 1-- );! 

1882. 11 I I I 0 

September. I' 34. l 34. 0 34. 0 33. 7 I 33. 9 33. 8 33. 9 33. g 34. 4 34. 9 35. a 35. 8 +35. l 
October. \I 17. 2 17. 3 17. 3 17. l I 17. 4 17. 5 17. 6 17. 5 17. 4 17. 5 17. 7 18. 4 +18. 4 

November. 1· 1. 6 I 1. 5 1. 5 1. 5 , 1. 5 1. 7 2. 3 2. 3 2. 3 2. 5 2. 6 2. 9 1 + 2. 7 
December. ' - 8.9 1

1 
- 9.0 - 9.0 - 9.0 I - 8.8 - 8.7 - 7.5 - 7.9 - 8.0 - 8.1 - 8.1 - 8.2 - 8.0 

1s8a. • I 

~,:::~~. j. - ~:~ 11- ~:~ - ::: - ~:: 1- ~: -::: - ~: - ~:: -~~ - ::~ -::: - ~! : !:~ 
March. 1 - 0.1 - 0.5 - 0.9 

1 
- J.2 \ - 1.4 - 1.5 - 0.9 - 0.9 - O.ft 0.0 0.9 2.1 + L5 

April. 11 s. 9 I 8. 2 7. 3 1 6. B 6. 6 6. 7 7. 6 s. o 9. 5 I 11. o 12. s a. 5 +12.1 

May. ji 28. s I 20. 2 21. e 
1 

'.ll.7 28. 2 29. o 29. s al.l 32. 4 33. a as. s a1. 3 +a2.B 
June. ! 40. 3 I 39. 8 311. 6 i 39. 4 39. 4 39. 8 40. 6 41. 6 42. 7 ~. O 45. 4 47. O +43. 7 

July. 11 43. 0 1 42. 6 42. 2 I 42. 4 42. 3 42. 5 43. 3 43. 9 45. 0 46. J 47. 4 48. 4 +45. 8 

August. I 44. o I 43. 3 43.1 I 42. 9 
1 

42. 7 42. 5 42. 8 \ 43.1 43. 8 44. 7 I 45. 9 47.1 I +45. 5 

April~Septe~1- 1
1

1

33.2/32.7 32.31'~132:2 32.4 33.033:6134.6" 35.8 li7.o 38:4-\ +3&8 
her, mcltts1ve. I 

Ot;tober7Marcb, I 0. 9 0. 8 0. 7 I O. 6 I 0. 7 O. 8 1. 5 1. 3 J. 3 I. 5 1. 8 2. S + 2.1 
incJ us1 ve. I [ 
Wholeyear. I 17.0 16.7 16.5 16.4 

1 
16.4 16.6 17.3 17.5 18.0 18.6 19.4 20.3 +19.0 

j 1 t -

Temperature coefficient.-There were no special observations made to ascertain the effect of 
changes of temperature on the magnetic moment of the biti.lar magnet; the instrument was 
mechanically compensated as near as could be judged; we ba,·e therefore to determine the 
outstanding effect by means of the ordinary hourly readings. During 1882 one lamp was oontin
uous:y burning in the observatory, but early next year three lamps were kept burning, the supply 
of oil being greater than was at first supposed. The annual average temperature in the observa
tory, as shown by a Fahrenheit thermometer inside the zinc co\·er of the bifilar, was + 19°.0 or 
- 70,22 c. 

In consequence of the irregnlarities in the stara of the instrument, as shown by the monthly 
mean reading~, the only available method for deducing the temperature coefficient g appeared to 
be that of selecting a number of conseeutive and undisturbed days at times when the temperature 
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was rapidly changing, and finding for each case the apparent change of the daily means in scale 
divisions corresponding to a change of 1° in temperature. The following values were thus found: 

Date. I Change. 
Corre- Change 

sponding for I I 
change. 1° Fah. 

------
1882. d. 0 d. 

Oct. 30-31 + 55 + 13.4 + 4.1 
Nov. 10-11 + 26 - 8.0 - a.a 
Dec. 1- 2 + 27 - 7.3 - 3.7 
Dec. 14-15 - 39 + 11.0 - 3.5 
Dec. 15-16 +« - 10.3 - 4.3 

1883. 
Feb. 9-10 + 40 7.4 - 5.3 
Mar. 11-12 +16 + 6.8 + 2.4 
July 19-20 + 37 8. a I -4.5 

It is proposed to adopt provisionally the mean value - 2.2 :I:: 0.8, which is equirnlent to a 
deerease of 0.000165 parts of the horizontal force for an increase of temperature of 1 o Fah. 
or q = 0.000165 

In the following table the values in column 3, 4, 5 are uncorrected for changes of tempera
ture; the next three columns show the temperature differences for which corrections were required, 
and the last three columns give the diurnal variations thus corrected. They are laid down on the 
accompanying diagram. 

Solar-diurnal variation of the horizontal force, inclusive of disturbances, and e.vpresBed in partB of the 
force, Ooglaamie, 1882-'83. 

! 
Temperature difference. Ii Solar diurnal variation. 

Gottingen Ooi;laamie Six months, Six months, Whole i! 
civil time. ciY1l time. snn north snn sonth year. I I' I I ofeqnator. of equator. t-350. 8 t-20.1 , t-190. o ,i Half year,: Half year, Whole 

('.)n. 0 I 1 sun north I sun south year. 8• I year. I. <>f eqnator .. of equator. 
___ t ___ I! ! 

0 0 
I 

0 I· 

I 
h. h. m. 
0 Noon+53.6 +. 00017 +. 00348 +· 00184 +3.1 +0.7 +1.8 1: +. 00069 +. 00360 +. 00214 

1 13+53. 6 081 389 236 +3.6 +l.3 +2.4 140 410 I 276 

2 14+53.6 170 424 298 +u +1.7 +2.9 239 452 I 346 

3 15+53. 6 377 506 442 +3.8 +1.8 +2.8 440 536 488 

4 16+53.6 497 586 542 +4.0 +2.3 +a.1 563 624 593 

5 17+53.6 538 548 544 +3.4 +2.1 +2. 7 ~94 583 589 

6 18+53. 6 830 497 563 +2.8 +L9 +2.3 676 528 601 

7 19+53. 6 656 366 I 461 +1.6 +l.5 +1.5 582 391 486 I 
I 

8 20+5.1. 6 471 236 353 +0.6 +o.a +0.4 481 241 360 I 
D 21+53.6 376 + 138 257 -0.4 -0.4 -0.4 369 + lal 250 

10 22+53. 6 151 - 065 + 042 -1.4 -1.0 -1.2 + 128 - 081 + 022 

11 23+53. 6 + 034 173 - 071 -2.2 -1.3 -1.8 - 002 194 - 101 

Noon 0+53. 6 - 070 136 103 -2.6 -1.2 -2.0 113 156 136 

I 13 1+53. 6 175 247 211 -3.l -1.3 -2.3 226 268 

I 
249 

14 2+53.6 248 454 352 -3.5 -1.4 -2.5 300 477 aoa 
I 

l~ 3+53. 6 279 416 347 -3.6 -l.5 -2.6 I 338 441 I 390 

16 ·4+53. 6 354 427 3g1 -3.6 -1.4 -2.6 413 450 434 

17 5+53. 6 564 510 537 -3.4 -1.3 -2.4 620 531 ! 577 

18 8+53. 6 660 557 608 -2.8 -0.6 -1.7 700 567 636 

19 7+53.6 587 MO 564 -2.2 -0.8 -1.5 623 553 ' 589 

20 8+5.'I. 6 453 461 458 -1.2 -0.8 -1.0 473 474 i 474 

21 9+53. 6 268 - 266 267 o.o -0.6 -0.4 268 - 276 

I 

2;.& 

22 10+53.G 179 + 011 - 083 

I 
+1.2 -0.3 +0.4 159 I + 006 - 076 

23 11+53.6 - 059 + 205 + 073 +2.6 +0.2 +1.3 - 016 I + 208 + 094 
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At Ooglaamie the daily maximum value of the horizontal force occurs between the hours 

5 and 7 p. m., and the daily minimum about 7 a. m.; there is also a very slight indication of a sec
ondary disturbance in the regular progression between 3 and 5 a. m., corresponding probably to a 
secondary maximum about 6 a. m., as exhibited at Toronto, and more strongly at Philadelphia at 
5il a. m., where it constitutes the principal maximum, the secondary occurring at 4 p.·m. The 
maximum at Toronto takes place between 4 and 5 p. m., and the minimum about 10 a. m. 

The diurnal inequality in tlle whole deflecting force acting in the llorizontal plane may be 
exhibited graphically both in direction and magnitude as in the aunexed diagram. 

The origin of the co-ordinates represents the normal declination and horizontal force, and any 
line drawn from it to any part of the curve will represent its dir~ection and magnitude (according 
to scale of diagram), the deflecting force acting at the time marked against that point. If for any 
time the angle !/.• equals the westerly deflection of the horizontal needle, the deflecting force 
producing the same is H sin ¢·, and when expressed in parts of the horizontal force, simply sin i/1• 

A deflection of 'f' minutes corresponds to ij41~.t or 0.000291 ¢'parts nearly. Tllo table of the solar 

diurnal variation of the declination contains the values of ¢ for every hour of the day, and the 
corresponding change in the force at right angles thereto is contained in the preceding table of 
the variations of the horizontal force; these two components, the westerly and northerly, appear 
combined in the diagram. It will be seen that the disturbing forces act more energetically in a 
plane approaching closer to the true than to the magnetic meridian, and that the ,usual character 
of the representation is changed by their action, that half of the curve containing the hours 21 
(9 p. m.) to 2,Z a. m. being thrown far to the westward, forming a loop, and beyond the branch 
containing noon ; on the other band the great extension of the deftecting force between 7 and 8 
a. m. is wholly due to the great activity of the easterly disturbances about these hours. This will 
become clear when the disturbances have been separated from the normal deflecting forces, and 3 

diagram for the latter alone is presented. 
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Diurnal variation in the whole deflecting force acting in the horizontal plane. 

[The intensit7 of the whole horizontal deflecting force is expressed in parts of H and all disturbances are inclucle<l. \ 
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THE VERTICAL FOHCE MAGNETOMETER.. 

The length of one division of the scale is 1 millimeter; the radius mirror to scale is 1.719 
meters, hence angular value of one division of scale= 1'. In consequence of the great sensitiveMss 
given to the instrument, which was nearly double of what it was intended it should have, a few 
of the largest disturbances during November were beyond the range of the instrument and thus 
failed to be recorded. • 

(1.) Adjustment and determination of scale value September 9, 1882, noon. The kmfe-edge 
was brought into the magnetic meridian on the leveled agate supports, the magnet was balanced, 
and a.t Uh 22m p. m., Gottingen time, the fixed and movable mirrors were made to read 500. 

Observations for time of one oscillation of rnagnet and appendages. 

lU.GNET SUPPORTED ON KNIFE-EDGE. 

Number of oscillations.• Time. 

m. '· 
10.--------------··-------··---·-·· 2 18.0 
16................................. a 2s.5 
lG................................. 3 28.0 
16................................. a aa.5 

58-·-·-·----·--------·---·--------- 12 45.0 
•By ehronometer Bond 188. 

MAGNET SUSPENDED BY THREADS. 

i 
Number of oscillations.' Time. i 

\-------------1 
m. •· I 

! !~:::::::::::::::::::::::::::::::::· ~:::I 
- --1 28................................. 814.61 

•By chronometer Bond 188. 

Hence T,=17•.664 (um:mrrected for torsion). 
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Hence T = 138.190, and value of one 
division of the scale in parts of the vertical 
force (for Jog c/• = log 1'). 

T,2( 1 +y) 
--

1
-
2 

- cot 8 . '11=0.00008028 

.Arnl multiplying by V = 12.786, value of 
one division of scale= 0.001026 (English uni ts). 

OBSERVATIONS FOR TORSION OF THREAD. 

! Torsion 
/ circle. Scale extremes. Hean. DiJf. 

I --
I D d. d. d. d. 
I 15 488 and 711 600 84 I 285 708 323 

I 

516 

I 
174 

I I 
105 625 754 690 93 

15 480 714 597 

Value of one division=l'; 351+4=87'.8; 

hence corrected time T, = 17•.664 /1 +1~ \J . 
=17•.807 

(2.) Readjustment November 3, lOP p. m. (Gottingen time), to November 4, 4!h a. m. (Gottingen 
time). Instrument "releveled, fixed mirror made to read 500; also movable mirror adjusted to 
division 50, 511 20"' p. m. (local time). 

Obserrations for time of one oscillation of magnet and appendages. 

MAGNET SUPPORTED ON KNIFE-EDGE. 

The center of gravity was raised until time 
of one oscillation was found to be T = 13°.698; 
after a few minutes the operation was repeated 
with the following result: 

Number of oscillations.• I Time. I 

1---::-:1 
1

10 .••.....••••..••.....•.•.......•. i 2 07.5 i 
8 ..•.•. ·•••••·····•··· ············i 1 42.0 . - !---; 

i18 ..•••••.•••...•.........••••..•. :~i 

* By chronometer Bond 188. 

Hence T = 12•. 750, mean T = 13•.224 and 
valne of one division of the scale in parts of the 
vertical force= 0.00008163 which is equal to 
0.001044 English units. 

MAGNET SUSPENDED BY THREADS. 

Number of oscillations.• Time • 

.... .. 
10 .••.•••...•••..••••••..•.•••••••• , 2 57. 8 

~:::::::::::::::::::::::::::::::::1-+~ 
• By chronometer Bend 188. 

Hence T,=17•.840 (uncorrected for torsion). 

OBSERVATION FOR TORSION OF THREAD. 

Torsion I circle. Scale extremes. Mean. DiJf. 

--o-·'--d-.--d-. -1-d-.- --:-1 
: 164 596 and 693 644 84 I 

74 523 596 560 

264 755 773 764 
164 613 699 I 656 

Hence T,:=181.002 

204 

108 

(3.) Balance magnetometer adjusted Novmber 14, 1882, 711 p. m.,Gi:ittingen time, so as to oscillate 
in 9•.060 and to read 500 at 1011 05m p. m. (Gi:ittingen time). This value for T was derived from 20 
oscillations; no particulars are recorded. No observations of oscillations with magnet suspended. 
With T,=18•.002 and T=9•.060 we have scale value in parts of the vertical force 0.0001739 which 
is equal to 0.002223 English units. 

( 4.) Readjus~ment of balance magnetometer March 4, 1883. Instrument leveled with support
ing edge in magnetic prime vertical 7h a. m., Gottingen time; magnet balanced by means of weights 
and both mirrors brought to scale 50 (8h a. m., Gottingen time); magnet brought to oscillate in 
n•.850 by means of adjusting weight on upright stem (8~ a. m., Gottingen time). 
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__ N_um_b_e_r o_r_os_cu_· 1_at-io_11•_· • __ \ Time. I 
10 ........................ ··--·--·· 
10 ............................... . 

tn. s. 
1 58. 5 

1 58. 5 

20................................. 3 57.0 
I 

*By cbro11ometer Bond 188. 

Hence T=ll•.850 

With T,=18•.002 and T = ll8.850 we liaYe 

value of one didsion of scale in parts of the 

vertical force 0.0001017, which equals 0.001300 

English units. 

(5.) March 29, 1883, about 4h a. m. Gottingen time, magnet removed, cleaned of sliglit frost tliat 
had collected on it, and replaced between 4 and 5 p. m. 

(6.) April 1~, 1883, magnet raised from support and lowered between Qh 55m and 711 oom p. m., 
Gottingen time. 

(7.) Readjustment of the balance magnetometer April 27, 1883; instrument leveled. Support
ing edge in magnetic meridian for oscillations in horizontal plane at 2h 12Jll a. m. Gottingen time. 
Between 4h mm and 5h 40m a. m., adjusted fixed and movable mirrors to scale division 50. 

Number of oscillations. I Time by Bond 
188. 

·------1-----
\ h. m. B. 

0 ................................ . 

6 ............................... .. 

13 ................................ . 

19 ................................ . 

1 16 55. 0 

17 42. fi 

lB 37. o 
19 23. fi 

Time of one oscillation= 7•. 816 

N nm ber of oscillations. Time by Bond I 
188. 

---~~·--·-"·~~- ____ , 
Ji. m. I. 

0................................ 63829.0 

6................................ 39 15.0 
: 13................................ 40 02.5 

119................................. 40 41.5 
J~-----~-~~~C~~~~ 

Time of one oecillation = &. 974 

Number of oscillations. ! Time by Bondi 
iss. i 

0 ................................. , 
I 

6 ................................ . 

13 ................................. ' 
I 

19 ................................. i 

h. m. s. 
22703.5 

28 52. 0 

30 59. 5 

32 47. 5 

Time of one oscillation = 18'. 165 

TORSION CIRCLE. 

I 
Chani:e. Scale extremes. J Mean. 

-----' 
d. d. d. 
250 and 690 470 

90 
15 735 375 

180 
460 730 5~5 

Diif. 

d. 

95 

220 

140 

I 

i 
I 
I 90 

235 675 455 

455: 4=:ll:i'.8 I 
Hence T,=18•.295 

Hence scale value for the time preceding April 27, using T=7".816, one division=0.0002413 
parts of the vertical force or 0.003086 English units, and after April 27 using T=6•.97 4, one dh·is· 
ion=0.0003031 parts ofthe force or 0.003376 English units. 

(8.) May 3, 1sg3, magnet of balance magnetometer ra.ised on support and loweretl between 11 
and 12 p. m. {Gottingen time). Found time of one oscillation in the vertical plane=8".750, hence 
with T,=18•.295 one division of the scale= 0.0001926 parts of the vertical force or 0.002462 
English units. 

(9.) May 21, 1883, at 3 a. m., Gottingen time, magnet fell off support; replaced it, aud deter
mined time of one oscillation 8°.700; hence one division of scale=0.0001948 parts of the vertica1 
force or 0.002490 English units. · 

Increasing sea.le readings denote increasing vertical force. 
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rNoTE.-It having been deemed advisable, for the purpose• of this report, to omit the hourly readings of the Brooke magnetometer and to 
give only their monthly mean values, these values will be found in the tables following:] 

SCALE VALUES. 

f En!Clish :Gaussian I B. A. units I 
! units. ! u111ts. I or dynes. , 

------!--'----! 
I ! ! I Value of one division of scale between 

Sept.ember 9, 1882, and November 3, 1882. 

Nornmber 3, 1882, aJHl November 14, 1882. 

No'Veruhei· 14, 1882, and March 4, 1883. 

March 4, 1883, and April 15, 1883. 

April 15, 1883, and April 2i, 1883. 

.A. pril 27, 1883, and May 3, 1883. 
May 3, 1883, and May 21, 1883. 

May 21, 1883, to close of series. 

The average scale reading 523 corresponds 

approximately to vertical intensity. 

I . 00103 ! . 000473 ! . 000047 I 
I . OOlM I . 000481 I . 000048 

i . 00222 i . 00102 ' . 000102 i 
. 00130 

1 
. 00060 . 000060 I 

. oo3o9 I . 00142 • 000142 

. 00388 '1' . 00179 . 000179 

. 00246 . 00114 • 000114 I 
I • 00249 I . 00115 I . 000115 

1-::-1-::-1 o. 5898 I 

Recapitulation of monthly mean values (inclusive of disturbances and uncorrected for changes of 
temperature and variations in scale vafoe) of the hourly readings of the balance magnetometer a 
Ooglaamie, .Alaska, 1882-'83. 

Giittingen civil time. 
:1 •Oh. 1 __ i:-__/_2~1~~-i-~~1~~1~~~1-7~1 Sh, I 9h, 110'. ~ 

Ooglaamie civil time. · 1 1 -;;.oon~~3m,6 13•53m,6 (w53m,6
1

15•53m,6
1

16•53m.6117'53"'.6!Js•53m,619'53'".6120h53m.6 21•53m,6 22•53m,6 23h5Sm.6 

-1 -.,,. -.... i ,.:. / ,.:l: ~ .. I ~,: ~:-=-::-:-:: 1882. 

September 12 to 30. 

October. 

November. 

December. 
1883. 

,1 517. 7 517.1 I 517. 2 I 516. 31 515. 3 513. 7 512. 3 409. 6 511. 4 513. o 517. 7 518. 6 

\ 512. 2 512. 5

1

. 511. 51 509. 2 I 507. 6 506. 8 507. 2 504. 6 504. 9 614. 9 515. 2 5~1. 7 

! 523. o 523. 2 52a. a 522. 5 I 521. 5 521. 2 521. 9 519, 9 n6. 2 617. 5 &20. 1 520. 4 

I

I i I I 
January. 511. 51 512. 7 : 513. 5 I 513. 6 I 512. 9 512. 7 lill. 7 511. O 510. ft 509. 8 509. l 508. 5 

February. I 503. 2 504. 0 i 502. 8 [ 501. 7 ; 502. O 500. 4 498. 9 498. 4 496. 9 497. 6 498. 2 498. 3 

March. I 519. 5 518. 3 II 517. 6 I 515. 3 515. 6 514. O 512. 4 507. 8 5(16. 4 508. O 509. 9 514. 4 

.April • I 509. 6 509. 4 508. 9 i 507. 6 I 506. 7 505. 8 505. 3 50ft. 4 506. 9 507. 4 509. 0 510. 7 

May. I 514. 5 514. 2 514. 0 I 514. 8 j 514. 7 513. 5 513. 5 512. 5 511. 8 512. 4 513. 2 514. 8 

June. I 528. 4 528. 3 I 528. 6 528.1 , 527. 3 527. 8 527.1 524. 9 525. 5 527.1 529. 7 530. 6 

July. 546. 5 545. 9 l 544. 1 I 542. 6 I 542. 0 

1 

542. 8 542. 9 543. 5 543. 2 542. 8 li44. 0 li46. 0 

!~~A~u_g_us_t_1_to~27~,1-n_c_1u_s_1v_e_.~'l~~~54-9_.o~~-54-8_._1 __ 1~54-7_._1~1~54-7_._8~1~54-7_._a"--54-7-.2~~54-6_.a_,_1_54~6-.0-'-54~6.-4_.__54_6_._9_,__54_7_._1-'--54-8-.~4 
-" 

Ii_ Noon. J4h. I 15'. I 16h. ~--:.J~~ :_:_~I~ ' Gottingen civil time. l3h. 17h. 18h. 21•. 
i Mean. 
\ 

11 Oh53m,5 2•53m,6 i 3"53~~ I 4h~.6 
----

Ooglaamie civil time. IhfJ3m.6 5h53m,5 6'53"'.6 jb53m,6 8h53m.6 9'53 ... 6 10'53•.6 11°63•.6 

--------- ------
1882. 

___ ! ____ 
d. 

September. ! 519. 4 520. 7 52L 21 522. 1 524. O 524. 2 522.0 520.0 517.8 516. D 518.G 617. 0 517.6 

October. I 524.0 526. 8 528. 9 529.2 529.9 629. 5 525.6 522.8 524. 7 520.0 519.0 518. 5 520.0 

November. 
I 

524.3 523.5 530.5 515. 8 532. 7 

! 
526.2 54.0.1 54.4. 7 547. 2 552. 9 540. 7 534.9 536. 0 

December. 525. 2 527.6 529.6 530.6 529.4 530.4 529. 3 526.1 523. 9 523.1 52L5 522.3 523.7 
I 

1883. I 
January. i 510. 3 513.0 517. 4 519. 9 519.3 518.5 517.9 516.2 514. 4 511.5 510.2 510. 8 513.ll 

February. 
I 501. 6 i 565. 9 5-09. 4 511.7 514.4 513.8 513. 5 512. 3 507.4 504.3 504.5 502. 3 §04,3 

March. 522. 2 I 527.8 530.4 532.1 534. 7 534.3 532.4 528.5 523.4 620.1 519.9 518. D 620.2 

April. ! s1a. a I 615.8 518.3 519.6 520. 5 521. 6 521. 5 520.6 518. 3 516.5 51S.3 513. 5 512.9 

May. i 
518. 71 521. 3 523. 7 526.6 526. 3 525..6 523.7 520.5 517.5 515.6 514.8 513. 8 517.2 

June. 532.8 534.0 535. 7 537.6 538.8 539.8 538. 7 535.6 531.9 529.6 528. 5 528.0 53]..0 

July. I 549.5 i 550. 5 5.'i2. 7 553. 7 555.5 556. 8 556. 7 555.0 562.9 lil!O.% 548.2 547.1 543.2 

August. I 
1149.1 NIU 549.8 

I 549.1 i 551. 2 M2.2 554.0 554.8 554.4 554.0 653.0 Ml.2 649.9 
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Solar-diurnal variation of the vertical force (inclusive of disturbances), e:rpressed in scale divisions and 
uncorrected for changes of temperature, 1882-'83. 

Gottingen oivil time. 

I sc:i~~al-1------- nemparts 
o>. 1.. I 21>. ••• 4.. 5'. ~.:.-1~1~~1~1~~ 11 .. 

Noon+53•. 6 13•53m. 6 }4•53m. 615".;;Jm. 6 Jllb53m. 6 l 7'53m. 618'53•. 6,19•53m. 6 20'53•. 6 21 •53"'. e1
22•53m. 6 23'53"'. E 

1 

Ooglaamie civil time. of force 
o.ooo 

- o. 3 - 1. o - 1. o - o. s - 2. 7 - 3. 1 -=-:-=-: -4. 3 =
1

1 _ a. 6 - 2.1 

1882. 
September. 
October. 
November. 
December. 

1883. 

January. 
February. 
March. 
.April. 

May. 
June. 
July. 
.August. 

A fn~lu~v~~ptember, 

October to March, in. 
elusive. 

Year. 

Gottingen civil time. 

Ooghwnie civil time. 

1882. 
September. 
October. 
November. 
December. 

1883. 

January. 
February. 
March. 
April. 
May. 
June. 
July. 
.August. 

April to September, incln· 
eive. 

October to March, inclusive 

Year. 

0803 
0803 
1307 
1739 

- 2.3 -2.9 -2.8 -3.7 -4.7 -6.3 -7.7 -10.4 -8.6 -7.0 -2.3 -1.4 

-10. 5 -10. 2 -11. 2 -13. 5 -15. l -15. 9 -15. 5 -18.1 -17. B - 7. S - 7. 5 - 1. 0 

- o. 7 - 0. 5 - 0. 4 - 1. 2 - 2. 2 - 2. 5 - 1. 8 - 3. 8 - 7. 5 - G. 2 - 3. 6 - 3. 3 

17391 -1.7 -0.5 +o.a +o.4 -o.3 -o.5 -1.5 -2.2 -2.6
1
-a.4 -4.l -4.7 

1739 _ ]. l 

1 

_ 0. 3 _ 1. 5 _ 2. 6 _ 2. 3 r- 3. 9 _ 5. 4 _ 5. 9

1 

_ 7. 4 _ 8. 7 _ 6.1 _ 8. 0 

1087 - 0. 7 - 1. 9 - 2. 6 - 4. 9 - 4. 6 - 6. 2 - 7. 8 -12. 4 -13. 8 -12. 2 -10. 3 - 5. 8 
1844 - 3. 3 , - 3. 5 - 4. 0 - 5. 3 - 6. 2 - 7. I - 7. 6 - 6. 5 - 6. 0 - 5. 5 - 3. Q - 2. 2 

2oa1 - 2. 1 I - a. o - 3. 2 - 2. 4 - 2. s - a. 1 - 3. 1 - 4. 1 - 5. 4 - 4. s - 4. o - 2. 4 
I 

194s - a.4 ! - a. a I ... 2. 4 - 2. 9 - a. 1 - 3. 2 - 3. 9 - 6. 1 - 5. 5 - 3. 9 - 1. 3 - o. ' 

1948 - 1. 1 I - 2. a I - 4.1 - 5. 6 - 6. 2 - s. 4 - 5. 3 - 4. 7 - 5. o - 5., - 4. 2 - i. s 
1048 - o. 6 1- 1. 5 - 1. 9 - 1. B - 2. 6 - 2. 4 - a. 3 - a. 6 - 3. 2 - 2. 7 I - 2. 5 - 1. 2 

UM -'° -"'1=1==1-U===1-«1=r=·;:o 
1402 ---=2:8-=-2.7r=-3. 0-

1 

_ 4. 2 _ 4. 9 _ 5. 9 _ 6. 61-=-s:s _ 9. 6 i-=-u1-=-5.6i-=-u 
1578 1 _ 2.4 _ Z.6

1
- 2.9

1

-=-3.7-=-u--=-u--=-5.51-=-;sr=-7.31-=s:n1-=-u-1-=-;-; 

11 kor I Noon. J3h. ]4h. ]5h. 116•. 17h. 18h. 19'. 20>. ~~/~ 2<1•. 
/ scale val-
liueinparts ----------------

of force o•sam. 6 1 •53m. 6 2'53"'. 6 3>53m. 6 4'53•. 6 5h53m. G 6'G3m. G 7bGam. 6 s•53-.6 9'>53•. 6 10'53". 6 u•03•. e o.oou 
---------------------------

0803 +1.8 +3.l + 3.6 '+ 4.5 + 6.4 + 6.6 +4.4 + 2.4 + 0.2 -0.7 -1.0 -0.6 

0803 +t.O +G.8 + 8.9 + 9.2 + 9.9 + 9.5 + 5.6 + 2.8 + 4.7 o. 0 -1.0 -1.5 

1307 +1.6 +3.5 +17.4 +22.0 +24.5 +ao.2 +18.0 +12.2 +13.3 +0.8 +7.8 --0.9 
1739 +1.5 -f-3.9 + 5.9 + 6.9 + 5.7 + G.7 +5.6 + 2.4 + 0.2 -0.6 -2.2 -1.4 

1739 -2.9 -0.2 + 4. 2 -!- 6. 7 ..J-6.1,+5.3 + 4.7 + 3.0 + 1.2 -1.7 -a.o -2.6 

1739 -2. 7 +1.6 + S.l + 7.4 +io.11+9.5 + 9.2 +s.o + ll.l 0.0 +0.2 -2.0 

1087 +2.0 -j-7.6 +10.2 +n.9 +14. 5 +14.l +12.2 + 8.3 +u -0.l --0.3 -1.3 
1844 +o.4 +20 + 5.4 + 6.7 +7.6.+8.7 + 8.6 + 7.7 + 5.4 -J.3.6 +2.4 +o.o 
2031 +1.5 +4·1 + 6.5 + 9.4 + 9.1 + 8.4 +6.5 + 3.3 + 0.3 -1.6 -2.4 -3.4 
1948 +1.s +3.0 + 4.7 + 6.6 + 7.8 + @.8 + 7.7 + 4.6 + 0.9 -1.4 -2.6 -3.0 
1948 +1.3 +2.3 + 4.5 + 5.li + 7.3 + 8.6 + 8.5 + 6.8 +u +2.o 0.0 -1.1 
1948 --0.5 +LG + 2.6 + 4.4 + 5.2 +l.81+4.4 + 3.4 + 1.6 +o.3 -0.5 -0.3 

1754 +1.0 +2.8 + 4.5 + 6.2 + 7.2 + 7.6 i -j-6.7 + 4.7 +2.2 +o.4 -0.7 -1.3 

---
+o.6 +3.91+8.6 

--
· +11.s I +12.5 

~~~-~~~~ +o.21-!.6 1402 +10.1 + 9.2 + 6.1' + 4.3 -0.3 

1578 +o.8 +3.4 + 6.6 + 8.4 + 9.5 +10.l + B. 0 1-+5:71 + 3. 21 +0.1 -0.2 -1.9 

Temperature coefficient.-There are no special observations made to determine the effect of 
change of temperature on too magnetic moment of the balance magnet. The instrument was 
mechanically compensated as near as could be judged, and there remains only to determine the 
outstanding effect by means of the ordinary readings. There was no thermometer in the case 
of the balance magnetometer, but the same temperature table as was given for the bifilar magnet· 
01neter answers, since the readings of the two thermometers-one with the unifilar, the other with 

S.Ex.29-46 
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the bifilar-rarely differ more than half a degree, and less than 00.1 Fah. in the monthly means, 
Applying the same process as in the case of the bifilar we find : 

I I 
I Corre· Chan~e for 1 o Date. Change. 

I 
•11:mding 
c ange. l!a.h. 

I 

1882. d. 

I 

0 d. 

Oct. 14-15 -11 + 10. 9 - 1.0 

I 
30-31 -17 + 13.4 -1.3 

Nov. 1-2 + 14 - 14.2 - 1.0 

10-11 I +n - 8. 0 - 2.1 
23-24 i - 10 - 7. 0 + 1.4 

Dco. 1-2 I - 10.5 -· 7. 3 + 1.4 

14-15 I + 9 + ll. 0 + 0.8 
15-16 

I 
-16 - 10.3 + 1. 5 

1883. 

Jan. 1- 2 - 13 + 12. 7 -1.0 

22-23 I - 7 + 7. 5 - 0.9 

Feb. 0-10 I + 5 - 7. 4 - 0.7 
I :Mar. 1-2 I + 12 - 12.7 - 0.9 

11-12 I -- 10 + 6. 8 - 1.5 
24-25 I - 34 + 12.2 - 2.8 

.Apr. 19-20 I -11 + 8. 3 - 1.3 

July 19--20 I + 9 - 8.3 - 1.1 

.Aug. 7-8 I - 7 + 8.9 - 0.8 

I ---

I Mean - 0.66 ± 0.20 

It is proposed to adopt for the present the value -Od. 7 :I: 0.2, which is equivalent to a decrease 
of 0.7 x .0001584 (or 0.7 times the average value for one division), or .000111 parts of the vertical 
force for an increase of temperature of 1° Fah. 

801,ar dfarnal i1ariation of the vertical force (inclusive of disturbances) expressed in parts of the force, 
Ooglaamie, 1882-'83. 

,-----------------------------------------·-------
! I / I Temperature difference. I Solar diurnal vaiiatlon. 

Giittingen 
civil tlwe. 

Ouglaamie 
civil time. 

;Sixmonths,:Sixmontbs,1 Whole 

, sun nortll sun soutll 
; 8 n. 8 8 · year. of equator. of equator. year. 

i snn north sun south i I I -
I, of equator. of equator. II year. t-350,8 t-20.1 t-190.0 Half year, Half year, Whole 

----t-----1 -----1----·I---- ------------
h. 
0 

1 

2 

3 

4 

5 
6 

7 
8 

D 

10 

11 

Noon 
13 

14 

15 

16 
17 
18 

19 

20 
21 

22 

23 

h. tn. 
Noon+53. 6 -. 00035 -. 00039 -. 00038 

1a+53. 6 044 038 on 
14+ 53. 6 049 042 046 

15+53. 6 054 0!19 058 
16+53.6 

17+53.6 
18+53.6 

19+53. 6 

20+53.6 
21+53.6 

22+53.6 

23+53.6 
0+53.6 
1+53.6 

2+53.6 

3+53.6 

4+53.6 
5+53. 6 
6+53. 6 

7+53.6 
8+53.6 
9+53.6 

10+53.6 

11+53. 6 I 

070 

074 

077 
084 
086 
081 

056 

- 028 

+ 018 
049 
07D 

109 

126 
133 

118 

082 

039 
+ 007 

- 012 

-. 00023 

069 

083 

093 

123 

135 

101 

079 

052 

+ 008 
055 
121 

150 

165 
175 

129 

086_ 

+ 060 
- ~ 

+ 003 
-.00086 

+ 

069 

080 

087 
107 
ll5 

093 

069 
043 

013 
OM 
104 

133 

150 
159 
126 

085 

050 

+ 002 

- 003 
-.00030 

0 

+3.1 

+3.6 

+4.2 

+3.8 

+4..o 
+3.4 

+2.8 

+1.6 

+o.o 
-0.4 

-1.4 

-2.2 
-2.6 
-3.1 
-3.5 

-3.6 

-3.6 
-8.4 
-2.8 

-2.2 

-1.2 

0. 0 

+1.2 

+2.6 

0 

+0.7 

+1.3 

+1.7 

+1.8 

0 

+1.8 

+2.4 

+2.9 

+2.8 

+2.3 - +3.1 
+2.1 +2.7 

+1.9 +2.3 

+1.5 +1.5 

+o.3 +o. • 
-0.4 -0.4 

-1.0 -1.2 
-1.3 -1. 8 

-L2 -2.0 
-1.3 -2.3 
-1.4 
-1.5 

-L4 
-1.3 

-0.6 

-0.8 
-0.8 

-0.6 

-0.8 

+0.2 

-2.6 

-2.6 
-2.6 
-2.4 
-1.7 

-1.5 
-LO 
-0.4 

+o.4. 

+LB 

-. 00001 -. 00031 -. 00018 
004 024 OH 

002 023 014 

012 oao rm 

026 

036 

046 

066 
079 

085 
072 
052 

- 011 
+ 015 

040 

069 

086 
005 

087 

058 
028 
007 

001 

+.00008 

+ 

048 

060 
072 
106 

132 

105 

090 
066 
005 

041 
105 

183 
149 
161 

122 
(fl'1 

+ 061 
- 011 

000 
-.00084 

035 

050 

061 
090 
111 

097 

082 
063 

- 009 
+ 028 

076 

104 
121 

1112 
107 

068 
+ 089 
- 002 
+ 001 
-.00016 
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The numbers contained in the last three columns of this table were plotted on the accom 
panying diagram, which shows the vertical force to be in excess of its average value in the (local) 
morning hours, maximum about 6 a. m., and in deficiency in the (local) afternoon hours, mini
mum about 9 p. m. Compared with the variation of the vertical force at more southern stations 
there appears to be a complete inversion of the hours of greater and of less intensity, which 
may ·be due to the action of disturbances, or, if regular, it may be somehow connected with the 
circumstance that Ooglaamie is near the central zone of maximum auroral display and a little 
to the north of it. We note the apparent greater range of the diurnal variation in the half 
year including the winter than in the other six months, which is also an anomalous phe
nomenon. 

The breakage of the magnetic and electric equilibrium in the vicinity of this auroral zone, 
resulting in an outburst of disturbances, probably occurs more frequently within this belt than 
outside of it, and possibly sudden changes of temperature may be favorable circumstances of 
disruption. The belt of maximum auroral development seems to be subject to fluctuations in 
position, and in studying the supposed connection of auroras with terrestrial magnetism attention 
should be directed to the local direction in which the aurora appears at a station, i. e., at 
Ooglaamie, whether to the south or to the north of the zenith. 

The increased dip and total intensity in the Ooglaamie morning hours as contrasted v.ith 
the diminished dip and intensity of the total force in the afternoon hours is corroborated by 
the observations made in the first year by means of the dip circle and deflecting weight. 

!!1.ll!.a Dillmt4L ~OR ID Dll MADNE'tll1 ~. 'l'lilDlll 

~·· Oo~.Aldlm 
(..-..-.. .......... ) 

'11 ~Oldtnn. 
b Y 11' llrlrT'U'\lC'Wl:JLX ..'XL-Dlllf:D''.Oifl'.Dilna:m:D Qt unngam 

··OO 1601-+-+---i-..t-1--+--+-1-..--------r-!--+-+-1;-+o-!-oi-f-l--'l-ll I UO ~; I\,. 
1lollt-+-+-+-ll-l--+-T/~,-+'H-~-+-+-l-+-+-+-lf-+-l-+-l'-+-l-+-f-l--+--i 

' l30t-+-t--t-1r-+-H/T-!~\*\-l-+-t-+-+--t-l-+-t--!-!--t-T-1-t--t-t--t--I 

llOl-+-l-~f-+-lf-~l/#-~\>'l--l-+-+-+-!-+-+-+-li-+-+-+-1,-+-i-+-t--l-+-I 

uol-+-+-+-il-+~i~-l-+-ff'-"l--l-+-t-++-f--+-+-....... 1-+-+-+-1-+-+-r-+-l 
lOOi-+-+-..;-.,r-+~iH/'l-ll/-+,...\-i-\+-1-+--<-1-T-+-+-ll-f--+--l-li-t--+-+-t-+-+-1 
oeo1-1--1-~r-++.i1-~.-i<-/-Pi-!~\\+-1.....i.--1-1-4-+-+-11-+-+--1-11-+...;-+-1-1--+-1 

oeo t-+-+-~1-+,'-4.l-4-4-+-1..\'I \'+-t-'--l-l-+-l-+-11-+o-+-+-11-+-+-+-t-i-+-1 

oio1-+-1--~1-li,~,,J-l~~v~\-1-1-+-1--+-1-1--\-~1-+-1-+-1~+--1-!-1 

000 i-+-+-+-li-+H-'+-i-t--+-'~-....-1-+-+-"-1-+-t-+-I_-+-_ - - -
O"Oi--+-+-+---+_..,./_.,/+-+-+-l-)'\+-+-11-1--1-+-l--l--t-+-t-l-+-1-t--+--l-'l-f 1 o:01-+-1--+-l~1~· -,~1-+-+-+-1~~~,-+-t-l-l--+--!-ir+-+-+-11-+-+-+-1-+--t-1 
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~0::1--+-+-~~u.,.._,f-+-j.--~-+~;~~~'::-i-:.~~1:=o+,-+--t-if-+-+--t-i-+-1-~-1 

~ OHf-+-f-+-i-,+-if--!--!-+-i--l--H~~\\t-f-/~.d-'-;l-+-l-+-1f-+-l-+-l-J-+-i 
\ 0201-+-1-+1++-+-i1-+-+-+-1-+--+-t-t+1 i-i-_~-;..a_....n,,,f-11-1--+-+-11-+-+--f-t-1 

! 
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\ ~ ·" ouf-+-t--ll-l-t--l-+-t--l--t-l-+-+-+-r+-+-+-i~-~~M..-,+-11-+-+-t-+-+-1-:-t 
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o~l-+-l---l-l-+-l--1-1-+-l-.i.-+-l--4-J-l.-i--i.-l'-'"-1-~14-\.f-l~~f-l.-l-+-f 

JOO ~......J-+..+~-l-4-+--1-1-4--1-l-1-~l-UP'l~I./ l'--l-l-f-1-1 f 
~ I; 
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SOLAR DIURNAL V .A.RIATIONS IN THE MAGNETIC DIP .A.ND IN '.l'HE TOTAL MAGNETIC INTENSITY, 

These variations are readily obtained from the variations in the horizontal and in the ver
tical components of the force. If F =total force, H and V its lwrizontal and vertical compo
nents, then from the fundamental relations 

II = F cos 8 V = F sin 8 

we find by differentiation and elimination the variation in the dip 6 fJ and the variation in the 

total force (in parts of the force) 6 l!-, viz: 

6 fl= sin fl cos () (~vV _ 6HH) and 6 F - cos2fl 6 H + sin20 6 V -:ir- H V 

Solar diurnal variations in the magnetic dip and in the total magnetic intensity, incliisive of disturbances. 
Annual mean values 1882-'83. 

civil time. H v }' I civil time. H 
I 

Oo111aa.mie 1· ~ I t...!. t. e AF 1: O?g_laa.mie AH II 

-------- ----- --~ -- ------------ --------
A. m. ' [i h. m. 
o+53. II -. 00136 -. 00009 +o. 65 -. 00012 I! Noon +53. 6 +· 00214 

1+53.6 
2+53.6 

3+53.6 

4+53.6 

5+53.6 
6+53.6 

7+53.6 

249 

393 

390 
434 

577 

6:l6 

589 

+ 028 
076 

104 

+l.41 

+2.39 

+2.51 

+ 021 Ii 13 +sa. 6 276 
+ 065 11 14 +53. 6 346 

+ 09311: 15 +53. 6 488 
121 II +2. 82 + 108 16 -I 53. 6 593 
132 +3. 61 + 116 17 +5.1. 6 589 

107 +3. 78 + 091 18 +53. 6 601 

068 I +3.34 + 0541 19 +53. 6 i86 

lE::: - ;;: : ~~~ I :~::: ~ ~~~I I E :~:I + : 
11+53.6 + 094 _ 016 1 -0.56 _ 014 . 23 +53.6 _ 101 

-.00018 

014 

014 
027 
035 

050 

061 
090 

111 
097 

082 

- 003 

-1.18 

-1.48 

-1.83 

-2.62 

-3.20 

-3.25 

-3. 37 
-2.93 

-2.40 

-1. 77 

-0.53 

+o.19 

-. 00013 

008 

006 

0151 021 

036 

047 

077 
101 

089 

080 

- 064 

In presenting the foregoing results of the three variation instruments I had two o\tjects in view, 
viz : to be in a position to form a close estimate of the character and value of the whole series of 
observations preparatory to their full analysis and discussion, and, secondly, to give at once, but 
preliminarily, such leading results as could be deduced without waiting for the publication of the 
conclusions of the conference for the uniform treatment of the magnetic work at the International 
Polar stations. What has been presented will in general enable the reader to form a judgment 
of the magnetic character of the Ooglaamie station and of the value of the work done. 

As has been already pointed out, there were no well adapted magnetic variation instruments 
available in the first year; the range of the collimator scitle was very limited, aud the declinometer 
had frequently to be turned in azimuth in order to secure readin~ on days of disturbance, besides 
the great changes in the torsion of the suspension renders it impossible to produce a uniform 
series with respect to a fixed direction. The record for the first year of the bifilar magnetometer 
has not yet been sufficiently examined to form an opinion as to its value, and at present I am still 
waiting for notes bearing on the adjustment and scale value of the instrument. There was then 
no vertical-force magnetometer, but hourly observations were made with a dipping needle deflected 
by a constant weight; corresponding values for the true dip or deflections by the same needle 
which bad previously been used loaded were only made on two or three days each month, so that the 
value of this series as a differential measure of the total force may be regarded as small. It bas, 
however, enabled me independently to verify the fact brought out by the balance magnetometer of 
the greater total intensity during the morning than in the afternoon hours. There is no record of 
the effect of temperature changes on the angle of deflection of the loaded needle. 

In the year 1881-'82 there were but few stations with which to compare results, and to 
publish the above-mentioned records in extenso would seem to me an expenditure of time and 
labor hardly to be recommended, and probably not warranted by the meager results the series 
may be capable of yielding. I would propose to set down the mean of the 10 readings (5 with 
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scale extreme left and 5 with scale extreme right) for each instrument, viz: the declinometer and 
bifilar and the mean of the 10 readings of the dipping needle (5 for south.and 5 for north end) 
for each observing hour, and during term days it would suffice to give only the mean of the two 
extreme scale readings. But on these points the result of the deliberations at Vienna may be 
awaited. 

I conclude this report with a table of frequency of the aurora as seen and recorded in con 
necti<m with the magnetic work at Ooglaamie : 

Tab"le of frequency of the aurora as observed at Ooglaa.mie, Alaska, between October, 1881, and 
August, 1883. 

[The hours are local mean time hours at Ooglaamie, and the numbers indicate the number of days in each month when aurora11 were seen at 
ea.ch of the hours indicated.] 

I oh. 1>. I 2h. 3h.
11

[ 4h. J. 5h. 6'.117'. i 8h.

1

19h. i.! 10•.j ll'.
1

1N'nl rn•.i 14h. 15•.

1

1 rn•. 11•.l
1

18•.ll 19•.\

1

2oh.\ 21•.\ 22•.l 23•. \ ~~;!:~. 
1881. 1--·---i--·--i-r-i-1-1-;----i-1-·1-1-1--1--=-· ' ;h I ;LI ; ,) ; ;LI J; i ;1··~· ·-~· -)-·~- --~- ·-~ i--~·1··)·;·11··;· --; i --;~ 

November. 13 15 15113114 12 5 3 ; 2 I 0 i O ! 0 ! O 0 0 1 2 2 41 6. ! 9 [ 12 14 12 I 154 

December. 17 10 15 I 17 14 14 9 7 8 ! 41 0 i '0 I 0 I 0 0 17112 'I 14 i 15115 151 207 
1882. ! I ' I I I I 

January. 11 16 9 9 7 3 1 2 2 i 1 ·1 0 I O ! 0 I O 0 0 1 81 7 I 9 
1
1' 11 '110 16 I 123 

February. 17 16 13 12 14 11 1 o o 1 o o [ o I o l o o o o 6 9 I rn . 13 
1 

17 20 11 165 
March. 17 17 14 10 3 () 0 0 0 0 I 0 i 0 I 0 I 0 0 0 0 I 0 ! 2 [ 6 I 17 21 1, 107 

.April. 7 3
0 

1 

2 I o I O 0 O O o O ! O 1 O I O I o o Q O o O I o i i I 8 Ii 21 

~::: I ~ 0 ~ I ~ I ~ ~ ~ ~ I ~ ~ I ~ ! ~ ~ i ~ ~ ~ ~ ~ ~ I ~ I ~ l ~ ~ I! ~ 
July. 0 0 O 0 0 0 0 0 0 0 0 II 0 0 0 0 0 ! 0 I 0 I 0 0 ;' 0 
.Augnst. O 0 O 0 0 0 O 0 0 O 0 0 o 0 0 0 0 O 0 I O I 0 I O 0 !i o 
September. 2 3 2 O O 0 0 O O O 0 0 0 0 I 0 0 I 0 O 0 I 1 I 3 I 5 7 Ii 2.1 

October. 7 7 6 6 7 5 1 O O o o O I o I o o O 0 2 5 ! 8 ! 9110 9 I 82 

November. 14 14 14 12 12 12 11 9 O O o o O o I o 2 4 1 112 1

1

12 : 161 W .II 175 
n~e;;~er. 24 20 21 24 19 21 12 12 15 10 3 0 0 I 0 0 6 10 13 13 19 24 I 25125 !I 316 

January. 20 22 23 20 19 19 17 18 12 I 2 o O I o O o IO 9 11 17120 \ 22121 II 282 
February. 16 12 12 18 14 13 12 3 1 I 0 O 0 O O 1 O O O O 1 8 11 12 I 11 , 151 159 
March. 21 18 19 18 15 5 1 O O I O O 0 0 O : 0 0 O O 0 7 14 118121 ! 20 t 177 
April. 6 5 3 0 0 0 0 0 0 ! 0 0 0 0 0 I 0 0 0 0 0 0 I 3 31 7 I 27 
May. O o O o O O o O O I O o O o O I o O O O O O o I O I O o I o 

June. O O O O 0 O O 0 0 I 0 0 0 I 0 • 0 0 0 0 0 0 0 0 I 0 0 I 0 j' 0 
July. O O O O 0 0 O 0 0 I O 0 0 o O 1 0 0 O 0 O 0 o I 0 0 I 0 0 

.Auguet. __ o o ~ o ~~._o_,_o_~o _o _o_
1 

o o o I o o o o o o o o I o I o ti o 

s1:g .. . ~\0,~~iit~. j 8' 79 n 63 53140 is· 12 I 12 ! 51 o l-0-1 o I o I o l_~[~l-~136 a5151[ool 77 I 94 lj_798 
811:i}8£t:i~:;th~ llio 101 100 98 861755442

1

281121-' I 'I 'I 'I 'I 'I 8 I" I~" I" j"'j"'j'~ll m• 
Observations began October 17, 1881, and ended August 27, 1883. 

The presence or absence of an aurora was noted a few minutes before each full hour. The 
total number of <lays when auroras were visible in the first ten and one-half months (1881-'82) was 
145, hence, the average duration five and one-half hours nearly; the total number of days when 
auroras were seen in the year ending .August, 1883, was 169, hence, the average duration seven 
and one-third hours nearly. 

In the tabulation and preparation of the manuscript record for the printer I had the assist
ance of Sergeant Maxfield and Private G. W. Knopf, of the Signal Corps, who performed their 
task with much -zeal and commendable industry; they have also prepared a complete duplicate of 
the hourly records submitted, but not printed, with this report. 

Respectfully submitted by 

J, E. HILGARD, Esq., 
Swp61'inten<Zcnt Ooast and Geodetic Sur'IJey. 

OH.AS. A. SCHOTT, 
Assistant. 
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APPENDIX No. 14. 

REPORT ON THE PREPARATION OF STANDARD TOPOGRAPHICAL DRAWINGS . 

.By EDW"IN HERGESHEIMER, Assistant Coast and Geodetic Sur,·ey. 

SEOOND SERIES 

UNITED ST.A.TES CO.A.ST AND GEODETIC SURVEY OFFICE, 

·w askingtan, Febrttary 12, 1884. 
DEAR Srn : I submit a second report upon the progress of the preparation of standard 

topographical drawing. Scale 1-10000. 
r The first report (Appendix 11, Coast and Geodetic Survey Report of 1879) dealt with the pre

vailing features (natural and artificial) of the Atlantic coast. The drawings herewith presented 
are special types, most of which are accompanied by views placed in their proper relation to the 
plan drawings. Little, therefore, need be said in addition to what is shown on their faces. 

The drawings are: 
1. A portion of the Potoma.c River and its banks, above Harper's Ferry, showing specially 

a railroad tunnel, water-worn rocks, middle drift sands, a river dam, and a mill.race to the former 
Government works at Harper's Ferry. 

2 . .A. gulch in disintegrated bituminous slate near Santa Cruz, Cal., with stratification of very 
gentle dip. This subject is drawn on 1-5000 scale, to give the details of the gulch more distinctly. 

3. Brown's Mountain, Mount Desert Island, Maine. A rounded summit of a granite mount-
ain, believed to be the result of the planing action of ice and its transported rocks. 

4. Robinson's Mountain, Mount Desert Island. Abraded rock faces of a granite mountain. 
5. Echo Mountain, Mount Desert Island. Cliff of a granite mountain, and fresh-water lakes. 
6. Eagle Cliff, Mount Desert Island. Crest, face, and talus of a granite cliff. 
7. Cape Disappointment, Washington Territory. A basaltic promontory. 
8. The Dalles of the Columbia River. A remarkable erosion of eruptive rocks, where a great 

river baa cut through successive basaltic overflows, leaving a. narrow gorge trough, and a succes
sion of bold basaltic escarpments. Also, a. representation of a rapid river torrent. 

Other special types have been drawn :-the moraines of Fal1en Leaf Lake, California, a 
portion of Table Mountain, California, illustrating the "Deep Placers," the vicinity of Plymouth, 
M888., illustrating the eroded "Great Drift" of New England, and a sample of marine erosion of a 
headland on the Pacific coast. These will form part of a third report when engraved. 

Respectfully yours, 

Prof. J. E. HILGARD, 
8uperiatendent ()out and Geodetic 8urvey. 

E. IIERGESHEIMER, 
Assistant Coast and Geodetic Survey. 

NoTE.-lt has been deemed advisable to republish· with this the first series of standard topo. 
graphical drawings, which appeared as Appendix No. 11, Report for 1879. 
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APPENDIX NO. 11. 

REPORT ON THE PREP AR.A.TION OF ST.A.ND.A.RD TOPOGR.APIDC.A.L DR.A. WIN<1S, BY EDWIN HERGE· 

SREIMER, .ASSIST.A.NT COAST .A.ND GEODETIC SURVEY. 

FIRSP SERIES. 

[From the report for 1879.] 

OFFICE OF THE UNITED STATES Co.A.ST AND GEODETIC SURVEY, 
Washington, July 1, 1879. 

Sm: In the preparation of topographical drawings to be used as guides for inking the origi
nal plane-table sheets of the Coast and Geodetic Survey, selection was first made of such features, 
natural and artificial, as are most prevalent on our coasts. 

The first subject was the representation of closely-built cities, comprising large public build
ings, warehouses, &c., and suburban villas and grouni;Is of the first class. Newport, R. I., was 
selected for this purpose, where it was found desirable to discontinue the inking of large build
ings in foll black, and to confine the black to the exterior, representing the outer walls, and to 
tint the interior by fine lines closely ruled. Carriage-ways and walks of villa or public grounds 
are here represented in full light line, instead of the broken line formerly used. Fresh marsh is 
also represented in a style different from that heretofore in use. Its representation had previ
ously been by irregularly distributed tufts of grass, underlined by free hana with water lines, 
which, drawn with taste, is perhaps the most artistic representation of the feature, but which is 
seldom represented the same by any two persons. It was therefore thought best to introduce a 
style that could be definitely described and required. For this purpose lines of the same strength 
and the same distance apart as those of the salt marsh are ruled and irregularly broken, then 
interlined and tufted by free hand with light short lines grouped irregularly, as shown in the first 
of the series of skerohes accompanying this paper. 

For the representation of a town sparsely settled, Brunswick, Gtt., is given, on which salt 
marsh, pine woods, ditches, fences, undefined roads, and wagon tracks are shown. 

For the representation of railroads, canals, iron bridges, bold faces of rook, mid.river drift, 
water-worn rocks, and distribution of mixed woods over close hill curves, the vicinity of Harper's 
Ferry is given. Here is illustrated tbe strengthening of the 100-feet hill curves for the more 
ready reading of the heights of hills. 

For the representation of heavy oak timber, reclaimed marsh and orchards, a part of the 
New Jersey shore of the Delaware River is given. 

For the representation of rice, and the dikes and ditches incident to its cultivation, a selec 
tion from Santee River is given. 

For the representation of eroded drift banks with bowlders set free, and scrub deciduous 
woods, the western part of Martha's Vineyard, including Gay Head, is given. 

For the representation of the rocky shores and intermediate sand and shingle beaches, 
beaches above high water, and eroded earth banks, characteristic of the coast of New England, 
roads, fences, residences, outhouses, shade-trees on the lines of roads, and the shading of low hills 
by normals, the extreme end of Nahant is given. 

For the representation of a sandy beach, with low dunes, fresh-water ponds, meadow grass, 
sage-brush, fresh marsh, and eroded gullies (arroyas), a selection from the vicinity of San J.iais 
Obispo was made • 

. Samples not yet engraved have also been drawn for various characters of eroded and fract· 
nred granite rocks, as shown at Mount Desert Island; hard, eruptive rocks, as shown at Cape 
Disappointment, Oregon, and e.rocled sedimentary forms at Arlington, Va.. 

Respectfully, &c., 

0.A.RLILE P. PATTERSON, 

Superi:n:tffllilent. 

E. HERGESHEIMER, 
.A.smtatit. 
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APPENDIX No. 15. 

THE TRANSIT OF }IEHCUff OF NOVEMBER i, 11"81, AS OBSElffED AT YOLO BASE, CALIFORNIA. 

By GF:OR,Gli~ DAVIDSON and .J. .T. GILBE:I~T. -''-"'"'i"'tantf-'. 

At a point near the United States Coast and Gernletic Survey station " Southeast Yolo lmse," 
I observed the II contact of .Mercury at the transit of that plauet m·er the snu's disk on the 7th of 
N ornrn ber, 1881. 

I used a 3-inch Frannhofor telescope known as the "Hassler E•1uatnrial" lwlongiug to tlie 
Snn·es, and mean time pocket chrouonwter Widt>nham noo. The eye-piece '"as direct, aud had 
a jiower of 105 diameters. 

The geographical position of the poi11t of ohsen·ation dedtict•d from measures to the Yolo ba8e 
station is 

Latitude: 330 31' 3311.8 nortlJ. 
Longitude: 121° 47' 5()11.9 west of GreenwiclJ. 

The chronometer was slow of local mean time at ingress 9m 52•.7. 
HaYing no position circle I was not looking at the right place on the snn's limb at the time of 

I contact, awl when I first saw the plaul't it had e11tered quite perceptibly on tlie sun. The atmos
phere was morlnately stem]~-, and there were nndnlations ot tlie limbs of :l\lereur.r and the sun, 
\rhich gaYe a certain oyerlapping of bor1lers snch as might be considered a "ligament." :Never· 
theless this llii;;tnrhance was not great enough to pren~nt a good obsen·atiou being made, and l 
11otcd 

h. m. s. 
II contact, at 2 01 38.8 by chronometer. 

Chronometer correctio11 = +9 52.7 

II contact, at 
or 

2 11 -31.5 local mean time, 
5 10 :n.2 Wasl1ington mean time. 

vVhen the planet was one diameter 011 the snn's disk by estimation I noted the time, by the 
chro110111•:te.r 2h 03m '..W8 • 

The planet presented an inte11sl·ly black 1lisk, which in its rrgnlarity arnl color was in markell 
contrast with the l"olar spots near which it passe(l, and which would tlicmseln>s lw called qnite 
n•gnlar in form and lhtrk in color. There was no white spot 011 the plauet, and no annulus of 
bright light around its disk, nor any indication of dii;;tortiou. 

The obseIT<ttions for the error of the chronometer were ma1lc with a Ga,mbcy sextant and 
artificial horizon hy l\Ir. c. B. mn, attached to the main triangnlation party. 

,J. .T. Gillwrt assistant U11itc1l Stafrs Coast and U1•odctic Snrwy, was <tt.tached to my imrty, 
and at tltl' time of the transit wai; at the ~fiddle Base Camp, whrn' he obsern~1l the tram;it of 
:\lprcnry with a :3 i11eh Fmnnhi)fcr reeo1111oitering telescope No. 12, Uuited States Coast a111l 
Geodetic Snrwy, Jacking, lrnwtwer, slow motio11 111 the horizontal arnl wrtical. Tl1e instrument 
iK otherwise simUar to the Hassler Equatorial, aml was used with the same power. 

S.Ex.29-47 
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The geographical position of the telestope, b;y conneetiou with the Yolo base was 

l.iatitnde: ;)so 35' 18".~ uortlJ. 
Lougitmle: l'..ll 0 49' 17".0 west of Greenwich. 

Tlw oh.serrnr'.s n·ateh wa.~ 2m 49~.G slow of local mean time. Ha.vi11g iio po.sition circle Lhe 
ohserrnr did not see the planet until it w~ts on the sun's limb, and made the following observations : 

h. m. s. 
Obserwd time, I = 2 07 40.5 planet t diameter on sun. 

II= 2 08 49.5 
Correction to wateli, + 02 49.G 

Then I= 2 10 :W.l local rneau time (planet* diau1etcr ou i,mn). 
ll = 2 11 39.I local mean time. 

Or, 5 10 44.1 "'ashi11gt011 mean time. 

Tile observations for the error of the watch were made by .Messrs. Gilbert and Hill, using a 
Gamlwy sextant and artificial horizon. 

Remarks.-Tlie sk.r was clear arnl wPatlJer quite warm, bnt a very strong north wind was 
hlowi11g onw the plains through the Sacra meuto Yallcy, so that t lie obscf\'ers bad to seek shel
tered places for the telescopes. ~o extra preptiration was made for the obsen·atious, because the 
rPgnlar work of the measuremeut of the Yolo base line of 11 miles' length was iu progress. The 
elerntion of the stations is about 75 or 80 feet above the sea le,·eI; the plains extend for 60 miles 
to the east, indetiuitel.r to the north and sonth, and 12 miles to the west, to the Berrj·essa range of 
coast mountains, reaching 3,300 feet elevation at Berryessa Peak. 

At the first station the sun's disk at the time of ingress was not sharp and well defined, but 
somewhat blurred, and the unsteadiness ga,-e to the phenomenon of first internal contact the 
freqne11tly reported appearance of distortion of the plal!et's limb next to the sun's limb, known by 
a variety of names such as the "black ligament," ''black drop," &c., bat never coming t-0 the 
black drop depicted in many pre>ions reports. But at the second station this appearance did not 
present itself, whilst tlie closenes.~ of the two obsen·ed times indicated little disturbance in 
reality. The phenomenon of tl1is ntmos1Jlicric disturbance is familfrir to Mr. Gilbert and myself 
from many ;nm rs' observing during the day-time on signals of the Goedctic Survey. 

The intense blaclrness of the planet's disk and its regular form satisfied us b0th that a body 
of one.fourth of the diameter of Mercury, such as the problematical planet Vulcan, could be 
readily distinguished with the same telescopic means that we used, whilst its progress across the 
sun's ilisk, and its contrast with contiguous solar spots would effectually prevent any mistake by 
an experienced obsener. 

The observations tor time and their reduction were made by Mr. Hill, to whom I am also 
indebted for the reduction of the gcograpllical positions from the base line. 

Hespcctfull.r submitted. 

J. E. H1LGArw, Esq., Superintendent. 

GEOltGE DAVIDSON, 
.t18si11tant United State.~ Coast and Geodetic Survey. 



 

APPENDIX No. 1 G. 

OBSERVATIONS OF 'rHE TRANSIT OF VEN[JS OF DI~CEMBElt ~i, lc'tl~. AT \YASllINOTON, ll. C., AND AT 
TEPUSQUE'l' STATIO.'.f, CALIFOH:\!L\, AND AT LEIL\IAX'S RANCH, NE\'ADA. 

UNITED S·rA'rES COAST ANDT GE.ODETIC su,RVEY, OF~ICJ<;. C) 

n a,~h111gton, I>. C., Dece111be1 G, 188~. 

SIR: The following account of obsernttions of the Transit of Venus made to.day at Fautll's 
observatory, \Vaslliugtou, D. U., is lwN~with respectfully submitte11. 

The place of observation is tlw same as that oNmpie<l b,\· me when ohsen·ing the Tra11;;it of 
Mercury May G, 1878, namely, opposite the south west cor1wr of the lower Ca pi to! park,* h.r nwasurP 

8".7 south and 9".± west of the center of the douu\ of tile Capitol,+ or iu latitude 3S0 ii:\1 14".G :111<1 
in longitude 770 00' 43".!J, or 511 08111 02".U, which is U•.l ea,,;t of the dome of the Fnited Statp;; 
Naval Observatory. 

Through the kirnlnes8 of Mr. I•'auth J ha<l the use of his new equatorial (for which he w;ts 
awartle<l a gold medal at Uie late Oinciunati Exposition) ; it is dri\'Cll by clockwork, l1as an aper 
tnre' of 15.25 ccntimet,ers (G iuche8), a focal leugth of :!.5 meters (S.2 feet), an1l was used with a 
magnifying power of 102 for the morniHg ob8en·atiou, arnl with a power of 127 for tlrn aftemoo11 
observations. Full aperture wa~ used in connediou witl1 a solar eye-piece, the prism of which 
4Jetleeted so much of tlrn sun's beat arnl light that a light shatle-glass sufficed for the protection 
of the eye. I was assisted by Dr, J. G. Porter, computer in the Snrrny Office, who took charge 
of the chronometer (mean time chronometer, Bond & Sons, No. 177), uoting down the time a1ul 
remarks made hy the observer. 

In the morning the southeastern sky was covere1l with dense cirrn stratus cl om ls; it wa,,; 
therefore fortunate that it fine focal adjustment of tlte telescope ha4l been obtai11e1l the uight before 
ou Saturn, which focus had been preserved. 

First external contact.-Very ligb t yellow shade-glass o\·er tile eye-piece. No 1listi net vision of 
the sun could be had until about two or three minutes after the pretlictetl time of the contact. 
'l'he eye was kept steadily at the spot where tlte planet was to appear, but the limb of the sun 
could only be seen faintly by glimpses and by slightly \'ibrating the telescope. 

h. m. s. 
Record: At 8 54 15 (hy chronometer) limb barely visible. 

8 56 4 7 notch seen. 
The sun was then rising above the denser cloud bank and the seeing continuall.r i111pron•11. 

This observation is of no value. Changed color of shade.glass to a light neutral tint. 
Pirst internal contact.-It was seeu through thin clouds, the image of the outlines of sun and 

lllauet in a state of slow undulation and devoid of 8liarpuess, yet tlte observation appeared to the 
observer quite satisfactory considering the entire absence of any distorsion of figure or other <lis. 
turbiug phenomenon; in fact the appearance was that of a geometrical contact. 

h. m. s. 
Reeord: At 0 13 0 

0 13 58 
9 14 50 
9 15 04.5 

(b,y chronometer); sun's image boiling, no shai·p outline to Venus. 
cusps nearly together. 
first momentary closing of line of light. 
apparent permanent eouuection. 

*Southeast corner l<'irst street west all(l B street south; elevat,ion ahove Men 20 foet., ahont. 
t Latitude 38° 5.T 23 11.21 longitude 77'' 00' 3311.51 the most recent geodetic determiuatiou. 

:l71 
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Just before the internal contact the cusps appeared blunted and were not finely drawn out. 
At ()h 14m 50• the wa\·~· motion of the Jim b first nuited the cusps by a rather thick streak of light 
closiiig momcutaril.r aronncl Yenns, but the counl'ction was not permanent until at 9" 15m 04•.5 

In my judgment this first moment will represent the true time of first interior contact, thns 
91i 14m 50• pins chronometer correction (for which see further on), or + 1m 30•.5, gives for inner 
contact 9h 16m 21" United States Nani,! Observatory mean time, with an estimated uncertainty 
of:± 5•. 

Second internal contaN.-Was obsen·ed through a (darker) neutral tint shiide-glass, very 
agreeable to the eye; only light clouds pitssiug oYer the suu's disk, with occasional perfect 
clearness. The hoiliug motion of the image was, howe\·er, much more ritpid than in the morning, 
yet the extent of the w:we motion or tremor was very much less. Ve11us appeared with a jagged 
outline iu a state of tremor, and of au m·eu black color, as iu tLe moruiug, 110 indication of any 
atmosphere or <listorsiou of figure bl\ing notieetl, the pltenomenou passiug oft' \'ery much as iu the 
moruing ~·ithout any disturbing features, exeept thP boiling. · 

h. m. s. 
Record: At 2 37 47.5 (by chronometer) very thin line oflight. 

2 38 01'.5 first break of line of light. 
2 38 23 permanent break. 

Wheu tlie first rnomentarr break oecurred in the line of light it was still of sensible thickness 
through the efft·ct of warn motion, aud wheu tile cusps had actually formed at 2h 3,sm 23• they 
were hlnnt, arnl uot Hharply pointed. Just before tltis time the couuectiug streak appeared like a 
collection of pate11e8 of light. I slionld judge tlie trne iuterual co11tact took place about one or 
two secornls after the middle time noted, or at !!h 33m 08".5 + 1".5+ chronometer correction ( + 110 

30°.5), heuce, second imier coutact at 2h 39m 41• Gnited StatN; Nani! Ousernitory uieau time, with 
au estimate1l u11certaintJ· of:±: 5". The observation is considered quite .satisfactory by the observer. 

The last contact.-Tbe sky being clear or nearly dear, the ouI.r difficult.r iu observing this 
external contact was occasioned by the strong boiling motion of the sun's li111 b. Tlie observer, 
keeping bis eye steadily at the slowly diminishing notcll, noted two phenomena, viz: 

h. m. s. 
Record: At 2 56 55.5 (by chronometer) uotch disappearing momentarily through undulations. 

2 57 47 last appearance of sometl.tiug resembling a notch. 
The first time is that when tlle notch began to be obliterated by passiug waves aud the last 

contact had apparently not yet occurred; the second time is that when the passing wave11 last 
failed to briug out a notch, and the last contact apparently had then taken place. I should think 
true external contact took place about that rnoment, or at 2h 57m 4 7• + 1 m 30•.5, or laist contact a.t 
2h 5!Jui 18• United States NaYal Observatory mea.n time. In consequence of the l!!errat~ outline of 
tl1e sun the uncertainty of this phase I estimate at ±: 208 • 

\Vltile the observations of the inner coutacts may Le taken as fairly satisfactory, the presence 
of clouds at iugress prevented, and the at11w.-.phe1fo tremor at egress, detracted so much from 
the accuracy of the observation that the time of the exterual contact is considered to be of little 
value. 

To obtain the chronometer correction the dropping of the noon time-ball at the Naval Obsen'· 
atory was observed a11 follows: 

h. m. s. 
December 4. Ball eoming down at. ........... 11 58 32.:3 (Bond & Son's 177.) 

5. Ball coming down at .... _.. . . . . . 58 30.5 
6. Ball coming down at. . . . . . . . . . . . 58 29.5• 

The original peueil notes are on file at the S1trve~· Office, and the correct transcript of the 
reeonl is attested over our signature. 

To J. E. HtLGARD, &uperintendent. 

CHAS. A. SCHOTT, 
As11istant Coast and Geodetic Survey. 

J. G. PORTER, 
Computer Coast and Geodetic Survey Office. 

*Notti ad1led l\l'ter the re}iort W/18 written: Ball apparently not hoi~ted Decemb~r '; 011 a.ccount of high wind. 
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P. S.-On December 7, in the morning, Mr. B. A. Uolomrn, AsHistant, hau<le<l me au account 
of his obserYations of the 'l'ransit, aJHl I herewith append the same. AHsh;tant Colonua was a 
member of the party stationed at Mr. Pauth's establishment, and mwd one of hi;,; instrumeut>l. 

c. s. 

w ASIIINGTON, D. c., December 7, 188'.!. 
SIR: By in\'itation of Assistant C. A. 8chott, nrnler whose direeti~rn suitable teleseope8 had 

been proYided :wd placed in the yard of Fauth & Co.'s shop, at the sontlwast comer of First and H 
8treets southwest, I repaired to that place in due season 011 the Gth <lay of December, 181'\'.!. 

From a number of tPleseopes that I found there I selected one of :small size, 11ot a:s being- so 
powerful as the larger ones that were availahle, but principally becau:se, while gi,·ing- a m0<lerall•ly 
fair chance for good results, it had the ad\·autage of having· a tiuder attachetl to it. This filult•r 
having a small magnif~·iug power (about 10 diameters) was of service, in that while the thin 
clouds continued to pass the sun's disk and ol>scure it entirely about the time of first contact, I 
could rapidly scan any part that chanced to be showing for a moment. By meaus of this finder 
I think I obtained amongst the earlie8t views of the llegiuniug of the Transit. 

For a tew minutes after sumise ou this occasion the suu's disk was beautifully clear a1Hl 
distinct, uot a clou1l was near it, autl to the casual ohserrnr uothiug would h~we been a1ipareutly 
more certaiu than complete success, but :soon a long·, low, narrow, black cloud forwell, about 150 
above tbe horizon au!l to the southward of the sun. This cloud gradually moved to the nortliwanl, 
spreading out to greater width, and at last totallJ· ob~curiug tlie sun. This state of affairs co11-
tinued until about fifteen minutes before first coutact, when not only frollJ the suu's iucreasetl 
height, hut also because the cloud began to break up aud disperse, we uegau to get oeeasioual 
glimpses of parts of the face and circumference of the suu, matters were gradually improving i11 
this way at the time of first contact, at which time I could make out the circumference of the i,mu 
through thin clouds, usiug the finder without any colorel~ glasses; theu the clouds got a little 
thinner, and these were the circumstances under which I first saw Yeuus after she had slightly 
advanced on the sun's disk, using the finder and no colored glasses, as heretofore stated. 

TRANSIT OF VENUS. 

Station: Yard of Fauth & Co.'s shop, vVashiugton, D. 0. 
Observer and recorder: B. A. Colonna, Assistant Coast aud Geodetic Surrny. 

INS'l'RUMENTS. 

For time.-Mean time chronometer, Bond & Sons slow, 1'" 30• (Schott); Colonua's mean time 
watch (Crescent St. movement). 

• For observation.-Recounoitering telescope by" Ploessel in "\Vien," mounted 011 tripod stand, 
movement by hand and in any direction. Focal length 9G.5 centimeters, or ~8 inches. Olear aperture 
90 millimeters. Magnifying power 140 diameters. Finder attached to recounoiteriug telescope 
about 10 inches long, with magnifying power about 10 diameters. 

Comparison of time pieces, a. m., December 6, 1882. 

Instrwuenta. Before contacts. / After contacts. 
I 
! 

h. m. •· h. m. •· 
Mean time chronometer, Bond & Son, No. 177 ... - ........ .. 7 57 00 9 19 00 
Colonna's mean time watch ............................... . 7 58 35 9 20 35 

Mean time chronometer, Bond .t; Son No. 177. ·- .. ·--- -- .. - 7 58 00 0 20 00 

Colonna's mean time wat11h .................. ·-·-·· ....... . 75935.5 92135.2 

Msan timu chronometer, Bond & Son No. 177 .......... . 7 59 00 9 21 00 

Colonna's mean time watch ............. ·-·-··----· ...... . 76035.5 9 2'l 35. fi 
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l\leau time chronometer at comparison (No. 177)...... . . . . . . . ....................... . 
h. m. s. 
7 57 00 

1 30 Chronometer slow . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ............................ . 

Correctt.1d mean time of comparison.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
Uolouua's mean time watch at comparison. . . . . . . . . . . . . . . . . . . . . . . . .............. . 

Colonna's mean time watch •fast ........... . 

7 58 30 
. . 7 58 a5 

05 

1. First external contact.-"\Vas over before clouds broke away. [noted it, 1lown when first 
set•11, 31i .>8"' oo•. 

I judge that the pla11ct was fh·c miuutes 011 before I saw lter, 011 acr~o1111t of clouds. 

2. Pirst internal contact: 

h. 1n. s. 

A. M. 9 15 25 might be. 
9 16 20 apparently hcttPr. 
fl 17 00 might he. 

fl· lG 15 rnPan. 
Colo1111a's watch fast - Oii 

Corr<'ded time of ohsernttion 9 Hi 10 

At flh 3.1"' 308 sh~ was alJout 011e diameter 011. 

:NoT.E.-1 am wry ~mre that for the firn minutes precedi11g first intPnrnl contact I saw the limb 
of the plauet outside of the sun's disk. The atmosphere was tremulous. There were passing 
clouds which had totally obscured th& sun for an hour before the Transit began. At the time of 
the first external contact the clouds were just beginning to clear away. 

Oornparison of time pieces, p. rn., December G, 1882. 

I Instruments. Before contacts. After contact". 

1-----------

'1' lift.an time chronometer, Boml & Son, No. 177 ........... . 
Colonna's menµ time watch ............•................... 

J Mean time chronometer, Bollll & S<>n, No. 177 ... -· .. . 
Colonua'a mean time watch. __ ....... .................... , 

i 
Mean time chronometer, Ilon(l & Son, No. 177 ...••..•.... ! 
~olonna's mean tinrn watch .•.....•... •···.• .. ·•····· · • · · · j 

li.m. s. 

2 l!J 00 

2 14 a2. 5 

2 14 00 

2 15 32.5 

2 15 00 

2 16 33 

h. ni. s. 
3 02 15 

3 oa 48 

3 03 00 

30432.5 

s o3 ao 
3 Ofi O:!. 5 

Mean tinw chronometer, No. 177, at comparison... . .............................. . 
Correction to mean time chronometer slow. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... . 

Correctetl mean time of comparison ........ _. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Colonna's mean time watch at comparison... . . . . . . . . . . . . . . . . .................. . 

Colonna's mean time watch fast... . ........................ . 

h. ni. s. 
2 13 00 

+ 1 30 

2 14 30 
2 14 32.5 

02.5 



 

UNITED STATES COAST AND GEODETIC SURVEY. 

3. Second interior contact: 

By Colonna's watch 
Colonna's watch fast 

h. m. s. 
2 39 30 perhaps. 
2 40 03 better, l tllink. 
2 40 20 perhaps. 

2 39 58 mean. 
03 

Corrected mean time of contact 2 39 55 

375 

NOTE.-After the second interior contact I expected again to be able to 8ee the di8k of Yenns 
for five minutes after it had passed beyond the i;mn's disk, hut I could not. The i11strume11t is in 
tile same focns as whe11 used this a. m. The sun has been partially obscured for the prec4.'di11g 
tl1irty minutes, bnt is now entirely clear. The atmosphere is quite tremulous, more iso, I think, 
than it was this morning. I failed to see any of the rolling appearance of the light wheii the thread 
became ver_y fi11e that I have seen elsewhere on similar occasions. 

4. Second exterior contact: 
lt. m. s. 
~ 59 30 perllapi:;, 

59 60 better. 
59 80 perhaps. 

Time of observation by Colonna's watch 2 59 56.i meal!. 
Fast. 2.5 

Corrected mean time of observation 2 59 54.2 

After this contact time was compared, as shown before, an<l my observations of the Transit of 
Venus were concluded. 

NoTE.-As to the observer, I would state that be purposely abstained from all knowlt•dge 
concerning the computed times of contact, of transit, and all other i11formati011 at all calculated 
to infiuehce liis obserrn.tions. 

I have the honor to be your obedient servant, 

Prof. J. E. HrLGARD, Superintendent. 

B. A. COI,ONNA, 
Assi.~tant. 

STATION LOSPE, 

Sa.nta Ba.rbara County, California, Janum·y 27, 1833. 

Sm: Mr. P.A. ·welker reports to me his observatiom; of III(l and IYtb contacts of Tram;it 
of Venus, December 6, 1882, as follows: 

Station: Tcpnsquet, Cal., latitude 34° 54' 30" .5 11orth; longitude l~oo 111 1411 .9 we::;t of 
Greenwich. · 

Observer, P.A. Welker; recorder, H. Stoddard. 
Weather: Fair, clomlless. Atmosphere: :Remarkably clear. ·wind: calm. 
Instrument: 12 inch theodolite, 131 (Fauth & Oo.). Total length of telescope: .'..?6.0 iuclw.'-; 

a]Jerture of telescope, 2.5 inches; mngni(ying power of eye-pi(•ce, not determined. Chrouonwter, 
1:1hlercal chronometer 207 (John Hutton). Two colored glasses taken from a sextant a1ul phll'l'll 
0 11e.over the other, were fastenetl to eye end of telescope. 

Outlines of sun and planet were very sharp and distinct. 
Just before Contact III a brigllt ring of light was seeu between limbs of sun and pla11l'l 

Time was marked when this ring disappeared. 
At time of IVth contact limbs of sun and Venus well defined-no unusual disturbance. 
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After IVth contact Venus could not be seen. 
h. m. s. 

Chronometer time of IHd contact 16 53 19.0 
Chronometer· error at time of IIltl contact - 12.7 

Sidereal time of JIId contact 

Chronometer time of IVth contact 
Chronometer error at time of IV th contact 

Sidereal time of IVth contact 

16 53 06.3 

17 13 15.0 
- 12.8 

17 13 02.2 

Hourly rate of chronometer from observations before and after Transit of Yenus = o•.248 
gaining. 

Y ery respect fully, 

J. E. HILGARD, Esq., Superintendent. 
JA.S. S. LAWSON, 

A.ssistant. 

LEHMAN'S RANCH, NEVADA, December 7, 1882. 
SIR: I beg leave to present the following report on the observations of the contacts at egress 

made at A. S. Lehman's ranch, in NerHla: 
The geographical position of the station occupied was derived from a small triangnlation 

executed for the purpose of connecting the State boundary of Nevada and Utah with Jeff Da,·is 
Peak, a principal station of the geodetic survey of the thirty-ninth parallel of latitude, and the 
position of which depends upon the Coast Surrny telegraphic longitude of San Francisco aud 
Ht'veral of 1 he astronomical azimuths and latitudes observed in connection with the geodetic 
isnrvey referred to 

The geodetic positions of Jeff. Da,·is Peak and the Transit of Venus station as resulting 
from the field computations are as follows: 

Latit.ncle. 
.Tcff. Diwis Peak ........ __ .. __ ... + 380 59' 03". 00 
Transit of Venus station ........ _ . + 390 00' 34". 7 4 

Longitude. 

+ 1140 18' 4711
• 35 

+ 1140 11' 04". 59 

These may be regarded as reliable to within about 1" in latitude and 211 in longitude. What
ever corrections the final adjustment of the triangulation may yield for the position of Jeff. Davis 
Peak will apply in like manner to the position of the Transit of Venus station. 

The altitude of the latter station above sea-level is 1900 meters nearly. 
The contacts were observed with a Steinheil refracting telescope of 5g inches objective, using 

the fnll aperture, and a magnifying power of 250 diameters. The excessive glare of the sun's light 
was screened down to proper intensity by a small piece of" London-smoke" glass attached to the 
ese-piece. The focal adjustment of the telescope was made with precision by pointings upon the 
larger planets at night, and again, finally, by pointiugs upon Venus itself on the day of the Transit. 
The <lefinition of the telescope thus focused was very satisfactory, notwithstanding the beating of 
the Pye-piece hy continued pointing upon the sun. The telescopt>, although equatorially mounted, 
was wit11ont a driving apparatus. It was kept properl,Y pointed by means of the slow-motion 
mm·ement worked by band. 

On the morning of the 6th of December the sky was generally clear, yet there bung threat· 
eni11~ storm clo111ls upon the eastern horizon, shutting away from view the sun, and which on that 
ac<'onnt was nPYer seen until the planet had shifted fully a diameter upon his disk. The atmos
phPrfl. at tlii~ time seemerl much disturbed and undulated strongly. Fortunately, as the day 
a<h:rnct~d matters changed greatly for the better, and by noon, as tl1e great event of the day wa.s 
rapidly drawing near, all clouds liad vanished, leaving nothing !Jut a thin sheet of haze in the 
southern iskies, not dense enough to impair the distinct vision of the 1mn. A.t 17h mm chronometer 
time, the final pointing of the telescope was made, and the progress of the Transit uninterruptedly 
v;atched until after occurrence of the third contact. There was now almost perfect calm, and as 
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the boiling of the atmosphere ha(l well nigh entirely ceasell the 1listinct1ws1i aJHl Rteadiuess of thfl 
images of both the planet and tl1e sun were all that conlll be wisht'd for. In fact everythiu~ 
seemed to assure complete succt'ss. \Ve were re;11l~· for the work. 

The record times of the SC\'eral phases noted arc tLe followiug: 
It. 111. 8. 

Illd contact. At li 17 30.0 contact rapidly nearing-. 

18 01.5 doubt-not yet. 
18 08.5 contact, cusps persistently separated. 
18 15.0 contact plai11ly passed-cu;;ps di;;ti11d autl steally. 

IV th contact. The phases of this last cont;ict were notell tti':l follows, viz: 

h. m. s. 
At 17 38 08.0 contad rapidly approaching. 

38 30.0 tlonllt-uot yet. 
38 36,;) then-last contact. 
:1K 42.5 contact certainly passed; sun's limb undistorted and persist

e11 tly corn plete. 

Tllis concluded the ollserrntions of the contacts at egTess, tlrn only ones Yisible at this station. 
The times, as i\bove noted, being in accoruauce with tlte face imlicationR of sidereal chro

nometer Dent 21J7, require conection for rrror and rate to reduce them to local sidereal time. 
From star transits, obserre<l with 30-inch meridian telescope, Coast SmTey No. 5, set up in the 
meridian of tlte equatorial, the error of thii.-; chro11ometer was found to lJe: 

h. m. m. s. 
Decemher 3. At '.!1 20 face time 

5. At 23 00 face time 
6. ~,\ t 2'.! 15 face time 

= + 1 51.20 from 4 stars. 
=+1 51.3J from 10 stars. 
=+1 51.33 from H stars. 

The probable uncertainties of these determinations <lo not exceed about one-tenth of a 
Hecoml. The ru1111iug of the chronometer, it will IJe seen, was quite stead,y; as:mmiug its rate 
zero and correcting accordingly, and reducing at the same time also to mean time-the local 
times of the princip~tl phases of the Transit stand as follows: 

Sidereal time. 

h. m. 8. 

nm contact. 17 16 10.2 doubt~ uot yet 
16 li.2 contact 

IVth contact. 17 36 38.7 doubt-not yet 
36 45:2 contact 

Mean time. 
h. rn. s. 
0 14 OH.67 

14 Hi.65 
0 34 34.82 

34 41.30 

It is important· to remark that during the critical mowents the observer kept his attention 
li\l'aclily fixed npou the progress of the 'fransit and annouttced the occurretice of the diffenmt 
11hases ohHervcd, 11iva voce, to an experienced recorder, Mr. B. Christensen, who notetl aull recorded 
the times in accordance with the face indications of the chronometer. 

As regards the "black drop" no such phenomenon as it has been pictured hy observers 
of former transits was seeu, nor even anything remotely resembling it. On the contrary, the 
i1111er contact seemed to come about in a geometrical sort of way without disturbance or sur
prise, but very slowly. It was surprising to me to find, on examining the record after every
tlli11g was over, that the lapse of time be~ween the iwportant phases as noted amounted to only 
ahont seven seconds, for my impression was that the interval seemed much greater-three times 
a~ great. I believe the observation of the contracts to be trustworthy and entitled to confidence. 
'fhey were made uu<ler circumstauces quite favorable, especially as regards state of the atmos
]>ht•re. Ouly in the matter of screening down the sun';; excessive light it was fouud as the time of 
inner contact neared that the proper measure hacl been exceeded by ueglectiug to make allowance 
for the le8ser intensit,y of the sun's light at the limb. Unfortunately the peculiar arrangement 
improvisml for screening off the excess of solar light did not permit of correcting the mistake wben 
uotiwl without haza.n\iug the whole of t,be observatiouR. Owiug to th:_s excess of seree11i11g, aud 

S. Ex.29-48 
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likewise perhaps to t'be exceeding slowness with wLicli tlie contacts seemed to come along, it is 
probable that I was late rather than otherwise in judging the moments of contacts. :For these 
reasons it is my judgment, after mature reflection, that the means of the times of doubt and conta.ct 
as noted may be regarded as representing more nearly the times of true geometrical contacts than 
the single contact times as actually noted. 

In order to ascertain the error of the mean time chronometer 2404, usetl by Mr. Marr, of my 
part._y, the following comparisons with sid .. real chronometer Dent 2147 were made: 

h. m. s. h. m. s. 
December 6: Sidereal 18 01 21.0 = 1 14 59.25 mean time. 

(No. 2147) 22 56 11.0 = 6 08 58.75 (No. 2404). 

The errors of chronometer 2404 on local mean time were therefore respectivt'l~· + 17m 37•.2 and 
+ 17ui 35•.0. Correcting Mr. Marr's obserrntions accordingly, his contact times expressed in 
local mean time reduce to the following, viz : 

h. m. s. 
IIId contact = 0 14 07.0 
IVth contact = 0 34 21.9 

Both times se\•eral seconds earlier than as obscrYcd by m~·self, presumably in consequence of 
the i uferior telt>scopic power used by him. Mr. Marr's own report will be found appended. 

It may be proper to state in conclusion that the Transit occurred whilst the party was still 
engaged in packing down camp outfit and instruments from Jeff. Davis Peak and in storing them 
at Lel1man's Ranch, and rhat the contact observations herein reported did not interfere with nor 
delay the regular work of the party nor cause extra expenses to the Survey. 

The observations were made in conformity with the printed instructions issued by the 
Transit of Veuns Oommission as nearly as the means at hand and existin.,\' circumstances 
permitted. 

Respectfully submitted b~· 

Prof. J.E. IIILGARD, 

WILLIAM EIMBECK, 
Assistant. 

Superintendent United 8tates Coast and Geodetic Survey, lVa.shington, D. 0. 

LEHMAN'S RANCH, 'VHI'l'E PINE COUNTY, NEVADA, 
December 6, 1882. 

DEAR Srn: Observations of tlJe third aud fourth contacts of th.e Transit of Venus were made 
as follows: 

A telescope by Bardon, Paris, of 2~ iuches aperture and power of 33 diameters was used. 
The instrument was firmly mounted in the meridian 28 meters north of your equatorial. Tile 
instrument remained quite steady during the observation8. 

Gentle northeasterly bret~ze. l:iun and planet seen through thin haze. Sun's limb slight!~· 
wavering. Time of contacts notetl u~· mean time cbronometer Dent No. 2404. 

Black cambric was used over left eye and tLe eye-end of the telescope. A medium d:uk 
glass allowed good definition without any glare. 

h. m. s. 
Time of third contact.... . . . . . . . . . . . . • . . . • . ................ 12 31 44. 5 
Apparent middle of planet. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 43 20. 0 
Time of fourth contoot. • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 51 59. 5 

.Just before third contact the limb of the planet nearest the snn's litnll seemed to ha,·c a 
hright halo. The time of contact was noted when the bright edge of the sun seemed broken. 
When the planet was about one-third across, the apparent notch in the sun'.s limb seemed to be.· 
round on the edges. When about two-thirds across, that portion of the planet outlined on t.he 
sun seemed elliptical in shape. 

The time of fourth contact was noted wheu the indentation in the sun's limb changed from a 
faint shadow to bright light, the limb of the sun unbroken. 

Respectfully, 
R . .A • .MARR, Aid. 

Mr. EIMBECK. 
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DETERMINATIONS OF GRAVITY AND OTHER OBSERVATIONS MADE IN CONNECTION WITH THE 
SOLAR ECLlPSE EXPEDITION, MAY, 1883, TO CAROLINE ISLAND, SOUTH PACIFIC OCEAN. 

A Report by E. D. PRESTON. 

UNITED S'I'ATES COAST AND GEODETIC SURVEY OFFICE, 

Washington, D. O., Aug1tSt 17, 1883. 

DEAR Sm: I have the bouor to sul>mit you the following report of my observations in con· 
nectiou with the United States Eclipse Expedition to Caroline !::;laud, and tho::;e made for the 
determination of gra\'ity at difforent points along the route. 

In obedience to your instructions I left ·washington February 28, and 111ailcd from New York 
1\Iarch 2, arriving at Aspinwall the morning of the 11th. At noon of the 12tl1 we were at Pan· 
ama, and at 5 p. m. passage was taken on the steamship Bolivia for Callao, Peru, which place 
was reached on the 19th. Onr instruments were here transferred on board the Uuite<l State8 
man-of-war Hart.ford, and on the evening of the 22d we set sail for Caroline Island. Bet.ween 
Oallao and the island some preliminary computations were made. .A list of stars suitable for time 
observations at either Flint faland or Uaroline Island was selected and their constants computed. 
l'airs of stars were also selected for latitude. On the morning of the 20th of .April (twenty-ninth 
day out from Callao) laud was sighted, and in the afternoon of the same day the landing of instru
ments was begun. On tb.e 23d the transit pier was finished aml the instrument in place; but on 
account of bad weather no observatious were made until the followiug eveuiug, the <la~· of the 
24th being employed in erecting the pendulum staud and tents in which it stood. From April 24 
to MaJ' 9 observing went on regularly when not interrupted by bad weathel'. Time was deter· 
mined as early in the evening and late in the morning as possible. The United States Coast and 
Geodetic Survey yard-penrlulum No. :~ was swung between the two time observations, and 
latitude was determined by the method of equal zenith distances. Gravity was determined on 
eight nights, six with the heavy end of the pendulum down and two with the same end up. In 
one of the experiments with heavy end down, however, uo time was obtained in the morning. 
Latitude was determined on five nights, with an average of ten pairs on each night. 

The morning of the eclipse (May G) was cloudy; in fact, it was raining heavily forty minutes 
before the time of first contact; but fortunately it cleared off very suddenly, giving us a remark
ably steady atmosphere, and all four contacts were satisfactorily observed-the last three particu
larly so. 'J'he first was observed by three persons, my own observation falling between the other 
two; the second and third were only observed by myself, and tlte fourth was noted by three per
sons, Mr. Rockwell's observation and mine diftering but two-tenths of a second; the former was 
noted by" eye and ear" method, and the latter on the chronograph. Observing ended May 9 at 
6 o'clock a. m., and at 5 p. m. everything was aboard the Hartford and we were under way for 
Honolulu. 

During the passage from Caroline Island to the Sand wicb Islands the chronograph sheets were 
read and the definitive chronometer conections were deduced by the application of the method of 
least squares. Apparent places of stars were also computed and most of the pairs worked up for 
latitude. 

379 



 

380 UNITED STATES UOAST AND GEODETIU SUJ~VEY. 

Ou arrh'ing at the Sandwich Islands I receind instrnctions from yon to proceed to Ute island 
of Maui and to determine the force of gravit,'I· at the station occupied by ne Freycinet in 1819. We 
arrfred at Labaiua at 1 o'clock a. m., June 6. 'Ve discon~red the foundation walls of the old brick 
house located in De Frt>ycinet's skPtch, and nPar which his obsprnttorr was erpcted; thanks to the 
assistance of Mr. S. E. Bishop, attached to the Hawaiian Gon•rnment suney, and an old native, 
Kanaka, wlto hinrnelf !tad seen the experiments of mm matle. At Laliaina the peudnlum was 
swung seven nights with heavy e1Hl down and three !lights with heayy end up, besides one swing 
at a high temperature. Stars were obsern•d nwrni11g and eYeni11g as nt Caroline Island. Latitude 
was also determined by observations on thirty-fin~ pairs of stars, extending over eight nights, but not 
all the pairs were observed on auy one night, the total unmher of measures of the latitude being 114. 
'Ve desired to fix the position of Lahaina well, because Professor Alexander, superintendent of the 
Go•ernment survey, iuformed us that he l1a<l 11ernr ha<l a latitude determined on Matti with the 
degree of precision attained by the modem method of equal zenith distances, and it is his intention 
to carry onr Lahaina latitude bnck to Oahu hy triangulation aud compare it with determinations 
there made by Captain Tupman, of tl1e British Trausit of Venus Expedition of 1874. I have no 
doubt but that this operation will show a deflection of the plumb line on Maui of at least 8 or 10 
seconds. The Pacific Ocean is n~ry deep around the Sandwich Islands and the mountains rise 
4,000 feet high immediately back of Lahaiua. 

Our obsen·ations occupied us until the 3.'3<l, when we sailed again for Honolulu, arriving at 2 
o'clock Sunday morning, the 24th. Before sailing for Maui a place to swing bad been selected, 
and the pier having beeu erected during our absence no time was lost on our return, and everything 
was in readiness for the evening of the :!5tb. Here a slight change was made in the usual pro· 
gramme. Instead of swinging· the pendulum from 7 p. m. to 5 a. m., as was done at Caroline 
Island and at Mani, it was swung continuously from the beginning to the end. There were two 
reasons for thi8: Iu the first place, the occupation of the cellar of the Young Men's Christian 
A11sociation building gave us a place where the <lail.r variation of temperature was comparatively 
slight; and, secondl,Y, after arriving at Honolulu only one week remained in which to set up the 
apparatus, make the experiments, and repack again for shipment. No stars being obtained on the 
25th, swinging was begun .June 26, after the time determination in the ernning, and continued 
dnring three consecutive days and nights. Forty-eight hours were given to heavy end down and 
twenty-four to heayJ· end up. Stars were obtained after the pendulum observations and each 
night during their progress. Each night after the time obserrntions, the instrument was turned 
over to Professor Alexander, who had expressed tile desire to make some observations of latitude 
himself while the iustrument was in Honolulu. Howernr, on account of ·clouds and rain on all of 
the three nights very few pairs could be obtained. 

We sailed from Honolulu on Monday, July 2, arriving in San Francisco the evening of the 0th. 
At this station we were rather unfortunate both in regard to weather and temperature. Swinging 
was begun Sunda,y evening, Jul;)· 15, and continued without interruption for four days and nights, 
with heavy end down, before being able to get stars again. The pendulum was then turned from 
forward to back and swung for twenty-four hours more, time being determined again at the end. 
From July 21st to 27th no stars could be obtained, and this time was employed in reading sheets 
and making duplicates of the Lahaina and Honolulu work. On the 27th swinging was again 
resumed, with heavy end up, and continued for twenty-four hours. Time was determined before 
and after. The temperature was not very satisfactory; but swinging only during the night could 
not be done, because it was scarcely ever possible to get stars in the evening and also the following 
morniug. This condition was realized only once duriug the experirnent,s. From July 29 reading 
sheets and making duplicates went on without interruption until August 101 when I left for Wash
ington, arriving there on the 16th. 

The thermometers were compared at Caroline Island. '.rhey were again compared and the 
zero points of two of them determined on our arrival at Honolulu. This was again done at San 
Francisco. The barometer was compared before leaving Washington with a st;andard one, and 
again in San Francisco. 

In the Caroline Islands, and in Maui and Honolulu, I was most efficiently assisted by Ensign 
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S. J. Brown, U. S. N., who took part in all the ollserYations cxeept those for time. At San Fran
cisco Mr. U. B. Hill took Mr. Brown's place. 

In closing this report I desire to express our thanks to Prof. \V. D. Alcxamler, superintemlent 
of the Hawaiian Government survey, for his interest in the work and f(w lli8 many kill(lnes~e8; 
also to Mr. H. Turton, of Lahaina, who tlitl everything in his power to facilitate the work at 
that place; and finally to his excellencj· Governor Dominus, of Oahu, who Yery kindly placed 
his summer residence at Lahaina entirely at our disposal during tJ1e stay on Maui. 

- I am, most respectfully, your obedient servant, 
EHASl\IUS D. PimSTOK, 

Aid Fnited States Coast and Geodetic Survey. 
Prof. J.E. HILGARD, 

Superintendent United Sttitcs Coast and Geodetic Survey. 
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APPENDIX No. 18. 

FIELD CATALOGUE O:F 1278 TIME AND CIIWUMPOLAR STAJ{S. MEA~. 

PLACES FOR 1885.0. 

By GEORGE DAVIDSON. AR"'i"tant. 

The first edition of this working catalogue of Time and Circumpolar 
stars mu; published in 1874.* It was the outgrowth of the necessities of 
those field parties of the United States Coast a111l Geodetic Snrn'y which 
were engaged in Geographical Reconnaissance, Telegrapl1ic Longitn111'. 
I,atitn<le and Azimuth work, a111l special inYestigations 1\em~nt1i11~ the 
determination of exact local time without tile facilities aml resources of 
a fixed Astronomical Obse1·vator;r. H placed before the obsern•r the 
Trausit Stars of the dilft•reut National Etihemcrides; whilst the long 
ti11w-i11tPrrnls between these stars were tilled i11 \\'ith stars from Stand
:ml CatHloguei,;:, so thnt tlle intervals of Right Ascension between time 
Rtars Hhonhl not exceed two minutes, if practicable. Iu addition thereto, 
circumpolar stars were introduced in the order of their transits above 
a111l below the Pole. 

Tliis plan lias not been changed except to insert a<lditional time stars 
and especially to increase the number of the azimuth stars. 

Witliin a few years the Ephemerides have notably extended their 
catalogues of stars. These E11hemerides give the apparent places of 
the time or clock stars for each tenth or twentieth day; anil for tWery 
day for some of the close circumpolar stars. In the Standard Oatalogues 
the mean star places only are given for specified epochs autedatiug 
their publication. 

In order that these aud other conditions may be presented clearl.r to 
tl1e eJ·e of the ousen·er, the 11ames of all stari:; for which 110 appar
ent places are gh·eu in the Ephemerides are printed in italics; thP 
names of the cfrcumpolar ~tars are denoted by l1e:wier tspe, aull their 
sub-polar transits indicated hy the lt>tters S. P., and also b~· the reten
tion of the hour of their upper transit in the column of Right Ascen
sions, and by the Decli11atio11s heing greater than 90°. 

For the epooh 1885.0 the I{iglit Ai:;censious haYe been brought up to 
the nearest tenth of a seconil of time and the Declinations to the nearest 

* U. S. Coast Survey, l<'iel<l l utalogne of 91'3 Tr.insit Stars, Meau Places l.':!70.0. 
George Uavidson, Assistant, Coast Survey, in charge Pacific Coast. · Washiugton: 
Government Printing Office. 1874. 
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UNITED ST.ATES COAST A.ND GEODETIC SURVEY. 

FIELD CATALOGUE OF 1278 TIME A?\D CIRCU11l'OLAR STARS. 

Hccond of arc. Por tlte tabular declilmtion the natural 11m11ber of the 
secant thereof has been given, mainly to enable the observer to calcu
late with reasonable e!oseuess the tinws of passage of a slow-IDm·iug 
star at the side threads of the transit reticule. 

In the determination of the mean places of the :stars, it has been neces
sary to calculate the 1-~ight A.sceusion and the Declination from two or 
more Catalogues, to examine the different authorities for the proper 
motions, or to derive them from the tabulated positions; to compute 
the annual precession for the slow.moving stars; and thence to deri\·c 
the annual variations ill Hight Ascension a11d Declination. 

The number of clock or time i;tars is 1126, aml the number of circum
polar or azimuth ::;tars i::; lo~. There are very fow stars so small as the 
G-7 magnitudes, and all <'all be easil,y observed with the 30-inch portable 
transit instrument of the Survey. 

The magnitudes assigu<•d to the stars have beeu gfre11 a~)cording to 
the old method, but a hyphen has beeu interplaced instead of a period 
when the stal' is considered to be between two whole magnitudes. 

The right -hand page has been left partly blank for the insertion of 
memoranda, also to give space to the observer to note the altitude, or 
zenith-distance setting for the stars, the chronometer times of tran
sits, &c. 

\Vith this working catalogue, and the table of the 8tar factors A, B, 
c,• for azimuth, inclination, and collimation, the obserrnr in the field, 
even without a knowledge of the error of his chronometer, will generally 
barn little trouble in placing hi8 transit instrument within one second 
of time, or less, of the plane of the meridian, in half an hour; and 
within one-quarter of a secoml of time, or less, of the meridian in one 
hour. By using the Davidson Transit aIHl Equal Altitude Instrument,t 
and the Table of Altitudes and Azimuths of Polaris,+ the transit instru
ment may readily be adjusted ''cry closely to the plane of the meridian 
before sunset. 

I ha,•e in preparation a list of double stars compiled solely to enable 
the ob:sernr to adjust and test the sidereal focus of hiti telescope. I 
have been better sati:>fied with this method than any other. 

•c. s. Coa~t Survey, C P. Patterson, 8upcri11tende11t. Tbe Star-Factors A, B, C., 
for Redncmg Transit. Observations. George Davids<m, Assistant, Coast Survey, iu 
charge of Paci tic Coast. Washington: Government Printing Office. 1874. 

(This publication contains 57,500 factors, computed to three places of decimals for 
all Latitudes all<l all Declinations to 80o, and also for special circnmpolars. A similar 
sy8tematic ta!Jle for stars having greater declination than 80", is being computed.) 

t U. S. Coast, and Gf'.o<letic Survey, C. P. Patterson, Superintendent. Methods and 
Result.~. Description of a New Meridian Instrument, by George Davidson, AssiHtant, 
U. S. Coast and G.odetic Sun·ey, Appendix No. 7. Report for 1879. Wa8bington: 
Gov<wnrneut Printing Office. 18til. 

H ~'rom the U. S. Coast Snrvey Report, is;g_] Appendix No. 2'2. Azimuth and 
Appart~ut Altitude of Polaris for field nse in placing the Meridian IUJ!trument in the 
Plane of the Meridian. Computed with North Polar Distance of 10 22', and Mean 
Refract.ion, hy Gt•orge Davidimn, A""i8taut, U. ·s. Uo1U1t Survey. 
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The Ephc:nerides and Catalogues consulted in the formation of this 
field list of stars, with the designating letter of each iu tbe column of 
authorities, are herewith enumerated. 

The column of authorities does not, necessaril,v give all those exam
ined, except for such stars as have been less frequently observed in thti 
catalogue to which access wa8 practicable. Preference has bePH gi,·e11 
to the Catalogues A', N, H, and G. 

A.-Tbe American Ephemeril'l and Nautical Almanac for tilt> year 1885. 
First edition. Published in com11Iiance with a Joiut Hesoln 
tiou of the Porty-sixth Cougress. Washington: Bureau of Na,._ 
igation. 1882. 

E.-The Nautical Almanac and Astronomical Ephemeris for the year 
lt;82, for the meridian of the Uo_yal Obserrntory at Greenwich. 
Published by order of the Lords Oommissioners of the A1l
miralty. London. Printed by G. E. Eyre & vY. Spottiswood 
Her Majesty's Priuters; and sold by ,John Murray, Albemarle 
street. 1878. 

0.-Connaissance des Temps, ou des mouvements Celestes, a l'usage 
des Astronomes et des Navigateurs. Pour !'an 188'.!, publiee 
par le Bureau des Longitudes. Paris, Gauthier-Villars, Im
primeur-Libraire du Bureau des I~ongitudes de 1'£cole Pol.r
technique, Successeur de Mallet-Bachelier, Quai des Augnstins, 
55. Aout 1880. 

B.-Berliner astronomisches ,Jahrbuch fiir 1883 mit Epbemerideu der 
Planeten (!)-~ill) for 1881. Herausgegeben von Iler Konig
lichen Sternwarte zu Berlin unter Redaction von \V. l?oerster 
und F. Zietjen. Berlin, Ferd. Diimmlers Verlagsbueliband 
lung, Harrwitz und Gossmaun, 1881. 

A' .-W ashiugton Observations for I 870. Appendix Ill. On the Right 
Ascension of the Equatorial Fundamental Stars and tlle correc
tions necessary to reduce the Right Ascensions of tlifterent 
Catalogues to a mean homogeneous syistem. B,y Simon ~ew
oomb, Professor of Matbema.tics, U. S. N. I'repared at the 
U. S. Naval Observatory, by order of Hear-Admiral B. F. 
Sands, U. S. N., Superintendent. \Vashington: Government 
Printing Office. 1872. 

N.-Catalogue of J 098 Clock aud Zodiacal Stars. Prepared nnder the 
direction of Simon Newcomb, Professor, U. S. N., Superiuteud 
ent American Ephemeris. 

Ht.-Annals of the Astronomical OliservatQr;y of Harvard College. 
Vol. IV, Part I. Catalogue of Polar and Clock Stars. Printed 
from the 8t,urgis Fund. Cambridge: Welch, Bi~low & Com
pany, Printers to the University. 1~6:1. 

S. Ex. 29-49 
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lP -Auuals of the Astrouomical Observatory of HarYard College. 
Vol. X. Obserrntions made with the Meridian Circle during 
the years 18il aud 1872, nuder the direction of the late Joseph 
Winlock, A. M., Phillips Professor of Astronomy and Director 
of the Observatory. By William A. Rogers, A. M., Assistant 
Professor of Astronomy iu the OIJserrntory. Printed from 
funds resultiug from the will of Josiah Quincy,jr., who died in 
April, 1775, leaving a name iuseparabl,y connected with the his
tory of the Arneriean Revolution. Cambridge: Press of John 
Wilson & Son. 1878. 

IP.-Annals of the Astronomical Observatory of Harvard College. 
Vol. IV, Part II. Observations in Right Ascension of 505 
Stars. Printed from the Sturgis Fund. Cambridge: Press of 
John Wilson & Son. 1878. 

11 1.-0atalogue of 618 Stan; observed at the Astronomical Observatory 
of Harvard College, with tlle Meridian Circle, during the years 
1871-'72, 1874, and 1875, and prepared for publication under 
the direction of Joseph Winlock and Edward 0. Pickering, suc
cessive Directors of the Observatory. By William A. Rogers, 
Assistant Professor of Astronomy in the Observatory. Printed 
from the Sturgis Fund. Extracted from Volume XII of the 
Annals. Cambridge: John Wilson & Son. University Press. 
1880. 

G1.-0atalogue of 2156 Stars, formed from observations made during 
twelve years, from 1836 to 1847, at the Royal Observatory, 
Greenwich. London: Printed by Palmer & Clayton, Crane 
Court, Fleet street, and sold by J. Murray, Albemarle street. 
MDCCCXLIX. 

G2.-0atalogue of 1576 Stars, formed from observations made during 
six years, from 1848 to 1853, at the Royal Observatory, Green
wich, and reduced to the epoch 1850. (Forming Appendix II 
to the volume of Greenwich Observations for the year 1854.) 
London: Printed by George Edward Eyre and William Spott
iswood, Printers to the Queen's most Excellent Majesty, for Her 
Majesty's Stationery Office. 1856. 

G3.-Seveu-Year Catalogue of 20~2 Stars, deduced from observations 
PXtf'nding from 1854 to 1860 at the Royal Observatory, Green· 
wich, and reduced to the epoch of 1860. (Forming Appendix l 
to the ''olume of Greenwich Observations for the year 1862.) 

G4.-New Scrnu-Year Catalogue of 2760 Stars, deduced from observa. 
tious extending from 1861to1867 at the Royal Obstirvatory, 
Greenwich, and reduced to the epoch of 1864. (Forming Ap
pendix II to the volume of Greenwich Observations for the 
year 1868.) 
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G~.-Nine-Year Catalognc of 22G3 Stan;, d('<lncc<l. from ohservutious ex
tending from 18G8 to U~7G, made at the Hoyal Oliservatory, 
Greenwich, under the dire<:tion of Si1· George Bi<l.dell Airy, K. 
U. B., M. A., LL. D., D. U. L., Astrouomer lfoyal. Heducml to 
the epocl.J uf 1872. (Formi11g Ap11emlix I to tlw volume of 
Greenwich ObserYatious for the year 1876.) 

W.-Uatalogue of Stan1 oliserved at the U.S. Naml Observator~- dur
ing tlw years 1845 to 1877, and prepared for publication hy 
Profesisor M. Yarnall, l'. S. N., h,y order of Uear-Allmiral ,John 
Itodgers, U. S. N ., Superi11teudeut. Secom\ edition, re\·ii;ed 
and stereotyped. Washington: GoYerumeut Printing Office. 
1878. 

0 1.-The Cape Catalogue of 115!) Stars, deduced from observations at 
the Royal Observatory, Cape of Good. Rope, 1856 to 1861, re
duced to the epoch of 1860, under the superintendence of E. J. 
Stone, M.A., F. R. S., F. R A. S. (late Fellow of Qneen's Col
lege, Cam bridge), Her Majesty's Astronomer at the Uape. Pub
lished hy order of the Board of Admiralty, iu obedience to Her 
:Majest;y'is command. Cape Town: 13au1 Solomon & Co., 49 and 
50 St. George street. 1873. 

0 2.-Results of Astronomical Observations at the Royal Observatory, 
Cape of Good Hope, during the year 1874, under the direction 
of Edward James Stone, M .. A. Camb., F. R. S., F. R. A. S., C. 
M. de la Sooiete Nationale des Sciences Natnrelles de Cher
bourg, Honorary Fellow of Queeu's College, Cambridge, and 
Iler Majesty's Astrouomer at the Cape of Good Hope. Pub
lished b_y order of the Board of Admiralt.y, in obedience to Ber 
Majesty's command. Cape Town: Saul Solomon & Co., 49 aud 
!IO St. George street. 18i7. 

M.-First Melbourne General Catalogue of 1227 Stars, for the epoch 
1870, deduced from observations extending from 1863 to 1870, 
made at the MelhonrntJ Observatory, under the direction of 
Hobert L. J. Ellery, Government Astronomer to the Colony of 
Victoria. Reduced and prepared for publication by Mr. E .• l, 
White, First Assistant Astronomer. :Melbourne: John Ferres, 
Government Printer. 1874. 

13k.-Resultate aus l3eobachtuugen von 521 Bradley'schen Sternen am 
grossen Berliner Meridiankreise von Dr. E. Becker, erstem 
Observator der Kouiglichen Sternwarte zu Berlin. Separat
Abdruck a.us den Astronomischen Beobachtungen auf der Ko
niglicheu Steruwarte zu Berlin. Berlin, 1871. A. W. Schade's 
Buchdruckerei (L. Schade), Stallschreiuerstrasse, 45 und 46. 
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Rd.-The lfaddiffe Catalogue of 6317 Stars, chiefly circumpolars, re
duced to the epoch 1845.0; formed from observations made at 
the Radcliffe Observatory, under the superintendence of Man
iwl John Johnson, M. A., late Radcliffe Observer; with intro
ductio11, by Uev. Robert Main, M.A., lfadclifte Observer. Pub
lished by order of the Radcliffe Trustees. Oxford: ,J. H. a11(l 
Jas. Parker. 1860. 

R.-Places of 5345 Stars, observed from 1828 to 1854, at the Armag;h 
Observatory. By Rev. T. R Robinson, D. D., F. RS., I<'. IL A. 
S., &c. Printed at the expense of Her Majesty's Govl:'r11rne11t 
ou the recommendation of the Royal Society. DnlJliu: Alex. 
Thorn & Sons, Printers and Publishers, 87 and 88 .Ablw.v 
street. 1859. 

Gi.- Washington Observations for 1868. .Appendix l. A C<ttalogue of 
1963 Stars, reduced to the beginning of the year 1850, together 
with a Catalogue of 290 Double Stars. The whole from obser
vations made at Santiago, Chili, during the years 1850-'51-'52, 
by the U. S. Naval Astronomical Expedition to the Southern 
Hemisphere. Lieut. James M. Gilliss, LL. n., Superintend
ent; Lieut . .Archibald MacRae, Master S. Ledyard Phelps, and 
Captain's Clerk E. R. Smith, Assistants. Published by the U. 
S. Naval Observatory, Commodore B. F. Sands, U.S. N., Su
perintendent. Washington: GovernmentPrintingOffice. 1870. 

Wi.-Publications of the Washburn Observatory of the University of 
Wisconsin. Vol. I. Madison: David Atwood, State Printer. 
1882. 

S1.-Catalogue of the Mean Declinations of 981 Stars, between twelve 
hours and twenty-six hours of Right Ascensio11, aud :Joo and 
600 of North Declination, for January 1, 1875. Prepared under 
the direction of Bvt. Brig. Gen. C. B. Comstock, U. S. A., 
Major Corps of Engineers, in cl1arge of the U. S. Lake Surve;r. 
By Professor T. H. Safford, Director of Dearborn Observatory. 
Washington: Government Printing Office. 1873. 

82.-Engineer Department, United States Army. Catalogue of the 
Mean Declinations of 2018 Stars, between Oh to 211 and 1~1' 1o 
24h Right .Ascension, and JOO and 70° of North Declination, 
for January 1, 1875. Prepared under direction of First Lieut. 
Geo. M. Wheeler, Corps of Engineers, U. S. A., in charge of U. 
S. Geographical Surveys West of lOOth Meridian. By T. H. 
Safford, Ph. D., Field Memorial Professor of .Astronomy in 
Williams Oollege, Massachusetts. Washington: Government 
Printing Office. 1879. 
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W 2.-Astronomical and Meteorological Observations made during the 
year 1878, at the United States Naval Obscrrntory. Rear-Ad
miral John Rodgers, U. 8- N., Superintendent. Published h;y 
authority of the Honorable Secrt~tary of tlw Navy. Washing
ton: Government Printing Office. 1882. 

B'.-Mittlere und scheinbare Oerter fiir da.s Jahr 1882.0 \'On 539 Stemen 
des Verzeichnisses I und II, welche nach der Vierteljahris
schrift der "Astronomischen Gesellschaft," IV. Jahrgang, 4. 
Heft 1869, fiir die Beobachtung der Sterne der nordlicben 
Halbkugel bis zur neunten Grfo1se als Grundlage dienen sol!. 
Unter Mitwirkung der "Astronomischen Geselb1chaft" hemus
gegeben von der Redaction des Berliner Astronomischen Jahr
bucbs. Berlin, Ferd. Diimmlers, Verlagslmchhandlung, Harr
witz & Gossmann. 1877. 

The work upon this Catalogue bas been done at intervals independ
ently of the regular duties of the Survey, and consequently it has been 
a long time in hand. 

GEORGE DAVIDSON. 
Assil!tant Coast and Geodetic Survey. 

DAVIDSON 0BSERV .A.TORY, 

San Ji'ranC'isco, Oal., May 9, 1883. 
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··N·--r--·--S·t· I M '1RightAscen.,1
1
• Annual 1

1 Declinatio:, II Annual I s . r \ 
o. . ar. I ag. , 88 ,. I 88 V ec. " I / I I 5.0. 

1 
•ar. 1 5.0. i ar. 

, --:---------1 --1, ----- ;--~\ i--- -- - '1 

! [ I h. m. s. I s. i o ' , • I " 
Groom.4233 . 6-5 ooo 28.2 i+3.081 1+ 63 33 23 .+20.07 2.51 

• I · ' i 
2 a An<lromed,e . ! 2 ! 02 26. 7 I 3. 090 _I+ 28 27 20 I 19. 89 I. 04 

3 /1 Ca:;,iupei"' . · 1 2-3 03 02. 6 I 3. 170 !+ 58 30 55 19. 85 I. 91 
4 22 An<lrome<lae . 5-6 04 20. 7 I 3. 300 I+ 45 25 55 20. 04 I. 43 I 

1 
5 0 _s'cu!ploris . . 5 o 05 53. I ' ;. 0571- 35 46 37 20. 14 I. 23 I 

i 636 4 Draco., S. P. . S-4 12 o6 48. 3 +2. 891 1

1

+w1 44 41 +20. 02 4- 91 

6 ) Pegasi . 3-2 o 07 I8. 9 3. 083 + I4 32 39 20. 03 
1 

1. 03 

7 35 Pi.rcium. . I 6 09 03. 5 3· 087 1+ 8 IO 56 20. 01 I. OI 

8 Groom. 29 6-7 09 56. 51 3. 300 + 76 2d 12 20. 01 4. 23 
9 Ii AndromedtP. 5-4 I I 05. 2 . 3. 120 + 38 02 36 20. 02 I. 27 

IO lT Andromedac 4-3 o 12 19. 3 /+3· 121 1+ 35 08 51 +19. 99 I. 22 

644 Urs. Min., S. P. 6 12 13 29. 4 ! 1. 831 
1
+ 92 55 30 I 20. 02 19. 6o 

11 Ceti. 3-4 o 13 34. o 3. 053 1- 9 27 43 · 19. 96 I. 01 

646 6 Urs.Min.,S.P. 6 12 I4 18.8 o.o8I + 91 39 45 19.95 34.47 

12 d Piscium. 6-5 o 14 40. 8 3. 084 + 7 33 05 20. 03 I. 01 

IJ Scu!ptoris 5 15 44· 5 +3.021 - 2 9 50 59 +19. 98 I. 15 

14 12 Cassiopeia 6-5 18 27. I 3.269 + 61 II 39 19.98 2.o8 

15 44 Piscium. 6 19 30.4 3.073 + I 18 Io 19.96 I.00 

16 fl Hydri 3 19 41. 4 3.238 - 77 54 07 20.29 4.77 

I7 B. A. C. 86. 6 19 46.4 3.702 + 79 24 55 19.95 5.44 

18 45 Piscium 6 19 46.2 +3.088 + 7 03 20 +19.96 I. 01 

19 a Phrenecis 2 0 20 35.7 2.978 - 42 55 54 19.61 I. 37 

20 IO Celi 6 20 43.5 3.075 ·- 0 41 12 19.98 1.00 I 
21 B. A. C. 100 5-6 22 02. 6 3· 191 + 43 45 31 19.96 I. 38 

22 B. A. C. 103 5-6 22 13.5 2. 980 
1

- 33 38 31 I 19. 90 I. 20 

23 12 Ceti. 6 24 IO. 2 +3· o61 I- 4 35 34 +19. 94 I.00 

24 K Cassiopei::e . 4-5 0 26 28. I 3· 366 ,+ 62 17 44 19. 94 2.15 

659 I< Draco., 8. P .. 3-4 12 28 34.3 2. 594 /+109 34 40 19.89 2.~ 

25 13 Ceti. 6-5 0 29 19.7 3.o86 - 4 13 34 19.86 1.00 

26 ' C:issiopeire . 4 30 34.2 3· 3141+ SJ 15 49 19.86 1.67 

27 1r Andromed::e 4 30 44. 4 +3· 1891+ 33 5 to +19.88 I.20 

28 Croom. 100 6 31 08.4 4. 286 + 81 51 25 19.85 6.58 

29 B. A. C. 16o s-6 31 25.8 3. 086 - 25 24 03 19.87 I. I I 

30 r Andron·.ed::e 4 32 28.8 3 1591+ 28 41 14 19.61 
I. 141 

31 1l Andromed::e 3-4 33 10.7 3· 1~4 + 30 13 53 19. 74 I. 16 
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-------~----------------~-------------~------~ 

No. Notes. I Authorities. 

_________ , ___ ------·----------'---------------! 

G._1 R. s2 
A1 E. C. B. N. l{U.t 

A. C. B. c;..a.2.1 . 

A. B. G3 H'-' G3 . 

W.M .. 

A. B. N. H'-'·2 

A. E. C. B. N. H. 

N. H'·' G3
·' W. 

B. H' G-'-'·3 W. 

2 

• 3 

4 

5 

636 

IO Cassiopeirc. 

6 C =~ 2 mag. [·-- I0".4. 

7 ztl * 7Yz,mag.: +Qll40 

8 Brad. 6; mag. 5-6 = I?. 

II .. • co.z ,V. S2-1 9 

A. G ... W. R. IO 

c~.1 H"- 1 W. Bk. 644 

A. E. R. H•·' C'·' II 

A. C. IP 1 c;..u.z.i 646 

G<-"- 1 N. W. 0 1 R. 12 

H<.3.2· G•-1 W. 

n•-2 co.a.1 R. s• 
A. N. G"-u.i \V. 

A. E. N. 0 2·1 M .. 

G'-'-"1 Rd. R .. 

N. (;M.1 W. 01 R. 

C.H. W. 0 1 M. 

JS".1?"'·"'·1 R .. 

R. 52.1. 

G311'·" W. M. 

A. E. c. B. N. GM.3.2.I • 

B. Hui G6.4.s.2.1 W.R .. 

A. B. N. H'-" Gr..<.3.2.t. 

C. N. I-12 cs.uz.i W .. 

B. IP c;n.u W. R. 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

659 

25 
26 

Brad. 24. 

A. ll. G11-»1 W. H ... 

I H3 G' w. Rd. R. . 

I c. HM G1 w. R.. . 

27 Comp. 9 mag.; 3611• 

28 

I 
n. Q6.<.3.Z I w. 0" R .. 

B.G"-~I\V.R.S• .. 

29 C = Piazzi oh 130. 

30 

31 
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:\1 Right Ascen., [ Annual : Declination, I Annual I S 1 I 
No.1·-------St-ar~----------ag_. 1885.0. Var. ' ~88:_1_~~:_:__ 1 ·cc.' 

h. ffi. S. S. 0 / II II 

32 I n Cassiopei<c. 2-3 o 33 59. 2 +3· 371 + 55 54 23 +19. 791 I. 78 

33 I c Cassiopeia: . 6--5 35 39 o 3 318 + 49 52 55 19 79 I 55 
' ' 

34 {i Ceti. 2 37 49.0 3.014 - 18 "37 05 19. 81 I. 06 

35 21 Cassiopeiae 6 38 o3.9 3.850 + 74 21 33 19.76 3.71 

36 I) Cassiopei::e . 5 38 19.2 3.316 + 47 39 17 19.76 I. 48 

37 B. A. C. 205 6 0 39 32.8 +3· 056 -- 5 15 39 +19.69 I. 00 

38 :: Andromcd::e 4 41 14. 7 3. 171 + 23 38 29 19.62 I. 09 

39 1/ Cassi op. (pr.) 4-3 42 08.6 3.583 + 57 12 20 19. 23 I. 85 

40 I 89 Piazzi, o" 6 42 20.8 3· 131 + 4 41 20 18. 53 I. 00 

41 rl Pisciurn. 4-5 42 43.0 3· 107 + 6 57 32 19.66 I. 01 

42 ,, Andromed::e 4 43 28.3 +3.289 + 40 27 09 +19. 69 I. 31 

43 Brad. 82 6 43 45-3 3.579 + 63 37 16 19. 67 2. 25 

44 B. A. C. 237 6 45 23. 0 3.086 + 2 45 40 19.59 I. 00 

45 20 Ceti . 5 0 47 07. 8 3.o63 - I 46 08 19.65 1.00. 

673 32 Camel fol. S.P. 5-4 12 48 17.5 0.383 + 95 57 43 19. 6o 9.63 

46 )' Cassiopei::e . 2 0 49 46.3 +3· 574 + 6o 05 38 1+19. 57 2.01 

47 /1 Andromed::e 4 0 50 22. I 3. 309 1+ 37 52 31 19. 63 I. 27 

678 8 Draco., S. P. , 5 12 50 53.8 2.413 :+113 56 15 19.61 2.46 

48 !t l'isc£u111 68 . 6 0 51 36.7 3. 234 I+ 28 22 13 19.54 I. 14 

49 8, A. C. 240 6--7 51 57· 2 13. 9871+ 88 24 23 19.48 35.96 

50 fl Scu!ptoris 5-4 53 04. 8 j+2. 8931- 29 58 47 +19. 51 I. 15 

51 43 Cephei 4-5 53 II. 5 ]. 132 i+ 85 38 23 19.52 13. 15 

52 . Wdss d•, 1371. 6--7 ,, 30· , ,. "' I+ .... ,, 19.47 I. IO 

I 
56 58. 5 3· 109 + 7 16 15 53 : ' Pisciun1. 4 19.50 I. 01 

54 72 Piscium 6 0 59 01. I 3· 159 + 14 19 38 19.47 I. 03 

55 ,, Cassiopeia: • 5--6 I 00 37.5 +3· 950 I+ 54 21 23 j-17. 78 I. 72 

56 44 Cephei 6--5 02 22.4 4.955 + 79 03 40 19.30 5.30 

57 F Piscium 6--5 02 26.6 3.085 + 5 02 28 19. 13 I. oo I 
58 1/ Ceti. 3 ()2 48.6 3.020 - IO 47 30 19. 19 I. 02 

59 /~ Andromed::e 2-3 03 17. 7 3.343 + 35 00 37 19. 17 I. 22 

6o ' Piscium. 4 03 17. 7 +3· 344 + 32 52 18 +19. 20 I. 19 

61 x JJisrium 5-4 I 05 16. 4 +3· 217 + 20 25 23 19. 24 I. 07 

6 87 Gr. 2006, S. P . . 7 13 o6 47.6 -9. 621 + 91 44 OI 19.23 33.o6 

62 B. A. C. 362 6--7 I o6 57. I +2. 830 - 31 24 42 19.07 I. 17 

63 37 Ceti. 6--5 I o8 36.5 +3.019 - 8 32 27 19.50 J.01 
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FIELD CATALOGUE OF x278 TDIE AND CIRCUMPOLAR STARS. 

_I __ A_u_t_ho-r-iti-.e-s-. ---N-o-.----~~tes.----

A. E.C. B. N. Hi.3.2•1 • 

I l[i.2 GM R. S2·' . . 

I A. E. c. B. N. If<.3.2.I, 

: A.B.N.H .. 2•1 (;".• W. 

i ;'-.B.G•R. 

R .. 

B. H'-' c;•.:1.u W. 

B. H•·"-' Gn.0.2.1 \V. 

C. N. c;o.u W. R. . 

I A. E. c. B. N. JP (_;5.1 

C. I-i'·' ti''' \V. K. S' . 

N. H• G'• W.R. . 

N. I-I'-• (;I>.<1.3.2.1 W. 

32 Mag. 2)( to 2_3{. Per. irr. 

33 

34 

35 
36 

37 Piaz.oh,171. 

38, G•=6 mag. , . 

1

51/=7}.f mag.:+0".9:-3' -4- 1 

39 ~ l'eriocl 222 years. I 
40 I B.A.C. 221. : 

I 
41 : 

I -c- .).".l--t-91'.G 
42 • W. B. (-')01, 1062, 7-Smag. 

43 

44 R=7 Ji inag. 

45 [--7'.95:-+ 17"9: G'' 1872. 
A. N. I-I"' C,._..._, W. . 673 Pr. *=S mag.:6,V. mag.: 

.\. c. B. H•·''"·' G5.3.2.I 

A. B. 113 G"" W. S2 

B. H' G~" W. 

Gn.• R. S'. 

G5·' Rd. R. 

Hu·" G"' vv. 0 1 • 

A. B. I-1 1 G5 - 1 W. JZ 

JI. R. s• 
A. E. C. B. II<-0.•· 1 

N. GO-< R. S2 

C. H•·• l~"·"·' lZ. S. 

H. JI .. ,. GM Rd. 

N. ca•.:i.2.1 W. 0 1 R. 

ll. G•·• W. 

A. E. C. B. N. H 4•3•2 

ll. H<-• G5-4 R. 

WG3 W.Rd.R .. 

G'1 Rd. R .. 

M .. 
HUGI Bk.R. 

46 [ +3'.I-- 1q'1: requires 6-in.: 
47 Comp.*=-cinmag.: : 

678 

48 

49 

50 
51 2 Urs. Min. 

52 

531 
54 

55 V cry large I' and I''. 
56 Brad. II7. 

57 
58 
59 

6o s• has not got this star. 

61 

687 
62 

63 Com1). 7 )4. mag.: 5111 .. 

S. Ex. 29----50 

393 



 

394 UNITBD S'fATES COAST AND GEODE'flC SURVEY. 

FJELD CATM,uc;cE OF 1278 TIME AND CIRCUMl'OLAR STARS. 

-~----------

i . : 
No. Star. J\I ! Right Ascen.,! Annual 

' ag. j 1885.0. ; \ar. 
I >eclination, 

1885.0. 
Annual i 

Var. I Sec. ~ 
I I -----------:·--------1-----1 -----

h. ID. S. i S. I/ 

39 Ccti . 

j l'iscium. 

K Tucancc. 

'r Cass iopei,,-, 

11 Pi sci un1 . 

6 

5 

5 
5-6 

4 

Andromeda: • I 5-4 

70 " Urs. Min .. 2 

5 71 

72 

73 

111 Cassiopeire 

II' Ccti . . i 3 
,\ Cassiopeb: . 

I 
Gr, 2007, S. P . . ! 

3 

7-G 
74 : ,,> Andromeda~ 5 

75 38 Cassiopeire 6-7 

703 Gr.2001, S. P. ! 6 

76 : A Androm. 49 ! 6-5 

77 ! l'htenicis 

78 11 Pi sci um. 

7') 11. A. C. 466 

~" , 40 Cassiopeia! 

50 Andromedzc 

82 51 Andromed..c 

83 . " Piscium. 

84 i a Eridani . 

4-3 

5-6 

4-5 

85 7 Andromeda: i 5 
86 43 Caasiopefl . ! 6 

·1 
715 Gr.2029,S. l'. J 

87 v Piscium. , i 
6 

5-4 
I 

88 <fJ Andromedw · 1 4 

89 B. A. C. 527 .. 

1 

6 
90 r Ceti . 3-4 

I 
. I 4-5 

Sculptoris ·. I 56-
7 1 93 B. A. C. 544 

94 x Ceti . ! 5-4 I 

91 o Pisciurn. 

92 e 

Gr. 2063, S. P, . j 6 \I 
i 

I IO 43· 0 I+ 3· 046.- 3 06 IO 

II 52. 0 I 3. 0891+ 3 00 31 

II 52. I I 2. 0571- 69 29 13 

12 5r. 3 i 3· 721:+ 57 37 35 19. 04 

13 08. 81 3· 2841+ 26 39 34 19. 05 

15 34· 2 1+ 3· 5061+ 44 55 32 +18. 96 

16 35. 8 ' 22. 0481+ 88 41 44 18. 97 

17 49· 2 4. 1581+ 67 31 45 18. 92 

18 16. 5 2. 997'- 8 46 39 18. 68 

I 18 18. I 3· 879 + 59 38 14 I 18. 86 

13 19 19. 6 2. 5001+ 94 38 40 1+18. 87 

I 20 46. 6 3· 5641+ 44 48 45 I 18. 741 

1 22 4r.o 4.371 + 69 40 20 18.69. 

13 23 12. I 1.518+I07 00 40 18.77 

I 23 12. 4 3• 573 + 46 24 50 18. 72 

23 22.2 

25 19. 8 

27 47. 5 

+ 2. 6II - 43 54 26 +18. 58 

3· 202 + 14 45 og 

2. 699 - 37 27 24 

29 20.61 4.670+ 72 27 12 

30 03. o I 3· 502 + 40 49 48 

30 56. 2 I+ 3· 6521+ 48 02 42 

31 00. 2 I 3· 1741+ II 33 II 

33 25. 5 2. 233,.- 57 49 17 

33 47. 6 3. 523!+ 39 59 39 

I 33 50. I 4· 3591+ 67 27 39 

13 34 25. 3 + I. 432!+108 IO 21 

I 35 26, 8 3· 117
1

1+ 4 54 19 

36 27. 4 3· 733 + 50 o6 31 

36 58. 0 2. 745 - 32 54 23 

38 43. 5 2. 784- 16 ,12 37 

39 19. 3 + 3· 162 + 8 34 42 

40 15.7 2. 819- 25 37 37 

41 51. 7 ; 3· 5211+ 37 22 47 

l 43 56. 3 j+ 2. 943!- I I 15 20 

13 45 38. 9 1- 2. 037
1
1+ 96 40 13 

f I 

18. 67 

18. 52 

18.54 

18. 16 

+18.37 

18.54 

18.37 

18. 34 

18.40 

+18. 37 

18.34 

18.28 

18.31 

19.oS 

+18. 231 
18. 18 

18. 12 I 
17· 93 ' 

18. 01 I 

I. 00 

I. 00 

2.85 

I. 87 

I. 12 

I. 41 

43.93 

2.62 

I. 01 

I. 98 

12. 35 
I. 41 

2.88 

3.42 

I. 45 

I. 39 

I. 04 

I. 26 

3·32 

I. 32 

I. 02 

I. 88 

I. 30 

2.61 

3.21 

I. 00 

I. 56 

I. 19 

1.04 
~ 

I.01 

I. II 

I. 26 

I.02 

8.61 



 

UN1TElJ STATES OOAS'I' ANlJ G_EODET1C SORVE-Y. 

FIELD CATALOGUE OF 1278 TD1E A'.\!> CIRCU'.\1!'0Lc\R STAJZS. 

Authorities. 
I I 
: No. I 
I I 

Noles. 

l--i~~-

641 1 G•W. R.. ·.ii' 
I A. N. (;5.4.3.2 w. R. 

I ~~.,o~:~: s. :. Ii 

6
5 i [ - 13'.o .. 1 1 15 1

' (IS75). 
66 l l'r. * -· n/, mag. : ·. 

B. G• R. sz . 
i 

671
1 

68 

II• (;5.4 w. R. S2· 1 . I 
I 

A. E. C. B. N. H<.0.1 I 
691 [-2/'.I:-- 16".1. 
70 I Comp. ~c 9 Y, mag.: 

H. J-]4.2 (;5.<.3.2.1 IZd .. i 
A. E. c. B. N. 11•-1 G0 I 
c. B. (;ns.1 w. R. S2 ·I 

Te::-;t fur 2 inch. 
71 

721 R = doulJlc: (1
1

• 

73 
I 

: 
If'!.! c;o.<.3.2.1 W. Rd .. ' 699 J 

• I 
I 

lJ<.2 Gt Bk. R. s2.1 

A. N. H4.2 G5·.._ 2 R. 

I B. II• (;4.3 w. . 
rH'G•• R. S .. 

74 I 

. i 7~~ i' 
I • 

I 76 I 

Io. M1 
I A. E. c. B. N. JI4.3.2.l 

I H"2 W ... 

I B. ('f>.4.3.l Rd .. 

i A. c;u:i.1 W. R. S. 

I I B. lJ4.3.2 (;5.<.3.2.1,V. R. 

I A. N. (;5.4.ll.2.I \\'. ()1, 

. A. E. C. N. 0. :\!. 

H•·• GM W. R. 

B. II• c;s.•.• W. 

77 
78 
79 
8o 

81 

82 

83 

B. ll4 (;!\ • 715 

A. E. C. B. N. H4·3 87 

C. B. c;u3.2.1 R. S> 88 

Less than 7 mag.: I), 

"Androm. =Am. Eph. 

n == v Persei. 

Pr. * = 7 mag.: - 3!! . 

w. (;3.2.J • 89 Piaz. I. h 157. 
B. IP (;M.3.2 W. R. go 

A. E. C. B. N. H:i.• G5 91 

c. n. c•.1 w. 0 1 • • I 92 
[ + 08.49 + 211.05, 1870. 

Comp. = Io mag.: 

'1 nu GM w. R. 52.I 
nu c;11.u.1 \V. . 

93 Piaz. I, 170. 

I lJ3 (it>.• Rd .• 

94 

723 

395 



 

396 UNITED STATES· COAST AND GEOlJET1C SURVEY. 

l·IELP CATALOl;UE OF 1278 TIME AND CIRCUMPOLAR STARS. 

\h,, Right Ascen.,: Annual 
· '"· 1085.0. ' \ar. 

I 

Declination, ! Annual 
1885.0. j Yar. i 

! ! 
i -- ___ ., _______ ·---,-----

95 

99 ' 

Ceti. 

ca,siopeix . 

" Triangnli 

Arietis 

Piscium. i 

3 

3-4 

4-3 

4-3 

· 1 4 

I 
Draconis, S. P. ! 5 

100 

IOI 

102 

103 

;; Arietis 

56 Andromeda 

1 1 Anrti.:i 

B. A. C. 607 

104 50 Caasiopeire 

1· Ceti. 

1o6 ! a Hydri 

107 ! n Pisrium 

108 11 Andromed<10 

·I 3 
I 5-6 

5-4 

6-7 

4 

4 

4 

• i 2-3 
! 

IO<) FVez~rse/h,IOlj.! 

738 a Draconis, S. P.! 

6-7 

3-4 

2 IIO 

11 I 

I 12 

a Arietis 

,l Trianguli 

Groom. 454. 

113 
1 

15 Arietis 

1 q 55 Cassiopeire 

115 b Per:sei 

I 16 : ( 1 Ccti. 

I Ii µ Fornacis 

7 44 4 Urs. Min., S. 

I I 8 Trianguli 

I 19 ;· Trianguli 

120 67 Ceti. 

121 j fl Arietis 

! 
I 

122 I r1 Ceti. 

123 i . I B. A. C. 727 

I I 24 I K Fornati.r 
I 

125 I ; Arie/is 

1 2611 · Casaiopeire 

b---7 

6-5 

4-5 

5 

5 
6-5 

4-5 

6 

6-5 

Var. 

6 

6-5 
5-6 
4 

i h. m. s. s. 
i I 45 47. I ': .z.962 

I II i // 

IO 54 I2 1+17· 84 

46 07. 9 ; 4. 255 + 
4f: 31. 6 : :Ho7 

I 
(>3 06 II I 17.95 

29 01 05 17.83 I 

47 13. 2 : 3. 280 
I 

I 47 36. I i 3· 100 '+ 
I 8 43 46 I 17. 82 

2 37 IO I 17.82 

13 48 04.4 

I 48 17.3 

49 19.6 

751 

3. 303 

3.545 

! 
+114 42 30 j+17. 88 

20 I4 43 I I 7. 74 

·.+ )6 41 I'! 17.86 ... ..) i 
51 31.3 i 3.330 -j- 23 03 45 I 17.70 

53 12.7 i 3.327 '' 20 29 59 ! 17.56 

53 37· 8 l+5. 002 + 71 51 51 11+17. 66 

54 35. 2 2. 828 ~- 21 38 09 17. 58 

55 08. 8 I. 895 - 62 07 471 17. 54 

56 05.9 3. 102 + 2 I2 28 17.51 

56 50.4 3.657 + 41 46 381 17.46 

58 35·,, ,+2. 926 I- 12 24 391+17. 43 

14 01 16. 6 ! I. 623 1+ II5 04 28 17. 30 

2 01 41.51 3.370 j+ 22 55 05 17. 19 

02 42. I i 3. 552 1+ 34 26 33 I 17. 22 

02 46. l I 5. 3741+ 73 29 IO I 17. 24 

04 15. 31+3· 316 1+ 18 57 25 +17. 14 

05 28. 2 4. 631 i+ 65 59 03 I/. II 

05 57· 61 3· 956 !1-\- 50 31 50 16. go 

o6 54. 3 3· 174 j+ 8 18 24 17. 04 

2 07 50. 5 2. 640 - .31 15 52 16. 94 

14 O') 18. 8 --0, 3341-f-IOI 55 02 +16. 91 

2 IO 02. I /+3· 647 + 33 44 51 16. 68 

ID 28. 7 I 3· 549 + 33 I8 52 16. 87 

II 14. 8 2. 989 6 57 10 16. 75 

II 43· 8 3· 327 + 19 22 05 16. 82 

13 32. 2 +3· 026 - 3 30 co +16. 52 

l 5 41. I I 3· 721 + 40 52 26 16. 56 

17 17. 21 2. 755 - 24 20 19 16.48 

18 39· 2 3· 208 + IO 05 21 16. 48 

2 19. 35. s j 4. 856 I+ 66 53 04 16. 45 

Sec.,\ 

I. 02 

2.20 

I. 14 

I. 06 

I.()() 

2.39 

I. 25 

I. 09 

I. 07 

3· 21 

8' 
I. o I 
2. 14 I 

I. 00 
I 

I. 34 I 
41 

I 

1. 02 I 
2. 361 

::: \ 

3. 521 

I. o6 

2.46 

I. 57 

I. 01 

I. 17 

I. 20 

I. 20 

I. 01 

I. o6 

1.00 

I. 32 

I. 10 

1.02 

2.55 



 

UNITED STATES COAST AND GEODETIC SURVEY. 

FIELD CATALOGUE OF 1278 TIME AN!l C!RCUMPOLAR STARS. 

---- ------·------·--

I 
: A. B. 114.2 GM W. 

IL (;t,.2 \\r. Rd. R. 

1 
IL G.0-21 W.R. S' 

' ll. (;•.:u \\'. R. . 
i 

95 I 
96 ~ , [-T O'.l: -- 811 

97 :, l louhle * ; 2• I ·=o 4 mag.: 

98 
i JL(i'• 4· 1 W. M. R. 99 

i J:. H'·" G5
·"·

1 W .. 

; A. :E. C.1l. N .1!3·' (.;5.< 

U'' W.R. Bk. 101 

: IP·' G5·• W. R. S' 

I G" \V. 0 1 R. S' . 

102 

103 
I 

I 
I A. B. N. H4· 3-~ Gr. 104 

I05 
. i 106 

H. !IU G 1 R .. 
I 
:·01 M.Gi .. 

IP (;M.• W. Rtl. R .. 1 107 

A.H. 1!<.3.2 (;0.1.:i.1 W. 108 

109 

A. E. c. B. N. H 02 738 

A1 . E. c. B. N. HUI. 110 

A.B.Jf•.2Gs.<·"'- 1 W .. 111 

IPC0 R<l. 112 

:'\. (;M3 w. R. 113 

H. II"2 GM- 1 Rd. R. . I 14 

H. ll"' liM-3 Rd. R. . 115 

A. N. II• c;o.u.z.1 \V. II6 

C. B. G2 0 1 . II7 

A. R. H• GM W. Bk. 744 

H• (;5.3 R. l 18 

A. B. HU G• W. 119 

A. E. C. B. nu.2.1 120 

B. N. c;i;.u.1 W. 0 1 121 

122 

123 

124 

[ + 2•.o; yl. hi. 
i.2 = 8 Yz mag.: 

Pi at. I, 222. 

[08.3, 1".3; (;2 gr. hi. 
As one mass. Diff. R. A., 

y' = 5 mag. cc.c9mag. (;1. 4 : 

[ + o•.93 + 411.7 (1864.). 
[\'omp.duse<loul.k; 8in. 

Lalande 3837. 

["Very full sanguine." 
(G•. See note in B. A. C. 

Mag. I)( to9 J-2'. Per. 331 <l. 

Groom. 504 = 7-4 mag. : 
[ +z•.6 + 4' 4711. 

C. B. H""-2 G .. 3 W. 

GM Rd. R. . 

W~·IW. 

N.Gi;,uuW.01 R. 

A, B. N. HU.• GH•. 

125 [ + 1•.30:- z".o, G\ 1872. 
126 Fol.* =mag.: I 

---------~(~1-'n~·p_._•4~~•1.!CJ; I~'_._8,_7'_'._8_. ----·--·----·_I 
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H98 U:\l'l'EI> STATES COAST AND GEODETlC SURVEY. 

FIELIJ CATALOGUE OF 1278 TIME AND CIRCUMPOLAR STARS. 

----- ----------------
\- I 
·No. I Star. 

I ____ _ 

I 127 11 Ily<lri 

Ceti . 12S ! ,ri 

129 ( Trianguli 

130 

131 

132 

;' Ceti. 

27 Arieti.J· 

<r Lfti. 

1 33 36 Cassiop. 

76o 5 Urs. Min. S. P. 

134 

135 

JJ. A. C. 788 

Piani II h. 123. 

136 v Ceti. 

Groom. 527 

81 Ceti. 
137 

138 

139 

140 

141 

,,, Arictis 

,\ Ceti. 

µ Ilydri 

Brad. 366 

143 µ ArieHr 

144 IJ Persei 

/ 145 35 Arietis 
I 

M 
1 
R1ghtAsccn., I Annual 

1 

Declination, \ Annual 
ag. I 1885.0. Var. I 1885.0. Var. 

I I I 

-4- ~· 1~~~~·611 +1~·053-!--6~ l~ ;~ 1+1~~46 
5 20 23. 7 2. 900 1- 12 48 33 16. 39 I 
6-5 21 25. 5 t 3· 502 ,+ 29 09 20 16. 56 l 

I . 
22 02. 7 I 3. 183 + 7 56 38 16. 31 I 4 

6-5 

4-5 

24 3!. 71 3· 319 + 17 II 40 16. I I 

I 
26 38. 2 \+2. 841 15 44 54 +16. IO 

G-s 2 27 07. 2 l+s. 574 '+ 12 18 51 16. 08 

5-4 14 27 46. 8 1---0. 195 /+103 47 34 16 Ol 

6 2 2S 18. 61+2. 489 1- 35 og 26 15. 95 

6-7 29 46. 41 3. 280 I+ 6 20 12 17. 25 I 

5 29 50. 2 1+3. 137 i+ 5 05 28 +15. 89 

31 17. 31
1 

8. 249 I+ 80 57 32 15. 84 6 

5-6 

6-5 

4 

6 

7-6 

6-5 

4 

5 

3-4 

31 54. 2 3. 022 1- 3 53 39 15. 82 

32 17. 2 3. 396 i+ 21 27 49 15. 78 

33 J5· 3 3· 0]21- 0 IO 06 15. 72 

34 07. 7 \~1. 4551- 79 36 39 +15. 67 

34 56. 7 l+s. 073 H- 7 20 o6 15. 61 

35 53. 0 I 3. 372 I+ 19 31 14 15 54 

36 20. 9 I 4. 066 j+ 4s 44 28 15. 49 

36 42. 3 I 3. 5041+ 27 13 01 I I 5. 541 

1
146 y· Ccti (foll.) . . \ 

I 

I
' ::~ : ~::: : : i : 
, 149 T Eridatti . I 4-5 

37 20.5 +3· 1031+ 2 45 021+15.35 I 

38 41.0 2.851 
1

- 14 21 49 15.43 

38 43. 5 3. 234 1+ 9 37 39 15. 40 

39 44. 2 i 2. 798 1-- 19 03 36 15. 40 

1150 39 An'e!z~,· ! 
, I 
! 

1

1

5

5

2

1 11 Persei _.

1

. 

41 Arietis 4 

41 03. 5 3. 550 + 28 46 08 15. 31 4-5 

4-3 42 18. 8 +4· 335 + 55 25 02 +15. 20 

Sec. ci 

2.81 

I. 02 

I. 15 

I. 01 

I. 05 

I. 04 

3. 29 
4. 19 i 

I. 24 

I. 01 

I. 00 

6.36 

I. 00 

I. 07 

I. 00 

5. 55 
2. 60 I 

I. 06 

I. 52 

I. 1.3 I 
I. 00 

I. 03 

I. 02 

I. o6 

I. 14 

I. 76 

I. 12 

15 3 Ta PAerri <,eetiis .· 1 6-5 I 54 ,..., Eri~ani . 5-4 

1

15

5

6

5 

B. A. C. 897 .· 1 

4

6 ! I. 46 

I 
48 47. 5 +4· 026 + 46 41 09 +14. 86 

I 57 11 Eridani . I 3 I 50 48. 5 2. 927 -- 9 21 24 14. 49 I. 02 

15.07 

15.03 

15.01 

15. 07 

3. 516 + 26 47 08 

3. 304 + 14 36 27 

2. 718 - 21 29 44 

4· 216 + 52 17 26 

43 12. 9 I 
45 08.6 

45 39.3 
46 o6.4 

I. 03 

I. 07 

l. 63 

1$8 47 Cephei . . 6-5 I 2 50 50. 6 +7· 688 + 78 57 45 14. 75 5. 22 

I 786 {~ u_rs. ~· 8. P. I 2 I 14 .'i I 02. 9 ---0. 035 + !05 23 26 14. 72 3. 77 
j 159 4 h11J,1111 . . 5-6 I 2 52 16. 9 +z. 666 - 24 19 23 14. 58 I. 10 l 
L....-,: _________ 1 ----------~--~~~~-



 

UNITED STATES COAST AND GEODETIU 8UIWEY. 

FIELD CATALOGUE OF 1278 TIME AND CIRCUMPOLAR STARS. 

----------------



 

400 UNITED STA.TES UOAS'.l' AND GEODETIU SURVEY. 

FIELD CATALOGUE OF 1278 TIME ANI> CIRCUMPOLAR STARS. 

Star. 

16o l Arietis 

I 

.I 
' 161 Ceti . I 

162 • II Eridani (pr.) : 
I 

1 790 ~ 2 Urs. Min. S. P. I 
163 " Ceti. I 

I 

Mag. 

4-5 

4-5 

4-5 

5 
2-3 

165 

166 

l'ersei 

li Persei 

.1 3 
I 

·I 4 

·I 6-5 
167 :1 Persei . I 2-3 

. I 
168 . l'erse1 . I 4 

795 

170 ' v 

B. A. C. 978 .1
1 Gr. 2213. S. P. 

Arietis 
I 

1 71 · 48 Cephei. 
·I 
.I 

6-7 

7-6 

4-5 

6-7 

172: 12 Eridani (a). 3-4 

173 ~ Arietis . 4-5 

174 ( Eridani 4-5 

175 B. A. C. 1017 . 5 
804 1 Urs. Min., S. P. , 5-6 

176 • 1 Ceti . 5 

! 8·'J7 57 Urs. Miu. 8. l'. 6-7 

177 a l 'crsei 

178 " Tauri 

2 

179 llydri 5 
18o 2 Camel op. 5-4 

815 y" Urs. Min., S. P. 3 

181 ~ Tauri 4-J 

I 82 a Pcrsei 5 

183 f Tauri 4 

184 ' Eridani. 3 

185 ; 6 Eridani 4 

186 Groom. 642 6 

187 IO Tauri 4-5 

188 Groom.716 6 

189 o Pcrsei ·I 3 

RightAscen.~

1
i ~~~~:;· De:~n:t~::,·1 1~1111ua~\~~ 

1
1

1 1885.0. Var. 1885.0. 1 \'ar. ! ' cc. < 

h m s I s 0 / 11 1--~1--·i 
2. 5; 38: 2 l+3. ·420 1+ 20 52 47 1 -~14. 63 I 1. 01 [ 

53 33. 2 3. 214 + 8 26 55 I 14. 541' 1. 01 

2 53 54. 0 I 2. 274 - 40 45 5G : 14. 63 [. 32 I 
14 55 45·51 0.942 +113 36 33 14.38 2.40 ! 
2 56 16. I II 3· 130 + 3 38 16 l 14. 32 I. 00 I 

56 28. 4 +4· 311 + 53 03 3.7 j+14· 38 1. 66 I 
57 48. 5 1 3. 820 + 38 23 36 l 14. 21 1. 281 

2 58 37.7 2.946 - 8 03 o6 I 14.261 1,01 

3 oo 41. 2 3· 881 + 40 3o 42 14. 15 1. 31 I 

00 46. 3 4· 296 + 49 IO 43 14· 08 1. 531 

3 02 56. 2 +z. 569 
1

_ 28 16 16 ·-r·l4· 19 1 1. q J 

15 OJ 21. 3 -6. 701 1+ 95 36 151 IJ. 97 IO. 24 

3 05 03. 2 +3· 420 I+ 19 17 28 I 13. 86 I. 06 

0545.7 7.391 +111834\ 13.77 4.55 

07 II. 2 2. 544 - 29 26 29 14-38 I. 15 

08 17. 5 439 + 20 37 03 +13. 571 I. 15 

IO 14. 9 2. 9ro - 9 14 52 IJ. 52 . I. 02 

3 II 32.5 3.746 + 33 48 03 13.37 1.20 

15 13 19. 2 0. 663 1+112 12 59 13. 73 2. 64 

3 13 19. 8 i 3· 141 ,+ 2 56 50 13. JI I. 00 

! I 
15 14 36. 4 

1

-21. 642i+ 92 19 34 ,+13. 21 24. 64 

3 16 07. o :+4· 255 I+ 49 21 03 13. 12 r. 54 
I I 

18 37. 6 '-t-J. 226 1+ 8 37 23 12. 90 1. 01 
I I 

18 50. 7 ~-I. 613 i- 77 48 29 13. QI 4. 74 
: i 

3 19 45· 7 1+4· Sag :+ 59 32 18 12. 93 I. 97 

I i 
I I 

15 20 55· I 1-0. 137 :+107 45 24 +12. 81 3· 28 

3 20 56. 2 I+ 3. 248 l+ 9 19 51 12. 78 I. 02 

22 28. I 4• 202 + 47 35 49 12. 72 I. 48 

24 31. 4 3. 304 + 12 32 30 12. 59 I. 02 

27 30. 7 2. 823 1. 02 I 

28 42. 4 +2. 645 - 22 01 o8 +12. 27 

28 59. o I 19. 503 + 86 16 58 12. 21 

31 00. 31 3· 058 + 0 02 og 11. 61 

32 11.0 5.151 + 62 50 34 12.11 

3 34 44· 4 I 4· 248 + 47 25 07 I I. 83 

I 
1.081 

15. 42 

1.00 I 
2. 191 
I. 42 



 

UNITED STATES COAST AND GEODETIC SURVEY. 

FIELll CATALOt;ur: OF 1278 TIME AND CIRCUMPOLAR STARS. 

' 

Authorities. I No. 

I __ 

A. c. N. HS c;•.<.3.2.1 

: I 
160 

c;s.u W. Rd. R 161 

H 2 0 1 M. 162 

B. H• G5·3. 790 
Al E. C. B. N. 11 4·' 163 

B. Go.3.2.1 Rd. R. . · 1 164 

B. HU G!>.3.2 w. Rd. R .. 165 

ca.; W. Rd. R. 166 

A. C. B. H<.3.2 GM·'"'·'. 167 

B. G 1•3 W. Rd. R. 168 

W .. 169 

G6 Rd .. 795 

E. C. B.N.H•.:1.z.1 G"-•. 170 

A. ll. N. H4•3·' G5 • 171 

C. B. H4.3.2 G"' \\'. ·I 172 

! 
A. N.112 G•·•.:ui \\" .. 173 

H 4·1•2 G'·' \\'.Dk. Rd. 174 

G5
·' R .. 175 

II. H• c;s.o 804 

HUG• 176 

C. H"-1 G•·•·u \V. Rd. 8o7 

A. E.C. B. N. H'-' G5· 4• 17i 
E. B. H•-•2 c;•.u.2.1 W/. 178 

A.01 179 
B. G<.Ht Rd. R. 180 

A. C. Il. N. H•.u G"4 • 815 

c. n. H•·• c11.u ... , w. I 181 

182 H. G•.1 Rd. R. I 

A. B. N. H4•2 GH32·1 . 183 

A. E. C.H. N. H'·3•2 184 

G!! Bk. Rd. R. 185 
tta.1 Gt1.<.3.i.1 W. Rd. 186 

HllG<.MW.R. 187 

B. HU·•G6.4.3.•.l w. Rd, 188 

A. C. B. NH•·:u (;&<.9,), 189 

Notes. 

C4 or.5-inch~----- i 
[-0'.21: - 111.o, 1868. [ 

Binary.2d*=6Y, mag.: 1 

[ = + o•.8o: + 111 .3. 
Foll. *=6)4' mag.: 

[ o'=ll .Erid.3-4mag. 

Fine orange with blue comp. 

Rd.+ R.=9 Eridani p2 • 

Mag. 2.3, to 4.0. 
[ l'eriod 287 days. 

Groom. 616. 

Comp.= 8 mag.: 
[-o•.29:+311.2. 

[-18•.5:-3' 0011.8, 1885. 
lJ. 456 = 7 Y, mag. : 

{ Rrad. 48o = 6 mag. : 
+ 1•.6: + 61 3711 • 

Brad. 483 = 6 mag. : 
[ +· I"'.33•.o: + 2 1 0311• 

Piaz. III, 94. 

---------=--------------------------· ---
S.Ex.~51 
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402 

1--·· 
!'io. 

199 
200 

201 

202 

J 203 

844 

204 

205 

206 

207 

I 
I 
: 

' 

d I . 
i 210 

211 

: 2121 

213 

. 214 

r 855 

: 215 

i 216 

; 217 
: 218 

861 

219 

220 

UNITED STATES COAST AND GEODETIC SURVEY. 

FIELD CATALOGUE OF 1278 TIME AND CIRCUMPOLAR STAKS. 

I 

Star. Mag. Right Ascen., 
1885.0. 

h.m. s. 
() Urs. Min., S. P. 5 15 34 50.9 
,, Persei 4 3 37 06.5 

v Persei 4 37 23.0 

d Erid:mi. 3-4 37 44.4 

17 Tauri 4-5 38 02.8 

)' Camelop .• 4-5 38 13.8 

1/ Tauri 3 40 38.9 

r6 Eridani. 4 41 54.0 

e Taun: 5 41 57. 8 

27 Tauri 4 42 19.5 

,1 Eridani 5 42 43.0 

B.A.C,II99(fol.) 6 44 21. 3 
u'l. Tauri 6 45 52.3 

( Persei 3 46 54.3 

9 Camelopardalis. 6-5 3 47 20.2 

( Ura. Min., S. P. 4 15 48 II.3 

}' Hydri . . . I 3 3 49 01. 8 

e Persei 3 50 08. I 

Groom. 748 5-6 50 50.8 

; Persei 4 51 3o.3 

y' Eridat;i. 3 52 39.9 

" Tauri Var. 54 18.6 

l' Tauri 4 57 02.4 

A' Tauri (37) . 5-4 57 53.8 

'· Persei 4-5 58 01. 2 

"' 
Tauri 6-5 3 59 53.9 

c Persei 4 4 00 18.8 

Rad.3523.S. P. 7-6 16 00 24. I 

Groom. 750 6-7. 4 00 45.8 

B. A. C. 1273 . 5-6 00 53.0 

..,, Tauri 6 02 28.0 

p Tauri 6 4 °3 49.7 

Gr. 2320, S. P. 6-5 16 o6 oo. s 
o' Eridani. 4-5 4 o6 15.0 
µ Persei 4-5 o6 27.2 

I 
Annual Declination, 

Var. 1885.0. 

s. 0 f ff 

-1. 896 +102 16 o6 

+J. 747 + 31 55 22 

4.056 + 42 12 51 

2.869 - JO 09 12 

3.552 + 23 45 OJ 

+6. 226 + 70 58 34 

3.556 + 23 44 55 

2.579 - 23 35 26 

3.282 + 10 47 18 

3· 556 + 23 43 02 

+2. 577 - 24 13 53 

2. 214 - 37 58 20 

3. 193 + 6 II 19 

3. 759 + 31 32 28 

+5.071 + 6o 46 14 

-2. 256 +101 51 o8 

-r. 005 - 74 35 27 

+4.008 + 39 40 35 

9.740 + 8o 22 43 

3.878 + 35 27 33 

+2.798 - 13 50 II 

3.318 + 12 09 52 

3· 186 + 5 40 09 

3.539 + 21 45 59 

4.447 + 50 00 17 

+3· 700 + 28 41 21 

+4· 334 + 42 35 45 

-12. 130 + 94 22 12 

+17.043 + 85 15 02 

2.456 - 27 58 01 

+3·487 + 19 18 14 

3.644 + 26 10 47 

o. 138 +1n 53 12 

2.926 - 7 08 18 

4.381 + 48 o6 57 

Annua 
Var. 

ff 

+11. 86 4. 71 

I. 18 II. 71 

II. 6<) r. 35 

0 r. 02 12. 4 

11. 5 8 r. 09 

+u. 61 

II. 4 

10.8 

3. 07 

0 r. 09 

4 r. 09 

11. 31 I. 02 

11. 3 0 I. 09 

+n. 3 

I I. 21 

4 I. IO 

I. 27 
8 r. 01 

7 r. 17 

2.04 

11. 0 

10.9 

10.97 

+10.91 4.87 

3.77 

6 I. 30 

IO. 97 

10.7 

JO, 7 6 5.97 
IO. 66 r. 23 

+rn.46 

10.43 

IO. 25 
10. IO 

IO. 13 

+10. 03 

9.98 

I0.00 

9.99 

10.04 

+ 9.8o 

9.69 

9.50 

9·~ 

9.49 

r. 02 

I. 02 

I. 00 

I. 08 

I. 56 

I. 14 

I. 48 

13. 13 

12.o8 

I. IJ 

1.o6 

I. 13 

2.68 
1.01 

I. 50 



 

UNITED STATES COAST AND GEODETIO SURVEY. 403 

FIELD CATALOGUE OF 1278 TIME AND CIRCUMPOLAR STARS. 

Authorities. No. Nute!). 

H• GI·•·"-"-' Rd. R. 829 Groom. 2262. 

B. cs.•.:<•.1 R. \V .. 190 

B. G&·u• Rd. R. 191 

c. B. H"' GM :! ••. I R .. 192 

B. N. G0·4.3 w. o•.I 193 

A. B. ll 4·2 G·'.'-" W. 194 B = 5 H Camclop. 

A. E. C. B. N. H•·"-"-1. 195 
B.G1w. Rd .. 196 
Gs.<.a.2.1 W.R. 197 [ + l•.o+ 41 oo". 
B. GM3.1 w. R. 198 28 Tauri = 5-3 mag.: 

G1 H<-• Bk. W. 199 [--o•.39:-711.o:/Eridani. 
HUM. 200 l'r. * =6:( mag.: 

G• Rd. R .. 201 {* W mog.,--<>'.5,H•".) * 12 rnag.:-:•.0,:-79" 
A. C. B. N. H"a." Gi-"-1• 202 * I I mag.:-D".8:-2 oo'1 

B. H4·2 G;, Rd. R .. and a fifth star 
203 - 2•.1, + 11 11 .6. 

A. E. C. B. H•·M c;u-1 . 844 

A. E. 0"·' M .. 204 
[var. 

( + O". 13: + 811.3 smaller 
A. B. HM G" w .. 205 Comp. =9 mag.: 

na Gu.• W. Rd. R. 2o6 Piazzi III. h. 168. 

B. G6•4 R. W .. 207 

A. E. C. B. N. H• 3 zo8 [Period 3.95 days. 
c. B. N. JIU c;•.4.3.Z.l • 209 Mag.: 3-4 to 4-3. 

B. G3 Rd. R. 210 
[ +37"·4: -4' 0411

• 
A. E. N. G• ... a.2.1 W .. 2Il A•= mag. 6; 

HUG5·'1.1Rd .• 212 

N. H• GH w. R .. 213 

A. B. H<·• G• W. Rk .. 214 

G3Rd .. 855 
C. B. H<.a.i cu.u W .. 215 

W.Rd. 216 

N. H• G"u W. R. 217 

N. HU GM R. 218 

A. N. HU c,s.u.t w .. 861 
A. E. B. H•.u1 (;-6.t.a.t. 219 

H• c;s.1 W. ()II Rd. R •. 220 
I I 



 

404 UNITED STATES COAST AND GEODETIC SURVEY. 

FIELD CATALOGUE OF 1278 TIME AND CIRCUMPOLAR STARS. 

f::! Star. Mag. Right Ascen., Annual Declination, Annual Sec. o 
1885.0. Var. 1885.0. Var. 

I 
I 

' --
h. m. s. s. 0 I II II 

221 A Eridani s 4 08 55.4 +2. 851 -- IO 32 25 + 9.46 I. 02 

222 o' Eridani. S-4 09 58.8 z. 762 - 7 49 58 5.80 r. or 

223 B. A. C. 1313 • 6 II 49• I 5. 183 + 6o 27 42 9.24 2.03 

224 54 Persei 6 12 56.6 3.883 + 34 17 16 9.04 I. 21 

225 y Tauri 4 4 13 15.0 +3·409 + 15 20 56 8.98 I. 04 

865 19 Ura. Min. S. P. 6 16 14 07.0 -I. 786 +103 50 01 + 8.95 4. 18 

226 X1 Tauri 5 4 15 35· 1· +3·644 + 25 21 25 8. 79 I. JI 

227 ,p Tauri 4 16 18.2 3·454 + 17 16 19 8. 74 l, 05 

2z8 tl" Tauri 6 17 27.9 3.453 + 17 10 35 8.63 1.05 

229 03 Tauri 5 18 50.2 3.465 + 17 39 50 8. 53 I. 05 

230 v" Eridani 4 19 43.1 +2.z51 - 34 17 03 + 8.59 I. 21 

231 Groom. 828 6-5 4 20 II.2 +6. 866 + 72 16 46 8.46 3· 29 

872 '7 Ura. lllltn., S. P. s 16 20 52.6 -1. 825 +103 58 48 8. 13 4. 19 

232 t Tauri 4-3 4 21 54· I -J-3. 497 + 18 55 27 8.28 I. o6 

233 I Camelop. (foll.) 6 22 55. 4 4· 726 + 53 39 35 8.23 r.70 

234 So Tauri 6 23 35.2 +3· 414 + 15 23 07 + 8.15 I. 04 

235 85 Tauri 6 25 17. 7 3· 421 + 15 36 13 8. 01 I. 04 

236 m Persei 6 25· 19. 5 +4· 208 + 42 49 01 8.05 I, 37 

237 0 Mensre 6 25 46. 8 -4.245 - So 28 55 7. 99 4.So 

238 p Tauri s 4 27 19.3 +3·399 + 14 36 05 7.85 I. 03 

88o A Draco. S. P. s 16 28 12.9 -o. 137 +uo 59 oo + 7.So 2.79 

239 a Tauri I 4 29 19.3 +3·437 + 16 16 37 7. 54 I. 04 

240 v Eridani. 3-4 3° 34·3 2.992 - 3 35 19 7.633 I. 00 

241 "' Eridani 3-4 31 04.8 2.332 - 3° 47 54 7· 56 I. 17 

242 a Dora& 3-2 31 3o.9 I, 294 - 55 16 58 7· 58 I. 76 

243 cl Tauri 5-4 JI 43·9 +3· 352 + 12 16 45 + 7·52 I. 02 

244 53 Eridani. 4 32 54·9 2. 747 - 14 31 47 7.38 1.03 

245 Groom. 8f8 . 6 33 22.7 +7·975 + 75 43 49 7. 58 4.o6 

246 T Tauri 4-5 4 35 20.6 +3·595 + 22 44 o6 7. 21 J.o8 

886 Gr. 23'13, S. P. 6 16 35 35.2 -2.774 +102 19 43 7.21 4.68 

247 a Ca:li 4-5 4 36 51. 5 +1.932 - 42 05 01 + 7.07 I. 35 
248 {J Cali 5-6 37 59·5 2.16o ~ 37 22 J2 7.23 1,26 

249 4 Camelopard. 6-5 38 25.6 4.98o + 56 33 03 6.73 1,81 

250 Groom. 856 5-6 38 5r. 9 10.9'}0 + 81 00 00 6.95 6.39 

251 /l Eridani. 4-3 4 39 45.2 2.998 - 3 28 00 6.81 1.00 



 

UNITED STATES COAST AND GEODETIC l::iURVEY. 

FIELD CATALOGUE OF 1278 TIME AND CIRCUMPOLAR STARS. 

I 

Authorities. I No. Notes. 

_________ I __ -----------!----------~ 

.1221 G5 W. 0 1 Bk. R. . 
[ +s•.14:-2".4 

C. H<.2 Go.<.3.2 W. R. . 222 Comp.= 9 Y. mag. : 
G5 W. Rd. R. . 223 [or bl.: comp. doub. 2

11
• 

B. (;5.< R. . 224 

A. E. C. B. N. H<.3.s 225 

B. 1-J.<.4.3 GM.I Rd. R .. 865 [ +oa.68: + 1611.6 
N. G""3 02.1 R. 226 N.=x=x•=8Y. mag.: 
B. N. H""'°G"<.a.2.1 W. 227 

(GO 1872. 

N. H.._. G&3 .... w. 01 . 228 

N. H2 G"-4.2.1 Rd. R. 229 

H•···· G•·I QI 
' 230 H3.•=v3:o+B. A.C.=•'" 

Gs.I Rd. 231 
A. B. G"'<.3.U w. Rd .. 872 

A.E.C.B.N.H3.•.G. 232 [-08.8:-511• 

B. H<.2 G'-' Bk. Rd. 233 Pree. * = 8 Y. mag. : 

{ [ +~ ... + "'·'"""' 
N. HU G•.1 Bk. R. 234 

Comp. =8Yz mag. 
Comp. not seen 

N. HU G"'2.I w. R. 235 [with 3 .2-inch 1851. 

A. G&<.a Rd. R. 236 Br. =616= 7 mag.: 

A.01 M. 237 
(-3•.3:-11 4711

• 

N. HU GI Bk. R. 238 

A. B. N. H'-'-" G6·'·3·2· 1. 88o [08.o+ 11 4811 : 

A1 E. C. B. N. Hu.1 239 
Comp. = 12 mag. : 
[Dawes 2}(-in., Webb J17u-• 

B.HU G•·• R. 240 
H• G&<.3.2.1 W. 241 

01 M. 242 

GU R .. 243 
C. B. H'-•• G2 Bk. R .. 244 
B. H• G6.u Rd. R. 245 [-2•.5:-51". 
A. B. N. HU cs-1 w. 246 Pree.* =8 mag.: 

B. H'-3G5Rd .. 886 

H•01 M. 247 
H•W.01 M. 248 

B. H<.• G&• Rd. R. 249 
H• G"'U W. Rd. R. 250 50 Cepbei. 

E. B. H._,_. G'-3 W. 251 

405 



 

406 UNITED STATES COAST AND GEODETIC SURVEY. 

FIELD CATALOGUE OF I278 TIME AND CIRCUMPOLAR STARS. 

--

N~.I 
I 
I RightAscen., Annual Declination, I Annual 

Star. I Mag. 1885.0. Var. 1885.0. i Var. 
Sec. d 

I i I --i---- 1-------- --~-- - ----- -1 ···· ------- ---

I I h. Ill. 5. s. 0 I II \ II 

Aurigtl'. 
I 

6 -:-4.030 + 6.74 I. 26 252 11 ·1 
4 42 IO. 2 ·- 37 I 7 03 

253 · a Camelop .. ·1 4 42 37· 2 5.922 + 66 08 44 6.64 j 2.46 

254 I lr' Orionis. .I 4 4 43 36.0 :+ 255 + 6 45 34 6. 58 I. OI 
I 

895 I Gr. 2388. S. p,I 6 I6 44 30. I -I. 368 +105 54 I6 I 6.49 3.65 

255 I 1 Tauri 5-6 4 44 38.8 +3· 505 + I8 38 351 6.43 I. 05 
I 

256 ,,.. Orioni' 4-51 45 04.9 +3' I91 + 5 24 271+ 6.45 I. 00 

257 o' Orioni.; 5-6 46 OJ. 7 3.390 + I4 03 29 6. 3I I. 03 

258 "' E'ridani" 4-5 47 02.8 2. 947 - 5 39 o8 6.27 I. OI 

259 ;r5 Orionis . 4 48 I5-7 3· I22 + 2 15 05 6.18 I. 00 

26o l Aurig"'. 3 49 30. 3 3.900 + 32 59 02 6.05 I. 19 

261 k Tauri 6-5 51 07.2 +3· 657 + 24 52 17 + 5.87 I. 10 

262 Rad. 1311 6-1 5I 07.8 20.489 + 85 48 23 5.94 13.68 

263 /l Camelopard. 4 53 I I. 6 5.317 + 60 I6 2I 5.79 2.02 

264 ' Aurigre . Var. 53 43.0 4· 295 + 43 39 08 5.87 I. 38 

265 ( Aurigre . 4 54 26.4 4· I82 + 40 54 24 5.70 I. J2 

266 t Tauri 5-4 4 56 I3· 3 +J· 581 + 2I :z5 28 + 5.46 I. 07 

9o6 ' Ura.Min.,S.P. 4-5 I6 57 47·J -6.345 + 97 46 JI 5.J8 7.39 

267 II Orionis . 5 4 57 59·9 +J.424 + 15 14 J4 5.32 I. 04 

268 T/ Aurigre . 4.3 4 58 27. I 4· 198 + 4I 04 40 5.27 I. 3J 

26<) ' Leporis . 4-3 5 00 35.5 2.536 - 22 3I 36 5.07 r.o8 

270 {J Eridani. 3 02 I I. 8 +2. 946 - s 14 O<) I+ 4. B9 I. 01 

271 l.9 Camelop .. 5 03 37· 5 9.768 + 79 05 45 5.0J 5.29 

272 A Eridani. 4 03 J8. 7 2.871 - g 54 10 4.89 I. 01 

273 /1 Aurigre. 6-5 05 33.6 4.099 +382048 4.65 I. 28 

274 a Aurigre . I 50811.7 4.424 + 45 S2 46 4.o6 I. 44 

9I4 ( Draco., S. P. J 17 08 27.J +o. 167 +II4 o8 35 + 4.41 2.45 

275 fl Orionis . I $ 09 O':J. 7 2.881 - 8 20 o8 4.42 I. 01 

276 ). Aurigre . 5 JI 03. 0 4.2I2 + J9 59 43 3. 56 I.JO 

277 r Orionis . 4 I 2 01. 4 2.914 - 6 58 II 4.18 I.01 

278 0 Colur.tbtE 6-5 IJ 20. 2 2.166 - J5 O:J JI 3· 70 I. 21 

279 A Lrporis . 4-5 14 16.7 +2. 76J - IJ 17 47 + J.94 I.02 

28o v Leporis . 6-s 14 J8.9 2.78J - 12 26 OJ 3.94 I.02 

281 0 Orionis . 5 15 53· 7 J.o65 - 0 29 J8 3.83 1.00 

282 m Orimi.r. 5-6 16 47· 4 J.152 + 3 25 58 3.75 I.00 

283 1/ Orionis (mean). 3--4 5 18 41. 7 3.012 - 2 JO 29 3.61 1.00 



 

UNITED STA.TES COAST AND GEODETIC SURVEY. 

FIEFD ~ATALOGUE OF 1278 TIME AND CIRCUMPOLAR STARS. 

Au thorities. 

R. G&•W. 

A.B.N. 

C.H'-2 G 

Rd. 

A.N.G 

u•.a.• c; ........ 

'W.Bk .. 

• . .a.i \V. R. 

2·'Bk.R<l.R .. 

B.Bk.R 

H'·' G4" 

H• ca.• W.R .. 

B. G3 R 

A.E.C. 

N. Gn .•. 1 

B. H•.3·'· 1 G'-1 

W.02
·' Bk. 

. :i.2 (;D.!tiil \\T . . 

~s.-i.2.1 Rd. 

G• Rd. 

C. Il. H• 

B.Hu( 

A. B. H '·' G'·'·' Bk. 

u co.u.:i.1 \\'. I 

No. 

252 

253 

254 

895 
255 

256 

2 57 
258 

259 
26o 

261 

262 

263 

264 

265 

266 B. N.H 

A.E.C. 

A.N.H 

B.N.tt<-1 G• · / 9<>6 
' {jf•'·"·'·' w. . 267 

B. (;•.•·" · 1 Rd. R. 

E. C. B • }{!l.'.!.l ('xf'"J.4.3.'2.I 

A. B. H 2 G .. , R. 

B. H' G 

H. H•·• 

,.,.., Rel. R. 

G01 Rd. R. 

C•·• W. Rd. R. 

Al E.C .B.N.H'-'-'G" 

·'-'·'·' Rd. S' C. B.G' 

i\1 E.C 

C. IF(, 

A.B.H 

IP\Y.( 

. Il. N. H•·'·' 

'M Rd. R .. 

'·' G• Bk .. 
)IM. 

'.R. G"-.. ' \\ 

IJU G• 

ll'G'·' 

H•·• G• 
B. G" I~ 

R .. 

0 1 Ilk.R. 

.a.i1w.01R .. 

d.R. 

268 

269 

270 

271 

272 

273 

274 

914 

275 

276 

277 

278 

279 

28o 

281 

282 

283 

I 

Notes. 

I 

9 Camelop. 

Bk.+ H. =rr' Orionis. 

I 

I 
10 Camelop . 

Mae. 3~ to 4,Y:;: per. irr. 

Piaz. =IV, 269. 

(-o''.25:-911.l: G" 1872. 
Pr. * = 9 mag. : f yel. bl. Burnham, 

with l~-inch. 

[ - 13•.8:-2'., 
Br. 750=6 mag.: 
{ G• 679=7~ mag.: 

+ 0".9 :- 2911, 1864. 
Double; 5 mag. and 

(6 mag.: 1". 
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408 UNITED STATES COAST AND GEODETIC SURVEY. 

I<'IELD CATALOGUE OF 1278 TIME AND CIRCUMPOLAR, STARS. 

I 
--

--:: ~ight Ascen., I Annual I Declination, 
No. J Star. 

Annual Sec. rl 1 ag. I 1885.0. Var. I 1885.0. Var. 
! -i :-~1 

2841 }' Orionis . 

---- ---
I h. m. s. ' s. o ' " II 

2 I 5 18 57. 8 1+3. 218 + 6 14 40 + 3.53 (. 01 

285 I f3 Tauri . 2 19 01. 4 3. 789 I+ 28 30 33 3.39 I. 14 

286 I 17 Camelop. 6 19 18.6 5. 650 1+ 62 58 09 3.55 2.20 

287 ¢; Aurigd! . 5-6 20 OI.6 3.978 + 34 22 35 3.43 I. 21 

288 1)! Orionis. 5 20 48. 81 J. 145 + 2 59 42 3.41 I. 00 I 

289 fl Leporis. 
I 

'3 .,. , 

1

+,. "' · ~ ,, ,. '" ·l 3-4 ! + 3.10 I. 07 

290 Groom. 966 .] 6-7 2421.6 7.999 +745754 3. 13 3.861 
291 64 Camelop .. 6 25 14. 3 I is. 004 + 85 08 09 3.03 I I. 79 

292 x Auriga: . 5 25 14.7 3.905 + 32 00 31 I 3.05 I.IS 

293 I tl Orionis . Var. 26 07.9 3.o63 o 23 o1 I 2.95 I. 00 
I 

I 
294 a Leporis . 3 5 27 39. 5 1+2. 645 17 54 20 I+ 2.82 I. 05 

I 

933 Gr. 2456. S. P. 6-7 17 28 30. 2 1-4. 623 + 99 45 49 2.77 5.90 

295 rp1 Orionis. 5 5 28 30.4 j+3.290 + 9 24 38 2. 75 I. 01 

296 I /ti Orionis . 4-5 I 28 48. 2 \ 3.302 + 9 51 32 2. 70 1.02 

297 I 01 Orionis . 5-4 29 37.5 2.943 ,_ 5 27 58 2.69 I. 00 

298 {)l Orionis . 5.4 29 44· I 
I 
1+2. 945 5 29 34 + 2.66 J. OI 

299 ,1 Orionis. 3 29 48.5 2.934 5 59 II 2.62 I. 01 

300 f Orionis . 2 30 22.7 3.042 I 16 35 2. 59 J.00 

301 ( Tauri J-4 5 30 46.4 +3· 584 + 21 04 16 2.51 I. 07 

939 f Draco. S. P. ' 
5-6 17 32 25. 4 -0.254 +111 47 JI 2. 28 2.69 

302 CT Orionis . 4-3 5 32 58. 3. ,+3. 009 - 2 40 03 + 2.38 I.00 

303 (l Orionis. 2 34 57. 4 ' 3. 028' 1-· 2 00 16 2. 16 r. 00 

304 a Columb:l" 2 35 ,, • ! '· .,, 1_ .14 " ., 2. IO J. 21 

Aurig~ . 6-5 5 36 59. 5 +4· 642 + 49 46 27 I. 98 305 0 

17 37 37.61-o.356
1
+u1 II 20 

I. 55 

9441 (j Draco. S, P. 5 I. 62 2.77 

I 
i i I , 

3o6 y Leporis . 4 5 39 40. I 1+2. 499 1- 22 29 12 + I. 40 1.o8 

3071 
Rad. 1553. 6 40 35· I 6. 747 f + 68 26 IO I. 70 2.72 

308 ( Leporis. 4-3 41 44. 7 2. 718 ii_ 14 51 57 I. 58 I. OJ 

309 l k Orionis . 3-2 42 18. I 2. 844 ,_ 9 42 42 1.53 J. 02 

310 v Aurigie . 4 5 4J 31.0 +4· rss I+· 39 o6 50 I. 49 I. 29 

Draoo.(pr.)8.P. 
I . 

+ 1.67 3· 27 949 1/Jl 4-5 17 43 59· I -I. o8o 1+107 47 42 

311 tl Doradil.s 4-5 5 44 34. 2 '+o. 105 f_ 65 46 43 I. 33 2.44 

312 c Aurig,e. 5 45 12. 5 5. 019 j+ 55 40 40 1.58 I. 77 
' 

313 1! Leporis. 4 46 22. 5 2. 579 ,- 20 53 23 0.52 I. O'] 

314 (3 Columb<l! 3 46 54.4 2. 112 - 35 48 48 r. 43 I. 2J 



 

UNITED STATES COAST AND GEODETIC SURVEY. 

FIELD CATALOGUE OF 12jS TI:\!E A:'.'<ll CIRCUMl'OL\R STARS. 

Authorities. No. 

C. ll. G'·''·'' W. R. 284 

A' E. C. B. i\. II'. 285 

B. Go.1 Rd. R. . 286 

IFC5·"R .. 
I:[·l.o (;< Rd. R. 

ll. Ii'"' Ga.0.1 W. R. 

A. B. N. II'·'''·' GM;.1 

A. JP G6.<.a.z 1 W. Rd. 

i\. II' (;;.a;;.1 w. 01 

A. E. C. B. uu.z.1 G·'-' 

A. E. C. B. !\'. 11""·'·1 

H' Rd. I{ .. 

Il.G'' R. 
IP G<.a., !\.. 

B.G' Bk. R. 

H.W.Bk. 

B.G''-' R. 

A. E. C. IL N. nnz.1. 

Il. N. G'" \V. < l. Rd. 

ll. H 1 G•->.1 \.\'.Rd. 

289 

290 

291 
'.'.<)2 

293 

294 

933 

295 

296 

297 

298 

299 
JOO 

301 

939 

B. Ii'·"·' G~ Bk. R. 302 

C. If' Gr..<.a.z.; R. . 303 

A. E. C. 1\.1!''·' G"·4."·' JO.J. 

B. H 4·'"' t;i>.<.i Rd. I{. . 305 

A. N. lf<.:!.2(;'"·''-'-' W. 944 

Jl. I I2 U''· '·" "· 1 l{ .. 

G•·"" Rd .. 

306 

307 

B. 11"" CPR. . 308 

A. E. B. II" G"'-'"2 w. 309 

A. B. I:[U.2 GM Bk. . JIO 

Notes. 

[··-O'. ; 2".2: yeJ. J;J. : 
Comp. =I I mag.: 

[ ~ot1.2: o''.o. 
Comp.=-= 10-1 I n1ag.: 

t:room. <!44 :=Am. Eph. ! 
i 

{ 

\.-ar. 2 to 2.7; per. irr. J 

Com1>.·:~imag.:o•.o+ 5311 

B•mhom,.87S. I 

[ - 1-o'.,:; =+ 311 (> ycl. purp.1 
l':o"6-7mag.: I 

{
Isl* -- o•.G ·+· 8".5: 
=d * ·-08 .J: +18''.7 

2d * + 0'.45 : -- 4" w. 
1Z=·8Y, mag.: 

[ -1-0•45: - 911
• 

( S. II 

J 2d * 8 mag.+0.9+ 1.3 ·l ·"1 * i mag.+3.4+20.3 
wh. bl. red. 

(~= 5Y, mag.: 
[ +oa.2: - 311• 

[11 and µ 1 : ycl. garnet. 
[ ---1•.2,-1 1 3411, large 

llrnd. 836 :·=- 7 mag.: 

Lalande I0769. 

[ +1•.74: + 29".6. 
A. B. N. fl4.M GM.a.z.i 949 ·1/·" = 4-5 mag.: 

A.01 M. . 31l 

W Bk. Rd. R 312 

B. G<.a R.. 313 

HU (;6.4.!l.2.1 01 M. 314 

S. Ex.29-52 

409 



 

410 UNITED STATES COAST AND GEODETIC SUI{VEY. 

FIELD CATALOGUE OF 1278 TIME AND CIRCUMPOLAR STARS. 

i------

1 v I "'u. Star. 
M· I Right Ascen., 

1 
An.nual i Declination, I Annual 1

1-:_l_jl 
ag. 1885.0. \-ar. I 1885.0. I Var. 'et:. c 

I 
I I I I 

----·-- --- [--·----· ··--·i ·---,--
1 h. Ill. s. s. : 0 I II I II [ 

n Orionis . 315 
316 cf 

317 

I 31s 

Aurigre . 

·.1' Var. I 5 48 56. 8 247 + 7 23 04 + o. 97 I. 01 

4·511 5° 03.5 4.937 + 54 16 27 0.77 l.73 

2 I 51 05. 6 4. 406 + 44 56 03 o. 75 I. 41 

I 

I 

319 

11 Leporis . 

II Auriga: . 

3 20 y Columba: 

321 B. A. C. 1920 

960 35 Draco., S. P .. 

322 /' Orionis . 

323 x' Orionis. 

324 I Ceminorum 

325 B. A. C. 1946 

326 66 Orionis . 

327 v Orionis . 

328 36 Camelop .. 

329 

33o 

331 

332 

333 

334 

970 

335 

Gr. 1004 

B. A. C. 1974 

{I Columba: 

:; Orionis . 

22 Camelop. . . I 

11 Geminorum .

1

1 

cl Urs. Min., S. P-, 

2 Lyncis 

336 k' Orionis . 

337 B. A. C. 2021 

338 k Columba: 

974 36 Draco., S. P .. 

339 7 llfonocerotis. 

340 I; Canis llfaj. . 

341 /' Geminorum. 

3.µ 1f;1 Aurig.:e . 

343 (3 Canis Maj .. 

344 8 Monocerotis 

345 6 L;mcis 

346 a Argfts 

4-3 

3 

4· 5 
6-5 

5 

5 
5 

5-4 
5-6 
6 

5-4 
6--5 

6--7 
6 

5 
5-4 

5-4 

3-4 

4-5 

4-5 
5-6 

5-6 

4-5 
6 

6 

3-2 

3 

5-6 
3-2 

5-4 
6 

51 IO. 0 

51 52. 7 

2. 730 - 14 ll 23 

4. 091 I+ 37 12 IO 

0.93 

0.60 

53 27.7 +z.127 - 35 l7 51 + 0.53 

5 53 36. 9 +z. 855 - 9 34 02 o. 49 

l] 55 24. 3 1-2. 695 +103 OI 22 0. 24 
. I 

5 56 03. 4 +3· 301 1+ 9 38 44 o. 28 

57 05. 4 3· 562 '+ 20 08 22 o. 23 
I 
I 

57 07. 8 +3· 647 + 23 16 06 + 0. 15 
58 37· 7 2. 419 - 26 17 02 o. 27 

5 58 53· 8 3· 168 + 4 09 51 + o. 12 

6 01 00.4 3.427 + 14 46 52 - 0.08 

or 16. 7 6. 030 + 65 44 21 o. 14 

01 24. 4 +26. 817 + 86 45 45 

03 02.0 

o3 35· I 

05 24. I 

o6 09.6 

2. 809 - II 07 45 

2. 058 - 37 14 13 

3.416 + 14 14 02 

6. 618 + 69 21 29 I 

6 07 56. 2 +3· 623 + 22 32 20 

18 09 24. 9 --19. 435 + 93 23 22 

6 09 28. 6 +S· 300 + 59 03 03 

- 0.20 

0.26 

0.28 

0.51 
o.66 

- o. 71 

0.85 

0.77 

I. 03 

I. 25 

1.23 

1. or 

4.38 
I, 01 

r. 06 

I. 04 

I. 12 

I, 00 

I. 03 
2 ·43 

17. 71 
I. 02 

I. 26 

I. 03 

2.84 

1. 08 

16.91 

I. 94 

og 59· 2 3· 370 + 12 18 12 o.68 1.02 

II II. 9 4- 00<} + 35 15 04 

6 12 27. 7 +z. 140 - 35 o6 18 

18 13 14. 0 -0. 853 +1o8 43 25 

6 14 JO. 6 +2. 894 - 7 46 32 

15 54. 0 2. 304 - 30 ()() 47 

16 00, 2 3· 632 + 22 34 17 

16 02. 5 ++· 627 + 49 20 51 

17 38. 2 2. 6.p - 17 54 00 

17 40. S 3· r8o + 4 39 or 

20 47.8 5· 225 + 58 14 42 
6 21 24.0 1.330 - 52 37 59 

1.07 1.22 

I. 12 l. 22 

2.31 

I. 01 

1. 16 

1.08 

I, 53 
1.05 

r.oo 

2. 18 I. 9C 
J.86 1.65 



 

UNITED STATES COAST AND GEODETIU SURVEY. 

FIELD CATALOGUE OF 1278 TDIE A?\ll CIRCU'.1POLAJ.C STARS. 

i 

I No.·; 
I 

"\uthoritie'. ]';oles. 

·- 1·-- ---------

! 
i·-·-----·----

A. E. C. B. N. IJ•.3.2· 1 • 1 315 

B. G5·"' W. Rd. R. . i 316 
I 

Mag. I to I. 4: per. irr. 

A. C. B. H'·" .. ' cs.<3.c.1 j 317 

/ n. c•.1 w. Bk. R. 318 

! A. C. B. H<.3.2 c;s.a.2.1 . 319 

c;2.1 H•.S.2 ()1 W. M. . 320 6-5 mag. :'.\1clbourne. 

G• R. . 321 * 6)'.f mag.: 
B. JI<.3.2 c;s. u1 Rd. R. 960 [- 3'.8: + rn' 24"· 

H•·' G' \V. R.. 322 

N. H• G5·3·' \V. R. 323 

N. H3 G5 . .c.3.1 324 

H•·2 W.R. 325 

B. G" Rd. R. . 326 

A. E. C. B. N. Il""-'· 1 • ! 327 

B. H• R. Rd. . . .1 328 

c;u.2.1 W. Rd. 329 

Dk.R .. 

HU ()l 

330 Bk.= 4 l\!onocerotis. 

331. 
IP G5·• R .. • 1 332 
A. B. N. JI<.0.2 cs.:u 333 Groon1. t 100. 

i A. E. C. B. :'<. H<.3.' 334 

A. E. C. B. H•-1 GM3·2 970 

II. G3· 1 Rd. R 335 

336 H• 2 G• R .. 

(;5.•W.R .. 337 llmd. 918. 

H3.2 G3.2.1 w .. 338 
D. Ha c;1>.<.3.1 R. Rd. 974 

G3 R. 339 
G<.3.2 W.01 R. 340 { [ + 5'·3 + o".o. 
A. C. B. N. Jia.2.1 G;;-1 341 Comp.= 1 I mag. : 

[(s,V.·in. object.) 

A. B. H3·'" Bk. Rd. 342 
C. B. H<.3.2 ci;.u2.1 343 
B.G• W.R. 344 
GMRd.R. 345 
A. E.C.N.01 .M .• 346 

I I 

411 



 

412 UNITED STATES COAST AND GEODETIC SUUVEY. 

FIELD CATALOGUE OF 1278 TIME AND CIRCUMPOLAR .STARS. 

I I 

I I I ; ! 
Sec. ti I I K i St1r. I Mag. Right Ascen., I A~nual i D;c!ination, Annual 

I o. 1 Var. 

1.~1 
1885.0, I \ a1 ' 1885.0. 

i I I 1-1 ---, 
I h. m. s. 5, , O I II II i 

+ 3. 563 I+ 20 17 01 
I 

347 ll Geminorum 5-4 6 22 08. I I. 96 I. 07 i 
348 10 Monocerotis 5 6 22 16.8 + 2. 962 1- 4 41 32 I. 92 I. 00 

983 </> Draco., S. P. 4-5 18 22 24. 4 - o. 8531+108 43 25 I. 98 3. 12 

985 x Draco., S. P. 4-5 , 18 23 07. 6 - I. 070 +107 19 03 I. 64 3.36 

349 B. A. C. 2109 4-5 I 6 2J 54· 41 + 2. 2221- 32 JO 26 2.01 I. 19 

5-6 350 23 Camelop .. 26 35· I +10. 4151+ 79 41 06 - 2.98 5.59 

351 I 3 .1.1Ionocerotis. . I 5-4 26 41. 2 3. 246 + 7 24 58 2.35 I. 01 

3521 8 Lyncis 6 27 IO. 7 5. 495 + 61 34 50 2.63 2. 10 

3"' I B. A. C. 2q7 5-6 28 20.8 2. 245 1- 31 56 32 2.58 I. 18 ).) 

2. 515 I_ 22 52 28 354 co C1nis Maj .. 5 30 14. 2 2.6o I. 09 
' 

3551 51 Aurig~. 6. 7 30 41. 4 + 4. 161 + 39 29 27 - 2.76 I. 30 

356 )' Geminorum. 2-3 31 04. I 3.467 + 16 29 43 2.74 I. 04 

357 ..,.1 Canis Jffaj. . 6 32 50. I 2.643 - 18 08 19 2.82 I. 05 

358 15 .Monocerotis 4 34 38.7 3. 305 + IO IO 04 3.01 !. 02 

359 55 Auriga:. 6 34 42.8 4.373 + 44 40 40 3.06 !. 41 

9931 Gr.2655.S. P. 6 18 35 18. I - 2.855 +102 32 37 3.07 4.61 

994 I Gr.2640.S. P. 6 18 35 51. 5 + 0. 187 +II4 36 52 3. 15 2.42 
I 

360 t: Geminorum. 3-4 6 36 51.4 3.694 + :5 14 38 3.21 I. II 

J61 1" Aurigae (56) 6-5 38 26.9 4.330 + 43 41 26 3.21 !. 38 

362 c Gcminorum. 4-3 38 50. I 3.370 + 13 01 06 3.58 !. 02 
' 

363 a Canis Maj .. 40 04- 8 + 2. 644 16 33 33 - 4.70 I. 04 

364 43 Camelop .. 41 18.0 6.503 + 69 01 12 3.54 2.79 

365 1 S Monocerotis 4 41 5 I. 9 3. 129 + 2 32 13 3.64 I. 00 

366 58 Aurig"' . 42 38.0 4.247 + 41 54 55 3.84 I. 35 

367 24 Camelop .. 5.4 43 16.8 8.841 + 77 07 16 3.75 4.49 

368 () Geminorum. 3-4 45 12. 5 + 3. 96o + 34 05 55 - 3.98 I. 21 

369 51 Cephei. 5 46 15.6 30.016 + 87 13 26 4.o6 20.65 

370 B.A. C. 2252 5 46 41. 3 2. 18o - 34 13 54 4.02 I. 21 

371 15 Lyncis . 5 47 19.0 ! 5.214 + 58 36 34 4.26 I. 92 

372 e Geminorum 5 48 og. 3 3.385 + 13 19 23 4.24 I. 02 

373 () Canis Maj .. 4-5 48 50. I + 2. 787 - II 53 42 - 4.27 I. 02 

374 nI Canis llfaj .. 5-4 49 21. 7 + 2.490 - 24 02 28 4.28 I. 10 

375 " Mens;e . 6-S 6 49 35. 8 I- 4. 893 - 8o 41 26 4.23 6. 18 
' 

1oo6 50 Draco., S. P. 5-6 18 50 04. 61- !. go6 +104 42 08 4.42 3.94 

Canis Jtfaj . . · 15-4 6 51 oo.6 + 2.674 - 16 54 22 4.42 I. os 
i_ 



 

UNITED ST.A.TES COAST AND GEODETIC 8Ul{VEY. 413 

FIELD CATALOGUE OF 1278 TIYIE AND CIRCUMPOLAR STARS. 

A NAI::o::~., W ~----N-o_t_es_. ____ 1------------

B. G5"' R. . 348 

B. H< GM Rd. R.. 983 

A. B. H4.3.2 GM3 985 [Piaz. VI, 136. 
Il4•0 GS.'.3 ,V, . 349 H 3 =I. Canis Maj. 

[Piaz. VI, 75. 
B. H"" (;b.<.3 W. Rd .. 350 Groom. 1159. 

H 4•2 G4 R. 35 1 

B.G6•1 Rd.R .. 352 

II<.2 G3•2 353 Piaz. VI, 164. 

B. Bk. R. 354 

B. G•·• W. Bk. R .. 355 

A. E. C.N.ll3 G0 • 356 

G• R. 357 

B.G" R. 358 

HU Gl w. Bk. R. 359 H3 ='I/} Auriga-. 

B. H• G5 W. Rd .. 993 

B.Rd .. 994 

A. B. N. H"2 G•·• W .. 360 

A. B. GM w. Rd. R. 361 Comp. IO mag.: 10". 

E. B. H• c;u.•.a.1 ·w. 362 

A. E. C. B. ::'-<. H"2.' 363 

B. GI Bk. Rd. R. 364 

B.G1 R. 365 

HUG:ll Rd.R. 366 H = ..p1 Aurigre. 

B. H3 G•·w. Rd .. 367 

A. c. B. HO (;b-2.1, 368 5 mag., B. A. C. 

A. E. C. B. H 4 .:i2.1 G .. 369 

H•W.01 370 

B. nu Cb-• Rd. R. 371. 
G•·u Rd. R. 372 Double,5,%'-8mags.: 611.2. 

E. B. HS G5.4.3.2 W. 373 
HUG3.2 W.R. 374 

A.01 M. 375 
A. H<.u G"·"3 W. Rd. 1000 

H• G•·4·"° R. 376 



 

414 UNITED STATES COAST AND GEODETIC SURVEY. 

FIELD CATALOGUE OF 1278 TIME AND CIRCU:\IPOLAR STARS. 

I No~---S-. ----1 li!a".!~i~~t Ascen . .:. _:~:~~--;::li:t:~,:, Annual ! S 
0 

·tar. 1_ __ :.1 1885.0. j~ 1885.0. i Var. ··I__:_ 
I h. Ill. s. s. o I II ; II 

1009 Rad.4208,S. F. 6-7 ! 18 52 26. 3 :-18. 550 i+ 93 26 19 . 4. 55 I 16. 67 

377 e Canis 1faj. . . 1 1-2 6 54 06. 4 '-'- z. 358 :- 28 48 59 4. 70 1

1 

1. 14 

1013 v Draco.,S.P .. i 5-6 18 55 48.2 .- 0.716 jI08 51 24 4.87 3.09 

378 Piazzi VI (305). 6-7 6 56 II. 9 i+ 3. 280 29 31 46 5. 57 I. 15 

379 ~' Geminorum. 4 57 17. 3 I 3· 563 + 20 44 16 4. 98 

1

1 I. 07 
I . 
I 

65Su.4i+2.717 152751 -5.0811.04 Canis ~Iaj .. 

381 I 45 ~eminor~m. 
382 d Cams Maj. . 

383 63 Aurig::e . 

22 Jlfonocerotis. 

385 25 Camelop .. 

B.A. C. 2373 

,2 Volantis 

64 Auriga: . 

A. Geminorum. 

w26 o Draco., S. P. 

390 r. Arg4s 

391 i5 Geminorum. 

392 19 Lyncis (foll.) 

393 66 Aurzg-a . 

1030 .,. Draco., S. P . 

394 t Geminorum. 

395 P. VII, 67. 
396 T/ Cam:r ,l/aj. . 

397 f3 Canis Min .. 

. , 4-5 

. 6 

I 2 

4-5 

7 or ~6. 31 3. 444 .:+ 16 06 48 5. 45 I 1. 04 

03 42.9 1 2.4381- 26 12 41 5.491 I. II 

03 44. 71 4. 137 !+ 39 30 25 5. 44 I. 30 
05 59. 5 3. 066 _ o 18 12 5. 71 I I. 00 

5-4 7 06 49. 91+13. 030 + 82 37 46 - 5. 781 7. 78 

6 08 18. s + 3. 149 ,+ 3 18 28 I 5. 88 I r. oo 

. ! 5-4 09 43. 3 - o. 484 j_ 70 18 42 5. 1891 2. 97 

6-5 IO 02. 3 + 4. 184 + 41 05 IO 5. 97 I J. 33 

4-3 

3 

: I;=! 
. s-6 

5 

II 29; I 3. 452 + 16 44 48 6. 21 I I. 04 

19 12 34. 2 + o. 031 +u2 32 28 - 6. 31 

13 04.9 2.119 - 36 53 30 6.25 

13 15. 3 3. 588 + 22 I I 35 6. 32 

13 28. 8 4. 915 + 55 29 48 6. 33 

7 16 IO. 6 + 4. 166 + 40 53 32 6, 57 

2.61 

I. 25 

I. 08 

J. 77 
I. 33 

4-5 19 17 45.6 - 1.114 tI06 51 30 - 6.78 3.45 

.. 14 
5-6 

3-2 

3 

18 35· I + 3· i37 + 28 01 32 

18 54. 5 6. 303 + 68 41 54 

19 32.8 

20 54.8 

2. 3il - 29 03 45 

3· 256 + 8 31 12 

6.83 

6.81 

6.74 

6.99 

I. 13 

2.75 

I. 14 

I. 01 

398 p Geminorum. 5 7 21 42. 8 + 3· 866 + 32 00 4.z -· 6. Sr 

7. 14 

7.29 

7.54 

7.56 

I. 18 

399 6 Canis ,lfin. . 5 
400 B. A. C. 2478 5 

401 a2 Geminorum. 2-1 

1039 Gr. 2900, S. P. 6-7 

4-5 

4-5 

5-6 

2323.7 3.344+121437 

24 38.8 

7 27 15.7 

2.3I7 - 31 13 13 

3· 839 !- 32 08 23 

19 28 37. 8 - 3· 512 +100 37 43 

7 28 50. 3 + 3. 705 + 27 09 00 

29 27. I 

31 33.5 

402 1• Geminorum 

403 111 Puppis . 

404 25 Monocerotis 

405 o Geminorum. 

4o6 24 Lyncis 
5-6 31 39. 5 

3. 541 - 23 13 28 

2.981 ~ 3 50 19 

3. 930 + 34 50 46 

5. I09 + 58 58 40 5 7 33 16.4 

- 7.70 

7.74 

7.76 

1. 02 

1. 17 

r. 18 

5.42 

I. 12 

I. c9 
I. 00 

8. II I. 22 

7.98 1.94 



 

I 
I 

UNITED STATES COAST AND GEODETIC SURVEY. 

FIELD CATALOGL:E OF 1278 TIME AND CIRClJMPOLAR ST,\R~. 

Authorities. 
-I 
No. I Notes. 

-1~-~ ----------- -- .... ___ _ 
I
W.Rd .... 

' I·' (' I' N 1-1<.a.2.1 I "· .. . " . 
1009 ! 

I 
377\ 

B. G-'a.2.1 W. 02.1 M .. 

C.G1 R .. 

A. C. B. N. H 4•3•2 • 

E. c. B. uu.2.1 cs.<.a.2 

N. Il' G"'"· 2 R. 

A. C. B. N. H 4·3•2 G5- 1 

A. B. n•.:i.2 G•·• Rd. 

H 4•2 G3 W.R .. 

A. H3.1 G&.<.0.1 \\'. Rd. 

I 
~.·o~ 1':r. . .. '_ .. 

B. H•• G' Rd. R. . 

B. N.H•.o.•GM.a.2.1 \V. 

1013 i 
S ! r A =var. : 1': + C. = (. 

37 I 1st comp. 8-9 m:lg. 
379 1 ' -o•.S-c 1' .1211 . 

• J l Zll comp. I 3 1nag-. 

·1 l + 4•.G -\-5" .6. 
380 

381 I 
382 

383 

385 

386 Piaz. \'II, 2<). 

387
1
1 Var.Am.Eph.l''"·.6.~imag. 

[ ~· ' j_ b" 3 3881 -~ . .,-, .. 

389 

A'C. B. N. H•·3·2 G5-l, 1026 

0
1 

M. . 390 I [--0'.2: -6''.6. 
A.E.C.B.N.U4·"·2·1 G. 391 Comp.=9;~ mag. 

{
Pr. 7}~ rnag.--1•.21 +9" 

B. cs.• Rd. R.. 392 fol. 8mag.+ 1•.2+ 3' 34". 
HM G. Rd. R. 393 

A. B. N. H•·aGM.:i.2 \V. 1030 

B.N. II4·"G•·3·"·1 W.01 394 
A.B.N.H4 ·3 G"-'-'·1 W. 395 Groom. 1308. 

H""·' <_;•.2.1 W. M. 01 396 m=Piaz.VII IOJ=7 }~mag.: 

A. E. c. B. HU G5.4.2 397 
(-13'.I --j- 5611.3. 

B. H•·• c;s.u.1 W. Bk. 398 

HUG•W.R .. 399 

400 [ -0'.42: - 2 11.3 G5. 
A. E. c. B. N. HUI . 401 a1=3 mag.: 

B. H 4·3 G5 Rd. 1039 

N. c;u.•.:i.1 W. 0 1 Rd. . 402 

G'IR.. 403 11•=6mag.:+0'.6:+2". 

B. G• R. . 404 

H•·· GM 1N. R. 

B.G1 Rd. R. 
405i 

- 406 L __________ _:_ _________ _ 

415 



 

41H UNITED STATES COAST AND GEODETIC SUUVEY. 

FTELll CATALOGCE OF 1278 Tl:\lE AN!> CIIZCDIPOLAR STARS. 

-~-, ----~----; 

.:-;(). Star. ;\lag. Right Ascen., 
I885.o. 

Annual 
\'ar. 

i l I 
Declination, Annual 1 S l : 

I885.o. Var. i 'cc.' ' 

-- ---· ---i------

407 a Canis :\Iin .. 

408 y J}/onocerotis 

409 K Geminorum. 4-3 

4Io f3 Geminorum. 1-2 

Io48 /. Urs. Min., 8. P. 6-7 

4I I .. Geminorum. 6 

4I 2 4 Puppis 5 

413 B. A. C. 2320 6-7 

414 o Puppis 4-5 

415 ; Argfls 4-3 

416 26 Lyncis 6 

417 Groom. l.374. 6-5 

418 9 Argfls 5 
4I9 ¢ Geminorurn. 5 

420 B. A. C. 2629 . 

1058 r Draco., S. P. 

42I 156 Came/op. 

422 l Cancri 

423 53 Camelop. 

424 I4 Canis fofin . . 

425 x Argus 

426 "'1 Cancri 

427 6 Cancri 

428 µ1 Canrri 

429 ( .Arglts 

4 

~~I 
6 

6 

4 

6 

5 
6 

2-3 

h. m. s. s. o I II II 

33 I6. 9 -·- 3. 144 ~-

35 45. 2 ' 2. 866 

5 JI 08 -- 8. 98 

91701 8.I6 

I. 01 

J. 02 

37 30. 3 3. Cz9 24 40 22 

28 18 I I 

91 02 38 

38 16. 7 -r 3. 680 

I9 38 56. 5 '-63. 646 

7 40 65.5 

40 39.2 

41 02.0 

43 18.4 

44 27.5 

3.879 33 41 49 

2. 764 ,- I4 17 05 

70. 110 '+ 88 58 17 
I 

2. 495 :- 25 39 07 
I 

2. 524 , __ 24 34 19 

8. 32 I. IO 

8. 40 I. 14 

8. 41 54· 90 

8. 48 I. ::0 

8. 54 I. 03 

8. 54 55· 71 

8. 69 I. II 

8. 8J I. IO 

7 46 20.2 

46 24.5 

46 26.8 

46 27.5 

4.390 

7.293 

2. 778 

3.681 

2. 237 

47 5J 4J - 8.<)8 I. 49 

3.68 

J. 03 

74 J3 15 9· OJ 

J3 35 38 9· 35 

27 03 45 9· OJ I. 12 

7 47 58. I 34 25 02 8. 78 I. 21 

I9 48 33· l :- O. I77 1+110 OI JO 9. 19 

9.22 

9.34 

9.42 

2.92 

I0.22 7 49 I6.5 167 84 23 12 

50 27. 7 
51 52. 8 

52 23.0 

7 53 51.2 

53 58.4 

56 27.3 

59 29.4 

59 32.6 

+ 16 05 48 

60 38 14 

2 JJ 36 

J. 530 - 5 z 40 28 

3.638 .+ 25 42 24 

3. 695 !+ 28 o6 56 

3. 562 .+ 22 57 46 

2. 108 !_ 39 40 46 

9· 44 I. 00 

9· 54 I. 65 

9· 56 I. II 

9. 81 I. I3 

IO, OI J. 09 

9· 94 I. 30 

430 27 Lyncis 5-4 7 59 48. I 4. 537 + 51 50 I3 -Io. oo 1. 62 

431 µ2 Cancri 6-5 8 oo 59. 8 3. 539 1+ 21 54 53 Io. 18 J. 08 

432 3 Urs. Maj. . 6 oI 21. 5 6. 0541 + 68 48 39 10. 13 2. 77 

433 IS Argfls (•) 3 02 38. 8 2. 5541- 23 58 25 IO. 12 I. 09 

434 iJ'' Cancri 5-6 03 31. 5 3. 622 f + 25 51 I9 JO. 66 I. II 

435 16 Puppis 5 8 03 53. 7 2. 683 1- I8 54 33 -Io. 29 I. o6 

436 Groom. 1408. s 
1 

05 04. I 7. 7o6 !+ 76 06 2I I Io. 4I 4. I6 

437 ~· Cancri 5-4 \ 05 37. o 3· 447 I+ I7 59 35 I Io. 58 1. o6 I , 
438 )' Argfls 2-3 05 59. o I. 852 1-- 49 59 52 I Io. 45 I. 47 

_439 ~:_Puppis _____ s _ __j~-~02.9--~-75_s 1-~~~-:_o.64J_I~-~~I 



 

UNITED STATES COAST AND GEODETIC SURVEY. 417 

FIELD CATALOGUE OF 1278 TIME AND CIRCUMPOLAR STARS. 

Authorities. No. Notes. 

Al E. C. B.N.H'-•Q5-• 407 
HUG3R. 4o8 
B. (;Jl.1.3.!l.I w. 01. Rd. 409 
Al E. C. B. N. flu.1. 410 
A. E. C. B. flu.111 Q6-• 1048 

B. N. H3.1 05-• W. 4Il 
HuG•W.R. 412 [Groom. 1119: 

C. H3.l (JMa W. Rd .. 413 ili<=4 Urs. Min. 
6 mag.=G3=755· 

HUW.R .. 414 (-15•4:-3' 16". 
E. c. HM Q5-i.3.!l.1 w. 415 Brad. 1130=6~mag.: 

A. B. G1 Bk. Rd. R. . 416 
A. B. H .. "" G"'-a.•.i W. 417 
c. caw. R. 418 C=6mag. 

A. N. H+• 05-a."-1 W .. 419 

H 1 G"W.01 • 420 

A. B. N. H'-• Q6-u.1 1058 
[ --0".02: + 2" .6: yel. bl. 

Pr. * = 9.5 mag.: 
Ha.1G1W.Rd. 421 Groom. 1359. 
N. W GA-<.a.1 W.R. 422 

B. GA-• W. Rd. R. 423 
HI G3 R. 424 

01M .. 425 
A. N. Hll GA-3 R •• 426 . 
E.C. B. N. HU G6""1. 427 H1 + B =1t Geminorwn. 

N. HI Gll.4.1 w. R. 428 
H3QIM •• 429 

B. os-1 Bk. Rd. R. 430 
N. HI GA-• w. R .. 431 

A.N.H•GM-sW. 432 G5 +Rd.= 55 Camelop. 

A. E. C. B. N. H<.a.1 433 
{ C =P Argils=3-4 mag.: 

t Navis=H'. 
N. G"UI w. Ql R. 434 

H1 G3 QI R •• 435 (-2m 45•,6:-34".6 
B. Hf Gt-• Rd. R .• 436 Gr. 1403 = S mag. 
A. N. H"-1 G"us.1 W. 437 r (double) =6mag. 

C.01 M. 438 B. A. C. 2754=5 mag. 

E. H'-1 (i3 0 1 R. 439 
f-2".77-32".o 
3d* 8mag. 

R. Ex.29-53 



 

418 UNITED STATES OOAST AND GEODETIC SURVEY. 

FIELD CATALOGUE OF 1278 TIME AND CIRCUMPOLAR STARS. 

No. Star. Mag. RightAscen., Annual Declination, Annual Sec. d 
1885.0. Var. 1885.0. Var. 

h. m. s. s. 0 I II II 

44<> {3 Cancri • 4-3 8 IO 16.7 + 3.258 + 9 32 21 -10.84 I. 01 

1075 Gr. 3402 S. P • . Var. 20 II 50, 8 -49.281 + 91 13 08 IO. 91 47.o8 

1077 /( Ceph.(pr.)S.P . 4-5 20 12 44.6 - 1.916 +102 38 09 10.98 4.57 

441 .t Cancri • 6-5 8 13 04.7 + 3.655 + 27 35 21 II. 38 I. IJ 

442 q Puppis • 5 14 15, I 2.241 - 36 18 14 II.OJ I. 24 

443 31 Lynds 5 8 14 57.7 + 4. 131 + 43 33 21 -II, 24 I. 43 

444 d 1 Cancri 6-S 16 46.7 3.442 + 18 42 02 II. 30 1.o6 

445 w Puppu 5 16 51. 4 2.365 - 32 41 21 II. 37 I. 19 

446 B. A. C. 2825 . 4-3 19 54. 9 3.00I - 3 31 56 11.49 J.00 

447 e Argds 2 20 09.2 1.232 - 59 08 22 II. 48 J, 95 

448 0 Urs. Maj. 3-4 8 20 42.1 + 5.035 + 61 o6 03 -II. 70 2.07 

449 Groom. 1418 6 21 14. 5 16. 8o7 + 85 27 29 II. 59 12.63 

450 29 Cancri • 6 22 12. 2 3.353 + 14 35 26 II. 69 1.03 

451 B. A. C. 2846 . 6-7 23 00.9 + 2.551 - 25 45 II II, 67 I. 12 

452 8 Chamreleon. 5-4 24 04.9 - 1.698 - 77 o6 47 II. 78 3.48 

453 8 Cancri • 6-5 8 25 02.3 + 3.428 + 18 28 56 -II, 93 1.05 

454 Groom. 1450 6-7 25 26.3 3.911 + 38 24 35 12.09 J, 28 

455 1/ Cancri • 6 26 03.5 3.479 + 20 49 51 II, 99 I. 07 

456 Groom.1446. 6 26 43.8 6.814 + 74 05 17 I I. 95 3.65 

457 B. A. C. 2887 . 5-6 8 29 46.7 + 4.516 + 53 48 03 12.23 1.69 

,logo Gr. 3241, S. P. 6-7 20 30 29. 8 - 0.217 +101 51 29 -12.23 3.23 

458 Groom.1¢<> 6 30 46.0. + 4.472 + 53 o6 49 12.28 1.66 

459 d Hyd~. 4-5 8 JI J4.0 3.181 + 6 o6 14 12.30 I, 01 

46o 11 Hydra: . 5 8 32 #9 + 3.147 + 3 44 39 12.42 1.00 

1092 73 Draco. s. P. 5-6 20 33 oo. 9 - 0.725 +105 26 23 12.40 3·76 

461 6 Hydru: • 6-5 834.)4.6 + 2.843 - 12 04 JO -12.54 1.02 

1097 75 Draco. S. P. . 5-6 20 35 24-4 - 3.514 + g8 58 19 12. 57 6.41 

1099 74 Draco. s. P. . 6-7 20 36 02. s I- 3.244 + 99 18 43 12.85 6.18 

462 )' Cancri 4-5 8 36 37.8 + 3.481 + 21 52 53 12. 71 1.o8 

463 d Cancri 4 38 o8.9 3.417 + 18 34 34 13.00 1.05 

464 Groom. 1483 6 8 38 J4. 2 + 9.1g6 +8o2726 -12.So 6.03 

465 a Mali. 4 38 58.5 2.412 -324622 12.74 1.19 

466 ' Cancri • 4 39#2 3.644 + 29 IO 47 12.90 1.14 

467 e Hydra: . 3-4 40 41.2 3.182 + 6 50 24 12.99 1.01 

I 468 6 A~ . 3-2 8 41 31. 8 1.66o - 54 17 16 13.09 1.71 

I 



 

UNITED STATES OOAST AND GEODETIO SURVEY. 419 

FIELD CATALOGUE OF 1278 TIME AND CIRCUMPOLAR S'l'ARS. 

Authorities, No.I Notes. I 
A. E. C. B. HU• 05-.. u 440 
(!.4.4.•W. Rd •• 1075 Mag.:5=G6. 
A. B. N. Ht.M (36-3.1 . 1077 Foll.* =8-S mag. 
N. HI (36-U QI R. 441 [ + :zo.17: -411·5· 

HIQIM .• 442 

B. (i&I W. Rd. R .• 443 
N. GJ-4.3.ll.t W. Qi R •• 444 
H .. •asw.01 • 445 (=JO Monoc. Am. Eph. 
A. B. H•W.R. 446 Brad. 1197 
01M .. 447 

B. H<.M (i6-4.U w. 448 
Ha (i"<.a.• W. Rd. R •• 449 
N. GJ-4.o.t W. Rd. R •• 450 
HUW, M. 451 
A.01M. 452 

N. H9 G"uo.i W. 01 • 453 
B.G5W.Rd .. 454 
A. E. C. B. Hu.u G. 455 
B. H4 G5Rd .• 456 
HU G1 Rd. R. 457 

A. N. fl<.3 (36-3 W. 1090 
B. W.Rd.R .• 458 
C. H<.• G"-1 W. 01 459 
A. H1 G2R. 46o 
B. H• (36-t.a.1 W. 1092 

H._•G .. 0.1 R. , 461 
G"-0.1 Bk. Rd. R •• 1097 

I Ha.1 GA-<.1 Rd. R .• 1099 
A.E.N.H4.t(!.4.-ut.1. 462 
E. B. N. H.U.t (36-U.s.1 463 

(J&UIRd. • 464 
c .. HI CJ'-4.3.I w. . 465 
B. GL3 R .• 466 [-Ol.2-;"·2 (1866). 
A. E. c. B. N. HUS.I 467 Comp.=8 mag.: 

01 M •• . 468 
[Binary 450 years. 

.... 



 

420 UNITED STATES COAST AND GEODETIO SURVEY. 

FIELD CATALOGUE OF 1278 TIME AND CIRCUMPOLAR STARS. 

No. Star. Mag. Right Ascen. , Annual Declination, I Annual Sec. d 
1885.0. Var. 1885.0. Var. 

h. m. s. s. Q I II II 

469 p Hydra. 5 8 42 20.4 +3· 182 + 6 I5 43 -I3.10 I. OJ 

470 35 Lyncis • 6--5 44 13.6 4.051 + 44 09 32 13. 14 J, 39 

471 p~ Cancri • 6 45 44.8 3.587 + 28 46 09 13.52 1.14 

472 cf' Cancri (mean) . 6--5 47 13.5 3.673 + 31 00 41 13.39 I. 17 

473 ' Hydrre. 3-4 8 49 19.0 +3· I77 + 6 22 56 13.51 I.OJ 

III4 76 Draco., S. P .. 6 20 50 50. 7 -4.014 + 97 53 44 -13.62 7.28 

474 t Urs. Maj. 3 8 51 19.8 +4· 135 +482932 13.89 I. 51 

475 p Ura. Maj. . 5 52 09.8 5.499 + 68 04 36 13. 66 2.68 

476 a Cancri 4 8 52 II. 8 +3· 287 + 12 18 08 13.73 J,02 

III5 T.Y.C.1879,S.P .. 6-5 20 52 46.4 -2.535 + 99 52 47 13.70 5.83 

477 IO Urs. Maj. 4 8 53 I0.2 +3·9I4 + 42 I4 I3 -14.03 I. 35 

478 Groom.1480 6 53 58. I 9.416 + 8I 17 15 13. 8o 6.6o 

479 Groom. 1501 6 55 34.6 4.440 + 54 44 JO 13.87 I. 73 

48o " Urs. Maj. 3-4 55 46.0 4.119 + 47 36 36 14.02 I.48 

481 v Cancri . 6--5 56 oo.8 3.518 + 24 54 16 13.95 I. IO 

482 B. A. C. 3097 . 5 8 59 I2. 9 +3· 846 + 38 54 39 -14. I9 I.29 

483 cf' Ura. Maj. • . 5 9 00 I5. 7 5.361 + 67 36 OI 14.25 2.62 

484 " Cancri . 5 OJ 31. I 3.256 + II 07 49 14.28 1.02 

485 ~ Cancri • 5. 02 43.8 3.4o8 + 22 30 36 14. 34 1.oS 

486 B. A. C. 3121 . 5-6 03 00.I 2.638 - 25 23 42 14.37 I. JI 

487 ;i. Arg-0.s 3 , 03 45.9 +2.202 - 42 58 o6 -14. 37 I. 37 

488 e Mali 6--5 05 04.0 2.538 - 29 53 50 1+50 I. I5 

489 36 Lyncis 5-6 9 o6 I6.8 +3·949 + 43 41 26 14.62 1.38 

n26 77 Draoo. S. P. , 6 21 07 45.7 -I.104 +102 20 25 I4.6g +68 

4go 8 Hydrre . 4 9 08 22.9 +3· 126 + 2 47 SS 14.g6 1.00 

49I 138 Lyncis 4 9 II 41. 0 +3· 750 + 37 I7 20 -14.gS 1.26 

492 {3 Argfts I-2 II 56. I 0.683 - 6g 14 36 14.78 2.82 

493 83 Cancri 6 12 33.0 3. 315 + 18 II 31 15.oS 1.05 

494 t Argfts 2 14 00. 5 I. 6o1 - 58 47 34 15.00 1.93 

49S a Lyncis 3-4 14 02.8 3.673 + 34 52 43 15.04 1.22 

496 h Mali 6-5 9 16 24.2 +2.654 - 25 28 37 -15.05 1.u 

497 " Leon is 5-4 17 57.4 3.509 + 26 40 35 15.30 1.12 

498 B. A. C. 3207 . 5-6 18 13.9 2.6o6 - 28 20 35 15. 25 1.14. 

499 " Arg-0.s 3-2 18 33.2 I. 853 - 54 31 JI 15.26 1.64 

500 A Hydrm • 6 9 19 39.0 3.004 - 4 37 10 15.37 1.00 

-,.. 



 

UNITED STATES OOAST AND GEODETIO SURVEY. 

FIELD CATALOGUE OF 1278 TIME AND CIRCUMPOLAR STARS. 

Authorities. 

Ht.I G3 R •• 

Ht.I Gt.:1.1 W. Rd. 

G3 R. 

A. B. nu G&• R. 

B. Ht.I GI Bk. R. 

No. Notes. 

469 

47° [largeµ and µ1• 

47I pt=6}4 mag.:-141.I:-5'': 

47z 2d=6-7 mag.+0".28-211.3 

473 
{ G6: good test elongated 

with 3~ ob. 8o power. 
divid. with 144 power. 

B. Ht.3 (}6-4.3.ll.I w. Rd. I I 14 
[-<>".3:+ 1211• 

A. E. C. B. N. H....,.1 474 Comp.= 13 mag.: 

B. G&• W. Rd. R. I75 

E. C. B. N. G&t.o.o.i 476 

A.B.N.Hu.o.i G"-U.i n15 Brad. 2749. 

B. IP Gt.a.o.i Rd. R. 

G"-1 W. Rd. 

B.Rd .• 

B. HU G'-1 w. Bk. 

N • (}&&I 01 R. 

c. HI (}6-8 Rrl. R. 

A. B. N. H*-U (}6-&u • 

A.E.C.N.Ht.:1.•G6-1 • 

N.G&u1w.01 R. 
Ht.IW,R. 

HBQlM, 

482 I 

{

IT1=9. 5 mag.+0".74-1' 
48 3 very dif. to separate I 

484 
with 3. 7-in. objec. 

485 

486 

487 
HU (}6-U.1 W. 488 H1 =e. 

B. G1 W. Bk. Rd. R. 489 
B. H• G&• W.R. 

A. B. fft.U GB W. 

B. HUI (}&• w. R. 
A. C. ()t.1 M. 

E. C. B. N. Ht.a11.1 

A.E.C.N.01 M .• 
A. c. B. HU (}&• • 

Ht.I (?.ii.I w. 01 M • 

(}&LI R. 

H9 G1 W.R.. 

01 M. 

1126 Groom. 3417. 

490 

[ +2•.5: - 1".o GI'. 
491 2d=7~mag.: 

492 

493 

494 

495 B = 40 Lyncis. 

496 f--0".1 :-2".7 Burnham. 
• 997 C"omp.=10~ mag.: 

498 
499 

• 500 

421 



 

422 UNITED STATES OOAST AND GEODETIC SURVEY. 

FIELD CATALOGUE OF 1278 TIME AND CIRCUMPOLAR STARS. 

-· 

No. Star. Mag Right Ascen., Annual Declination, Annual Sec. cl . 1885.0. Var. 1885.0. Var. 

--- --
h. m. s. s. 0 I " " 501 l Draoonia • . 4-5 9 20 36. 8 + 9.o63 + 81 49 59 -15.42 7.04 

502 a Hydne. 2 9 21 56. 2 + 2.949 - 8 09 38 15.44 I.OJ 

1141 B.A.0.75048.P. 6 21 22 23.0 -11.044 + 93 26 27 15. 50 16.66 

503 k Urs. Maj. 3-4 9 22 27. I + 4- 795 + 63 33 50 15.46 2.25 

504 d Un.Maj .. 5-4 24 17.7 5.4o8 + 70 20 05 15.54 2.97 

505 8 Urs. Maj. . 3 9 25 og.6 + 4.044 + 52 12 03 -16.20 I. 63 

5o6 ~ Leonis . 6 9 25 34.8 3.239 +114830 15.76 1.02 

1144 {P Oephei, S. P. • 3 21 27 10.3 o.7g6 +109 56 39 15. 75 2· 93 

507 10 Leo. Min. 5 9 27 10.6 3.694 + 36 54 26 15.77 I. 25 

5o8 33 Hydrm • 6 28 48.4 2. 997 - 5 24 II 16.00 1.00 

509 10 Leonis . 5-6 9 31 o8.3 + 3. 170 + 7 21 03 -15.97 I. OJ 

510 42 Lyncis . 6 31 10. 7 3.786 + 40 45 19 15.97 I. 32 

511 Groom..1564. 6 32 23.2 5.235 + 69 45 36 J6, JO 2.89 

512 llroom. 1562 6 33 36.3 7.452 + 79 39 46 J6, JO 5.57 

513 ' Hydrm . 4-5 33 59.0 3.o67 - 0 37 18 16.20 ].00 

514 0 Leonis . 4-3 9 35 00.7 + 3.207 + 10 24 54 -J6.22 I. 02 

515 ' Chamreleon. s 37 14- 2 - 1.541 - 8o 25 28 16.30 6.01 

516 
"' 

Leonis . 6 37 28.1 + 3· 274 + 14 32 49 16,32 I. 03 

517 t Leonis . 3 9 39 19.4 3.416 + 24 18 II 16.40 I. IO 

1156 11 Oephei, S. P •. 5 214014.1 0.903 +109 13 05 16.54 3.04 

518 " Urs. Maj. 4-3 9 42 48. 3 + 4.324 + 59 34 42 -16.75 I. 97 

519 " A~ 4-3 44 13.6 1. 503 - 64 32 19 16.65 2.33 

520 ~ Un.Maj. 5-4 44 16.5 4. 125 + 54 35 47 16.66 J. 73 

521 6 Sextantis 6 45 26.4 3.025 - 3 42 18 16.70 I. 00 

522 I' Lconis . 4 46 13.3 3.423 + 26 32 53 16.79 I, 12 

523 B. A. C. 3385. 6 9 47 48.8 + 2.667 - 26 47 40 -16.71 I. 12 

524 <koom. 1586. 6-7 48 04.7 5.494 + 73 25 32 16.86 3.5o 

525 B. A. C. 3398 . 6 50 20. l 3.186 + 9 27 39 16. 8g 1. 01 

526 19 Leo. Min .. 5 9 50 38.2 3.6g5 + 41 36 o8 t6.g6 1.34 

1166 79 A Draco. S. P. 6-7 21 51 26.0 0.731 +1o6 50 30 17.01 3.45 

527 v Leonis . 5 9 52 02.3 + 3.233 + I2 59 36 -17.04 1.02 

528 7r Leonis . 5 54 o8. I 3. 175 + 8 35 44 17. 13 1.01 

529 P. IX, 229. 6 56 58. 7 4.048 + 54 z6 49 17.27 I. 72 

530 B. A. C. 3428 . 6 56 59.0 2.917 - IO 44 27 17.23 I.02 

531 tJI Hydrre • 5 9 59 31.4 2.922 - 12 30 25 17.36 1.02 



 

UNITED ST.A.TES COAST AND GEODETIC SURVEY. 423 

FIELD CATALOGUE OF 1278 TIME AND CIRCUMPOLAR STARS. 

Authorities. No. Notes. 

A. B. N. H4.a.u (;5-4.3.2.1 501 

A. E. c. B. N. HUl 502 
C. (;5-4 W. Rd. 1141 
B. QLut Rd. R. . 503 
A. B. N. HU (;5-4.3.1 504 

A. E. c. B. N. HU.l 505 
N. (;5-us.t W. Rd. R. 5o6 [-2•.5 :-4".5. 
A. E. C. B. N. Huo.1 . 1144 {31 Cephei = 8 ~ mag. : 

A. B. H• G5-3 W. R. 507 9 Leo, Min.=-44•: +4"· 

H•G3W.R .• 5o8 I 

N.G .. •W.R .. 509 
HUG•Rd.R. 510 
B.Hu Rd. 5II 

Ci5-• W. Rd. 512 
HUG3R .• 513 

A. E. c. B. N. HU• 514 
A.O•M. 515 
N. HU G5-a.1 w.01 516 

A. E. c. B. N. HU• 517 
A. B. N. H.,• Gl'U1 1156 

B. HU•(J5.&0.1 W. Rd. 518 [ +()1.6-1".7 (1870). 
0 1 M .. 519 Comp.= 8 mag. : 

HU G:J.11.1 W. Rd. R .. 520 Double; not separated. 

B.G•R. 521 

A. E. c. B. N. HU• 522 

. 
H11W.M •• 523 
B. H._, (;5-4-• W. Rd •• 524 
H4-9 G4 R. 525 
A. B. (;5-a.1 W. Rd. R. 526 
A. N. H• QUI w. II66 

N. H• (;5-4-&1.1 W. Qt • 527 
A. E. C. B. N. H4.a.o.1. 528 
G1 Rd.R .. 529 
HUR. SJO 
C.Ho G4 R •. 531 I 



 

424 UNITED STATES COAST AND GEODETIO SURVEY. 

FIELD CATALOGUE OF 1278 TIME AND CIRCUMPOLAR STARS. 

No. Star. Mag. Right Ascen., Annual Declination, Annual Sec. t1 
1885.0. Var. 1885.0. Var. 

·---
h. m. s. s. 0 I " // 

532 ,, Leonis • 3-4 10 01 03.7 +3· 279 + 17 19 23 -17.41 1.05 

533 a Leonis • 1-2 02 14.8 3.201 + 12 31 44 17.47 1.02 

534 A Hydrre • 4-5 04 58.9 2.924 - ll 47 10 17. &) I.02 

535 34 UMZi.t • 6 JO 05 2'J. I 3.235 + 13 55 21 17.63 I.OJ 

n8o 24 Cephei, S.P .. S-4 22 07 35.6 I. 166 +1o8 17 57 17. 68 3.20 

536 B.A. C.3489 .. 6 10 o8 01.9 +2.745 -262720 '-I7. 23 I. 12 

537 32 Ura. Maj .. 6 09 40.3 4.426 + 65 40 53 17. 81 2.43 

538 A Urs. Maj. 3-4 10 09.4 3.642 + 43 29 I7 I7. 86 1.38 

539 ' Leonis . 3 IO I7·5 3.346 + 23 59 24 17.79 1.09 

540 22 Sextanlis 6 II 55.0 2. 981 - 7 29 41 17. 88 I. OJ 

541 8. A. C. 8495 . 6-5 IO 12 46. 8 +9·664 +~so 07 -17.95 II. II 

542 yl Leonis • 2 I3 37.9 3.3I6 + 20 25 21 18.08 1.07 

543 /l Urs. Maj. 3 15 28. 5 3.5g6 +420438 I8.oo 1.35 

544 30 Ura. Maj .• 5 15 49.6 4.395 + 66 o8 51 18.03 2.47 

545 30Camelop •• 5 16 57.4 7.868 + 83 o8 34 18.07 8.38 

546 r Anl/Ur • 6-7 IO J8 38.5 +2. 754 - 29 03 59 -18.13 J. 14 

547 /l Hydrre . 4 20 31. 7 2.898 - 16 15 10 18.30 1.04 

548 f3 Leo. Min. 4-5 21 13.9 3.488 + 37 17 46 18.33 I. 26 

549 a Antlire • 4-5 IO 2I 53.6 +2.745 -302900 18.25 I. 17 

1195 B.A.C.7851,S.P. 5-6 22 22 19.3 -3.939 + 94 28 17 18.3I I2.83 

550 36 Urs. Maj. 5 10 23 15.7 +3.88o + 56 34 II -18.32 1.82 

55I 29 Sextantis 5-6 23 38.4 3.052 - 2 09 02 18. 31 I.00 

552 t1 Antlilz • 5 24 17. 9 2. 759 - 30 OI o8 18.33 I. 17 

553 9 Draconls • S-4 25 I7. 9 5.275 + 76 18 17 18.38 4-22 

554 p Leonis . 4 26 45.4 3.165 + 9 53 53 18.43 I.OJ 

. 
555 37 Urs. Maj. 5 10 27 4<1-8 +3·907 + 57 40 28 1-18.4I l. 87 

556 48 Ltotiis • 6-5 10 28 48.0 3. 133 + 7 32 43 18.44 1.01 

1203 2260ephet, S. P •. 5-6 22 30 15.1 I. 079 +104 21 58 18.53 4-03 

557 ~ Hytinz • 6 JO 30 39.8 2.928 - rs 44 57 18.56 1.04 

558 37 Leo. Km. • 5-4 JO 32 15. 0 3.3g6 + 32 34 23 18.6o r.18 

1205 31 Cephel, S.P .• 5 22 32 55.7 +1.488 +1o6 57 13 -18. 6.t. 3.43 I 559 ;' Hydm • • . 5 10 32 58. 8 2.919 - 16 16 47 18.59 I,°' 

56o 35 Un. Ma.j. (H). 5 34 49.3 -t-386 + &) 46 14 18.68 2.89 I 561 33 Sextantis . . 6-7 35 3J.I 3.051 - I o6 59 18.81 I.00 

6-7 IO 36 41.2 3.100 + 4 II OJ 18. 73 1.00 • 562 34 s:stantis . . 

' 
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FIELD CATALOGUE OF 1278 TIME AND CIRCUMPOLAR STARS. 

I 

Authorities. No. Notes. 

B. N. H4.ll GU.I W. 532 ["Dist. attendant." 
A. E. C. B. N. H .. "·1 533 Star 8--5 mag.: 

B.HU•G3 R. 534 
N.G&a•R. 535 
B. H• c;a.u.11 W. Rd .. II8o 

H•W.M .. 536 
A. N. H4.ll c;a.u.1 W .. 537 
A. c. B. HU• (;4.3.U . 538 

B. G&3 R .• 539 
H4.t(;&IR. 540 

(Br. 1399; Gr. 1620. 
(;5.3.ll.1 W. Rd. R .. 541 G'="double star." 

A. E. C. N. H .. u.1 G .. 542 {R.=4-9 mag.:S.=6 ~mag. 
y"=3-4mag.+os.22,-1".2 

B. HU {;LU.I Rd .. 543 
B. (;&4.3 W. Rd. R. 544 Brad. 1429. 

B. Ha• G'-~1 W. R. 545 Piaz. X, 22. Star precedes 
(7•.6. 

H 0 W. 546 
A. E. B. H3.S (;&4.3.!1 547 
A. B. H4.• c;a.u W. 548 31 Leo. Min. 

A. c. B. HU (;&4.3.l 549 
H' (;&4.3.11 W. Rd. R .. II9S 

B. C?-u.1 W. Rd .• 55° 
G'Bk. R .. 551 

H•W .. 552 

A. B. N. H .. • GJ<• 553 Brad. 1446. 

A.E.C.B.N.H4.a~t. 554 

B. G&4.t W. Rd. R. SSS 
N.H .. •aa.uw .. ss6 

A. N. Hta• G&• N. . 1203 

HUG< R. •. . 557 
r..,_aw. R •. 5S8 Var. 

B. H' (ill.4.3. 1 W. Rd .. 1205 

H1 G'-9 W. R. S59 
B. HU G&I w. Rd. 56o Pi:i.z. X, 126. R=var. 
n.oa•w. R .• 561 

N •. Gl.4.3.1.t W. 01 Rd. 562 

S.Ex.29-54 



 

426 UNITBD STATES OOAST AND GEODETIO SURVEY. 

FIELD CATALOGUE OF 1278 TIME AND CIRCUMPOLAR STARS. 

' I 
No. Star. Mag. 

RightAscen., Annual Declination, Annual Sec. o 
1885.0. Var. 1885.0. Var. 

h.m. s. s. 0 I II II 

563 B. A. C. 3665 6 10 36 47.2 +3· 553 +464830 -18.82 t. 46 

564 41 Leo. Min. 6-5 37 09.7 3.272 + 23 47 24 18.73 I. 09 

565 (} Argd.s 3-4 38 51. 2 2. 120 - 63 47 33 18.82 2.25 

566 42 Leo. Min. 5-4 39 28.1 3.350 + 31 17 14 18. 87 I. 17 

567 37 Sextantis 6 40 o6.5 3· 129 + 6 58 44 18.89 I. Ol 

568 " Argils Var. IO 40 36.I +2. 313 - 59 04 48 -18.87 I. 94 

5~ ql Hydr,z . 6 41 14. 0 2.935 - I6 41 26 I8. 91 1.04 

570 µ Arg11s 3-4 41 49.5 2.564 - 48 48 47 18.98 I. 5I 

571 I Leonis 5 43 l::!. 8 3. I59 +u0912 18.97 I. 02 

572 v Hydrre 4-3 43 57.0 2.950 - 15 35 34 18.¢ J. 04 

573 •!-I Sex/antis 5-6 IO 44 32.0 +3.011 - 8 17 19 -19.00 I. 01 

574 .Ji Cham:eleon. 5 IO 44 41. 3 0. 615 - 79 56 02 19.00 5.72 

1218 t Cephei, S.P .. 4-3 22 45 35.2 2. 121 +114 24 I6 18.87 2.42 

575 46 Leo. Min. 4 IO 46 52.7 3.37I + 34 50 05 19.28 I. 22 

576 (J Un.Maj. 5 IO 47 21. 4 +3-476 + 43 48 o6 19.og 1.38 

1220 34 Ct1pltt1i, S. P. 5 22 47 53.5 -o.o83 + 97 27 23 -19- 12 7· 71 

577 54 Leonis . 4-5 IO 49 2J.I +J.26o + 25. 21 46 19- IO J. JI 

578 Groom. 1706. 6....5 50 43.3 4.992 + 7S·23 09 I9- 19 4.97 

579 B.A. C.3755 5-6 5I 21. 6 2.781 - 36 31 13 19.31 1.24 

58o 47 Un Maj. 6--5 53·0J.7 3.38o + 41 02 39 19. If 1. 33 

581 a Crattris. 4 10 54 10.3 +2.919 - 17 41 It -19.og 1.05 

582 d Leonis . 5 54 37. 3 3· JOO + 4 14 04 19.27 J.00 

583 {1 Urs. Maj. 2-J IO 54 53·9 +3.662 + 56 59.54 19.22 1.84 

1128 38 Ctlpht1i, S. P. 5--4 22 55 17. I -0.243 + g6 16 IO 19.25 9· 16 

584 a Urs. Maj. 2 IO 56 37·4 +3· 751 + 62 22 18 19.36 2.16 

585 x Leonis . 5 IO 59-05. I +3.og8 + 7 S7 27 -I!J-39 J.OI 

586 " Octantis 6 JI 00 04.6 -0.272 - 83 58 32 19.41 9·53· 

587 p Leolris • 6--5 or 02.2 +J.o61 + 2 34 46 19.48· 1.00 

588 "' 
Urs. Maj. 3--4 II 03 IJ.8 3.395 + 45 O'J 19 19. 5:i 1.42. 

1234 1r Cephef, 8. P. • 5 23 04 1+5 1.888 +105 14 03 19-41 3.81 

58g {3 Crateris. 4 II o6 00.2 +2.946 ,_ 22 II S4 -19.61 1.oS, 

590 Groom. 1747 7-6 07 39.9 +623 + 78 S6 o8 19.54 5.21. 

591 cl Leonis • 2-3 O'J 59.5 3.1~ + 21 09 13 11}.68' 1;07 

592 8 Leonis . 3-4 o8 12.3 3. 156 + r6 03 29 19.61 1.04 

593 n Leonis • 6--5 II 09 50.9 3.144 + IJ S6 o3 19-00 f~03· 



 

UNITED STATES OOAST AND GEODETIO SURVEY. 427 

FIELD CATALOGUE OF 1278 TIME AND CIRCUMPOLAR STARS. 

Authorities. No. Notes. 

HUG•Rd.R. 563 

A.B.W. R. 514 
01 M .. 565 
B. HU (;6-4.3 w. 566 

C.N.G3W.R. 567 

A. E. C. N. (Jl M. 568 Mag. I to 6 : per. irr. 

H4.• G• R. 569 
0 1 M .. 570 
A. E. C.B.N. H4.3.o.1 571 

C. B. Bk. Rd .. R. 572 

H• G• R. 573 [-31•.9:+4' 1711• 

A.01 M. 574 il'=6mag.: 

A. N. H .. u (;6-4.S.O.t 1218 

A. B. G"'4.l W. R .• 575 
H•.s GM.a.1 09 Rd. R. 576 

H'u (;6-4.1 W. Rd. R. 1220 
[ +<>".5 :-2".7. 

H4.ll G5-3 W.R. 577 Foll. * = 8 mag. : 

A. B. H• G3 W. Rd. 578 
H4.ll GU w. 0 1 579 
G6-43 Rd. R. . 58o 

H4.• Gll Bk. Rd. R. 581 {R. Crat.=8 mag., scarlet, 
almost blood color, 

E. N. (;6-4.1.1.1 W. 00.'. 582 . 
c. B. HS (;6.U w. Rd. 583 
N. HI (;6-4 w. Rd. 1228 Groom. 3970. 
A. E. C. B. H4.S.O.t G6-1 584 

E. C. B. N. H4.S.O.l 585 

A.01 M. 586 

A. N. H•.t G4.3 W. 587 Ha -pt Leonis. 
A. c. B. HU• (;6.Ul • 588 

B. H• G"a.1 W. Rd .• 1234 

C. B. H4.t Gi Bk •• . 589 
Rd. 590 
A.E.C.B.N.Hus.i. 591 
B.G6-a.1 R. 592 
H4.• au-0.1 0' Rd. R. 593 H9=n. 



 

428 UNITED STATES COAST AND GEODETIC SURVEY. 

FIELD CATALOGUE OF 1278 TIME AND CIRCUMPOLAR STARS. 

I I Right Ascen., Annual Declination, Annual 
No. Star. Mag. 1885.0. Var. 1885.0. Var. Sec. o 

h. m. s. s. 0 I II II 

594 Groom. 1757 6 II IO 12.8 +3-409 + 50 06 14 -19.59 I. 56 

595 fl Urs. Maj. 4-3 12 02. 6 .3· 212 +321034 20. 21 I. 18 

596 II Urs. Maj. 3-4 12 16. I 3.259 + 33 43 17 19. 57 l. 20 

597 d Crateris. 3-4 II 13 35.5 2.996 - 14 09 23 19.46 I. 03 

1241 0 Cephei, S. P .. 6-5 23 13 54.4 2.442 +112 31 03 19.67 2. 61 

598 tr Leonis . 4 II 15 12. 4 +3·096 + 6 39 34 -19.68 I. 0[ 

599 Groom. l '771. 6 16 00.7 3.6o3 + 64 57 35 19. 66 2.36 

6oo /. Crateris 6-5 17 39.8 2.969 - 18 08 53 19.76 I. 05 

6o1 ' Leonis 4-3 17 55.8 3.130 + II 09 45 19. 8o I. 02 

6o2 r Crateris. 4 19 o8.3 2.991 - 17 03 o8 19.73 1.05 

6o3 B.A. C.3885 5 II 19 27.6 +3·435 + 56 28 51 -19.68 I. 81 

6o4 83 Leonis . 7 20 56.0 3.036 + 3 38 24 19.54 1.00 

6o5 r Leonis • 5 22 01. 4 3.o86 + 3 29 23 19.75 I. 00 

6o6 202 Came/op. 6 23 42.4 4.48o + 81 45 36 19. 78 6.98 

6o7 58 Urs. Maj. 6 24 16.6 3.266 + 43 48 16 19.74 I. 39 

6o8 e Leonis • 5-4 II 24 26. 3 +3.o6S - 2 22 09 -19.83 1.00 

6o9 A. Draconis . 3-4 24 33.9 3.626 + 6g 57 56 19.84 2.92 

610 f Hydrn! • 4 II 27 20. 8 +2.940 - 31 13 18 19.88 I. 17 

1251 39 Cephei, S. P .. 6 23 27 50.2 --0.059 + 93 19 37 19.87 17. 23 

611 B. A. C. 3934. 6 II 28 54- 5 +2. 917 - 32 13 23 I9. IO I. 18 

612 tJ Leonis . S-4 II 31 03.6 +3.071 - 0 II 20 -19.86 I. 00 

613 ' Crateris. 6-5 II 32,49· 7 3.047 - 12 34 09 .19. 81 I. 02 

1258 r Cephei, S.P .. 3-4 23 34 37.9 2.411 +103 00 34 20.07 4.40 

614 62 Un. Maj. 6 II 35 35· 2 3.140 + 32 22 57 19.91 I. 18 

615 3 Draconis . 5-6 36 OJ. I 3.402 + 67 22 53 19.91 2.6o 

6r6 B. A. C. 3973 . 6-7 II 37 31. 7 +3· 193 + 42 21 39 -19.97 1.35 

617 v Virginis 4-5 39 56.9 3.o85 + 7 IO 25 20. 19 1.01 

618 x Urs. Maj. 4 39 58.5 3.192 + 48 25 00 19.98 I. 51 

619 Al Virginis 6-5 II 42 00.4 3.o84 + 8 S3 04 20.o6 I. 01 

1266 41 Cephel, S. P .• 6 23 42 24·9 2.824 +112 49 56 19.gS 2.58 

620 p Leonis . 2 II 43 II. 6 +3.o64 + 15 12 53 -20.12 1.04 

621 p Virginis 3-4 44 42. 3 3. 125 + 2 24 45 20.29 1.00 

622 Croom. 1828 7 45 o8.4 3.303 +692829 20.01 2.85 

6231 
Groom. 1830 6-7 46 20.9 3.481 +383238 25.72 I. 28 

624 r Urs. Maj. 2-3 II 47 46.8 3.184 +542003 20.03 1. 72 
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FIELD CATALOGUE OF 1278 TIME AND CIRCUMPOLAR STARS. 

·---i 
Authorities. No. Notes. 

B. G• W. Rd.R. 594 { J + <'.00' + •"·• "· c. B. HU c;i;.s.z w. 595 ~-4-3 mag .. 
A.B.GMW.R. 596 G' = 5 and 5-6 mags. : 

(Period 61 years. 
A.E.C.B.N.H•-3o.t G 597 
A. N. c;i;.u.t.1 HOW. 1241 

B. N. HU G"4.&i.l w. 598 
B.H•G"•W.Rd .. 

~ 599 
H"'2 G4 R.. 6oo [ +oe.2:+0//.8(187o)yl.bl. 
B.N.CJAUtW.OtRd. 6o1 Comp.=7.U mag.: 

B.HU G"'' R. 6o2 

H2G3Rd.R .. 6o3 Piaz. XI, 59. (-25//.6. 
C. N. (;3.Ll W.R .. 6o4 Foll.* 7-8 mag. +1•.r 
A. E. Hi.3.t N. c;i;_t.a.2.1 6o5 Foll. * 8 mag. + 11.0. 
H3.I G6W.Rd. 6o6 Groom. 1782 [-1' 32

"·
8· 

B. G3 W. Rd. R. . 6o7 

N. H• GUI w. QI 6o8 H1 = e : = 87 Leonis. 

A.E.C.B.N.Hu 009 
A. C. B. H'-' G6.a.11 610 

C. HM CJ6.t.a.1 Rd. R .. 1251 C=8213 B. A. C. 
HU 05-:1.1. 6II =20 Crat.: lnrgeµand µ1. * = 20 Crat., &., &~. • 
A. E. c. B. N. H4.3.LI . 612 

H•G•W.R. 613 
A.E.C.B.N.HU•G. 1258 

H•G4 R. 614 
B. H• c;i;.o W. Rd. 615 

Hol.I (16.4 Rd •• 616 

N. (16.ULI w. QI R .• 617 
A. B. Hoi.i.I (JI.LI W .. 618 

H' CJl.&1 W. R. 619 
B. Ht c;&t.a W. Rd. 1266 

[1•.4+ 11 3411Bum.1878. 

Al E. c. B. N. HUI 620 {Comp.=13mag.: 
Wb.=8mng. 

c. B. N. HUI Ql-4.32.l 621 

Rd. 622 

C. (i6.4.3.t.1 Rd. R .. 623 Remarknbly Jnrge µand µ1. 

A.E.C.B.N.Ht.3t.IG. 624 



 

430 UNITED STATES COAST AND GEODETIC SURVEY. 

FIELD CATALOGUE OF 1278 TIME AND CIRCUMPOLAR STARS. 

-~-

M IRightAscen., 
No. Star. 

Annual Declination, Annual Sec. tJ 
ag. 1885.0. Var. 1885.0. Var. 

-----
h. m. s. s. 0 , ,, ,, 

1272 Gr.4163,S. P. 7-6 23 49 14.9 +2. 861 +106 13 47 -::Z0.02 3.58 

625 0 Leon is 6 II 49 45· 6 3.o89 +161713 19.97 1.04 

626 B. A. C. 4037 · 6 51 12. 2 2.983 ~ 32 41 16 21. 77 I. 19 

627 b Virgin is 6--5 II 54 03. 5 3.074 + 4 17 44 20.07 I.00 

1275 309 Cepbei, S. P. 6--7 23 54 06.7 2.614 + 93 56 02 20.03 14.58 

628 7r Virginis 4-5 II 54 58. 8 +3.074 + 7 15 22 -20.02 I.01 

629 67 Urs. Maj. 5-6 56 16.2 3.o64 + 43 4? 38 20.01 I. 38 

630 B. A. C. 4070 . 6-7 58 56. 8 3.081 + 86 13 27 20.o6 15.19 

631 0 Virginis .- 4 59 21. I 3.058 + 9 22 18 20.02 1.01 

632 Groom. 1852. 6 II 59 23. 5 3.136 + 77 32 56 20. 17 4.64 

633 a Corvi 4-5 12 02 29.0 +3.083 - 24 05 14 -20.10 I. IO 

634 e Corvi 3 04 12. 7 3.077 - 21 58 48 20.04 1.o8 

635 5 ComlE 6 o6 18.4 3.o6o + 21 IO 57 20.03 1.07 

636 4 Draconis . 5-4 o6 48.3 2.891 + 78 15 19 20.02 4.91 I 

637 I Can. Ven. 6 09 01. 3 3.005 + 54 04 28 20.07 1.70 I 

638 .J Cruds 3-4 12 09 02. 7 +3.150 - 58 o6 34 -20.o8 1.89 

639 .J Urs. Maj . 3-4 09 44.0 3.000 + 57 40 16 20. 09 I. 87 

640 y Corvi 2-3 12 09 53. 6 3.079 - 16 54 12 20.02 I. 05 

8 Gr. 29,S. P. 6-7 0 09 56. 5 3.300 +103 .39 48 20.0l 4.23 

641 2 Can. Ven. 5-6 12 IO 21. 7 3.024 + 41 18 01 20.07 1. 33 .. 
642 B. A. C. 4128 . 5-6 12 IO 43.4 +3-042 + 33 42 14 -20.03 1.20 

643 11 Chamreleon. 5 II 36. 2 3.365 - 78 40 24 19.gS 5.09 

644 5 Ura. Min.. 6 13 29.4 I. 831 + 87 04 30 20.02 l9.6o 

645 1/ Virginis. . 3-4 14 01. 4 3.069 - .o 01 40 20.04 1.00 

646 6 Ura. Min. 6 14 18. 8 o.o81 + 88 20 15 19.95 34-47 

647 12 Coma 5 12 16 43. 5 +3.023 +262904 -20.00 1. 1.2 

648 13 Comtl! 5 12 18 32.5 3.017 + 26 44 IO 20.00 1. 12 

17 B. A. C. 86, S. P. 6 0 19 46.4 3.702 +100 35 oS 19.95 5.44 

649 6 Can. Ven. 5-6 12 20 JI.O 2.969 + 39 39 24 20.00 1.30 

650 a• Crucis I 20 JI. 7 3.269 - 62 27 42 20.02 2.16 

651 y Coma 4-5 12 21 12.3 +2.997 + 28 54 28 c-20.o6 1.14 

652 d' Corvi 2-3 23 55.0 3.105 - 15 52 31 to.JO 1.04 

653 20 Comre 6 23 56.6 3.021 + 21 31 59 19.g6 1.o8 

654 74 Urs. Maj. 6 24 35.0 2.828 + 59 02 19 19.84 1.94 

655 r Cruds . 2 12 24 47.5 3.290 - 56 28 O'f 20.24 1.fh 
~ 
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FIELD CATALOGUE OF 12']8 TIME AND CIRCUMPOLAR STARS. 

Authorities. No. Notes. 

-

A. N. H'-11.11 (;6.4.3 • 1272 

H!I GM R .. 625 

H 11 W. 626 Large µ and µt. 

N.HU.!1(;6.4.11.2.IQI 627 

H'l G-• Rd. R. 1275 

A. E. C. N. ;H3 Gti. ...... , 628 

HU (i3.l w. Rd .. 629 

H3 (;6.4.3.• W. Rd. R .. 630 Groom. 1850. 

A. C. B. N. H<.3.2 G1I 631 

B.H• Rd .. 632 i 

N. HU G3 W.01 R .. 633 

A.E.C.B.H<.UIGli.<.• 634 

G• R .. 635 

A. B. N. H'-u G•.u1 • 636 

HO G1I Bk. Rd. R. S. . 637 

QtM.Gi .. 638 

B. G6·1 W. Rd. R. S. 639 

A.B.N.fi<.MGUW. 640 

B. H• G•·u W. Rd. R. 8 
[--o".8: - 3"·5· 

A. B. H 3 G'-'-1 Rd. R. 641 Comp. =9 mag.: 

H• G<.a W. R. S._1 642 

A. E. llT. 0' M. S. 643 

Hll.I (;i-1 W. Bk. Rd .. 644 Brad. 1656. 

A. E. C. B. N. H<.M.i • 645 
A. C. Hll.I G6.u.;i.1 W. 646 C = B. A. C. 4165. 

Hus Gt-• W. R. S• 647 
[ +1•.1 :-64", yl. rd. 

Comp. = 8 mag.: 

H4.3.I G3 R. S' 648 

(;6-4.3.1 R. 17 
B. (;i.t Rd. R .• 649 , a!l=2.5 mag.+0'.77,-211.6 
A.E.C.N.OtM.Gi.. 650 ;Melb. a!l=-<>".6 Comp. 

=6 mag.-5•.0-1' 2411. 

HU• Gti.4.3 R. S' • 651 [ -.:zot' ·3 G6 : yel. purp. 
A.E.C.B. HU• Gti.U.!I 652 111 =9 mag.:+ 1•.00: 

B.G•W.R. 653 [+9'.8:+1' 34"· 
B.G•Rd.R. : 654 Comp. = 5 mag.: 

M. • 655 
(Very remark. color, Wb). 



 

432 UNITED STATES COAST AND GEODETIC SURVEY. 

FIELD CATALOGUE OF 1278 TIME ANJ:? CIRCUMPOLAR STARS. 

No. Star. Mag Right Ascen., Annual Declination, Annual Sec. o 
. 1885.0. Var. 1885.0. Var. 

---· 
h. m. s. s. 0 I II II 

656 1/ Corvi S-4 12 26 08.6 + 3.o83 - 15 33 3:i -19.97 I. 04 

657 (3 Can. Ven. 4-5 28 16.8 2.86o + 41 58 56 19. 62 I. 35 

658 /3 Corvi 2-3 28 20.8 3. 141 - 22 45 38 19.97 J.o8 

659 K Draconia. 3-4 28 34.3 2.594 + 70 25 20 19.89 2.98 

66o 23 Comre 5 29 07.6 3.013 + 23 15 45 19.90 l.og 

661 24 Comre (foll.) 5 12 29 21, 7 + 3.013 + 19 00 37 -19.86 I. 06 

662 I Virginis 6 12 30 51.9 3.086 - 5 II 53 19.91 I. 00 

28 Gr. too. s. P . . 6 0 31 o8.4 4.286 + 98 o8 35 19,85 6.58 

663 x Virgin is 5 12 33 18.6 3.092 - 7 21 46 19.89 J.01 

664 r Centauri 3-2 35 10.7 3.28o - 48 19 41 19. 85 I. 50 

665 y1 Virginis . 3-2 12 35 50.0 + 3.038 - 0 49 °7 -19.81 I. 00 

666 76 Urs. Maj. 6 36 32.3 2.644 + 63 20 40 19.82 :i. 23 

667 B.A. C.4277 6 12 37 43.6 3.076 - 0 56 37 19.78 I. 00 

35 21 Caaaiop., S. P. 6 0 38 03.9 3.850 +105 38 27 19.76 3.71 

668 B.A. C.4287 5-6 123943·4 3.832 + 46 04 IO 19·73 I. 44 

669 /3 Crucis 2 12 41 oo. 8 + 3.46o - 59 03 35 -19. 75 I. 95 

670 35 Virginis 6 42 00. I 3.054 + 4 12 03 19.73 l.00 

671 30 Com<E 6 43 41.2 2.928 + 28 10 44 19.66 I. 13 

672 31 Comre 5-6 46 o6.o 2.939 + 28 IO 00 19.65 l. 13 

673 32 Camelop. foll. 5-4 48 17.5 0.383 + 84 02 17 19. 6o 9.63 

674 

"' 
Virgin is 5 12 48 22.2 + 3· 107 - 8 54 51 -19.64 I. 01 

675 e Urs. Maj. 2 48 58.0 2.658 + 56 35 02 19.66 I. 82 

676 ll Virginis 3 49 48.7 3.022 + 4 01 21 19.67 I. 00 

677 12 Can. Ven. (a)fol. 3 50 38.9 2.816 + 38 56 23 19. 52 I. 29 

678 8 DraconiB • 5 12 50 53· 8 2.413 + 66 03 45 19. 61 2.46 

49 B.A. C.240,S.P. 6-7 0 51 57.2 +13, 987 + 91 35 37 1-19. 48 35.96 

51 43 Cephei, S. P •. 4-5 0 53 JI. 5 7. 171 + 94 21 37 19. 52 13. lS 

679 36 Coma 5-4 12 53 14.3 2.972 + 18 01 47 19.~· I. OS 

68o t.! Musca: . 4 S4 22.5 4.023 - 70 55 41 19.48 3.o6 

681 e Virginis 3-2 56 27.1 2.988 + IJ 34 39 19.42 1.02 

682 48 Virginis 6 12 57 58. 9 + 3.o86 - 3 02 39 -19.45 1.00 

683 14 Can. Ven. 5 13 00 21.8 2.816 + 36 24 51 19. 34 I. 24 

56 44 Cephei, S. P •. 6-5 l 02 22.4 4.955 +100 56 20 19.30 S·JO 
684 

"' 
Hydr« • 5 13 02 51. 7 3.227 - 22 30 IO 19.37 1.o8 

685 B Virginis. 4-5 13 °3 59· 7 3· IOI - 4 55 29 19- 32 1.00 

-



 

UNITED ST.ATES CO.AST .AND GEODETIC SURVEY. 433 

FIELD CATALOGUE OF 1278 TIME AND CIRCUMPOLAR STARS. 

I 
Authorities. No. Notes. 

H ... :1.11 G3 Rd. R. 656 
A. B. Ha (i6. ... t Rd. R. 657 B=8 Can. Ven. 

A.E.C.B.N.H<1.3.!L1 • 658 
A. B. N. HU• (i6.4.3.il.1 659 
C. G6-'-a R. & . 66o 

B.HaG•W.R. 661 
[-1•.4:+o11.6. 

W =pr. star 6-7 mag. : 
C. N. H.i.• (>6. ... a W. 662 

H. G"W.Rd.R .• 28 

N. HUG<-• w. 01 663 [----()l.1+o11.7. 
M .. 664 Star4~ mag.: 

(Rapidly moving binary.) 

A. E. C. B. H•.M.1 (;&-1 665 y• = 3-2 mag. : 

B. G6-• Rd. R. 666 [ + 19.70-411.9 G". 

(i6.3 W. 01 R .• 667 

A. B. N. Hu.1 G".• W. 35 
HU• GI Rd. R. 512-1 668 

C.01 M. 669 
HU G6-... 3.t w. o• R .. 670 
HM (i6.4.3.U R. s•. 671 

A. H. GU·• (i6.4 R. So • 672 A=31 Cor. Bor. 

A. N. HM (i6.,UI W •. 673 ~Pr. * = 5 mag.: 
t-7•.9:+19''. 1885. 
G>=same size as foll. 

N. H• (>6. ... a.1 W. QI 674 
c. B. HU• (>6.• 1 Rd .• 675 
E. C. B. Ha (il....a.1 W. 676 { [ -1•.20: -1311.1, 1885. 
A. E. C. B. N. H&1 677 Pr. * = 6-7 mag. : 
B.H•GUW.R .• 678 

Not binary but commonµ. 

GJL• Rd. R. 49 
A. B. HI (i6.4.3.0.1 w .. 51 
H ... 1 GJl.a R. s• 679 
A.01.tM •. 68o 

A. E. B. HU• (>6.U• • 681 

N. H• (>6.u W.R. 682 

Hu• G&a.11.1 w. R. s•. 683 

B. H'-a 06-• Rd. R. 56 
H•G3W.O. R. 684 
A. E. C. B. ff...S.!1.1 G"-1 685 

B. Ex. 29--00 



 

434 UNITED ST.A.TES COAST .A.ND GEODETIC SURVEY. 

FIELD CATALOGUE OF 1278 TIME AND CIRCUMPOLAR STARS. 

No. Star. Mag. RightAscen., Annual Declination, Annual Sec.ff 1885.0. Var. 1885.0. Var. 

--
h. m. &. s. 0 I II /I 

686 17 Can. Ven. 6-7 13 04 46.3 + 2.761 + 39 o6 37 -19.21 I. 29 

687 Groom. 2006 7 o6 47.6 - 9.621 + 88 15 59 19.22 33.o6 
688 p· Comre 4 o6 30.4 + 2. 8o6 + 28 27 41 18.32 I. 14 

689 B. A. C. 4433 • 5 08 30.0 2.729 + 40 45 43 19. 15 1.32 

690 19 Can. Ven. 6-7 10 21.7 2.717 + .4-1 27 46 19. 12 I. 33 

6g1 20 Can. Ven. 5--4 13 12 23.0 + 2.700 + 41 IO 41 -19.03 I. 33 
6g2 61 Virginis . ~-4 12 23.4 3.130 - 17 40 16 20. IO 1.05 

6g3 )' Hydra!. 3 12 40.3 3.253 - 22 33 50 19.o6 1.o8 

6g4 ' Cmtauri 3 14 08.3 3.354 - 36 o6 18 19. 12 I. 24 

6g5 23 Can. Vm. 6-5 13 15 og.9 2.702 + 40 45 17 18.99 I. 32 

70 a UrLMin.,S.P. 2 I 16 35. 8 +22.048 + 91 18 16 -18.97 43.93 
6g6 63 Virginis 6 13 16 51. 6 3.207 - 17 07 57 18.93 I. 05 

71 1/1 Caaslop., S. P. 5 l 17 49.2 4· 158 +u2 28 15 18.92 2.62 

6g1 a Virginis. l 13 19 o8. I 3· 153 -:- 10 33 39 18. 91 I. 02 

698 ~· UIS. Maj. 3-2 19 17.7 2.429 + 55 31 34 18.91 I. 77 

6gg Groom. 2007 7-0 13 19 19.6 - 2.500 + 85 21 20 -18.87 12.35 

700 i Vwginis 6-s 20 38.9 + 3· 161 - 12 o6 33 18.87 1.02 

701 IC Octantis. 5 13 22 31. 3 8.555 - 85 II 44 18. 81 11.94 

75 38 Cauiop., S. P. 6-5 I 22 41.0 4.370 +uo 19 40 18.6g 2.88 

702 70 Virginis ; 5-6 13 22 48.4 2.934 + 14 23 37 19.62 1.03 

703 Groom. 200L 6 13 23 12. I + 1.518 + 72 59 20 -18.77 3.42 

704 6g Urs. Maj. . 5-6 24 13. 8 2.213 + 6o 32 24 18.71 2.03 

705 B . .A. C. 4513 • 6 25 25.1 2.847 +244950 18.67 J,IO 

7o6 73 Virginis . 6 25 50.9 3.229 - 18 o8 08 18.67 I.o8 

707 .. Virgini.r . 5-6 26 54.6 3. 152 '- 9 34 19 18.67 I.01 

7o8 c Virginis _3-4 13 28 50.0 + 3.053 - 0 00 26 -18.49 I.00 

8o tO Cauiop., S. P. 6 I 29 20.6 .J, 670 +107 32 48 18. 54 3.32 

709 B. A. C. 4536 • s 13 29 39.7 2.683 + 37 46 19 18. SS I. 26 

710 24 Can. Vm . •. 5 29 45.2 2.461 + 49 36 15 18. 57 l. 55 
711 B. A. C. 4541 • 6-5 30 25.2 3.304 - 25 54 41 18.6o I. II 

712 25 Can. Ven. 5 13 32 21:2 + 2.677 + 36 52 49 -18.42 I. 25 
713 ! Cmtauri 2-3 13 32 36.4 3.749 - 52 52 52 18.55 1.65 

86 4:3 Caaslop., S. P. 6 13350.1 4- 359 +u2 32 21 18.40 2.61 

714 W. B. XIII, 557 6 13 33 54.5 2.965 + 1f·19 50 18.40 1.02 

715 Groom. 2029. 6 13 34 25.3 I. 432 + 71 49 39 18.37 3.21 



 

UNITED ST.A.TES GO.A.ST AND GEODETIO SURVEY. 

FIELD CATALOGUE OF 1278 TIME AND CIRCUMPOLAR STARS. 

Authorities. No. Notes. 

B. G&.• Rd. R. 

G3Rd.R .• 

[-22• + 2'.2. 
686 I 5 Can. Ven. = 5-6 mag. : 

c. B. HU• (}6.3 w. 
H._• c;a.1 W. Rd. R. 

G• Rd. R. St.1 • 

687 

688 B = 43 Comre. 

689 

690 

A. B. 0&a.1 & Rd. R. • 691 

c. H• QUI w. Rd. R. 692 

B. GI W. Bk. R. 693 
H3 G1 M. Gi. • 694 
G• Rd. R. S• 695 

A.E.C.B.N.H4.3.l(}li""1 70 

H•·• G• R.. 696 

B. HU G"U.U Rd. 71 

A.E.C.B.N.H .. uG. 697 [+0".94:-12".3 GI. 
c. B. HU GJ-4.3.I w. . 698 {" = 5-6 mag. : 

ff3.1 (i6.4.3.U W. Rd. • 699 H 1 = 214 Camelop. 

N. H1 G6.3 W. R. • 700 

A.01 701 

A. N. HU G"U Rd. 75 
H .. , G&.4.3 Rd. R. . 702 

B. H• G .. 3 W. Rd. R. 703 

B.H3 R. 704 

H'-'GM& , 705 

G&t R.. 7o6 
N. JP-I G" 4.3.l w. 0 1 • 707 

A.C.B.N.H4.8.t.IQ6-1 7o8 

B. G&u.1 Rd. • , • 8o 

{ 

D=7J4mag.:R=5-"')mag.: 
pr. * = 8-g mag.: 
- 4•.9: - 12".5, 1864. 
& =7-8mag.: 
foll.* = 8.1 mag. + 23•.2: -1' 4" Rd. 

A. B. H3 G6 W. Rd. , 709 B = 17 Can. Ven. 
Gl&-1. 

H'W.R •• 
710 [-0".17: +1o''.6, 186o. 
711 Pr.*=7~mag.: 

C. H'-1.1 Gl-1 W.R. & 712 

Ql M. • • • • 713 

B. H4 CU.1 W. Rd. R. 86 

H3 OUR.& • • 714 I 
B. H• G6 Rd. , • • 715 _, _ ___.:,__:._ _ _.___ ___ _ 

435 



 

436 UNITED STATES COAST AND GEODETIO SURVEY. 

FIELD CATALOGUE OF 1278 TIME AND CIRCUMPOLAR STARS. 

No. Star. Mag. RightAscen., Annual Declination, Annual Sec. d 1885.0. Var. 1885.0. Var. 

h.m. s. s. 0 ' II II 

716 m Virginis. 6-5 13 35 34.6 +3· 143 - 8 07 20 -18.30 I.OJ 

717 83 Virginis 6 38 17.6 3.228 - 15 36 02 18. 27 1.04 

718 87 Virginis 6 41 IO. I 3.253 - 17 07 02 I8. 18 I. 05 

7I9 T Boot is 5-4 41 47.8 2. 851 + 18 OI 49 18.o6 I. OS 

720 .,, Urs. Maj. 2 43 oo.6 2.372 + 49 53 IS 18.09 I. 55 

721 89 Virginis 5 13 43 37.4 +3·248 - 17 32 28 -18.o8 l. 05 

722 B. F.1901. 6 44 37.0 +2.868 + 19 12 05 18.oo I. o6 

723 Groom. 2063 6 45 38.9 -2.037 + 83 19 47 18.or 8.6I 

724 h Centauri 4-5 46 35.6 +3·435 - 3I 2I 34 I7·93 I. 17 

725 B. F. 1907. 6-5 46 43.1 +2.652 + 35 00 5I 17.92 I. 22 

726 i Draconia • 5 I3 48 04.4 +I. 75I + 65 I7 30 -I7.88 2.39 

727 ' Centauri 3 48 22.2 3. 7IO - 46 43 I6 I7.87 I.46 

728 .,, Boo tis 3 49 I2.6 2.857 + I8 58 29 I8. I8 1.o6 

729 9 Bootis 5 5I I9. 5 2.742 + 28 03 23 I7. 78 I. I3 

730 48 Hydra 6 I3 53 33.8 3.349 -242654 17.73 I. IO 

104 50 Caaaiop., S. P. 4 I 53 37.8 + 5.002 +108 o8 09 -17.66 3· 21 . 

731 0 Apodis • 5 13 54 09.5 5· 652 - 76 14 26 17. 62 4-20 

732 /3 Centauri I 55 42.8 4· 174 - S9 49 03 17.6o 1.99 

733 T Virginis. 4-S 55 47.6 3.050 + 2 o6 04 17. 62 I. 00 

734 II Bootis 6 5S 58.6 2.722 + 27 56 33 17. 53 1.13 

735 B.A. C.4679 6-1 13 58 13. 7 +3· 245 - 14 24 S9 -17. 47 1.03 

736 ir Ilydrre . 4-3 59 49.6 3.407 - 26 07 43 17. 52 I. II 

737 8 Centauri 3-2 13 59 SS· I 3.510 - 35 48 16 18.01 1. 23 

738 a Draconia • 3-4 14 01 16. 6 1.623 + 64 SS 32 I7. 30 2.36 

112 Gr. 454, S. P . . 6-1 2 02 46.1 5.374 +1o6 30 so 17. 24 3.52 

739 B.A. C.4699 . 6-5 14 03 19.9 +2.409 + 44 24 05 -17.37 1.40 

740 d Boo tis 5 14 05 09.3 2.739 + 25 38 I3 17. 19 1.u 

114 55 Casaiop~ S. P. 6 2 05 28.2 4.631 +114 00 57 17· II 2.46 

74I I( Virginis. 4-5 14 o6 45.7 3.193 - 9 44 17 16. 94 1.01 

742 14 Bootis 6-5 o8 33.4 2.885 + 13 29 57 16.92 l.03 

743 d Octantis 5 14 08 36.5 +8.903 - 83 o8 2I ·-I7.01 1.03 

744 4 ur .. Min.,. s 09 I8.8 --0.334 + 78 04 s8 I6.91 +84 
, 

745 L Virginis. 4 09 59.0 +3· 138 - s 27 05 I7·34 1.ot 

746 a Bootis I IO 25.0 +2.735 + 19 46 54 l8.B9 1.o6 

747 A. Bootis 4 14 12 00. 7 +2.285 + 46 36 58 16.72 1.46 



 

UNITED ST.A.TES CO.A.ST .AND GEODETIC SURVEY. 437 

FIELD CATALOGUE OF 1278 TIME AND CIRCUMPOLAR STARS. 

I 
Authorities. No. Notes. 

-

A. c. N. HU (;&.f.3.i.l. 716 
N. Ht.• ~a W. 01. 717 
N. Ht.• Gt.a 01 R. 718 
E..B. c;&.t.a.11.1 W.R. S. 719 
A. E. C. B. N. Ht.a.i.!. 720 

B. cu.1 W. Rd. R. 721 
HS G3 Si 722 s•=7.2 mag. .. ~· .. 
113 Q3.4 W. Rd. 723 
HUG3·' 724 
G4 W. S• 725 I 

B. HU CJS.3.1 w. R. 726 
QIM. 727 
A. E. C. B. N. Ht.a."'1. 728 
Ht." c;&.<.3 R. S• 729 
H• G•W.R. 730 

A. B. N. Ht.M Q3.i.3.il.l 104 
A.01M. 731 
A. E. C. N. QI M. 732 
E. C. B. H4.3.ll.l c;&.-1.:i.s. 733 
B.G&.* W.R .. 734 

H' GS R. 735 
A. Q3.s W. Rd. R. 736 
c. H4.3.ll Gt.Ul w. 01. 737 
A. E. C. B. N. Ht.a.• G. 738 
H3 G6 Rd .• II2 

H• <;&.• Rd. R. &-1 739 
A.B.Ht.•Q3.t.11.1w •• 740 
B. H"-" Q3.•.1 Rd. R. 114 
A. C. B. N. H•ca-"-u1 741 
Ht.II<;&.• W.R. S•. 742 

A.QIM. 743 
A. B. H 4 (14.1 W .• 744 
B. Ql.1 Rd. R. 745 
AIE.C.B.N.Ht.ll.IGM 746 
A. B. (16.:i.1 W. Rd. R. 747 



 

438 UNITED STA.TES COAST AND GEODETIC SURVEY 

• FIELD CATALOGUE OF 1278 TIME AND CIRCUMPOLAR STARS. 

No. Star. Mag. Right Ascen., Annual Declination, Annual Sec. d I 1885.0. Var. 1885.0. Var. 

h. m. s. s. 0 I II II 

748 ' Boo tis 4-5 14 12 05.6 +2.127 + 51 53 53 -16.73 I. 58 

749 A. Virginis. 5-4 12 53.3 3.237 - 12 50 29 16.76 I. 02 

750 B.A. C.4757 6 15 26.5 3.581 - 34 15 38 16.44 I. 21 

751 2 Libra! 6 17 14.4 3.220 - 11 11 18 16.64 I. 02 

752 B. A. C. 4776. 6-7 14 19 IO. I 3.443 - 26 19 46 16.54 I. 12 

126 ' Casaiop., S. P. 4 2 19 35.8 +4.856 +113 o6 56 -16.45 2.55 

753 I Bootis 5 14 21 o6.6 2.796 + 19 44 40 16. 33 I. o6 

754 8 Boo tis 4-3 21 17.0 2.044 + 52 22 57 16.77 I. 64 

755 41 Virginis. 5 22 16.6 3.o85 - I 42 43 16.32 I. 00 

756 B.A. C.4797 6 23 30.9 2.496 + 36 42 42 16.28 I. 25 

757 B.A. C.4805 6-7 14 25 04.9 +2.366 + 42 18 59 -16.40 1.35 

758 p Boo tis 4-3 14 26 52. 5 2.588 + 30 52 36 15. 97 I. I8 

133 36 Cassiop., S. P. 6-S 2 27 07.2 5.574 +107 41 09 16.08 3.29 

759 ')' Boo tis 3-2 14 27 27.0 +2.422 + 38 48 42 15. 90 1.28 

76o 5 Ura. Min .• 5-4 27 46.8 -0.195 + 76 12 26 16.01 4. 19 

761 'I Cmtauri 3 14 28 12.6 +3-786 - 41 39 05 -16.00 I. 34 
762 Groom. 2125 6 28 35.5 1.622 + 6o 43 57 16.01 2.05 

763 (J Bootis 5-4 14 29 40.4 2.613 + 30 14 43 15.87 I. 16 

137 Gr. 527, S. P . . 6 23117.3 8.249 +990228 15.84 6.36 

764 a' Centauri I 14 31 48.8 4.043 - 6o 21 46 15. 39 2.02 

765 3 Libra! 6-7 14 32 43.4 +3·444 - 24 31 48 -15.84 I. IO 

766 Pias. XIV, 140 6 32 53.2 2.78g + 18 47 58 15. 76 1.o6 

767 a Apodis • S-4 33 37.4 7. 150 - 78 33 17 15.75 5.04 
768 a Lupi 3 34 17. I 3.959 - 46 53 36 15. 71 1.46 

769 33 Bootis . 5-6 14 34 33.4 2.234 + 44 54 04 15. 73 I. 41 

142 Brad 366,S.P. 7-6 2 34 56.7 +5.073 +112 39 54 -15. 61 2.6o 

770 7f' Bootis (pr.) 4 14 35 19.3 2.818 + 16 54 42 15.63 I. 05 

771 ' Bootis 3-4 35 39.4 2.862 + 14 13 21 15. 6o 1.03 

772 µ Virginis. 4 37 00.0 3.157 - s 09 27 15.86 1.00 

773 34 Bootis 5-4 38 22.5 2.643 + 27 01 03 15. 47 I. I.2 

774 fl Boo tis 2-3 14 39 57.9 +2.621 + 27 33 34 -15.35 1.13 

775 109 Virginis. 4-3 40 26.2 3.030 + .2 22 39 15.36 l.00 

776 µ Lionz 6-5 43 00.9 3.279 - 13 40 og 15. 22 l.03 

777 8 Librre 6 44 19.6 3.3o6 - 15 31 07 15. 21 1.04 

778 a' Librre :z...3 14 44 31.0 3.309 - IS 33 48 15. 18 1.04 



 

UNITED STATES COAST AND GEODETIC SURVEY. 439 

FIELD CATALOGUE OF 1278 TIME AND CIRCUMPOLAR STARS. 

Authorities. No. Notes. 
\ 

B. G• Rd. R. 748 
[ +2'.0: -26". 

Comp. = 8 mag. : 

A. c. N. H 43·• c;a.• w. 749 
H<.•W. 750 
N. H•·•ci;.ui W .• 751 

W.Rd.R. 752 

i A. B. N. H<.a.• (;6.<.a 126 Foll.*+ 11.30:-211.oG6 

HS (;6.<.:1.• R. S• 753 
A. B. N. Hu~ ~4.1 • 754 
B. G3 R. 755 
HUG6W.S .. l 756 

H• G<.3 W. Rd. S"-l 757 
A.E. C.B. HU.!l.l G6-I 758 
B. H<.s Ga Rd. R. 133 

. 
B. HU• ~I w. Bk .. 759 
A. N. HU c;i; ..... , w .. 76o 

O'M. 761 

B.Rd.R. 762 

H3 G<.t W. R. S• 763 

H' G3·LI Bk. Rd .. 137 [-Ol.2: +<>''.9. 
A. E. C. N. Qt.1 M. 764 Ql=a', 4 mag.: 

W.R .. 765 

GA-• R. S .. 766 R=3090. 

A.M. 767 

M .• 768 

A. B. Gt Bk. Rd. R. 769 

B. H• G._3 W. Rd. R •. 142 [ +oa.5:-2".0(6mag.:Wb.) 
B. Ht.a.1 G• W. Bk. 770 (;9 = ir9 -4 mag. : 

c. B. HU (;6.3.!1.l w .. 771 B =mean, 2d * 4.5 mag.: 
B. Ha.• Gl>.t.a.t.1 W. 772 f +oa.o6 + o''.6 

only elong. in 4-in. obj. 
H• (>6-3 W.R. S'.. 773 

A.E. C.N. H"s.t.,.' G5-• 774 
r1=7 mag. -0".I + zll -4 
Test for 2 J( -in. tel es. 

B. H<.:1.1 G9 Bk. R. 775 [--08.<>4: + 1".2 (1874). 
N. H• Gt.a.t.i W. R. 776 Star 6 ~ mag. = 
B.GU-!U W.R. 777 [-n•.4: +2' 4oil.8 (1885) 
A. E. C. B. N. ffut . 778 a1=6mag.: 

. 



 

440 UNITED STATES COAST AND GEODETIC SURVEY. 

FIELD CATALOGUE OF 1278 TIME AND CIRCUMPOLAR STARS. 

No. Star. Mag. Right Al!cen., Annual Declination, I Annual Sec. d 
1885.0. Var. 1885.0. Var. 

--'- --- --
h. m. s. s. 0 I II II 

779 E Bootis 3-4 14 46 05. I + 2.767 + 19 34 39 -15. JO J,o6 

78o f Libra! 6 48 o8.3 3.248 - II 25 42 14.92 I. 02 

781 Groom. 2164 6 48 31. 4 1.516 + 59 45 42 14.70 1.99 

782 ~ Librre 6-5 50 31. 7 3.247 - IO 56 40 14.76 I. 01 

783 212 Piazzi XIV. 6 50 45.0 3.487 - 20 53 43 16.43 1.07 

784 221 Piazzi XIV. 6 14 50 47.6 + 2.829 + 14 54 42 -14.73 I. 03 

158 4'7 Cephei, S. P .. 6-5 2 50 50. 6 7.701 +101 02 15 14.73 5.22 

785 p Lupi 3-4 14 51 01.0 + 3.899 -424011 14.88 I. 36 

786 p Ura. Min .. 2 51 02. 9 - 0.235 + 74 37 34 14.72 3.77 

787 " Centauri 3 51 40.9 + 3.877 - 41 38 30 14.70 I. 34 

788 B.A. C.4937 5-6 14 52 33. 8 + I. 982 + 50 05 56 -14.88 I. 56 

78g 6 Lib11z 4-5 S4 49.7 3.198 - 8 03 43 14.50 I. OJ 

790 2 Ura. Min.. s 55 45.5 0.942 + 66 23 27 14.38 2.40 

791 20 Librre 3-4 57 20.4 3.4g8 - 24 49 45 14.40 I. JO 

792 p Boo tis 3 57 36.9 2.26o + 40 50 40 14. 37 1.32 

793 

"' 
Boo tis 4-5 14 59 31. I + 2.570 + 27 23 48 -14.21 I. 13 

794 c fi,,,,tis 5-4 IS 02 15.0 + 2.633 + 25 19 03 14.20 I. II 

795 Croom. 2213 7-6 03 21. 3 - 6.701 + 84 23 45 13.97 10.24 

796 ,1 Librre 5-4 15 05 40.0 + 3.409 - 19 21 21 13.88 I. o6 

171 48 Cephei, S. P .• 6-7 3 05 45.7 7.391 +102 41 26 13. 77 4.55 

'197 1 Lupi 6 IS 07 34- 7 +. 3.658 - 31 os 21 -13. 73 I. 17 

798 r Triang. Aus. 3-4 o8 u.4 5.510 - 68 15 II 13. 71 2. 70 

799 B.A. C.5026 6 09 12.8 2.285 + 38 41 46 13.6o 1.28 

8oo 3 Serpentis 6 09 28.4 2. 978 + 5 22 01 13.58 I.00 

8ol B.A. C.5023 6 09 42.9 3.461 - 21 59 41 13.66 1.08 

8o2 {J Librre 2 IS IO 49.l + 3. 221 - 8 S7 28 -r3.s3 I.OJ 

8o3 d Bootis 3 IO 52. 0 2.421 + 33 44 40 13. $8 1.20 

8o4 1 Ura. Min.. . 5-6 13 19. 2 0.663 + 67 47 01 13.73 2.64 

8o5 5 Serpmtis 5-6 13 25. 9 3.042 + 2 12 17 13.85 1.00 

8o6 cJ Lupi 4-5 13 49·5 + 3· 920 - 40 13 48 13. 31 1.31 

8o7 57Urs. Min .. 6-7 15 14 36.4 -21.642 + 87 40 26 -13.21 24.64 
8o8 ~Lupi 5-6 IS 48.6 + 3.813 ·- 36 26 45 13.24 1.24 

8og dJ. Libra! 6-5 t6 36.9 3·337 - 14 43 22 13. t8 1.03 

810 p Octantis 6 16 56. I 12.875 -840442 13.o8 9.6g 

811 t Li/Jr<t 5-6 15 17 57. 9 + 3.244 - 9 54 30 13. 18 l.OI 

-



 

UNITED STATES COAST AND GEODETIC SURVEY. 44 t 

FIELD CATALOGUE OF 1278 TIME AND CIRCUMPOLAR STARS. 

I I 

Authorities. No. Notes. 

Ho.• G5·• Bk. R .. 779 
( +0'.1:-6".o. 

Gi= 2d star 6-s: 
N. Hi {;6-• R .. 78o 

B. H•·:i.o G3 Rd.R. S .. 781 

C. N. H• c;s.u.11.1 W. 782 [-1 1.0:+4".2. 
c. (;6.:1.1 w. 0 1 R. 783 W =pr. star= 7-8 mag.: 

B. R. S• 784 
A. Il. HU {;6-4.!I w. 158 

QIM •. 785 
A. E. C. B. N. H<-s.<i.1 786 

QtM •• 787 

GI w. Rd. R. s•.1 . 788 Piazzi XIV, 235. Gr.2171. 

HU {;6-3.U W. Rd. R. 789 
B. H4 G5.3 Rd. 790 G5=Piaz. XIV, 26o. 

A. C. B. N. Ha cu.1 791 A+ B + N = v Scorp. 
A. C. B. N. H..,• G6.I . 792 

E. C. B. H ... u.1 G'-u.11.1 793 
HU.t GI W.R. S• 79-4 
G5W.Rd. R .. 795 
B. N. HU G5<-3.!l.1 W. 796 
A.B.N.H<UG5W .. 171 

H4.• G4 W. 797 
QLI M. 798 

G4 W.Rd. s•. 799 
B. GU w. R. . 8oo 
H1 Ql.3 R .. 8ol Piaz. XV, h. 19. 

. 
A. E. C. B. N. HU.!1.1. 8o2 [ + 8'.6: + 2811.4. 
A.C.B. H ... uc11.u.!!.i. 8o3 Comp.=8.}i mag. 

B. H• {;6-U Rd. 8o4 G5 =Groom. 2214. 

Ha W.R .• Sos 
HIQIM .. 8o6 Not tJ Lupi of GU, 

C. HU GU.MW. Rd. 8o7 
[c=6 mag. 

Gr. 2283, B. A. C. 5140, 

H• oi.1 w.01 8o8 
N.GUW.R .. 8o9 
A.OIM. . 810 

H4.tG'W.R •• . Sn 

-----
S. Ex. 29--56 



 

442 UNITED STATES OOAST AND GEODETIO SURVEY. 

FIELD CATALOGUE OF 1278 TIME AND CIRCUMPOLAR STARS. 

No. Star. Mag. RightAscen., Annual Declination, Annual Sec. t5 1885.0. Var. 1885.0. Var. 

--
h. m. s. s. 0 / // // 

812 T/ Corona:. s IS 18 27.2 + 2.479 + 30 42 14 -13.17 J. 16 

813 µ1 Bootis 4-3 20 oS. 8 2.266 + 37 46 52 J2, 79 1.26 

814 T1 Serpentis 6 20 27.4 + 2.778 + rs 50 00 12.86 1.04 

815 r' Ura. Min. . 3 20 55.1 - o. 137 + 72 14 36 12. 81 3.28 

816 ' Libra: 6-7 21 46. 3 + 3.374 - 16 18 53 12.82 1.04 

817 l Draconis 3 15 22 22.5 + 1.338 + 59 22 IO -12.69 1.96 

818 f3 Coron. Bor .. 4-3 23 05.3 2.475 + 29 30 og 12.63 I. 15 

819 .B. A. C. 5109 . 6-7 26 00. 5 3·437 - 19 16 40 J:Z, 51 l.o6 

820 ,,, Boo tis 4-5 26 47·9 2. 153 + 41 13 33 J2, 41 l. 33 

821 vi Bootis 4-5 27 39.9 2. 145 + 41 17 25 12. 35 I. 33 

822 8 Coron. Bor .. 4 15 28 17.4 + 2. 415 + 31 44 51 -12.40 I. 18 

186 Gr. 842, S. P . . 6 3 28 59.0 19.503 + 93 43 02 J2.2J 15.42 

8:ZJ 'Y Libra: . 4-5 15 29 05.7 3.347 - 14 23 29 12.26 1.03 

824 ~ &rpmtis 3-4 29 18.7 2.869 + IO SS 24 12. 20 1.02 

825 a Coron.Bor .• 2 29 49.2 2. 539 + 27 o6 o8 12. 32 I, 12 

826 14 Serpmtis . 6 15 30 J+8 + 3.076 - 0 IO 40 -12. 15 1.00 

827 1/J1 Lupi s 32 27.9 3.792 -340211 12.07 I. 21 

828 ' Bootis 5 33 41. 8 + 2.154 + 40 43 41 u.89 1.32 

829 8 Ur•. Min. 5 34 50. 9 - 1.896 + 77 43 54 u.86 4- 71 

830 ' Cor. Bor. foll. 4 35 02.8 + 2.256 + 37 00 35 u.86 J. 25 

831 " Libra: . s 15 35 19.3 + 3.446 - 19 18 18 -n.95 l.o6 

832 "1° L11pi s-6 35 21.4 3.8o6 - 34 20 21 n. 91 I. 21 

833 ' Serpmlis 5-4 36 2s.4 2. 673 +200227 n. 78 1.o6 

834 y Coron. Bor .. . 4-3 15 37 54- 8 2.256 +263938 11.62 I. 12 

194 y Camelop.,S.P. 4-5 3 38 13.8 6.216 +109 01 26 u.64 3.o6 

835 a Serpentis :z-3 IS 38 36.2 + 2.951 + 6 47 17 -u.54 1.01 

836 fJ Serpentis . 3-4 40 52.8 2.767 + 15 46 56 11. 57 1.04 

837 " Serpentis 4 43 33.8 2. 698 + 18 29 51 11.33 1.05 

838 /l Serpentis . 4-3 43 37.2 3.127 - 3 04 38 n.27 1.00 

839 12 Draconis . 5 44 55.0 0.902 + 62 57 19 u.21 2.20 

840 fl Trianr. Aus. 3 15 45 01.4 + 5.232 - 63 04 23 -u.57 2. 21 

841 e Serpentis 3""'4 45 05.0 2.987 + 4 49 29 u.07 1.00 

842 A. Libra: . 6-5 46 39.4 3.473 - 19 49 20 u.o6 1.o6 

843 " Car1m. Bor. 5-4 46 53.9 + 2.258 +360054 u.33 1.24 

144 ' '0111.Miu.. . 4-5 15 ..S u.3 - 2.256 + 78 o8 52 10.91 4-87 , 



 

UNITED STATES 00.A.ST .AND GEOD}j1TIO SURVEY. 443 

FIELD CATALOGUE OF 1278 TIME AND CIRCUMPOLAR STARS. 

I 
Authorities. No. Notes. 

--

C. IP GA-• Bk. R. gs.1 • 812 
l~.1:+o''.7. 

2d star= 5 mag.: 
A.B.N.ff1.t(]A.u1w. 813 1"=7mag.+1•4-11 4711 

B.W.R. . . 814 [I" doubleo''.5; 8.5 mag. 

A. C. B. N. Hu.1 (;1-1 815 rl 6~ mag. :-223•.5±o''. 
C. N. 06""1 W. Rd. R. 816 {1 Libne=C+N +Rd. 

C. B. H1 oa-1 W. Rd •• 817 
A. B. HU 04-1.1 R. $" 818 

N. H• 04-1 W. R •• . 819 . 
B. HU.I G3 Rd. R. 820 
B. H4.t GI W. Rd. 821 

B. H3 c;..1 R. , 822 
ip.1 04-.. a.1.1 W. Rd. 186 

B. 04-us.1 W. Rd. R .• 823 [ +oa.0:-3".5. 
GI Bk. R. g. • 824 Bk=13o:cl1=3-4 mag.: 
Al E. c. B. N. HU!l.1 8:z5 

G1 Bk.R .. 826 

-H"'W. 827 

B. H3 Gt W. Bk. Rd. 828 

H• 04-us.1 Rd. R. 8:z9 Groom. 2268. 

B. G&1 Bk. 830 t; pr.=4mag.:--ot'-4:+4". 

C. N. 04-u.1 W. R. 831 
H4.tQ4 . 832 
HUGJR.SI. 833 
B. 04-' R .• 834 
A. B. HU (i&.4.1 w. 194 

At E. C. B. N. H4.s.t • 835 
[ +()11.t + 49"·9· 

Comp.=15 mag.: 
B. HUI GUI w. Bk. 836 Comp. = 10 mag. : 
B. (]A.4.t W. R. 837 

[-21.1 :-2".7. 

B. H4.U GI W. Bk • . 838 
B. 04-1 R .• . . 839 Ga=Piaz. XV, 198. 

()l M. • . 840 
AE.B.N.H4.a.l(i&U.• 841 
C. N. HU.I GJ.t.1 W. . 842 
G&t R.S" • -· . 843 
A. E. C. B. N. HU.1 G. 844 

I 



 

444 UNITED STA'fES COAST AND GEODETIO SURVEY. 

FIELD CATALOGUE OF 1278 TIME AND CIRCUMPOLAR STARS. 

No. Star. Mag. Right Ascen., Annual Declination, Annual Sec.o 
1885.0. Var. 1885.0. Var. 

-
h.m. s. s. 0 I II // 

84S E1 Lupi 4-5 IS 49 32.4 + 3.286 - 33 37 39 -10.82 l.20 

2o6 Gr. 7411, S. P. • s-6 3 50 50. 8 9.740 + 99 37 17 10.76 5.97 

846 r Serpentis 4-3 15 51 o8.5 2.769 + 16 02 16 II. 96 l. 04 

847 'Tr Scorpii • 3-4 51 53.7 3.618 - 25 46 55 l0.68 l. II 

848 ~ Coron. Bor .. 4 52 47.7 2.483 + 27 12 41 I0.63 l. 12 

849 0 Scorpii . 2-3 15 53 32.1 + 3.538 - 22 17 36 ...:...10. SS l. 08 

850 49 Lib~ 5-6 53 52.2 3.355 - 16 II 36 10.86 l. 04 

8s1 GrO<?,m. 2296 s-6 55 03. 6 I. 410 +SS 04 29 10.30 I. 7S 

8s2 r Herculis 6-S 56 04.3 2.695 + 18 08 I3 IO. I6 1.05 

853 j31 Scorpii . 2 58 45. l 3.480 - I9 29 23 IO, 16 1.o6 

854 e Draconis 4-3 15 59 44. 0 + l. IJ5 + 58 52 21 - 9.72 I. 93 

855 Rad. 3523. 7-6 16 00 24. I -12, 130 + 85 37 48 10.00 13. I3 

215 Gr. 750, S. P .• 6-7 4 00 45.8 +17. 043 + 94 44 58 9.99 12.oS 

856 IC Herculis 5 16 02 53.1 2.702 + 17 21 15 9.81 1.05 

857 di Apodis . 5-6 03 II. 8 8. 731 - 78 24 IO 9.79 4.g8 

858 T Corun. Eor. 4-5 16 04 46.0 + 2.192 + 36 47 02 - 9.33 I. 25 

859 ' Herculis 4 05 o8.6 l. 881 + 45 14 13 9.6o 1.42 

86o ,,s Scorpii • 4-5 05 18.7 3.478 - 19 09 39 9.66 1.o6 

861 Groom. 2320. 6-S o6 00.5 o. 138 +680048 9.50 2.68 

862 tJ Ophiuchi 3 08 19.2 .3· 139 - 3 23 51 9.53 1.00 

863 t1 Cor. Bor. (mean) 6 16 JO 22.2 + 2.242 + 34 09 02 - 9.24 l. 21 

864 e Ophiuchi 3-4 12 14- 2 + 3. 169 - 4 24 41 9.o6 l.00 

865 19 Ura. Jiiin. • 6 14 07.0 - 1.786 + 76 09 59 8.95 4. 18 

866 t1 Scorpii • 4-3 14 II. 9 + 3.636 - 25 17 57 8.g6 I. IO 

867 r Apodis. 4-5 15 50.4 8.986 - 78 38 o8 8.89 5.oS 

868 r Herculis. 3-4 16 16 17. I + 1.8o1 + 46 35 15 - 8.75 1.46 
86g r Herculis 3 16 50.8 2.644 + 19 25 26 8.68 t.o6 

870 p Opkiucki 5 18 41.4 3.588 - 23 10 52 8.62 1.09 

871 61 Herculis s 16 20 o6.5 2.765 + 14 17 56 8. 50 1.03 

231 Gr. 828, S. P . . 6-5 4 20 IJ. 2 + 6.866 +107 43 14 8.46 3.29 

872 'I/ 'D'ra. .Min. • 5 16 20 52. 6 ._ 1.825 + 76 OI 12 - 8.13 4-19 

873 Groom. 2343 6-3 21 54-5 + 1.309 + 55 28 01 8.34 1.77 

874 a Scorpii • 1-2 22 21. 4 3.670 - z6 IO 33 8.32 I,U 

875 " Draconis 3-2 22 26.2 o.8o5 + 61 46 29 8.23 a.u 
876 ; Op/iiucki 5-4 16 24 33.5 + 3.427 - 16 21 40 8.16 t.04 

~ 



 

UNITED STATES OOAST AND GEODETIC SURVEY. 445 

FIELD CATALOGUE OF 1278 TIME AND CIRCUMPOLAR STARS. 

Authorities. No. Notes. 

G•· 3 W. Ql 84S 
C=+0'.8:-7".o. 

G'-1=fi Lupi 
H3 Go• W. Rd. R. :zo6 
B.H"'a.t(;6.u.11w.R. ~ 846 
N. H' (iA.U W. Qt M. 847 
A. B. N. nu ca-u.u • 848 

A. C. B. N. HU.11 G&-1 849 
C.G6.3.1 W.R. 850 
B.HURd.S .• . 851 
GA-• W. R. S9 • 852 [ +004: + 1311• 
A.E. C. B. N. H4.U.t G• 853 tp Scorpii=5-6 mag.: 

B. H"':u ci;.11 Rd. R. 854 
G3Rd .• 855 
C. B. H4.3 1 (;6.4.3 W. 215 [ +0'.4+ 3o'1.5, Wb. 
Hu G6.• W.R. s:i. 856 Kl=7mag. 
A.01M. 857 Ql =09 6 m.'tg.: 

[ +0'.7: + 11 3911·5· 

(;6.U w. R. &-l 858 
{ [-11.2:+36''.8, Gii 

A. B. GU Rd. R .. 859 Comp. = 7 mag. : 
C.N. Hu.11(;6.1.1 W.01 86o subdiv.: 8mag.111.8, Wb. 

A. N. HU(;6.4.3.11W .. 861 
A. E. C. N. H4.U (;6-1 862 

A. c. H1 (;6.U w. R. s. 863 
[-0'.1:-3".1, Wb. 

Comp.= 6 M mag. : 
B. HU.I GJl.I w. R. 864 
B. H4.U GJl.U Rd. R. . 865 (-1•.5:-o''.7, Wb. 
C. N. H• c;a.u.1 W. Ql 866 Comp.=9M mag. 
A.01 M. 867 

A. B. N. HI Ql.4.3.!l.l 868 

E. B. HU (;II Rd. R. • 869 f comp. double; da?k field. 
+0'.02, + 311.9:each 

N. Hll GJl.3 W.R. • 870 50 Ophi. 2d = 8 mag. 
B. HUii (;6.3 R. $9 871 Comp.= 12 mag.: 
(;3.1 Rd. 231 f +0'.02, - 211.o . 1878-5, Burnham . 

A;B. c;a.uu W. Rd •• 872 
B.,G&l . 873 f seen with 2~-in. 

-0".3 +011.4 gm. 
A.E.C.B.N. H4.!1.1 Ga-1 874 Comp.=7 mag.: 
AE.C.B.N.H4.3.2(;5.U 875 Dou.: Gr. 2346=6 mag. : 
N. HI (;6.4.3.11.l W. 876 [-9".6+ n' o''.3. 

,_ 



 

UNITED ST.A.TES CO.A.ST AND GEODE~IC SURVEY. 

FIELD CATALOGUE OF 1278 TIME AND CIRCUMPOLAR STARS. 

No. Star. Mag. Right Ascen., Annual Declination, Annual Sec. d 1885.0. Var. 1885.0. Var. 

--

h. m. s. s. 0 , ,, ,, 
877 A. Ophiuchi 4-3 16 25 o6.8 + 3.024 + 2 14 13 - 8.11 I. 00 

878 f3 Herculis 2-3 25 16.6 2.577 + 21 44 27 8.07 I. 07 

879 n Herculis 6-S 26 56.2 + 2.953 + 5 46 01 7. 97 I. 01 

88o A Draconis • 5 28 12.9 - o. 137 + 69 01 00 7. 8o 2.79 

881 r Scorpii . 3-4 28 43.5 + 3.727 - 27 58 35 7.82 I. 13 

882 11 Herculis 4 16 30 23.8 + I. 931 +424029 - 7.63 I. 36 

883 ' Ophiuchi 3-2 30 49.6 3· 299 - 10 20 00 7.59 I. 01 

884 B. A. C. 5568. 6-7 16 32 50.0 1.747 + 46 so 46 7. 47 I. 46 

245 Gr. 848, S. P .• 6 4 33 22.7 7.975 +104 16 II 7.58 4.o6 

885 24 Scmpii . 5 16 34 55.3 + 3.462 - 17 31 05 7.26 I. 05 

886 Groom. 2373. 6 16 35 35.2 - 2.774 + 77 40 17 - 7.21 4.68 

887 8 Triang. Aus. 2 36 29.8 + 6. 295 - 68 48 52 7.20 2.77 

888 ' Herculis 3-2 16 36 57· I 2.263 + 31 48 43 6.66 I. 18 

. 250 Gr. 856, S. P . . 5-6 4 38 51. 9 IO. 990 +990000 6.95 6.39 

889 f/ Herculis 3 16 38 57. 2 2.054 + 39 o8 29 7.03 I. 29 

890 I8 Draconis 5-6 16 40 07.4 + 0.400. +644826 - 6.87 2.35 

253 a Camelop~S.P. 4 4 42 37.2 5.922 +113 SI 16 6.64 2.47 

891 £ Scorpii • 3 I64243.o 3.875 - 34 05 02 6.97 I. 2I 

892 Groom. 2377 s 43 07.0 I. 133 + 56 59 15 6.56 t.84 

893 20 Oplliudzi . 5 43 28.3 3.313 - 10 34 41 6.65 l, 01 

894 µ• Scorpii • 3 16 44 04.7 + 4.053 - 37 45 22 - 6.66 l. 26 

895 Groom. 2388 7-6 44 30. l - l.368 + 74 05 44 + 6.49 3.65 
896 k Huculis. 6-S 44 44.4 + 2.9I2 + 7 26 50 - 6.45 I. 01 

897 {" Scotpii . 3 46 29.2 4.201 - 42 09 45 6.52 I. 35 

898 49 Herculis 6 46 50.7 2.728 + 15 IO 05 6.28 1.04 

899 SI Herculis 6-5 16 46 59.2 + 2.484 + 24 SI 13 - 6.27 I. IO 

900 t Opkiucki 4-5 48 340 2.835 + IO 2I 18 6. 17 1.02' 

go I 54 Herculis 6-5 16 50 I8.9 2.633 + 18 37 07 S· 95 l, o6 

262 Rad.1311,S.P. 6-7 45107.8 20.489 + 94 II 37 5.94 13.68 

902 " Ophiuchi 3-4 16 52 13.5 2.837 + 9 33 I7 5.82 l. OI 

903 30 Opkiuc!ii 6-5 16 54 59.8 + 3.156 ,_ 4 02 57 - 5.67 1.00 

904 t Herculis 3-4 SS 58.3 2.293 I+ 31 05 48 5.49 1.,1,7 

905 d Herculis 5 57 21. 6 + 2. 211 + 33 44 09 5. 41 l. :Z:Z 

9o6 e tJ'n. Min.. . 4-5 16 57 47. 3 I- 6. 345 + 82 13 29 5.38 7.39 

907 6o Herculis s 17 00 o:z. 7 + 2. 78o + 12 53 58 5. 18 1.03 

L -



 

UNITED STATES COAST AND GEODETIC SURVEY. 447 

FIELD CATALOGUE OF 1278 TIME AND CIRCUMPOLAR STARS. 

Authorities. No. Notes. 

{ [+<>'.OS +<>''.9 yl. bl. 
c. B. H4.3.ll GU.UI R. 877 Comp.= 6 mag.: 

A.C.B.N.HaGu 878 Hiud's period 95.9 years. 

ff!ICJ.f R •• 879 

A. B. N. ff4.S.I GUS • 88o 

C. N. Ho1.uc;a.o1.u1 W. 881 

B. c;a.s.1 W. Rd. R. 882 

A.E.B.N. H4-3.9c;&-l. 883 

H• Rd.$!1.1 884 
B. Hll c;a.u Rd. R. 245 

HUGL•W.R. 885 

B. HU (ill Rd. 886 

A. E. N. Q!!.1 M. 887 [ +<>'.0:-1".o per. 35yrs. 
E. C. B. HU!l.l c;a.u1 888 Comp.=6 mag.: 

Ha (;6.U W. Rd. R. 250 

A.B.N.H"':u (ili.u.1 W. 88g 

G!-"'3.ll.1 W. Rd. R. S1 • 890 . 
A. B. N .11u.1 G&-i Rd. 253 

c. HU (}6.4.3.ll.l w. O•. 891 

B. H4.t (}6.4-3Rd.R. $!1.1 892 

Go&.3 W.R .. 893 

w.01 • . 894 
Rd. 895 
H' G3 R. . 896 1-361.7:-25".8 . 
Hao1. 897 c•=.c. mag.: 
B. H'-ll c;e.u1 R. SS 898 G•=var.SHerc- 111.0, 

f-1 11.54; var.5.9-12,2 
per. 303 days, G3. 

HllCJ.fW.R.$1 899 
HU (il.l w. Bk. R. S9 900 H'=i. 

H• c;e.1 W. R. Sll • 901 

G4Rd. . 262 
A.E.C.B.Nf.3.11.t GI. 902 

H3.t Gl W. Bk. R. 903 
c. B. HU.• (}6.4.3.U w. 904-
A. H!I c;e.u1 N. W. 905 I A.E.C.B.N.HUlLlG go6 

B. HI G3 W.R. S1 • 907 
I 



 

448 UNITED STATES COAST AND GEODETIC SURVEY. 

FIELD CATALOGUE OF 1278 TIME AND CIRCUMPOLAR STARS. 

No. Star. Mag. Right Ascen., Annual Declination, Annual Sec. J 1885.0. Var. 1885.0. Var. 

--
h. m. s. s. 0 / // // 

go8 B. A. C. 5774 . 6-5 I7 02 17. 8 + 3.091 - o SS 35 - 5.00 I.00 
271 19 Camelqp.,S.P. s s 03 37.5 9.768 +Ioo 54 15 5.03 5.29 

909 1/ Ophiuchi 2-3 I7 03 47.0 3.435 - IS 34 53 4.79 I. 04 
910 Groom. 2415 6 04 01.6 I. 950 + 40 40 00 4.86 I. 32 
9u B.A. C.5795 6-7 05 28.0 1.473 + 50 59 I7 4.74 I.59 

912 B. A. C. S!lo4- 6 I7 07 46. 2 + 3.934 - 33 24 52 - 4-59 I.20 

913 A' Ophuichi 6 08 16.7 3.684 - 26 25 57 5. 65 I. I2 

914 I; Draconis • 3 08 27.3 o. 167 + 65 51 25 4.41 2.45 
915 a' Herculis Var. -09 24· 2 2.733 + 14 31 .20 4.37 I,03 
916 0 Herculis 3 IO t8. 3 2.459 + 24 58 32 4.47 I. IO 

917 1r Herculis 3-4 17 II 02.4 + 2.088 + 36 56 22 - 4.24 I. 25 

918 u HerC#lis 4 13 04.5 2.2u + 33 13 28 4· II I. 20 

919 8 Ophiuchi 3-4 I4 56. 8 3.679 - 24 52 4I 3.97 I. IO 

920 y Arte. 3 15 42. 9 5.033 - 56 16 03 3.93 I. 8o 

92I /3 Art:e. 3 15 44.6 4.978 - 55 25 09 3.85 I.76 

922 w Herculis . 5-6 17 16 21. 4 + 2.242 + 32 37 00 - 4.84 J, 19 

923 6 Ophiuchi 5 19 20.8 3.659 -2404o6 3.67 I. IO 

924 d Ophiuchi 4-5 20 oo.6 3.823 - 29 45 43 3.66 I, 15 

925 6 Arre. . 4 20 43· 3 5.400 - 65 35 II 3.57 2.42 

926 G Ophiuchi 5-4 20 48.5 2.976 + 4 14 29 3.39 1.00 

927 ti Scurp# • . 3 17 22 56. 7 + +075 - 37 12 12 - 3.32 1.26 

928 a Ara. 3 22 57· 2 +627 - 49 46 59 3.31 1.55 

929 IC Herculis 6 17 23 41.3 1.586 + 48 21 25 3.20 1.50 

290 Gr. 966, S. P •. 6-7 5 24 2I.6 7.999 +Ie5 02 o6' 3.I3 3.86 

291 64 Camelop., S.P. 6-7 5 25 14-3 18.004 + 94 sr sr 3.03 rr. 79 

930 A. Smpii • 3 17 25 48.0 + +o68 - 31 OJ o8 - 3.01 I. 25 

931 A. HerC#lis 5-4 26 05.3 2.421 + 26 II 53 2.92 J, II 

932 /3 Draconis 3-2 27 50.1 + 1.353 + 52 23 12 2.81 1.64 

933 Groom. 2466 6-7 28 30.2 - +623 + 8o 14 JI 2.77 5.90 

934 8 Scorpii • . 3 29 03.4 + +3o6 ,_ 42 SS 22 :z.68 J, 37 

935 II Ophiuchi 2 17 29 35.8 + 2.783 +1:13840 I- :z.Sg 1.02 

936 ,.1 Draconis 4-5 29 54-7 I. 179 + 55 15 47 2.58 I. 76 

937 f Serpentis 
~ 4-3 31 00. I 3.431 ,_ 15 19 30 2.50 1.04 

938 I' Opliiudii 5-4 31 35.6 + 3.258 - 8 02 51 2.50 1.01 

939 I I>raoonia • 5-6 17 32 25.4 ,_ 0.254 + 68 12 29 :1.28 2.69 
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FIELD CATALOGUE OF 1278 TIME AND CIRCUMPOLAR STARS. 

: 

\ 
Authorities. No. Notes. 

W.R .. go8 

B. H~ c;s.u Rd. R. 271 

A. E.C.B.N.HU.11 <?-1 909 
B. H._t W. Rd. S1 • 910 

Hll W. Rd. Sil. 911 

H._" 912 [ A"=6mag.:+oo.2=+3" -4 
C. N. e>u .. 1 W. Qt R. 913 A•=4~ mag.:R 

c. B GU3. .. l W. Rd .. 914 
[a1=3.1to3.9mags. 

[ +<Jll.34-1".7 
A1E.C.B.N.H .... 1 G6_. 915 Comp. 5~ mag.: 

C. B. (16.• W.R. Sll 916 Comp. 8 ~ mag.: 
[--O".O-l911·3· 

A. c. B. H"U (ill-II W. 917 
H• (16.• W. R. S'-1 918 w+H'=I'· 

A.E.C.B.N.Ht.a"'1G6"1 919 

0 1 M.Gi . 920 

0 1 M.Gi 921 

C. H._11 G4 W. R. S. 922 

A. N. H._• CJll-n11.1 W. 923 Vu.=E. 

c. G:l.11 w. 0 1 M. R •• 924 
A.01 M. . 925 
E. H11 (Jli...s.t.t W. R •• 926 

. 

H._11 G1W.01 • 927 

0 1 M.Gi •• . 928 

B. G1 Bk. Rd. R. • 9::9 Rd+G1=.t· 

A. B. N. H+-1 G6-"11.1 W. 290 
A.HaG6.""' .. 1W.Rd.R. 291 Groom. 944. 

HU (;4-0.1 w. QI 93° {Sol. sys. moves towards 
H3 CJll-U.1 W. R. s• 931 this pt., Hersc. and Airy 

A. E. C. B. N. H'=' G&-1 932 * deep, dull orange. 

H3Rd. 933 
01M •• . . . 934 

A. E. C. B. N. H9·1 G&-1 93S [+4"-4:-41"; GI. 
D. c;:i.1 W. Rd. R •• 936 iii Draconis = 4-5 mag. : 
II. CJ6.4.3.u W. 0 1 • 937 
Hf.I G* R. 938 
n. H~ c;a.a.1 W.Rd. R .. 939 

.__ 

S. Ex. 29--67 



 

400 UNITED STATES COAST AND GEODETIC SUR.VEY. 

FIELD CATALOGUE OF 1278 TIME AND CIRCUMPOLAR STARS. 

No. Star. Mag. 
Right Ascen., Annual Declination, Annual Sec. o 

1885.0. Var. 1885.0. Var. 

h. m. s. s. 0 I II /I 

940 K Scorpii' . 3 17 34 32.0 + 4. 147 - 38 58 13 - 2.24 l. 29 

941 0 Serpmtis 5-4 34 57.0 3.368 - 12 48 46 2.22 I.02 

Herculis 
I 

36 13.5 + 46 04 03 942 l 3-4 I I. 703 2. IO I. 44 

943 58 Ophiuclzi 5 36 32.4 + 3.593 -- 21 37 34 2. II I. o8 

944 "' Draconts 5 37 37.6 - 0.356 +684840 ·1. 62 2. 77 

945 f3 Ophiuchi 3 17 37 47.4 + 2.96o + 4 37 00 - I. 77 l. 00 

946 3 Sagittarii 5 17 40 19.3 3. 772 - 27 47 09 I. 75 I. 13 

3o7 Rad. 1553, S. P. 6 5 4o 35· I 6. 747 +1u 33 50 I. 70 2.72 

947 /l Hereulis 3-4 17 41 57.5 2.346 + 27 47 18 ! 2.34 I. 13 

948 r Ophiuchi 4-3 ,42 07.6 + 3.005 + 2 45 05 I. 63 1.00 

949 Vi' Draconta 4-5 17 43 59. l - l. o8o + 72 12 18 - 1.67 3.27 

950 I 87 Herculis 6 44 09.4 + 2.432 + 25 39 49 I. 18 I. II 

95 I I 30 Draconis 5--0 46 19.4 I. 427 + 50 48 30 I. 03 I. 58 

952 B. A. C. 6o62 . 5--0 48 20.2 I. 952 + 40 00 27 'O, 97 I. 31 

953 89 Herculis 6-5 50 46.8 2.420 + 26 04 05 '0.78 I. II 

954 ~ Draconis 3-4 17 51 32.6 + r.o.p + 56 53 27 - 0.67 I. 81 

955 8 Herculis 4 52 18.5 z.055 + 37 15 59 o.66 I. 26 

956 v Ophiuchi 3-4 52 41. 8 3·304 - 9 45 JO 0.74 t. OJ 

957 f Herculis 4-3 53 17.8 2.330 + 29 15 39 'O. 62 I. 15 

958 y Draconis 2-3 53 56.2 I. 391 + 51 30 09 0.62 I. 61 

959 67 Ophiuchi 4 17 54 53· I + 3.004 + 2. 56 16 - 0.51 I. 00 

96o 35 Draconi• 5 55 24.3 - 2.695 + 76 58 38 ·0.24 4.38 

961 68 Oplziuc /zi 5 55 55. l + 3.043 + I 18 32 0.31 t.00 

962 .,. Oph.iuchi 5 56 50.4 3. 270 - 8 ro 35 o.26 I.OJ 

963 y• Sagittarii 3-4 17 58 25. 2 3· 851 - 30 25 2'] 0.36 I. 16 

9~ P' Ophiuchi, 70 4-5 17 59 38.4 + 3.030 + 2 31 39 - I, 12 I.CO 

g65 B. A. C. 6127 . 5 jg 00 48.0 3.795 -282809 + 0.02 I. 14 

328 36 Camelop.,S.P. t-5 6 01 16. 7 6.030 +114 44 21 + o. 14 2.43 

329 Gr. 1004, S. P . . 6-7 6 01 24.4 26.817 + 93 14 15 - 0.20 17.71 

966 72 Ophiuchi 3-4 18 01 53. 8 2.843 + 9 32 SJ +·0.21 (.01 

967 0 Herculis 4-3 18 03 !>3-4 + 2.339 +2844,50 + o. :z8 I. 14 

333 22 Camelop.,S.P. 5-4 6 o6 09.6 6.618 +110 JS JI o.66 2.84 

968 11' Sagittarii 4 18 o6 53.2 3.587 - 21 05 16 o.59 1.07 
! 69 A Herculis, 104 5 07 34.6 + 2. 261 + 31 22 36 0.58 . 1. 1.7 

I :10 J Ura. Min.. 4-S 18 09 24.9 -19.435 +863638 0.85 16.91 
.. . 
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FIELD CATALOGUE OF 1278 TIME AND CIRCU~fPOl.AR STARS. 

Authorities. No. Notes. 

H•w.o• M .• 940 
G<.s.i.tW.O•R. 941 
A.B.H3Qu1 W.Rd.R. 942 
N. HU (i6.4.39.1W, Rd. 943 
A. B. N. HU.• (i6-4.3.U 944 

E. c. B. JP.•Q6.<.3.u w. 945 
N. HU (i6-3.l w. Rd •. 946 
Rd. 06-•·a 307 [-21.0:-1411.o:yl. bl . 
.l\..E.C.B.N.H4-1 <r" 947 Comp.= IO mag.: 
B. H• c;.au W. R. 948 

[Comp. doub.: Clark. 

A. B.N.H .. •·•Q>-4.ao.i 949 
[+1•.8:+ 3o11 ; w•. 

G":'=foll. star 5-6 mag.: 

H• Gl'-3 R. S•. 95° 
H• G• W. Bk. Rd. R. 951 
HU G> Rd. R. 5 ... 95:1 
HU GJ'.U w. R. s• 953 

B. H• (i6-i.t W. Rd. R. 954 
A.B.H3Gi.•W.Bk .. 955 
C. B. H' Gu W.Bk. R. 956 
B.Gu11 R. 957 
A.E.C.B.N.HUi.tG. 958 

B. G"·•ao R. 959 
B. H .. u (i6-Ut Rd. R. 96o 
H• G• R. 961 
G30.R. 96:1 J:.._44•.8: - 91 3311 • 
A.B.N.H._ ... ~W. 963 y':s mag.: 

[ +00.30:-o''.1. 
C. H• (}5.3.1 W. R. 964 Gl>=f' 6 mag.: 

H<.• G"·• W. O• R. 965 
[per. about 8o years. 

B.R. Rd. H•. 328 
GUii.i W.Rd. 329 
E. B. Q6.4.3.U W. 00 . g66 

A. B. HU Gt> w. Bk .. ¢7 
A.B.N. H•.ucu1w. 333 (3.5, 9.5, IO mags.: 
A. E. C. B. N. H4-1 G. ¢8 N=µ:triple 
H3 Gt> W. R. Si.1 . 969 
A.E.C.B.N.H4.3.i.IG. 970 

I ·--r-



 

452 UNITED STATES COAST AND GEODETIC SURVEY. 

FIELD CATALOGUE OF 1278 TIME AND CIRCUMPOLAR STARS. 

No. Star. Mag. RightAscen., Annual Declination, Annual Sec. J 
1885.0. Var. 1885.0. Var. 

,_ 

h.m. s. s. 0 / /I /I 

971 1J Sagittarii . 4 18 09 50.7 + 4.06o - 36 47 45 +0.81 1.25 

972 B. A. C. 6194 . 6-5 IO 51, 4 3.76o - 27 04 57 0.89 I. 12 

973 B. A. C. 6203 . 6-S 12 04.0 1. 857 + 42 07 14 I.o6 1.35 

974 36Draconh 5 13 14. 0 0.344 + 64 21 30 I. 17 2. 31 

975 0 Sagittarii 3-4 13 37.9 3.841 - 29 52 32 I. 17 I. 15 

976 1/ Serpentis 3 18 15 21. 6 + 3· 102 - 2 SS 39 +0.67 1.00 

977 £ Sagittarii 3-2 16 32.3 3.983 - 34 26 20 I. 30 1.21 

978 B.A. C.6241 5-6 17 20.9 2.499 + 23 13 38 I. 6o 1.09 

979 B. A. C. 6255 . 5 18 36.2 I. 535 + 49 03 48 I. 6o I. 53 

98o 10<} Herculis 4 18 47.8 2. 555 + 21 43 05 I. 34 1.o8 

981 il Sagittarii 3-4 18 20 52.4 + 3.703 - 25 29 03 +1.6o I. ll 

982 " Draconis 5 22 13.7 + 0.873 + 58 44 OJ 2.00 1.93 

983 ; Draconis . 4-5 22 24.4 - 0.853 + 71 16 35 I. 98 3· 12 

984 Brad. 2313. 5 22 38. 5 + 3.420 - 14 38 18 1. 9S 1.03 

985 x Draconh . 4-3 23 07.6 - 1.o8o + 72 40 57 l. 64 3.36 

g86 B. A. C. 6300 . 6 18 24 49·9 + 2.501 + 23 47 25 +2. 17 1.09 

987 B. A. C. 6318 . 6 18 26 07.2 0.825 + 59 28 22 2.30 I. 97 

350 23 Camelop., S.P. 5-6 6 26 35.1 10.415 +zoo 18 54 2.98 5.59 

988 I Aquilie . 4-5 18 28 56.9 3.264 - 8 19 25 2.20 I.OJ 

989 ' Pavonis. 4 29 35·5 7.031 - 71 31 26 2.44 3.16 

990 d Dr aeon is 5-6 18 30 35·4 + l. 032 + 56 57 26 +2.61 1.83 

991 a Lyrre 1 33 02. 7 + 2.031 +384038 3.15 1.28 

992 t1 Octantis. 6-5 33 30.7 +107. 662 - 89 16 18 2.83 78.67 

993 Groom. 2655. 6 35 18. J - 2.855 + 17 27 23 3.07 4.61 

994 Groom. 2640. 6 35 51. 5 + o. 187 + 65 23 o8 3. 15 2.42 

995 2 Aquila:. 5 18 35 58.6 + 3.284 - 9 09 41 +3· 12 1.01 

996 ; Sagittarii 4-3 38 28. 3 3.751 - 27 o6 28 3.36 I. 12 

997 t Lyrre, pr. 4-5 40 31.7 I. g83 + 39 33 OI 3.6o 1.30 

998 s Lyne, med .. 5-4 40 34.1 I. 987 + 39 29 34 3.6o I.JO 

999 11 o Herculis 4 18 40 42.7 2. 579 + 20 26 13 3.17 I. O'f 

364 43 Camelop.,S.P. s 6 41 18.0 + 6.503 +uo 58 48 +3·54 2.79 

1000 B.A. C. 6404. 6 18 42 32.5 I, 916 + 41 19 07 3.67 3.67 

367 24 Camelop., S.P. S-4 6 43 16.8 8.841 +102 52 44 3· 75 4.49 

1001 B. A. C. 6419 • 6-5 18 44 08.8 I. 339 + 52 51 43 3.82 t.66 

1002 (3 Lyne Var. 18 45 50. I 2. 215 + 33 13 47 3.97 J. 20 



 

UNITED STATES COAST AND GEODETIC SURVEY. 453 

FIELD CATAL-OGUE OF 1278 TIME AND CIRCUMPOLAR STARS. 

' i 

Authorities. No. Notes. 

H<-:u G"-ll W. QI M. 971 
H•G6.3W, R. 972 
B. 06·4 Rd. R. S11·1 973 Groom. 2533. 
B. H3 Ga.<.s.1 Rd. R. 974 Double:4.5, 6.7 mags. 
c.N.H .. Mc;..u.1w.01 975 

[' 10".6. 

A.E.C. B. N. H<.a.•G. 976 
c. Q6-3.U w. Ql M 977 
H• co.1 W.R.8' . 978 Brad. 23o8. 

H• G3 R. s•1. 979 Groom. 2555. 
B. HU G6.• R.S•. 98o 

A.E.N.H•Guo.uw. 981 • 
B. H•·u G3-._1 Rd. R. 982 [ o" .6 apart. 
B. H 4 aa.11 Rd. R. 983 Doub. 4-5 and 6-7 mags. : 
GUt W.R. 984 
A. B. ff<.:1.11 G6.U Rd .. 985 

H• aa.• R. S9 • 986 
H<.• G1 Rd. R. S'-1 987 
B. H .. •aa.uw. Rd. R. 350 
A.N.H<.s.•Guw. 988 
A. 0'-1 M .• . 989 

Hs.• G1 Bk. Rd. gt.1 990 (-11.4:-4<>'1.5, 1865. 
AtE.C.B.N. H4.ll.tQ6-1 991 Comp.= I I mag. : 

A. E. N. Gi. 091 M. 992 f Test 3-4-in. obj., 
another comp. 311 to 4"· 

B.H•G6W.Rd. 993 
B.Rd .• . 994 

H<.• aa.u W. Q"-t R •. 995 
Q6.<.3.9.1 W. 0 1 M. Rd. 996 & =4mag.: +00.2: +3".2. 
B. aa.s.1 W. Rd. R. 997 =foll. star 
B. c;:i.1 Rd. R •• . 998 G3 =foll. star 

B. HU• W.R. S1 • 999 
[ =--4mag.: +00.2: +2" .3. 

B.G1 Bk. Rd. . 364 
H1 Rd.S .. 1 . 1000 lli-....... , ... B. H' GI W. Rd .. J67 1•.83, - J9".2 G6 

H•• G3 Rd. R. &-1 1001 
maxandmin:tJ'=Smag. 
r. =I:zd 21b 47m 

A.E.C.B.N.H+-t(;l-1 1002 C=B': 3.5-4.5 



 

454 UNITED STATES COAST AND GEODETIC SURVEY 

FIELD CATALOGUE OF 1278 TIME AND CIRCUMPOLAR STARS. 

No. Star. Mag. 
Right Ascen., Annual Declination, Annual 

Sec.6 
1885.0. Var. 1885.0. Var. 

--
h. m. s. s. 0 , II II 

369 51 Cephei, S. P .. 5 6 46 15. 6 +30.016 + 92 46 34 + 4.06 20.65 

1003 a Sagittarii 2-3 18 48 o8. I 3.722 - 26 26 18 4.10 I. 12 

roo4 0 Draconis 5-4 49 30.2 0.887 + 59 14 53 4.32 1.96 

1005 ill Lyr,z 5-6 49 42.5 + 2. 095 + 36 49 42 4.31 1.25 

1oo6 50 Draconia . 5-6 50 04.6 -- I. 906· + 75 17 52 4.42 3.94 

1007 8 Serpentis, pr. 4 18 50 30. I + 2.981 + 4 03 18 + 4.42 1.00 

1008 13 Lyne Var. 51 50. I + I. 826 + 43 47 42 4.57 I. 39 

100<) Rad. 4208. 6--7 52 26.3 -18.595 + 86 33 41 4.55 16.67 

IOIO f Aquilre . 4-3 54 24. l + 2. 718 + 14 54 46 4.6o I. 03 

IOII y Lyr.e 3-4 54 38.5 2.244 + 32 31 56 4. 76 I. 19 

1012 ' Sagittarii 3-4 18 55 17. 7 ti-- 3.820 - 30 02 35 + 4.78 I. 16 

1013 v Draconia .. 5-6 55 48.2 - 0.716 + 71 o8 36 4.87 3.09 
1014 g Aquik. 6 56 51.1 + 3.165 - 3 51 51 4.95 I. 00 

1015 16 Lyra: 5-6 18 58 11.0 I. 695 + 46 46 20 4.92 I. 46 

1016 ( Aquilte . 3 19 00 07.5 2.756 + 13 41 36 5. IO I. 03 

1017 A Aquilre . 3-4 19 00 o8. 7 + 3.186 - 5 03 If + 5.10 I. 00 

!018 71' Sagittarii 3 02 55.5 3.570 - 21 12 19 5.39 I. 07 

1019 t Lyne 5 03 II. 9 2. 141 + 35 55 13 5.45 I. 23 

1020 B.A. C. 6561 6 19 05 35.9 3.589 - 21 50 54 5.59 1.o8 

385 25 Camelop.,S.P. 5 7 o6 49.6 13.030 + 97 22 14 s-.So 7. 78 

1021 19 Lyr(J! 6 19 07 21. 3 + 2. 300 + 31 05 32 + 5.79 I. r7 

1022 t/J Sag'ittani' 6-5 08 29.3 3.682 - 25 27 12 5.86 I. ll 

1023 d Sagittarii 5 IO 54·4 3.513 - 19 09 23 6.09 I. o6 

1024 8 Lyne 4-5 12 20.7 2.082 + 37 55. 45 6.22 I. 27 

1025 "' Aquila! . 6--5 12 25. 0 2.814 + II 2.J 20 . 6._25. I. 02 

1026 6 Draconis . 3 19 12 34· 2 + 0.031 + 67 27 32 + 6.3r 2. 61 

1027 K Cygni 4-3 14 26.6 I. 385 + 53 09 23 6.50 J. 67 
1oz8 d Aquila: . 6 14 3g.6 3.099 - I o6 18 6.26 I.00' 

1029 B.A. C.6626 6 15 33.7 + 1.5~ + 49 21 2~ 6.47 I. 53 
1030 T Draoonia • 4-5 17 45.'6 - r.u4 + 73 o8 30 6.78 3·f5 

1031 xi Sagittarii 5-6 19 18 16.6 + 3.656 - 24 4~ s~ +.·6. 65 ; I .. 10 

395 P.VII,67,S.P. 5-6 7 18 54.5 6.303, +nr 18 ~ 6.81 2.76 
1032 b Aquilre . 5-6 19 19 29. 2_ 2.861 + 114200 7. 51_ 1.02: 
1033 6 Aquila! . 3-4 19 42.0 3.025 + 2 53 u 6.91_ 1 •. 00· 

'11034 4 Cygni 5-6 19 2Z 00. 6 2.159 + 36 05 16 7.<>4 .. l .. ~. 
' 

~ -· ·-- - .__ 
~-·-- --··· -- ~-. ·~ ~ - . -- . - •. ·* ., 
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FIELD CATALOGUE OF 1278 TIME AND CIRCUMPOLAR STARS. 

Authorities. No. Notes. 

A.E.C.B.N.H.,M-IGr.-1 369 

A.C.B.N.H"-UG&-- 1 W. 1003 [- 1•.1: + 29".o: Rd. 
B. H3 (;5.3 Rd. R .. 1004 o' same mag.: 

HUG•R. 511.1. 1005 cl', il1=4 and 5 mag.: or. bl. 

A.Ht.:i.•GM.aW.Rd.R. 1oo6 

B. N. H3(;.1.11.1 W.R.. 1007 
[ +1•.4:-5".6. 

11'=4-3 mag.: 

B. Hu GM·• Rd. R. s•. 1008 B = R Lyra:, mag. 4-5. 

W.Rd. 1009 

E. B. fft3.• G5-1 \V. o• IOIO 

A. C. B. H3Gll-• W.R. 1011 

C. N. G3. 1 W. 0 1 M. R. 1012 

B. Cl\."-.. • W. Rd. R. 1013 

H.,.G•W.R .. 1014 

tta.•Rd.R. su . !015 

A.E.C.B.N.H .. s.• 1G"-1 1016 

C. B. GI'·• R. !017 

C. B. N. Hn" cir-1 W. 1018 

A. B. H3 ~· W. R. S• 1019 

HUW.R. 1020 

A. Hs.1 G&.t.s.1 W. Rd. 385 

G6·• R. 511.1 1021 

N. HU G6-"-"-' w. ()11.l 1022 

A. N. HU Gl\.U.!1.1 w. !023 

A. B. H• (;5.s.u W. R. 1024 Comp. 10 mag.:yl. bl. 
E.C.B.Ht.s.11.1G6-.,..•W. 1025 

A. C. B .. N. H ..... 05-1 1026 

B. H•·u 06-1 Rd. R. s• 1027 

H• Gt Bk. R .. 1028 

Hll G6-• Rd. 511.1 1029 Groom. 2815. 

A. B. N. Ht.3 G6-"-UW. 1030 

N. Ht.• Q11.<.s.1 W. Rd. 1031 

A. B.N.H4.aQ11.a.uw. 39S 
C. (i6-3.t R. SS • 1032 

A.E.C.B.N.Ht.a.U. 1033 

Ht.11 Q4 R. SI-' 1034 

--· 



 

456 UNITED STATES OOAST AND GEODETIO SURVEY. 

FIELD CATALOGUE OF 1278 TIME AND CIRCUMPOLAR STARS. 

No. Star. Mag. 
RightAscen., Annual Declination, Annual Sec.J 

1885.0. Var. 1885.0. Var. 

--- --
h. m. s. s. 0 I II II 

1035 a Vu!pecu/a: 4-5 19 23 55.2 + 2.494 + 24 25 58 + 7.09 I. 10 

1056 fJl Cygni 3 26 05.0 2.421 + 27 43 o8 7. 36 l. 13 

1037 t Cy~i 5-6 26 48.4 I.5I4 + 51 29 o6 7.53 I. 6o 

1038 µ Aquike • 5-4 :i8 28. 2 + 2. 931 + 7 o8 09 7. 41 l. OI 

1039 Groom. 2900. 6-7 28 37.8 - 3.512 + 79 22 17 7.56 5.42 

1040 k• Sagittarii S-4 19 29 42.5 + 3.6s8 - 2s o8 11 + 7.62 I. IO 

1041 " Aquil.re . s 30 42.3 3.229 - 7 16 56 7. 73 I. 01 

1042 e Sagitta . 6 32 05.0 2.715 + I6 12 20 7. 85 J_ 04 

I043 (} Cygni S-4 33 21. 4 I. 609 + 49 57 I8 8. I7 I. SS 

1044 B. A. C. 6737 .. 5-6 33 32.8 0.639 + 63 IO 42 7.94 2.22 

1045 14 Cygni 4-5 19 35 41. 9 + J. 954 + 42 33 12 + 8. 15 I. 36 

1046 {J Sagittre . 4-5 35 53.0 2.695 + 17 12 38 8. 14 I. 05 

1047 B.A. C.6755 5-6 38 40.9 + 2.833 - 32 II o6 8. 31 I. I8 

1048 t, Ura. Min. • 6-1 38 56.5 -63.646 + 88 57 22 8. 41 54.90 

1049 I5 Cygni 5-6 40 07.8 + 2.163 + 37 04 37 8.52 J. 25 

1050 )' Aquil.re . 3 19 40 47.5 + 2.852 + IO 20 OJ + 8.53 I. 02 

413 B.A.C.2320,S. P. 6-1 7 40 50. 8 70. IIO + 91 Ol 43 8.54 55-71 

1051 0 Cygni 3 19 41 22. 8 I. 877 + 44 5I 02 8.58 I.4I 

1052 0 Sagittre . 4 42 15.7 2.679 + 18 15 05 8.6g I. 05 

1053 ' Sagitta . s 43 52.4 2.66g + 18 51 16 8. 81 1.o6 

I054 a Aquil.re . I-2 19 45 I0.3 + 2.928 + 8 33 55 + 9.25 J. Ol 

4I7 Gr. 1374, S. P. 6-5 7 46 24.5 7.293 +xos 46 45 9.01 3.68 

IOSS " Aquilre . Var. 19 46 36.9 3.058 + 0 41 28 8.97 l. 00 

1056 e Pavonis. 4 47 I7. 0 7. 056 - 73 I2 42 8.94 3.46 

Io57 t Sagittarii 4-5 47 19.3 + 4. I47 - 42 JO 09 9. IO I. 35 

ro58 e Draconia . 4 I9 48 33· I - o. 177 + 69 58 30 + ,. 19 2.92 

42I 156 Came/op., S. P. 6 7 49 16.4 +15.167 + 95 36 4B 9.22 10.23 

IOS9 fJ Aquilre . 4 I9 49 39·9 2.947 + 6 07 13 8.74 1.01 

106o g Sagittarii 6-5 5I 25. 6 3.4o6 :_ IS 47 44 9.28 1.04 

1o61 

"' 
Cygni 5 52 39·4 I. 551 + 52 o8 02 9.41 J. 63 

ro6z .Y Sagitt::e. 4-3 19 53 38.6 + 2.667 + I9 IO 50 + 9.58 t.o6 

1o63 c Sagittarii S-4 55 35.2 3.698 - 28 01 42 9. 71 I. IJ 

1004 B. A. C. 6882 s 56 52.4 2.544 + 24 28 SS 9.83 I. JO 

1o65 T AquiL~. 6-5 19 58 31.4 2.933 + 6 57 IS 9.92 1.01 

1
1o66 J e Draconis 6-S 2000 15.4 0.648 +642946 JO.OJ 2.32 



 

U1!rlTED STATES COAST AND GEODETIC SURVEY. 457 

FIELD CATALOGUE OF 1278 TIME AND CIRCUMPOLAR STARS. 

Authorities. No. Notes. 

ffa.t G&'-a.•w. 09 R .• 1035 [ +2".2: +20".1 yl. and bl. 
A.C.B.HUtQ6.4.3.1 W. 1036 G6=(Iil, 7 mag.: 

B. Ha Q6.3.• W. Rd. R. 1037 Q6.3.1:i=6 mag.: 

H• 06."a.s.1 W. R .• 1038 [-2m 9".6,- 361 1811·7; 
[Rd=t=4 mag. 

B.H"3G6Rd. 1039 

E. c. B. HUl G6-1 w. 1040 
[-3g".7:+10' I0".5 

H•=k1 Sagitt.=6mag.: 

A. C. N. Hf.II G"' W. 1041 [ +&.2: + 1511.4:yl. bl. 
HU G&• w. R. SS 1042 Comp. = 8 mag.: 
B.H3 Q6.4.:UW.Rd. R. 1043 
H"'G6W•Rd.8". 1044 

G3 W. Rd. R. su . 1045 
A. HUG3W.R. Si 1046 
HUGUW.M 1047 Piaz. XIX, 243. 
A. E. C. B. N. H<-1 G5-1 1048 
B.G3W.R. 1049 

A1E.C.B.N.HU1(J6-1 1050 Comp.=12 mag. 
C. ff3.1 (;1.-t.a W. Rd. R. 413 [-CJl.04: + Jll.6. 
A. C. B. Q6.t.a.u W. Rd. 1051 Comp. =9 mag.: 

B. H-t.• G9 Bk. R. 8" 1052 
[ dilf. with mod. aperture. 

H'-9 G3W.R. 10$3 Comp.=9 mag.: 
[--00.5: + 511.7, wh. bl. 

At E.C.B.N.H"G6-' 1054 
A.B.H-t.a.•QIHW. Rd. 417 
B. HU Qt.S.1 R. 1055 Mag. 3.5to4.7,per. 7.18d's. 
A.QL1 M .• 1056 
H•W.01M. 1057 

A. B.N.H"1 Ci6-"3.l W. 1058 
J +oo.o:-2".6yl. bl. 

G• star=9_l4mag.: 

H&• G1 W. Rd. 421 
Al E. C.B.N.H4.s.1 G6""1 1059 
N,H•OU.S.lW.Rd.R. 1o6o [ +ot.03:-411.7. 
B. GA-• Rd. R. • 1o61 G6 .ild star=7~ mag.: 
. 

A.B. H&•G9W.Bk.R. to62 

A.C.N.HIGl-"1.t.1 W. 1o63 

H•GSW.~SI . . 1<>64 
A. N. HIG'-1 W.R. to6S 
H'-•G&<t.9 W' Rd. R. SS fo66 Hl=l!· 



 

458 UNITED STATES OOAST AND GEODETIO SURVEY. 

FIELD CATALOGUE OF 1278 TIME AND CIRCUMPOLAR STARS.· 

No. Star. Mag Right Ascen., Annual Declination, Annual Sec. cl 
. 1885.0. Var. 1885.0. Var. 

--- ---
h. m. s. s. 0 , N " 

432 3 Ura. Maj.,S. P. 6 8 01 21. 5 + 6.054 +1u 11 21 +10. 13 2.77 

1o67 B.A. C.6924 · 6 20 02 44. 6 1.363 + 56 00 35 10.34 I. 79 

436 Gr.1408,S. P. 5 8 05 04.1 7.7o6 +103 53 39 10.41 4.16 

1o68 0 Aquilre • 3-4 20 05 22.2 3.007 - I 09 42 10.43 I. 00 

1009 20 ,, ulptcuilz . 6 07 II. 3 2. 515 +260809 10.56 I. II 

1070 p Aquila . s 20 o8 57.3 + 2.774 + 14 so 54 +10. 77 1.03 

1071 ol Cygni, foll. • 4-5 JO 00.6 1.889 + 46 23 34 10.77 1.45 

1072 33 Cygni 4-5 JO 43·5 1.400 + 56 12 58 10.88 1.8o 

1073 a' Capricorni • 4 II 16. 4 3.328 - 12 51 45 10.86 I.OJ 

1074 a• Capricorni • 3-4 II 40.4 + 3.333 - 12 54 02 10.90 1.03 

1075 Croom.3402 Var. 20 II 50. 8 -49.281 + 88 46 52 +10.91 47.oS 

1076 24 Vulpeculre . 6 II 51. 8 + 2.566 + 24 19 02 10.87 I. IO 

1077 I( Cephei. . . 4-5 12 44.6 - 1.916 + 77 21 53 n. 01 4.57 

1078 p Capricomi • 3-4 14 32 9 + 3.376 - 15 o8 37 II. II 1.04 

1079 B.A.C.7oo8 6 16 05.2 2. 172 + 39 02 28 ll. 21 1.29 

1o8o a Pavonis. 2 20 16 33.1 + 4.787 - 57 o6 08 +u. 16 1.84 

1o81 r Cygni 3-2 18 o6. 2 2.154 + 39 53 20 II. 36 1.30 

1o82 'Ir Capricomi . s 2020#3 3.440 - 18 35 16 JI. 54 1.05 

449 Gr. 1418, S. P. 6 8 21 14. 5 16.8o7 + 94 32 31 II. 59 12.63 

1o83 p Capricomi (pr,). 6 20 22 18. 0 3.428 - 18 II 35 II. 65 1.05 

1o84 41 Cygni 4-S 20 24 41.8 + 2.451 + 29 59 07 +11.84 1.15 

1o85 "" Cygni 4- 2 20 z6 29.9 1.857 + 48 33 58 11.96 J. 51 

456 Gr. l.446, S. P. 6-5 8 26 43.8 6.S14 +105 54 43 II.95 3.65 

1o86 8 Ccphei • 4 20 27 39.0 l.017 + 62 35 28 12.04 2. 17 

1o87 e Delphini 4 27 43.2 2.867 + JO 54 47 1.2.03 I.OJ 

Jo88 a Indi . . . 3 20 29 28.4 + 4.240 - 47 41 28 +12. 23 1.49 

1089 ' Dt!pliini S-4 29 55.9 + 2.8o6 + 14 16 40 12.21 I.OJ 

1090 Groom. 3241.. 6-7 30 29.8 - 0.217 + 72 o8 31 12.22 3.24 

1091 {3 Delphini 3-4 32 09· 3 + 2.812 + 14 II 44 12.32 J.OJ 

1092 73 Draccmia . 5-6 33 00.9 - 0.725 + 74 33 37 12.40 3.76 

. 
1093 v Capricorni 6-5 20 33 30. 2 + 3.431 - 18 32 34 +12.45 1.05 

1094 I( Delphini 4-3 33 32. 6 + 2.913 +· 9 40 54 12.46 . J. 01 

1095 a Delphini 4-3 34 17.8 + 2.788 + 15 30 26 12.54 1.04 

1096 /3 Pavonis. 3 34 35.2 + 5.48o - 66 36 52 u.58 2. 52 

1097 75 Draconis 5-6 35 24-4 I- 3· 514 + 81 01 41 12.57 6.41 

~ 



 

UNITED STATES OOAST .A.ND GEODETIO SURVEY. 459 

FIELD CATALOGUE OF 1278 TIME AND CIRCUMPOLAR STARS. 

Authorities. No. Notes. 

A. N. H• G6.'" W. Rd. 432 
HU G1 WI Rd. $1-1 1007 
B. H• GA.• Rd. R .• . 436 
A. E. C. B. HU(>5.n1.i Io68 

HU G6.•R.SS • . . 1o6g 

au• (>5.U W.R. S1 •• 1070 (-19'-4=+4' 32": 
A. B. G6-.. a.1 W. Rd. R. 1071 0 1 prec. = 5 mag.: 

B. aa.1 W. Rd. R .. 1072 [* 7-8mag.:+111 :-11.5 

C. B. N. H<.1.1 06-....... 1073 
A.E.C.B. N.H ..... G5- 1 1074 1Comp. = 16 mag.: S" 

Doubled by Alvan Clark. 

(36.4.aW. Rd .• 1075 GD+W=smag. 

B.G3R. 1076 [ +1•.9:-4".6, yl. bl. 
A.B.N.Hu• (>5.4.&1W. 1077 ki=8.5 mag.: 

C. B. N. H .. • G6.' W .• 1078 {Comp.= 7 mag. : 
-14•.0:-1011.7; yl. bl. 

H .. • (;6-4.3 Rd. R. gsi.1 • 1079 Groom. 3140. 

A. E. C. N. 0 1 M. Gi. 1o8o 

A. c. B. N. HU• (jl>.• 1o81 

A. N. H'"'' (;3-..._1 W. 1o82 

H3 (jl>.U• W. Rd. R • 449 J +S-4:-3' 31". 
E. C. B. N. H .. u.1 (;5-1 1o83 Brad. 2 27=7 iuag.: 

HU (36.3 w. R. S" 1o84 
G"W. R. Rd. . 1o85 
B.H•G6Rd •. . 456 
B. Ha c;..u1 Rd. R. S" 1o86 

A. E. B. N. HUI (j6-1 1o87 

Qt M. Gi •• . . . to88 
H4.I {j&l.1 w. R. S' . 1o89 
A. N. H• Gf.4 W.R. . loge> 

B. HU (;9.1 w. Bk. R. 1091 
B. H• c;....a.1 W. Rd. • 1092 

B. GU-1.1 W. ()l Rd. • 1093 ~ 

B.G•R. . . 1094 
A. C. B. H4.U Cif..U.t 1095 
A. 00.1 M •• . . 1096 r-1• 22".:z+s6''-4 
Gf-U:• Bk. Rd. R. . 1097 Brad.2701= 



 

400 UNITED STATES OOAST AND GEODETIC SURVEY. 

FIELD CATALOGUE OF 1278 TIME AND CIRCUMPOLAR STARS. 

No. Star. Mag. 
Right Ascen., Annual Declination, Annual Sec. o 

1885.0. Var. 1885.0. Var. 

h. m. s. s. 0 I II II 

1098 10 JJelphini 6 20 35 53. 2 +2. 813 + 14 10 28 +12.65 1.03 

1099 74 Draconis 6-7 36 02.5 -3.244 + 8o 41 17 12.85 6. 18 

1100 a Cygni 2-I 37 30. 7 +2.044 + 44 52 II 12. 71 I. 41 

1101 & Delphini 4 20 38 05.4 2.8oo + 14 39 45 12. 71 1.03 

464 Gr. 1463, S. P. 6 8 38 34· 2 9. 196 + 99 32 34 12. 8o 6.03 

1102 ..p Capricorni . 4-5 20 39 17.1 +3·562 - 25 41 00 +12.68 I. II 

1103 30 Vulpecula: • 6-S 39 53. 9 2·597 + 24 51 34 12. 71 I. lO 

JI04 r Delphini, foll .. 3-4 41 19. 4 2.782 + 15 42 38 12. 78 1.04 

uo5 £ Aquarii. 4-3 41 26.9 3.250 - 9 54 58 12.96 1.02 

11o6 E Cygni 3-2 41 33.4 2.427 + 33 32 24 13.27 1.20 

1107 3 Aquarii. 4-5 20 41 40, I +3.171 '-- 5 26 52 +12.97 J.01 

uo8 Groom. 3281 5-4 42 29.8 1.488 + 57 IO 02 12.81 1.84 

1109 A. Cygni 5-4 42 55. 7 2.334 + 36 03 o6 13.09 1.24 

1110 1J Cephei • 4-3 42 57.0 1.231 + 61 23 32 13. 91 2.02 

1111 I' Aquarii. 5-4 46 27. I 3.240 - 9 24 51 13.27 1.01 

1112 19 Capricorni • 6 204817.9 +3·397 - 18 21 29 +13.42 1.05 

u13 32 Vulpeculre . 5-6 49 39.2 +2.554 + 27 37 14 13.53 I. 13 

1114 76 Draoonis • 6 50 50. 7 -4.014 + 82 o6 16 13.62 7.28 
JIJ5 T. Y. C. 1879 . 6-S 20 52 46.4 - 2.535 + 8o 07 13 13.70 5.83 

475 p Ura. Maj., S.P. 5 8 52 09.8 +5·499 +in SS 24 13.66 2.68 

1116 " Cygni 4 20 52 53.2 +2.234 + 40 43 29 +13. 71 1.32 

478 Gr. 1480, S. P. 6 8 53 58. I 9.416 + g8 42 45 13.So 6.6o 

1117 B. A. C. 7294 . 6 20 54 49.1 1.919 + 50 00 56 13. 86 1.56 

ru8 .11 Cygni 5-6 55 54-8 2.032 + 41 04 20 13.88 1.47 

1119 1/ Capricorni • 5-6 57 51. 6 3.422 - 20 18 33 13.99 1.07 

II20 8 Capricorni • 4-5 20 59 29.0 +3·379 '- 17 41 21 +14.07 1.05 

483 f1I Ura. Maj., S. P. 5 9 00 15. 7 3.561 +u2 23 59 14-25 2.6.a 

1121 f Cygni 4 21 00 44.8 2.178 + 43 .a8 09 14.22 1. 38 

lI22 611 Cygni 5-6 01 44.5 2.683 + 38 u 04 i7.s2 1.27 

1123 ,, Aquarii. 4-5 03 19.8 3.273 -115012 14-37 1.:02 

u-.i. r EfUUki. 5-4 21 04 45.0 +2.919 + 94Q o8 f+-1+ 31 1.01 

1125 3 Pisds Aust. 6 o6 28.2 +3·569 -280511 1;1..51 1.i3 

1126 77 Draooms • 6 07 45.7 -I. 104 +773935 -i+~ 4.68 

II27 ' Cygni 3 o8 02.5 +2·549 + ~9 45 20 1+6o '1. I4' 

u28 Groom. 3415' . &-5 o8 52. 6 +1.529 + 59 30 So l+'IO 1,11 



 

UNITED ST.A.TES CO.A.ST AND GEODETIC SURVEY. 461 

FIELD CATALOGUE OF 1278 TIME AND CIRCUMPOLAR STARS. 

Authorities. No. Notes. 

H" G4 R. S9 1098 
Ha.t cu• Rd. R •. IQ99 

A.E.C.B.N. HU.I (}4-1 IIOO 

B. c;.e.u R .• IlOI 

(ill.4-MRd .• 464 

A. C. N. G"-a.o W. 0 1 • II02 

H" GA-• W. R. S' . IIOJ [-oa.9: + o''.8. 
B.G&-•W.R .. uo4 G6pr. star=7 mag.: 

E. B. G'i-4.3.U w. 011 IIOS 

A. C. B. H<.a.o G"-.. 3.11 • IIo6 

C.G1 Bk.R. II0'7 
B. Rd. R.. . . no8 
B. H3 c;.e.uw. R. s .. 1109 

B. HU!IG"-48.1 w. Rd. 1110 

A.C.N.Huc;.e.u11.1 W. lIII 

N.H11 G3W.O.R. 1112 

E.C.B.H+-1G5-1W.Qll IIlJ 

B. H .. •c;&-1 W. Rd. R. 1114 

A.B.N.H+-tG"-f.&t\V, UIS Brad. 2749:Groom. 3373· 

B. aa.• W. Rd. R. • ; 475 

A.B.N.H .. •Gt.a.•W. 0' III6 

{;II.I w. Rd. 478 tG6 72:observe Ist 
2d=+0".14: +z" .2. 

HU G6 Rd. SS,1 1117 As one mass 6 mag. : 

G-u.1 W.O'Rd. R. ~1 III8 Pr. sta.r-0".7 :-2511• 

N.HU(;6.3.ll.tW.01Rd. III9 

E.N.H"G6..,'b1w.01 1120 

A.B.N.Hu1c;.e,u1 W. 483 
B. (;5.U.ll.I 0' Rd. R. 511 II2I [ +I".5 :-8''.oG6. 
A.E.C.B.N.Ht.u.ia- U22 611 Cygni=6 mag.: 
B.N.H11G-u.s.1w.01 u23 

.t;t13•.o:-5' 18". 
ff4-•G<-•W,R. . u24 G6:6 uulei=6mag.: 

H!I G!-1 w. Bk. u25 [r doub. 5.4 and 11: 2".1. 

B. H• G-5-• W. Rd. R .• 1126 Gr. 3416. R=rDrac. 

A.E.C.B,N.Hu. .. •c;a-1 u27 
B. GS W. Rd. R •• . u:UI Doub.: 6and7mags.:1"1. 

-·-- -



 

482 UNITED STATES COAST AND GEODETIC SURVEY. 

FIELD CATALOGUE OF 1278 TIME AND CIRCUMPOLAR STARS. 

No. Star. Mag Right Ascen., Annual Declination, Annual Sec.d . 1885.0. Var. 1885.0. Var. 

h.m. s. s. 0 I II II 

Il29 a Equulei. 4 :Zl IO 04· 5 + 3.000 + 4 46 22 +14. 70 I.00 

u30 T Cygni . 4 IO II. 9 2.392 37 33 19 15.26 I. 26 

1131 <1 Cygni 4-5 12 53. 9 2.355 38 54 47 14.93 1.29 

1132 a Cephei • 3-2 1_; 50. I I. 437 + 62 05 55 15. 17 2. 14 

1133 I Capricorni • 4-5 15 50.6 3.348 - 17 19 25 15. 13 l, 05 

Il34 l Pegasi 4-5 21 16 46. I + 2.772 + 19 18 47 +15. 23 1.o6 

u35 r Pavqnis, 3-4 16 55.3 5·041 - 65 53 12 16.03 2·45 

u36 6 Cephei 6-5 16 58. 9 I. 255 + 64 23 03 15. 19 2.31 

u37 Groum. 3441 6-5 18 00.5 2.077 + 48 53 45 15.25 I. 52 

u38 ' Capricomi • 4 .21 20 o6. 0 3·435 - 22 54 32 15.37 I,09 

501 l Draoonill, S. P. 4-5 9 20 36.8 + 9.046 + 98 IO 00 +15. 40 7.04 

u39 B. A. C. 7455 · 5-6 21 21 o6. 2 2.194 + 46 12 59 15.53 I.46 

II40 /J Caj>ricorni • 5-4 22 09· 9 + 3·433 - 22 18 26 15·47 I.o8 

II4I B. A. C. 7504. 6 21 22 23.0 -11.044 + 86 33 33 15.50 16. 66 

504 d Ura. Maj.,S.P. 5-4 9 .24 17. 7 + 5.408 +109 39 55 I5.54 .2.97 

1142 g Cygni s .21 25 12. 3 + 2. 2o8 + 46 02 OI +15.74 I. 44 

1143 p Aquarii. 3 zs 30.3 3· I62 ,_ 6 04 36 I5.65 I. OI 

1144 /39 Cephet • 3 27 IO. 3 0.796 + 70 03 21 I5· 75 .2.93 

1145 B. A. C. 7488 . 6-7 27 2+3 2.026 + 51 4I 13 15.82 I. 6I 

1146 p Cygni 4-5 29 39·3 2.252 + 45 05 01 15.So 1.42 

1147 f Aquarii. 5-4 21 31 37. 8 + 3.198 - 8 22 IO + 15·96 1.01 

1148 74 Cygni 5 21 32 20.4 2.40I + 39 53 49 I6.04 1.30 

511 Gr.1564, S. P. 5-6 9 32 23.2 5.235 +uo 14 .24 16. IO 2.Sg 

1149 /.l Octantis 5-6 21 33 09·3 9.836 ,_ 83 14 46 16.00 II. 76 

512 Gr. 1562, S. P .• 6 9 33 36.3 7.452 +100 20 14 16. JO 5.57 

. 
n50 r Capricorni . 4-3 21 33 43· 1 + 3.332 r-.17 IO 52 +16.o8 1.05 

IISI 13 Cephei . 6-s 35 .z5.4 r.86o + 56 58 09 16.17 1.84 
1152 75 Cygni 6-5 35 38.3 2.348 + 42 45 07 I6.21 1.36 

1153 IC Caj>ricorni • 5 37 14.1 3.357 r- 19 23 .24 16 . .22 1.o6 

u54 E Pegasi :z-3 38 32.3 2·947 + 9 20 53 16.35 I.OJ 

1155 IC Pegasi 4 21 39 26.2 + 2.712 + 25 ai 00 +16.41 1.10 

1156 11 Cephef. 5 40 1+1 0.903 + 70 46 SS 16.54 3.04 

u57 :>. Capricorni . 5-6 40 20.7 3.235 - JI 53 46 16.43 1.02 

1158 6 Capricorni . 3-4 40 41:6 3.318 - 16 38 55 16. 15 1.04 

1159 ~ Cygni 4-5 42 32.7 2. 211 +484640 16.54 I. 52 



 

UNITED STATES COAST AND GEODETIC SURVEY. 463 

FIELD CATALOGUE OF 1278 TIME AND CIRCUMPOLAR STARS. 

-

Authorities. No. Notes. 

B. G6-u.u W. R .• 1129 

A.C.B.HU(i6.3.1 W.R. 1130 

C.H .. • G6-sW. Rd. R. 1131 

A. E. C. B. N. H._9 G6-1 1132 

N. (i6.U.!1.1 W. 01 M .. 1133 

A.B.N.H•G•W.R .. 1134 
[- r•.9: +23".5, yl. bl. 

Comp. =9 mag.: 

Qi.IM. 1135 
(i6.s Rd. R. S• . 1136 (-rm 40".2:-I' So''. 
G3W.Rd .. 1137 Gr. 3435 = 6.5 mag.: 
A.C.B.N. H•G6-3.1W. 1138 

A.B.N.H4.3.5L1(;6-l W. 501 

G4 Rd. R. 511.1 • 1139 Brad. 2792. 

N. H._• G6-• W. R. 1140 [W• = 7.8 mag.:. 
C. G6-• Wi Rd. 1141 Gr. 3548:Rd=7Yz mag.: 
A. B. N. HU(;6.4.3.1 w. 504 

[ +s•.2:-811• 
B.Gu.1 Rd. R. u42 G3=g• Cyg.=6-7 mag.: 

A.E.C.B.N.H+-1(;6.3.51.1 u43 [-2•.40:-411.3 G'I. 
A.E.C.B.N.H"-lc;&-1 II44 N=f3:{J1=8 mag.: 

Hll G• Rd. 551.1 1145 Groom. 3485. 

H• G3 W. Rd. R. su. II46 

A.N.H4.t(;&-I W. Rd. 1147 ttr•.46: +011.9, M. 
A.B. (;6.4.U.1 W. Rd.R. n48 A•= mag.: 

B. HU Rd. SH 
A.01 Il49 
GOW. Rd. 512 

C. B. N. H .. a.s GOJ W. 1150 [foll.*=84:+1•.3-7". 
B. G" Rd.R .. n51 Pr. * = 8.4 mag. : 
(;6.•.a W. Rd. R. 551.1 1152 [os.8: + 18". 

N.H .. 1(;6.uuw. Rd. 1153 (-5•.5:+1' 51".2. 
A.E.C.B.N.H""1GA-1 1154 Comp. = 9 mag. : 

B.G4.8.1 Bk. R. n55 r--0'$, +1"· 
A. B. N. HU(;6.4.3.l w. n56 Rd 5345=4mag.: 

Rd 5347 =S-4 mag.: 
B. G4.3.I W. Rd. R. IIS7 [+23•.2:-;-s' 2411• 

C.B. N. ff4.3.•(;b-1 W. u58 ••The Gamet star of Her-

A. B. H4.• cs-1 Rd. R. 1159 
[schel." 



 

464 UNITED STATES COAST AND GEODETIO SURVEY. 

FIELD CATALOGUE OF 1278 TIME AND <:IRCUMPOLAR STARS. 

No. Star. Mag RightAscen., Annual Declination, Annual 
Sec.~ . 1885.0. Var. 1885.0. Var. 

h.m. s. s. 0 I II II 

1'.I6o 14 Pegasi s 21 44 45.5 + 2.645 + 29 38 20 +16. 65 I. 15 

II6I r Gruis 2-3 46 58. I 3.648 - 37 54 23 16. 78 I. 27 

1162 µ Capricorni • 5 47 OI. 5 3.277 - 14 05 33 16. 77 I. 03 

1163 16 Pegasi 5--6 21 47 49.8 2. 728 + 25 23 03 16.80 I. II 

524 Gr. 1586, S. P. 6-7 9 48 04.7 5.494 1o6 34 28 16.86 3.51 

1164 B. A. C. 7636 • 6 21 49 14- 5 + 2.017 + 55 40 12 +16.83 I. 77 
1165 µ Cephei 5--6 51 OI. 3 2.010 + 56 04 01 16.95 I. 79 
1166 A Draoonis(79) 6-7 51 26.0 0.731 + 73 og 30 17. 01 3.45 

IJ67 '1 Piscis Aus . • 5--6 54 13.8 3.457 - 29 00 18 17. 10 I. 14 

1168 20 Pegasi 6-5 55 29.2 2.923 + 123409 17. II I. 02 

1169 0 Aquarii. 5-4 21 57 2ll.O + 3· 1o6 - 2 42 36 +17. 25 1.00 

u70 a Aqua.ill• 3 21 59 52.6 3.o83 - 0 52 41 17. 35 1.00 

1171 ' Aquarii. 4 22 00 13.6 3.246 - 14 25 37 17. 31 I.OJ 

1172 a Gruis 2 00 58.9 3.8o8 - 47 31 02 17. 23 I. 48 

II73 20 Cephei • . 6 OJ 30.8 l. 820 + 62 13 29 17, 45 2. 15 

II74 ' Pegasi . 4 22 OJ 39·4 + 2. 789 + 24 47 02 +17.47 I. IO 

1175 15 Piscis A.us . • 5--6 03 24.2 3·541 - 33 o6 45 17. 52 1.19 

1176 'IT1 Pegasi 5 04 09.9 2.653 + 32 36 39 17.48 I. 19 

1177 () Pegasi 3-4 04 24.9 3.027 + 5 37 53 17. 59 l. 0( 

u78 'IT• Pegasi 4 04 52.8 2.66o + 32 36 51 17.57 l. 19 

u79 ' Cephei . . 4-J :n o6 41. 7 + 2.076 +573804 +17.64 I. 87 

II8o 24 Cephei. . . 5-4 07 35.6 J. 166 + 71 46 30 17. 68 3.20 

1181 B. A. C. 7765 · 5 o8 56.6 2.568 + 39 o8 40 17. 74 I. 29 

1182 II Octant is 6 22 og 18. 7 13.326 - 86 33 01 17. 85 16.62 

537 33 UrL Maj., S. P. 6 JO 09 40•3 4.426 +n4 19 07 17. 81 2.43 

1183 a Tucan<Z. . 4-3 22 IO 36.9 + 4· 163 - 6o 49 56 +17. 73 2.05 

1184 e Aquarii. 4-5 22 IO 45·9 3.169 - 8 ::n 20 17. 79 I.01 

541 B.A.C.3495,S.P. 5--6 IO 12 46. 8 9.664 + 95 og 53 17.95 II.It 

1185 45 Aquarii. 6 22 12 50.4 3.226 - 13 52 49 17. 89 1.03 

n86 p A.quarii. . 5--6 14 oS.8 3. 161 - g 23 53" 17. 95 I. OJ 

u87 }' Aquarii. . 4-3 22 15 42.9 + 3· 100 - I 57 59 +18.03 I.00 

544 30 U'ra. Maj~ S. P. 5 IO 15 49.6 4.395 +n3 51 og 18.03 :z.47 

II88 31 Pegasi . 5-4 22 15 5r.4 2.950 +n3734 18.oz 1.02 

545 30 CameL, S. P .• 5 10 t6 57.4 7.845 + g6 SI 26 18.03 8.38 
IJ8g 49 Atpmrii. 6 22 17 o6.2 3.358 - 25 20 37 18.05 l. II 
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FIELD CATALOGUE OF 1278 TIME AND CIRCUMPOLAR STARS. 

Authorities. No. Notes, . I 
--

HMG3 R. s• . IIOO 
w .. 1 0 1 M. . u61 
A.N.Ht.tQ-t.UIW,Ql u62 

A.E.C.B.HUGt.:uw. u63 
B. H• Q-U W. Rd. 524 

fit.• G1 Rd. R. S'-1 I164 
HUQ3-l ws-1 Rd.R.S .. , u65 
A.N.HUQ-uW.Rd. u66 G3=79 Draconis. 
fiU.!1 (;5.4.S w. 0 1 • 1167 
B.GMR.& n68 

HU (14.3 w. R. II6g 
A1 E.C.B.N. H .... , G>-1 1170 
C. B. N. G" ...... ,W.01 II7I . 
A. E. C. N. W. 0 1 M. 1172 
B.Q-• Rd.R .• 1173 

B. Ht.MGu•w. R. S9 1174 H•=i. 

G•W .. II75 
B.G"1 W.R . . 1176 
B. Hu G9-1 Bk. R. 1177 
A. B. G"-1 W.R. S1 1178 

C.B.H .. u(i6-s.i1.1w.Rd. 1179 
B. HU (J&-9 w. Rd. R. u8o [01=C Octantis. 
H .. 3.!I G3 W. Rd. R. su 1181 Piazzi XXIIh 36: 

A.Q!l.1 M .. 1182 

A. N. H•Gb-.. "'1 W. R. 537 

0 1 M.Gi .• 1183 
A.E.C.B.N.H._"'.,1G. n84 
Q-u.1 W.Rd. . 541 
N. Q-3 W. QI R .. n85 
N. H._• Q-Ul W.R .. u86 

A. E. C. B. HU.s(J6-i. 1187 
B. {J6o._a W. Rd. R. 544 
B.Q-aw.R .. 1188 
B. H&t (i6-s.1w. Rd. R. 545 
G4W.R .• . u8g . 

S. Ex. 29--59 
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FIELD CATALOGUE OF 1278 TIME AND CIRCUMPOLAR STARS. 

No. Star. Mag. Right Ascen., Annual Declination, Annual Sec. o 
1885.0. Var. 1885.0. Var. 

----
h. m. s. s. 0 I I/ II 

II90 .B. A. C. 78o3 6 22 17 07.0 +2.529 + 43 09 58 +18.04 I. 37 

II9I /3 Lacertz. 4-5 19 02.3 2.350 + 51 39 II 17. 94 I. 61 

1192 11' Aquarii. 5-4 19 24.3 3.o65 + 0 47 39 18. 15 I.00 

1193 B. A. C. 7824 · 6-7 20 27.0 2.383 + 50 40 16 18. 18 I. 58 

1194 B. A. C. 7825 . 7 20 46. I 2.4o6 + 49 49 03 18. 19 I. 55 

1195 B. A. C. 7851 . 5-6 22 22 19.3 -3.939 + 85 31 43 +18. 31 12.83 

1196 ' Aquarii. 3--4 22 54· 6 +J.o89 - 0 j6 29 18.32 I. 00 

u97 q Aquarii. 5-4 24 33.6 3. 179 - II 15 58 18.31 l.02 

1198 c! Cephei . 4 24 54.1 2.216 + 57 49 35 18.32 I. 88 

1199 13 Piscis Aus . . 4 22 24 58.0 3.424 - 32 56 09 18. 32 I. 19 

553 9 Draconia, S. P. 5-4 10 25 17.9 +s. 275 +103 41 43 +18.38 4.22 

1200 a Lacertre. 4 22 26 33.1 2.46o + 49 41 28 18.40 I. 55 

1201 v Aquarii. 6-5 28 23.5 3.292 - 21 17 48 18.38 I. 07 

1202 11 Aquarii. 4-3 29 26.8 3.o84 - 0 42 36 18.45 I. 00 

1203 226Cephei 5-6 30 15. I 1.079 + 75 38 02 18.53 .i;.03 

1204 " Aquarii. 5--6 22 31 48. l +3· JIO - 4 49 15 +18.47 I. 00 

1205 31 Cephei 5 32 55· 7 J.~ + 73 02 47 18.64 3.43 

12o6 10 Lacertae. 5 34 00. I 2.686 + 38 27 07 18.66 1.28 

1207 (j Octantis. 5-4 34 14.0 6.512 - 81 59 01 18. 67 7. 17 

12o8 e Piscis Aus .• 4 34 17.7 3.328 - 27 38 35 18.66 I. 13 

1209 JO Cephei • 5--6 22 34 34.3 +2. 114 + 62 59 12 +18.63 :z. 20 

56o 35 lJ'ra. llla,j., S. P. 5 10 34 49·3 4.386 +no 13 46 18.68 2.89 

1210 I I Lacerttz . .. 4-5 22 35 28.2 2.615 + 43 40 34 18.69 1.38 

1211 ~ Pcgasi 3--4 35 43.6 2.991 + IO 13 SJ 18.70 I.02 

1212 (j Grom 2-3 35 47.6 3.610 - 47 29 07 18. 72 1.49 

1213 11 Pegasi . 3 22 37 36. 7 +2.8o8 +293712 +rs. 76 I. 15 

1214 13 Lacertre • . 6 38 57.8 2.666 + 41 12 56 18.83 l. 33 

1215 A. Pegasi . 4-5 40 59.5 2.883 + 22 57 39 18. 87 1.09 

1216 r Aquarii. . 4 43 30.2 3.18o - 14 11 58 18. 90 1.03 

1217 µ Pegasi . . 4 44 27.0 :i.878 + 23 59 40 18.95 1.09 

1218 ., Cephei . . 4-3 22 4S 35.2 +2.121 + 65 JS 44 +18.87 2.42 

1219 A. Aquarii. 4 46 36.9 +3· 133 '-- 8 u 29 19.07 1.01 

1220 34 Cepltti • 5 47 53.5 --0.o83 + 82 32 37 19. 12 7· 71 

1221 d Aquarii. 3 48 32.7 +J.186 - 16 25 54 19.o6 1.04 

1222 p Pera# . 5--6 22 49 23. 3 +J.022 + 8 12 10 19.16 1.01 



 

UNITED STATES OOAST AND GEODETIO SURVEY. 

FIELD CATALOGUE OF 1278 TIME AND CIRCUMPOLAR STARS. 

Authorities. No. Notes. 

Ha.• G<-3 W. Rd. su . II90 Gr. 3751: Rd=7·4 mag. 
B.H .. 3.!IGU.1W.Rd.S2 u91 /3=3 Laceme. 

A. N. HU GUI w. R. 1192 

Rd. S2·1 1193 

Rd.SU 

H• (;6.<.3.• W. Rd. R. . 

H<.• G<.3.1 W. O• Rd .. 

A. N. H• G'-• W. 01 . 

[Bk=483: 32 Cephei. 
[ +25° :+ 61 5211

• 

1195 Br. 2997=0-7 mag.: 

6 }One mass: W =4·7 and 
u9 ~s.o mags.: +00.1 :-411.3. 
1197 [n'=7 mag.:+0".8:-4o'', 

(per. 5d 8h 47m 40'. 
B. c;o. .. 3.1 Rd. R .. u98 t>•=var. 3.7 to 4.9 mag.: 

H<.•(ih.<.&!!.tW.QlM, u99 Comp.=8mag.: 
[ +0'.3:-2811.7 (1870.) 

A.B.N.HUG5.•W.Bk. 553 
A.B.H<.3.•(;6.!itW.Rd. 1200 A=7 Lacertre. 

G3 R. 1201 

A.E.C.B.N.H<-t(i'-t 1202 

A.N. H«3.•(;6.•W.Rd. 1203 Groom. 3834. 

N. H• G<.3.2 W. 01 Rd. 1204 

B. H•oa. .. a.1w.Rd.R. 1205 

A. B. G&• W. Rd. R. . 1206 

A.QI M. 1201 

H ..... G .. , W. Qt Bk. • 1:zo8 

B. o-u W. Rd. R. 1209 

B. H"3 0-1 W. Rd. R. 56o 
~<.3 Rd. R. s1.1 1210 

A.E.C.B.N.H+-tGH un 
QI M. • 1:212 

C.B.Hn•oa.1.1ws.1R. 1213 

B.H .. a.•G•W.Rd.R. 1214 

A.B.H .. sGUW.R.8' 1215 

B.G&<.:u1w.OSRd •. 1216 R+Gf.u=,-. 

B. ff<.•Qa.<.&1.1 Wt. Rd. 1217 

A. B. N. HUS CJ6-l w. 1:.uS 

A.E.C.B.N.HUG6-t 1219 

Ha.q;u1 W. Rd. R •. 1220 Brad.3038:G6. 

C.B.HU•(iA&•tW.01 1221 

G• R. • • • • 1:z= 

467 



 

468 UNITED STATES COAST AND GEODETIC SURVEY. 

FIELD CATALOGUE OF 1278 TIME AND CIRCUMPOLAR STARS. 

No. Star. M jRightAscen., Annual Declination, Annual Sec. o ag. 1885.0. Var. 1885.0. Var. 

--
h. m. s. s. 0 I II II 

1223 " PiscirAus . . s 22 49 34- 7 +3·339 - 33 09 09 +19.2I I. I9 

578 Gr. 1706, S. P. 6-5 IO 50 43. 3 4.992 +IOI 36 5I I9. 19 4.97 

1224 a Piscis Aus .. 1-2 22 5I I7. 7 3.326 - 3° 13 53 18.99 I. 16 

1225 SI Pegasi 6-5 51 49· I 2.948 +200908 19.24 1.07 

1226 52 Pegasi 6 53 26.6 3.001 + II o6 53 19.20 I.02 

1227 3 Piscium. 6 22 54 43.9 +3-072 - 0 25 51 +19.27 1.00 

1228 38 Cephei . 5-4 SS 17. I -0.243 + 83 43 5° 19. 25 9· 16 

1229 0 Andromedre. 4-3 56 37.8 +2.749 + 41 42 28 19.26 I. 34 
I2JO f3 Pegasi Var. 58 II. 9 2.90I + 27 27 34 19.48 I. 13 

1231 a Pegasi 2 22 59 02.0 2.985 + 14 35 12 19.30 1.03 

1232 55 Pegasi s 23 OI 12.6 +3-023 + 8 47 18 +19.37 I. 01 

1233 <" Aquarii. 4 03 18.8 3.2o6 - 21 47 46 19.46 1.08 

1234 7r Cephei. 5 04 14- s I.888 + 74 45 57 19.41 3.81 

1235 59 Pegasi s 05 55.8 3.027 + 8 05 44 19.49 I. OI 

1236 Brad. 3077 . 6 23 07 44.8 2.861 + 56 32 00 19. 8o I. 81 

590 Gr. 1747, S. P . . 7--0 II o7 39·9 +4.623 +101 03 52 +19. 54 5.21 

1237 ~ Aquarii . 4-5 23 o8 22.0 3· 109 - 6 40 o6 19.35 I.01 

1238 1/11 AIJ"arii. 5-4 09 52.0 3.147 - 9 42 47 19.57 I. OI 

1239 y Piscium. .. 4 11 12. 6 3.1o8 + 2 39 14 I9.61 J.00 

1240 'if!' A IJtlarii . 5 12 58.8 3. 124 - IO 14 22 19. 63 1.02 

1241 0 Cephei. 6-5 23 13 54.4 +2.442 + 67 28 57 +19.67 2.61 

1242 T Pegasi 5-4 23 14 56. 7 2.963 + 23 06 39 19.65 1.09 

599 Gr. 1771, S. P. 6 lI 16 00.7 3.6o3 +ns 02 25 19.66 2.36 

1243 bl Aq,.arii. 5-4 23 16 55.8 3.157 --- 20 43 42 19. 6o 1.07 

1244 " Pegasi 5-4 19 38.4 2.9B7 + 22 46 16 19.78 1.o8 

1245 4 Cassiopeire . 6 23 19 43.9 +2.639 + 61 39 05 +19.72 2. II 

1246 " Piscium. 5-4 21 02.2 3.o74 + 0 37 34 19. 66 J.00 

1247 (I Piscium. 4-S 22 08.1 3.041 + 5 44 50 19.72 1.01 

1248 70 Pegasi 5 23 23 20.3 3.028 + 12 07 34 19.83 I.02 

6o6 202 Came/op. 6 11 23 42.4 4.48o + 9B 14 24 19.78 6.9B 

609 :1. Draconla, S. P. 3-4 II 24 33·9 +3.626 +uo 02 04 +19.B4 2.92 

1249 B.A. C.8188 5 23 24 43.3 +z.741 + 57 54 54 19.81 r.88 

1250 Ir' A quarii . 5-4 27 15.5 +3· 145 - 21 33 00 19.86 1.o8 

u51 39 Cephei. 5--0 27 50. 2 -0.059 + 86 40 23 19.87 17.23 
1252 72 Pegasi 6 23 28 14.9 + 2·964 + 30 41 26 19.85 1. r6 
._. -· 
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FIELD CATALOGUE OF 1278 TIME AND CIRCUMPOLAR STARS. 

Authorities. No. Notes. 

Go.!W.M. 1223 

A. B. H< G6 W. Rd. 578 

A1 E.C.B.N. H._u G6-1 1224 

G5·• R. SS. 1225 

G•W. R.S• 1226 

N. GI Bk. Rd. R •. 1227 

H 3 G6·4 W. Rd. R. 1228 Groom. 3970. 

A.B.H ... ~3.IRd.R.S• 1229 

C. B. Q>.4.3.'-'W. R. S•. 1230 Mag.:2.3. 

At E.C.B.N. HHG6-1 1231 

HUG3R .. 1232 

c. B. HU G3 w. R. 1233 

B.H•G6·4.s.tW.Rd.R. 1234 

HUG•W.R .. 1235 

B. G6 Rd. R. S• 1236 

Rd. 590 
A. N. HUG .... , w. 0 1 1237 [-2•.5:+31".8:or. bl. 
N. Gs.u.1 W-.1 R .. 1238 Comp.=9 mag.: 

E. C. B. N. H ...... 1 c;a--1 1239 

N. H ..... ~ .. s.uw.o• 1240 

A. N. H4.3 Grl W. Rd. 1241 

A. B. H<.t(;6-1 W. Rd. 1242 

B. H4 G'-4 W. Rd. 599 
HUGf.•W.R. 1243 

C.B. H4.•G6.3W.R.S• 1244 

B. (;6-&0.1 W. Rd. R. 1245 

E. C. B. N. H&• G6-' • 1246 

A. N. ff4.1 OU-1 W. R. 1247 

B. QI.• R •• . 1248 

HUQaW.Rd . . 6o6 

A.E.C.B.N.HU'Ql.4.1.1 009 ~.8 ~·=--9'-4:-2". 
G4.3.t Rd. R. 51.1, • 1249 . . XXI fb 100: 

H4.1 GaW.R .. 1250 H*=63 Aquarii. 

C.Ha.1c;a.u.1 W"Rd. R. 1251 C=B. A. C. 8213: 

B.G<R. . . 1252 
. [=Brad. 3147' G6. 



 

470 UNITED STATES COAST AND GEODETIO SURVEY 

FIELD CATALOGUE OF 1278 TIME AND CIRCUMPOLAR STARS. 

Na. Star. Mag. 
Right Ascen,, Annual Declination, Annual Sec.<! 

1885.0. Var. 1885.0. Var. 

---- ---
h. Ill. s. s. 0 I II II 

1253 15 Andromedtz. 5-6 23 29 oo.o +2.922 + 39 36 JO +19.82 1.30 

1254 16 Piscium 6 30 31. 2 3.o6o + I 27 50 19.93 I. 00 

1255 I. Andromedre 4 31 56.3 2.920 + 45 50 05 19.45 I. 44 

1256 L Andromedre 4 32 29.7 2.924 + 42 37 54 19.93 1.36 

1257 L Piscium. 4-5 34 02. I 3.~ + 5 00 II 19.47 I. 00 

1258 y Cephei. 3-4 23 34 37.9 +2. 411 + 76 59 26 +20.07 4.50 

1259 " Andromedre 4 23 34 44.7 2.938 + 43 41 50 19.91 I. 38 

615 3 Draconia,S. P. 5-6 II 36 03. I 3.402 +112 37 07 19. 90 2.6o 

126o I. Piscium 5 23 36 IO. 7 3.o6o + I 08 43 19.76 I.00 

1261 w• Aquarii . 5-4 J6 45.5 3· II4 + 15 12 IO 19. 90 1.04 

1262 78 Pegasi 5 23 38 12.6 +3.013 + 28 43 30 +19.98 I. 14 

x263 ii Aquarii. 5 38 14.2 3. II6 - 18 54 55 19.96 I. o6 

1264 ..p Andromed<Z. 5 40 20.2 2. 955 + 45 46 55 19.96 I. 46 

1265 20 Piscium. 6 42 01. 8 3.o84 - 3 24 03 19. 99 I. 00 

1266 41. Cephei. 6 42 24.9 2.824 + ·67 IO 04 19.98 2. 58 

1267 il Sculptoris 4-5 2J 42 56. I +3· 136 - 28 45 58 +19.go I. 14 

1268 B. A. C. 8289 . 6-7 23 44 37.4 2.948 + 50 58 59 19. 97 J. 59 

622 Gr. 1828, S. P. 7 II 45 08. 4 3.303 +110 31 31 20.01 2. 85 

1269 y' Octantis 5-6 23 45 18.9 3.704 -823929 19.99 7.83 

1270 <P Pegasi 6-s 46 38.3 3.046 + 18 28 54 20.00 l. 05 

1271 p Cassiopeire • 5 23 48 38.5 +2. 96g + 56 51 33 +20.02 I. 83 

1272 Groom. 4163. 7-6 49 14.9 2.861 + 73 46 13 20.02 3.58 

1273 .8. A. C. 8322 . 6 51 20. 9 2.998 + 55 03 57 20.01 l. 75 
1274 ., Piscium. 4 53 24.4 3.078 + 6 13 36 19.93 l.Ol 

. 1275 309Cephei 6-7 54 o6.7 2.614 + 86 03 58 20.03 14.58 

1276 30 Piscium . 5-4 23 56 03.7 +3.077 - 6 39 1.2 +20.01 I.OJ 

1277 2 Ceti. 4-5 23 57 50.8 3.076 - 17 58 34 20.05 1.05 

630 B A.C.4070,S P. 6-7 II 58 56. 8 3.o81 +g34633 20.o6 15.19 

632 Gr. l.852, s. p. 6 II 59 23. 5 3.136 +102 27 04- 20.17 +64 
1278 33 Piscium. 5 23 59 :z6.9 3.071 - 6 21 OJ. .20. 15 1.01 

' 
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FIELD CATALOGUE OF 12j8 TIME AND CIRCUMPOLAR STARS. 

Authorities. No. Notes. 

-

HU G6 Rd. R. s--1 1253 

N.G<.lW.R .. 1254 

A. B. H• ca-1 Rd. R. s• 1255 

C. B. CJ&.• .... W. Rd. R. 1256 

A.E.C.B.N.H ..... ·1GD-1 1257 H'=i. 

A.E.C.B.N.H""'"G'-1 u58 
I B.G3Rd.R. 1259 

B. H• (}6<.3 W. Rd. 615 

N.Hl(}6.4.3.o.t W.0. R. 126o 

B.G•W. R. 1261 

GO-• R. s11 . u62 

A.H .. •G"R .. 1263 

HU ca-1 Rd. R. su u64 

N.G-6-<.3 ll.l W. 01 Rd.R. 1265 

' B. H• (}6.f.3 W. Rd. 1266 G6=Brad. 3166. 

A.E.C.B.H<.:1.1~1 W. 1267 

HU Rd. s--1 1268 

Rd. 622 

A.01M. 1269 

B. H .. a.• G"-• R. 8" 1270 

B. H'-~ cu W. Rd. R. 1271 

A.H•·a.• c11.u N.Rd.R. 1272 (7-6mag.-12•.8+8' 02". 
HU Gt Bk. Rd. R. 1273 Brad. 3185: Rd =6225. 

A. E. C. B. N. H..-1 (il-t 1274 

Hi CO.• Rd. R. 1275 Brad. 3194-

H'-' c;o.u1 N. W. ()l • 1276 

C. H'-11 Gii.4.:U.1 W. R. 1277 
H• Gfi-<.:1.t W. Rd. R •• 630 

B.H•Rd .• . 632 
A. N. H<.t (i&<.u.1 W. 1278 
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APPENDIX No. 19. 
DETERMINATIONS OF GRAVITY AT ALLEGHENY, EBENSBURGH, AND YORK, PA., IN lt:l79 AND 1880. 

By CHARLES S. PEIRCE, Assistant. 

I.-GRA VITY AT THE ALLEGHENY OBSERVATORY. 

The Allegheny Observatory is situated in
Latitude 4-0° 27' 41".6 north, 
Longitude 5h 2om 2°.93 west of Greenwich. 

It stands 1,140 feet (=348 meters) aboYe the mean sea.level.• From a few yards in front of 
the observatory the descent is very Rharp into the valley of the Ohio, and as this bas been formed 
by erosion, it must be supposed to diminish the acceleration of gra,·ity, perhaps by the one hundred 
thousandth part. Unfortunately the necessary calculation, which a topographical sketch would 
enable us to perform at once, remains impossible for the present. 

The operations were comlucted nearly as <lescribed in my "Measurements of Gravity at Initial 
Stations." The Repsold reversible pendulum was oscillated in vacuo 011 the Geneva support, in 
the cellar of the observatory, the feet of the support· resting on iron bars laid upon other bars let 
into the great pier of the equatorial at one end and into a stone wall at the other. 

Measures of the length of the pendulum were commenced 1879, January 2; bnt owing to the 
llifficulty of maintaining a tolerably constant temperature in any part of the obseryatory that 
was otherwise suited for a comparing-room, no valuable results were obtained before January 18; 
and even after that date, it was found necessary to reject the work of several da;ys, owing to bad 
conditions. The first series of measures of length was completed February 1. Four swingings of 
the pendulum were made on February 6 a:nll 7 with hea>y end up, and two swi11gings on February 
Sand 9 with heavy end down. On February 10, the position of.the center of mass was determined 
and the knives were interchanged. Two days were then lost in trying to make the vacuum cham· 
ber stanch; after which two swingings were made wi~h heavy end down, February 13 and 14, 
and four with heavy end up February 15, 16, and 17. On February 18 and 20, the flexure of the 
apparatus was measured, and these measures were supplemented by others on March 4. From 
February 22 to March 2, the pendulum was measured. The thermometers were compared from 
1878, December 19 to 31, and again 1879, March 3. 

The following table gives a synopsis of the results of the swingings, the period being corrected 
for the rate of the clock aud for arc of osciUation, and being reduced to 150 C. and to a pressure of 
one million absolute C. G. S. units. The approximate pressure in millimeters of mercury and the 
approximate tempPrature centigrade are also shown. It is unnecessary to say that the air-pump 
was never brought into action during any swinging. 

The agreement of the resulting periods is, as far as it goes, favorable to the plan of swinging 
in vacuo. It will be noticed that the osciJlations were continued down to a small amplitude, but 
there seems to have been 110 increased error upon this account. Following the synopsis will be 
found a table of the errors of the partial swingings formed by intermediate transits, as shown on 
pages 502-503. The errors given are differences from the following periods, deduced from the final 
results: 

Td (knife 1)=18.0064527 
Td (knife 2)=1 .0064463 

Tu (knife 2)=1•.0066434 
Tu (knife 1)=1 .0066370 

•The latitude and longitude here given have been extracted from the American Ephemeris. The elevation is 
from data furnished to Prof01180r Langley by the Allegheny City surveyor and by the engineer of the Pennsylvania 
Railway. · 
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The errors are multiplied by the square roots of the number of oscillations, and the products are 
shown to be constant in the mean. It is also noticeable that this co11sta11t bas the same value 
whichever end is up. Several obvious inferences might be made. ln particular, it will be seen 
that the error of the result depends only on the total number of oseillations, no matter how they 
may be separated by intervals of rest. 

HEAVY END UP. KNIFE No. 2. 

--------------- ---- ------------ ------------

Half arc in terms of · 
radius. I 

, , Number of I Corrected 
Temperature. Pressure. 

Date. 
: I , • 

1 
-- , oscillations. ! period. 

______ I Maximum. :~~~~:~m. Beginning. i _ End. _ teginning.' End._ I I ___ · ___ _ 

1879. I o o mm. ! mm. I I I s. 
:February G .... · j 0. 3 0. 3 23 · 25 . 023 . 003 j 20, 891 i 1. 0066466 

6 .•... 1 o. s o. 4 29 36 . 030 . 003 I 21, 406 I 1. 0060428 

1. . . . . o. 5 o. 3 43 46 . 030 . 002 I 21, 420 I 1. 0066399 

7..... o. 7 o. 4 20 20 • 034 . 005 I 19, 74J i 1. 0066430 

February 8 ..... I 
I 

9 ..... 1 

I 
I 
I 

i 
February 13 ... · 1 

14 ... . 

I 
I 

February 15 .... 1 

16 .... ' 

16 .. 
! 

.. ·i 
17 .. ... 

0.7 

0.3 

1.5 

-0.3 

-0.6 

-1.0 

-0.9 

-0.7 

1--i--
I 83,459 I 1.0066431 

HEAVY END DOWN. KNIFE No. 1. 

I 

I 0.1 13 14 .033 .002 74,805 1.0064533 

'-0.1 14 15 . 035 .002 I 75,680 1.0064515 

I 

I 
! 150, 485 1.0064524 

HEAVY END DOWN. KNIFE No. 2. 

i 
i -0.5 

i -1.3 
I 

I 

I 
17 40 .033 I .002 61,844 1.0064471 

18 I 40 .035 • 002 67,626 1.0064470 

I 
129, 470 I 1.0064470 

I 

REA VY END UP. KNIFE No. 1. 

I 
I 

-- -

I 
l 

-1.1 17 29 .034 • 004: 19,822 1.0066370 
i I 

-1.2 17 ! 35 . 034 . 004 i 20, 766 1.0066337 

I 
1.0066380 -1.1 15 i 35 .034 .003 22,588 

-0.9 21 I 37 .036 .003 I 20,848 ], 0066411 
I 
I -
I 

84f024 i.0066375 

I 
~ 

__ ,, _________ ,, -- --- -------------------
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Errors of partial and total swingings. 

Heavy end up. Heavy end down. 
----------- -·------···--- ----

Knife No.1. Knife No. 2. Knife No. 1. 

Partial swingings. Partial swingings. Partial Rwingings. 
----- ··-----------

-Error in! Sq. root., Pr~~uct Error in Sq. root. : Product Error in: Sq. roo~~-~-p;~d~cl EiTor ill Sq. ro~~~--p;:~tluc-t": 
7' place. 'No. osciJl.· 5, place. : 7' place. No. osci\L' 5, ~f:we. 7• place. ;No. oscill. 5• p~ce.: 7' place .. No. oscill. 5, !:lace .. 

+43 

!2: ,I 

+74 

+ 3 I 

=~II 
-66 
+ao I 

=;: II 

+36 

57 
77 
83 
69 

94 
79 
80 

63 
59 
82 
85 

87 
- 7 I 87 

-58 I 73 

Mean of products. 

Whole swingings. 

+a2 
-6 
-35 

25 

20 

51 

17 

42 
18 
62 
15 

31 

42 

24 

46 i 

8 i 
51 

·-· .. ··-·~~ ------- I ___ I --- --------- -

+ 6 
- I 
- 3 

-66 
-13 
-18 I 

-15 
+28 
+13 

-28 
+49 

+99 

70 
87 
86 

85 
79 
85 

82 i, 

92 

83 

81 

85 

83 ' 

Mean of products 

4 
1 

3 

56 
10 
15 

12 
~6 

11 

23 
41 i 

82 ----
26 

\\..,.hole swingings. 

-~~ ~-~:~-I ~~ 
+10 150 ' 15 

- 4 
+ 48 
+ 29 
-180 
+ 43 
+ 10 
- 61 

+ 1 
+ 35 
- 12 

- 9 
- ll 
- 43 

- 19 

77 
83 
87 
31 
73 

198 
93 

78 
84 
88 

81 
178 

3 
40 
25 
56 
31 
20 
57 

29 
11 

7 
20 

99 ' 43 
82 i 16 

1---
Mean of products.': 26 

I 
I 

Whole swingings. 

+ 6 273 
- 12 I 275 i 

16 

33 ___ , 
24 

+so 
+19 
-27 
-9 
-35 

-39 

+38 
+sa 
- 6 
-23 

7R 

178 
94 
88 

87 

82 
88 
83 
]9~ 

95 

Mean of products. 

'Vhole swinpngs. 

+ 8 249 

+ 7 260 

Mean of produets. · 

63 

34 
25 I 

8 
30 

32 
33 
44 

11 
22 

20 

18 

19 - 4 +41 . 144 I 59 Mean of products.: 

:Mean ofproducts.i,--28
1
' Mean of

1

products.1---30-. I 
-~------·~---~·--------------'----------~ 

145 
146 
146 
140 
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Time was observed by Mr. F. W. Very, Professor Langley's assistant, with the instruments 
of the observatory, a fine 8-inch transit and the sidereal clock (Frodsham 1358). The cltronometer, 
Negus 1589, was used for the pendulum observations; and this chronometer as well as two others 
(Hutton 202 and Bond 380) were compared upon the chronograph with the clock tltree times a day, 
between 3 and 4 o'clock in the afternoon and between 9 and 10 morning and evening. 

The corrections to the chronometer used were obtained by assuming tltat between certain daks 
certain time-pieces moved with absolute uniformity, the changes of rate being supposed to be sudden. 
This is the same method of reduction used in my previous work, and appears to me most consonant 
with observed facts in regard to the running of timepieces. The standards used were as follows: 

-- I S'd 1 .,_ I Timepiece assumed uniform I 
j ------~-a~~ __ J~:~ from each time to next. I 

I 
I h. m. I I 

February 4 .......... 

1

. 6 18 I Frodsham, 1358. 
6 .......... 5 25 I Do. 
9.. ........ 6 47 Do. 

13 .. . • • . .. .. 7 14 I Hutton, 202. 
15 __ ........ j 8 02 Frodsham, 1358. 
21 .......... : 7 12 

'------···-·---~-

The results of the comparisons of the length of the pendulum with the pendulum meter were 
as follows: 

MEASURES OF LENGTH. 

FIRST SBRIES. 
Date. 
1879. 

Pend. -standard. 

January 18 ..................... _ .........••....... 
January 21 . . . . . . . . . . • . . . . . . . . . . . . . . • ..........•. 
January 22 .•.....••........••......•..•......•...• 
January 23 . . . . • . . • • . . . . . • . . . . . • •••.••.•..•...... 

µ 
+26.1 
+24.6 
+26.4 
+20.3 

Mean . . . • . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . • • • +24. 3 
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SECOND SERIES. 

January 25 . . . . . . . . . . . ...............•.........•. 
Jan nary 29 . • . . . • . • . • . • • . . . . . • . • . . . . . . . . . . . . . . • . . . 
January 31 ............•..•....................... 
February 1 ....................................... . 

µ 
+22.8 
+25.5 
+23.2 
+18.6 

Mean • • • • • • • • • • . • . • • . • • • . . . . . . . . • . . . . +22. 5 

. THIRD SERIES. 

February 22 • . • . • • • • . . . . . . . . . • • . . . . . . . . . . • . . . . . . . . . . + 11. 3 
February 23 . . . . . . . . • • . • . . . . . . . . . . . . . . . . . . . . . . . . . . • • + 10. 2 
February 24 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + 9. 9 
February 25 . . . . . . . . . . . . . . . • . • • . . . • • . . . . . . . . . . . . . . . + 9. 1 
February 26 . . .. . . . . . . . . . . . . . . .. . .. . . . . . .. .. .. . . • . + 12. 1 
March 1 ........................................... +15. 0 
March 2 . . . . . . . . . . . . . . . . . . . . . . . ............•...... +11. 6 

l\fean . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . • . . . . . . . . + 11. 3 

These results have to be diminished by 2001'.4, because they are referred to the mean of the 
three lines 999mm.7, 999rum.8, 999mm,9 of the standard instead of to the meter. They have then to 
be increased by 2611'.1 in order to be referred to the meter adopted in my "Measurements of Gravity 
at Initial Stations." It follows that the length of tbe pendulum iu terms of the meter adopted in 
my previous work (which is uow kuown to be err01wous, but which is for the present adhered to, 
in order to avoid confusion) was 

m. 
Before the interchange of knives .. . . . . .. . .. . . . .. . . . .. . . .. . . .. . 1.0000853 
After the interchange of knives.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.0000732 

The difference of the distances of the center of mass from the two knife-edges was found to be 
om.39303, to which the correction; +.00014, has to be applied.• 

The experiments to determine the flexure of the support have already been published in the 
Coast Survey Report for 1881, pp. 375-377. The mean of the measurements of two observers 
shows that the flexure at the middle of the knife-edge, under a horizontal force equal to the weight 
of the pendulum, was 3&<.8. 

·we now proceed to calculate [T2 Rev.] and {T2 Inv.], as in the paper above referred to. Only, 
it is to be remarked that, in consequence of what is said on page 72 of that paper (page 271 of the 
Coast Survey Report for 1876), one-seventh of the viscosity effect has to be subtracted in order 
to eliminate the effect of the bells; that is to say, Td has to be diminished by 66x 10-; and Tu by 
151x10-1• The values have to be separately calculated for the experiments made before and after 
the interchange of the knives. 

Before the interchange of knivu. 
s. 

Td . • • . . . . . • . . . . . . • . . • • . . . 1.0064524 
Bells and cylinder . . . . . . . . . . -145 

1.0064379 
T'/ ........................... 1.0129172 
Flexure . . . . . . . . . . . . . . • • • • • . . . . -270 
Stretching ••••............•......•••••.. 

Corrected Ti ....... , . . . . . . . . 1.0128902 

T,.. . . . . . . . . . • . . . . • . .......... . 
Bells and cylinder ............. . 

T .. 2 ......................... .. 

Flexure .......•....•....... ···· 
.. ................................. . 

Corrected T .. ' . . ................. .. 

s. 
1.()()66431 

-321 

1.0066110 
1.0132657 

-118 
+ 10 

1.0132549 

•See M'etUurementB at Initial Statwm, p. 114 (Coast Survey Report for lt'.176, p. 313), where ihe correction it, 
however, applied with the wrong sign. 
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After the interchange of knives. 

T4 • • • • • • • • • • • • • • • • • • • • • • • . • • • • 1 •.0064470 T,,. . . . . . . . . . . . ................ 1.0066375 
Bells and cylinder....... . . . . . . -145 Bells ancl cylinder . . . . . . . . . . . . . . -321 

1.0064325 
Tl . . . . . . . . . . . . . . . . . . . . . . . . . . 1.0129064 
Flexure ..•..... : . . . . . . . . . . . . . -270 

1.0066054 
T.,z . . . . . . . . . . • • . • . . . . . . . . . . . . . . 1.0032545 
Flexure . . . . . . . .. . . . . . . . . . . . . . . . . -118 

Stretching ............................. . . ..... ······· ...... .... .... .... + 10 

Corrected Ti. . . . . . . . . . . . . . . . 1.0128794 Corrected T,.2 • • • • • • • • • • • • • • . 1.01324.17 

Before interchange. 
8. 

Corrected T/ . . . . . . . . . . . . . ............... 1.0128902 
Corrected T,.2 ••••••••••••••••••••••••••••• 1.0132549 

HT..2+T .. 2).. • • • • • • • • • . .. • • • • • • . • • • • • • • • • • • 1.0130725 
i (T,,2-T,.2). • • • . • • • • • • • • .. • • • • • • • • • • • • • • • • -1824 

h..-h. ~ (T 2 T 2) - 717 hd+k.. a- " ....... ·- ............... . 

h~d-t_hh .. ~ (Ti-T,,')....... . . . . . . . . . . . . . . . . . . . -4638 
,r- 'u 

fT2 Inv.] . . . . .. .. . . . .. . . . . . . . . . . . .. ... 1.0130009 
[T' Rev.] . . .. . . . . . . . .. .. .............. 1.0126087 
['f' Inv.J-[T' Rev.] . . . . . . . . . . . . . . . . . . . . . . . 3922 

After interchange. 
8. 

1.0128794 
1.0132437 

1.0130615 
-1822 

-716 

-4633 

1.0129899 
1.0125H82 

3917 

The two values of [T' Rev.] combined with the two values of the length, give for the seconds' 
pendulum at Allegheny: 

1lt. 

Before the interchange of knives . . . . . . . . . . . . . . . .. . . . . . . . . .... 0.9930479 
After the interchange of knives . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.9930461 

Mean...... . . . . . . . . . ................................ 0.9930470 

This is the final result from this station alone. But the correction for the erroneous length of the 
meter, as provisionally stated iu tile Co1tt1t Survt\Y l{.eport for 1881, page 463, is -162 x IO-', giving 

?n. 

0.9930308; 

and this may further be modified by the effect of measurements at other stations, and comparisons 
of jT2 Inv.]. There is, however, reason to believe that such modification would be, in this case, 
insignificant. 

Applying the correction for ele~ation, without continental attraction, dimiuished by one-tenth 
part, and the correction for latitude, as in my paper (C. S. Report, 1881, p. 445), we have 

m. 
Seconds' pendulum at Allegheny . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.9930308 
Elevation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . +979 
Latitude . . . . . . . . . . . . . . . . . . . .. -~ . . . . . . . . . . . . . . • . . . . . . . . . . . . . -21903 

Reduced to equator and sea-level ........................ 0.9909384 

This would be increased if the effect of the valley were taken into account. .A topographical 
sketch of this vicinity is the most pressing need of the work at this time. 

The details of the work at the Allegheny Observatory are given in the tables appended to the 
edition of this Appendix, which has been published separately. 

II.-DE'1'ERMINATIO!i OP GRA VI'l'Y A'l' EBENSBURGH. 

Ebensbnrgh is the chief (though not the principal) town of Cambria County, Pennsylvania, 
in the Allegheny Mountains. The observations were made in the house and grounds of Mrs. 
Frances s. McDonald, OD Centre street. The place is shown OD the county map by Beers (1867), 
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where the house has marked under it "J.M. McDonald." It is at the soutbeastcorner of the street 
next south from Highland street. The transit pier is 23t meters south of the northern boundary 
and 28:\ meters east of the western boundary of the lot. The pendulum was observed in the cellar 
of the house. 

The latitude of the station, +400 27', was determined by Mr. Marcus Baker by sextant obser
vations upon the Sun, Jupiter, and Polaris. The longitude was determined by telegraphic 
exchanges with the Allegheny Observatory, tbe observers being Mr. F. W. Very and Mr. H. Far
quhar with the result: 

h. m. ,y, 

Ebensburgh east of Allegheny, 0 5 9.2 
Ebensburgh west of Greenwich, 5 14 53.7 

The elevation of the station has been ascertained from that of the railway at the station, as 
communicated by the engineer of the Pennsylvania Railway. The pemlulum station was connected 
with the railway by a line of len•ls. The elevation so found is 2,137 feet ( =651 meti'rs). 

It was i11tended to conduct the operations a.-; at .Allegheny; but various difficulties compelled 
me to support the pendulum on the Repsold tripod, as at my European stations. The brass foot
rests were placed directly upon the bard clay floor of the cellar. The old knives which had been 
used in Europe and in the stations at Hoboken and at Allegheny were replaced by new ones, 
made by Messrs. Darling, Brown, and Sharpe, of Provilfonce. The amplitude of oscillation was 
measured 011 a fine arc b~' Messrs. Stackpole & Brothers, wbich is divided into thousandths of the 
radius. The arc and transits were observed with a rm1ding telescope carryiug an objective cor
rected for use at a short distance by Byrue, of :N"ew York. The same eye-piece was constantly 
usetl. The telescope was placed at a distance of two meters from the pendulum; and no screen 
was interposed between them. 

The general order of the pendulum experiments was as follows: 

1879. 
August 14-21.-Mea.surements of length. 
September 5.-Swinging, heavy end down; knifo, 3-4. 

Swinging, heavy end up; knife, 7-8. 
September 6.-Swinging, heavy end up; knifo, 7-8. 

Swiuging, heavy end down; knife, :::-4. 
Center of mass determined. 
Interchange of knives. 
Center of mass determined. 

September 7.-Swinging, heavy end down; knifo, 7-8. 
Swinging, heavy end up; knife, 3-4. 

September 8.-Swinging, heavy end up; knife, 3-4. 
Swinging, heavy end down; knife, 7-8. 

September 10-13.-Measurements of length. 
September 14.-Swinging, heavy end down; knife, 7-8. 

Swinging, heavy end up; knife, 3-4. 
September 15.-Swinging, heavy end up; knifo, 3-4. 

't:!winging, heavy end down; knife, 7-8. 
September 16.-Determination of center of mass. 

Interchange of knives. 
Determination of center of mass. 
Swinging, heavy end down; knife, 3-7. 
Swinging, heavy end up; knife, 7-8. 

September 17.-Swinging, heavy end up; knife, 7-8. 
Swinging-, heavy end down; knife, 3-4. 

Sepliember 18-25.-Measurements of length. 

A synopsis of the periods of oscillation at Ebensburgh is given below. These perio?8 b~v~ 
received not only the reductions for arc, rate, temperature, and pressure, but also peculiar "priOf''t 
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corrections for flexure of the support, difference of knives, and injury to the pendulum. These I 
proceed to explain : 

After half the swingings had been made, the pendulum was measured. In adjusting the 
microscopes a pluml>-line was used; and to attach this it was necessary to remove the two forward 
nuts which bind the head of the support to the legs of the tripod. These were afterward replaced 
for the.rest of the swingings, but instead of being tightened by a wrench they were only tightened by 
band. This negligence was only discovered after all the swingings were completed, and it was then 
too late to repeat them. Elaborate experiments (see Coast Survey Report for 1881, Appendix 14) 
were accordingly instit11ted to determine the flexure of the support when the nuts in question were 
hand-tightened and when they were wrenched. The values given on page 388 of the Report have 
been used in the reductions, and the periodR have accordingly received the following corrections: 

Heavy end down. 
First four days _ .. _ .... _ ... ___ .. . . . . . . . . . . .. -.0000832 
Last four days .. _ . . . _ . _ ... _ . - ... _ . _ ..•.. _ . . -.0000895 

Heavy end up. 
-.0000362 
-.0000390 

The knives used at Ebensburgh an<l York, which are marked 3-4 and 7-8, have, at my request, 
been micrometrically examined by Assistant Edwin Smith, to determine the distance of the edges 
from the plane of the bearings. He obtained the following results: 

Knife 3-4. At end marked 31 122 . At end marked 4, 125". 
Knife 7-8. At end marked 7, 168. At end marked 81 170. 
On September 11 the record notes that a small spring belonging to the attachment of the 

kuife at the light end of the pendulum W:its found to be broken. In consequeuce of this the pen
dulum must have lost mass, and the center of mass should have been removed toward the heavy 
end. In examining the measures of the position of the center of mass, we find that at York, the 
station occupied after Ebensburgh, the center of mass was distant om.30333 from the knife-edge 
at the heavy end. In fact, using an empirical correction for the relative position of the knives, 
the individual results (16 in number) show a probable error of ± .000013. At El,lensburgh, meas
ures were made on September 6 and September 16. The four individual measures on September 
16, with the correction for position of knives, give for h., 

m. 
0.30330 
0.30332 
0.30330 
0.30339 

Rejecting the last observation, in which there seems to have been an erroneous reading1 the others 
give om,30331, not differing sensibly from the v~lue at York. The measures of the 6th give 

m. 
0.30324 
0.30330 
0.30327. 
~.30328 

These show a value sensibly smaller than that of the 16th. The difference is such as would be 
produced by the loss of something less than a gramme at the heavy end. The distance between 
the knife-edges not having changed, no other chauges can affect the result from the pendulum
considered as reversible-although the accident, whatever it was, must spoil the agreement of the 
different days. .Although it does not affect the final result, I have, in the calculation, supposed 
that a gramme was lost at the heavy end, 2 centimeters beyond the knife-edge. The result of plac
ing a small mass, m, on the pendulum at a distance of x meters and z.+ x meters from the two knife
edges is easily found to be to increase the periods of oscillation by 

m x (l+x) 
6 T.i = T" M 2 h

4 
l 

m x (t+x) 
6.T,.=T .. M 2h,.l 
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Where M is the mass of the reversible pendulum, l the distauce between the edges, h" and h,, 
the distances of the center of mass from the two edges, and Td and Tu the periods. In the present 
case we have m=-1, M=6308, x=+.02, l=l, h4=0.7, h,.=0.3, Ta=T .. =l. We have, therefore, 

6 Td=-.0000023 
6 T.,=-.0000054 

and thest1 correctiorM have been applied to the fir-st four days, so as to reduce the pendulum to its 
state at the enrl of the work at this station. 

Synopsis of pet·iods of oscillation. 

HEAVY END DOWN. 

1879. Knife, 7-8. 
8, 

September 5 ..••••............ 1.0064424 
September 6 ................. . 1.0064377 

Knife, 3-4. 
September 7............... . ............. 1.0064482 
September 8 . . . .......................... 1.0064400 
September 14 .............................. 1.0064377 
September 15 ............................. 1.0064389 

• Knifo, i--0. 
September 16 ...............•............ 1.0064401 
September 17 ............................. 1.0064385 

HEAVY END UP. 

Knife, 3-4. 
8, 

1.0065264 
1.0065054 
Knife, 7-8. 

1.0065122 
1.0064296 
1.0065024 
1.0064789 
Kuife, 3-4. 
1.0065157 
1.0064895 

The period for September 8, with heavy end up, is obviously affected by an abnormal error. 
The Paris, Berlin, Kew, Hoboken observations show that the probable error of a period from a 
single swinging with heavy end up is ±0•.000006. The period for September 8 differs from the 
mean of the others by 0-.000077, having thus an error about thirteen times the probable error, an 
event which would occur by chance only once in a million x million x million times. We may, 
therefore, safely say that on that day there was some extraordinary force tending to restore the 
pendulum to the vertical. The records of obsr,rvations of arc show the following times of decre
ment on different days: 

From .0400 
to .0180. 

m. 
September 5 ....................................... 20.9 
September 6.. . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . 20. 7 
September 7. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21. l 
September 8... . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . 17 .1 
September 14... •. . . .. . . .. .. . . . . . . . . . . .. . . . . .. . . . . . . . 21.3 
September 15 ...•. , ..•.................•...•......... 17.2 
September 16 ....................................... 21.1 
September 17 ........................ ~- .....•..... 19.7 

Mean 5, 6, 71 14, 16 ............................ 21.0 

From .0180 
to .0080. 

m. 
28.6 
28.8 
28.4: 
21.3 
28.6 
26.8 
28.8 
27.0 

28.3 

It thus appears that on the 8th there was some extraordinary force tending to bring the pen· 
dulum to rest. These facts suggest that a spider's line might on that day have connected the 
pendulum with the staud, and this supposition is somewhat strengthened by finding that on .t?at 
day the operations commenced with oscillating the pendulum with heavy end up in the position 
in which it had been left the night before. On the 15th and 17th, also, the arc descended rapidly, 
the periods are very short, ancl the pendulum had been left over night with the heavy end .up ~y 
for the oscillations which were begun in this position in the morning. If there were spider lines 
on these mornings, we should expect the disturbing influence to decrease as the aro descend~· 
Whether this is so in regard to the effect on the decrement on the 8th it is diftlenlt to say, bot it 
certainly is so on the 15th and 17th. Transits were observed shortly after the ares reached .0600, 
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. 0180, and .ooao, so that there are two intervals from which periods can be deduced. These periods, 
corrected as in the synopsis, are 

HEAVY END VP. 

First interval. Second interval. 
s. 

September 8...... . . . . . . . . . . . . . . . . . . . . . . . . 1.0064130 
September 15 ......................... _ .... 1.0064423 
September 17 ...... _ . _ . . . . . . . . . . . . . . . . . . . . . 1.0064683 

8. 

1.00643~5 

1.006!931 
1.00H5020 

These numbers certainly confirm the hypothesis of spider-lines; and I shall consequently eutirely 
re;ject the work with heavy end up on September 8 and the first intervals on September 15 aud 17. 
'Vith these rejections the mean periods for pairs of days in which the circumstances were the 
same, except the time of beginning (for 011 alternate days the position of the pendulum at the first 
swinging alternated), are as follows: 

Heavy fmd down. 

~-
1. 0064400 
1.0064441 
1.0064383 
1. 0064393 

Heavy end up. 
8. 

1.-0065159 
1. 0065122 
1. 0064978 
1.00f5088 

Means, 1. 0064404 1.00(35087 

The time observations at Ebensburg were made with transit No. i'i carrying a rt>t.icule dh·ided 
on glass b_v Prof. W. A. Rogers. The equatorial intervals of the five middle wires are seusibly 
equal to ~8.583. The pivot iuequality was determined by l\Ir. Marcus Baker to he +0''.030 with 
illumination west. Both lamps were in place during the whole of the obsenations, which were 
made by Mr. Henry Farquha.r. The reductions were made by least squares, using Mr. Scbott's 
weights of 1872. Separate azimuths were assumed for the two positions. The chronograph was a 
fillet-reed instrument, by Breguet. The battery consisted of two sulphate of copper gravity cells. 

Chronometer Negus 1589 was always used for the star and pendulum observations, as this 
was undoubtedly our best chronometer. Chronometers Frodsham 2490, Hutton !W2, and Bond 380, 
were compared with Negus twice da.ily. The two former break every second omitting the 0; the 
two latter break every even 8econd, and also at 598• Frodsham and Bond were wound at 8.80 a. 
rn.; Negus aud Hutton at 8.30 p. rn. at first., afterward at 9 p. m. until September 23, and after that 
at {j p. m. Ob1·onometers Negus, Frodsham, and Bond were in their exterrrnl cases. All four 
rested firmly on sand heaped on the cellar floor about 15 cm. from an inner foundation wall and 30 
cm. from one another. They were placed in this order: Negus, Hutton, Frodsltam, Bond. The 
boxes of Hutton, Frodsham, and Bond were never opened except to wind them. The daily range 
of temperature in the cellar averaged less than 5 oc. The chronometers were compared with the 
clock of the Allegheny Observatory twice daily. 

The measureruentB of length before the firnt interchange of knives were as follows: 

Pend.-standard. 

August 18 ........... . 
19 .................. . 
19 .................•.. 

µ. 

+16.4 
+16.3 
+16.9 

20 ................... +16.9 
20 ...............••• +21.5 
21 ...............•.... +li.5 

Mean ... _ ............... +17.6 

But these measures are uncorrected for the difforence of temperature between the pendulum and 
the standard; and in point of fact the former carried no thermometer. We may assume that the 
result should have a correction of +2".4 on this account, because this is the mean value of the 
correction in the following series. With this correction the mean result is that the pendulum was 
longer than the standard by 2011 .0. 

S. Ex.29-61 
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After the first interchange the results were these: 

Pend.-standard. 
September 10 .................... +19. 4 

11 ....... - ......... - - . + 18. 6 
12 .. - . - ............ - - . +18. 4 
13. - ........... - . . . . . . + 19. 5 

Mean . . . . • . . . . . . • . . . • . • • • + 19. O 

After the second interchange the results were as follows: 

Pend. standard. 
µ 

September 23. . . . . . . • . . . . . . . . . . . . + 19.5 
23 ............... -·-·· +20.3 
24. - ........... - .. - - - • + 21.5 
24. - - -- ........... -• - . +21.3 
25 .................... +17.0 
25 .................... +17.7 

Mean ........ _....... . . . . +19.5 

We conclude that the pendulum preserved the same length at all times, and was 191'.5 longer 
than the standard. The latter at 150 U. is 2611'.l longer than the meter assumed in the'' Measure· 
men ts of Gravity at Initial Stations"; so that in terms of that meter the length of the pendulum 
at 15° C. was · 

lm.0002806. 

The difference in the distances of the center of mass from the two knife-edges was found to be 
in one position 

om,39351 

and in the other 

om.39352. 

To tllese values must be applied a small correction, +.umm, which in the "Measurements of 
Gravity at Initial Stations" is correctly given, but is applied with the wrong sign. 

The following is the calculation of the length of the seconds pendulum from the first four a.nil 
last four days' os.cillations at Ebensburgh : 

First days. 
B 

T" ......................................... 1.0064420 
T,, .....................•........••........• 1.0065140 
Ti ......... -.. -. _ ......................... 1.0129255 
T,,2 

•••••••••••••••••••••••••••••••••••••••• 1.0130704 
Corr. stretching ...........•.........•..... 1.0130714 
.Z (Tl +T,/) ................................ 1.0129985 
.Z (Ti-T,,2

) • • • • • .................... - • • • • • • -730 
(hd+h.): (hd-hu) ·••••· ....•• ···••• •••• ••.••. 2.54045 
[T2 Rev.) ... - ............................... 1.0128131 
Same in mea.n time ............ _ ............. 1.0072880 
Length pend ........•....•.••........•••.•.. 1.0002806 
Sec. pend . . . . . . . ................•........•.. 0.9930432 

Seconds pendulum a.t Ebensburgh = 0"'.9930406. 

La.st days. 
B 

1.0064388 
1.0065033 
1.0129191 
1.0130489 
1.0130499 
1.0129845 

-654 
2.54097 
1.0128187 
1.0072936 
1.0002806 
0.9930379 
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This is expressed in terms of the erroneous meter having the provisional correction -162x10-7 • 

Applying as for Allegheny the corrections for elevation and latitude, we have 

Seconds pendulum at Ebensburgh .... 0.9930244 
Elevation . . . . . . . . . . . . . . . . . . . . . . . . . +1827 
Latitude . . . . . . . . . . . . . . . . . . . . . . .. . . -21399 

Corrected to equator and sea-level. .. _ 0.9910672 

In the tables appended to the edition of this Appendix which has been published separately 
are given the details of the work at Ebensburgh. 

m.-DETERMINATION OP GRAVITY AT YORK. 

York, Pa., is situated east of the Alleghanies in a comparatively plain country. The pendulum 
was oscillated in the cellar of the factory of Mr. A. B. Farquhar, near the railway station, on Duke 
street. The transit was about a hundred yards to the east of the factory, on land belongiug to 
Messrs. Billmeyer and. Small, in Gay alley. The co.ordinates of the station are: 

Latitude, 39° 58' north. 
Longitude, 5h 05m 54• west of Greenwich. 
Elevation, 122 meters (373 feet). 

The work at this station was conducted by Mr. Henry Farquhar, under my supervision. The 
pendulum observations were partly made according to a method of eye.and-ear coincidences in
vented by Mr. Farquhar. For the purpose of studying the effects of flexure, the Repsold reversi
ble pendulum was oscillated on various supports, viz: 1st, on the Repsold tripod; 2d, on a solid 
support formed by bolting the head of the Repsold tripod to an oaken plank 2 inches thick; 3d, 
on the Geneva support and tripod, with the bells off and with the bells on (this to ascertain the 
effect of the belJs); 4th, on the Repsold tripod mounted on a wooden support; 5th, on the Repsold 
tripod resting on pieces of India rubber. 

Experiments were also made at this station upon the effect of substituting rollers for the knives 
as the bearings of the pendulum. The rollers were steel cylinders of 5mm diameter, backed by 
steel planes. They were well constructed by Messrs. Darling. Brown, and Sharpe. The utmost 
pains were taken (here as well as in later experiments in Baltimore) to avoid the inclusion of dust 
between the roller and its support. Nevertheless the decrement of the amplitude was very rapid 
for arcs above .035 of the radius on each side of the vertical; and the periods show enormous 
variations. 

The experiments on the effect of the bells of the Geneva support are also of interest, though 
they fail to give a very accurate evaluation of this constant. 

The summary of the periods of oscillation at this station (except upon the Geneva support) 
has already been published in the Ooast SurrJey Report for 1881, pages 423-424. This summary is 
here repeated, with the difference that the flexure corrections are now applied, that some errors of 
computation a.re corrected,• and that the experiments relating to the effect of the bells are added. 

•The following table shows these corrections: 

I 
! Correction to I I 

Support. Method of Position Date. Cause of former error. I observation. heavy end. last figure. 

Repaold .. Transits ... 
Up ·········I May2. 

-9 I Error in subtraction bad oooa,. 1 

Do •.••• Coincidence. Down •...... Mar. 19. 
stoned rejection of a transit. 

-9 Error of computation. 
Do •.••. .••. do ....•.. .... do .•••... Mar. 21. -1 Do . 

SWfeat ... Tranaits .••. •••. do ••••••• Apr. 4, bia. -3 Mr. Farquhar thinks he reoorded 
the wrong minute, a fault to 
which he was liable. Cha.n!Png 
the minute a rejected transit is 
brought into concordance with 
the others. 
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In drawing up the summary, besides the corrections for arc, pressure, temperature. and rate, 
tbe following ham been applied: 

.Amount. 

Cause. Authority for amount. 

i Heavy et~ d=~avy e~;~' 
I ]--------,----

: Knife, 7-8 (for 3-4, with reversed sign).· 1 See Ebensburgh report• . ·I 
I Flexure Repsold support . •• . . • . • • • . . . . . C. S. R., 1881, p. 424 ....... : 

I
I Flexure stiffest support ............... · 1 C. S. R., 1881, p. 423 ....... i 

~. 000084 

-.000022 

+ 000015 
-. 000036 
-. 000009 

Flexure Geneva support .••....•...•.•.. 

1 

C. S. R., 1881, p. 399 .....•. j 
Flexure wooden support .......•.....••. C. S. R., 1881, p.423 ....... : 

-. 000009 
-. 000054 

-. 000020 
-. 000123 

I Flexure rubber support ...................... do .......•.....••.... i 
Geneva cylinder ........................ C. S. R., 1876, p. 270 .•••... i 

-. 000131 

-. 000008 
-. 000300 

-. 000004 
\ Geneva bells............................ C. S. R., 1876, pp. 270, 271.. i -. 000012 -. 000028 

*At the time the paper on the flexure of pendulum supports was drawn up Mr. Smith bad not measured 
the knives. It. was cum~equently necessary to determine this correct.ion a posteriori and sli~htly different cor
rec.tions were thus used in the synopsis given in that report, viz, -.000004 and +.000012. 

PERIODS OF 0SCILI,ATION .A.T YORK. 

REPSOLD SUPPORT. 

Method of transits. 

1880. 

April 
April 

Ma;y 
l\Iay 

HEAVY END DOWN. 

Knife 7-8. 
s. 

7 ........• - • - .1.006413 
30 ............•. 1.006405 

Knife 3-4. 
2 .•.•• ' . - ... - - .1.006418 
3 .............. l.006418 

1880. 
April 
April 

May 
May 

HEAVY END UP. 

Knife 3-4. 
8. 

7..... . ••. 1.006467 
30..... . .•••••. 1.006446 

Knife 7-8. 
2 ........ - ..••• 1.006486 
3 .............. l.006483 

Method of coincidences. 
Knife 3-4. 

March 19 .............. 1.006432 
March 21 ...........••. 1.006407 
June 4 . _ ........... l.006413 
.Tune 5 .............. 1.006407 

Knife 7-8. 
March 22 ...••..••...•. 1.006422 
March 23 ...•.......... 1.006406 
June 6 •............. 1.006421 
June 6 ......•••••••• 1.006429 

Knife 7-8 
March 19 .•............ 1.006490 
March 21. ..........•.. 1.006440 
June 4 .•......•..... 1.006472 
June 4. ..........•.. 1.006450 

Knife 3-4. 
Marcb 22. . ........... 1.006488 
March 23 .............. 1.006494 
June 6 . . • .......... 1.0064 72 
June 6.... • ••••.•.. 1.006466 

STIFFEST SUPPORT. 

Method of transits. 
HEAVY END DOWN. 

Knife 3-4. 
8. 

1\1arch 31 •............• 1.006415 
April 2 .............. 1.006U9 

April 
April 

Knife i-8. 
4 .••••.•••..... 1.006410 
4 •••••••......• 1.006417 

HEAVY END UP. 

Knife 7-8. 
8. 

March 31. . • . . . ....... 1.006467 
April 2 .••.•......... 1.006472 

Knife 3-4. 
April 
April 

4 .......•.•.... 1.006471 
4 .••....•.•.•.• 1.006463 

Method of coincidences. 
Knife 7-8. 

1\1arch 26 .............. 1.006419 
1\1arch 2 7 .............. 1.006!23 

Knife 3-4. 
.M:arch 28 ..••••....•.•• 1.006417 
March 29 ......••••.... 1.006415 

Knife 3-4. 

March 26 .••••......... 1.006456 
March 27 .•.•.......•.. 1.006463 

Knife 7-8. 

M:arch 28 ..........•••. L006461 
M:arch 29 .....•.•...•.. 1.006463 
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WOODEN 8-UPPORT. 

Met};od of coincidences. 

Knife 7-8. Knife 3-4. 
April 24 .............. l.006420 April 24 .............. 1.006473 
April 25 •.•..•.....••. 1.006417 April 25 ...•.......... 1.006469 

Knife :4. . Knife 7-8. 
April 27 .............. 1.006415 April 27 .............. 1.006470 
April 28 .............. 1.006417 April 28 ............. 1.006488 

RUBBER SUPPORT. 

Method of coincidences. 

Knife 7-8. Knife 3-4. 
8. 8. 

April 18 ............... 1.006404 April 18 ...•........... 1.006484 
April 20 ............... 1.006401 April 20 ............... 1.0064'12 

GENEVA. SUPPORT; BELLS OFF. 

Meth-0d of trnnsits. 

Knife:\-4. Knife 7-8. 
May 19 ••.......••...•. 1.006425 

Knife 7-8. 

May 19 . .. . . . . . . . . .... 1.006499 
Knife 3-4. 

May 22 •.•••........•.. 1.006420 May 22 ....•••••....... 1.006488 

Method of coinciM>wes. 

Knife 3-4. Knife 7-f'. 
May 18 . • . . . . • . . . • •••. 1.006433 

Knife 7-8. 

May 18 ................ 1.006509 
Xnife 3-4. 

May 23 .......••••..••. 1.006431 May 23 . • • .. • . .. •.•••. 1.006463 

GENEVA. SUPPORT; BELLS ON. 

Method of coincidences. 

Knife 7-8. Knife 3-4. 
May 26 . • • • • • • • . • • • . ... 1.006432 
May 27 .••.••....••.••. 1.006439 
Ma,y 29 ••••....•....... 1.006430 

May 26 ............... Rejected. 
May 27 ................ 1.006485 
May 29 ............... 1.006459 

Knife 3-4. Knife 7-8. 
May 30 ....•••......... 1.006432 
May 31 .•.............. 1.006437 

May 30 ............... 1.006507 
May 31 ................ 1.006488 

The means of the observed periods for the Repsold and stiffest supports are

Method of transits. 

Hea.vy end down. 
B. 

Repsold support ...••.................. 1.006413 ± 1 
Stiffest support .••.•••..••............. 1.006415 ± 1 

Weighted mean .................... 1.006414 ± 1 

Method of coincidences. 

Repsold support ••..•••.•••............ 1.006417 ± 3 
Stiffest support ......................... 1.006419 ± 2 

Weighted mean .................... 1.006418 ± 2 
General mean ...................... 1.006416±1 

Heavy end up. 
8. 

1.006470 ::l: 5 
1.006468± 1 

1.006468±1 

1.006471:::!::5 
1.006461:::!::1 

1.006462± 1 
1.006465±1 

485 
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It will be seen that the method of eye and ear coincidences is greatly inferior in accuracy, the 
eigltt observations taken in this way on the Repsold support being less valuable than the four by 
transits; and there can be little doubt that the means would be brought nearer to the truth 
by rejecting all the observations by these coincidences. We shall accordingly allow observations 
with this method only one-fourth weight. With these weights, the above periods become-

Corrected periods . . . . . __ .. _ . _ . _ .. _ - __ - _ .. _ . _ .. 1.006415 

The observations on the Geneva support, with the bells off, give 

Heavy end down. 
s. 
1.006424 

Heavy end up. 
s. 
1.006492 

The differences from the corrected periods just ascertained are-

+.000009 +.000024 

1.006468 

These numbers are in such a proportion as to indicate some force acting equally on the pendu
lum in its two positions. Experiments subsequently made in Baltimore, to be described in another 
memoir, leave no doubt that the effect is connected with the supporting planes of the Geneva 
receiver. 

The observations with the bells on, all made by the method of coincidences, give-

Heavy end down. 
8. 

1.006435 

Heavy end up. 
s. 

1.006485 

From these numbers it would seem that the effect of the bells may be a little larger than was cal· 
culated; but the error, if any, can hardly be sensible when the receiver is pumped out. 

The time observations were made with the same transit instrument used at Hoboken and at 
Ebensburgh. The eye-piece not being quite steady, the variations of collimation were consider
able, and the instrument could not be kept free from dust. Time was kept by the four chro
nometers: 

Negus 1589 
Frodsham 2490 
Hutton 202 
Bond 380 

They seem to have required cleaning, aud show large diurnal variations. An attempt was made 
in the computations to take account of these, but not successfully. 

The measurement of the pendulum on March 3 showed-

Pendulum-standard= +26.1'9 

On May 7 and 8 three sets were taken with heavy end up, on which account 1. 0 has to be added 
to the results. (See "Measurements of Gravity at Initial Stations.") With this correction the 
results are as follows: 

I'· 

Pendnlnm-standard=+26.9 
+23.4 
+25.8' 

Mean +25.3 

On June 9, the knives having been interchanged, four set.s gave 

p. 

Pendulum-standard=+ 27.8 
+25.5 
+31.3 
+30.0 

Mean +28.6 
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These figures are uncorrected for the difference of thermometers on the pendulum and standard, 
because such correction would make the accordance of the measures much less good. We must 
assume the excess of length of the pendulum in the first position t-0 have been +26~.1, and for the 
mean of the two positions +27".3. Since the standard is +26V<.1 longer at 150 C. than the assumed 
meter, it follows that the length of the pendulum in terms of that meter (now known to be false) was 

lm.0002884 

I prefer to retain the erroneous meter for the present, in order to avoid further confusion. 
The difference of the distances of the center of mass from the two edges was found to be 

JJate. / Knife, 3-4 at Knife, 7-8 at J FU-et roller at : Second roller l i heavy end. i heavy end. i heavy end. i at heavy end. f 

1
1---~ i--11 '1---1 

I m. i m. m. m. 
1 

:Ma.rob 22 •.•••.••. 1 0. 39343 i O. 39353 .••...•••..••••• i ............... . 
, :March 28 .•••..••. 

1

. 0. 39340 : o. 39349 I".. .. . . .. . .. .. . . . ............... 1 

• April 26 . •. ... .. . . 0. 39353 O. 39351 ................ ' ................ 1 

I uay io ........................... 1...... .. . . .. . . . . o. 39388 1 o. 39387 1 

1

1Mayao ........... 
1 

o.a9a« ' o.39353 / .................................. ' 

Means ........ i--o:ml~i--0.393~11~~~· ................. i 
I I . ' . 

In the mean ot' the two positions of the knives we have 0.39348, to which .00014 has to be added 
on account of the error of the standard. (See ".Measurements of Gravity at Initial Stations.") 

The following is the calculation of the lengtl1 of the seconds' prudnlum at York: 

T5 =1.006415 
Td2 1.012871 

i- (Tl+T .. ') 1.012925 
! (Tl-T .. 2) -54 

k4 +h!i (T,,'-T,.2) -137 
k"-h" 

[T2 Rev.] 1.012788 

T,.=1.006468 
T .. 2 1.012978 

Corr. stretching 1.012979 

Whence the length of the seconds' pendulum in York referred to the meter heretofore used is: 

Provisionai correction to meter ........................ . 
Elevation . . . . . . . . . . . . . . . . . . . . . . . . . . . ............. . 
Latitude . . . . . . . . . . . - . . . . .......................... . 

om.993073 
-16 

+104 
-2146 

Reduced to sea-level and equator....... . . . . . . . . • . . . . . . . 0.991015 

These reductions have been made, like those of Allegheny, in accordance with the principles of 
my memoir on the ellipticity of the earth (Coast Survey Report for 1881, Appendix No.15). 

Details of the work at York are printed in tables appended to the edition of this .Appendix 
which has been published separately. 
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27. To Appendix No. 10. Maxima and minima tide-predicting ma.chine, general diagram. 
28. To Appendix No. 10. Maxima and minima tide-predicting machine, side dew. 
29. To Appendix No.10. Maxima and minima tide-predicting machine, back view. 
30. To Appendix No. 10. Maxima and minima tide-predicting machine, front view. 
31. To Appendix No. 10. Maxima and minima tide-predicting ma.chine, perspective view. 
32. To Appendix No. 11. Diagram illustrating results of Yolo Base measurement. 
3._'l To Appendix No. 12. United States polar station at Ooglaamie, Alaska. 
34. To Appendix No. 13. Diagram of curves in refraction experiment.s. 
35 to 50. To Appendix No. 14. Specimens of topographical drawing. 
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